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ABSTRACT

This report describes an exploratory population-based stud) of mater
nal and perinatal risk factors for childhood leukemia in Sweden. The
Swedish National Cancer Registry ascertained 411 cases in successive
birth cohorts from 1973 through 1984 recorded in the Swedish Medical
Birth Registry. Using the latter, we matched five controls without cancer
to each case by sex and month and year of birth. Mothers of children
with leukemia were more likely to have been exposed to nitrous oxide
anesthesia during delivery than mothers of controls jodds ratio (OR) =
1.3; 95% confidence interval (CI) = 1.0, 1.6|. Children with leukemia
were more likely than controls to have Down's syndrome (OR = 32.5;

95% CI = 7.3, 144.0) or cleft lip or cleft palate (OR = 5.0; 95% CI =
1.0, 24.8); to have had a diagnosis associated with difficult labor but
unspecified complications (OR = 4.5; 95% CI = 1.1, 18.2) or with other
conditions of the fetus or newborn (OR = 1.5; 95% CI = 1.1, 2.1),
specifically, uncomplicated physiological jaundice (OR = 1.9; 95% CI =
1.2, 2.9); or to have received supplemental oxygen (OR = 2.6; 95% CI =
1.3, 4.9). Because multiple potential risk factors were analyzed in this
study, future studies need to check these findings. We did not confirm
the previously reported higher risks for childhood leukemia associated
with being male, having a high birth weight, or being born to a woman
of advanced maternal age.

INTRODUCTION

Leukemias are the most common form of cancer in children
under 15 years old in developed countries like the United States
(1-3) and Sweden (4). Although leukemias represent about one-
third of all cancers in these populations, the causes of most
cases are unknown (5-7). Many of the following factors have
been reported to increase the risk for acute lymphatic leukemia,
the most common type of childhood leukemia (4, 8, 9): (a)
constitutional factors such as being male (2-4, 7-9), being white
(10), and having a high birth weight (11-15); (/>)genetic factors,
including being the identical twin or sibling of a child with
leukemia or having various inherited disorders (Down's syn
drome, Fanconi's anemia. Bloom's syndrome, ataxia telangi-
ectasia, Klinefelter's syndrome, Schwachman syndrome, neu-

rofibromatosis, trisomy 22 syndrome, Rubinstein-Taybi syn
drome, or Poland's syndrome; Refs. 3, 7, and 16); (c)

environmental exposures such as advanced maternal age (17,
18), maternal history of subfertility ( 19), or exposure to ionizing
radiation (in utero, therapeutically, or in wartime; Ref. 20) or
to electromagnetic fields (21).

This report describes maternal and perinatal risk factors for
childhood leukemia among study subjects in an exploratory
population-based study in Sweden.

MATERIALS AND METHODS

Subjects. Cases were children born in Sweden from 1973 through
1984 who had been registered at birth in the Swedish Medical Birth
Register and who had subsequently been diagnosed with leukemia and
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ascertained in the Swedish National Cancer Registry through 1984.
In 1973. a standardized set of medical record forms was introduced

in Sweden at antenatal care clinics, delivery units, and child health
clinics where newborns were examined (22). Maternal year of birth,
previous pregnancies and births, and diagnoses during pregnancy were
recorded at the antenatal care clinics. In the delivery units, information
was recorded about duration of pregnancy; diagnoses during delivery;
use during delivery of sedatives and hypnotics, pain medication, and
anesthetics (including nitrous oxide and oxygen, methoxyflurane, infil
tration anesthetics, paracervical block, pudenda! block, epidural anes
thetics, general anesthetics, hypnosis, or other types); procedures during
delivery' (e.g., cesarean section); birth date; number of births; and vital

status, sex, birth weight, and length of the newborn. Usually within 1
month after birth, the newborn was examined at a child health clinic
where diagnoses of the child since birth were recorded. Summary
information was sent to the Swedish National Board of Health and
Welfare where it was edited and transcribed to a computerized Medical
Birth Register. From 1973 through 1984, 1,173,319 births had been
registered, covering virtually all Swedish births during this period.

Since 1958, the Swedish National Cancer Registry has received
reports about all newly diagnosed malignant tumors among Swedish
residents from both the physician who made the diagnosis and the
pathologist or the cytologist who confirmed the diagnosis in surgically
removed tissues, biopsy specimens of tissues or cells, or specimens
obtained at autopsy (23). Almost 97% of patients with cancer have
been registered (24).

A third registry, the Swedish Registry of Causes of Death, provides
information on those who have died, including their underlying and
contributory causes of death and age at death (23).

The entries for persons in the Medical Birth Register were then
linked with those in the other two registries through the national
registration number, a unique personal identifier assigned at birth to
all Swedish residents since January 1, 1947 (25). The computerized file
resulting from this linkage served as the source of information for cases
(children with leukemia) and controls (children without leukemia).

We classified the 411 cases identified by using diagnostic codes from
the International Classification of Diseases, 7th Revision (ICD-7) and
8th Revision (ICD-8), adapted for use in Sweden (Table 1). In this
adaptation, the diagnostic term "lymphatic" was used instead of "lym-
phocytic." Eighty-one % of the cases were lymphatic leukemias, 11%

were myeloid leukemias, 1% were monocytic leukemias, and the rest
were of unspecified type; 95% were classified as acute, and 83% of
those were acute lymphatic leukemias.

The diagnosis was made at autopsy for only 32 cases (8%). The
method of diagnosis was histopathology for 190 cases (46%), cytology
for 167 cases (41%), clinical assessment for 53 cases (13%). and autopsy
without histopathology for 1 case (0.2%).

For each case, we selected five controls matched by sex, birth year,
and birth month from those in the source population who survived at
least to the date their matched case was diagnosed, without themselves
having been diagnosed with cancer (26). We matched for sex because
we considered it a potential confounding factor; for males, the risks for
leukemia (2. 3) and for perinatal mortality due to perinatal morbidity,
one of the risk factors of interest in this study, are higher than they are
for females (27, 28). Because the source population for both cases and
controls included successive birth cohorts with decreasing duration of
follow-up, and because the use of different procedures and anesthetics
may have changed over time, we matched by birth year and birth month
to adjust for these effects.

Matching for sex in this case-control study precluded evaluating the
effect of sex as a risk factor for childhood leukemia. But because we
wanted to determine whether males had greater risks for leukemia than
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Table 1 Kinds of leukemia by year of diagnosis among children in a population-
based, nested case-control Study, Sweden, 1973-1984

1973-1974 1975-1984

Kind of leukemia ICDcode Number" ICD code Number

LymphaticAcuteChronicUnspecifiedMyeloidAcuteChronicUnspecified204.3204.0204.6204.14041204.0204.1204.9205.0205.1205.9321343633

Other and unspecified
Monocytic leukemia

Acute
Chronic
Unspecified 204.2

206.0
206.1
206.9

Unspecified acute leukemia 204.7 4 207.0
Unspecified leukemia 204.4,204.8 1 207.9

2
0
1

21
3

" The Swedish Cancer Registry used the International Classification of Dis

eases, 7th Revision, in 1973 and 1974 and the 8th Revision later on. The 7th
Revision did not distinguish some kinds of leukemia that the 8th Revision did.

females (see "Introduction"), we compared the rate of childhood leu

kemia in males to that in females. The numerator for this rate was the
number of cases of a specific sex, and the denominator was the number
of person-years of follow-up for a specific sex. For all birth cohorts,
person-years of follow-up are the number of years from birth to either
the end of the study (December 1984), the month and year of death
(for decedents), or the month and year of diagnosis of leukemia (for
cases).

Statistical Methods. For categorical variables in this matched, nested
case-control study, we used conditional logistic regression to calculate
the OR,2 the measure of effect used to estimate the relative risk, and
its 95% CI (29-30). This kind of analysis controls for the confounding
introduced by matching (31). Variables whose 95% CI excluded 1.0
were statistically significant at the 5% significance level. For variables
with an OR estimate of zero, the lower confidence limit was zero; we
calculated the one-tailed 95% upper limit (32). For variables with an
OR point estimate of infinity, the upper confidence limit was infinity;
we calculated the one-tailed 95% lower limit.

For continuous variables like birth weight, we used conditional
logistic regression to analyze them directly or categorized them as
indicator variables with respect to a reference category. To avoid
choosing arbitrary cutoff points to categorize such variables, we also
used a randomized block design to calculate the mean of differences
between values of such variables for cases and for controls (a measure
of effect) and its 95% CI (33). However, since the conclusions from the
randomized block design analyses resembled those from the conditional
logistic regression analyses, we present only the analyses from condi
tional logistic regression.

We determined whether the effect of a risk factor changed over time
or with age at diagnosis by comparing its OR for three groups of birth
years (Table 2): 1973 and 1974 (120 cases); 1975 through 1977 (148
cases); and 1978 through 1984 (143 cases); and for three groups of age
at diagnosis: <2 years old (97 cases); 2 or 3 years old (165 cases); and
4 years old or older (149 cases).

To compare the male rate of leukemia to the female rate, we calcu
lated the relative risk of these rates and its 95% CI (34).

Of the variables on the Medical Birth Register, we analyzed 43
related to the mother, including major diagnostic groups during preg
nancy and delivery (20); specified medications or anesthetics during
labor and delivery (12); reproductive history (6); procedures during
delivery (3); age at delivery and duration of pregnancy (2); and 42
related to the child, including major diagnostic groups during the first
month after birth (20); major groups of procedures during the first
month after birth (20); weight and length at birth (2). If any of the

major diagnostic groups or groups of procedures were significantly
associated statistically with the child's leukemia, we analyzed particular

diagnoses or procedures within these groups to determine which ones
accounted for the significant associations. We carried out similar anal
yses for all leukemias and the three kinds of leukemias. The results of
analyses for grouped diagnoses, grouped procedures, and all leukemias
therefore depend on those for the particular diagnoses, procedures, and
kind of leukemia.

RESULTS

All Leukemias. Fifty-two % of the children with leukemia
were male (relative risk of male rate to female rate = 1.0; 95%
CI = 0.8, 1.2). The median age at diagnosis was 3 years, and
almost 98% of the children were 8 years old or younger at
diagnosis. Fifty-five % had been born before 1977. Ninety-eight

% were singletons.
Mothers of children with leukemia did not differ from moth

ers of children without leukemia with respect to age at delivery,
parity, number of previous live births, number of previous
stillbirths, or duration of pregnancy, whether these continuous
variables were analyzed directly (Table 3) or as grouped vari
ables. The percentage of mothers in both groups who underwent
cesarean section, vacuum extraction, or forceps delivery was
similar (Table 3). Cases were neither heavier nor longer at birth
than the controls, when birth weight and length were analyzed
as continuous (Table 3) or grouped variables; neither linear nor
quadratic (U-shaped) trends in risk by birth weight or birth
length were evident (analyses omitted). For mothers of children
with leukemia, neither the number nor the nature of the diag
noses recorded during pregnancy, during delivery, and after
delivery differed from those for mothers of children without
leukemia.

Sixty % of the mothers of children with leukemia but only
54% of mothers of children without leukemia received nitrous
oxide and oxygen anesthesia (Table 3). This risk was increased
only for mothers of boys (OR = 1.4; 95% CI = 1.0, 1.9) but
not for mothers of girls (OR =1.1; 95% CI = 0.8, 1.6). This
risk was higher for children born during 1973 and 1974 (OR =
1.6; 95% CI = 1.1, 2.5) than for those born later and higher for
children whose leukemia was diagnosed when they were 4 years
old or older (OR = 1.5; 95% CI = 1.0, 2.1) than among those
whose diagnosis was made at younger ages. None of the other
anesthetics or analgesics was used significantly more often in
mothers of children with leukemia than in mothers of children
without leukemia.

Three diagnostic groups were recorded in the Medical Birth
Register more often for children with leukemia than for children
without leukemia (Table 4): diseases of the blood and blood-
forming organs (ICD-8 codes 280-289; 4 children with and 5
children without leukemia); congenital anomalies (ICD-8 codes
740-759; 31 children with and 99 children without leukemia);
and certain causes of perinatal morbidity and mortality (ICD-8
codes 760-779; 103 children with and 427 children without
leukemia).

Table 2 Age at diagnosis by birth year for children in a population-based, nested
case-control study, Sweden, 1973-1984

Age at diagnosis (years)

Birthyear1973-74

1975-77
1978-840-125

24
482-334

64
674-11616028All

ages120

148
143

2The abbreviations used are: OR, odds ratio; CI, confidence interval. All years 97 165 149 411
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Table 3 Maternal characteristics" by type of leukemia

CharacteristicAge

at deliver) (yrs)
Parity
Number previous live births
Number previous stillbirths
Pregnancy duration (wks)
Cesarean section
Vacuum extraction
Forceps delivery
Nitrous oxide anesthesiaAll

leukemias1.0(1.0,

1.0)
1.0(0.9, 1.1)
1.0(0.9, 1.1)
1.0(0.5,2.0)
1.0(1.0, 1.1)
1.0(0.7, 1.4)39/201
1.0(0.6, 1.6)22/113
0.0 (0.0, 8.6) 0/3
1.3(1.0, 1.6)* 245/1 118Lymphatic

leukemias1.0(1.0,

1.0)
1.0(0.9, 1.1)
1.0(0.9, 1.1)
1.0(0.5,2.1)
1.0(1.0, 1.1)
0.9(0.6, 1.4)30/162
1.0(0.6, 1.6) 18/93
0.0 (0.0. 8.6) 0/3
1.2(1.0, 1.6) 196/896Myeloid

leukemias1.0(0.9,

1.1)
1.2(0.9, 1.6)
1.2(0.9, 1.6)
0.0 (0.0, 95.0)
0.9(0.8, 1.1)
1.8(0.7,4.7)7/21
1.0(0.2,4.6)2/10
Indeterminate 0/0
1.0(0.5, 1.9)28/141Other

or unspecified
leukemias1.0(0.9,

1.1)
1.0(0.7, 1.4)
1.0(0.7, 1.4)
0.0(0.0, 17.4)
0.7 (0.6, 0.9)*

0.5(0.1,2.4)2/18
1.0(0.2,5.5)2/10
Indeterminate 0/0
1.9(0.8,4.2)21/81

" For continuous characteristics, the values are the OR point estimates and their 95% CI. For discrete characteristics, these values are followed by the numbers of

exposed cases and exposed controls.
* Statistically significant risk factors at the significance level of 0.05. For OR point estimates of zero, the 95% one-sided upper confidence limit is in parentheses.

Indeterminate OR point estimates occur when neither cases nor controls were subject to the risk factor.

Table 4 Child's characteristic? by type ofleukemiaCharacteristicLength

(cm)Birth

weight (per 100g)Diseases

of the blood and
blood-formingorgansCongenital

anomalies
Down's syndrome

Cleft lip or cleftpalateCertain

causes of perinatal mor
bidity andmortalityDifficult

labor with unspecified
complicationsOther

conditions of the fetus
and newborn

PhysiologicaljaundiceSupplemental

oxygen useAll

leukemias1.0(1.0,

1.1)1.0(1.0,

1.0)4.0(1.1,

14.9)*4/51.6

(1.1, 2.4)' 31/99

32.5(7.3, 144.0/13/2
5.0(1.0,24.8)*3/31.3(1.0,

1.6)'103/4274.5(1.1,

18.2)*4/51.5(1.1,

2.1)* 48/170

1.9(1.2, 2.9)'30/842.6(1.3,4.9)*

15/31Lymphatic

leukemias1.0(1.0,

1.1)1.0(1.0,

1.0)3.8(0.8,

16.8)3/41.2(0.7,2.0)

19/80
7.5(1.3, 44.9)* 3/2
5.0(1.0, 24.8)'3/31.3(1.0,

1.7)*84/3406.4(1.0,

39.0)*3/31.4(1.0,2.1)38/137

1.4(0.9,2.4)20/712.7(1.3,5.5)*

12/24Myeloid

leukemias0.9(0.7,
1.0)*1.0(0.9,1.1)5.0

(0.3, 79.9)1/15.2

(2. 1,1 2.9)* 10/11
Infinity (12.7)* 9/0

Indeterminate0/01.1

(0.5,2.3)11/525.0(0.3,79.9)

1/12.3

(0.8, 6.0) 7/18

6.7(1.9, 23.7)*7/80.8(0.1,7.2)

1/6Other

or unspecified
leukemias1.0(0.8,

1.2)1.0(0.9,1.1)Indeterminate

0/01.3

(0.3, 6.5) 2/8
Infinity (0.3) 1/0
Indeterminate0/01.2

(0.5, 3.0)8/350.0(0.0,95.0)0/11.0(0.3,3.9)3/15

3.3(0.7,15.0)3/510.0(0.9,

110.3)2/1
" For continuous characteristics, the values are the OR point estimates and their 95% CI. For discrete characteristics, these values are followed by the numbers of

exposed cases and exposed controls.
* Statistically significant risk factors at the significance level of 0.05. For OR point estimates of infinity, the 95% one-sided lower confidence limit is in parentheses.

Indeterminate OR point estimates occur when neither cases nor controls were subject to the risk factor.

The children with leukemia who had diseases of the blood
and blood-forming organs had four different diagnoses, some
of which may have predicted the diagnosis of leukemia. Within
the group of children with congenital anomalies, only those
with either Down's syndrome (13 cases), a known risk factor

(3), or cleft lip or cleft palate (three cases), an unappreciated
risk factor, had a greater risk for leukemia. No information
about chromosomal or other anomalies was recorded in the
Medical Birth Register about those with cleft lip or palate.
Those with Down's syndrome in whom leukemia developed

usually were diagnosed with leukemia by age 3, while those
with cleft lip or cleft palate in whom leukemia developed were
more often males and were diagnosed in those 4 years old or
older.

Within the largest diagnostic group, certain causes of peri
natal morbidity and mortality, children with leukemia were
more likely than their controls to be born during a difficult
labor with unspecified complications (ICD-8 code 768.99) or

to have been subject to the effects of other conditions of the
fetus and newborn (ICD-8 code 778). Four case patients and
five controls were born during a difficult labor with secondary
or unspecified maternal complications; the mothers of these
children had dissimilar diagnoses associated with the difficult
labor.

Of those with other conditions, children with leukemia were

more likely than controls to have had the diagnosis of physio
logical jaundice without demonstrable contributory conditions
(ICD-8 code 778.93). Female infants with physiological jaun
dice had a higher risk for leukemia (OR = 2.4; 95% CI = 1.3,
4.7) than male infants (OR = 1.5; 95% CI = 0.9, 2.8). This
increased risk also predominated among those who were 2 or 3
years old when their leukemia was diagnosed (OR = 2.3; 95%
CI = 1.1, 4.8) compared to those who were younger or older
when the diagnosis was made. The risk for leukemia was higher
among infants with physiological jaundice born later in the
study period (1978 through 1984; OR = 2.9; 95% CI = 1.3,
6.5) than among those born earlier (1975 through 1977, OR =
1.9, 95% CI = 1.0, 3.7; 1973 and 1974, OR = 1.2, 95% CI =
0.5, 2.9).

No condition diagnosed for the mother or the child during
the perinatal period affected the magnitude of this increased
risk for leukemia. Bilirubin measurements were unavailable
from the data sources used for this study; the presence of
kernicterus or the use of phototherapy or exchange transfusions
was not mentioned in the records of the study subjects.

Children with leukemia were more than twice as likely as
controls to have been exposed to supplemental oxygen (ICD-8
codes 93.32 and 93.70) during the perinatal period (Table 4),
but the percentage of exposed cases was less than 4%. Male
infants given supplemental oxygen had a slightly higher risk
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for leukemia (OR = 2.7; 95% CI = 1.1,6.6) than female infants
(OR = 2.4; 95% CI = 0.9, 6.1). Children with a diagnosis of
leukemia at age 4 or older had a significantly higher risk after
this exposure (OR = 3.0; 95% CI = 1.1, 7.9); for younger
children, the increased risks were not statistically significant.
For infants born earlier in the cohort (1973 and 1974; OR =
8.4; 95% CI = 2.1, 34.1) or later in the cohort (1978 through
1984; OR = 4.2; 95% CI = 1.2, 14.8) the risk for leukemia was
higher after supplemental oxygen exposure than it was for
infants born in between (1975 through 1977; OR = 1.1; 95%
CI = 0.4, 3.1). Adjustment for the occurrence of Down's syn

drome reduced but did not eliminate the increased risk associ
ated with supplemental oxygen exposure (OR = 2.4; 95% CI =

1.2, 4.7). No other specific diagnosis or procedure appeared to
account for the increased risk due to this exposure.

In a multivariate analysis using the three factors associated
with leukemia, the risk for leukemia was independently in
creased by the mother's exposure to nitrous oxide anesthesia
(OR = 1.3; 95% CI = 1.0,1.6), the child's physiological jaundice
(OR = 1.8; 95% CI = 1.2, 2.8), and the child's exposure to

supplemental oxygen (OR = 2.6; 95% CI = 1.4, 5.0).

Subgroups of Leukemias. Lymphatic leukemias constitute
more than four-fifths of all leukemias in this study; results for

this group of leukemias parallel those for all leukemias. The
magnitude of the positive association with nitrous oxide anes
thesia is the same, but now it is of borderline significance
because of the fewer cases in this subgroup. Males with leukemia
whose mothers received this kind of anesthesia were at in
creased risk (OR = 1.4; 95% CI = 1.0, 1.9), but females with
leukemia of similarly exposed mothers were not (OR = 1.1;
95% CI = 0.8, 1.6). For children born during 1973 and 1974,
an increased risk for leukemia was associated with nitrous oxide
exposure (OR = 1.6; 95% CI = 1.0, 2.6), but this was not so

for those born later.
A diagnosis of Down's syndrome, cleft lip or cleft palate,

certain causes of perinatal morbidity and mortality, and mater
nal difficulty during labor with unspecified complications in
creased the risk for lymphatic leukemia. Physiological jaundice
increased the risk slightly but not significantly. Use of supple
mental oxygen increased the risk significantly alone and after
adjustment for Down's syndrome.

Maternal exposure to nitrous oxide anesthesia or the child's

exposure to supplemental oxygen did not affect risk for myeloid
leukemia, although Down's syndrome did (Table 4). Four chil

dren with myeloid leukemia but only one control had a congen
ital heart defect diagnosed during the perinatal period (OR =
20.0; 95% CI = 2.2,179.0); three of these cases also had Down's

syndrome, which is known to be associated with such defects.
Physiological jaundice markedly increased the risk, but the

number of exposed study subjects (seven) was small. At birth,
infants with myeloid leukemia were only slightly shorter (0.71
cm) than controls, but the difference was statistically
significant.

The risk for other or unspecified leukemias due to maternal
exposure to nitrous oxide anesthesia or to the use of supple
mental oxygen in the child was increased even more than among
children with lymphatic leukemia, but the increase was not
statistically significant. Duration of pregnancy was about 6 days
less for mothers of children with other or unspecified leukemias,
but neither birth weight nor length of these children differed
from those of controls.

DISCUSSION

Our results confirm only one result reported from other
studies, the strongly increased risk for both lymphatic and
myeloid leukemia among children with Down's syndrome. We

did not confirm a higher risk for males, for children with high
birth weights, or for children whose mothers were of advanced
maternal age.

Our new findings include an increased risk for childhood
leukemia associated with the mother's exposure to nitrous oxide
anesthesia during delivery; the child's physiological jaundice
without demonstrable contributory conditions; the child's use

of supplemental oxygen; and diagnosis of cleft lip or cleft palate
in the child.

The method of selection we used represented different birth
cohorts unequally; children born in 1973 had an average of 10.5
years of follow-up, and those born in 1984 only 6 months.
Because the age distribution of different kinds of leukemias
differs, only some of the illness that will develop in successive
birth cohorts is represented in this study (Table 2). If risk
factors in children in whom leukemia was diagnosed at younger
ages differ from those in children whose leukemia was diag
nosed at older ages, then our use of truncated birth cohorts may
have biased our results.

This potential selection bias does not, however, explain the
lower male to female relative risk; this relative risk did not
increase markedly in 5-year age groups in those under 15 (3,
9). Statistical or geographic variability may be a better expla
nation. The 95% upper confidence limit for the male to female
relative risk in this study (1.2) lies below many of the male to
female ratios reported elsewhere (2, 3). Two other Swedish
studies also show low ratios, suggesting a geographic effect. In
Sweden in 1984, the ratio of males to females was 1.14 (4), and
from 1975 through 1980 it was 1.13, a ratio lower than others
(range, 1.26-1.45) reported for white children (Ref. 8, Table

5).
Most (11-15) but not all (17, 35) studies have reported that

high birth weight increases risk for childhood leukemia. Results
from the former studies are difficult to compare because they
used different criteria to define high birth weight, different
kinds of control groups, and different methods to analyze their
data. The association with high birth weight occurred in differ
ent subgroups: only females (11, 13); only males (14); and
children who were younger than 2 years old (11), 3 years old
(15), or 4 years old (12) at diagnosis. We did not detect this
association with all leukemias, lymphatic leukemias, myeloid
leukemias, or other kinds of leukemias.

We also did not have information to confirm the previously
reported increased risk associated with maternal history of
subfertility (19). Although the number of previous stillbirths in
mothers of cases resembled that in mothers of controls, the
reliability of other items in the reproductive history (including
that related to fetal loss before 36 weeks) in the Swedish
Medical Birth Register is questionable. Nondifferential mis-
classification of this exposure may thus have caused us not to
find an association when we should have (31).

We do not have information in this study on prenatal expo
sure to diagnostic radiation or postnatal exposure to ionizing
radiation or electromagnetic fields, reported risk factors for
childhood leukemia (20, 21). The degree of exposure to diag
nostic radiation may have varied by hospital. Although we did
not control for hospital of birth in our study design, our
matching for month and year of birth may have controlled for
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secular changes in such exposure. Except for having Down's

syndrome, which we found increased the risk for childhood
leukemia, none of the rare syndromes (listed in the "Introduc
tion") reported to increase the risk was diagnosed among chil

dren with leukemia in our study.
Because of the paucity of information about other risk factors

for childhood leukemia, and because the records we used for
our study contained no information about other purported risk
factors (e.g., increased socioeconomic status and parental oc
cupation; Refs. 2 and 3), we could not determine whether these
factors were confounding in our study.

Because of the many cases in our study (particularly among
lymphatic and all leukemias), low statistical power was not a
problem except for infrequent exposures and for subgroup
analyses (e.g., studies of effect modification by birth cohort, age
at diagnosis, and sex). Given a statistical power of 0.80, a 2-
sided significance level of 0.05, and a control exposure fre
quency of 0.05 for a dichotomous exposure, the number of
cases and controls in our study should have enabled us to detect
a 71% or greater decrease in risk or a 86% or greater increase
in risk among lymphatic or all leukemias.

Only 1 (2.3%) of the 43 variables related to the mother and
analyzed in this study was associated with a statistically signif
icant risk for any kind of leukemia in her child, although two
such variables might be expected to be so associated at the 0.05
significance level. Four (9.5%) of the 42 variables related to the
child and analyzed in this study were associated with a statis
tically significant leukemia risk, although only two such vari
ables might be expected to be so associated. Because the results
of analyses for grouped diagnoses, grouped procedures, and all
leukemias depend on those for the particular diagnoses, proce
dures, and kind of leukemia, it is difficult to adjust for this
"problem of multiple comparisons," although some authors

argue against the need for any such adjustment (31). Future
studies should be done to determine whether the new findings
in this study are seen elsewhere.

The increased risk due to nitrous oxide exposure was modest
(25%) and did not affect risk for myeloid leukemia. This risk
was more prominent among males, among children born in the
early years of the cohort, and among children diagnosed with
leukemia after the age of 3. We do not know whether exposure
to nitrous oxide was directly causal, whether its use indicates
specific anesthetic considerations that were more direct causes,
or whether this association was coincidental. Nitrous oxide
inactivates vitamin BÃ•2,which prevents the resynthesis of me-
thionine and hampers the synthesis of deoxyribonucleic acid
(36). These conditions may result in megaloblastic anemia and
leukopenia, especially after at least 5 h of exposure to 50%
nitrous oxide. Nitrous oxide also reduces lymphocyte cytotox-
icity against tumor cells in vitro (37). If causal, even this
modestly increased risk from nitrous oxide exposure and the
large percentage (54%) of control mothers exposed to this
anesthetic would explain about 12% of all childhood leukemia
cases (38).

Because the increased risk associated with nitrous oxide
exposure was not observed in all subgroups, it may be coinci
dental. Male infants of women exposed to nitrous oxide had an
increased risk, but comparable female infants did not. The
increased risk due to nitrous oxide exposure only in children
born in 1973 and 1974 is compatible with the increased risk
among children diagnosed with leukemia at older ages because
of how the study population was selected. If nitrous oxide
exposure increases risk, further follow-up of children born later

on would show an increase in the effect of this factor among
children diagnosed with leukemia at older ages.

The excess risk for lymphatic leukemia associated with cleft
lip or cleft palate or both was based on only three males; two
had cleft palate, and one had cleft lip and cleft palate. The first
two had concomitant asphyxia soon after birth but no recorded
use of supplemental oxygen. None of the cases was associated
with trisomy 22 syndrome, one of the chromosomal abnormal
ities associated with both cleft palate and leukemia (7). Because
radioactive powdered skim milk can induce cleft palate in fetal
mice and aleukemic leukemia in newborn mice (39), leukemia
and cleft lip or cleft palate may share common environmental
or genetic causes. Others who tried to determine whether cleft
lip or cleft palate was associated with childhood cancers did
not find such an association (40), probably because these con
ditions are so rare (41).

Uncomplicated physiological jaundice probably does not
cause childhood leukemia but may indicate other possible
causes. The risk for leukemia associated with physiological
jaundice was higher among female infants than among male
infants, among children in whom leukemia developed at an
intermediate age (2-3 years) than among those in whom leu
kemia developed at either younger or older ages, and among
children born from 1978 through 1984 than among those born
earlier.

Because many children in the study population were older
than 3 years, the increased risk from physiological jaundice
among children with a diagnosis of leukemia at ages 2 or 3
probably did not result from how the study population was
selected. We did not identify any diagnosis of the mother or
child during the perinatal period that affected the magnitude of
this increased risk for leukemia. Finally, we do not have bili-
rubin measurements for the study population to corroborate
this diagnosis, and the diagnosis of kernicterus and the use of
phototherapy or exchange transfusions were not recorded in
the data sources we used.

Use of supplemental oxygen by the child increased risk for
childhood leukemia, particularly lymphatic leukemia. The risk
profile resembled that of nitrous oxide: male infants who re
ceived oxygen had (slightly) higher risks than comparable fe
male infants, children diagnosed with leukemia at or after age
4 had a significantly higher risk, and for children with a diag
nosis of leukemia before age 2, the risk was higher but less
significant, and exposed children born either before 1975 or
after 1977 had increased risks. Its use, however, was rare; only
1.5% of controls and 4% of cases received it. We did not identify
any specific diagnosis or procedure associated with its use; the
occurrence of Down's syndrome, in which a high prevalence of

congenital heart defects may increase exposure to supplemental
oxygen, did not account for the increased risk of oxygen use.
However, its use was not always recorded when it may have or
should have been used (for example, when asphyxia occurred
soon after birth). Its use may also indicate some other cause for
subsequent leukemia. Even so, because its use was so uncom
mon, it is unlikely to account for more than a small fraction of
cases.

These findings of increased risk of childhood leukemia asso
ciated with maternal exposure to nitrous oxide anesthesia, the
child's diagnosis of uncomplicated physiological jaundice, and
the child's exposure to supplemental oxygen need to be con

firmed or refuted with more accurate and precise measures of
exposure in other studies of specific subgroups of leukemia. In
such studies, control of other reported risk factors that might
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confound these associations would also help determine how
important these associations are.
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