@PLOS i ONE

Maternal Smoking and Birthweight by Maternal Age

results indicated that teenage mothers who smoked were not at higher risk for having low
birthweight infants than other age groups.

Although numerous studies have discussed the association between maternal smoking during
pregnancy and adverse birth outcomes, few have reported on the modifying effect by other unfa-
vourable factors. A few studies reported on the modifying effect of maternal age, and their results
were consistent with those yielded by our study. One study that evaluated the outcomes of Amer-
ican infants born between 1984 and 1988 and their mothers indicated that the mean difference in
birthweight associated with maternal smoking increased from 117 g to 376 g with maternal age.
[10] Another study evaluating American infants born between 1989 and 1994 and their mothers
investigated the effect of environmental tobacco smoke on birth outcomes, and its results showed
an association between environmental tobacco smoke exposure and the occurrence of low birth-
weight in older non-smoking mothers, but not in younger non-smoking mothers. [11] A stady
conducted in mothers who gave birth in Norway between 1970 and 1991 demonstrated that the
mean birthweight difference between smoking and non-smoking mothers increased with mater-
nal age from 182 g to 232 g. [12] Because the aforementioned studies were carried out in Western
countries and they assessed the outcomes of infants born decades ago, the basic information
regarding birth weight and maternal smoking during pregnancy was quite different from that in
the present study in Japanese women. The birthweight of the infants and the proportion of
maternal smoking during pregnancy were much lower in the present study in Japan, and birth-
weight associated with maternal smoking was also much lower in this study (76-189 g). Possible
reasons for this disparity may include differences in the number of cigarettes used during preg-
nancy and BML The smoking prevalence in the aforementioned studies ranged from 22-27%,
much higher than the 5.0-10.6% in this study. The number of cigarettes consumed was not
reported in these studies. However, a marked decrease in cigarette pack-years and serum cotinine
concentrations during recent decades was observed. [18, 19] Therefore, it is possible that the
number of cigarettes smoked was also lower in this study compared with that in the aforemen-
tioned studies. Additionally, the average birth weight ranged 3187-3602 g in the aforementioned
studies, which was also higher than that in our study (2994-3003 g).

There are several possible explanations for the modified effect in older mothers. First,
advanced maternal age is likely to be related to a series of unfavourable conditions for foetal
growth. Oocytes and embryos from older mothers are more vulnerable to harmful environ-
ments. [8] Poorer placental perfusion and impaired transplacental flux of nutrients have been
associated with increased maternal age. [20] These physical changes with age make older moth-
ers more susceptible to harmful factors. Maternal smoking is likely to be one of the important
factors. Moreover, older mothers are likely to have a long-term smoking history. A review by
Cooper et al. indicated that cumulative exposure might influence oocyte quality [21]. Alterna-
tively, maternal age might be a marker of other unmeasured factors associated with increased
risk of low birthweight in smoking mothers, such as maternal BMIL Lower maternal BMI is
strongly associated with low birthweight. [22] Meanwhile, BMI seems to be lower in smokers,
and the magnitude of the difference between smokers and non-smokers becomes larger with
age. [23] It is plausible that augmented differences in BMI by smoking in older age groups
accounts partly for the modifying effect of age. However, the study by Ahluwalia et al. indicated
that the modifying effect of age was significant after adjusting for maternal BMI and gestational
weight gain [11]. Additionally, another study conducted in Japan indicated that prevalence of
both overweight and underweight pregnant mothers was higher in smoking mothers [24].
These findings suggest that the modifying effect of age cannot be completely explained by dif-
ferences in maternal BMI. Education level, socioeconomic status (SES), sleep duration, and life
habits, are some other factors that have been associated with birth outcomes and maternal
smoking, and these can vary according to maternal age. {25, 26, 27]
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In consideration of the close relation between maternal age and parity, we conducted a strati-
fied analysis by parity in this study. The results indicated that increased parity amplified the effect
of maternal smoking. This is the first study to report that parity modified the association between
maternal smoking and birthweight. The mechanisms related to this modifying effect are not
clear. One possible explanation is related to the inverse relation between maternal SES and parity
due to reduced fertility in high SES mothers. [28] Low SES may be associated with other harmful
factors concurrent with maternal smoking during pregnancy. Previously reported factors include
behavioural factors, psychological distress, and biological factors including genital tract infection
and inflammation and pathological placental changes. These factors may increase the adverse
effect on birth outcomes of maternal smoking during pregnancy. [29]

Some limitations of this study needed to be addressed. First, some confounding factors were
not investigated. As mentioned above, maternal BMI, SES, and lifestyles might be different in
smoking and non-smoking mothers, and these differences may contribute to the differences in
the birthweight of their infants. Lack of information on the above-mentioned factors may exag-
gerate the modifying effect of age. Second, there may be biases related to the collection of infor-
mation using a questionnaire survey, especially when information was collected
retrospectively. Although the mothers could refer to the Mother and Child Health Handbook
during the survey, which recorded the health exams during pregnancy and at delivery, it was
not possible to guarantee the accuracy of the reported information. Further, information on
maternal smoking during pregnancy was not recorded in the handbook. Self-reported informa-
tion tends to underestimate the proportion of mothers smoking during pregnancy and might
thereby exaggerate or understate the association between maternal smoking and birthweight.
However, a similar sensitivity of self-reported smoking in mothers aged 25-34 years and moth-
ers older than 35 years was observed by Kvalvik et al. [30]

In conclusion, this study confirmed the increased risk of giving birth to low birthweight
infants in Japanese mothers with smoking habits during pregnancy and indicated that age had
a modifying effect on this association, although it is unclear on the basis of the current evidence
whether the effect was caused by age or by other potential age-related factors. However, the
consistent difference across age groups in various ethnic populations and time periods indi-
cates the need for intervention. No matter what the mechanism is, it is necessary to pay special
attention to older mothers with smoking habits when carrying out education programs. Addi-
tionally, special perinatal care may be essential for older smoking mothers because of the
higher proportion of foetal growth restriction in their infants.
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