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ABSTRACT

Gestational risk factors for Wilms' tumor were investigated in a pair-

matched case-control study. Cases who were under 15 years of age at
diagnosis during 1970-1983 were identified through the registries of the

three main hospitals treating childhood cancer in the greater Philadelphia
area. Controls were selected by random digit dialing and were matched
to cases on race, birth date, and telephone area code and exchange.
Because of a low participation rate among nonwhites, results are reported
only for the 88 white matched pairs whose parents were interviewed by
telephone. Of the hypothesized risk factors, maternal use of hair-coloring
products in the year prior to the index child's birth (odds ratio, 3.6; /' =

0.003) and hypertension or fluid retention during pregnancy (odds ratio,
5.0, /' = 0.01 ) were significantly associated with increased risk of Wilms'

tumor. Use of hair-coloring products was strongly associated with cases
in which Wilms' tumor was diagnosed before 2 years of age (odds ratio,

15; P = 0.001 ). For two other gestational factors, tea drinking and vaginal
infection, the odds ratios were significantly elevated for all cases and the
effects were concentrated among the nongenetic cases. Bilateral cases
had a significantly higher mean birth weight than did their controls.
Older maternal age was significantly associated with the genetic form of
Wilms' tumor. Adjustment for possible confounders and consideration of

the time interval between the index pregnancy and the interview did not
substantially alter the findings.

INTRODUCTION

The present study was undertaken to investigate gestational
and potential risk factors for Wilms' tumor, an embryonal

tumor of the kidney. Peak incidence between ages 2 and 4 years
(1) and association with certain congential anomalies (hemi-
hypertrophy, sporadic aniridia, and genitourinary defects) (2)
characterize the epidemiology of Wilms' tumor.

Two forms of Wilms' tumor, genetic and nongenetic, are

known to occur (3). Clinical and pathological characteristics
and the timing of causal events as postulated by the "two-hit"
theory1of carcinogenesis (3) distinguish the forms. The majority

of genetic cases do not have a positive family history but are
presumed to result from new mutations in parental germ cells.
The germinal mutation (the first hit) is thought to be the major
determinant for the genetic cases; the postzygotic second hit in
a nephroblast could result from a low level postzygotic exposure
or even a random event as all nephroblasts would have a first
hit and thus would be susceptible. For genetic cases then,
postzygotic exposures are perhaps of lesser epidemiolÃ³gica!
importance. In contrast, postzygotic factors are postulated to
cause both somatic events that result in the nongenetic cases.
Because the onset of Wilms' tumor is usually in infancy or early

childhood, at least one and possibly both events are believed to
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occur during gestation in most nongenetic cases. This interpre
tation of the two-hit model predicts that the risk of the genetic
form would increase with preconception exposures of either
parent and that the nongentic form should be associated pre
dominantly with gestational exposures.

Prezygotic and gestational exposures were investigated in
this study in order to explore etiological factors responsible for
both forms of Wilms' tumor. Hypothesized risk factors were
those factors reported previously to be associated with Wilms'

tumor, neuroblastoma (another embryonal tumor), or child
hood cancer in general (4-8). Exposure to X-rays (7, 8), sex
hormones (4-6), and hair-coloring products (5, 6), as well as
high blood pressure or fluid retention during pregnancy (6),
were hypothesized to increase the risk of the nongenetic form.
History of fetal deaths as an indicator of preconception mater
nal exposures and preconception X-ray exposure of either par
ent were hypothesized as risk factors for the genetic form. In
addition, since older parental age is associated with some ge
netic diseases arising from tie novo germinal mutations (9), we
hypothesized older parental age as a risk factor. Preconception
and gestational occupational factors were also investigated and
those results will be reported elsewhere.

This report concerns the analysis of postulated gestational
and parental risk factors. In addition, because this was one of
the first case-control studies of Wilms' tumor, exploratory

analyses of other factors are also reported.

MATERIALS AND METHODS

All histologically confirmed Wilms' tumor cases under 15 years of

age at diagnosis during the period 1970-1983 who received treatment
or consultation at one of three Philadelphia-area tertiary care hospitals,
Children's Hospital of Philadelphia, St. Christopher's Hospital for

Children, and Wilmington Medical Center, were identified through the
hospitals' registries. The three hospitals treated an estimated 80% of

pediatrie cancer patients diagnosed in the greater Philadelphia area
during the study period as well as some patients from outside the area.
Additional eligibility criteria were: physician approval to contact par
ents; index child not adopted; diagnosis not at autopsy; biological
mother English speaking and available for interview; residence at di
agnosis in Pennsylvania, Delaware, New Jersey, or Maryland; and
residence at interview in the United States.

Controls were selected by random digit dialing and were pair matched
to cases on telephone area code and exchange, year of birth (Â±3years),
and race. The matching interval for age was chosen to facilitate control
selection. Sex was not chosen as a matching variable because the
incidences in males and females are similar although the age-incidence
curves differ slightly (1). The random digit dialing procedure has been
described previously (10). Briefly, the area code and the three-digit
exchange of the case's telephone number were retained and a set of

telephone numbers was formed by randomly generating the last four
digits of the number. The generated telephone numbers were called in
order. Each was called until a contact was made or until nine attempts
at different times of the day and week were made. A prepared text was
used to determine whether a potential matched control was available.

Mothers and fathers of cases and controls were interviewed sepa
rately by telephone concerning their residential, occupational, medical,
drug, and reproductive histories as well as medical histories of the child
and his/her first and second degree relatives. Questions concerning
gestational exposures focused on the entire year prior to the index
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RISK FACTORS FOR WILMS' TUMOR

child's birth in order to include periconceptional exposures. Total

interview time per family ranged from 2 to 3 h.
Cases were classified as genetic or nongenetic based on clinical and

pathological information. The data on laterality and the presence or
absence of a Wilms' tumor-associated congenital anomaly came from

medical or Greater Delaware Valley Pediatrie Tumor Registry (11)
records. A single pediatrie pathologist had reviewed pathology slides to
determine the presence or absence of nephroblastomatosis, which has
been hypothesized as the precursor lesion of the genetic form of Wilms'

tumor (12). Cases with bilateral disease or nephroblastomatosis were
classified as genetic. Unilateral cases without nephroblastomatosis and
without a Wilms' tumor-associated anomaly were considered nonge
netic. It is not clear whether cases with Wilms' tumor-associated

anomalies are genetic or nongenetic. Such cases may arise when the
first hit occurs very early in gestation but after conception. Those cases
having a Wilms' tumor-associated anomaly were considered to be an

intermediate group.
Demographic characteristics of cases and controls were compared by

paired t tests, Wilcoxon signed-rank tests, x2 tests, and McNemar's

tests. Odds ratios for matched pairs were calculated for potential risk
factors and the corresponding two-sided P values were computed using
McNemar's test. The multidimensional table involving all risk factors

was too sparse to permit analysis of all relevant variables simultane
ously. We performed bivariate analyses to adjust for demographic
differences between cases and controls and for associations between
risk factors. These analyses used maxium conditional likelihood esti
mates to fit a quasiindependence log-linear model or a linear logistic
model. For the quasiindependence log-linear analyses, whenever the
table was sparse, 0.5 was added to each cell which did not correspond
to a structural zero. Similar results were obtained whether or not the
constant was added. Statistical significance was defined at the 5% level.

RESULTS

Cases. Of the 202 cases of Wilms' tumor identified, 152 were

white, 47 were black, and 3 were Asian. Although nonwhites
were originally included in the study, their participation rates
were low and results are, therefore, reported only for whites.
Of the 152 white cases, 28 (18%) were ineligible for a variety
of reasons. Eleven cases lived outside the four-state area at
diagnosis or outside the United States at interview, 6 were not
approved by medical personnel for contact, 3 had non-English-
speaking parents, 4 were first diagnosed at autopsy, 3 were
adopted, and records had been lost for 1. Of the 124 eligible
cases, 19 (15%) were lost to follow-up, 10 (8%) refused to
participate, and 7 (6%) had not been matched to controls when
the study ended. The participation rate was 71 % and 88 cases
were included in the study population.

Description of Participating Cases. Of the 88 participating
cases, 52 (59%) were male. The mean age at diagnosis was 39
months. At diagnosis, 41 (47%) of the cases had Stage I disease
and 5 (6%) had bilateral disease. The participating cases were
similar to the nonparticipating cases and to a population-based
series of cases from the same geographic area in the distribution
of sex, age, stage at diagnosis, and laterality. The nonpartici
pating cases had been diagnosed, on the average, further in the
past compared to the participating cases.

The genetic form of the disease occurred in 28 cases (32%)
(2 of these were familial), the nongenetic form in 42 (48%), and
the "intermediate" form in 6 (7%). The small number of "in
termediate" cases precluded their separate analysis. The form

of the remaining 12 cases could not be classified because the
determination of nephroblastomatosis could not be made or
was inconclusive and the case had neither bilateral disease nor
a Wilms'-associated congenital anomaly. A Wilms' tumor-as

sociated anomaly was present in 10 (11%). Of those on whom

a determination could be made, 36% (27 of 75) had nephrob
lastomatosis.

Control Selection. To obtain 88 controls, 2186 telephone
numbers (an average of 25 per case) were called. Of all the
numbers, 55% were residential. Of these, 22% of the households
refused before it could be determined if any children or any
eligible children lived there. Thirteen % of the calls to residences
resulted in the identification of eligible control families. Of 159
such families identified, 88 (55%) completed the interview. Of
the 88 participating controls, 45 (51%) were the first eligible
control family identified, 25 (28%) were the second, and the
other 18 (20%) required the identification of 3-6 eligible fam
ilies.

Demographic Characteristics. Cases and controls did not
differ significantly in family income, proportion of parents
remarried, parents' educational level, parents' marital status,
or parental age at the index child's birth. Mothers of cases and

controls did differ significantly in religion (P = 0.01) but fathers
did not. Compared to control mothers, more case mothers were
Protestant and fewer were Catholic.

Gestational Risk Factors (Table 1). Use of hair-coloring prod
ucts, high blood pressure or fluid retention, abdominal or pelvic
X-ray, and use of sex hormones during gestation were hypoth
esized as risk factors. Only high blood pressure or fluid reten
tion during pregnancy (odds ratio, 5.0) and maternal use of
hair-coloring products in the year prior to the index child's

birth (odds ratio, 3.6) were significantly associated with an
increased risk of Wilms' tumor. An elevated odds ratio of 4.0

for diuretics, the treatment for high blood pressure or fluid
retention, was observed. Because the odds ratio for the medi
cation was based on only 5 discordant pairs, it was not signifi
cant, unlike that for the condition itself. The odds ratio for high
blood pressure and fluid retention separately were very similar.
Almost all instances of high blood pressure or fluid retention
were reported in the last trimester. No analysis of trimester in
which hair dye was used was possible because many mothers

Table 1 Wilms' tumor: results for hypothesized risk factors and exploratory

analyses

RiskfactorGestational

factorsUse
of hair-coloringproductHigh

blood pressure or fluidretentionAbdominal
or pelvicX-raySex

hormonesExploratory
findingsTea
consumptionVaginal
infectionVaginal

cream orsuppositoryDiureticsChild

factorsWilms'-associated
congenitalanomalyExploratory

findings:Non-Wilms'-asso-ciated

congenitalanomalyOther

factorsMiscarriageMaternal

abdominal or pelvicX-rayprior
toconceptionPaternal

lower abdominal X-ray priortoconceptionExploratory

findingsMaternal
gallbladder disorderorstonesMaternal

inducedabortionMaternal
use of hair-coloringproductbefore

firstpregnancy"
OR, odds ratio: CI, confidence interval.ORÂ«3.6r5.0e1.02.02.2"5.5"5.04.01.54.3"1.31.31.39.0"0.0"1.595%

CI1.4-10.21.2-31.20.3-3.70.6-8.21.0-4.71.0-71.90.6-'0.7-54.90.3-8.31.0-27.60.6-2.90.6-2.80.4-3.91.0-''-0.90.7-3.0Ratio*25:715:37:710:528:1311:25:18:26:413:320:1521:1610:89:10:825:17*

Ratio of case-l-/control- to case-/control+ pairs.

"P<0.05.
' Undefined or not calculable.
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could not recall the months of use. No data were available on
the type of hair-coloring products used.

The association with use of hair-coloring products might
reflect a higher prevalence of use in general and not be specific
to the index pregnancy. The odds ratio for the relevant interview
question, use of hair-coloring products before first pregnancy,
was 1.5 and not significant.

Exploratory analyses revealed two other statistically signifi
cant findings. Tea drinking during pregnancy and vaginal infec
tion in the year prior to the index child's birth were associated

with a significantly increased risk. A nonsignificant odds ratio
of 5.0 (based on 6 discordant pairs) was observed for vaginal
cream or suppository.

No significant associations were observed for use of coffee,
alcohol, cigarettes, artificial sweeteners, or major categories of
medications during pregnancy.

Child Factors (Table 1). A nonsignificant odds ratio of 1.5
was observed for a Wilms' tumor-associated congential anom

aly in the index child, a known risk factor (2). Although 10
cases were known to have one of these anomalies, mothers of
only 5 reported the anomaly during the interview. Two other
case mothers reported anomalies that could not be validated in
medical or tumor registry records. Significantly more cases
than controls had a congenital anomaly other than one known
to be associated with Wilms' tumor (odds ratio, 4.3). Of the 13

cases with such anomalies, the anomaly was validated for 10.
No anomaly or group of anomalies predominated.

The mean birth weight of cases and controls did not differ
significantly.

Other Factors (Table 1). None of the other hypothesized risk
factors (miscarriage, maternal abdominal or pelvic X-ray prior
to conception, and paternal lower abdominal X-ray prior to
conception) was significantly associated with an increased risk
of Wilms' tumor.

Exploratory analyses yielded two significant findings, a pos
itive association with maternal gallbladder disorder (odds ratio,
9.0) and a negative association with maternal history of induced
abortion (odds ratio, 0.0).

Analyses for Subsets of Cases (Table 2). The investigation of
prezygotic exposures for genetic cases and postzygotic expo
sures for nongenetic cases in large part motivated this study.
Therefore separate analyses of hypothesized or significant risk
factors were performed for the two forms of Wilms' tumor.

Excluded from such analyses were cases who had a sibling with
cancer because they were considered to have a genetic form of
the disease determined in a prior generation.

For three of the four significant gestational factors, the odds
ratio for the nongenetic cases exceeded that for the genetic
cases. Tea drinking and vaginal infection had high odds ratios
for the nongenetic group, 7.0 (P = 0.006) and 6.0 (P = 0.13),
respectively, and nonsignificant odds ratios of about 2.0 for the
genetic group. For these two factors, the odds ratios for the
genetic group were based on smaller numbers of exposed sub
jects than those for the nongenetic group. For hair dye use
among the nongenetic cases, the odds ratio was statistically
significant and higher than for the genetic cases. The odds
ratios for high blood pressure were similar for the genetic and
nongenetic forms.

Although not statistically significant, the results for another
hypothesized risk factor fit predictions of the two-hit model.

The odds ratio for use of sex hormones including oral contra
ceptives in the year prior to the index child's birth was elevated

for the nongenetic group (odds ratio, 2.3). Of the 7 nongenetic
case mothers reporting exposure, 2 used oral contraceptives 3

Table 2 Odds ratios for selected risk factors byform of Wilms' tumor

Genetic cases
(/i = 26)

Nongenetic cases
(n = 42)

RiskfactorGestational

factorsUse
ofhair-coloringproductHigh

bloodpressureor
fluidretentionAbdominal

orpelvicX-raySex

hormonesTea
consumptionVaginal

infectionChild

factorsNon-W'ilms'-associ-ated

congenitalanomalyOR"3.35.0NDNO2.3NDoo<95%

CI0.7-22.10.4-'0.6-11.2I.O-"Ratio*10:35:19:47:0OR5.5C6.00.82.37.0'6.02.595%CI1.0-71.90.6-"0.1-4.30.5-16.61.3-88.90.6-''0.3-37.9Ratio11:26:14:57:314:26:15:2

Other factors
Miscarriage 1.2 0.3-5.6
Maternal abdominal 1.7 0.5-6.1

or pelvic X-ray prior
to conception

Paternal lower abdom- 1.0 0.1-9.3
inal X-ray prior to
conception

Materanl gallbladder oo 0.4-1*

disorder or stones
Maternal induced 0.0 '-3.8

abortion

6:5 1.1 0.4-3.6 9:8
10:6 0.7 0.2-2.2 7:10

3:3 0.6 0.1-3.6 3:5

4:0 5.0 0.4-11 5:1

0:3 0.0 ''-2.3 0:4

" OR, odds ratio; CI, confidence interval; ND, not done because of very small

numbers of exposed subjects.
* Ratio of case-t-/controlâ€”to caseâ€”/control-t-pairs.
c/><0.05.
'' Undefined or not calculable.
'P<0.0t.

months prior to pregnancy, 3 used oral contraceptives in the
month prior to pregnancy, 1 used oral contraceptives in the
first month of pregnancy as well as progesterone in the second
month, and 1 used fertility drugs 2 months before the preg
nancy.

For maternal pelvic or abdominal X-ray before the index
pregnancy, the odds ratio was elevated for the genetic cases
(odds ratio, 1.7). The odds ratios were similar for both sub
groups for maternal history of gallbladder disorder and of
induced abortion.

Mothers of genetic cases were an average of 3.8 years older
than their matched control mothers (30.1 versus 26.3, P =
0.005). Fathers of the genetic cases and mothers and fathers of
the nongenetic cases were similar in age to their respective
control parents.

Exploratory analyses of subgroups defined by age, laterality,
presence of an associated anomaly, and presence of nephro-
blastomatosis were also performed. For pairs in which the case
was diagnosed before the age of 2 years, maternal use of hair
dye during the year prior to the index child's birth was associ

ated with an odds ratio of 15.0 (based on 16 discordant pairs,
P = 0.001). The odds ratios for ages 2-4 and 5 years and older
were not significantly different from 1.0. Among the 5 pairs in
which the case was bilateral, 4 case mothers and no control
mothers had used hair-coloring products in the year of interest;
no time period of exposure predominated.

A report of increased birth weight for Wilms' tumor cases

diagnosed before 2 years of age (13) prompted an analysis of
that subgroup, but no significant case-control difference was
observed. However, the 5 bilateral cases weighed an average of
2.4 pounds more at birth than their controls (9.1 versus 6.7
pounds, P = 0.02). The smoking status during pregnancy of the
case and control mothers in these five pairs was as follows: 1
pair, case and control mothers did not smoke; 3 pairs, case
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mothers smoked, control mothers did not; 1 pair, case mother
did not smoke, control did not. The smoking status of these
case and control mothers would be consistent with heavier
controls, the opposite of the observed difference. Each of the 5
bilateral cases weighed more than the matched control. Three
of the 5 had birth weights greater than 4000 g (8 pounds, 13
ounces); 1 of these was diagnosed at less than 6 months of age.
One additional case was diagnosed before 6 months of age, 2
at about 2 years of age, and 1 at about 5 years of age. None had
a Wilms' tumor-associated anomaly.

Analyses to Investigate Possible Bias and Confounding. Be
cause the long time interval between pregnancy and interview
(2-24 years; mean, 10 years) might have biased the results, the
odds ratios for significant gestational factors were calculated by
the length of this time interval. The matched pairs were divided
roughly in half by the case's birth year, resulting in a group of

pairs with earlier pregnancies and another with later pregnan
cies. As shown in Table 3, the odds ratios were similar in the
two groups. When the data were divided into four groups by
time interval, some observations could be made, although the
numbers were quite small. The odds ratios tended to be closest
to one for the group with the longest interval between pregnancy
and interview. For the shortest interval of 1-6 years, the odds
ratios were similar to those based on all cases except for vaginal
infection, for which an odds ratio of 1.0 based on two discordant
pairs was observed.

Bivariate analyses were performed to adjust the observed and
hypothesized risk factors for possible confounders. For exam
ple, the effect of preconception abdominal or pelvic X-ray was
adjusted for gallbladder disorder. The personal habits, tea
drinking and hair dye use, were adjusted for each other and for
history of induced abortion, because the three factors are mat
ters of choice and might be related through a common person
ality trait, for example. None of the bivariate analyses substan
tially changed the magnitude of the odds ratio or the P value.

DISCUSSION

The results of this study suggest that some gestational factors
may be important in the etiology of Wilms' tumor. The factors
observed to be significantly associated with Wilms' tumor were

use of hair-coloring products, high blood pressure or fluid
retention, vaginal infection, and tea consumption in the peri-

conceptional and gestational periods.
Potential confounding factors did not explain the findings.

Other factors could also confound the results but at least for
one category of potential confounders, occupational exposures,
that seems unlikely. Most of the potential risk factors identified
were maternal or gestational, but few of the mothers had jobs
with significant levels of exposure to hazardous substances. The

Table 3 Odds ratios for gestational risk factors by time interval between
pregnancy and interview

2-10yr(n
=40)Use

of hair-coloring
product

Tea consumption
High blood pressure or

fluid retention
Vaginal infectionOR"3.32.4

6.05.0Ratio*10:312:56:15:1ll-24yr

(n =48)OR3.8e2.04.56.0Ratio15:416:8

9:26:1All

cases
(OR)3.6"2.2'

5.0"5.5'

' OR, odds ratio.
* Ratio of case+/control- to case-/control+ pairs.
' P < 0.05.
"/><0.01.

results for occupational factors will be reported separately.
Use of hair-coloring products and high blood pressure were

hypothesized as risk factors because of their observed associa
tions with neuroblastoma, another embryonal tumor, in a very
similar study performed in the same geographic area (6). The
results supported the hypotheses with odds ratios of 3.6 and
5.0 observed for hair-coloring products and high blood pressure,
respectively. Consistent with the predictions of our interpreta
tion of the two-hit model, use of hair-coloring products was
somewhat more strongly associated with the nongenetic form.

Age group delineated the effect of hair dye more clearly than
did form of Wilms' tumor. The odds ratio for the youngest

cases was 15 and was close to 1.0 for the other cases. The
exposed cases under age 2 years were approximately equally
divided between the genetic and nongenetic forms. Because
"gestational" exposure was defined to include exposure in the

3 months before conception as well as during pregnancy, these
cases under 2 years might include genetic cases with exposure
just before conception and nongenetic cases with gestational
exposure. Among the bilateral cases, mothers of four of the five
cases reported using hair dye in the year before the child's birth

although exposure was not predominantly prior to conception.
Although the interpretation is unclear, the strong association
of hair dye exposure with Wilms' tumor before age 2 years

warrants further investigation.
Biological evidence supports the plausibility of hair dyes as

carcinogens because they contain mutagens (14) and significant
amounts are absorbed through the skin (15, 16). Researchers
have reported the appearance of a dye metabolite in the urine
after hair dyeing (16) and an increased frequency of chromo
somal aberrations in lymphocytes of women who dyed their
hair (17). Although current epidemiological evidence on the
carcinogenicity of hair dyes in adults is inconsistent (18-21),
fetuses may be more sensitive to carcinogens than are adults
(22). Hair dye components cross the placenta and are being
tested for teratogenic activity (23). Future research should
investigate hair dyes by types and colors because the composi
tion and mutagenicity vary greatly (24).

How high blood pressure or fluid retention might be carcin
ogenic to the fetus or might reflect carcinogenic influences is
less clear. The association with high blood pressure or fluid
retention might reflect an in utero effect of increased pressure,
a defect in the kidney that affects both blood pressure regulation
and risk of Wilms' tumor, or an effect of drugs used to treat

the condition. The similar odds ratios for diuretics and high
blood pressure or fluid retention make it difficult to distinguish
between effects of the condition and the medication.

The associations with tea consumption and vaginal infection
during pregnancy were unexpected. However, the odds ratios
for both factors were statistically significant for all cases and
were high for the nongenetic cases. Because the data on tea
drinking and vaginal infection agree with predictions of the
two-hit model, both factors deserve further study.

A small study of nephroblastomatosis (the hypothesized pre
cursor of the genetic form) reported an association with fre
quent coffee or tea consumption during pregnancy; no data
were presented separately for each beverage (25). In the present
study of Wilms' tumor, an association was observed only for

tea and primarily for the nongenetic cases, none of whom had
nephroblastomatosis. It is, of course, possible that tea con
sumption might be associated with both forms of Wilms' tumor

but that in the small group of genetic cases in this study the
association was missed. Further investigation will permit the
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evaluation of the possible association of tea and coffee with the
two forms of Wilms' tumor.

Because of the largely exploratory nature of the study, many
case-control comparisons were made. In addition to the hy
pothesized risk factors, approximately 40 other factors were
analyzed. About two odds ratios significantly different from 1.0
may have occurred by chance; five such odds ratios were ob
served. In light of the multiple comparisons issue, the true
significance of the findings from the exploratory analyses is
unknown.

No evidence was found that maternal smoking during preg
nancy increased the risk of Wilms' tumor. A previous study

observed a nonsignificant association (26) which has not been
confirmed (27-29).

We observed a significantly higher birth weight of bilateral
cases compared to controls. Although the magnitude of the
case-control difference may have been exaggerated by the low
birth weight of the controls, the cases were large in absolute as
well as relative terms; the cases had a mean birth weight of 9.1
pounds and two cases weighed over 10 pounds. All five bilateral
cases were heavier than their matched controls. None of the
five cases had hemihypertrophy and three were diagnosed at
over 1 year of age. Thus, the difference did not appear to be
entirely explained by two conditions that might increase the
birth weight, presence of tumor at birth and hemihypertrophy.
It has been suggested that high birth weight is associated with
risk factors rather than being a causal factor itself (13).

While this study observed a significantly higher birth weight
of bilateral cases compared to controls, a previous study found
elevated birth weight among cases diagnosed before age 2 years
(13). In that age group in the present study, the mean case-
control difference in birth weight was small and insignificant.
Because most bilateral cases occur before age 2 years, the
difference between the studies may be an artifact of small
numbers in the present study and the lack of data on tumor
laterality in the previous study.

Older maternal age was significantly associated with the
genetic form of Wilms' tumor, a finding consistent with a

prezygotic germ cell mutation as the first hit. However, for
diseases known to be caused by a new germ cell mutation, a
paternal age effect is usually observed that is stronger than the
maternal effect (9).

No statistically significant associations were observed be
tween the hypothesized preconception risk factors and the
genetic form of Wilms' tumor. However, the results for mater

nal X-ray exposure before conception fit predictions of the two-
hit model; the effect was greater (although based on small
numbers and not statistically significant) for the genetic com
pared to the nongenetic cases. Maternal X-ray exposure may
be worthy of further investigation in a larger study especially if
lifetime medical records are available.

Increased risks associated with abdominal X-rays before preg
nancy or during the index pregnancy, miscarriage, or sex hor
mones during pregnancy were hypothesized but not substanti
ated. The power of this study was not sufficient to detect odds
ratios less than 2.0 associated with X-rays, miscarriage, and sex
hormones. An odds ratio of less than 2.0 for prenatal X-ray
exposure as has been previously reported (7, 8) would probably
not have been detected by this study.

The lack of association with Wilms' tumor-associated anom

alies in the index child is perhaps a result of underreporting.
Because these anomalies are usually clinically insignificant and
incidentally diagnosed well after birth, interview of the mother
is not the best method to study these factors.

The possibility of recall bias deserves consideration. The
recall of gestational factors seems particularly susceptible to
bias, because index pregnancies occurred an average of 10 years
before the mother was interviewed. Analyses demonstrated that
recall bias, if it existed, did not worsen with the number of
years between the index pregnancy and the interview. However,
a recall bias constant over time cannot be excluded. In an earlier
study of almost identical design (6), validation of responses to
questions about illnesses and drug exposures during pregnancy
was attempted (30). Although the results did not indicate a
difference between cases and controls in the accuracy of re
sponses, significant gaps existed in the information provided
by many physicians. A recent study observed that mothers of
malformed infants recalled some events and exposures during
pregnancy more accurately than mothers of normal infants (31 ).
Urinary tract or yeast infection was one such category, suggest
ing that the finding of increased risk associated with vaginal
infection may be wholly or partly due to recall bias. That most
factors of gestation, labor, and delivery did not show significant
case excesses and that the significant associations were for
factors not generally suspected to be harmful to the fetus (as
opposed to insecticides and other chemical exposures) argue
against recall bias as the explanation for the findings.

Selection bias in the choosing of controls by random digit
dialing also must be considered. Approximately one-fifth of
residential households called did not provide sufficient infor
mation to determine their eligibility, and almost one-half of the
respondents invited to participate refused. Thus, the participat
ing controls may represent a selected population. The demo
graphic similarities of case and control families and the simi
larity of results from unadjusted analyses and those adjusted
for observed demographic differences suggest that a gross se
lection bias is unlikely to explain the findings of the study.
However, selection bias would have been introduced if factors
not measured, such as personality traits, were associated with
the observed risk factors and with the willingness to participate
in the random digit dialing interview or in the study interview
itself. For instance, personality may be related both to willing
ness to complete a telephone interview and to the use of hair-
coloring products.

The cases may also represent a selected population, because
approximately 30% of those eligible were not included in the
study. The participating and nonparticipating cases, however,
did not differ in basic demographic and clinical characteristics.
The nonparticipating cases were diagnosed in earlier years,
reflecting the difficulty of tracing patients diagnosed 10 years
or more before.

Directions for future research are suggested by our results,
generated by one of the first case-control studies of Wilms'

tumor. The associations with high blood pressure or fluid
retention and hair dye use during pregnancy supported the
study hypotheses. The increased maternal age for the genetic
cases also agreed with a study hypothesis, although no paternal
age effect was observed. The unexpected associations of the
nongenetic form with vaginal infection and tea consumption
during pregnancy also require further study. Confirmation of
these findings can come only from further investigation with
larger case series in which finer distinctions can be made
between risk factors for genetic and nongenetic cases.
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