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Abstract
Exposure to tobacco smoke is the major risk factor for the occurrence of sudden and unexpected death in infants. The component of nicotine, which is metabolized 
mainly by cytochrome P450 (CYP) 2A6, is of particular concern because of its adverse effects on fetal development. In this study, we performed an association study 
of CYP2A6 polymorphism with SIDS subjects. Genotyping of CYP2A6 was performed using PCR-RFLP method. The subjects were consisted of suspected SIDS 
subjects (n=71) at autopsy and healthy Japanese adults (n=225) for the control. Major allele frequencies of *1A, *1B, and *4A were 0.436, 0.364, and 0.200, respectively, 
in the control group under Hardy–Weinberg equilibrium (x 2=1.66). Relative to the frequency of CYP2A6*1A, the odds ratio and 95% confidence intervals of *1B 
and *4A in the SIDS group were 1.20 (0.79–1.80) and 0.71 (0.41–1.25), respectively. In homozygote-based analysis to *1A/*1A, the odds ratio and 95% confidence 
intervals of *1B/*1B and *4A/*4A in healthy controls and SIDS samples were 1.50 (0.69–3.24) and 0.55 (0.11–2.78), respectively. The results of this study suggest that 
polymorphism of CYP2A6 plays no role in increased susceptibility of sudden infant death from unknown causes. 

Introduction
Sudden infant death syndrome (SIDS) has been reduced through 

the public health efforts, particularly through the ‘Back to Sleep’ 
campaign, but it still constitutes a major cause of death during the early 
neonatal period. Exposure to tobacco smoke is the major risk factor 
for the occurrence of SIDS because of its effects on the developing 
nervous system in the fetus and during the postnatal period [1]. A 
number of epidemiological studies have demonstrated that statistically 
significant increases of SIDS, such as a 2 to 3-fold relative risk, have 
been attributed to maternal smoking [2,3]. A variety of components are 
present in the smoke, but nicotine is of particular concern in relation 
to SIDS because of its penetrance in the placenta and its adverse effects 
on fetal development. 

The majority (80–90%) of intake nicotine is metabolized to the 
inactive forms of cotinine and 3’-hyroxycotinine by cytochrome 
P450 (CYP) 2A6 in the liver [4]. A large interindividual difference 
in the metabolism is evident, which is mainly attributed to CYP2A6 
polymorphism. Three major alleles of *1A, *1B and *4A, are present in 
eastern Asia populations [5,6]. In addition to the wild type of *1A, *1B 
has a gene conversion of a part of the 3’ flanking region with CYP2A7, 
which gives rise to a limited effect of enzymatic activity [7]. In contrast, 
CYP2A6*4A, generated by an unequal crossover event between the 
3-prime flanking region of the CYP2A6 and CYP2A7 genes, is the null 
allele lacking the oxidase activity [8]. The presence of the various alleles 
clearly affects the enzymatic activity toward drugs. In particular, the 
*4A homozygote exhibits almost no metabolism of nicotine in human 
liver microsomes. The present study was undertaken to clarify whether 
CYP2A6 genetic polymorphism, including the gene deletion of *4A 
homozygote, could be related to individual susceptibility to SIDS or 
not. 

Materials and methods
Subjects

During 2005 to 2012, DNA of 71 subjects less than 12 months old, 
for whom SIDS had been suspected after full autopsy and subsequent 
examinations, was extracted from blood obtained at autopsy held in the 
two forensic departments, Tokai University School of Medicine and 
Osaka University Graduate School of Medicine. For the control, 225 
samples of DNA from healthy adult Japanese individuals who had no 
relatedness were used. Gender was adjusted between the two groups. 
This project has been approved by the institutional ethical committee 
of Tokai University School of Medicine. Written informed consent was 
obtained from healthy volunteers and parents of the suspected SIDS 
victims.

Genotyping

To determine the genotype, restriction fragment length 
polymorphism (RFLP) of PCR products using AccII and Eco81I was 
employed as described by Nakajima et al. [9]. The allele designation 
was referred from the human cytochrome P450 (CYP) allele 
nomenclature database (http://www.cypalleles.ki.se/). The Hardy–
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SIDS and control groups. When the OR for the allele frequency of the 
CYP2A6*1A was defined as 1.00, the ORs and 95% CI of CYP2A6*1B 
and CYP2A6*4A in healthy controls and SIDS samples were 1.20 (0.79–
1.80) and 0.71 (0.41–1.25), respectively. In the genotypic-base analysis, 
the respective ORs and 95%CIs of *1A/*1B, *1A/*4A, *1B/*1B, *1B/*4A, 
and *4A/*4A to *1A/*1A in healthy controls and SIDS samples were 
0.54 (0.25–1.19), 0.59 (0.24–1.44), 1.50 (0.69–3.24), 0.51 (0.19–1.35), 
and 0.55 (0.11–2.78), respectively. In no dominant genetic model was 
any significant difference found. These results suggest that CYP2A6 
genetic polymorphism is not a significant determinant affecting SIDS.

Discussion
The cause of genuine SIDS remains unknown, but the sudden 

and unexpected death of an infant (SUDI) is a multi-factorial event 
from extrinsic asphyxia to natural disease. SIDS must to be excluded 
from SUDI cases as possible [11]. Single-gene disorders such as QT 
elongation [12], fatty acid metabolism deficiency [13] and congenital 
central hypoventilation syndrome [14] are the potential causes. In 
another aspect, polygenic factors associated with central nervous 
system pathways are also thought to contribute to the occurrence 
[15,16]. As the main neurotoxic constituent of tobacco smoke, nicotine 
influences apnea through effects on nicotinic acetylcholine receptors in 
brainstem nuclei that control respiration and arousal [17]. 

The major metabolic pathway of nicotine is C-oxidation to 
cotinine. In the CYP2A6*4A homozygote, the cotinine/nicotine ratio 
of the plasma concentration is zero at the nicotine half life of 2 h in 
the circulation [18]. This result means that the major gene responsible 
for nicotine metabolism is CYP2A6, and that *4A homozygote exhibits 
critically impaired metabolism. Moreover, because the null allele of 
*4A is widely distributed at allele frequencies of 0.1 to 0.2 in eastern 
Asia population groups [6], we inferred that the effect of the CYP2A6 
polymorphism can be evaluated clearly in the Japanese population. 
Although we collected as many DNA specimens as possible, no 
significant relation with infant sudden deaths from unknown causes 
was observed in the present association study.

Maternal smoking was confirmed in 12 cases among the present 
SIDS group from questionnaire of the status during pregnancy and 
after birth. Moreover, two complete deficient subjects of CYP2A6*4A 
homozygote were confirmed from the genotyping, but both mothers 
were non-smokers. We realized the uneasy collection of smoking 
parent cases. Another designed study might be desirable to clarify the 
effects of interindividual differences in nicotine metabolism.

Several groups have reported association studies of SIDS with 
polymorphisms in nicotine metabolism-related genes. Rand et al. 
[19] demonstrated that no association with SIDS was observed for 
genotype distribution or allele frequencies at any of three GSTT1 and 
CYP1A1 polymorphisms. However, Wang et al. [20] reported that 
polymorphisms of these genes were associated with low birth weight, 
suggesting susceptibility to other health problems accompanying 
tobacco smoke exposure. Poetsch et al. [21] showed that in G472A 
(E158K) of FMO3, the A/A homozygote occurred more frequently in 
SIDS cases than in a control group, suggesting that the polymorphism 
G472A of FMO3 potentially acts as a genetic risk factor for SIDS. Aside 
from extensive studies to various genes associated with serotonin 
transporter and early development of autonomic nervous system, no 
critical determinant has been identified [15,21,22]. In addition to the 
association studies of the single gene, a massive DNA sequence analysis 
using the next generation sequencer or whole genome SNP analysis 
using microarray technique will be necessary in the future [23]. 

Weinberg equilibrium for each allele among the controls was evaluated 
using the chi-square test. Genotype and allele frequencies of CYP2A6 
were compared between cases and controls using the chi-square test 
or Fisher’s exact test, and the odds ratio (OR) and 95% confidence 
intervals (95%CI) were calculated to evaluate the effects of differences 
for both allelic and genotypic distributions. Genotype association 
tests were performed in a case-control pattern assuming codominant 
(homozygote and heterozygote comparison) and dominant genetic 
models [10]. Differences in comparison were examined in t-test and 
Mann–Whitney test.

Results
The suspected SIDS group included 71 infants (40 male, 56.3%; 31 

female, 43.7%) with mean age and S.D. of 20.2 ± 10.9 weeks. Details 
are summarized in Table 1. In a comparison between smokers and 
non-smokers, younger smoking mothers with shorter gestational 
duration tended to suffer from infant death, but the differences were 
not significant (Table 2).

The CYP2A6 genotype was ascertained using the PCR-RFLP 
method. For the control group (n=225), allele frequencies of *1A, *1B, 
and *4A, respectively, were 0.436, 0.364, and 0.200. The distribution 
of CYP2A6 genotypes among controls was not different from that 
expected from the Hardy–Weinberg equilibrium (x 2=1.66, P=0.89). 

Table 3 indicates the allelic and genotypic differences between the 

Characteristics SIDS suspected subjects (n=71)
Infant age (weeks) 20.2 ± 10.9
Infant sex male, 40 (56.3%); female, 31 (43.7%)
Weight at birth (g) 2864 ± 513
Gestational weeks 38.2 ± 2.3
Prone position at scene 35/62* (56.5%)
Mother’s age 27.5 ± 5.4
Maternal smoking 12/49* (24.5%)

*Information was not available for all subjects.

Table 1. Baseline characteristics of CYP2A6 polymorphism association study subjects.

 Non-smokers (n=37) Smokers (n=12) P in t-test
Infant age (weeks) 19.5 ± 11.4 20.8 ± 12.6 0.37
Weight at birth (g) 2931 ± 439 2702 ± 618 0.12
Gestational weeks 38.6 ± 1.3 37.3 ± 3.4 0.097
Mother’s age (years) 27.7 ± 5.6 25.4 ± 5.8 0.14

Table 2. Comparison of the baseline characteristics between smokers and non-smokers of 
the mothers.

Genotype Control (n=225) SIDS (n=71) OR 95%CI
*1A/*1A 47 (0.21) 19 (0.27) 1.00
*1A/*1B 64 (0.28) 14 (0.20) 0.54 0.25–1.19
*1A/*4A 38 (0.17) 9 (0.13) 0.59 0.24–1.44
*1B/*1B 33 (0.15) 20 (0.28) 1.50 0.69–3.24
*1B/*4A 34 (0.15) 7 (0.10) 0.51 0.19–1.35
*4A/*4A 9 (0.04) 2 (0.03) 0.55 0.11–2.78

*4A dominant
*1A/*4A, *1B/*4A, *4A/*4A 81 (0.36) 18 (0.25) 1.00

Others 144 (0.64) 53 (0.75) 1.66 0.91–3.02
Allele

*1A 196 (0.44) 61 (0.43) 1.00
*1B 164 (0.36) 61 (0.43) 1.20 0.79–1.80
*4A 90 (0.20) 20 (0.14) 0.71 0.41–1.25

Table 3.  Association between genotypes of CYP2A6 and occurrence of SIDS.
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In conclusion, epidemiologic analysis shows that smoking is the 
major risk factor for the incidental occurrence of SIDS. The present 
genetic study of the CYP2A6 polymorphism in SIDS suspected subjects 
at forensic autopsy in the Japanese population indicated no significant 
association. However, to evaluate the effects of interindividual 
differences in nicotine metabolism, another strategy might be necessary 
because of the difficulty in collecting cases involving smoking parents.
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