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Abstract
Background Lower socioeconomic status (SES) has 
been associated with higher rates of smoking. Few 
longitudinal studies have examined indicators of SES at 
both the neighborhood- and individual-level over time 
in conjunction with proximal risk factors of cigarette 
smoking.
Purpose To examine associations of time-varying 
measures of SES, demographic factors, and proximal 
risk factors for smoking net of average trajectories of 
smoking behavior from ages 30 to 39 in a community 
sample.
Methods Data from the Seattle Social Development 
Project (N  =  752), a theory-driven longitudinal study 
originating in Seattle, WA, were used to estimate 
trajectories of smoking from age 30 to 39. Time-varying 
measures of neighborhood poverty, coworker smoking, 
partner smoking, depression, anxiety, education, income, 
marital status, and parenthood were associated with 
smoking over time using latent growth curve modeling.
Results Results indicated that living in higher poverty 
neighborhoods was uniquely associated with a greater 
likelihood of smoking net of average trajectories of 
smoking from age 30 to 39, gender and race/ethnicity, time-
varying measures of SES and demographics, and time-
varying measures of proximal risk factors for smoking.
Conclusions Living in higher poverty neighborhoods 
presents a unique risk for smoking among adults aged 

30 to 39 above and beyond multiple aspects of SES and 
other potential mechanisms relating SES to smoking.

Keywords  Cigarette smoking • Neighborhood poverty • 
Risk factors • Latent growth curve

Each year in the USA, over 450,000 deaths and 300 
billion dollars in economic losses are attributable to 
cigarette smoking-related disease and disability [1]. 
Despite reductions in smoking prevalence rates in the 
USA in recent years, disparities by socioeconomic status 
(SES) have widened over the last several decades [2, 3]. 
Explanations for maintenance in smoking or difficulties 
in quitting by lower SES groups have included greater 
exposure to smoking in work environments [4], low 
social or family support for quitting [2, 5], mental health 
problemsuo that often accompany financial strain or other 
life stressors [6] and may manifest in diagnoses of major 
depressive disorder or generalized anxiety disorder [7], 
and increased exposure to tobacco stores or prosmoking 
advertising [8]. SES, however, is a multifaceted construct 
that typically includes measures of individual-level 
income or education [9], but less often considers area-
level measures of SES such as neighborhood poverty 
[10]. In addition, SES measures are typically assessed at 
a single point in time and static measurements may not 
adequately reflect changes related to income fluctuations, 
the benefits of increasing educational attainment, and 
residential mobility [9, 11]. Longitudinal analyses that 
consider time-varying measures of both neighborhood- 
and individual-level SES may improve our understanding 
of connections between SES and smoking. In addition, 
it is also important to consider time-varying measures of 
the mechanisms through which SES is hypothesized to 
impact smoking [6, 11].

Socioecological theories contend that human behavior 
is best understood embedded within social contexts such 
as neighborhood, family, and work environments [12]. 
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Similarly, conceptual models of  SES and health posit 
that the impact of  neighborhood-level socioeconomic 
contexts on health should be assessed in concert with 
more proximal socioeconomic factors, immediate 
social contexts, and individual-level psychological 
factors [7, 13]. Further, there is broad agreement that 
the social contexts experienced by low SES populations 
can profoundly influence disparities in both health 
behaviors and health outcomes [5, 10]. While systematic 
reviews have consistently linked neighborhood poverty 
with physical health problems and diagnoses of  mental 
health disorders [10], less consistent links have been 
shown for health risk behaviors such as heavy alcohol 
use and cigarette smoking [2, 14]. Neighborhood-
focused scholars have suggested that the inconsistency 
of  findings relating neighborhood poverty to health 
risk behaviors may result from insufficient individual-
level controls for SES [10] or challenges in modeling 
changing individual- and neighborhood-level SES over 
time [11, 15]. Family and work social contexts also 
contain important factors related to health behavior 
and, in particular, smoking. For example, currently 
married individuals and higher income earners are less 
likely to smoke [16]. Multiple studies have also shown 
that exposure to family members or coworkers who 
smoke are key social context factors that increase risk 
for smoking [4, 17, 18]. Therefore, when examining 
risks connected to family or work, consideration of  the 
smoking-specific social context is important.

The first goal of this study was to examine 
associations between multiple indicators of individual- 
and neighborhood-level SES, demographics, and cig-
arette smoking in a community sample of adults from 
age 30 to 39. National estimates have reported that 
smoking prevalence peaks among adults aged 26–34 and 
declines as individuals age [16]. As such, we sought to 
examine associations of SES and demographics with 
smoking during a period when we expect reductions 
in smoking. While indicators of SES such as educa-
tion and income have well-established relationships 
with smoking, it remains unclear if  neighborhood-level 
SES is independently associated with smoking after 
accounting for individual-level SES. The second goal of 
these analyses was to extend our initial model for SES 
and demographics to include proximal risk factors for 
smoking. Conceptual models linking SES and health 
behavior have suggested that proximal work and fam-
ily social contexts and individual-level psychological 
factors such as depression and anxiety may operate 
as mechanisms connecting neighborhood-level SES 
and health behavior. Specifically, we sought to exam-
ine if  associations between neighborhood-level SES 
and smoking changed upon inclusion of proximal risk 
factors.

Method

Participants

Data came from the Seattle Social Development Project 
(SSDP), a longitudinal, theory-driven study originating 
in 18 Seattle elementary schools over-representing 
high crime neighborhoods. SSDP conducted in-person 
interviews in 1985 with 808 students in the fifth grade 
when students were approximately 10  years old 
(M = 10.3, SD = 0.52). Of the 1,053 fifth-grade students 
invited into the study, 77% of the parents consented to 
participation. Since 1985, 15 waves of data have been 
collected with annual or bi-annual assessments for 
youth until 1993 and assessments approximately every 
3–5 years for adults from 1996 to 2014. The history of 
the SSDP sample has been described elsewhere [19]. The 
analytic sample employed three waves of data gathered 
prospectively in 2005, 2008, and 2014 (N  =  752) when 
both home address and cigarette smoking information 
were available for adult participants.

Measures

Cigarette smoking

At each wave, participants responded to one question 
describing their past month cigarette smoking with 
response options of none, less than one cigarette per 
day, one to five cigarettes per day, about a half  a pack 
of cigarettes per day, and about a pack of cigarettes per 
day. Items were recoded as 0 = no past month smoking, 
1 = 5 or less cigarettes per day, 2 = about half  a pack of 
cigarettes or more per day.

Neighborhood poverty

Participant home addresses were geocoded and linked 
with census block group data from the American 
Community Survey (ACS). Census block groups, 
containing approximately 2,000–3,000 residents, are 
commonly employed as measures of neighborhood envir-
onment [20]. The ACS began publishing 5-year averages 
at the census block group level in 2010 and updates 
those averages annually. Participant addresses from 
2005 and 2008 were linked with ACS 5-year averages 
from 2005 to 2010 and addresses from 2014 were linked 
with ACS 5-year averages from 2010 to 2014. Principal 
components analysis (PCA) was used to summarize four 
ACS variables at each year: the percent of individuals in 
the work force and unemployed, percent receiving public 
assistance, percent below the poverty line, and percent 
with less than a high school education. Results of the 
PCA are reported in Table 2.
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Most coworkers smoke

At each wave, participants responded to one question 
describing how many of their coworkers smoke 
cigarettes with response options of none, some, most, 
and all. Items were coded as 1 to indicate that most or 
all coworkers who smoke and 0 to indicate that none 
or some coworkers smoke. Those reporting no formal 
employment skipped this question. At age 39, 70% (81 
out of 116)  of those reporting no formal employment 
also reported being a full-time homemaker or stay at 
home parent in the past year.

Partner smokes regularly

At each wave, participants responded to one yes or no 
question if  their partner smoked cigarettes regularly. 
Those not reporting a current partner skipped this 
question.

Depression and anxiety

Probable diagnoses of major depressive episode (MDE) 
and generalized anxiety disorder (GAD) were assessed 
using a modified version of the Diagnostic Interview 
Schedule [21] completed by self-report at each wave. 

Table 1 Analytic sample descriptive statistics

 Age 30 Age 33 Age 39

Min Max M SD M SD M SD

Past Month Smoking 0 2 0.47 0.74 0.45 0.77 0.38 0.73

 No smoking 68% 72% 76%

 Five or less cigarettes/day 17% 11% 9%

 About half  a pack or more/day 15% 17% 15%

College Degree 0 1 26% 28% 30%

Married 0 1 57% 62% 67%

Household Incomea 1 6 3.17 1.60 3.70 1.68 3.74 1.84

Parenthood 0 1 60% 69% 81%

Neighborhood Poverty −1.61 7.38 0 1 0 1 0 1

Most Coworkers Smoke 0 1 19% 16% 10%

Partner Smokes Regularly 0 1 25% 26% 19%

Major Depressive Episode 0 1 12% 10% 11%

Generalized Anxiety Disorder 0 1 6% 6% 11%

Female 0 1 49% - -

African American 0 1 25% - -

Asian American 0 1 21% - -

Native American 0 1 5% - -

European American 0 1 49% - -

Note. N = 752, M mean; SD standard deviation.
a1 = less than $20,000, 6 = greater than $100,000 household income.

Table 2 Principal components analysis for census block group measures

Variable Neighborhood poverty M SD Max

Age 30 Age 33 Age 39

Percent of individuals below the poverty line 0.80 0.82 0.83 0.12 0.08 0.49

Percent of individuals receiving public assistance income 0.71 0.78 0.69 0.04 0.03 0.18

Percent of adults without a high school diploma 0.76 0.69 0.78 0.12 0.08 0.65

Percent of individuals in the workforce and unemployed 0.56 0.76 0.64 0.08 0.04 0.29

Eigenvalue 2.03 2.33 2.18

Percent of Variance 0.51 0.58 0.55

Note. M mean; SD standard deviation, M, SD, and Max are averaged across ages; average participants per block group ranged from 1.2 
to 1.3 across ages.
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Fifteen diagnostic symptoms defined by the DSM-IV 
[22] were assessed. MDE was indicated by endorsement 
of at least five out of nine of the following symptoms 
for at least 2 weeks in the past year: changes in weight 
or appetite, sleep difficulties, moving or talking slowly, 
fatigue, difficulty concentrating or making decisions, 
guilt or worthlessness, and thoughts of suicide or death. 
GAD was indicated by endorsement of at least two out 
of six symptoms related to problems with irritability, 
recurrent worrying, and distractibility disrupting daily 
life for at least 2 weeks in the past year. Diagnoses of 
MDE and GAD based on the DIS have been uniquely 
associated with smoking in community samples [23].

SES and demographic factors

College degree was coded as 1 for attaining a 4-year 
college degree or higher and 0 for all others. For current 
marital status, 1 indicated married or currently living 
with a partner and 0 indicated not married or living with 
a partner. A six-category measure of household income 
was broken into $20,000 increments. Parenthood was 
indicated by self-reports of acting as a current biological 
or adoptive parent and coded with parenthood equal to 
1.  Education, income, marital status, and parenthood 
were assessed at each wave while gender and race/ethni-
city remained static across waves.

Analytic Strategy

Latent growth curve modeling has been effectively used 
to estimate changes in substance using behavior over time 
while also allowing for individual differences in initial levels, 

rates of change over time, and deviation from average levels 
at each time point [24]. Deviation from average levels of 
smoking can be examined by estimating the growth curve 
and regressing the indicators that define the intercept and 
slope parameters of the curve on time-varying predictors 
[25]. Figure  1 presents a conceptual diagram of this 
strategy for an ordered logistic latent growth curve of 
smoking including both time-fixed and time-varying 
covariates. As expected, an initial unconditional growth 
model showed a significant negative slope for smoking 
and significant variance in both the intercept and slope 
for smoking across participants. Model 1 estimated the 
trajectory of smoking from age 30 to 39, included time-
fixed covariates for gender and ethnicity, and included 
time-varying measures of educational attainment, marital 
status, household income, parenthood, and neighborhood 
poverty predicting the time-varying measure of smoking. 
Model 2 included coworker smoking, partner smoking, 
and diagnoses of depression and anxiety as time-varying 
predictors of smoking. Both models constrained the 
association of time-varying covariates with smoking to 
estimate their average association over time. Constrained 
models showed improved fit as indicated by a reduction 
in five or more in the sample-size adjusted bayesian 
information criterion (BIC) as compared to unconstrained 
models [24, 26]. Missing data were handled via multiple 
imputation [27] and data were present for 92% of possible 
data points (22,039 out of 24,064) across 32 variables 
in the analytic sample. Forty datasets were created and 
subsequently analyzed using the multiple imputation 
and latent growth modeling procedures in Mplus 
version 8.1 [28]. Model results employed the maximum 
likelihood estimator and are averaged across 40 datasets. 

Fig. 1. Path diagram for latent growth curve of daily smoking with time-varying measures of socioeconomic status (education and 
income), demographic factors (marriage and parenthood), neighborhood poverty, coworker smoking, partner smoking, and diagnoses of 
depression or anxiety.
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Examination of the proportional odds assumption for 
ordered logistic regression showed similar magnitude and 
direction of coefficients across thresholds of smoking. 
Some SSDP participants received a social development 
intervention during elementary school [19]. Sensitivity 
tests controlling for intervention condition did not show 
substantive changes to the results of Model 2.

Results

Table  1 provides descriptive statistics, Table  2 reports 
the results of the PCA for neighborhood poverty, and 
Table  3 reports the results of latent growth curves. 
Coefficients for ordinal regression can be interpreted 
such that a one unit increase in the predictor is associated 
with an increase in the ordered log odds of smoking at 

one higher level. The results of Model 1 indicated that 
having a college degree and being currently married 
were uniquely associated with reduced smoking after 
controlling for average growth in smoking from age 30 to 
39, gender, and race/ethnicity. Living in a higher poverty 
neighborhood was uniquely associated with increased 
smoking. No differences were noted by household 
income or parenthood. Model 1 showed significant 
residual variance on the latent intercept and slope of the 
growth curve warranting inclusion of additional time-
varying covariates to account for the residual variance.

The substantive interpretation of coefficients for time-
varying covariates in Model 1 remained consistent in Model 
2 with the inclusion of proximal risk factors for smoking. 
Having a college degree (odds ratio [OR]: 0.03, 95% con-
fidence interval [CI]: 0.01–0.05) and being married (OR: 
0.39, 95% CI: 0.29–0.52) remained associated with reduced 

Table 3 Results of latent growth curves for cigarette smoking from age 30 to 39

Independent variable Dependent variable Model 1 Model 2

Time-varying Covariates Est. (SE) Est. (SE)

College Degreea Smoking −4.16 (0.66)*** −3.58 (0.60)***

Marrieda Smoking −0.65 (0.29)* −0.94 (0.29)**

Household Incomeb Smoking −0.15 (0.16) −0.09 (0.15)

Parenthooda Smoking −0.46 (0.41) −0.29 (0.38)

Neighborhood Povertyb Smoking 0.37 (0.13)** 0.35 (0.13)**

Most Coworkers Smokea Smoking 0.73(0.30)*

Partner Smokes Regularlya Smoking 1.63 (0.28)***

Major Depressive Episodea Smoking 0.82 (0.37)*

Generalized Anxiety Disordera Smoking −0.06 (0.44)

Time-fixed Covariates

Female Intercept −0.90 (0.51) −1.00 (0.47)*

Slope −0.07 (0.06) −0.04 (0.06)

African American Intercept −0.66 (0.61) −0.91 (0.57)

Slope −0.05 (0.07) −0.04 (0.06)

Asian American Intercept −0.51 (0.67) −0.41 (0.61)

Slope −0.08 (0.08) −0.06 (0.07)

Native American Intercept 1.00 (1.01) 0.59 (0.93)

Slope 0.14 (0.11) 0.13 (0.10)

Intercept and Slope

Smoking Intercept 0.00 (0.00) 0.00 (0.00)

Slope −0.09 (0.06) −0.07 (0.06)

Residual Variance Intercept 23.29 (5.28)*** 18.25 (4.18)***

Slope 0.09 (0.04)* 0.06 (0.03)

BICc 2,594 (2,608) 2,549 (2,556)

Note. N = 752. Est. unstandardized estimate; SE standard error; all estimates are constrained to be equal from age 30 to 39, race/ethni-
city variables are compared to European Americans. 
aCoded as 0 | 1 with 1 indicating the variable name.
bStandardized with mean = 0 and SD = 1 prior to analysis.
cBIC in parentheses indicates fit with time-varying predictors unconstrained over time.

*p < .05, **p < .01, ***p < .001.

862 ann. behav. med. (2019) 53:858–864



smoking while living in a higher poverty neighborhood 
remained associated with increased smoking (OR: 1.41, 
95% CI: 1.24–1.61). Work environments characterized 
by coworker smoking (OR: 2.07, 95% CI: 1.54–2.80), 
having a partner who smokes regularly (OR: 5.10, 95% CI: 
3.86–6.75), and a diagnosis of depression (OR: 2.37, 95% 
CI: 1.57–3.28) were uniquely associated with increased 
smoking net of growth in smoking from age 30 to 39 and 
differences by SES and demographics. The inclusion of 
proximal risk factors for smoking in Model 2 accounted 
for about 33% of the remaining variance in the slope 
parameter and rendered the residual variance of the slope 
parameter nonsignificant. Significant variance on the 
latent intercept persisted across models.

Discussion

Results of this study highlight neighborhood poverty as a 
unique risk factor for increased smoking from age 30 to 39 
above and beyond other indicators of SES, demographic 
factors, smoking-specific work and family contexts, 
and diagnoses of depression and anxiety disorder. As 
expected, currently being married and having a college 
degree were independently associated with lower risk 
for smoking [2], while work environments characterized 
by coworker smoking, having a partner that smokes 
regularly, and depression were associated with increased 
risk of smoking [4, 6, 23]. Importantly, the inclusion of 
the proximal risk factors of coworker smoking, partner 
smoking, depression, and anxiety, which have been 
suggested as mechanisms linking neighborhood poverty 
to health behavior, did not account for the association 
between neighborhood poverty and smoking. Further 
research is needed to identify specific mechanisms 
uniquely connecting neighborhood poverty with 
increased smoking risk. This association in the SSDP 
sample may reflect greater exposure to tobacco retail 
shops and advertising as suggested by other studies [8].

Some limitations of the current study should be noted. 
First, our model was unable to fully explain residual 
variance in the intercept of the growth curve. This 
unexplained variance may reflect a long-standing nicotine 
addiction or other unmeasured factors contributing 
to smoking. Second, we did not include time-varying 
measures of alcohol use, peer smoking, or the percent of 
neighborhood residents who smoke cigarettes. It is possible 
that alcohol use and smoking are jointly associated with 
neighborhood poverty and/or reciprocally associated with 
one another over time [14]. Smoking-specific peer and 
neighborhood contexts were not available for the SSDP 
sample, but may also confer unmeasured risks for smoking. 
Third, it is important to consider that unemployed 
individuals, who would not report smoking coworkers in 
this study, are likely exposed to or experiencing additional 
risk factors for smoking [2]. Re-estimation of Model 2 

removing unemployed participants from the analytic 
sample produced substantively identical results to those 
reported in Table  3. Further research should explicitly 
examine differences in social contexts associated with 
smoking across employment status.

The study has important strengths that contribute to 
the growing literature examining tobacco-related health 
disparities and low SES as a multifaceted risk factor for 
smoking. Time-varying measures of SES may improve 
our ability to detect associations with smoking and 
other health behaviors. Future studies should examine 
associations between changes in neighborhood living 
conditions and changes in smoking over time. For 
instance, individuals moving from higher to lower poverty 
areas may demonstrate different patterns of smoking 
when living in new neighborhoods. Similarly, changing 
neighborhood SES over time may be associated with 
different patterns of smoking among stationary residents.
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