
Revisiting the Effect of Maternal Smoking during
Pregnancy on Offspring Birthweight: A Quasi-
Experimental Sibling Analysis in Sweden
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Abstract

Maternal smoking during pregnancy (SDP) seems associated with reduced birthweight in the offspring. This observation,
however, is based on conventional epidemiological analyses, and it might be confounded by unobserved maternal
characteristics related to both smoking habits and offspring birth weight. Therefore, we apply a quasi-experimental sibling
analysis to revisit previous findings. Using the Swedish Medical Birth Register, we identified 677,922 singletons born
between 2002 and 2010 from native Swedish mothers. From this population, we isolated 62,941 siblings from 28,768
mothers with discrepant habits of SDP. We applied conventional and mother-specific multilevel linear regression models to
investigate the association between maternal SDP and offspring birthweight. Depending on the mother was light or heavy
smoker and the timing of exposition during pregnancy (i.e., first or third trimester), the effect of smoking on birthweight
reduction was between 6 and 78 g less marked in the sibling analysis than in the conventional analysis. Sibling analysis
showed that continuous smoking reduces birthweight by 162 grams for mothers who were light smokers (1 to 9 cigarettes
per day) and 226 g on average for those who were heavy smokers throughout the pregnancy in comparison to non-smoker
mothers. Quitting smoking during pregnancy partly counteracted the smoking-related birthweight reduction by 1 to 29 g,
and a subsequent smoking relapse during pregnancy reduced birthweight by 77 to 83 g. The sibling analysis provides
strong evidence that maternal SDP reduces offspring birthweight, though this reduction was not as great as that observed
in the conventional analysis. Our findings support public health interventions aimed to prevent SDP and to persuade those
who already smoke to quit and not relapse throughout the pregnancy. Besides, further analyses are needed in order to
explain the mechanisms through which smoking reduces birthweight and to identify other maternal characteristics that are
common causes of both birthweight reduction and maternal smoking.
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Introduction

The relevance of birthweight as an indicator of a newborn’s

future health is well established in the literature. Birthweight has

been linked to neonatal and infant mortality [1,2] and, later in life,

to intellectual impairment [3–5], and to specific morbidities

including obesity, coronary heart diseases, type-2 diabetes,

hypertension, metabolic syndrome, among others [6–10]. Low

birthweight increases the risk of premature adult mortality [11].

In addition to some normal variation, offspring birthweight is a

result of the mother’s nutritional status and lifestyle [12,13], which

are influenced by the mother’s cultural and socioeconomic

circumstances [14]. Smoking during pregnancy (SDP) is consid-

ered the single most important determinant of decreased

birthweight [15,16]. Empirical evidence shows that SDP reduces

birthweight by 200 to 377 g [17], depending on daily consumption

(larger reduction for heavy smokers) [18] and the trimester in

which exposure occurs (larger reduction during the last trimester)

[19].

To the extent that birthweight is a mother’s reproductive

outcome as well as a newborn’s indicator of health, genes and

multiple environmental risk factors (such as socioeconomic status,

ethnicity, early age of pregnancy, among others) might be

correlated to both SDP and birthweight [20], and therefore, it is

essential to properly establish the causal inference between these

two. Randomized studies have confirmed the existence of a causal

association between SDP and birthweight [21]. However, these

studies are not always feasible because of ethical and practical

limitations [22] and many questions remain unanswered. There-

fore, most of the empirical evidence existing about the effect of

SDP on child outcomes are based on observational epidemiolog-

ical studies that apply conventional methods of analysis (e.g.,

multiple linear regressions) to adjust for potential confounding

factors [23]. Because conventional studies only account for

variables that are susceptible to measurement, the observed

association may be confounded by unmeasured (or imperfectly

measured) genetic and environmental characteristics of the mother

influencing both smoking behavior and birthweight outcome [24].

Moreover, the standard design normally does not consider the
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existence of paired cases in the sample (e.g., siblings), which violate

the assumption of independence of observations. In this context,

family designs have been applied to population-based registries

providing robust quasi-experimental analyses [25–30]. The idea

behind family designs is to approximate a counterfactual situation

by examining the effects of different exposures (for e.g. smoking vs

non-smoking) on individuals who are genetically very similar (e.g.

siblings) and share similar physical and social environments

[31,32]. The possibility of cancelling out unknown but common

sibling characteristics provides the opportunity to strength causal

inference in comparison to conventional analyses. [23,33].

Moreover, these analyses properly deal with paired observations

by providing intra-maternal estimations.

A previous study applying twin designs tried to elucidate causal

relations between parents’ characteristics and child outcomes. This

analysis observed the existence of a potentially causal association

between SDP on birthweight [24]. However, while this study is of

fundamental relevance, the observed effect of SDP on birthweight

was only an ancillary finding used to illustrate the potential of the

family design for causal inference rather than to provide a new

insight into the effect of SDP on birthweight. Besides, Donofrio’s

study covers a very large temporal window (1915–1980), which

might affect the validity of the estimations as the author himself

recognizes [24].

In Sweden, to the best of our knowledge, there is one study

exploring the effect of SDP on birthweight using sibling data [34].

However, this investigation does not qualify as a quasi-experi-

mental intra-familiar sibling analysis because it compares women

who have smoked in two successive pregnancies to women who

have never smoked in any pregnancy. The aforementioned study

is just a conventional analysis which, by comparing different

women, overlooks the fact that SDP is not evenly distributed

across the population and, therefore, that mothers who smoke

during pregnancy probably differ from those who do not smoke.

Against this background, we aim to revisit the effect of SDP on

birthweight. We perform the analyses on the Swedish Birth

Register and apply a quasi-experimental sibling design that allows

us to account for unknown genetic and environmental confound-

Figure 1. Flow diagram showing the individuals excluded from the study population and the individuals included in the study
samples analyzed to investigate the effect of maternal smoking during pregnancy on offspring birthweight.
doi:10.1371/journal.pone.0061734.g001
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ers and thus to provide stronger causal evidence than previous

conventional analyses [20,21]. Using this approach, we investigate

the effect of smoking in the 1st (10th to 12th gestational weeks) and

3rd trimesters (30th to 32nd gestational weeks) of pregnancy.

Additionally, we disentangle the effects of continuous, quitting and

relapsing smoking during pregnancy, distinguishing between light

and heavy smoking habits.

Materials and Methods

Study population
We based our study on the Swedish Medical Birth Register

(MBR), which records approximately 99% of all births in the

country [35]. From the MBR, we obtained information on all

babies born in Sweden between 2002 and 2010 (n = 938,932).

Then, we selected the 677,922 singletons who were born alive and

at full term to native Swedish mothers. We restricted the sample to

babies born at term ($37 gestational weeks) to avoid possible bias

due to the fact that smoking has been identified as a cause of

preterm birth [36] and because a considerable proportion of

mothers who have pre-term babies do not provide information on

smoking in the 3rd trimester.

For the subsequent sibling analysis based on stable family

contexts (that is to say, a design which assumes a stable

environment but a discordant exposure of each sibling) [37], we

performed a further selection that included only mothers with

discordant smoking habits between pregnancies. In other words,

we included women who had at least one pregnancy during which

they smoked and at least one other pregnancy during which they

did not smoke. This procedure produced 62,941 discordant

siblings of 28,768 mothers (Figure 1).

Assessment of variables
The study outcome variable was birthweight in grams (g).

Information on smoking habits during pregnancy was self-reported

and assessed at the first antenatal visit (i.e., between gestational

weeks 10 and 12) and at the 3rd trimester (i.e., between gestational

weeks 30 and 32) by means of a questionnaire administered by the

midwife. Mothers were classified as light (1 to 9 cig/day) or heavy

smokers (.9 cig/day) according to the reported number of

cigarettes smoked per day. We re-categorized the smoking

information to include all possible exclusive categories between

light and heavy smokers, non-smoking, and missing values in the

1st and 3rd trimester (see Table 1 for more detailed information). In

the analyses, we used non-SDP as the reference category.

We adjusted all models for gestational age, use of Swedish snus

during pregnancy, birth order, sex, mother’s age, complications

during pregnancy, and marital status (see Table 1 for detailed

information on the categorization of the variables and the

categories used as references in the comparisons).

The Swedish National Board of Health and Welfare constructed

the database using individual-level information and provided the

database to us after encrypting the individual identification

numbers. The database was approved by the regional ethical

review board in southern Sweden. The board did not require

explicit informed consent from the women.

Statistical analyses
In a first step, we applied a conventional multiple linear

regression to estimate the association between maternal SDP and

offspring birthweight on the 677,922 singletons born alive to

Swedish mothers (Figure 1). The variables included in the model

are indicated in Table 1. We calculated the beta coefficient and

confidence intervals (CIs) at 95%.

In a second step, we performed a multilevel linear regression

[38,39] with siblings at the first level and mothers at the second

level. The purpose of this analysis was to obtain mother-specific

regression coefficients [40]. By including a random term for the

mother, the multilevel regression analysis adjusted for unknown

genetic and environmental factors related to every mother.

Additionally, in an attempt to reduce temporal confounding

factors (e.g., maternal variables changing between pregnancies)

[33], we adjusted the model with the same independent variables

described in the previous section (table 1). We also calculated the

Variance Partitioning Coefficient (VPC), which is a measure of

clustering that allows us to estimate how much of the total

individual variance in birthweight is at the maternal level.

In the multilevel regression, we used Markov Chain Monte

Carlo (MCMC) [41] method with orthogonal parameterization to

estimate the parameters and the statistical package MLWIN 2.23

(Centre for Multilevel Modelling, University of Bristol, UK).

Results

The socio-demographic and clinical characteristics of singletons

born alive to Swedish mothers and of the subpopulation of

mothers with at least two siblings and discordant smoking habits

between pregnancies are presented in Table 1. Overall, the

characteristics of the two populations studied were very similar.

However, compared with the complete dataset, the sibling sample

shows a higher proportion of mothers with missing information

regarding marital status and the use of Swedish snus during

pregnancy. Furthermore, as expected, the complete dataset has a

larger proportion of first-order newborns because this dataset

includes children without siblings born in the study period, and

these children are excluded from the sibling sample. In compar-

ison to the excluded sample (which only contains single babies

without siblings), the sibling sample shows a lower proportion of

young mothers (20 years or younger) and post-term babies as well

as a larger proportion of mothers with missing data on marital

status and on snus use.

Table 2 shows the results of the conventional and sibling

analyses regarding the effect of SDP on birthweight. The results

are presented to assess four domains: (i) the effect of continuous

smoking during pregnancy, (ii) the effect of quitting smoking or (iii)

of subsequently relapsing during the pregnancy, and (iv) the

influence of missing information on smoking habits in the 1st and/

or the 3rd trimester of pregnancy.

(i) Continuous smoking during pregnancy
The conventional analysis showed that heavy smokers experi-

enced the highest reduction in birthweight (303 g), followed by

those who were light smokers in the 1st trimester and those who

became heavy smokers in the 3rd trimester (265 g reduction). This

gradient was completed by heavy smokers in the 1st trimester who

became light smokers in the 3rd trimester (254 g reduction) and

those who remained light smokers throughout the entire

pregnancy (221 g reduction).

The results from the sibling analysis were analogous to those

from the conventional analysis, although the birthweight reduction

in the sibling analysis was smaller for almost all categories of

smoking than in the conventional analysis. The greatest differences

between designs were observed in the categories of heavy-heavy

and light-light, with reductions of 226 and 162 g, respectively.

After applying the sibling analysis, the effect of heavy-light smokers

was 60 g smaller than in the conventional analysis. In contrast, the

effect of light-heavy smokers was greater than in the conventional

analysis (259 g reduction).

The Effect of Maternal Smoking on Birthweight
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(ii) Quitting smoking during pregnancy
The conventional analysis indicated that stopping smoking after

the 1st trimester reduces birthweight, although this result depends

on the number of cigarettes smoked per day. The birthweight

reduction in offspring of light smoking mothers who quit smoking

after the 1st trimester was 47 g, whereas the reduction was 79 g for

mothers who were heavy smokers. The sibling analysis showed

that the reduction was smaller and less pronounced for heavy

smokers (29 and 1 g, respectively).

(iii) Relapsing smoking during pregnancy
The conventional analysis showed reduced birthweight for the

offspring of mothers who did not smoke in the 1st trimester but

subsequently relapsed during pregnancy. These offspring had a

142 g reduction if their mothers became heavy smokers in the 3rd

trimester and a reduction of 129 g if their mothers became light

smokers. We found analogous effects in the sibling analyses, but in

absolute values, the reduction was substantially less apparent than

in the conventional analysis (i.e., 83 g for the category of non

smoking-heavy smokers and 77 of non smoking-light smokers).

(iv) Missing information on smoking habits
Birthweight reduction was considerable when mothers were

smokers (either light or heavy) in one of the trimesters and had

missing information in the other trimester. These results vary in

the sibling analysis, but these differences could be at least partly

explained by the relatively low number of children in some

categories. The conventional analysis shows that mothers who did

Table 1. Characteristics of the children and the children’s mothers in the two samples.

Whole sample % Sibling sample %
Excluded
sample %

Mother’s characteristics

Mothers’ age (yrs)

,20 18,823 2.78 2,037 3.24 9,819 6.49

20–24 68,642 10.13 7,605 12.08 23,927 15.82

25–34* 450,783 66.49 42,045 66.80 94,056 62.18

35–40 138,898 20.49 11,219 17.82 23,270 15.38

.40 745 0.11 32 0.05 174 0.12

Missing values 31 0.00 3 0.00 22 0.01

Mothers’ marital status

Cohabiting with father* 615,095 90.73 46,705 74.2 131,006 86.61

Single 9,073 1.34 669 1.06 4,185 2.77

Other family situation 22,086 3.26 1,775 2.82 9,991 6.60

Missing values 31,668 4.67 13,792 21.91 6,086 4.02

Complications during pregnancy

Diabetes (yes*/no) 3,431 0.51 240 0.38 797 0.53

Urinary problems (yes*/no) 99,086 14.62 7,852 12.48 24,189 15.99

Hypertension (yes*/no) 2,976 0.44 200 0.32 661 0.44

Snus during pregnancy

Never used snus* 620,397 91.51 40,532 64.40 138,835 91.78

Occasionally used snus 10,927 1.61 1,198 1.90 2,640 1.75

Used snus missing/missing used snus 17,359 2.56 5,548 8.81 4,482 2.96

Missing values 29,239 4.31 15,663 24.89 5,311 3.51

Newborn’s characteristics

Birth order

1* 306,890 45.27 24,047 38.21 151,268 100.00

2 255,215 37.65 27,298 43.37

3 86,587 12.77 8,589 13.65

.4 29,230 4.31 3,007 4.78

Newborn’s gender

Female* 330,105 48.69 30,319 48.17 73,904 48.86

Male 347,817 51.31 32,622 51.83 77,364 51.14

Gestational age (weeks)

Term* 626,631 92.43 58,604 93.11 136,966 90.55

Posterm 51,291 7.57 4,337 6.89 14,302 9.45

Birth weight mean (N; standard error) 3631 (677,922; 489) 3651 (6,241; 485) 3531 (151,268; 482)

doi:10.1371/journal.pone.0061734.t001
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not report information on smoking in any trimester of the

pregnancy (i.e., missing-missing) and those who reported not

having smoked in one trimester and had missing information in

the other trimester (i.e., non smoking-missing and missing-non

smoking) did not differ from those who never smoked. This result

is confirmed in the sibling analysis.

Discussion

Using a conventional linear regression analysis, our study was

able to replicate previous findings [17,42], indicating that maternal

smoking during pregnancy reduced offspring birthweight. We also

observed that the specific effect of smoking during pregnancy

depends on the number of cigarettes smoked per day (with a

greater effect among heavy smokers) and the timing of the

exposure (with a greater effect at the end of gestation). These

results were confirmed with a quasi-experimental sibling analysis,

which provides stronger causal evidence than the conventional

analysis. However, we also observed that the offspring birthweight

reduction was smaller in the sibling analysis than in the

conventional analysis, which suggests that conventional analyses

were somewhat confounded by unknown maternal characteristics

related to both SDP and offspring birthweight.

From a public health perspective, the sibling analysis provides

strong evidence that confirms the negative effects of smoking

during pregnancy. Our results support policies aimed not only at

preventing smoking during pregnancy, but also directed at

persuading pregnant women to quit smoking and to avoid

relapsing

To the extent that our results suggest the existence of a causal

association, we need to develop further research aiming at

identifying the specific mechanisms through which smoking

reduces birthweight. Most studies so far agree that cigarette

smoke contains toxic substances such as carbon monoxide (CO),

metals and nicotine [43] which can be responsible for birthweight

reduction. However, it is difficult to isolate their effects and there

are still a number of chemical constituents and additives which

remain untested for developmental toxicity [15]. A recent animal

study showed that the reduction in fetal weight in rats is due to CO

toxicity and not nicotine toxicity [44]. However, further studies in

humans are needed to confirm this finding because humans may

inhale smoke and metabolize toxins in a different way than in the

controlled experimental environment of animal studies [28].

Our results also demonstrate that conventional analyses are to

some extent confounded by inter-mother differences in unknown

genetic, behavioral, and/or environmental factors. Although these

unobserved variables do not fully explain the association existing

between SDP and birthweight reduction, these are important

enough to be considered. For example, it is possible that mothers

who smoke are limited in their options to maintain a lifestyle that

promotes good general health (e.g., by practicing sports and

observing good dietary habits), and these conditions reduce

offspring birthweight more sharply. Therefore, any preventive

strategy against birthweight reduction that focuses only on

persuading women to quit smoking in terms of personal

responsibility might to some extent ‘‘blame the victim’’ without

considering the circumstances that are linked to both smoking

during pregnancy and birthweight reduction in the offspring.

Table 2. Association between categories of smoking during pregnancy (SPD) and offspring’s birthweight by different designs.

Categories of smoking Conventional analysis Sibling design

N (%) b CI-95% N (%) b CI-95%

Non-SDP

(Intercept/reference) 578,583 (85.35) 3585 [3583 3587] 32,980 (52.4) 3607 [3600 3614]

Continues smoking

Light-light 19,910 (2.94) 2221 [2227 2215] 1,988 (3.16) 2162 [2178 2147]

Heavy-heavy 5,613 (0.83) 2303 [2313 2292] 189 (0.40) 2226 [2274 2179]

Light-heavy 2,842 (0.42) 2265 [2279 2250] 171 (0.27) 2259 [2309 2209]

Heavy-light 4,007 (0.59) 2254 [2266 2242] 227 (0.36) 2194 [2238 2151]

Quitting smoking

Light-non smoking 10,445 (1.54) 247 [255 240] 2,757 (4.38) 229 [242 216]

Heavy-non smoking 1,380 (0.20) 279 [2100 258] 226 (0.36) 21 [246 44]

Relapsing smoking

Non smoking-light 4,023 [0.59] 2129 [2142 2117] 1,073 (1.70) 277 [297 257]

Non smoking-heavy 480 (0.07) 2142 [2177 2108] 128 (0.20) 283 [2140 225]

Missing information

Non smoking- missing 10,803 (1.59) 22 [211 7] 4,681 (7.44) 27 [231 27]

Missing-missing 29,200 (4.31) 0.1 [264 63] 15,668 (24.89) 7 [27 22]

Missing-light 265 (0.04) 2210 [2259 2162] 31 (0.01) 240 [2158 77]

Missing-heavy 95 (0.01) 2333 [2414 2257] 3 (0.00) 2505 [2891 2131]

Missing- non smoking 3,602 (0.53) 214 [230 2] 1,930 (3.07) 216 [2138 108]

Light-missing 4,924 (0.73) 2191 [2203 2179] 792 (1.26) 287 [2113 261]

Heavy-missing 1,750 (0.26) 2282 [2301 2263] 97 (0.15) 2141 [2206 275]

All models were adjusted for gestational age, marital status, maternal age, birth order, sex of the newborn, complications during pregnancy (i.e., diabetes, hypertension
and urinary problems), and Swedish snus use.
doi:10.1371/journal.pone.0061734.t002
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Therefore, further analysis is needed to identify these circum-

stances or other hazardous exposures like alcohol or environmen-

tal pollution, which, in addition to preventing smoking, may be

suitable targets for public health interventions. Our study identifies

the existence of a certain confounder related to maternal

characteristics. However, we are yet to disentangle the gene-

environmental correlation involved [33].

The application of a quasi-experimental sibling analysis is a

clear strength of our study. This design provides opportunities to

investigate the causal effect of smoking on birthweight by studying,

ceteris paribus, the effects of different exposures (smoking/non-

smoking) on the birthweight of individuals who are very similar

(e.g., siblings). Moreover, in comparison to the excluded sample

(without siblings), the sibling sample is highly representative with

regard to maternal and child characteristics, which guarantees that

our findings can be generalized [33].

We observed that the intra-maternal clustering (VPC) of

offspring birthweight was 49%. In other words, a considerable

share of the total individual variance in birthweight was at the

maternal level, which supports the suitability of the sibling design

for the study of causal associations. Against this background, the

sibling analysis confirmed that the adverse effect of smoking was

not mediated by other factors, such as the mother’s education,

although mothers with a high educational level were more likely to

not smoke during pregnancy [18,45].

Our study has a number of strengths in addition to the quasi-

experimental approach. First, our analyses are based on a national

medical registry containing standardized information and covering

the entire Swedish population. Second, because giving birth at

home is very unusual in Sweden, nearly all births are registered in

the MBR. Finally, we had information spanning a relatively long

period (2002–2010), with two measurements of smoking habits at

different stages of gestation.

Our investigation also had some limitations. The validity of the

information on smoking habits during pregnancy was self-reported

by the mothers, which might to some extent bias the result by

random measurement error of exposure [46]. Because SDP is a

well-known health hazard, social control might lead to underre-

porting of true smoking habits and to underestimating of the

effects of smoking. Therefore, it is possible that the light smoker

group may also include heavy smokers, and the non-smoking

group may include some smokers. The unexpected smaller

reduction observed in the categories of light-heavy (in comparison

to heavy-heavy) and non smoking-heavy (in comparison to and

non smoking-light) might be explained by this. However, collecting

our information on smoking in two different moments of the

pregnancy may reduce the bias of classifying a true smoker as non-

smoker. A study conducted in Sweden comparing self-reported

nicotine exposure and plasma levels of cotinine in early and late

pregnancy concluded that self-reported smoking information had

acceptable validity [47]. Besides, we cannot identify the specific

number of cigarettes smoked beyond the light and heavy

classification that the MBR provides or to know the specific week

in which the mother quitted or relapsed smoking. Therefore, we

are not able to know whether the observed effects are mainly

happening at the beginning of the third trimester or at the end of

the second.

Despite the sibling design and the adjustment for temporal

confounding, we cannot exclude the existence of residual

confounding. For example, siblings are only matched based on

the fact that they share the same mother. However, we had no

information about fathers, so some of the siblings might be half

siblings (this information was not available in our dataset).

Moreover, it is possible that the association between SDP and

birthweight is confounded by smoking in the father, influencing

the child through passive smoking in the mother or smoke

exposure among those who do not smoke or quit. This is

important because sibling analyses are effective to control for

unobserved characteristics and genetic influences which siblings

have in common. However, sibling analyses cannot rule out any

unmeasured variables that simultaneously vary between siblings

[46].

Moreover, we adjusted for snus use, but we did not have

information on other forms of exposure, such as nicotine

replacement therapy (e.g., nicotine patches, gums, sprays, inhalers)

or passive smoking. Previous studies have shown that nicotine

replacement therapy does not have a significant association with

birthweight reduction (except when different products are used

simultaneously) [48]. However, many studies support the harmful

effects of passive smoking on birthweight [49,50].

Another limitation of our study was the relatively large amount

of missing information on smoking habits. However, we had

information for both the 1st and the 3rd trimesters of pregnancy,

which allowed us to identify different categories of missing

information, making the missing data more informative.

Birthweight reduction was considerable when mothers were

(either light or heavy) smokers in one trimester, and these results

were similar in the sibling analysis. These findings highlight the

importance of more than one observation of smoking habits

during pregnancy to better identify at-risk babies. Our results

suggest that the missing values are not randomly distributed with

respect to smoking habits. Therefore, further analysis is required to

identify the characteristics of the mothers with missing information

on smoking habits.

In summary, our study was able to replicate previous

conventional linear regression analyses indicating that maternal

smoking during pregnancy reduces offspring birthweight [17,42].

We confirmed that birthweight reduction depends on whether the

mother is a light or heavy smoker and on the trimester of

exposure. The sibling analysis not only confirms these effects, but

also provides strong evidence for a causal association between SDP

and birthweight. We need, however, further research aimed at

disentangling the mechanisms underlying the smoking effect.

However, the sibling analysis also shows that the effect of smoking

on offspring birthweight is smaller than previously reported, which

implies that to some degree, conventional analyses appear

confounded by between-mother differences in unknown genetic,

behavioral and/or environmental factors that are a common cause

of both maternal SDP and offspring birthweight. In this regard, it

seems relevant to identify these circumstances because, in addition

to preventing smoking, they may be suitable targets for public

health interventions aimed at increasing offspring birthweight.
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fetal growth rate and increased risk death from ischaemic heart disease: cohort

study of 15000 Swedish men and women born 1915–29. BMJ 317: 241–245.

7. Gillman MW (2004) A life course approach to obesity. In: Diana K, ben-Shlomo
Y, editors. A life course approach to chronic disease epidemiology. Oxford:

Oxford University Press.
8. Barker DJP (1995) Intrauterine programming of adult disease. Molecular

Medicine Today: 418–424.
9. Barker DJP, Hales CN, Fall CHD, Philipps K, Clark PMS (1993) Type 2 (non-

insulin-dependent) diabetes mellitus, hypertension and hyperlipidaemia (sin-

drome X): relation to reduced fetal growth. Diabetologı́a 36: 62–67.
10. Tamin H, H B, Itani M, Khogali M, Chokr I, et al. (2004) Predicting neonatal

outcomes: birthweight, body mass index or ponderal index? J Perinat Med 32:
509–513.

11. Risner KR, Vatten LJ, Barker JL, Jameson K, Sovio U, et al. (2011) Birthweight

and mortality in adulthood: a systematic review and meta-analysis. International
Journal of Epidemiology 40: 647–661.

12. Shiono PH, Rauh VA, Park M, Lederman SA, Zaskar D (1997) Ethnic
Differences in Birthweight: The Role of Lifestyle and Other Factors. American

Journal of Public Health 87.
13. Øvrum A (2011) Socioeconomic status and lifestyle choices: evidence from latent

class analysis. Health Economics 20: 971–984.

14. Wardle J, Steptoe A (2003) Socioeconomic differences in attitudes and beliefs
about healthy lifestyles. J Epidemiol Community Health 57: 440–443.

15. Rogers JM (2008) Tobacco and pregnancy: overview of exposures and effects.
Birth defects research Part C: 1–15.

16. Cnattingius S (2004) The epidemiology of smoking during pregnancy: Smoking

prevalence, maternal characteristics, and pregnancy outcomes. Nicotine &
Tobacco Research 6: S125–S125.

17. Zdravkovic T, Genbacev O, McMaster MT, S.J F (2005) The adverse effects of
maternal smoking on the human placenta: a review. Placenta 26: s81–s86.

18. Nordström M-L, Cnattingiuos S (1994) Smoking habits and birthweight in two
succesives birth in Sweden. Early Human Development 37: 195–204.

19. Gardner F, Johnson A, Yudkin P, Bowler U, Hockley C, et al. (2004) Behavioral

and emotional adjustment of teenagers in mainstream school who were born
before 29 weeks’ gestation. Pediatrics 114: 676–682.

20. D’Onofrio BM, Van Hulle CA, Waldman ID, Rodgers JL, Harden KP, et al.
(2008) Smoking during pregnancy and offspring externalizing problems: an

exploration of genetic and environmental confounds. Dev Psychopathol 20:

139–164.
21. Lumley J, Chamberlain C, Dowswell T, Oliver S, Oakley L, et al. (2009)

Interventions for promoting smoking cessation during pregnancy. Cochrane
Database Syst Rev 8.

22. Thapar A, Rice F, Hay D, Boivin J, Langley K, et al. (2009) Prenatal smoking
might not cause attention deficit/hyperactivity disorder: evidence from a novel

design. Biol Psychiatry 66: 722–727.

23. Knopik VS (2009) Maternal smoking during pregnancy and child outcomes: real
or spurious effect? Dev Neuropsychol 34: 1–36.

24. D’Onofrio B, M, Turkheimer EN, Eaves LJ, Corey LA, Berg K, et al. (2003)
The role of the children of twins design in elucidating causal relations between

parents characteristics and child outcomes. J Child Psychol Psychiatry 44: 1130–

1144.
25. Wingren CJ, Agardh D, Merlo J (2012) Revisiting the risk of celiac disease in

children born small for gestational age: a sibling design perspective.
Scand J Gastroenterol 47: 632–639.

26. Merlo J, Ohlsson H, Chaix B, Lichtenstein P, Kawachi I, et al. (2013) Revisiting

causal neighborhood effects on individual ischemic heart disease risk: a quasi-
experimental multilevel analysis among Swedish siblings. Soc Sci Med 76: 39–

46.
27. D’Onofrio BM, Rickert ME, Langström N, Donahue KL, Coyne CA, et al.

(2012) Familial confounding of the association between maternal smoking during

pregnancy and offspring substance use and problems. Arch Gen Psychiatry 69:

1140–1150.

28. Iliadou AN, Koupil I, Villamor E, Altman D, Hultman C, et al. (2010) Familial

factors confound the association between maternal smoking during pregnancy

and young adult offspring overweight. Int J Epidemiol 39: 1193–1202.

29. D’Onofrio BM, Singh AL, Iliadou A, Lambe M, Hultman CM, et al. (2010b) A

quasi-experimental study of maternal smoking during pregnancy and offspring

academic achievement. Child Dev 81: 80–100.

30. Gilman SE, Gardener H, Buka SL (2008) Maternal smoking during pregnancy

and children’s cognitive and physical development: a causal risk factor?

Am J Epidemiol 168: 522–531.

31. Merlo J (2010) Book review: Family Matters: designing, analysis and

understanding faily-based studies in life course Epidemiology. International

Journal of Epidemiology 39: 936–937.

32. Lawlor DA, Mishra G (2009) Family Matters: Designing, analysing and

understanding family based studies in life course epidemiology (Life Course

Approach to Adult Health): Oxford Univerity Press.

33. Lahey BB, D’Onofrio BM (2010) All in the family: Comparing siblings to test

causal hypotheses regarding environmental influences on behavior. Current

Directions in Psychological Science 19: 319–323.

34. Nordström ML, Cnattingius S (1994) Smoking habits and birthweights in two

successive births in Sweden. Early Hum Dev 37: 195–204.

35. Cnattingius S, Ericson A, Gunnarskog J, Källen B (1990) A quality of a Medical

Birth Registry. Scandinavian Journal of Public Health 18: 143–148.

36. Kyrklund-Blomberg NB, Granath F, Cnattingius S (2005) Maternal smoking ans

causes of very pretem birth. Acta Obstet Gynecol Scand 84: 572–577.

37. Donovan SJ, Susser E (2011) Commentary: Advent of sibling designs.

Int J Epidemiol 40: 345–349.

38. Goldstein H (2003) Multilevel Statistical Models: Hodder Arnold, London.

39. Rasbash J, Steele F, Browne W, Prosser B (2004) A user’s guide to MLwiN.

Version 2.0. London: Centre of Multilevel Modelling, Institute of Education,

University of London.

40. Carlin JB, Gurrin LC, Sterne JA, Morley R, Dwyer T (2005) Regression models

for twin studies: a critical review. Int J Epidemiol 34: 1089–1099.

41. Browne WJ, Steele F, Golalizadeh M, Green MJ (2009) The use of simple

reparameterizations to improve the efficiency of Markov Chain Monte Carlo

estimation for multilevel models with applications to discrete time survival

models. Journal of the Royal Statistical Society Series A (Statistics in Society)

172: 579–598.

42. England LJ, Levine RJ, Mills JL, Klebanoff MA, Yu KY, et al. (2003) Adverse

pregnancy outcomes in snuff users. American Journal of Obstetrics and

Gynecology 189: 939–943.

43. Wickström R (2007) Effects of nicotine during pregnancy: Human and

experimental evidence. Current Neuropharmacology 5: 213–222.

44. Carmines EL, Rajendran N (2008) Evidence for carbon monoxide as the major

factor contributing to lower fetal weights in rats exposed to cigarette smoke.

Toxicol Sci 102: 383–391.

45. Kahn RS, Certain L, Whitaker RC (2002) A Reexamination of Smoking Before,

During, and After Pregnancy. Am J Public Health 92: 1801–1808.
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