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Abstract: We herein determined the effects of parental smoking on occurrence of childhood acute leukemia using the large
volume of data accumulated in the Japan Children's Cancer Registry. Information on the smoking statuses of fathers was
available for 4,802 acute leukemia cases diagnosed between 1985 and 2006 and that of mothers was available for 5,536 cases
diagnosed between 1978 and 2006. We compared the smoking rates of parents whose children were diagnosed with leukemia
with a control group of parents whose children were diagnosed with benign tumors or cancer-related diseases. The smoking rate
of fathers was significantly larger than the control. The odds ratios were 1.284 for 1-9 cigarettes/day (c/d) before conception
(p=0.127), 1.265 for 10-19 c¢/d (p=0.029), and 1.345 for more than 20 c¢/d (p=0.000). A logistic regression analysis controlling for
sex, birth weight, paternal age at birth, and maternal smoking showed that the smoking rate of fathers whose children had acute
leukemia was still significantly higher (OR 1.012, p=0.004). The difference of the smoking rate between mothers whose children

had acute leukemia and the control mothers was not significant (OR 1.161, p=0.447).
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1. Introduction

Tobacco contains many genotoxic substances and causes
various kinds of cancers, even in persons exposed to
secondhand smoke [1]. These genotoxic substances exert
more profound effects on young children than on adults, and
may be transferred to the fetus through the placenta [2].
Metabolites of substances originating from tobacco and
damaged lymphocytes have been detected in the umbilical
cord blood of newborns [3-5]. Many studies were conducted
in an attempt to elucidate the effects of these substances on the
development of cancers in the children of smoking parents
[6-12]. However, many of these studies showed that father’s
smoking had rather higher risk for childhood cancer
development than mother’s smoking [6, 8, 11, 12]. This is
somewhat peculiar because genotoxic substances could
directly affect fetus through placenta. One of the reasons
might be the relatively small sample size of the past studies.
The studies with small sample size have weak statistical

power and the results tend to be unstable. For example, one
previous study showed that father’s smoking was related to
childhood ALL for total smokers, but this effect disappeared
for heavier smokers [8]. Therefore, we investigated the effects
of parental smoking on the occurrence of childhood cancers
using the large volume of data in the Japan Children’s Cancer
Registry (JCCR). We focused on childhood leukemia, which
comprises about 41% of all childhood cancers and has the
largest number of cases.

2. Methods

2.1. Introduction of Japan Children’s Cancer Registry

Tanimura et al. outlined the JCCR in a previous
publication [13]. The JCCR was established in 1969 in order
to explore etiological factors for the occurrence of childhood
cancers. This registry is nation-wide and hospital-based.
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Questionnaire sheets were sent to attending doctors who treat
children with cancers. They were asked to make medical
records that included a questionnaire that was filled in at the
time of interview with the parents. After pathological
confirmation of the details of cancer diagnosis, the
questionnaire was completed with information from medical
records and sent back to the registration center. The
contributing doctors were mostly pediatricians and pediatric
surgeons.

2.2. Methods of Data Collection

The questionnaire sheet has been revised twice. The original
questionnaire did not include information on parental smoking
habits, and the first revision, which was made in 1978, included
maternal smoking histories only. The second revision was made
in 1985 and included information on the smoking habits of both
parents. Because the majority of contributing doctors were
pediatricians and pediatric surgeons, more than 40% of
registered cancers were leukemia; therefore, we focused on
acute leukemia for our analysis. Information on the smoking
statuses of fathers was available for 4,802 acute leukemia cases
diagnosed between 1985 and 2006. Information on the smoking
status of mothers was available for 5,536 acute leukemia cases
diagnosed between 1978 and 2006.

Because information on smoking included the ages at which
parents started and stopped smoking, we examined smoking
status in relation to pregnancy. We found that the majority of
fathers who started to smoke before conception continued to
smoke thereafter, whereas most smoking mothers stopped
smoking temporarily during pregnancy. Therefore, we
decided to classify parents as non-smokers or smokers if they
smoked more than 20 cigarettes/day (c/d) from the
preconception period.

2.3. Methods of Calculation of Odds Ratios

We compared the smoking rates of parents whose children
were diagnosed with leukemia with a control group of parents
whose children were diagnosed with benign tumors or

cancer-related diseases, which included Langerhans cell
histiocytosis, benign or mature teratoma, adenomas of various
organs, and fibroma. We did not differentiate acute
lymphoblastic leukemia and acute myeloblastic leukemia
because of the peculiar classification system of leukemia that
was employed in Japan, especially in the eastern part of the
country, until the 1970s [14].

Odds ratios (OR) and 95% confidence intervals were
calculated using SPSS ver. 22 software.

2.4. Ethical Consideration

This registration and the usage of data extracted from the
medical records for research work were approved by the
Ethical Committee of Kyorin University (No. 348).

3. Results
3.1. Smoking Rates of Fathers

The smoking rate (62.2%) of fathers who smoked more
than 20 c/d and whose children were diagnosed with acute
leukemia was higher than that of the control (55.2%) (Table).
Moreover, dose-response was observed between the amount
of cigarettes consumed and occurrence of leukemia: OR
1.284 for 1-9 c/d before conception (p=0.127), 1.265 for
10-19 c/d (p=0.029), and 1.345 for more than 20 c/d
(p=0.000). A logistic regression analysis controlling for sex,
birth weight, paternal age at birth, and maternal smoking
showed that the smoking rate of fathers whose children had
acute leukemia was still significantly higher (OR 1.012,
p=0.004).

3.2. Smoking Rates of Mothers

Regarding maternal smoking more than 20 c/d, the
difference of the smoking rate between mothers whose
children had acute leukemia and the control was not
significant (OR 1.161, p=0.447).

Table 1. Odds ratios of parental smoking rates (more than 20 cigarettes/day).

Childhood iath;r ; - rmhber - -
C umbers o o umbers o o
aneers Smoking/Non-smoking OR ot value Smoking/Non-smoking OR (el value
Benign tumors* 456/370 1 38/939 1
Leukemia 2,988/1,814 1.337 1.151-1,551  0.000 255/5281 1.16 0.820- 1.645 0.447

OR: Odds ratio; CI: Confidence interval.

*Benign tumors include Langerhans cell histiocytosis, benign or mature teratoma, adenomas of various organs, and fibroma.

4. Discussion
4.1. Consideration Concerning with Recall Bias

Because this study was based on the retrospective memory of
parents of children diagnosed with cancer, recall bias is
inevitable. The smoking rates of mothers were consistent with
that reported in the Japanese general population [15]. The

birth weights of children whose mothers smoked during
pregnancy were always smaller than those of children whose
mothers did not smoke (Figure). The birth weight of children
whose mothers smoked more was smaller, indicating a
dose-response relationship. Relationships between paternal
smoking, lower birth weight, and shorter gestational period
were not observed. Based on these findings, the smoking
status of parents was considered valid.
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Figure 1. Birth weight of babies born to mothers who smoked during
pregnancy.

4.2. General Discussion

Our result clearly shows that the fathers’ smoking was
related to acute leukemia in children, whereas the mothers’
smoking seems not to be related. Even after excluding several
possible confounding factors, this relationship was confirmed.
Previous studies reported that smoking habits among fathers,
rather than mothers [6, 16, 17-21], are associated with the
development of cancers, including leukemia, in their children.
Our results are consistent with these findings.

Meta-analyses and reviews were published on the effects of
parental smoking on the occurrence of childhood cancers
[22-24]; however, the conclusions of these meta-analyses
regarding the effects of parental smoking remain unclear. In
addition to possible conflicts of interests in some of these
meta-analyses [25, 26], the number of subjects in the original
studies were relatively small, and various degrees of recall
bias concerning smoking habits were inevitable. A cohort
study is more suitable for avoiding recall bias, but it is difficult
to conduct because of the rarity of childhood cancers. Two
reviews included only 33 and 327 cases of childhood cancers
that developed in a cohort of approximately 16,000 to 500,000
children [23, 24]. A large number of confounding factors also
influence the occurrence of childhood cancers. In addition,
childhood diseases, such as acute lymphocytic leukemia, are
often heterogeneous. Although B-precursor ALL with t (12;
21) is likely to be associated with the father’s smoking before
and after delivery, such an association was not observed
among ALL with hyperdiploid chromosomes in previous
studies [21]. Additionally, susceptibility to genotoxic
substances differs among individuals [20]. Therefore, more
studies need to be accumulated.

Since Grufferman’s report [6] and hypothesis [27] regarding
the importance of paternal smoking on the occurrence of
childhood cancers, many studies have shown that paternal
rather than maternal smoking is more important for occurrence
of childhood cancers. The duration of exposure to genotoxic
substances in the fetus is only 10 months at maximum, which
may not be sufficient for the fetus to develop adverse genetic
changes. Moreover, because it may take several decades for
cancer to develop after exposure to carcinogenic agents, such as

alkylating drugs, cancers may not become apparent during
childhood [28, 29]. Another possibility is that mothers may
underreport their smoking habits because of feelings of guilt
[30]. This may also explain the negative effects of maternal
smoking on some childhood cancers.

On the other hand, evidence that paternal smoking has
serious adverse effects on the functional and morphological
quality of sperm is increasing [31], with even secondhand
smoking causing germline mutations [32, 33]. Moreover,
tobacco smoke contains fine particulate matter [34, 35] that
can disrupt blood-testis barrier to accelerate the action of
genotoxic chemicals in tobacco smoke in addition to its own
influence on sperm qualities [36, 37]. Thus, the effects of
paternal smoking on the occurrence of childhood cancers may
be related to the effects of tobacco smoke on sperm.

Because of the retrospective nature of the present study,
possible confounding factors known to be related to the
occurrence of childhood acute leukemia could not be
examined. However, because the control subjects in this study
were chosen from children registered to the same registry,
these confounding factors may be evenly distributed between
both groups.

5. Conclusion

Our study confirmed that Father’s smoking rather than
mother’s smoking increases the risk of childhood ALL.
Fathers should stop smoking to prevent secondhand smoking
of their partners and when they want to have children should
stop smoking as soon as possible.
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