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Background
Maternal smoking during pregnancy has been consistently related to low birthweight. However, older mothers, who are already at risk of giving birth to low birthweight infants, might
be even more susceptible to the effects of maternal smoking. Therefore, this study aimed to
examine the modified association between maternal smoking and low birthweight by maternal age.

Methods
Data were obtained from a questionnaire survey of all mothers of children born between
2004 and 2010 in Okinawa, Japan who underwent medical check-ups at age 3 months. Variables assessed were maternal smoking during pregnancy, maternal age, gestational age,
parity, birth year, and complications during pregnancy. Stratified analyses were performed
using a logistic regression model.

Results
In total, 92641 participants provided complete information on all variables. Over the 7 years
studied, the proportion of mothers smoking during pregnancy decreased from 10.6% to
5.0%, while the prevalence of low birthweight did not change remarkably (around 10%).
Maternal smoking was significantly associated with low birthweight in all age groups. The
strength of the association increased with maternal age, both in crude and adjusted models.

Conclusions
Consistent with previous studies conducted in Western countries, this study demonstrates
that maternal age has a modifying effect on the association between maternal smoking and
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birthweight. This finding suggests that specific education and health care programs for
older smoking mothers are important to improve their foetal growth.

Introduction
Maternal smoking during pregnancy has long been proposed to be one of the most critical preventable factors that can affect the intrauterine environment. [1,2] Studies carried out in different ethnic groups have consistently revealed that maternal smoking is associated with reduced
birthweight and elevated prevalence of low birthweight. [3–5] Moreover, maternal age has also
been associated with birthweight. A U-shaped relationship between maternal age and birthweight has been identified; both younger and older mothers are more likely to give birth to low
birthweight infants. [6,7] Additionally, a series of physiological changes may occur in older
mothers that can make their foetuses more vulnerable to unfavourable environments. [8,9]
Therefore, it is plausible that older mothers, who are already at risk of giving birth to low birthweight infants, are more susceptible to the effect of maternal smoking. Identifying these highrisk groups contributes to designing targeted intervention programs. However, regarding the
effect of maternal smoking on birthweight, only a few studies have discussed the susceptibility
of mothers at different ages. [10, 11, 12] These studies were all carried out in Western countries
in children before or around the 1990s. The Japanese population is quite different regarding
culture, lifestyle habits, prevalence of smoking, and body mass index (BMI) compared to Western populations. Additionally, there might be some secular changes across different time periods. In addition, parity is another notable factor because of its close relationship to birthweight
and maternal age. [13] However, no related previous reports referred to the possible effect of
parity. Therefore, in this study, we aimed to examine the association between maternal smoking during pregnancy and birthweight in different age groups by parity in a large sample of a
Japanese women conducted between 2004 and 2010.

Methods
Study population
The study population was from the Okinawa Child Study, which is a cohort study based on
free medical check-ups for children. [14] According to Japanese law, free medical check-ups
are provided for the maintenance of children’s health. [15] The mothers were obligated to take
their children for regular medical check-ups and bring along the Mother and Child Health
Handbook, which recorded the health examinations during pregnancy and at delivery. [16] A
questionnaire survey was given to all mothers during the medical check-ups. This study covered more than 82% of infants born in Okinawa during the study period. This study included
mothers with singleton pregnancies and their infants born between 2004 and 2010 in Okinawa,
Japan.

Measurements
Maternal and birth characteristics were obtained from related birth records and the questionnaire survey given to the mothers when the infants were 3 months of age. During the survey,
the mothers were allowed to refer to their Mother and Child Health Handbooks for related
information. Maternal smoking was determined by the question: “Did you smoke during pregnancy?” The answer was “Yes” or “No”. Birthweight was classified into two categories: Low
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birthweight (<2500 g) and not low birthweight (2500 g). Other information investigated
included: maternal age at delivery (age accurate to year was categorised into 6 groups (19y,
20–24 y, 25–29 y, 30–34 y, 35–39 y, and 40 y) for stratified analysis), complications during
pregnancy (including anaemia, pregnancy-induced hypertension [or preeclampsia], gestational
diabetes, etc.), parity (categorical: 1st, 2nd, and 3rd, or more), birth year (accurate to year), and
gestational age (accurate to week).

Ethics statement
The study was approved by the ethical review board of the University of Yamanashi, School of
Medicine and was conducted in accordance with the Guidelines Concerning Epidemiological
Research (Ministry of Education, Culture, Sports, Science and Technology and Ministry of
Health, Labour and Welfare, Japan). We did not obtain informed consent because the Japanese
guidelines permit the use of medical examination data without consent if the data are anonymous. In this study, participants’ information was anonymised prior to analysis.

Statistical methods
The association between maternal smoking during pregnancy and birthweight was examined
using a logistic regression model (for prevalence of low birthweight) and a multiple linear
regression model (for birthweight). The association was examined based on stratification by
birth year, maternal age alone, and then by maternal age and parity. Potential confounders
included in the models stratified by maternal age were gestational age (continuous), parity (categorical: 1st, 2nd, 3rd, or more), birth year (categorical: 2004, 2005, 2006, 2007, 2008, 2009,
and 2010), and complications during pregnancy (binominal: yes or no). When stratified by
both maternal age and parity, the same potential confounders except for parity were included
in the models. All analyses were performed using SAS 9.3 (SAS Institute Inc., Cary, NC, USA).

Results
Overall, 104415 mothers responded to the questionnaire survey. In total, 92641 (89%) of them
completed information on all the characteristics studied and were included in the analysis.
Descriptive results of maternal and birth characteristics are shown in Table 1. Mothers had a
mean maternal age of approximately 30 years. From 2004 to 2010, the proportion mothers of
smoking during pregnancy decreased from 10.6% to 5.0%, while the prevalence of low birthweight (<2500 g) remained stable at a level of approximately 10%. We first examined the association between maternal smoking during pregnancy and low birthweight by birth years
(Table 2). The results indicated that in all birth year groups, infants whose mothers smoked
during pregnancy were more likely to be of low birthweight compared to infants with nonsmoking mothers. The association was stronger in children born between 2008 and 2010 than
in children born before 2008.
We subsequently examined the association based on stratification by maternal age and parity, and the results are displayed in Table 3. Teenage mothers had the highest prevalence of
smoking during pregnancy, and the prevalence decreased as the mother’s age increased. Additionally, the prevalence of maternal smoking during pregnancy increased with parity. Conversely, the prevalence of low birthweight also differed across maternal age groups. Both
younger mothers and older mothers tended to have low birthweight babies. Examination of the
associations demonstrated maternal smoking during pregnancy was associated with increased
risk of low birthweight in all age groups. The strength of the association increased with maternal age, both in crude and adjusted models (adjusted for gestational age, whether born via caesarean section, parity, birth year, complications during pregnancy). The trends did not change
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Table 1. Characteristics of participants by birth year.
Birth year

Number of participants

2004

2005

2006

2007

2008

2009

2010

13308

13014

13433

13721

13628

13530

12007

Maternal characteristics
Maternal age, years, mean (SD)

29.7 (5.5)

29.8 (5.4)

30.0 (5.5)

30.2 (5.5)

30.2 (5.7)

30.5 (5.7)

30.6 (5.8)

Complications during pregnancy, yes, n (%)

3359 (25.2)

3169 (24.4)

3402 (25.3)

3664 (26.7)

3588 (26.3)

3778 (27.9)

3243 (27.0)

Smoking during pregnancy, yes, n (%)

1409 (10.6)

1200 (9.2)

1127 (7.8)

1072 (7.8)

947 (7.0)

879 (6.5)

601 (5.0)

Birthweight, g, mean (SD)

3003 (434)

3003 (427)

3000 (427)

2996 (431)

3001 (418)

2991 (418)

2994 (410)

Low birthweight, n (%)

1362 (10.2)

1277 (9.8)

1361 (10.1)

1429 (10.4)

1317 (9.7)

1384 (10.2)

1179 (9.8)

38.4 (4.4)

38.4 (4.2)

38.3 (4.8)

38.3 (4.3)

38.4 (4.0)

38.2 (4.6)

38.0 (5.4)

1st, n (%)

5716 (43.0)

5463 (42.0)

5669 (42.2)

5569 (42.2)

5533 (40.6)

5536 (40.9)

4911 (40.9)

2nd, n (%)

4495 (33.8)

4352 (33.4)

4676 (34.1)

4676 (34.1)

4484 (32.9)

4392 (32.5)

3854 (32.1)

3rd or more, n (%)

3097 (23.3)

3199 (24.6)

3476 (25.3)

3476 (25.3)

3611 (26.5)

3602 (26.6)

3242 (27.0)

Birth characteristics

Gestational age, weeks, mean (SD)
Parity

SD, standard deviation
doi:10.1371/journal.pone.0146241.t001

when models were further stratified by parity. The adjusted difference in birthweight between
children with non-smoking and smoking mothers increased from 76 g to 160 g with maternal
age, and this difference increased with parity.

Discussion
The study covered 92641 mothers and their infants born between 2004 and 2010 in Okinawa,
Japan. A decrease in prevalence of smoking but not in low birthweight was observed during the
investigation period. In each period, maternal smoking during pregnancy was associated with
increased risk of low birthweight. Because the effect of maternal smoking during pregnancy on
birthweight was largest in the most recent period, the prevention of maternal smoking during
pregnancy might be a higher priority than previously. Additionally, the strength of the association increased with increasing maternal age.
This study confirmed the association between maternal smoking during pregnancy and risk
of low birthweight in mothers from all age groups in a large Japanese population. This result is
consistent with many previous studies. [3, 4, 5, 17] The proportion of low birthweight infants
born to teenage mothers was higher than that in mothers aged 20–29 years, but the odds ratio
of infants being low birthweight in smoking mothers were similar for both age groups. These
Table 2. Association between maternal smoking during pregnancy and low birthweight by birth year.
Birth year

Maternal smoking during pregnancy
N (%)

Low birthweight (%)

2004–2005

2609 (9.9)

2006–2007
2008–2010

p for trend

No maternal smoking during pregnancy

p for trend

OR for low birthweight

N (%)

Low birthweight (%)

14.0

23713 (90.1)

9.6

1.53 (1.36–1.73)

2199 (8.1)

14.5

24955 (91.9)

9.9

1.54 (1.36–1.75)

2427 (6.2)

16.3

36738 (93.8)

9.5

1.86 (1.66–2.08)

<0.0001

1

doi:10.1371/journal.pone.0146241.t002
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11243

24099

28695

16537

3242

20–
24

25–
29

30–
34

35–
39

40
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11729

10019

5194

25–
29

30–
34

35

8149

10604

6372

25–
29

30–
34

35

8072

8213

30–
34

35

93.7

91.5

86.0

78.4

95.7

95.1

91.6

84.3

94.9

94.9

93.8

87.7

94.7

94.7

94.0

91.6

87.0

78.9

Proportion
(%)

3052 (455)

3055 (419)

3042 (423)

2990 (455)

3014 (439)

3022 (420)

3023 (407)

3000 (410)

2951 (452)

2974 (423)

2982 (398)

2973 (398)

2997 (480)

3016 (445)

3015 (422)

3007 (406)

2984 (404)

2955 (406)

Mean (SD)

Birthweight (g)

9.6

8.0

8.5

11.8

10.1

8.8

8.1

8.9

13.6

10.6

9.8

10.3

12.3

10.5

9.2

9.0

9.8

11.5

Low
birthweight
(%)

No maternal smoking during pregnancy

552

753

690

223

285

550

748

628

278

544

773

1211

181

934

1847

2211

1677

356

N

6.3

8.5

14.1

21.6

4.3

4.9

8.4

15.7

5.1

5.2

6.2

12.3

5.3

5.4

6.1

8.4

13.0

21.1

Proportion
(%)

Adjusted for gestational age, birth year, complications during pregnancy.

doi:10.1371/journal.pone.0146241.t003

2836 (515)

2893 (453)

2903 (401)

2833 (424)

2850 (464)

2901 (432)

2924 (418)

2934 (386)

2808 (451)

2910 (435)

2900 (390)

2919 (419)

2832 (532)

2833 (478)

2900 (441)

2909 (403)

2917 (400)

2900 (451)

Mean (SD)

Birthweight (g)

21.7

14.9

15.8

16.1

19.7

14.2

11.6

12.4

21.9

14.2

12.7

13.9

22.1

21.1

14.5

13.3

13.2

16.0

Low
birthweight
(%)

Maternal smoking during pregnancy

Adjusted for gestational age, parity, birth year, complications during pregnancy.

4221

25–
29

OR, odds ratio

b

a

811

24

3rd child
or more

3373

24

2nd child

8649

24

1st child

1331

N

19

All
children

Maternal
age
(years)

2.63 (2.12–
3.26)

2.00 (1.61–
2.48)

2.02 (1.61–
2.55)

1.43 (0.95–
2.17)

2.17 (1.60–
2.94)

1.71 (1.34–
2.20)

1.50 (1.18–
1.90)

1.45 (1.11–
1.89)

1.78 (1.33–
2.40)

1.39 (1.08–
1.78)

1.34 (1.08–
1.67)

1.41 (1.18–
1.68)

2.02 (1.40–
2.91)

2.28 (1.93–
2.68)

1.66 (1.45–
1.91)

1.56 (1.37–
1.77)

1.40 (1.20–
1.64)

1.47 (1.06–
2.04)

OR for low
birthweight

Table 3. Association between maternal smoking during pregnancy and low birthweight by maternal age by parity.

108 (91–125)a
123 (104–142)a
189 (160–217)a

1.65 (1.46–1.87)a
1.72 (1.51–1.96)a
2.35 (2.00–2.77)a

70 (35–105)b

1.44 (1.13–1.84)b

129 (95–163)b

1.75 (1.37–2.23)b

156 (126–186)b

1.95 (1.58–2.41)b

208 (171–246)b

137 (104–170)b

2.07 (1.65–2.59)b

2.56 (2.07–3.17)b

143 (77–207)b

1.24 (0.82–1.88)b

176 (126–227)b

95 (66–123)b

1.50 (1.20–1.88)b

2.32 (1.72–3.13)b

81 (48–113)b

1.75 (1.37–2.23)b

141 (88–194)b

99 (72–126)b

1.50 (1.22–1.83)b

1.92 (1.43–2.59)b

69 (47–90)b

1.48 (1.26–1.74)b

160 (94–228)a

76 (57–95)a

1.49 (1.29–1.72)a

2.18 (1.53–3.12)a

76 (33–120)a

Adjusted difference in
birthweight (g) Mean (95% CI)

1.56 (1.15–2.10)a

Adjusted OR for
low birthweight
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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 unfavourable 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 American 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 birthweight in older non-smoking mothers, but not in younger non-smoking mothers. [11] A study
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 maternal 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 birthweight 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 pregnancy and BMI. 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 aforementioned 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 environments. [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 mothers 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]. Alternatively, maternal age might be a marker of other unmeasured factors associated with increased
risk of low birthweight in smoking mothers, such as maternal BMI. 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 differences 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 stratified 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 exaggerate the modifying effect of age. Second, there may be biases related to the collection of information 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 information 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 mothers 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 indicates 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. Additionally, special perinatal care may be essential for older smoking mothers because of the
higher proportion of foetal growth restriction in their infants.

Acknowledgments
The study was conducted in Okinawa, Japan by the Okinawa Child Health Study Group, which
include Yoshihide Asato, Chikako Higa, Keisuke Katuren, Etsuko Kuniyoshi, Tadashi Nakasone, Takaya Tohma, Taichiro Tanaka, Zentaro Yamagata, Moriyasu Kohama, Yoshiko Shimoji, Satoko Takara, Hiromi Tamaki, Eiichi Tamanaha. In addition, we thank the participants
of this study for providing their personal data.

Author Contributions
Conceived and designed the experiments: ZY. Performed the experiments: WZ KS TT MK ZY.
Analyzed the data: WZ KS ZY. Contributed reagents/materials/analysis tools: TT MK. Wrote
the paper: WZ KS ZY.

PLOS ONE | DOI:10.1371/journal.pone.0146241 January 21, 2016

7/9

Maternal Smoking and Birthweight by Maternal Age

References
1.

Simpson WJ. A preliminary report of cigarette smoking and the incidence of prematurity. Am J Obstet
Gynecol 1957; 73:808–15.

2.

Kramer MS. Determinants of low birth weight: methodological assessment and meta-analysis. Bull
World Health Organ 1987; 65:663–37. PMID: 3322602

3.

Suzuki K, Tanaka T, Kondo N, Minai J, Sato M, Yamagata Z. et al. Is maternal smoking during early
pregnancy a risk factor for all low birth weight infants? J Epidemiol 2008; 18:89–96. PMID: 18469489

4.

Chiolero A, Bovet P, Paccaud F: Association between maternal smoking and low birth weight in Switzerland: the EDEN study. Swiss Med Wkly 2005;525–30. PMID: 16323070

5.

Savitz DA, Dole N, Terry JW Jr, Zhou H, Thorp JM Jr. Smoking and pregnancy outcome among African-American and white women in central North Carolina. Epidemiology 2001; 12:636–42. PMID:
11679790

6.

Reichman NE, Pagnini DL. Maternal age and birth outcomes: data from New Jersey. Fam Plann Perspect 1997; 29:268–72. PMID: 9429872

7.

Abel EL, Kruger M, Burd L. Effects of maternal and paternal age on Caucasian and Native American
preterm births and birth weights. Am J Perinatol 2002; 19:49–54. PMID: 11857096

8.

Catt JW, Henman M. Toxic effects of oxygen on human embryo development. Hum Reprod 2000; 15
Suppl 2:199–206. PMID: 11041525

9.

Heffner LJ. Advanced maternal age—how old is too old? N Engl J Med 2004; 351:1927–29. PMID:
15525717

10.

Fox SH, Koepsell TD, Daling JR. Birth Weight and Smoking During Pregnancy—Effect Modification by
Maternal Age. Am J Epidemiol 1994; 139:1008–15. PMID: 8178780

11.

Ahluwalia IB, Grummer-Strawn L, Scanlon KS. Exposure to Environmental Tobacco Smoke and Birth
Outcome: Increased Effects on Pregnant Women Aged 30 Years or Older. Am J Epidemiol 1997;
146:42–7. PMID: 9215222

12.

Haug K, Irgens LM, Skjaerven R, Markestad T, Baste V, Schreuder P. Maternal smoking and birthweight: effect modification of period, maternal age and paternal smoking. Acta Obstet Gynecol Scand
2000; 79:485–9. PMID: 10857873

13.

SHAH P. S. and on behalf of Knowledge Synthesis Group on Determinants of LBW/PT births (2010),
Parity and low birth weight and preterm birth: a systematic review and meta-analyses. Acta Obstetricia
et Gynecologica Scandinavica, 89: 862–75. doi: 10.3109/00016349.2010.486827 PMID: 20583931

14.

The Okinawa Society of Child Health. The Secondary Report of Health Examination for Infants in Okinawa 2014 [cited 19 Sep 2015]. Available: http://www.osh.or.jp/. Japanese.

15.

Ministry of Health, Labour and Welfare of Japan. Children and Childrearing 2014 [cited 19 Sep 2015].
Available://www.mhlw.go.jp/stf/seisakunitsuite/bunya/kodomo/kodomo_kosodate/boshi-hoken/index.
html. Japanese.

16.

Ministry of Health, Labour and Welfare of Japan. Mother and Child Health Handbook. [cited 19 Sep
2015]. Available: http://www.mhlw.go.jp/seisakunitsuite/bunya/kodomo/kodomo_kosodate/boshihoken/kenkou-04.html. Japanese

17.

Suzuki K, Sato M, Zheng W, Shinohara R, Yokomichi H, Yamagata Z. Effect of Maternal Smoking Cessation Before and During Early Pregnancy on Fetal and Childhood Growth. Journal of Epidemiology.
2014; 24(1):60–66. PMID: 24335086

18.

Pierce JP, Messer K, White MM, Cowling DW, Thomas DP. Prevalence of heavy smoking in California
and the United States, 1965–2007. JAMA. 2011; 305(11):1106–12. doi: 10.1001/jama.2011.334 PMID:
21406647

19.

O'Connor RJ, Giovino GA, Kozlowski LT, Shiffman S, Hyland A, Bernert JT, et al. Changes in nicotine
intake and cigarette use over time in two nationally representative cross-sectional samples of smokers.
Am J Epidemiol. 2006 Oct 15; 164(8):750–9. PMID: 16887891

20.

Godfrey K, Breier B, Cooper C. Constraint of the materno–placental supply of nutrients: causes and
consequence. In: O'Brien S, Wheeler T, Barker D, eds. Fetal Programming Influences on Development
and Diseases in Later Life. London, UK: RCOG Press 1999:283–98.

21.

Cooper AR, Moley KH. Maternal tobacco use and its preimplantation effects on fertility: more reasons
to stop smoking. Semin Reprod Med 2008; 26:204–12. doi: 10.1055/s-2008-1042959 PMID: 18302112

22.

Nohr EA, Vaeth M, Baker JL, Sørensen TIa, Olsen J, Rasmussen KM. Combined associations of prepregnancy body mass index and gestational weight gain with the outcome of pregnancy. Am J Clin Nutr
2008; 87:1750–9. PMID: 18541565

23.

Albanes D, Jones DY, Micozzi MS, Mattson ME. Associations between smoking and body weight in the
US population: analysis of NHANES II. Am J Public Health 1987; 77:439–44. PMID: 3493709

PLOS ONE | DOI:10.1371/journal.pone.0146241 January 21, 2016

8/9

Maternal Smoking and Birthweight by Maternal Age

24.

Suzuki K, Sato M, Zheng W, Shinohara R, Yokomichi H, Yamagata Z. Childhood Growth Trajectories
According to Combinations of Pregestational Weight Status and Maternal Smoking during Pregnancy:
A Multilevel Analysis. Baradaran HR, ed. PLoS ONE. 2015; 10(2):e0118538. doi: 10.1371/journal.
pone.0118538 PMID: 25680116

25.

Suzuki K, Sato M, Tanaka T, Kondo N, Yamagata Z. Recent trends in the prevalence of and factors
associated with maternal smoking during pregnancy in Japan. J Obstet Gynaecol Res 2010; 36:745–
50. doi: 10.1111/j.1447-0756.2010.01206.x PMID: 20666939

26.

Yamamoto Y, Kaneita Y, Yokoyama E, Sone T, Takemura S, Suzuki K, et al. Alcohol consumption and
abstention among pregnant Japanese women. J Epidemiol 2008; 18:173–82. PMID: 18603827

27.

Kaneita Y, Tomofumi S, Takemura S, Suzuki K, Yokoyama E, Miyake T, et al. Prevalence of smoking
and associated factors among pregnant women in Japan. Prev Med 2007; 45:15–20. PMID: 17512975

28.

Dahly DL, Adair LS. Does lower birth order amplify the association between high socioeconomic status
and central adiposity in young adult Filipino males? Int J Obes (Lond) 34: 751–9.

29.

Kim D, Saada A. The Social Determinants of Infant Mortality and Birth Outcomes in Western Developed
Nations: A Cross-Country Systematic Review. International Journal of Environmental Research and
Public Health. 2013; 10(6):2296–335. doi: 10.3390/ijerph10062296 PMID: 23739649

30.

Kvalvik LG, Nilsen RM, Skjærven R, Vollset SE, Midttun O, Ueland PM, et al. Self-reported smoking
status and plasma cotinine concentrations among pregnant women in the Norwegian Mother and Child
Cohort Study. Pediatric research. 2012; 72(1):101–7. doi: 10.1038/pr.2012.36 PMID: 22441375

PLOS ONE | DOI:10.1371/journal.pone.0146241 January 21, 2016

9/9

