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Abstract

Adverse birth outcomes can lead to problematic long-term outcomes for children, and are also 

known to transmit socioeconomic disadvantage across generations, thereby amplifying the 

importance of identifying their social determinants. However, the full set of factors causing 

adverse birth outcomes remains unknown. Drawing together theory describing intragenerational 

(life course) processes linking early life adversity to adult health, and intergenerational 

transmissions of inequality via birthweight, this study tests a chain of risk that originates within 

early adolescence, impacts young women’s risky health behaviors in late adolescence/early 

adulthood and risky health behaviors during pregnancy, and ultimately decreases offspring’s 

birthweight. We do so using structural equation models and prospective, population-level data on a 

racially and socioeconomically diverse cohort of young adults (National Longitudinal Study of 

Adolescent to Adult Health). Results (a) reveal four pathways that fully mediate the association 

between a young woman’s family-of-origin socioeconomic status in adolescence and her 

offspring’s birthweight, and (b) identify a trigger effect—a place in the chain of risk where 

prevention efforts could be targeted, thereby breaking the chain of risk leading to poor offspring 

health at birth for vulnerable individuals.
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INTRODUCTION

Adverse birth outcomes, such as lower birthweight (measured as a continuous variable, in 

grams) or low birthweight (<2500g), are one mechanism through which socioeconomic 

disadvantage can be transmitted across generations (Aizer and Currie 2014, Case and 

Paxson 2006, Conley, Strully, and Bennett 2003, Palloni 2006). This classification holds 

based on the stark social patterning of adverse birth outcomes observed in the U.S. 

(meaning, poor mothers tend to exhibit higher risk of adverse birth outcomes), in 

combination with the generally increased risk of problematic longer-term outcomes (e.g., 

neurodevelopmental problems, learning disabilities, behavioral problems, lower educational 

attainment, poorer cardiovascular health) observed among children born with an adverse 

birth outcome (Behrman and Butler 2007, Conley, Strully, and Bennett 2003, Goldenberg 

and Culhane 2007). It follows that identifying the etiology of adverse birth outcomes could 

not only create new opportunities to develop programs that effectively prevented such 

outcomes, but also potentially disrupt intergenerational transmissions of disadvantage via 

birthweight.

Despite the considerable attention placed on identifying the determinants of adverse birth 

outcomes however [for reviews, see (Kramer 1987, Paneth 1995, Goldenberg et al. 2008, 

Goldenberg and Culhane 2007)], we still do not understand what causes adverse birth 

outcomes (Savitz and Murnane 2010). Studies in this area have been hampered by a lack of 

appropriate data and/or methods available to test causal claims at the population-level (Kane 

and Margerison-Zilko 2017). But, another key contributor is that this literature has 

historically focused on risk factors operative within the prenatal or immediate preconception 

period (Johnson et al. 2006, van Dyck 2010), to the exclusion of earlier life course events 

and risk factors that could set into motion a chain of events that ultimately lead to poor 

health at birth among offspring (Richardson, Hussey, and Strutz 2012, Atrash et al. 2006). 

This stands in contrast to a wide body of theory, spanning multiple disciplines from the 

social sciences to public health, that emphasizes the prominence of the early life 

environment in shaping health outcomes that unfold within individuals over time (Center on 

the Developing Child at Harvard University 2010, Hertzman and Boyce 2010, Kuh and 

Shlomo 2004, Halfon and Hochstein 2002, Elder 1977). Additionally, birth outcomes are a 

unique case in which both intra- and intergenerational mechanisms are at play (Kane 2015, 

Palloni 2006). Therefore, fully understanding the complex set of pathways that influence an 

offspring’s birth outcomes requires drawing from theoretical perspectives spanning both 

intra- and intergenerational processes.

The current study identifies a set of theoretically-informed mechanisms that operate across 

women’s early life and impact offspring birthweight, using data from a contemporary, 

population-based cohort. To do so, this study first draws together theory from sociology and 

epidemiology describing life course processes linking early life adversity to adult health. 

From this foundation, we formulate a set of hypotheses relating a mother’s early life 

environment (in adolescence) to her risk and protective behaviors in late adolescence/early 

adulthood, and subsequently, her prenatal health behaviors. To describe the significant 

contributions these pathways may have on the life chances of the next generation (via 

offspring birthweight), we draw upon theory relating to intergenerational transmissions of 
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inequality. We then test these hypotheses using a nationally representative, prospective 

dataset containing substantial racial and economic diversity that includes extensive 

information on individuals spanning multiple domains of health and wellbeing (biological, 

genetic, social, psychological, behavioral, environmental, and economic), measured at 

multiple stages in early life. We conclude with a discussion that integrates study findings 

related to intragenerational pathways with those related to intergenerational transmission of 

inequality, thereby providing a richer description of the sets of processes shaping adverse 

birth outcomes.

BACKGROUND

Social conditions are a fundamental cause of disease (Link and Phelan 1995). Early life 

adversity, in the form of material hardship or socioeconomic disadvantage, is one type of 

social condition that can adversely impact adult morbidity and mortality as an 

intragenerational process (Montez and Hayward 2014, Hayward and Gorman 2004, Haas 

2008, Almond and Currie 2011), and can also play a key role in the intergenerational 

transmission of inequality (Kuh and Shlomo 2004, Elder 1977, Elder Jr 1998, Elder Jr, 

Johnson, and Crosnoe 2003, Palloni 2006). These intra- and inter-generational literatures 

tend to parallel one another, but need not be mutually exclusive. Indeed, more rigorous study 

of the intersection of intra- and intergenerational pathways could reveal new insights into 

disrupting intergenerational transmissions of inequality (Kane 2015, Palloni 2006).

Theoretical Framework

The prominence of early life social conditions for understanding patterns of adult health and 

wellbeing is perhaps most clearly articulated by life course theory. Within this framework, 

social conditions and exposures within each life stage are intricately linked across the life 

course; macro- and micro-level factors interact to shape the exposures, constraints, and 

opportunities individuals encounter as they move from one life stage to the next. 

Importantly, individuals enact human agency and personal control over situations they 

encounter, acting planfully (Elder Jr and Giele 2009, Elder 1977, Elder Jr 1998).

These principles are also central tenets of life course epidemiology—a growing subfield of 

public health that builds on life course theory by bringing together social and biological 

origins of disease from across the life course (Ben-Shlomo and Kuh 2002, Kuh et al. 2003). 

Situated within this framework, adverse exposures—whether environmental, socioeconomic, 

or behavioral—are thought to accumulate over time, ultimately degrading health by wearing 

down the body’s ability to continually repair damage. Oftentimes, this accumulation 

involves multiple risk factors that independently influence a health outcome, but are also 

clustered, meaning they stem from a common source—such as family socioeconomic status; 

this is known as an accumulation model with risk clustering. A special case of this model is 

an additive chains of risk model, wherein one adverse exposure increases the risk of a 

subsequent adverse exposure and each exposure maintains both an indirect and direct effect 

on the health outcome. Another type of chain of risk model involves a trigger effect, 

whereby a chain of risk may stem from a trigger event, such as a health event, a move, the 

death of a loved one, experiencing abuse or trauma, etc., that increases one’s risk of 
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engaging in unhealthy behaviors and ultimately increases the risk of a poor health outcome 

(Kuh et al. 2003). Trigger events hold particular importance because these are places where 

chains of risk could be averted or broken for vulnerable individuals (Kuh and Shlomo 2004).

Another aspect of life course epidemiology that relates to the present study is the notion that 

the timing of the exposure matters. Sensitive periods are stages in the life course in which 

the effect of a stressor on health is unique, such that, the same effect on health would not be 

observed if the stressor were encountered in a different stage of life. A prime example is 

adversity encountered in the sensitive period of childhood which has distinct and critical 

implications for adult health and wellbeing (Umberson et al. 2014, Ben-Shlomo and Kuh 

2002, Miller, Chen, and Parker 2011, Shonkoff, Boyce, and McEwen 2009, Hayward and 

Gorman 2004, Haas 2008).

Applied to the case of adverse birth outcomes, an accumulation model with risk clustering 

would suggest that adverse exposures across childhood and adulthood accumulate, each 

maintaining a direct effect on adverse birth outcomes while also sharing a common source, 

such as family socioeconomic status. The special case of this model, an additive chain of 

risk, links these adverse exposures through a chain, or pathway. Each adverse exposure may 

retain a direct effect on the birth outcome (an additive chain of risk model), or not (a trigger 

effect chain of risk model). The logic underlying these claims is that early life stressors 

induce physiologic dysregulation that ultimately impact adverse birth outcomes, either 

directly or indirectly through social and biological risk factors. Next we seek to identify 

adverse exposures that may comprise such a pathway.

Maternal Early Life Adversity and Offspring Adverse Birth Outcomes

Using data from the 1958 birth cohort in Great Britain, Harville and colleagues (2010) 

demonstrated a link between early life adversity, indicated by material hardship and 

childhood neglect/abuse, and an increased risk of low birth weight and preterm birth; some 

of this association was mediated by prenatal smoking. Using more recent data from the U.S. 

[Waves I and III of The National Longitudinal Study of Adolescent to Adult Health (Add 

Health)] Gavin and colleagues (2012) found that childhood SES and childhood maltreatment 

lowered offspring birthweight; some of this association was mediated by adolescent 

substance abuse (measured as a latent variable indicated by adolescent smoking, heavy 

drinking, and drug use) and prenatal smoking. The U.S. study was limited however by (a) 

including a select group of young (largely teen) mothers, (b) using data (from Wave III) that 

systematically undercounted births, and (c) not examining adolescent smoking, drinking, 

and drug use as independent risk factors. The sample issue described in (a) is problematic 

because the salience of adolescent substance abuse for normative, later-timed births is 

unknown. As a result of the measurement issue described in (b) it is impossible to know if 

the study’s results are generalizable to the U.S. population. Additionally, without being able 

to distinguish the unique effects of each form of substance abuse [implied by (c)], each of 

which may well imply a distinct prevention strategy, scholars have yet to clearly identify 

modifiable risk factors on the pathway between mother’s early life environment and 

offspring’s birth outcomes in the U.S.

Kane et al. Page 4

Soc Sci Med. Author manuscript; available in PMC 2019 July 13.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1 presents the measurement model guiding the present study. We begin by drawing a 

path linking a young woman’s family-of-origin socioeconomic status (SES) in adolescence 

to her offspring’s birthweight. Next we identify risk factors that potentially mediate this 

association. Based on past research (Harville et al. 2010, Gavin et al. 2012), we consider 

prenatal smoking to be a probable mediator. Given that the association between prenatal 

smoking and offspring birthweight is well-supported by evidence emerging from economics 

suggesting a causal association (Lien and Evans 2005, Wehby et al. 2011, Dietz et al. 2010), 

the present study considers whether prenatal smoking continues to perform mediation after 

accounting for the endogeneity of prenatal smoking; this has never before been assessed. 

This is an important knowledge gap given that prenatal smoking is widely considered to be 

the leading preventable cause of perinatal morbidity and mortality in the U.S. (Cnattingius 

2004). Population-level prevalence of prenatal smoking declined from roughly 20% in 1989 

to 10–12% in 2012 (Child Trends Databank 2014). However, these estimates are likely to be 

conservative. Deception rates of prenatal smoking tend to range from 5% to 23% (Pickett et 

al. 2005) with rates as high as 73% being detected in some locations (Webb et al. 2003), 

leading researchers to avoid using clinician’s reports of prenatal smoking whenever possible. 

In contrast, prenatal smoking rates gathered using computer-assisted telephone interviewing 

techniques are of higher quality and show less misclassification relative to administrative 

data (Srisukhumbowornchai, Krikov, and Feldkamp 2012). Questions with multiple response 

options are also preferable, as they can reduce non-disclosure by as much as 40% (Mullen et 

al. 1991).

Next we consider factors that may mediate the association between family-of-origin SES 

and prenatal smoking. The first of which we assess is adolescent-onset of smoking (see 

Figure 1). This is plausible on both empirical [see (Gavin et al. 2011) for indirect evidence] 

and conceptual grounds. Most adult smokers initiate tobacco use in adolescence (Apelberg 

et al. 2014); those who do so display higher levels of addiction and are at increased risk of 

developing a longer-term smoking habit (Centers for Disease Control and Prevention 2014). 

Heavier smoking behavior increases women’s risk of persistently smoking throughout 

pregnancy, relative to spontaneously quitting upon learning of a pregnancy (Quinn, Mullen, 

and Ershoff 1991). More broadly, adolescent substance abuse predicts risky health and social 

behaviors in adulthood (Wodarski and Smyth 1994). Thus, we anticipate adolescent smokers 

to be at increased risk of prenatal smoking. Adolescent smoking is also linked with low 

childhood SES (Hanson and Chen 2007), establishing it as a potential mediator of the 

association between family-of-origin SES and prenatal smoking.

Next we assess low educational performance, as indicated by grade point average (GPA) in 

high school (see Figure 1); no studies we are aware of have yet considered this as a mediator 

of the maternal early life SES—prenatal smoking association. We believe this is a 

potentially important mediator. The association between family-of-origin SES and high 

school academic performance is well established [see for example, Sandel (2012)]. High 

school academic performance is an important predictor of high school completion 

(Rumberger 1987) and a developmentally-appropriate measure of educational success in this 

life stage. In terms of potential linkages between high school GPA and prenatal smoking, it 

has been widely shown that women who smoke during pregnancy are disproportionately 

low-educated (high school degree or less) (Child Trends Databank 2014). Furthermore, 
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among women who reported smoking three months prior to conception, the odds of quitting 

during pregnancy were lower among those who did not complete high school, relative to 

those who did (Colman and Joyce 2003). From a broader theoretical perspective, academic 

performance may play a key role in this pathway because it reflects both cognitive and non-

cognitive skills (Heckman 2000), each of which can influence health behaviors such as 

smoking (Chiteji 2010, Mendolia and Walker 2014). Education may also increase problem-

solving capacity and tends to promotes individual agency and self-efficacy; these are key 

resources that cultivate health more generally (Mirowsky and Ross 2003).

Adolescent depressive symptomology and binge drinking may also mediate the association 

between family-of-origin SES and prenatal smoking. This assertion is based partly on the 

observed comorbidities of teen smoking [adolescent smokers (versus non-smokers) report 

higher levels of serious psychological distress and higher rates of binge drinking (Curry et 

al. 2007)], but also on evidence linking both risk factors to family-of-origin SES and 

prenatal smoking. Adolescent depression has been shown to mediate the association between 

SES and adolescent substance use (Goodman and Huang 2002). The literature linking 

varying indicators of family SES with adolescent drinking is mixed, although many studies 

show an inverse association (Hanson and Chen 2007). Higher levels of maternal depressive 

symptomology are associated with prenatal smoking (Orr et al. 2005). On the basis that 

some forms of major depressive symptomology are characterized by episodes that recur over 

the life course (National Institute of Mental Health, 2014), we hypothesize adolescent 

psychological distress will be a precursor to prenatal smoking behavior. We anticipate the 

same holds for binge drinking [see (Gavin et al. 2011) for indirect evidence of this pathway]. 

This line of reasoning is further supported by the notion of education as learned 

effectiveness (Mirowsky and Ross 2003) and is consistent with Healthy People 2020 goals 

identifying adolescent mental health and substance abuse as key preconception factors 

influencing birth outcomes.

As a final risk factor, we assess being unmarried at the time of birth (see Figure 1). Besides 

being intricately linked to family-of-origin SES (Duncan et al. 1998), and being a key risk 

factor for adverse birth outcomes [above and beyond conditions that select women into 

being married at the time of birth (Buckles and Price 2013, Kane 2016)], women who are 

unmarried three months prior to conception are more likely to smoke than their married 

counterparts (Colman and Joyce 2003). Marriage is an important social tie that influences 

health. Spouses can monitor and promote healthy behaviors (Umberson, Crosnoe, and 

Reczek 2010, Waite 1995), or broker information about social norms that can instill a sense 

of responsibility in their partners to adopt protective health behaviors (Umberson and 

Montez 2010). Social norms around prenatal smoking appear to be particularly salient, 

likely due to wide-reaching media messaging campaigns since the 1970s conveying risks to 

the fetus. Therefore, we hypothesize being unmarried is associated with an increased risk of 

prenatal smoking and is a potential mediator of the family-of-origin SES—prenatal smoking 

association.
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METHODS

Study Design and Sample

This study uses data from the National Longitudinal Study of Adolescent to Adult Health 

(Add Health), a school-based, nationally representative sample of 20,745 7th-12th graders 

in1994–1995. Respondents were re-interviewed in 1996 (Wave II), 2001–02 (Wave III), and 

2008–09 (Wave IV) (Harris 2010, Harris et al. 2009). At Wave IV, respondents were 24–32 

years old (mean age = 28.5). The analytic sample includes female respondents (n = 10,480) 

participating in the Wave IV interview (8,352), that: had a live birth between the Wave I and 

Wave IV interview (3,852); were black, Hispanic, or white (3,640); had a valid sampling 

weight (3,404); and provided a non-missing, plausible response for birthweight and 

gestational length (n = 3,328). As some women in the sample had more than one birth 

between Waves I and IV, we selected only firstborns for inclusion in all analyses.

Variables

Offspring birth outcome and prenatal smoking data were collected by the Add Health team 

using computer-assisted self-interviewing (CASI) at Wave IV. Respondents were asked to 

report all births, and then were asked a series of questions about each birth. This study 

analyzes birth outcomes and prenatal smoking of the respondent’s first birth. As part of this 

sequence, respondents reported each infant’s birthweight in pounds and ounces; we 

converted birthweight to grams (range: 992–5,330g). Prenatal smoking during each 

pregnancy was assessed using multiple response options (“During this pregnancy with 

[initials of partner], how many cigarettes did you smoke? None; a few cigarettes, but not 

every week; a few cigarettes a week, but not every day; 10 or fewer a day; 11 to 20 a day; 21 

to 30 a day; 31 or more a day; refused; don’t know”) which was collapsed into a binary 

variable (1 = any smoking during the pregnancy).

Family-of-origin SES was indicated using three variables from the Wave I interview: 

parental education (years completed), parental income, and family structure (1 = respondent 

reported living with two biological parents). [Supplementary analyses omitted parental 

income to explore if the relatively high level of missingness (compared to other Add Health 

variables) impacted results. Findings were extremely similar to those presented here.] 

Adolescent risk/protective factors (gathered in Wave I) included: if the respondent currently 

smoked, current grade point average, level of depressive symptomology in the last week 

[based on an abbreviated CES-D scale, validated in past research (Perreira et al. 2005)], and 

level of binge drinking in the last year [based on a scale used in past research; (Amato and 

Kane 2011)]. Marital status at birth was gathered from Wave IV (1 = unmarried at birth). 

Controls for respondents’ race-ethnicity (black, Hispanic; reference = white), native-born 

status (1 = born outside the U.S.), and infant sex (1 = male) were included.

Statistical Analysis

We estimated a structural equation model (SEM) in Mplus v7, employing survey weights 

and adjustments for clustering to account for the complex sample design. We included 

correlations terms for the residuals of all (endogenous) adolescent risk/protective factors, an 

approach that essentially controls for commonalities between unobserved variables affecting 
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these risk/protective factors (Heckman 1979). We calculated total, direct, and indirect effects 

of key pathways (Bollen 1989). We report three goodness-of-fit statistics: the Confirmatory 

Fit Index (CFI), the Tucker-Lewis Index (TLI) [values for both must be above .90 to accept 

the model and above .95 to deem the model as a good fit], and the Root Means Square Error 

of Approximation (RMSEA) [values less than .05 indicate adequate model fit]. The TLI 

performs well for large sample sizes while adjusting for model complexity; the RMSEA 

adjusts for error in the population, making it ideal for use with large population-level 

samples (Bollen and Long 1993).

RESULTS

Table 1 describes the characteristics of our analytic sample. The average birthweight is 

3,285g. Roughly one third of women transitioned to motherhood before age 20 (32.42%). 

The mean age at first birth in the sample was 21.86 years (median age = 21.42; not shown). 

Low birth weight (<2,500 grams) is observed among 7.8% of births, a proportion similar to 

that reported on birth certificate records among similarly-aged mothers nationwide in 2001

—the median year in which women in our sample gave birth—9.4% among 15–19 year olds 

and 7.5% among 20–24 year olds (Martin et al. 2002). Using audio-CASI, one fifth (21%) of 

mothers reported prenatal smoking; as anticipated, this is slightly higher than nationwide 

estimates based on birth certificate records [in 2001, 19% among 18–19 year olds and 17% 

among 20–24 year olds; (Martin et al. 2002)]. More than half of births in the study sample 

were to unmarried mothers (60%), which is comparable to nonmarital childbearing rates 

nationwide in 2001: 79% of births to 15–19 year olds and 50% of births to 20–24 year olds 

(Martin et al. 2002).

Figure 2 presents path coefficients and standard errors from the SEM. The total effect of 

family-of-origin SES on offspring birthweight is statistically significant (b = 60.68, SE = 

20.83, p < .01), but the direct effect is not. Four indirect pathways fully mediate this 

association. First, higher levels of family-of-origin SES are associated with a decreased risk 

of prenatal smoking (b = −1.77, SE = .32; p < .001); in turn, prenatal smoking is associated 

with a decrease of 108g in birthweight (SE = 33.16; p < .001; indirect effect, p < .01). The 

next two pathways operate through adolescent risk/protective factors: higher levels of 

family-of-origin SES are associated with (a) decreased risk of teen smoking and (b) higher 

GPA in adolescence; teen smoking increases, and higher GPA reduces, the risk of prenatal 

smoking; in turn, prenatal smoking reduces birthweight (p < .05 and p < .10 for the indirect 

effects, respectively). Notably, adolescent smoking is associated with a substantial increase 

in the odds of prenatal smoking (b = 2.08, OR = eb = 8.00). The fourth indirect path shows 

higher levels of family-of-origin SES are associated with a lower risk of nonmarital birth; 

nonmarital birth is positively associated with prenatal smoking which is a risk factor for 

lower birthweight (indirect effect: p < .01).

Results also suggest higher levels of family-of-origin SES reduce the risk of teen depression 

and teen binge drinking, although only the latter is associated with prenatal smoking (b = .

13, SE = .06, p < .05). Neither pathway is a statistically significant mediator of the family-

of-origin SES—birthweight association. Direct effects of adolescent risk factors (teen 

smoking, low GPA, depressive symptomology, and binge drinking) on offspring birthweight 
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were assessed; none were statistically significant and therefore were omitted from the final 

model.

The R-squared of prenatal smoking provides a sense of how well the model explains 

prenatal smoking behavior: pathways included here account for 50% of the variance, a 

relatively large proportion given the parsimonious set of variables included. Model fit 

indices indicate excellent fit: the CLI and TLI are above 0.95, 0.99 and 0.98, respectively, 

and the RMSEA is well below 0.05 (0.01).

To assess the extent to which our results were robust to the endogeneity of prenatal smoking, 

we performed a sensitivity analysis whereby we estimated the same SEM (shown in Figure 

2) but included a variable, state cigarette tax, to statistically identify prenatal smoking. State 

cigarette tax has been shown in past research to be a valid instrument, meaning it only 

affects birthweight through prenatal smoking and is uncorrelated with other unobserved 

factors related to birthweight (Evans and Ringel 1999). Results, presented in Appendix 

Table A, are markedly similar to those presented in Figure 2. This suggests our findings are 

robust.

DISCUSSION

Adverse birth outcomes are known to transmit inequality across generations, yet we do not 

yet fully understand their social determinants. Consistent with theory and past empirical 

work situating early life adversity as a prominent factor shaping adult health that also plays a 

key role in the intergenerational transmission of inequality (Kuh and Shlomo 2004, Elder 

1977, Elder Jr 1998, Elder Jr, Johnson, and Crosnoe 2003, Palloni 2006), this study draws 

from life course theory and life course epidemiology and uses structural equation modeling 

to analyze chains of risk that originate within early life adversity, impact later-observed risky 

health behaviors in adolescence and during pregnancy, and ultimately increase the risk of 

adverse birth outcomes. Our study is the first to assess these pathways using accurate (and 

more normatively-timed) birth data among a contemporary, population-based sample in the 

U.S., and to assess these pathways while accounting for the endogeneity of prenatal 

smoking.

Consistent with a life course epidemiological model of accumulation with risk clustering 

(Kuh and Shlomo 2004), results demonstrated that adolescent risk factors (teen smoking, 

low academic performance, depressive symptomology, and binge drinking) are not only 

clustered by family-of-origin SES, but are also embedded within a chain of risk linking 

family-of-origin SES to an increased risk of prenatal smoking; in turn, prenatal smoking was 

associated with lower offspring birthweight. In particular, four pathways fully mediated the 

association between maternal family-of-origin SES and offspring birthweight; identifying 

the full set of pathways explaining this association is the first contribution of our study. The 

first pathway suggested lower family-of-origin SES was associated with an increased risk of 

prenatal smoking, which in turn was associated with lower birthweight. The present study is 

the first to provide evidence of this pathway after accounting for the endogeneity of prenatal 

smoking, suggesting it is robust to the inclusion of factors that confound (and bias) the 

estimated effect of prenatal smoking on birthweight. Therefore, this finding considerably 
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strengthens the current evidence base classifying prenatal smoking as a mediator of the 

childhood poverty—adverse birth outcome association (Harville et al. 2010, Gavin et al. 

2011).

The other three pathways documented by our study suggest that women exposed to lower 

levels of family-of-origin SES were at increased risk of poor educational performance in 

high school, adolescent-uptake of smoking, and nonmarital childbearing; each factor 

independently increased the risk of prenatal smoking, which in turn was associated with 

decreased birthweight. No studies have yet assessed high school academic performance or 

marital status as potential mediators of the association between family-of-origin SES and 

prenatal smoking, although the former is consistent with the theoretical notion of education 

as learned effectiveness that has important benefits for health behaviors (Mirowsky and Ross 

2003), and with empirical work suggesting that both cognitive and non-cognitive skills (that 

are reflected in GPA) influence smoking (Chiteji 2010, Mendolia and Walker 2014).

Moreover, that adolescent smoking, but not binge drinking, significantly mediated the 

association between family-of-origin SES and prenatal smoking sharpened a finding from 

past research exploring the effect of a latent variable of adolescent substance abuse 

(including smoking, drinking, and drug use) on prenatal smoking (Gavin et al. 2012). 

Results of the present study reveal which form of substance abuse is implicated as a key risk 

factor of prenatal smoking (namely, teen smoking) and which is not (teen binge drinking). 

This is a key distinction that can fundamentally inform future prevention efforts aimed at 

preventing prenatal smoking; this is the second contribution of our study. More specifically, 

young women who began smoking as teenagers were eight times more likely to engage in 

prenatal smoking than their non-teen-smoking counterparts. In the language of life course 

epidemiology (Kuh and Shlomo 2004), adolescent-uptake of smoking appears to be a trigger 

that increases the risk of engaging in unhealthy behaviors later on, ultimately increasing the 

risk of poor offspring health at birth. Under this interpretation, adolescent smoking is 

therefore a place in the chain of risk where prevention efforts could be targeted, thereby 

potentially averting or breaking the chain of risk leading to poor offspring health at birth for 

vulnerable individuals.

This contribution, in and of itself, is rather intuitive, but has dramatic implications for 

prenatal smoking efforts. In contrast to current cessation efforts that largely target women 

who are already pregnant [and, which demonstrate modest results, such as a 5% reduction in 

prenatal smoking behavior (Ershoff et al. 1999, Chamberlain et al. 2013)], this finding 

suggests a more efficacious strategy may be to redouble efforts aimed at preventing 

adolescent-uptake of smoking. This shift in the target population buttresses past 

recommendations to focus smoking prevention efforts earlier in the life course and further 

reduce the number of young women who initiate smoking (Ebrahim et al. 2000).

Taken together, these four pathways add new insights that can directly inform Healthy 
People 2020 efforts to identify, measure, and track preconception risk factors of adverse 

birth outcomes at the population-level, thereby buttressing the, as yet, scant evidence base 

upon which Healthy People 2020 is based (Richardson, Hussey, and Strutz 2012). Future 

research should build on the current study by exploring racial/ethnic differences in these four 
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pathways. While beyond the scope of the current study, such an examination would enrich 

this evidence base, given the stark racial patterning observed in early life adversity, prenatal 

smoking, and birthweight in the U.S. Broadly speaking, study findings also reveal salient 

social patterning in the chain of risk leading to adverse birth outcomes, a finding that 

buttresses the wide body of scholarship highlighting the centrality of adversity encountered 

within the sensitive periods of childhood and adolescence in terms of shaping adult health 

and wellbeing (Umberson et al. 2014, Ben-Shlomo and Kuh 2002, Miller, Chen, and Parker 

2011, Shonkoff, Boyce, and McEwen 2009, Hayward and Gorman 2004, Haas 2008).

A key implication of these documented pathways is that efforts to minimize maternal early 

life adversity (observed here in the form of low family-of-origin SES) could potentially 

disrupt the chain of risks leading to poor offspring health at birth. An emphasis on early life 

interventions is logically consistent with Heckman’s (2008) work showing a higher rate of 

return on investments in early life. It is also consistent with Link and Phelan’s (1995) 

foundational argument, proposing that little gains will be made in improving health without 

first changing the social conditions that are fundamental causes of disease. Given the unique 

intra- and intergenerational implications of adverse birth outcomes, the stakes are even 

higher, suggesting a successful intervention along these lines could potentially disrupt 

intergenerational transmissions of inequality at the population-level.

A strength of our study was the use of audio computer assisted interviewing to ascertain 

prenatal smoking status, an approach shown to reduce misclassification error relative to 

administrative data (Srisukhumbowornchai, Krikov, and Feldkamp 2012), and to employ 

data gathered through a question with multiple responses—an approach that likely further 

reduced nondisclosure (Mullen et al. 1991). We were therefore able to detect a higher 

prevalence of prenatal smoking (21%) than has been previously documented using birth 

certificate data, buttressing existing arguments for assessing sensitive health behaviors using 

modes other than clinician’s report/administrative data.

A limitation of our study was the assumption (imposed by data constraints) that marital 

status at birth approximated marital status at conception. This assumption would not hold in 

the case of shotgun marriage, however, nowadays this event is rare (Rackin and Gibson 

Davis 2012). Our study was also limited to primiparous women, a group of women that may 

be more likely to spontaneously quit upon learning of a pregnancy (Colman and Joyce 

2003). Future research should replicate this study within multiparous women. Due to data 

constraints, women were also not observed past age 32 (although a fifth wave of interviews 

is underway, when respondents are between 32 and 42 years old). Future research should 

explore whether the pathways demonstrated in this study differ among women transitioning 

to motherhood beyond age 32 as rates of prenatal smoking are lower among mothers aged 

25+ years (versus 15–24 years) (Child Trends Databank 2014). Lastly, while the 

parsimonious set of pathways included herein explained 50% of the variance in prenatal 

smoking and therefore likely describe a meaningful set of preconception processes 

contributing to the risk of prenatal smoking, future studies could explore other adolescent 

risk factors, such as conduct disorder or dietary factors. These limitations are weighed 

against the fact that the potential for recall bias in our data is likely to be relatively low, 

given the time elapsed between birth and reporting of birth is relatively short.
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In conclusion, study findings point to the importance of unpacking longer-term, 

intragenerational processes—whereby the deleterious effects of maternal early life adversity 

spill over into adult health and wellbeing—that appear to be key inputs into the 

intergenerational transmission of inequality via birthweight. When these intragenerational 

pathways are integrated within a multigenerational process, as was the case in this study, this 

approach can reveal insight into the minimal success health interventions have demonstrated, 

in terms of reducing the substantial and seemingly intransient class- and race-based 

disparities in infant health in the U.S.
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Refer to Web version on PubMed Central for supplementary material.
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Research Highlights

• A chain of risk links maternal family-of-origin SES to offspring birthweight.

• Prenatal smoking is a key part of this chain of risk.

• Teen smoking, low GPA, and being unmarried link family SES to prenatal 

smoking.

• Preventing teen smoking may break the chain of risks, improving infant 

birthweight.

• Efforts to prevent adolescent-uptake of smoking should be redoubled.
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Figure 1. 
Measurement Model of Family-of-Origin Socioeconomic Status, Adolescent Risk/Protective 

Factors, Prenatal Smoking, and Birthweight
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Figure 2. 
Parameter Estimates from the Structural Equation Model of Family-of-Origin 

Socioeconomic Status, Adolescent Risk/Protective Factors, Prenatal Smoking, and 

Birthweight

Notes: ***p < .001, **p < .01, *p < .05 (two-tailed). Analyses are weighted. N=3,328. 

RMSEA = 0.01, CFI = 0.99, TLI = 0.98. Correlations between all exogenous variables were 

included in the model but are not shown.
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Table 1.

Characteristics of Study Sample (N = 3,328), National Longitudinal Study of Adolescent Health

Mean or Percent Standard Deviation

Birth weight (grams, range = 992 – 5,330) 3282.50 569.17

Prenatal Smoking 21.66%

Family-of-origin socioeconomic status

 Level of parent’s education (range = 0 – 9) 5.02 2.15

 (Log) Parental income (range = 0 – 6.8) 3.40 .82

 Living with two biological parents 49.69%

Current smoker, Wave I 33.50%

Grade point average, Wave I (range = 1 – 4) 2.79 .74

Depressive symptomology, Wave I (range = 0 – 2.9) .78 .54

Binge drinking, Wave I (range = 0 – 6) .78 1.14

Race-Ethnicity

 non-Hispanic White (reference) 72.31%

 non-Hispanic Black 16.86%

 Hispanic 10.83%

Foreign-born 2.76%

Unmarried at birth 58.70%

Teen birth (1 = 19 or less, 0 = 20+) 32.42%

Infant is male 51.80%

Notes: Statistics are weighted and adjusted for clustering.
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