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Abstract

Evidence suggests that individuals who initiate smoking at younger ages are at increased risk for 

future tobacco dependence and continued use as well as for numerous smoking-attributable health 

problems. Identifying individual, household, and to a far lesser extent, contextual factors that 

predict early cigarette use has garnered considerable attention over the last several decades. 

However, the majority of scholarship in this area has been cross-sectional or conducted over 

relatively short windows of observation. Few studies have investigated the effects of more 

prolonged exposure to smoking-related risk factors, particularly neighborhood characteristics, 

from childhood through early adulthood. Using the 1970-2011 waves of the Panel Study of 

Income Dynamics merged with census data on respondents’ neighborhoods, this study estimates a 

series of race-specific discrete-time marginal structural logit models for the risk of smoking 

initiation as a function of neighborhood poverty, as well as individual and household 

characteristics, from ages four through 25. Neighborhood selection bias is addressed using 

inverse-probability-of-treatment weights. Results indicate that more prolonged exposure to high 

(>20%) as opposed to low (<10%) poverty neighborhoods is associated with an increased risk of 

smoking onset by age 25, although consistent with prior literature, this effect is only evident 

among white and not nonwhite youth and young adults.
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Smoking remains the leading preventable cause of disease, disability, and premature death 

in the United States (U.S.) (U.S. Department of Health and Human Services, 2010). Each 

year, approximately 443,000 individuals die from smoking-attributable diseases, and another 

8.6 million people live with a serious illness caused by smoking or exposure to secondhand 
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smoke (Centers for Disease Control and Prevention, 2011a, b). Prior research suggests that 

individuals who initiate smoking at younger ages are at increased risk for future tobacco 

dependence and continued use, as well as for ongoing health problems (Edelen et al., 2007; 

Ellickson et al., 2001; Everett et al., 1999; Lando et al., 1999). Identifying individual, 

household, and to a far lesser extent, contextual factors that predict early cigarette use has 

garnered considerable attention over the last several decades. However, the majority of 

scholarship in this area has been cross-sectional or conducted over relatively short windows 

of observation. Few studies have investigated the effects of more prolonged exposure to 

smoking-related risk factors from childhood through early adulthood. Those that do tend to 

focus on individual and household characteristics rather than characteristics of the broader 

neighborhood environment (Reardon et al., 2002). Resulting estimates, therefore, are 

unlikely to adequately account for exposure to multiple levels of risk and are largely 

insensitive to both within and between group differences in the duration of such exposures.

This study uses the 1970 to 2011 waves of the Panel Study of Income Dynamics (PSID) 

merged with census data on respondents’ neighborhoods to estimate a series of race-specific 

discrete-time marginal structural logit models for the risk of smoking initiation as a function 

of neighborhood poverty and individual and household characteristics from ages four 

through 25. Similar to the neighborhood effects literature more broadly, the few longitudinal 

studies of smoking onset to examine risk factors at multiple levels of influence have been 

subject to complex and dynamic sources of bias related to the improper treatment of time-

varying individual and household characteristics, as well as their role in processes of 

neighborhood selection. In contrast to more conventional regression-based techniques, this 

study employs inverse-probability-of-treatment (IPT) weights to adjust for such 

methodological difficulties. More specifically, the IPT weights account for dynamic 

residential selection processes without controlling away the effects of neighborhood poverty 

that may operate indirectly through the same individual- and household-level covariates that 

have been associated with residential mobility (and subsequent smoking initiation). Results 

from these analyses indicate that longer-term residence in an impoverished neighborhood 

influences smoking behavior above and beyond, as well as in conjunction with individual 

and household characteristics. In particular, more prolonged exposure to high (>20%) as 

opposed to low (<10%) poverty neighborhoods is associated with an increased risk of 

smoking onset by age 25; although consistent with prior literature, this effect is only evident 

among white and not nonwhite respondents.

1. THEORETICAL BACKGROUND

Research examining the health effects of neighborhood characteristics, particularly 

concentrated poverty and other forms of socioeconomic disadvantage, has surged in recent 

decades. Numerous studies have linked adverse residential conditions to premature death 

(Doubeni et al., 2012), poor self-rated health (Tomey et al., 2013; Yen & Kaplan, 1999), 

depression and other mental health problems (Ahern & Galea, 2011; Beard et al., 2009; 

Cutrona et al., 2006; Gapen et al., 2011), health-risk behaviors such as poor diet and 

physical inactivity (Gordon-Larsen et al., 2006; Jackson et al., 2010), and related chronic 

conditions such as obesity, diabetes, cardiovascular disease, and certain cancers 

(Auchincloss et al., 2008; Ana V. Diez Roux et al., 2001; Ana V. Diez Roux et al., 1997; 
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Mujahid et al., 2008; Papas et al., 2007), net of individual- and household-level factors. 

There is also a sizable body of literature on the relationship between neighborhoods and 

substance use, including smoking behavior. Early findings from this work suggested that 

residing in more deprived neighborhoods was associated with an increased risk of tobacco 

use (Chaix et al., 2004; Chuang et al., 2005; A. V. Diez Roux et al., 2003a; Kleinschmidt et 

al., 1995; Reijneveld, 1998; Shohaimi et al., 2003; Tseng et al., 2001). More recent studies, 

however, reveal a more nuanced landscape in which the effects of neighborhood 

characteristics on tobacco use differ across age and racial groups.

Among adolescents and young adults aged 12 to 21, for example, Lee and Cubbin (2002) 

find no associations between low neighborhood socioeconomic status or high neighborhood 

social disorganization and smoking behavior, whereas Ennett and colleagues (1997) 

document higher rates of cigarette use among children in elementary schools located in 

neighborhoods perceived as less rather than more socially disadvantaged. Moreover, other 

scholars have suggested that for some young people, the effects of neighborhood poverty on 

smoking uptake may not manifest until the transition from adolescence to young adulthood 

when individual and familial factors that had previously helped to buffer the impacts of such 

residential adversity are removed (or at least considerably altered) in conjunction with the 

often inevitable restructuring of roles and relationships during this stage of the life course 

(Graber & Gunn, 1999; Hammond, 2005). With respect to differences by race, nonwhites 

generally report considerably lower levels of initial substance use, including cigarette 

smoking, as well as lower uptake rates over time, compared to their white counterparts 

(Chen & Jacobson, 2012). Several studies further point to race-specific effects of 

neighborhood poverty on smoking initiation. For example, Nowlin and Colder (2007) find 

that higher levels of neighborhood poverty are associated with increased smoking for white 

but not black youth. Other scholars have also found that living in a predominantly black 

neighborhood protects black but not white adolescents from cigarette use, whereas living in 

a predominantly white neighborhood is associated with more cigarette use among both black 

and white youth, especially in more impoverished neighborhoods (Xue et al., 2007).

To a certain extent then, such findings challenge expectations based on the theoretical 

frameworks commonly used to help explain neighborhood effects on health and health 

behaviors. The social isolation paradigm, for example, contends that macroeconomic 

changes related to the 1970s-era deindustrialization of central cities resulted in the 

systematic separation (often in both physical and social space) of low-income residents from 

middle- and upper-income families whose presence in the same urban neighborhoods had 

previously served to validate mainstream, often salutatory norms, as well as helped to attract 

and sustain the basic institutions of the area (Small, 2006; Small & Newman, 2001; Wilson, 

1987). In terms of its influence on health behaviors such as cigarette smoking, social 

isolation is often invoked in conjunction with theories of collective socialization and place-

based epidemic or contagion processes (Jencks & Mayer, 1990). That is, the relative 

isolation of residents (particularly younger residents) of impoverished neighborhoods from 

role models who have achieved a degree of social and economic security through 

mainstream channels increases the likelihood that the socialization of low-income children, 

youth, and young adults will include formative interactions with peers who tend to be 
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unemployed and not in school (and therefore more likely to be available and visible in the 

neighborhood), as well as more likely to engage in deviant or health compromising 

behaviors (Harding, 2009). In more impoverished areas, therefore, cigarette smoking may 

not only be more prevalent, but also particularly salient and respected, and therefore more 

likely to spread through collective processes of exposure to and social learning via 

qualitatively distinct, influential others (Miles, 2006). Moreover, because middle- and 

upper-income families help attract and sustain basic (often salutary) institutions, such as 

churches, grocery stores, and recreational centers, their relative absence means that 

impoverished neighborhoods are disproportionately likely to be served by businesses, 

including convenience and other small stores, in which tobacco products are more 

prominent, more heavily marketed, and more accessible (John et al., 2009; Siahpush et al., 

2010).

Similarly, extant theories of social (dis)organization, or what have been re-conceptualized in 

terms of social capital and more recently, as collective efficacy and informal social control, 

suggest that differences across neighborhoods in mutual trust as well as shared expectations 

and capacities for prosocial action (a collective sense of ‘we’) are associated with variations 

in rates of crime and other deviant behaviors. That is, residents of more advantaged areas 

with higher levels of collective efficacy are more likely to feel empowered to intervene and 

to enforce salutary norms and behaviors (Sampson et al., 1997). In such neighborhoods, 

residents are more likely to know each other, share information about young people's 

behavior, monitor spontaneous hang outs among youth, and feel justified stepping in to 

actively discourage tobacco use in both private and public spaces and among both known 

and unknown neighbors. Moreover, at the institutional level, differences in collective 

efficacy across more or less deprived neighborhoods may influence residents’ willingness 

and capacity to mobilize and extract resources, for example, to advocate for the passage of a 

local ordinance to restrict smoking in public places or to use zoning restrictions to prevent 

tobacco advertising and tobacco outlets in their neighborhoods.

Finally, theories related to the quality of and access to resources in the institutional and 

physical (or “built”) environments suggest that such characteristics constitute so-called 

opportunity structures which may promote or damage health either directly or indirectly 

through the possibilities they provide for people to make and maintain healthy choices and 

live healthy lives (Macintyre et al., 2002; Miles, 2006). As already mentioned in relation to 

both social isolation and collective efficacy, neighborhoods vary according to their levels of 

tobacco advertising and availability, the extent to which local institutions and public places 

encourage cigarette smoking by permitting it on their premises and selling smoking-related 

products, or whether they visibly discourage it by prohibiting smoking and having signage 

to that effect, raising awareness about the hazards of smoking, having signs indicating that 

they do not sell to minors, and individuals as well as organizational practices responsible for 

enforcing such policies (Frohlich et al., 2002; Miles, 2006). More socially advantaged 

neighborhoods tend to have more anti-smoking structural aspects, whereas residents of 

impoverished neighborhoods are disproportionately likely to encounter institutional and 

built environments which encourage, or at least do not actively discourage, tobacco use 

(Frohlich et al., 2002).
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In theoretical terms, therefore, the relationship between neighborhood disadvantage and 

smoking appears straightforward and deleterious. However, as discussed above, many 

empirical studies report substantially higher prevalence of substance use, particularly 

cigarette smoking, among white compared to Hispanic, and especially African American, 

children, adolescents, and young adults despite these latter groups’ greater exposure to 

individual, household, and neighborhood-level risk factors, including neighborhood poverty 

(A. V. Diez Roux et al., 2003b; Gardiner, 2001; Griesler & Kandel, 1998; Tseng et al., 

2001). Explanations for such racially disparate patterns have been largely speculative, 

although a few rationales have gained traction in the empirical literature. Central among 

these are the notions that white youth are more susceptible to pro-smoking peer pressure and 

smoking-related status attainment processes (e.g., the belief that smoking improves one's 

social standing) (Unger et al., 2001), while nonwhite, and black youth in particular, are more 

likely to encounter religious and parental disapproval of smoking (Ellickson et al., 2004; 

Flay et al., 1994), all of which are posited to mediate the relationship between neighborhood 

poverty and smoking initiation/use. On the whole, though, it remains largely unclear why 

cigarette smoking diverges so considerably from other health compromising behaviors for 

which neighborhood-level risk factors tend to have universally deleterious impacts and to 

which nonwhite populations are disproportionately exposed.

However, as mentioned at the outset of this article, largely absent from discussions of 

neighborhood effects on smoking is the element of time. Not only are nonwhites more likely 

to live in poor areas than whites, but prior research documents that the proportion of 

nonwhites who reside in impoverished neighborhoods for repeated or prolonged periods of 

time is greater than the proportion who do so at any one point in time (Sharkey, 2013; South 

& Crowder, 1998; Timberlake, 2007). Conversely, whites are more likely to experience 

episodic as opposed to sustained residence in deprived neighborhoods (Quillian, 2003). The 

majority of research on neighborhoods and smoking, though, has relied on cross-sectional 

data (Chen & Jacobson, 2012). This not only glosses over potential differences in 

trajectories of smoking behavior, but more importantly for purposes of the current study, it 

implicitly ignores how the duration of exposure to neighborhood-level risk and protective 

factors may moderate effects on smoking onset or race-specific patterns therein. To address 

this limitation, this study focuses explicitly on how more prolonged exposure to varying 

levels of neighborhood poverty affects the risk of smoking initiation among white and 

nonwhite, predominantly African American, youth and young adults. Given the potential for 

point-in-time measures of the neighborhood environment to underestimate exposure among 

nonwhites but overstate exposure among whites, a central aim of this study is to assess how 

including a duration-sensitive measure of neighborhood poverty influences smoking 

initiation risk by race, and in particular, whether a neighborhood effect emerges among 

nonwhite respondents when the length of exposure to neighborhood poverty is considered.

2. DATA AND METHODS

Data for this study are drawn from the 1970 to 2011 waves of the Panel Study of Income 

Dynamics (PSID), produced and distributed by the University of Michigan's Institute for 

Social Research and funded by the National Institutes of Health and the National Science 

Foundation. The PSID is a large, longitudinal survey of US residents and their families 
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conducted annually between 1968 and 1997 and every two years thereafter. The PSID has 

several strengths that make it particularly well-suited to the objectives of this study. First, 

the dataset contains an oversample of low-income families, as well as a wealth of 

information on a variety of smoking-related individual- and household-level risk and 

protective factors. Second, the longitudinal design of the PSID makes it possible to adjust 

for the temporal sequencing and compounding influence of individual, household, and 

neighborhood characteristics across time. Third, the residential location of individual 

respondents at each interview can be linked to their corresponding census tract identifiers 

using the PSID's supplemental, restricted-use Geospatial Match Files. These identifiers 

make it possible to characterize neighborhood poverty for prolonged intervals, as well as to 

account for the potential mobility of PSID respondents into and out of more or less 

impoverished areas. Procedures were approved by the University of Washington and 

through contractual agreement with the University of Michigan.

2.1 Sample Selection

The analytic sample for this study is restricted to the 2,121 PSID respondents who were born 

in 1966 or later and who were present in the panel as a household head or partner (legal 

spouse or cohabiter) at least once between 1999 and 2011 when a set of questions about 

current and/or past smoking behavior were asked. Respondents who were present but never 

responded to any questions about smoking behavior were also excluded. Analyses utilize 

information on remaining respondents that had been collected at every survey wave from 

age four (calendar years 1970 and later) until they first became nonresponse, began 

smoking, or they reached the administrative end of follow-up, defined as either age 25 or 

calendar year 2010. Neighborhood effect estimates are based on 27,488 person-years of 

observation, reflecting the period from one year post-baseline, when respondents were age 

five, until they began smoking or were otherwise censored: 17,303 person-years from 

respondents classified as white and 10,185 person-years from those classified as nonwhite.

2.2 Dependent Variable

The dependent variable is whether an individual began smoking by age 25. Beginning in 

1999, PSID respondents who were classified as either a household head or the spouse of a 

household head were asked, “Do you smoke cigarettes?” If they answered no, they were 

also asked, “Did you ever smoke cigarettes?” If they answered no again, they were coded as 

nonsmokers (0). However, if they answered yes to either of the above questions, respondents 

were subsequently asked, “How old were you when you first smoked cigarettes regularly?” 

Responses to this question were recorded in whole-year increments. Because this same 

question was asked at multiple survey waves (1999, 2001, 2003, 2005, 2007, 2009 and 

2011), there may be discrepancies in individual responses across waves. If a respondent 

reported more than one age at smoking onset, the smallest (youngest) modal response was 

used.

2.3 Main Independent Variable

Similar to most prior research in this area, census tracts are used to approximate 

neighborhood boundaries. Although there are well-known limitations to this operational 
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definition (Matthews, 2011), there is broad consensus that census data at the tract level not 

only provide convenient access to considerable information over extensive time periods, but 

they also serve as a reasonable proxy for, or are at least highly correlated with, the “true” 

causally relevant definition of a neighborhood (Crowder & Downey, 2010; Ana V. Diez 

Roux & Mair, 2010; Sampson, 2013; Sharkey & Faber, 2014). Information on census tracts 

in 1970, 1980, 1990, 2000, and 2010 comes from the Neighborhood Change Database in 

which data for all five decades has been normalized to 2010 tract boundaries and can 

therefore be compared across years without having to adjust for potential changes in 

boundary definitions over time. Data for intercensal years are estimated using linear 

interpolation.

Neighborhood poverty is operationalized as a three-level, time-varying variable based on the 

poverty rate of the census tract in which a respondent resided at each survey wave. 

Consistent with the cutoffs used in prior literature (Wodtke, 2013), tracts with less than a 10 

percent poverty rate are coded as “low-poverty neighborhoods (1)”; tracts with poverty rates 

between 10 and 20 percent are coded as “moderate-poverty neighborhoods (2)”; while tracts 

with greater than a 20 percent poverty rate are coded as “high-poverty neighborhoods (3)”. 

To assess the duration of time a respondent was exposed to each level of neighborhood 

poverty, a three-category dummy-coded measure of cumulative, or duration-sensitive, 

exposure was generated as the proportion of time that respondents lived in low-, moderate-, 

and/or high-poverty neighborhoods from one year post-baseline (age five) through the 

survey wave at which they were censored (i.e., became nonresponse, began smoking, or 

reached the administrative end of follow-up). For example, if the data are organized in long 

form (person-years) and a respondent spent ages five and six in low-poverty neighborhoods 

and age seven in a moderate-poverty neighborhood, they would be coded “1” on the low-

poverty dummy and “0” on both the moderate- and high-poverty dummies at age five. The 

same would be true at age six. However, at age seven, they would be coded “0.667” on the 

low-poverty dummy, “0.333” on the moderate-poverty dummy, and “0” on the high-poverty 

dummy to reflect the proportion of time they had resided in each of the different levels of 

neighborhood poverty by age seven (two of three years in low-poverty, one of three years in 

moderate-poverty, and zero of the three years in high-poverty neighborhoods).

2.4 Covariates

A large number of individual- and household-level variables are included in analyses as 

either time-invariant or time-varying. Time-invariant covariates include a respondent's race 

(1=nonwhite; 0=white), gender (1=female; 0=male), birthweight (1=less than 88 ounces; 

0=88 ounces or more), mother's age at birth, mother's marital status at birth (1=unmarried; 

0=married), and household head's educational attainment at age four, the start of follow-up 

in this study (1=less than high school; 2=high school graduate; 3=at least some college). 

Time-varying covariates, measured for every respondent at each wave between ages four 

and 25, include household head's marital status (1=unmarried; 0=married), employment 

status (1=unemployed; 0=employed), and work hours, as well as family size, 

homeownership (1=does not own home; 0=owns home), public assistance receipt (1=yes; 

0=no), and total household income, standardized using the Consumer Price Index to 1985 

dollars.
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2.5 Statistical Analysis

This study employs a series of race-specific discrete-time marginal structural logit models 

based on all person-year observations in which the parameters are estimated using IPT 

weights. This estimation technique has been described in more detail elsewhere (Wodtke, 

2013). In brief, the IPT weights are used to mimic random assignment of exposure to 

different levels of neighborhood poverty based on individual and household characteristics, 

essentially adjusting for neighborhood selection bias by generating a weighted “pseudo-

population” to which the discrete-time marginal structural logit models are subsequently fit. 

The overall process proceeds in two steps. First, ordinal logistic regression is used to 

estimate each respondent's probability of being exposed to low-, moderate-, and high-

poverty neighborhoods (contrary to what is actually observed for two of the three levels of 

poverty) at each survey wave (year), conditional on their level of neighborhood poverty in 

the prior year, baseline or time-invariant covariates (including neighborhood poverty at age 

four), and both prior and concurrent time-varying individual- and household-level 

covariates. Respondents are then assigned a series of IPT weights based on the inverse (or 

reciprocal) of the probability that they were exposed to their actual (observed) level of 

neighborhood poverty at each wave of follow-up. In this way, proportionally more (or less) 

weight is given to those respondents whose prior time-varying individual- and household-

level covariates are underrepresented (or overrepresented) in the neighborhood to which 

they were actually exposed at each wave. That is, the IPT weights ensure that the values of 

all covariates included in their construction are balanced in expectation across the three 

levels of neighborhood poverty at each wave.

In practice, IPT weights can be highly variable. To increase efficiency and obtain narrower 

confidence intervals around the subsequent neighborhood effect estimate, the IPT weights 

for each respondent at each wave are stabilized by multiplying each one by the same 

probability as was used to generate it, except only time-invariant covariates and prior year 

neighborhood conditions are included as regressors (i.e., time-varying covariates are 

excluded) (Robins, 2000; Robins et al., 2000). These probabilities of exposure that condition 

on only time-invariant predictors become the numerators of the original IPT weights 

described above. The result are stabilized IPT weights for each respondent at each wave that 

tend to be centered around one and not highly variable. These are then multiplied together 

across waves to generate a single value representing each respondent's overall contribution 

to the pseudo-population.

In the second step of the analytical process, the IPT-weighted pseudo-population is used to 

fit a conventional discrete-time logit model for the risk of smoking onset in which the 

dummy-coded measure of exposure to low-, moderate-, and high-poverty neighborhoods is 

included as the main explanatory variable, along with a quadratic function of age. Because 

the time-invariant covariates are included in the logistic regression models used to calculate 

both the numerator and the denominator of the stabilized IPT weights, they must still be 

included as control variables in the final discrete-time model. Time-varying covariates are 

not included, however. The impact of these variables as potential confounders influencing 

both selection into neighborhoods and future smoking onset is already accounted for through 

the weighting process, while their role as potential mediators of the neighborhood-smoking 
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relationship, although not examined directly, still contributes to the overall neighborhood 

effect. All models, including those used to generate the stabilized IPT weights, are estimated 

separately for nonwhite and white respondents because prior research suggests that 

processes of smoking initiation differ by race (Ellickson et al., 2004; Flay et al., 1994; Unger 

et al., 2001; White et al., 2004). Huber-White robust standard errors are used to account for 

the clustering of respondents within the same PSID households (Robins et al., 2000; Wodtke 

et al., 2011).

To be unbiased and consistent, parameters estimated using the IPT weights require several 

key assumptions, including no unmeasured confounding, no model misspecification, and 

positivity (Robins et al., 2000; Wodtke, 2013). Although this study adjusts for a wide array 

of among the most common predictors of both neighborhood selection and smoking onset, 

there is still the possibility that factors not measured in the PSID including, most obviously, 

psychosocial characteristics, could upwardly bias the neighborhood effect estimate. 

Incorrectly specified models for selection into neighborhoods characterized by varying 

levels of poverty could also bias the neighborhood effect estimate. However, other scholars 

utilizing the PSID and similar covariates have demonstrated that neighborhood effect 

estimates are relatively robust to a variety of model specifications (Wodtke, 2013). Finally, 

and perhaps most glaring in light of persistent racial-spatial inequalities, is the assumption of 

positivity or “overlap”, meaning that both nonwhites and whites must have a non-zero 

probability of being exposed to every level of neighborhood poverty across all levels and 

combinations of measured covariates. Violations of the positivity assumption can result in 

weights that are unstable and sensitive to the presence of rare combinations of covariates. 

This analysis attempts to mitigate this problem in part by stratifying the models by race. 

Moreover, descriptive analyses show non-zero probabilities of exposure to all levels of 

neighborhood poverty for both nonwhite and white respondents. As just described, though, 

positivity assumes a non-zero probability of exposure to every level of neighborhood 

poverty for all combinations of covariates, not just race in isolation. As more covariates are 

included, data become sparse and the likelihood of non-positivity naturally increases. 

However, such zero probabilities are more likely to be random rather than structural in 

nature. On the whole, the stabilized IPT weights for both racial groups have means close to 

one and small standard deviations, suggesting that the presence of rare combinations of 

covariates did not exert overt influence on the results.

2.6 Missing Data

Of the 27,488 person-years of data examined in this study, most independent variables were 

only missing about one percent of cases. Characteristics of respondents’ mothers, including 

her marital status and age at respondents’ birth, as well as respondents’ birthweight and 

household head's educational attainment at baseline, had slightly higher rates of 

missingness, usually between three and 10 percent. However, because the Census Bureau 

did not fully tract the US until 1990, tract level data on neighborhood poverty was 

unavailable in approximately 20 percent of cases, largely during the 1970s and 1980s. 

Missing data on all independent variables was multiply imputed using the two-fold fully 

conditional specification algorithm in STATA v.13.1 (Welch et al., 2013). Whereas 

conventional multiple imputation methods ignore the longitudinal and dynamic structure of 
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panel data and are difficult to implement in large databases with many respondents and long 

periods of follow-up, the two-fold approach imputes missing values using chained equations 

at each time point conditional on information at the same time point and user-specified 

adjacent time points (Welch et al., 2013). This study employs concurrent information plus or 

minus the one year adjacent to any missing values for the multiple imputation. Although the 

degree of missingness for neighborhood poverty, in particular, was non-negligible, an 

extensive set of associated individual- and household-level characteristics plus census data 

at immediately adjacent time points were included in the imputation algorithm. Moreover, 

employing county-level poverty rates instead of multiply imputed (tract-level) values 

produced results that were substantively unchanged (results available upon request).

3. RESULTS

3.1 Sample Characteristics

Tables 1 and 2 display descriptive statistics for the time-invariant and time-varying sample 

characteristics, respectively, among nonwhite and white respondents. As shown, there are 

considerable racial differences across most variables of interest. For example, nonwhite 

respondents – approximately 95 percent of whom are African American – are over six times 

as likely to be born to an unmarried mother, more than twice as likely to be low birthweight, 

and about three times as likely at age four to live in a household in which the head had less 

than a high school education compared to white respondents (Table 1).

To provide an indication of the temporal patterns of exposure to time-varying individual-, 

household-, and neighborhood-level risk factors, Table 2 reports aggregate statistics by race 

at three different cross-sections: age four, age 12, and age 17. Although the general pattern 

appears positive over time for both nonwhite and white respondents – that is, the percentage 

of respondents exposed to smoking-related risk factors decreases, on average, between the 

age four and age 17 time points – striking racial disparities persist across the life course. For 

instance, nonwhite respondents across all three points in time are, on average, nearly four 

times more likely than whites to live in a household in which the head was unmarried and 

unemployed. They are also considerably more likely to live in households that received 

public assistance and less likely to live in an owner-occupied residence compared to white 

respondents at each of the three cross-sections. Some of the most notable racial differences, 

however, concern the level of neighborhood poverty to which nonwhite versus white 

respondents are exposed. Although the average poverty rates experienced by residents in 

low-, moderate-, and high-poverty neighborhoods are fairly similar for white and nonwhite 

respondents, often within just one to three percentage points of each other (results not shown 

but available upon request), exposure to high-poverty neighborhoods is a far more common 

and persistent phenomenon for nonwhite versus white young people. At age four, for 

example, only 11 percent of nonwhite respondents resided in low-poverty neighborhoods 

compared to nearly two-thirds of white respondents. This disparity is reversed at the less 

affluent end of the neighborhood poverty spectrum. That is, 64 percent of nonwhite four-

year-olds were exposed to high-poverty neighborhoods compared to just eight percent of 

white four-year-olds. Although slightly smaller percentages of nonwhite respondents were 

exposed to high-poverty neighborhoods at ages 12 and 17 than at age four, the racial gap in 
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exposure to neighborhood poverty remained largely intact across all three cross-sectional 

assessments.

Similar to a life table, Table 3 summarizes the occurrence and risk of smoking initiation by 

age 25, as well as the more general trajectories of sample members from one year post-

baseline (age five) through the administrative end of follow-up, including censoring not due 

to smoking onset, by age and race. In general, the probability of initiating smoking among 

all respondents is very low through age 11, though the risk among nonwhite respondents is 

smaller compared to their white counterparts at almost every age. At age 14, for example, 

the estimated probability of smoking onset is 0.01 for nonwhites and 0.03 for whites. 

Smoking risk peaks at age 18 for all respondents with an estimated probability of 0.09 for 

nonwhites and 0.13 for whites, suggesting that the minimum age to legally purchase 

cigarettes likely influences their uptake. Overall, 192 nonwhite and 486 white respondents, 

or 24 percent and 37 percent, respectively, began smoking by age 25. Such findings align 

with prior research documenting lower prevalence of smoking among nonwhite, 

predominantly African American, youth and young adults.

However, as shown more clearly in Figure 1, which depicts the probability of smoking 

initiation by age and race among respondents still at risk (i.e., those who had not already 

begun smoking at a younger age or who were never nonresponse), nonwhites began to take 

up smoking at higher rates than whites at age 21 and continued to do so through age 25. 

Such a notable crossover in the race-specific risk of smoking onset is also consistent with 

previous findings in the literature, which tend to show that nonwhites, particularly African 

Americans, start smoking later than whites, typically in their early twenties during the 

transition from adolescence to young adulthood (King, 1997; Malmstadt et al., 2001; 

Richardson, 1997). Although informative for preliminary assessments of racial disparities in 

smoking onset over the early life course, such summary statistics provide limited insight into 

the effects of neighborhood poverty or other time-varying and time-invariant covariates.

3.2 Cumulative Neighborhood Effects on Smoking Initiation

Tables 4a and 4b present unadjusted (Model 1), IPT-weighted (Model 2), and conventional 

regression-adjusted (Model 3) estimates from race-specific discrete-time analyses of the risk 

of smoking initiation by age 25 as a function of the cumulative proportion of time 

respondents spent in moderate- and high-poverty neighborhoods relative to low-poverty 

neighborhoods. The unadjusted models, which simply include the neighborhood poverty 

variable and the quadratic function of age, indicate that the odds of smoking initiation 

increase as respondents get older, but decelerate during the later years among both nonwhite 

and white respondents (as indicated by the age and age-squared terms, respectively). With 

respect to neighborhood poverty, white respondents who experience more prolonged 

exposure to moderate- versus low-poverty neighborhoods have 33 percent greater odds 

(p<0.10) while those who spend more time in high- versus low-poverty neighborhoods have 

166 percent (or more than 2.5 times) greater odds (p<0.001) of smoking initiation by age 25, 

although only the effect of high-poverty neighborhoods reaches statistical significance at 

greater than the 95 percent confidence level (Table 4b). Among nonwhite respondents, 

however, there are no statistically significant effects on smoking initiation of more sustained 
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exposure to either moderate- or high-poverty neighborhoods compared to low-poverty 

neighborhoods, although the effect of high-poverty neighborhoods is moderately significant 

at the 90 percent confidence level (p<0.10; Table 4a).

The IPT-weighted estimates in Model 2 adjust for selection into neighborhoods 

characterized by different levels of poverty as well as for time-invariant covariates measured 

at birth or the start of follow-up. Even after adjusting for such a host of individual and 

household characteristics, these estimates indicate that among white respondents, the odds of 

smoking initiation increase by 72 percent (p<0.05) with more prolonged exposure to high- 

as opposed to low-poverty neighborhoods (Table 4b). Among nonwhite, predominantly 

African American, respondents, the IPT-weighted estimates indicate no statistically 

significant association between the duration of exposure to more impoverished 

neighborhoods and smoking initiation (Table 4a). Overall, findings suggest that more 

sustained residence in a high- versus low-poverty neighborhood is associated with smoking 

initiation by age 25, even after accounting for individual- and household-level factors known 

to affect selection into neighborhoods; however, this association is only evident among 

white and not nonwhite respondents. Duration of exposure to neighborhood poverty, 

therefore, does not appear to alter the substantive conclusions of prior cross-sectional studies 

in which the association between neighborhood poverty and smoking behavior is evident in 

white but not nonwhite youth and young adults. Moreover, when the IPT-weighted estimates 

are compared to the conventional regression-adjusted estimates in Model 3, which condition 

on time-invariant covariates as well as all time-varying covariates averaged across the 

follow-up period, the IPT-weighted estimates of the effect of cumulative neighborhood 

poverty are slightly attenuated for both nonwhite and white respondents. This suggests that 

respondents’ differential selection into more or less impoverished neighborhoods, as well as 

individual- and household-level factors, may in fact account for some of the effects on 

smoking behavior of neighborhood disadvantage that have been reported in prior research.

4. DISCUSSION AND CONCLUSIONS

This study examined the effects of more prolonged exposure to neighborhoods characterized 

by varying levels of poverty on the risk of smoking initiation by age 25 utilizing the 1970 to 

2011 waves of the PSID merged with census data on respondents’ neighborhoods. Two 

primary conclusions emerge from this investigation. First, the overall risk of early smoking 

initiation is lower among nonwhite compared to white youth and young adults despite higher 

rates of exposure to adverse socioeconomic characteristics at the individual, household, and 

neighborhood levels. Second, residing in a high- compared to a low-poverty neighborhood 

for repeated or prolonged periods of time is associated with early smoking initiation among 

white but not nonwhite respondents. More specifically, among whites, more sustained 

exposure to neighborhoods in which more than 20 percent of residents are in poverty is 

related to a 72 percent increase in the odds of smoking onset before age 25 compared to 

more prolonged residence in neighborhoods with less than 10 percent poverty rates. 

Whereas the majority of prior scholarship on smoking behavior generally, and age at 

smoking initiation more specifically, has characterized the residential environment at only 

one time point, the estimates presented here are based on a duration-sensitive measure of 

respondents’ neighborhoods from age four onwards, as well as relatively novel statistical 
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methods that account for dynamic individual- and household-level factors known to predict 

future smoking behavior but which are also related to the differential selection of families 

into and out of neighborhoods over time. As such, they provide among the strongest 

evidence for neighborhood effects on smoking initiation among white youth and young 

adults, over and above the influence of individual- and household-level risk and protective 

factors.

However, consistent with prior research on smoking behavior, no statistically significant 

neighborhood effects were found among nonwhite respondents. Nonwhite respondents who 

grew up in predominantly high-poverty neighborhoods were no more likely than those who 

spent most of their years in low-poverty areas to initiate smoking by age 25. Such an 

absence of an effect, especially in light of the statistically significant findings among white 

respondents, is particularly striking given dramatic racial disparities in exposure to 

neighborhood poverty throughout the child, adolescent, and young adult life course. 

Nonwhite, predominantly African American, young people at every age were often as much 

as eight times more likely to reside in high-poverty neighborhoods compared to their white 

counterparts. Nevertheless, overall smoking rates were consistently lower among nonwhite 

respondents and age at initiation was unrelated to the poverty rate of the neighborhoods to 

which they were persistently exposed. Whereas a lack of attention to the temporal aspects of 

neighborhood exposures has been cited as a possible reason for null findings in the broader 

neighborhood effects literature (Wodtke, 2013; Wodtke et al., 2011), quantifying the 

duration of exposure to neighborhood poverty among nonwhite respondents does not appear 

to alter the substantive conclusions of smoking-related studies that have relied on cross-

sectional data.

Future research in this area should more fully investigate the social and structural conditions 

and anti-smoking strategies operating in low-income communities of color that appear to 

buffer the effects of adverse neighborhood characteristics. As noted previously, the greater 

strength and prominence of anti-smoking norms among nonwhite, especially African 

American, residents have been posited as possible explanations for the lack of a 

neighborhood poverty-smoking effect among nonwhite young people. However, 

supplementary analyses controlling for the proportion of nonwhite residents in a 

neighborhood, as a proxy for the salience of such norms, have little substantive impact on 

the results presented here for either nonwhite or white young people (Appendix B). Prior 

scholarship suggests, however, that a shift in the prevalence of smoking occurs among adults 

over age 24 such that rates for nonwhites overtake those for whites (White et al., 2004), 

consistent with the racial crossover in smoking onset at age 21 that was observed here. Thus, 

the effects on smoking of adverse neighborhood characteristics may not manifest until later 

in the life course among nonwhite populations when family-level protective factors become 

less influential relative to neighborhood characteristics and the accumulation (or, as the case 

may be, the lack thereof) of concomitant resources and opportunities for success and 

mobility. The conventional assumption that most adult smokers report their first use by age 

25 has been largely based on samples comprised primarily of whites (White et al., 2004). 

The results presented here challenge the generalizability of such claims, and highlight the 

value for neighborhood effects research more broadly of taking seriously the notion that the 

timing of residential exposures matters, not only in general but perhaps differentially by 
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health outcome and race. Future studies investigating not only the duration, but also the 

timing of exposure to neighborhood poverty in diverse populations and for various health-

related outcomes is recommended.

Although this study uses panel data and unique statistical methods to address some of the 

most common challenges in neighborhood effects research (namely, reverse causation and 

neighborhood selection bias), the results should be considered in the context of several 

remaining limitations. First, analyses are based on an analytic sample that that is further 

limited, given the historical timing of the PSID, to an aggregate “nonwhite” category 

(consisting of predominantly African American respondents) and a white category. 

Additional research examining smoking behavior as a function of cumulative neighborhood 

effects among Asian and Latino populations is encouraged. Second, this research was based 

on retrospective self-reports of age at smoking initiation, which can be unreliable. However, 

in one of the only studies to evaluate race differentials in the retrospective reporting of 

smoking onset, Johnson and Schultz (2005) document that whites but not African Americans 

tend to report events closer to the time of the interview than is true, a bias referred to as 

“forward telescoping”. These findings suggest, therefore, that although recall bias (and 

forward telescoping in particular) remains a concern in this study, given the relatively early 

timeframe in which smoking onset is assessed, it likely contributes to conservative 

neighborhood effect estimates, as well as racial differences therein. Third, as alluded above, 

this study did not assess the specific social and behavioral mechanisms thought to 

differentially influence the race-specific associations observed between neighborhood 

poverty and smoking initiation. Longitudinal research able to more explicitly measure these 

potential mechanisms including, for example, school context and quality, peer pressure, 

parenting practices, and associated sociocultural norms and attitudes about smoking in 

relation to racial-spatial patterns of inequality, would be enlightening. The link between 

neighborhood poverty and school context and quality, in particular, warrants additional 

attention. Future research examining the importance of each of the various contexts in which 

young people typically operate, including schools, places of worship, extracurricular groups 

and the like, and their relative contribution to the overall effect of neighborhoods is 

recommended. Finally, this study only assessed one aspect of the neighborhood 

environment: poverty. Although neighborhood poverty is often a good proxy for other 

aspects of structural disadvantage, such as greater tobacco retail density, future research that 

more explicitly measures smoking-related characteristics of the residential environment is 

necessary.

Nonetheless, findings from the present study support prior research indicating that nonwhite, 

predominantly African American, youth and young adults are less likely than whites to 

initiate smoking during most of the early life course. The fact that nearly one in four 

nonwhite and more than one in three white respondents in this study had started smoking by 

age 25, however, underscores the continued importance of tobacco prevention programs that 

target multiple spheres of influence, from individuals and families to the neighborhood 

environment, although micro- and macro-level interventions, as well as the developmental 

timing of their implementation, may be more or less efficacious among different racial/

ethnic groups. Moreover, the results of this study should be interpreted in the context of 

long-term trends in adolescent and young adult smoking, which generally show a steep 
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decline and then a leveling off from the mid-1970s through the early 1990s, followed by a 

sharp increase through most of the 1990s and then another dramatic drop through the early 

2000s (Nelson et al., 2008). Although this study included at least some respondents who 

came of age during all four of these decades, the majority did so from the 1970s through the 

early 1990s and the factors influencing smoking initiation then may be different than today. 

As other scholars have noted, however, given the decidedly nonlinear trend in adolescent 

and young adult smoking over the last 30 to 40 years and the tobacco industry's aptitude for 

adapting to and counteracting tobacco prevention strategies (Nelson et al., 2008), there is 

reason for continued concern and value to revisiting the determinants of smoking, including 

neighborhood poverty, across cohorts and throughout time. More generally and viewed in 

light of additional work by the author showing that children and youth who experience more 

prolonged exposure to neighborhood disadvantage are more likely to report worse self-rated 

health and to be obese as young adults, the findings from this study, although limited to 

white respondents, further highlight the importance of prior neighborhood context (and 

inequalities therein) for health and health behavior later in life.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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HIGHLIGHTS

• Examines neighborhood poverty exposure duration and age at smoking onset by 

race.

• Neighborhood selection bias addressed using inverse-probability-of-treatment 

weights.

• Nonwhites more likely to experience persistent neighborhood poverty than 

whites.

• Prolonged neighborhood poverty linked to smoking onset among whites, not 

nonwhites.

• Neighborhoods matter, but differentially by exposure duration and race.
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Figure 1. 
Age-specific probability of smoking initiation by race among respondents still at risk
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Table 1

Time-invariant sample characteristics by race

Nonwhite White

(n=808) (n=1,313)

Gender, percent

    Female 50.62 50.27

    Male 49.38 49.73

Birthweight, percent

    Less than 88 ounces 10.64 4.80

    88 ounces or more 89.36 95.20

Mother's marital status at birth, percent

    Unmarried 50.99 7.77

    Married 49.01 92.23

Household head's educational attainment at birth, percent

    Less than high school 42.82 13.71

    High school graduate 37.62 31.84

    At least some college 19.55 54.46

Mother's age at birth, mean (SD) 23.45 (5.39) 26.11 (5.00)

Note: Statistics reported for the first of five imputation datasets.
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