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ABSTRACT 

There is a growing literature reporting a pattern of associations between the built 

environment and the initiation or continuance of consumptive behaviors such as drinking 

and smoking.  We investigated the role of the tobacco retail environment on smoking 

behaviors, particularly smoking cessation attempts of pregnant women. Home residences 

of participants in the Oregon Pregnancy Risk Assessment Monitoring System and 

tobacco retailers were geocoded and linked in a geographic information system. A 

multinomial logistic regression was utilized to model the relationship between smoking 

behaviors and tobacco retailers within participant-specific neighborhoods, comparing 

women that relapsed postpartum and women that smoked throughout pregnancy and 

postpartum with women that maintained successful cessation attempts 2 to 6 months 

postpartum.   

When compared with women who successfully quit smoking during pregnancy, 

the density of tobacco retailers was not associated with women relapsing (Relative Risk 

Ratio, RRR, 1.02, 95% CI, 0.93, 1.14) or continuing to smoke throughout pregnancy and 

postpartum (RRR 1.04, 95% CI, 0.93, 1.15) in high population density areas of 

Clackamas, Multnomah, and Washington counties.  In low population density areas of 

the Portland Tri-county region, the presence of tobacco retailers was inversely associated 

with relapsing (RRR 0.22, 95% CI, 0.05, 0.99) and trending in the same manner with 

sustained smoking (RRR 0.36, 95% CI, 0.09, 1.44).  These results suggest that 1) the 

retail environment may be more important for the initiation of consumptive behaviors 

than their cessation in high population density areas, and 2) that the relationship between 

retailers and smoking behaviors may be complex in low population density areas.  
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INTRODUCTION 

 In the 1930s, insurance companies realized the association between smoking and 

several types of oral cancers.1 Concurrently, pathologists and physicians began to notice 

an increase in the previously uncommon occurrence of lung cancer.2,3 Twenty years later, 

two groundbreaking case-control studies suggested an association between tobacco and 

lung cancer.4,5 Associations between tobacco use and coronary artery disease,6 chronic 

obstructive pulmonary disease,7 and a variety of other cancers soon followed.8,9 Today, it 

is recognized that tobacco has widespread detrimental effects on almost every major 

organ system, as well as potential lifecourse impacts, where exposure as early as in utero 

can have negative lifelong consequences.10,11 

Not surprisingly, public health activities directed at reducing the initiation of 

smoking and promoting smoking cessation have a long history. In addition to the 

discovery and dissemination of the health outcomes associated with smoking and 

environmental tobacco smoke, public health-driven policies have played a role in creating 

smoke free workplaces,12 requiring warning labels,13 and increasing excise taxes on 

cigarettes.14 The combined effect of these activities and many others, has been a steady 

decline in tobacco use by adults in the United States from 42% in 1965 to 19% in 2005.15 

Unfortunately, despite the reduction in the prevalence, smoking is still the number one 

cause of preventable disease and death in the United States.16 Furthermore, the long 

steady decline has abated, and from 2005 to 2010 the prevalence of adult smoking in the 

United States has remained relatively steady at approximately 19% (Figure 1, red box).15  

New efforts to reengage smoking prevention and cessation are vital for continued 

reductions in smoking and achievement of the national goal of 12% smoking prevalence 
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in adults.  Examining modifiable environmental influences during critical life transitions 

may be a promising strategy for long term change with population-wide health benefits.17 

 

Figure 1 

 
Adapted from the Office on Smoking and Health, National Center for Chronic Disease Prevention and 
Health Promotion. Smoking and tobacco use: trends in current cigarette smoking among high school 
students and adults, United States, 1965--2010. (2011) 
 
1.1 Neighborhood characteristics and health 

Social ecological theory applied to the public health domain posits that influences 

at multiple levels, ranging from the individual- to community- and macro-level, influence 

health behavior and outcomes.  That is, individual characteristics, social groups,  

communities, and environmental resources impact choices that have health related 

implications.18  A growing literature reports associations between neighborhood factors 

such as retail stores and restaurants, and behaviors of consumption that affect health such 

as eating, drinking, and smoking,19–23 supporting the importance of multi-level 

influences. 
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Retailers are not randomly dispersed throughout a geographic area, but located in 

response to economics, zoning regulations, history, and a variety of other factors.24  The 

nonrandom retail environment can create inequities in exposure to different types of 

retailers and their associated storefront or in-store advertising.25,26  By design, advertising 

is meant to prompt specific consumer behaviors and the extent of the annual investment 

made by the tobacco industry into advertising and promotion, $8.37 billion in 2011, with 

90% of these funds directed towards the retail environment,27 substantiates its 

effectiveness.  

 

1.2 Alcohol retailers as an archetype for built environment research 

Alcohol retailers are one example of a neighborhood variable that has received 

perhaps the most thorough examination to date.  The international scope of the research, 

relative ease of identifying alcohol retailers due to licensing regulations, as well as the 

severity of the outcomes, such as drunk driving and domestic abuse, has led to cross-

disciplinary interest from criminologists, economists, and public health researchers.28 The 

first studies demonstrated that alcohol retailers in the United States were predominantly 

located within racial and ethnic minority communities.29 Research then progressed to 

determine that increased alcohol retailer density was associated with the initiation of 

alcohol consumption,30 the level of consumption in adults,19,31 and alcohol related health 

problems such as motor vehicle crashes.21    

The examination of the effects of alcohol retailers is significant beyond its 

contributions to that particular field of research because it has defined research 

trajectories for other less developed fields investigating impacts of neighborhood 
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features. In terms of methodology, alcohol retailer research has already broken trail on a 

variety of ways to investigate retailers as an exposure variable of interest and the use of 

appropriate analytical tools, including multilevel modeling and spatial analysis 

techniques.   

Furthermore, the alcohol literature also serves as an important parallel illustrating 

the potential efficacy of regulatory initiatives such as limiting the number and location of 

retailers, as well as operating hours.  The success of these types of policies in reducing 

alcohol consumption and related injuries, violence, and crime reinforces the notion that 

retailers are a important modifiable aspect of the built environment that can impact health 

related behaviors.32,33 

 

1.3 Tobacco retailers are differentially located with respect to socioeconomic 

characteristics 

Although still developing, research involving tobacco retailers and smoking 

behaviors is following the same trajectory as alcohol retailer research.  Initial studies 

focused on the relationship between the socioeconomic characteristics of geographically 

defined areas and the number of tobacco retailers.  Although results were mixed, these 

studies generally found a greater density of tobacco retailers in areas with lower median 

household income, lower average per capita income and higher percentages of Hispanic 

and African American residents.34–41 The majority of this work has not only been cross 

sectional, but focused on census tract- or county-level units of analysis.  

One study that has examined individually defined neighborhood exposures found 

largely similar results.  In San Diego County the distance between home residence and 
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tobacco retailers was directly associated with the education levels and the percentage of 

owner occupied homes, and inversely associated with the percentage of families living 

below poverty, unemployment, population under 18, single mother household, and the 

percentage of Hispanics.42 

 

1.4 Tobacco retailer impact on smoking initiation and volume: measurement and 

target populations 

 West et. al. determined that closer proximity of retailers to the homes of high 

school students was directly associated with greater alcohol and tobacco use.42  The 

findings of this study are supported by two additional studies that examined individual 

smoking behaviors within census defined geographic units.  In Chicago, tobacco retailer 

density was associated with greater risk of smoking in 11 to 23 year olds41 and in 

California, density and distance to convenience stores, but not counts of convenience 

stores, were associated with a greater number of cigarettes smoked by adults in the prior 

month.34  

The three studies described above are somewhat unique as the vast majority of the 

literature concerned with smoking behaviors and tobacco retailers has focused on 

retailers in relation to schools rather than homes, with the intention of identifying risk 

factors for initiation of smoking among adolescents. In research focusing on school 

locations, the density of retailers is positively associated with experimental smoking,43 

the likelihood of purchasing cigarettes rather than acquiring them from other sources,44 

smoking initiation in 6th through 8th grade students,45 and prevalence of smoking in high 

schools.46 
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1.5 Are tobacco retailers associated with smoking cessation? 

Although there is a relationship between tobacco retailers and smoking and 

between alcohol retailers and drinking, both fields are bereft of studies examining the role 

that retailers may play in the success or failure of cessation attempts. To my knowledge, 

only one study has been performed examining proximity of tobacco retailers and smoking 

cessation in adults.  This study assessed 6 months of sustained abstinence from smoking 

in a diverse sample of adults attempting to quit in Houston, TX.  The proximity of the 

closest tobacco retailer to one’s residence was a significant predictor of continued 

smoking abstinence, but density of tobacco retailers was not.47 

There may be a number of reasons why the relationship between tobacco retailer 

availability and smoking cessation has received very little attention.  One reason may be 

that smoking cessation is a difficult behavior to accurately study as it is often a dynamic 

process composed of numerous quit attempts over extended periods of time.48 The 

dynamic nature suggests that single point measures in time are unlikely to reflect the true 

smoking status of an individual and may lead to misclassification of outcome measures.  

Multiple samples over time or continuous monitoring are likely to give more reliable 

results, but at prohibitively high costs.  Furthermore, extended follow up times need to 

address the dynamic nature of the built environment to account for retailers opening and 

closing as well as individuals changing residences (if examining the built environment 

around home residence).   

 

1.6 Pregnant women are a unique population to study smoking cessation 
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Because maternal smoking is associated with poor birth and neonatal outcomes as 

well as adverse health events throughout the life course of the child, expecting mothers 

are exceptionally motivated to quit smoking. Evidence for this can be gleaned by 

comparing the smoking cessation rates of pregnant women, approximately 50% during 

pregnancy,49–51 with a meta-analysis determined unaided 10 month quit rate among a 

heterogeneous population of approximately 7%.52 Although women are motivated to quit 

during pregnancy, following delivery, new mothers are thrust into the stressful life 

transition of raising an infant.  While life transitions present the opportunity for 

behavioral changes, those changes are not always positive and can often be the initiating 

event for substance abuse.53 Therefore, not surprisingly, many women, up to 80% that 

quit during their pregnancy return to smoking by one year postpartum, thus only briefly 

attenuating the health risks to their children and themselves. 54,55  

This study attempted to advance the field by examining smoking behaviors, 

particularly in reference to cessation, of women across the critical life transition of 

pregnancy, in relation to tobacco retailer availability.   

 

 

 

 

METHODS 

2.1 Study population 

Data were collected from birth certificates as well as the Oregon Pregnancy Risk 

Assessment Monitoring System (PRAMS), a cross-sectional survey concerned with the 
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behaviors and experiences of mothers before conception, during pregnancy, and 

postpartum for the years 2004 through 2007 inclusive. Data usage was approved by the 

Oregon Health Authority and the Oregon Health & Science University (OHSU) 

Institutional Review Board (IRB, #8890).  The PRAMS survey is primarily administered 

through the mail, with a standardized telephone interview performed for mothers who 

don’t respond to repeated mailings.  A stratified systematic sample of Oregon residing 

mothers is selected from birth certificates up to 6 months after delivery of a live-born 

infant.  Oversampling of four racial/ethnic groups (Hispanic, non-Hispanic African 

American, non-Hispanic American Indian/Alaska Native, non-Hispanic Asian) as well as 

white mothers of low birth weight infants is performed with the intention of capturing a 

larger portion of subpopulations than would occur with randomized sampling. 56 The 

intent of this process is to provide adequate statistical power to study subpopulation 

differences or target specific subpopulations. The sampling fraction for each 

subpopulation oversampled is adjusted yearly based upon state demographics for each 

subgroup in an effort to obtain a minimum of 300 respondents from each subgroup.  Per 

Centers for Disease Control and Prevention recommendations,57  datasets for the years 

2004 through 2007 were joined to create a single analytic dataset by combining the 

Oregon specific stratification scheme and the sample year into a single variable.  

Responses are weighted to correct for mechanisms that may introduce bias during 

the sampling process such as non-response, non-coverage, and oversampling.  Non-

response can introduce bias because characteristics related to individuals not responding 

may also be related to the exposure and outcome of interest. Weights to correct for non-

response are generated post data collection by comparing the demographic characteristics 
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of non-respondents with respondents.  Non-coverage can introduce bias because of 

clustering of non-responses that may occur due to the way that hospitals or counties 

release data.  Weighting procedures associated with the PRAMS survey also correct for 

oversampling.  The CDC is responsible for generating the weights with the intent of 

providing a representative sample of the entire population of women who deliver live-

born infants in Oregon.  The weighted response rates for the years 2004 through 2007 

ranged from a low of 66.6% in 2007 to a high of 76% in 2005. Weights were utilized in 

this study, and a further discussion is given in the limitations section below.     

 

2.2 Study variables 

2.2a Smoking status 

 The smoking status of each PRAMS participant was determined at three different 

time points by their responses to a series of survey questions (Figure 2).  The first 

question asked “Have you smoked at least 100 cigarettes in the past 2 years?” (Q29).  An 

answer of ‘No’ directed respondents to the next survey section, while an answer of ‘Yes’ 

directed participants to the question “How many cigarettes did you smoke on an average 

day?” asked with respect to three different time points; 3 months before pregnancy (Q30), 

the last 3 months of pregnancy (Q31), and at the time of survey completion, 2-6 months 

postpartum (Q32).  There were seven possible answers: 41 cigarettes or more, 21 to 40 

cigarettes, 11 to 20 cigarettes, 6 to 10 cigarettes, 1 to 5 cigarettes, less than 1 cigarette, 

and none.  Smoking at each time point was identified as 1 or more cigarettes prior to 

pregnancy (Q30), during the last 3 months of pregnancy (Q31), and 2 to 6 months 
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postpartum (Q32).  All mothers who responded ‘none’ or ‘less than 1 cigarette’ to Q30, 

Q31, or Q32 were classified as nonsmokers for that time point. 

We examined changes in smoking behaviors in women who smoked before pregnancy.  

This qualification limited the possible smoking behaviors across the three time points to 

four potential outcomes (Figure 2). Sustained Quitters stopped smoking during pregnancy 

and remained quit postpartum.  Relapsers quit during pregnancy, but returned to smoking 

postpartum.  Sustained Smokers reported smoking before and during pregnancy as well 

as postpartum, and the fourth outcome, Delayed Quitters, smoked before and during 

pregnancy, but not postpartum.  Close to 20% of the 7728 PRAMS participants in Oregon 

from January 2004 through December 2007 were smoking before pregnancy.  This 

unweighted prevalence was in accordance with the 2004 adult female smoking 

prevalence in Oregon (18.7%),58 and nationally 2004 (18.5%).59 Because of the small 

number of women who postponed quitting until postpartum, Delayed Quitters (n=47) 

were excluded from further analysis.  

 

 

 

 

 

 

 

 

 

Figure 2. Outcome categories determined from smoking status at each time point, as 
determined by the PRAMS questionnaire 
3 months before 

pregnancy 

Last 3 months of 

pregnancy 

2 to 6 months  

postpartum 

Outcome  

Category 

 

n 

Smoker 
Q29. Yes  AND 
Q30. Any response 
greater than < 1 
cigarette 

Nonsmoker 
Q31. None’  
OR < 1 Cigarette’  

Nonsmoker 
Q32. ‘None’   
OR ‘< 1 Cigarette’ 

Sustained 
Quitter 433 

Smoker 
Q32. Any response 
greater than< 1 cigarette 

Relapser 316 
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Smoker 
Q31. Any response 
greater than < 1 cigarette 

Smoker 
Q32. Any response 
greater than < 1 cigarette 

Sustained 
Smoker 735 

Nonsmoker 
Q32. ‘None’   
OR ‘< 1 Cigarette’ 

*Delayed 
Quitter 47 

*Delayed Quitters were excluded from further analysis. 
 

2.2b Neighborhood environment 

Neighborhood environment data of Portland Tri-county area (Multnomah, 

Clackamas, and Washington) residing PRAMS participants were created and linked as 

part of a related study approved by the OHSU IRB (#7976).  The approved security 

protocol for linking PRAMS respondent locations with neighborhood environment data 

was established through a coordinated effort between OHSU and the Oregon Health 

Authority (Appendix A) and performed by Alfredo Sandoval at the Oregon Center for 

Health Statistics and Ashley Howell at OHSU. 

 

2.2b.1 Tobacco retailers (primary exposure variable)  

Tobacco retailers were identified from multiple sources because the state of 

Oregon licenses tobacco distributors and not retailers, precluding the existence of a single 

comprehensive listing.  Non-age restricted tobacco retailers were obtained from the 

Addiction and Mental Health Division (AMH) of the Oregon Health Authority.  The 

AMH implements the Synar program, federal legislation purposed with preventing the 

sale of tobacco to minors. Age-restricted retailers were collected from the annual 

quarterly census employment and wages file (Oregon employment records) provided by 

the Oregon Employment Department.  Utilizing the North American Industry 

Classification System (NAICS), “tobacco stores”, coded as NAICS 453991, were 



12 
 

extracted from Oregon employment records for each year 2004 through 2007 inclusive.  

These records were merged with Synar records and duplicates according to name and 

address were removed. The compilation of year-specific tobacco retailers was overlaid 

with participant-specific neighborhood boundaries (described below) to yield the number 

of tobacco retailers in each woman’s neighborhood in the year of PRAMS survey 

participation. 

 

2.2b.2 Respondent-specific neighborhood boundaries and variables (completed by 

Ashley Howell) 

The latitude and longitude coordinates of PRAMS respondents were projected 

into a geographic information system.  Euclidean buffers with a 1 km radius around each 

respondent’s home were created to delineate respondent-specific neighborhoods.  A 1 km 

distance represents a 10 to 20 minute walk in any direction from the respondent’s home 

address, and approximates distances often chosen for neighborhood availability studies.  

Neighborhood measures were also created for 3 km, 5 km, and 8 km buffers that may 

warrant further investigation.  

Population counts and neighborhood sociodemographic information were 

obtained from United States Census 2000 block group-level data.  To create buffer-based 

measures of population and neighborhood sociodemographic characteristics, block group 

data were apportioned into 1 km neighborhood buffer areas.  Apportioning is a means of 

attributing the values for a geographic unit to regions of interest that are a fraction of the 

entire unit area. In this instance, the underlying assumption is that the values are 

distributed homogeneously throughout the census block group.  For respondent-specific 
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buffers that were contained within a single census block group, the attributes of that 

census block group were apportioned according to the size of the buffer relative to the 

size of the census block group.  For example, the area of a 1 km radius Euclidean buffer 

is 3.14 km2 (assuming no disruptions such as waterways). If the area of the census block 

group was 6.28 km2, half of the population in that block group would be attributed to be 

within the buffer. In cases where neighborhood buffers extended over several census 

block groups, values for neighborhood measures were apportioned based on the 

percentage of the area of the buffer within each census block group.  This approach 

allowed for the generation of relatively small, respondent-specific neighborhoods, that 

were not limited to nonoverlapping census defined geographical units.  The average 

population within the buffer and a neighborhood socioeconomic deprivation index were 

calculated in this manner for all geocoded PRAMS participants. 

Census block groups range in size from 600 to 3000 persons which approximates 

the population within 1 km radius Euclidean buffers within the sample.  Therefore, the 

resolution of the data obtained from the census block groups approximates the finest 

constructed measure, suggesting that more nuanced apportioning approaches may not be 

necessary and a homogeneous distribution is a reasonable approximation for the purposes 

of this study.  However, it should be noted that error would be expected to increase as 

buffer sizes increase and more census block groups need to be apportioned.  

2.2c Potential Confounders 

2.2c.1 Individual Level 

Additional characteristics known or presumed to be associated with smoking were 

collected from birth certificates and the PRAMS survey. Birth certificate-derived 
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covariates included maternal age, maternal education, marital status, and birth order.  

Maternal age was the number of years alive, in whole numbers, at the time of delivery of 

the infant and for the purpose of this study was considered as a continuous variable.  

Maternal education, an ordinal variable, was collected as the number of grades 

completed, but was collapsed into three categories; less than high school degree, high 

school degree, and some college or college degree. Marital status, collected from birth 

certificates was reported in two categories, either married/separated (married) or 

unmarried/divorced/annulled/not reported (unmarried/divorced). Previous live births, 

collected as a continuous variable, were also collapsed into categories (0, 1, 2 or more).  

All of the potential confounders identified from the birth certificate data have been 

previously associated with smoking behaviors, or with lifestyle activities that may be 

associated with smoking behaviors. 60,61 

PRAMS-derived characteristics included income, maternal race/ethnicity, the 

month of first prenatal care, depressive occurrences during pregnancy, the average 

number of cigarettes smoked before pregnancy, and residence with a smoker.  Total 

household income was determined from question 64 of the PRAMS survey and converted 

into a percentage of the federal poverty line (income) with respect to the year of the 

survey. The race/ethnicity of mothers was dichotomized into two categories based upon 

the need to have an adequate number of women in each group.  The first and largest 

category was White non-Hispanics. The second category, non-white/Hispanic, was 

constructed from the combination of four designations from the PRAMS survey; 

Hispanic, non-Hispanic African American, non-Hispanic American Indian/Alaska 

Native, non-Hispanic Asian.  Dichotomizing race and ethnicity is unfortunate as prior 
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research suggests that smoking prevalence differs across race/ethnicity, but was 

necessary to ensure adequate cell counts.60  Prenatal visits often include information 

about the risks smoking presents to the fetus as well as advice to quit smoking and 

therefore may be associated with which women quit.62 The month of first prenatal care 

visit was derived from the question 16 of the PRAMS survey, “How many weeks or 

months pregnant were you when you had your first visit for prenatal care? Do not count a 

visit that was only for a pregnancy test or only for WIC“.  All mothers who completed the 

question were considered to have received prenatal care and were categorized as either 

receiving prenatal care in the first trimester, or in the combined second/third trimesters.  

Depression during pregnancy was assessed with PRAMS question 68a “While you were 

pregnant, how often did you feel down, depressed, or hopeless?” with possible answers 

being “always, often, sometimes, rarely, never.” These responses were collapsed into 

categories for always/often or sometime/rarely/never.  Information was also collected 

concerning the average number of cigarettes smoked per day before pregnancy from 

PRAMS question 31.  As described previously, there were seven possible answers, five 

of which were considered as smoking in this study: 41 cigarettes or more, 21 to 40 

cigarettes, 11 to 20 cigarettes, 6 to 10 cigarettes, and 1 to 5 cigarettes.  Groups were 

collapsed into three categories to allow for adequate counts; 1 to 5, 6 to 10, and 11 or 

more cigarettes.  Smoking volume can be considered as a measure of dependency and has 

been associated with the success of quit attempts.63 Whether or not PRAMS respondents 

lived with other smokers in the household was ascertained from question 78 of the 

PRAMS survey; “Not including yourself, is there anyone in your household who smokes 

cigarettes, cigars, or pipes?” with possible answers of ‘Yes’ or ‘No’.  In addition to 
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environmental characteristics, household influences, particularly living with a smoker, 

have been demonstrated to be strongly associated with smoking behaviors. 64–66   

 

2.2c.2 Neighborhood Level  

A neighborhood deprivation index was created (by Ashley Howell) based on prior 

work by Messer et al (2006) using 2000 census block group level data.  The literature has 

demonstrated that tobacco retailers are more likely to be located in minority and 

economically disadvantaged neighborhoods. 34–41 

 

2.3 Analytic sample  

There were 7728 PRAMS participants in Oregon between January 2004 and 

December 2007 and 1484 of the 1531 women who smoked before pregnancy exhibited 

smoking behaviors with adequate frequency for further analysis; Sustained Quitters, 

Relapsers, and Sustained Smokers.  Of the 1484 women, 586 reported a home address 

within the Portland Tri-county area. Information concerning maternal behaviors and 

characteristics was missing from 48 additional women.  The majority of missing 

information concerned income (n=37) with additional missing information involving 

depressive status during pregnancy (n=5), education (n=3), residence with a smoker 

(n=2) and race/ethnicity (n=1). The final analytical sample was comprised of 538 women 

residing in the Portland Tri-county Area (Figure 3).  For all analyses, the Stata survey 

(svy) function was used to apply weights to correct for oversampling and stratified 

sampling design, and the STATA subpopulation (subpop) function was used to include 

all 7728 participants in the calculation of the standard errors. 
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2.3a Respondent-specific neighborhood density 

Although all study participants in the final analytic sample resided in the Portland 

Tri-county area, participant’s neighborhoods were widely variable with respect to 

population density, ranging from 9 persons per mi2 to 11155 persons per mi2.  The wide 

range in population density is likely to obfuscate the relationship between tobacco 

retailers and smoking behaviors as retailer/consumer interactions are likely to vary across 

the range of population density.  Therefore, the analytic sample was separated at a 

threshold density of 3200 persons/mi2, approximately equivalent to houses on lots of 0.5 

to 5 acres, or low-density suburbs (Figure 3).67  Mid-density suburbs, houses on lots of 

0.2 to 0.5 acres, and dense urban neighborhoods are generally characterized by 

population densities above 3200 persons/mi2.  This separation also facilitated statistical 

modeling as the relationships between the log odds of the smoking behaviors, (either 

Relapsers or Sustained Smokers with Sustained Quitters as the referent) departed from 

linearity with respect to continuous measures of tobacco retailers when the entire analytic 

sample was evaluated, but were linear when the subpopulation of women residing in 

higher population density areas of the Tri-counties were examined.    

Of the 538 women, 399 of the participants resided in mid-density or denser 

locations (high density; average density: 5688 + 1578 persons/mi2) and 139 women 

resided in low density or rural settings (low density; average density; 1573 + 1029 

persons/mi2).  The proportions of women in each outcome category; Sustained Quitter, 

Relapser, or Sustained Smoker was not different between high and low population 

density designations. The total number of women in each stratum, as described in 
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Hosmer and Lemeshow, should be at least minimally sufficient for multinomial logistic 

regression modeling.68   

 

Figure 3.  Formation of the analytic sample 

 

 

 

2.3b Population density based tobacco retailer measures 

For PRAMS participants residing in locations likely to have more than one 

tobacco retailer within a 1 km buffer, such as mid-density suburbs and urban locations, a 

density of tobacco retailers within each respondent-specific buffer was calculated.  The 
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total number of retailers within each respondent specific buffer was divided by the 

population within each buffer (described above) and multiplied by 10,000. This type of 

measure is preferable to simple counts as it takes into account some of the variability in 

population density between neighborhoods.  Tobacco retailer density will be examined 

among women residing in the high population density areas of the Tri-county region, and 

the presence or absence of a retailer will be examined among women residing in the low 

population density areas of the Tri-county region, where participants may be unlikely to 

have more than one tobacco retailer within a 1 km of their residence. 

 

 

2.4 Analyses  

2.4a Descriptive analyses 

 Initial descriptive analyses consisted of cross tabulations of outcomes with 

exposure variables and potential confounders (Table 1).  Categorical variables with small 

numbers were collapsed to ensure adequate cell counts.   

 

2.4b Multivariable analyses  

A multinomial logistic regression was utilized to model the association between 

tobacco retailers and smoking outcomes across three time points related to pregnancy; 

Sustained Quitter (referent outcome), Relapser, and Sustained Smoker, stratified by 

population density of residence.  Stata 9.0 (StataCorp LP, College Station, TX) was 

utilized to perform the multinomial logistic regression as it allows for designation of a 

referent category group using the syntax “base,” with comparisons being made between 

all categories and the designated referent category.  All neighborhood measures were 



20 
 

individual-level based, and because women were not sampled according to geography, 

area-level clustering was expected to be negligible.  

A manual, forward, stepwise approach employing change-in estimate 

methodology as described by Greenland was followed to build the models.69  In the first 

step, for high density residing women, bivariate multinomial logistic regressions were 

performed with the primary exposure variable, tobacco retailer density, and each 

covariate.  All covariates that resulted in a 10% or greater change in the coefficient of the 

primary exposure variable with respect to either of the two multinomial regression 

outcomes (Relapsers and Sustained Smokers, compared to Sustained Quitters, the 

referent outcome) were considered to be potential confounders (Appendix B1). Step 2 

involved adding the potential confounders identified in step 1 in decreasing order of the 

percent change produced in the coefficient of the primary predictor.  After the addition of 

each potential confounder to the model, the new coefficient of the primary predictor was 

compared to the coefficient of the primary predictor in the prior iteration of the model, 

and if the change was greater than 10%, the variable was kept in the model.  This process 

was repeated for each potential confounder identified in Step 1 (Appendix B1).  The 

entire process was then repeated for low population density residing participants using 

the alternative tobacco retail measure (present/absent; Appendix B2).  However, in an 

effort to prevent overfitting the model to the relatively small sample size of the low 

population density residing participants, a more conservative change in estimate criterion 

of 20% (instead of 10%) was utilized. 

For each model, collinearity among independent variables was assessed by 

examining standard errors following the addition of each variable to the models.  
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Substantially inflated standard errors could be indicative of collinearity, but were not 

apparent with any of the variables in this study. After the preliminary models were 

created for participants residing in either high or low population density areas, 

interactions between income and tobacco retailers were tested by adding interaction terms 

to the model and testing for significance with the testparm function. Interactions were not 

significant for either high population density (p = 0.27) or low population density (p = 

0.76) residing women.  Linear relationships between the log odds of smoking behaviors, 

(either Relapsers or Sustained Smokers with Sustained Quitters as the referent), were 

observed for each of the continuous variables (maternal age, average neighborhood 

deprivation index, income, and tobacco retailer density) without scaling (quadratic, cubic, 

etc…), for participants residing in either high or low population density areas as 

determined with the nlcheck function of STATA. (Appendix C).  Use of the survey 

command in STATA precluded residual analyses and diagnostics.  

 

RESULTS 

 Slightly more than half of the women who smoked before pregnancy did not 

smoke during the last 3 months of pregnancy (55%). Of the women who quit smoking 

during pregnancy, 41% were smoking again 2 to 6 months postpartum, and 

approximately 45% of women who smoked before pregnancy continued to do so during 

and after pregnancy (Table 1).  There were no differences in smoking behaviors based on 

the location (high vs low population density) of the respondents. 

 

3.1  Descriptive characteristics 
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Among high density residing PRAMS participants, the average number of 

tobacco retailers per 10,000 persons within respondent specific buffers was similar for all 

three smoking outcomes (Table 1). Sustained Smokers were younger, poorer, and lived in 

more deprived areas than Sustained Quitters. Relapsers were also younger than Sustained 

Quitters. Additionally, the frequency of characteristics of high density residing Relapsers 

were often intermediate to the frequency of characteristics of Sustained Quitters and 

Sustained Smokers.  For example, 54% of Relapsers resided with another smoker, 

compared with 34% of Sustained Quitters and 66% Sustained Smokers. A similar pattern 

was observed for most of the other categories examined; race/ethnicity, income, 

deprivation index, educational attainment, depression, trimester of first prenatal care, and 

average number of cigarettes smoked per day before pregnancy (Table 1).   

Over half of low density residing Relapsers and Sustained Smokers had tobacco 

retailers within 1 km of their homes, as well as over 70% of Sustained Quitters.  As 

observed in high density locations, low density residing Sustained Smokers had less 

income than low density residing Sustained Quitters. Differences were also noted among 

outcomes with respect to education and marital status, but overall there were fewer 

differences noted among the outcome groups of low population density residing PRAMS 

participants than high population density residing PRAMS participants (Table 1).  

 

3.2  Bivariate models 

Among high density residing PRAMS participants, tobacco retailer density was 

not associated with women being Relapsers or Sustained Smokers.  Having a high school 

diploma or at least some college as well as increasing age were associated with a lower 
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risk of relapsing (RRR 0.13, 95% CI 0.04, 0.52; RRR 0.13, 95% CI 0.13, 0.48, 

respectively) or smoking through pregnancy (RRR 0.29, 95% CI 0.10, 0.91; RRR 0.10, 

95% CI 0.03, 0.29, respectively).  In contrast, being unmarried/divorced was associated 

with a higher risk of relapsing (RRR 5.2, 95% CI 1.73, 15.65) or smoking through 

pregnancy (RRR 4.43, 95% CI 1.82, 10.77; Table 2). 

In low density population locations, the presence or absence of tobacco retailers 

was not associated with women relapsing postpartum or continuing to smoke through and 

beyond pregnancy.  As observed with women residing in high population density areas, 

smoking at least six cigarettes per day before pregnancy were associated with a higher 

risk of being a Sustained Smoker (RRR 7.63, 95% CI 1.74, 33.48) and having at least a 

high school diploma was associated with a lower risk of being a Sustained Smoker (RRR 

0.07, 95% CI 0.01, 0.40; Table 2). 

 

3.3  Multivariate models 

In women residing in high population density areas there was no association 

between tobacco retailers and being a Relapser or a Sustained Smoker after controlling 

for confounding (Table 3).  Being unmarried/divorced resulted in higher risk of being a 

Relapser (RRR 4.87, 95% CI 1.28, 18.57) and having attended at least some college 

trended towards lower risk of being a Relapser (RRR 0.20, 95% CI 0.04, 1.08) or 

Sustained Smoker (RRR 0.31, 95% CI 0.08, 1.13). Income was associated with a lower 

risk of being a Sustained Smoker (RRR 0.992, 95% CI 0.988, 0.996). 

In women residing in low population density areas, the presence of tobacco 

retailers was associated with a lower risk of being a Relapser (RRR 0.22, 95% CI 0.05, 
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0.99) and also trended towards a lower risk of being a Sustained Smoker (RRR 0.36, 95% 

CI 0.09, 1.43).  Magnification of these associations after controlling for covariates 

suggests the important role of confounding in the relationship between tobacco retail 

availability and smoking cession and relapse.  However, due to small sample size, 

estimates for all variables were exceptionally imprecise and the observed associations are 

unstable and may be spurious.  For this reason, we do not discuss the estimated effects of 

confounders, and estimated effects of tobacco retailers should be interpreted with caution. 

 

DISCUSSION 

4.1 Tobacco retailers and smoking behaviors among women residing in high 

population density areas  

 The respondent-specific tobacco retail environment was not associated with 

smoking relapse postpartum or continued smoking through and after pregnancy in 

women residing in high population density areas of the Portland Tri-counties.  The lack 

of an association in high population density areas was surprising given the observed 

impact the retail environment has on behaviors of consumption,20–23 as well as the 

consistent findings of associations with retailers and the initiation of smoking.45,46  It is 

possible that the retail environment is more influential in the initiation and maintenance 

of behaviors than in their cessation. 

4.1a High levels of tobacco retailer availability  

It is also possible that proximity of retailers may be more influential than retailer 

density.  In the higher population density areas of Portland there was an average of nine 

tobacco retailers per 10,000 persons within 1 km of participants’ homes without 
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accounting for additional retailers such as liquor stores and bars that are unlikely 

purchase points for pregnant women.    This high average level of availability, at such a 

small scale, for a specific product may explain why no association was observed.  If 

proximity is the important measure of exposure regarding retailers, as it was determined 

to be in Houston, TX,47 and a single retailer within a certain minimum distance can affect 

one’s behavior, it is possible that the Portland Tri-county area is saturated to the point 

where all individuals may reside within whatever that minimum distance may be.   

 

4.1b  Differences among consumptive behaviors 

Alternatively, the behaviors of smokers in high population density areas may be 

predicated more upon price than retailer location.  A strong association exists between 

price and cigarette use,70 and individuals may purchase cigarettes online, make monthly 

trips to a warehouse club to purchase them in bulk, or roll their own in order to get the 

best price.  Additionally, the mechanics of smoking are somewhat different than for other 

behaviors of consumption. Cigarettes are small, easily transported, have a long shelf life 

and can therefore be utilized at almost any time without the necessity of having a retailer 

nearby.  This is not necessarily true for food which can spoil, takes time to prepare, and 

can be difficult to transport, or alcohol, which is often not accessible at almost any time.  

 

4.2 Tobacco retailers and smoking behaviors among women residing in low 

population density areas  

In low population density areas of the Portland Tri-county area a negative 

association was observed between the presence of tobacco retailers and smoking 
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behaviors.  In opposition to the expected results, women had a lower risk of being 

Relapsers and were trending toward a lower risk of being Sustained Smokers if they 

resided near tobacco retailers.  This was an intriguing finding but should be interpreted 

with caution as the instability of the relative risk ratios, evidenced by the small sample 

size and relatively wide confidence intervals within the model suggests that this may be a 

spurious finding. 

Convincing underlying causes for this result are difficult to imagine, but one 

possible explanation involves the interplay between the retail and social environments in 

low population density settings.  Retailers in less densely populated areas often carry a 

wide range of goods to meet the needs of people over a wider geographic area.  Stores 

like Walmart, often situated at metropolitan fringes, epitomize this retail approach.  In 

contrast, locations in city centers are often served by higher frequencies of smaller stories 

with limited inventories.  It is possible that women residing in low population density 

areas who live near a tobacco retailer also live near a large store where they can purchase 

cigarettes as well as baby supplies.  However, purchasing both types of items at the same 

time in their local neighborhood would likely be met with social ostracization.  Social 

influences are known to be powerful drivers of smoking behaviors, and the resulting 

social pressure may make the simultaneous purchase of tobacco and baby products 

unlikely.  In contrast, women who don’t have a retailer in their neighborhood have to 

drive to a different neighborhood to purchase cigarettes (and baby supplies) where they 

may not be familiar with the social network and the social pressure may not weigh as 

heavily upon them. Thus, women who don’t live near tobacco retailers may be more 

likely to be Relapsers or Sustained Smokers. 
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LIMITATIONS 

Comparing smoking behaviors over three consecutive time points in a time naïve 

model created the possibility for selection bias because the selection criteria, smoking 

status, were related to the outcome of interest.  With this in mind, nonsmokers were 

excluded in attempt to examine sustained smoking cessation, smoking relapse following 

cessation, and sustained smoking before, during and after pregnancy; all outcomes 

predicated upon smoking before pregnancy.  While including nonsmokers would help 

ensure that all PRAMS subjects had similar likelihoods of being selected, it seemed 

unnecessary for a study focusing on smoking cessation. Furthermore, exclusion of 

nonsmokers allowed for the inclusion of an important potential confounder for any study 

examining smoking cessation, a proxy for nicotine dependence, the number of cigarettes 

smoked before pregnancy. 

Only women residing in Clackamas, Multnomah and Washington Counties were 

included in the subpopulation for determining relative risk ratio estimates.  However, 

PRAMS sampling was not stratified by county, suggesting that the weights used that 

were generated to correct for sampling bias for the entire state of Oregon may be biased.  

Further bias may have been introduced by splitting the analytic sample according to 

population density, thereby creating subpopulations that were likely to be even less 

similar to the demographics of the state of Oregon.  Despite these concerns we chose to 

implement the weights to correct for oversampling by race/ethnicity and low birth 

weight, rather than relying on estimates derived from unweighted measures that we knew 

a priori to be biased.  The extent of the bias in either scenario is difficult to determine.  
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Self-selection bias may exist with respect to residential as well as retailer 

locations.71  People don’t choose where they live randomly, but most likely do so with 

intention, and this may make the interpretation of any observed association unclear.  For 

example, women who enjoy smoking and want to continue smoking may choose to live 

in a location that is replete with tobacco retailers.  Since no measure of living intention 

was measured, an observed association could be attributed to the impact of the proximate 

retailers, when in fact, the women may live near tobacco retailers because they smoke.   

The same concept holds for tobacco retailers. Good business practice would suggest that 

retailers will locate in areas with high demand.  Both situations make interpretations of 

any observed associations difficult.  

Exposure misclassification is also a concern as the address reported for each 

woman was collected 2 to 6 months postpartum and may not be the address where the 

woman resided before and/or during pregnancy.  Because it is survey data, outcome 

misclassification, particularly true smokers not reporting smoking behaviors is a 

possibility that would bias the association towards the null.   Furthermore, a measure of 

intention to continue smoking cessation postpartum was not captured.  Therefore, it is 

unknown how many of the women relapsed because of external factors, and how many of 

the Relapsers had no intention of maintaining cessation.  

There are numerous aspects of the built environment such as point of sale and 

storefront advertising that are believed to be influential on smoking habits that were not 

included in this dataset.  Likewise, numerous aspects of the social environment were not 

captured and are well known to influence smoking behaviors.  Furthermore, this dataset 
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only considers the residential neighborhood, and not the workplace neighborhood which 

may be just as influential. 

In regards to the spatial data, it was unfortunate that information about the 

proximity of retailers to PRAMS participant’s homes was not available, as prior research 

suggests it may have been more informative than the density measures employed.  

Further limitations were imposed in order to maintain the privacy of the PRAMS 

participants.  Utilizing neighborhood specific buffers removed many restrictions that can 

occur with nonoverlapping census borders.  However, PRAMS participants located at the 

outer boundary of Clackamas, Multnomah and Washington counties would not have fully 

realized neighborhood buffers as they would extend into areas where data was not 

collected.  Due to privacy concerns, it is difficult to estimate the scope of this problem, 

but it is likely to be small.  Furthermore, respondent specific buffers could be represented 

in a more true-to-life fashion if they were constructed along network buffers, rather than 

Euclidean ones.  Again, it is difficult to estimate the effect this may have. Another spatial 

limitation concerning effects that are difficult to quantify is the assumption of 

homogeneous distribution of attributes throughout census block groups. Finally, the GIS 

data has not been validated, and there may be unrecognized errors.   

 

 

CONCLUSION 

Retailers are associated with the initiation of a variety of behaviors of 

consumption involving food, alcohol, and tobacco.  However, it remains unclear if there 

is a relationship between retailers and cessation of alcohol -and tobacco-related 
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behaviors. Recent policy initiatives to transform the built environment have been driven 

by hopes of altering behaviors.  In the case of addictive behaviors such as tobacco, a 

more powerful argument may be to modify the built environment to reduce the likelihood 

of these behaviors from ever developing.   



31 
 

REFERENCES 

1.  Hoffman FL. Cancer and Smoking Habits. Ann Surg 1931;93(1):50–67.  

2.  White C. Research on smoking and lung cancer: a landmark in the history of 
chronic disease epidemiology. Yale J Biol Med 1990;63(1):29–46.  

3.  Musk AW, de Klerk NH. History of tobacco and health. Respirol Carlton Vic 
2003;8(3):286–90.  

4.  Doll R, Hill AB. Smoking and carcinoma of the lung; preliminary report. Br Med J 
1950;2(4682):739–48.  

5.  Wynder EL, Graham EA. Tobacco smoking as a possible etiologic factor in 
bronchiogenic carcinoma; a study of 684 proved cases. J Am Med Assoc 
1950;143(4):329–36.  

6.  Kannel WB, Dawber TR, Thomas HE Jr, McNamara PM. Comparison of serum 
lipids in the prediction of coronary heart disease.  Framingham study indicates that 
cholesterol level and blood pressure are major factors in coronary heart disease; 
effect of obesity and cigarette smoking also noted. R I Med J 1965;48:243–50.  

7.  Franklin W, Lowell FC, Michelson AL, Schiller IW. Chronic obstructive pulmonary 
emphysema; a disease of smokers. Ann Intern Med 1956;45(2):268–74.  

8.  Raffucci FL. Smoking and cancer of the bladder. Br Med J 1965;2(5463):661–2.  

9.  Winkelstein W Jr. Smoking and cancer of the uterine cervix: hypothesis. Am J 
Epidemiol 1977;106(4):257–9.  

10.  Rogers LK, Velten M. Maternal inflammation, growth retardation, and preterm 
birth: insights into adult cardiovascular disease. Life Sci 2011;89(13-14):417–21.  

11.  Mone SM, Gillman MW, Miller TL, Herman EH, Lipshultz SE. Effects of 
environmental exposures on the cardiovascular system: prenatal period through 
adolescence. Pediatrics 2004;113(4 Suppl):1058–69.  

12.  Wingo C, Kiser D, Boschert T, Hunting P, Buffington T, Wellman-Benson J. 
Eliminating smoking in bars, taverns and gaming clubs: The California smoke-free 
workplace act. A case study [Internet]. 2001;Available from: 
http://www.cdph.ca.gov/programs/tobacco/Documents/CTCPsmokefreeworkplacec
asestudy_califonia.pdf 

13.  Bayne-Jones S, Burdette WJ, Cochran WG, et al. Smoking and Health Report of the 
advisory committee to the surgeon general of the public health service [Internet]. 
Washington DC: 1964. Available from: 
profiles.nlm.nih.gov/ps/access/NNBBMQ.pdf 



32 
 

14.  State cigarette excise taxes - United States, 2010-2011. Mmwr Morb Mortal Wkly 
Rep 2012;61(12):201–4.  

15.  Office on Smoking and Health, National Center for Chronic Disease Prevention and 
Health Promotion. Smoking and tobacco use: trends in current cigarette smoking 
among high school students and adults, United States, 1965--2010 [Internet]. 
2011;Available from: 
http://www.cdc.gov/tobacco/data_statistics/tables/trends/cig_smoking/index.htm 

16.  Mokdad AH, Marks JS, Stroup DF, Gerberding JL. Actual causes of death in the 
United States, 2000. Jama J Am Med Assoc 2004;291(10):1238–45.  

17.  Frieden TR. A Framework for Public Health Action: The Health Impact Pyramid. 
Am J Public Health 2010;100(4):590–5.  

18.  Stokols D. Translating social ecological theory into guidelines for community health 
promotion. Am J Heal Promot Ajhp 1996;10(4):282–98.  

19.  Schonlau M, Scribner R, Farley TA, et al. Alcohol outlet density and alcohol 
consumption in Los Angeles county and southern Louisiana. Geospatial Heal 
2008;3(1):91–101.  

20.  Kavanagh AM, Kelly MT, Krnjacki L, et al. Access to alcohol outlets and harmful 
alcohol consumption: a multi-level study in Melbourne, Australia. Addict Abingdon 
Engl 2011;106(10):1772–9.  

21.  Scribner RA, MacKinnon DP, Dwyer JH. Alcohol outlet density and motor vehicle 
crashes in Los Angeles County cities. J Stud Alcohol 1994;55(4):447–53.  

22.  Gruenewald PJ, Remer L. Changes in outlet densities affect violence rates. Alcohol 
Clin Exp Res 2006;30(7):1184–93.  

23.  Powell LM, Auld MC, Chaloupka FJ, O’Malley PM, Johnston LD. Associations 
between access to food stores and adolescent body mass index. Am J Prev Med 
2007;33(4 Suppl):S301–307.  

24.  Huang A, Levinson D. Why retailers cluster: an agent model of location choice on 
supply chains. Environ Plan B Plan Des 2011;38(1):82–94.  

25.  Widome R, Brock B, Noble P, Forster JL. The relationship of neighborhood 
demographic characteristics to point-of-sale tobacco advertising and marketing. 
Ethn Health 2012; 

26.  Hoek J, Gifford H, Pirikahu G, Thomson G, Edwards R. How do tobacco retail 
displays affect cessation attempts? Findings from a qualitative study. Tob Control 
2010;19(4):334–7.  



33 
 

27.  Federal Trade Commission Cigarette Report for 2011 [Internet]. Available from: 
http://www.ftc.gov/os/2013/05/130521cigarettereport.pdf 

28.  Gruenewald PJ. Regulating availability: how access to alcohol affects drinking and 
problems in youth and adults. Alcohol Res Heal J Natl Inst Alcohol Abuse Alcohol 
2011;34(2):248–56.  

29.  Alaniz ML. Alcohol availability and targeted advertising in racial/ethnic minority 
communities. Alcohol Health Res World 1998;22(4):286–9.  

30.  Chen M-J, Grube JW, Gruenewald PJ. Community alcohol outlet density and 
underage drinking. Addict Abingdon Engl 2010;105(2):270–8.  

31.  Parker DA, Wolz MW, Harford TC. The prevention of alcoholism: an empirical 
report on the effects of outlet availability. Alcohol Clin Exp Res 1978;2(4):339–43.  

32.  Campbell CA, Hahn RA, Elder R, et al. The effectiveness of limiting alcohol outlet 
density as a means of reducing excessive alcohol consumption and alcohol-related 
harms. Am J Prev Med 2009;37(6):556–69.  

33.  Ashe M, Jernigan D, Kline R, Galaz R. Land use planning and the control of 
alcohol, tobacco, firearms, and fast food restaurants. Am J Public Health 
2003;93(9):1404–8.  

34.  Chuang Y-C, Cubbin C, Ahn D, Winkleby MA. Effects of neighbourhood 
socioeconomic status and convenience store concentration on individual level 
smoking. J Epidemiol Community Health 2005;59(7):568–73.  

35.  Fakunle D, Morton CM, Peterson NA. The importance of income in the link 
between tobacco outlet density and demographics at the tract level of analysis in 
New Jersey. J Ethn Subst Abuse 2010;9(4):249–59.  

36.  Peterson NA, Lowe JB, Reid RJ. Tobacco outlet density, cigarette smoking 
prevalence, and demographics at the county level of analysis. Subst Use Misuse 
2005;40(11):1627–35.  

37.  Schneider JE, Reid RJ, Peterson NA, Lowe JB, Hughey J. Tobacco outlet density 
and demographics at the tract level of analysis in Iowa: implications for 
environmentally based prevention initiatives. Prev Sci Off J Soc Prev Res 
2005;6(4):319–25.  

38.  Laws MB, Whitman J, Bowser DM, Krech L. Tobacco availability and point of sale 
marketing in demographically contrasting districts of Massachusetts. Tob Control 
2002;11 Suppl 2:ii71–73.  

39.  Yu D, Peterson NA, Sheffer MA, Reid RJ, Schnieder JE. Tobacco outlet density and 
demographics: analysing the relationships with a spatial regression approach. Public 
Health 2010;124(7):412–6.  



34 
 

40.  Hyland A, Travers MJ, Cummings KM, Bauer J, Alford T, Wieczorek WF. Tobacco 
outlet density and demographics in Erie County, New York. Am J Public Health 
2003;93(7):1075–6.  

41.  Novak SP, Reardon SF, Raudenbush SW, Buka SL. Retail tobacco outlet density 
and youth cigarette smoking: a propensity-modeling approach. Am J Public Health 
2006;96(4):670–6.  

42.  West JH, Blumberg EJ, Kelley NJ, et al. Does proximity to retailers influence 
alcohol and tobacco use among Latino adolescents? J Immigr Minor Heal Cent 
Minor Public Heal 2010;12(5):626–33.  

43.  McCarthy WJ, Mistry R, Lu Y, Patel M, Zheng H, Dietsch B. Density of tobacco 
retailers near schools: effects on tobacco use among students. Am J Public Health 
2009;99(11):2006–13.  

44.  Leatherdale ST, Strath JM. Tobacco retailer density surrounding schools and 
cigarette access behaviors among underage smoking students. Ann Behav Med Publ 
Soc Behav Med 2007;33(1):105–11.  

45.  Pokorny SB, Jason LA, Schoeny ME. The relation of retail tobacco availability to 
initiation and continued smoking. J Clin Child Adolesc Psychol Off J Soc Clin 
Child Adolesc Psychol Am Psychol Assoc Div 53 2003;32(2):193–204.  

46.  Henriksen L, Feighery EC, Schleicher NC, Cowling DW, Kline RS, Fortmann SP. 
Is adolescent smoking related to the density and proximity of tobacco outlets and 
retail cigarette advertising near schools? Prev Med 2008;47(2):210–4.  

47.  Reitzel LR, Cromley EK, Li Y, et al. The effect of tobacco outlet density and 
proximity on smoking cessation. Am J Public Health 2011;101(2):315–20.  

48.  Piasecki TM, Fiore MC, McCarthy DE, Baker TB. Have we lost our way? The need 
for dynamic formulations of smoking relapse proneness. Addict Abingdon Engl 
2002;97(9):1093–108.  

49.  Srikanth P. Women who quit smoking during pregnancy and relapse in the first two 
years after pregnancy [Internet]. 2009;Available from: 
http://drl.ohsu.edu/cdm/ref/collection/etd/id/776 

50.  Tong VT, Jones JR, Dietz PM, D’Angelo D, Bombard JM. Trends in smoking 
before, during, and after pregnancy - Pregnancy Risk Assessment Monitoring 
System (PRAMS), United States, 31 sites, 2000-2005. Morb Mortal Wkly Rep 
Surveill Summ Wash Dc 2002 2009;58(4):1–29.  

51.  Colman GJ, Joyce T. Trends in smoking before, during, and after pregnancy in ten 
states. Am J Prev Med 2003;24(1):29–35.  



35 
 

52.  Baillie AJ, Mattick RP, Hall W. Quitting smoking: estimation by meta-analysis of 
the rate of unaided smoking cessation. Aust J Public Health 1995;19(2):129–31.  

53.  McDermott L, Dobson A, Russell A. Changes in smoking behaviour among young 
women over life stage transitions. Aust N Z J Public Health 2004;28(4):330–5.  

54.  Mullen PD. How can more smoking suspension during pregnancy become lifelong 
abstinence? Lessons learned about predictors, interventions, and gaps in our 
accumulated knowledge. Nicotine Tob Res Off J Soc Res Nicotine Tob 2004;6 
Suppl 2:S217–238.  

55.  Hannöver W, Thyrian JR, Ebner A, et al. Smoking during pregnancy and 
postpartum: smoking rates and intention to quit smoking or resume after pregnancy. 
J Womens Heal 2002 2008;17(4):631–40.  

56.  2009 Pregnancy Risk Assessment Monitoring System model surveillance Protocol 
[Internet]. 2006;Available from: http://www.cdc.gov/prams/Methodology.htm 

57.  Describing the PRAMS Sample Design for SUDAAN, SAS Complex Survey, SPSS 
Complex Samples Modules , and STATA [Internet]. Available from: 
http://www.cdc.gov/prams/PDF/PRAMSSetup-SUDAAN_SAS_SPSS_STATA.pdf 

58.  Tobacco Prevention and Education Program. Oregon Tobacco Facts & Laws 
[Internet]. Portland, OR: Oregon Department of Human Services, Oregon Public 
Health Division; 2010. Available from: 
http://public.health.oregon.gov/PreventionWellness/TobaccoPrevention/Documents/
tobfacts.pdf 

59.  Cigarette Smoking Among Adults, United States, 2004. MMWR Morb Mortal Wkly 
Rep 2005;55(44):1121–4.  

60.  Vital signs: current cigarette smoking among adults aged ≥18 years--United States, 
2005-2010. Mmwr Morb Mortal Wkly Rep 2011;60(35):1207–12.  

61.  Harmer C, Memon A. Factors Associated With Smoking Relapse in the Postpartum 
Period: An Analysis of the Child Health Surveillance System Data in Southeast 
England. Nicotine Tob Res Off J Soc Res Nicotine Tob 2012; 

62.  Williams L, Zapata LB, D’Angelo DV, Harrison L, Morrow B. Associations 
between preconception counseling and maternal behaviors before and during 
pregnancy. Matern Child Health J 2012;16(9):1854–61.  

63.  Vangeli E, Stapleton J, Smit ES, Borland R, West R. Predictors of attempts to stop 
smoking and their success in adult general population samples: a systematic review. 
Addict Abingdon Engl 2011;106(12):2110–21.  

64.  Kahn RS, Certain L, Whitaker RC. A reexamination of smoking before, during, and 
after pregnancy. Am J Public Health 2002;92(11):1801–8.  



36 
 

65.  Holahan CJ, North RJ, Holahan CK, Hayes RB, Powers DA, Ockene JK. Social 
influences on smoking in middle-aged and older women. Psychol Addict Behav J 
Soc Psychol Addict Behav 2012;26(3):519–26.  

66.  Wang MP, Ho SY, Lo WS, Lam TH. Smoking family, secondhand smoke exposure 
at home, and quitting in adolescent smokers. Nicotine Tob Res Off J Soc Res 
Nicotine Tob 2013;15(1):185–91.  

67.  Northwest Environmental Watch. The Portland Exception. A comparison of sprawl, 
smart growth, and rural land loss in 15 US cities [Internet]. 2004. Available from: 
http://www.sightline.org/wp-content/uploads/downloads/2012/02/PDX_sprawl.pdf 

68.  Hosmer DW. Applied logistic regression. 2nd ed. New York: Wiley; 2000.  

69.  Greenland S. Modeling and variable Selection in epidemiologic analysis. Am J 
Public Health 1989;79(3):340–9.  

70.  Chaloupka FJ, Cummings KM, Morley CP, Horan JK. Tax, price and cigarette 
smoking: evidence from the tobacco documents and implications for tobacco 
company marketing strategies. Tob Control 2002;11 Suppl 1:I62–72.  

71.  Boone-Heinonen J, Guilkey DK, Evenson KR, Gordon-Larsen P. Residential self-
selection bias in the estimation of built environment effects on physical activity 
between adolescence and young adulthood. Int J Behav Nutr Phys Act 2010;7:70.  

 
  



37 
 

Appendix A 

Geographic linkage protocol for “Connecting Neighborhoods, Nutrition, and 
Developmental Origins of Disparities in Obesity-Related Health” 
 
GIS linkage Protocol revised 11/28/2011 based on meeting with Jennifer Woodward, 
Joyce Grant-Worley, Ken Rosenberg, and Alfredo Sandoval 
 
Janne Boone-Heinonen 
Department of Public Health and Preventive Medicine 
OHSU 
 
PRAMS project proposal approved June 2011 
 
To protect the confidentiality of PRAMS respondents, we will employ a strict security 
protocol for linking neighborhood data with individual-level PRAMS data.  The 
analytical data file will contain PRAMS 2004-2007 survey responses, birth certificate 
data, and respondent-specific environment measures. For example, we will calculate 
percent of persons living below poverty in the census tract and block group in which the 
respondent resides.  The analytic data file will not contain any geographic identifiers 

more specific than the county.  With this overall strategy in mind, we propose the 
following procedure.   
To be conducted by PRAMS personnel (Al Sandoval) 

1. For 2004-2007 PRAMS respondents, create File A containing PRAMSID and two 
pseudo IDs (PID1 and PID2).  PID1 and PID2 will uniquely identify each 
PRAMS respondent, but cannot be traced back to PRAMSID without access to 
Table A 

 
 Table A example 

PRAMSID PID1 PID2 
0021 063 098 
0022 091 049 
0023 025 056 

 
2. Create Table B containing PID1 and geocoded latitudes (lat) and longitudes 

(long).  Thus, this table provides information on exact residential locations of 
women who had a baby in Oregon and participated in the PRAMS survey.  It 
DOES NOT contain any information about the women or children. 
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 Table B example 

PID1 Lat Long 
063   
091   
025   

 
3. Send Table B to OHSU GIS programmer in a password protected file via secure 

FTP site, CD-ROM, or other secure method. 
 
To be conducted by OHSU GIS programmer at OHSU, all conducted on a secure 

workstation.  Because unique combinations of environment variables could be 

linked back to these files, these files will only be accessible to the GIS programmer.  

They will NOT be accessible to researchers that have access to PRAMS health data. 

4. Save Table B in secure location 
5. Map respondent locations based on lat/longs provided in Table B.  Integrate 

environment data for areas in which each PRAMS respondent lives in ArcGIS 
6. In ArcGIS, create respondent-specific environment measures.  In Figure below, 

the red star indicates a PRAMS respondent (PID1=063) home location, the blue 
parallelogram indicates the census tract, and red circle indicates the area within X 
miles from the respondent location, and green circles indicate the locations of 
supermarkets. 
 

 
 

7. From ArcGIS, create a flat file (Table C) containing PID1 (pseudo ID #1) and a 
series of environment variables.  For example, the number of supermarkets within 
the red buffer area (Super1), the number of supermarkets within the census tract 
(Super2), the census tract FIPS code (this will later be converted into a pseudo 
code), and percent of population below poverty.  To further reduce possibility of 
deductive disclosure, we will round census proportions to 2 decimals (or whole 
percentage points). 

 
 Table C example 

PID1 Super1 Super2 Census 
Tract 

Block Group Poverty 
(CT) 

Poverty
(BG) 

063 1 3 4106703130 41067031301 0.70 0.67 
091       
025       
 

8. Deliver Table C to PRAMS personnel (Al Sandoval) in a password protected file 
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via secure FTP site, CD-ROM, or other secure method. 
9. Store the files in a third party location at OHSU for up to six months; after this 

time period, the files will be delivered to PRAMS personnel and destroyed at 
OHSU. 

 
To be conducted by PRAMS personnel (Al Sandoval) 

 
10. Link Tables C and A on PID1, then link to PRAMS survey and birth certificate 

data 
11. Create Table D containing Census Block Group and Census Tract FIPS codes and 

pseudo FIPS codes.  Access to pseudo FIPS will allow researchers to identify 
respondents living in the same census tract so that we can test and correct for 
clustering within census block groups in our statistical analysis. 
 

Table D example 

FIPS (CT) FIPS (BG) FIPS2 (CT) FIPS2 (BG) 
4106703130 41067031302 063 0631 
4106703151 41067031513 091 0912 
4106703161 41067031611 025 0253 

 
12. Create Table E containing PID2, respondent-specific environment variables from 

Table C, pseudo FIPS codes (FIPS2), and PRAMS data. No geographic identifiers 
more specific than the county will be included in this file.  PID2 will allow 
researchers to request additional data, but cannot be linked to Table E without 
Table A (housed by Al Sandoval). 
 

 Table E example 

PID2 Super1 Super2 FIPS2 
(CT) 

FIPS2 
(BG) 

poverty Race Age Birthweight* 

063 1 3 063 0631 0.67 White 32 8 
091         
025         
*or categorical if necessary 

 
13. Obtain approval of Table D file by Oregon Center for Health Statistics. 
14. Send Table E to OHSU researchers (Janne Boone-Heinonen) in a password 

protected file via secure FTP site, CD-ROM, or other secure method. 
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Appendix B1: Model Building. Potential confounders for women residing in areas of high population density. Primary exposure variable, tobacco retailer 
density. Change in the coefficient of the primary predictor following the addition of each covariate. Sustained Quitters were the referent group 

 
Relapser Sustained Smoker 

 
 

 

Coefficient (Tobacco 

Retailer Density) 

Percent Change in 

Coefficient 

Coefficient (Tobacco 

Retailer Density) 

Percent Change  

in Coefficient 

Greatest Absolute % 

Change in Coefficient  

Order to Enter 

Into Model 

Tobacco Retailer Density 0.0451 n/a 0.0377  n/a n/a n/a 
+ Deprivation index 0.0129 -71.29 -0.0078 -120.64 120.64 1 
+ Marital Status 0.0216 -51.96 0.0158 -58.01 58.01 2 
+ Income 0.0394 -12.58 0.0247 -34.40 34.40 3 
+ Maternal Education 0.0358 -20.44 0.0362 -3.90 20.44 4 
+ Trimester of Prenatal Care 0.0479 6.34 0.0450 19.43 19.43 5 
+ Maternal Age 0.0397 -11.95 0.0307 -18.61 18.61 6 
+ Depression 0.0433 -3.99 0.0319 -15.29 15.29 7 
+ Cigarettes smoked before 0.0416 -7.69 0.0357 -5.24 7.69 n/a 
+ Birth Order 0.0480 6.46 0.0372 -1.32 6.46 n/a 
+ Residence w/ Smoker 0.0465 3.25 0.0385 2.18 3.25 n/a 
+ Race/ethnicity 0.0456 1.17 0.0383 1.65 1.65 n/a 
 
Determination of confounding with respect to the primary exposure variable, tobacco retailer density, for women residing within areas of high population density 
 

 

 

 

 

 

Tobacco Retailer 

Density  + Deprivation 

+ Deprivation  

+ Marital Stat 

+ Deprivation  

+ Marital Stat 

+ Income 

+ Deprivation  

+ Marital Stat  

+ Income  

+ Maternal Ed 

 

+ Deprivation  

+ Marital Stat 

+ Income  

+ Maternal Ed 

+ Prenatal Care 

+ Deprivation  

+ Marital Stat  

+ Income  

+ Maternal Ed 

+ Prenatal Care 

+ Maternal Age 

+ Deprivation  

+ Marital Stat  

+ Income  

+ Maternal Ed 

+ Prenatal Care  

+ Depression 

Relapsers 

Coefficient 

(βTR) 
0.0451 0.0129 0.0028 0.0036 0.0116 0.0136 0.0140 0.0158 

% Change in  

βTR 
n/a -71.29 -78.08 26.56 223.21 17.61 2.80 16.03 

Sustained 

Smokers 

Coefficient 

(βTR) 
0.0377 -0.0078 -0.0174 -0.0037 0.0055 0.0139 0.0147 0.0167 

% Change in  

βTR 
n/a -120.64 123.28 -78.89 -251.17 150.10 5.85 20.36 

Greatest Absolute % Change n/a 120.64 123.28 78.89 251.17 150.10 5.85 20.36 

βTR equals coefficient of the Tobacco Retailer Density variable  
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Appendix B2: Model Building. Potential confounders for women residing in areas of low population density. Primary exposure variable, presence or 
absence of tobacco retailers. Change in coefficient of primary predictor following the addition of each covariate. Sustained Quitters were the referent group. 

 

Relapser Sustained Smoker 
 

 

 

Coefficient  

(Tobacco Pres/Abs) 

Percent Change in 

Coefficient 

Coefficient  

(Tobacco pres/abs) 

Percent Change  

in Coefficient 

Greatest Absolute % Change 

in Coefficient  

Order to Enter 

Into Model 

Tobacco Pres/Abs -0.7803 n/a -0.6774 n/a n/a n/a 
+ Deprivation index -0.6511 -16.56 -0.5436 -19.75 19.75 n/a 
+ Marital Status -0.8577 9.92 -0.7552 11.49 11.49 n/a 
+ Income -0.6695 -14.20 -0.5325 -21.39 21.39 3 
+ Maternal Education -0.8215 5.27 -0.7197 6.26 6.26 n/a 
+ Trimester of Prenatal 

Care -0.7990 2.40 -0.6851 1.15 2.40 n/a 
+ Maternal Age -0.8051 3.17 -0.6799 0.38 3.17 n/a 
+ Depression -0.9206 17.98 -0.6848 1.10 17.98 n/a 
+ Cigarettes smoked 

before -1.0681 36.87 -0.8843 30.56 36.87 2 
+ Birth Order -1.1495 47.31 -0.6854 1.19 47.31 1 
+ Race/ethnicity -0.7783 -0.26 -0.6724 -0.73 0.73 n/a 
+ Residence w/ Smoker -0.7311 -6.31 -0.6328 -6.58 6.58 n/a 
 
Determination of confounding with respect to the primary exposure variable, presence or absence of tobacco retailers, for women residing within areas of low 
population density 
 

 

 
Tobacco outlets 

(Pres/Abs) + Birth Order 

+ Birth Order 

+ Cigs Before 

+ Birth Order 

+ Cigs Before 

+ Income 

 

Relapsers 

Coefficient (βTR) -0.7803 -1.1495 -1.5254 -1.5474 
% Change in  

βTR 
n/a 47.31 32.70 1.44 

Sustained 

Smokers 

Coefficient (βTR) -0.6774 -0.6854 -1.0258 -1.0275 
% Change in  

βTR 
n/a 1.19 49.65 0.17 

Greatest Absolute % change n/a 47.31 49.65 1.44 

βTR equals coefficient of the Tobacco Retailer (presence or absence) variable 
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Appendix C 
Test for linearity among log odds and continuous variables 
 

Covariates 

 

Stratum 

Relapsers 

(p-value) 

 

Scaling 

Sustained Smokers 

(p-value) 

 

Scaling 

Tobacco Retailer Density High Density 0.76 n/a 0.71 n/a 

Maternal Age 
High Density 0.81 n/a 0.33 n/a 
Low Density 0.77 n/a 0.27 n/a 

Deprivation Index 
High Density 0.84 n/a 0.32 n/a 
Low Density 0.24 n/a 0.38 n/a 

Income 
High Density 0.16 n/a 0.29 n/a 
Low Density 0.67 n/a 0.23 n/a 

Sustained Quitters were the referent group.  nlcheck test (nonlinearity test) performed, therefore, a value smaller than 0.05 suggests that the relationship is not 
linear. 
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Table 1. Sample characteristics of Portland area PRAMS participants, 2004-2007, with respect to smoking behaviors  
 High Population Density (n=399) Low Population Density (n=139) 

Maternal Characteristic Sustained Quitter Relapser Sustained Smoker Sustained Quitter Relapser Sustained Smoker 

Count  131 (33%) 92 (23%) 176 (44%) 45 (32%) 30 (22%) 64 (46%) 
Tobacco Retailers/10000 persons 8.0 (0.46) 9.0 (0.54)  9.0 (0.41) --- --- --- 
Tobacco Outlets (%)       

Absent 9.2% 16.6% 8.2% 29.1% 47.3% 44.7% 
Present 90.8% 83.5% 91.8% 70.9% 52.7% 55.3% 

Reside with smoker?       
No 63.3%Ψ 46% 34.2% 83.6%Ψ 31.8% 36.8% 

Yes 36.7% 54% 65.8% 16.4% 68.2% 63.2% 
Age  27.7 (0.64)  25.4 (0.85)* 24.8 (0.91)* 27.8 (0.89) 25.2 (1.2) 27.5 (1.4) 
Race/Ethnicity       

White, non-Hispanic 74.5% 81.4% 82.9% 91.9% 89.1% 85.3% 
Non-white/Hispanic 25.5% 18.6% 17.1% 8.1% 10.9% 14.7% 

Income 195.8 (20.9)  172.8 (21.6)   86.5 (8.0)* # 202.4 (27.3) 151.0 (31.5)  134.9 (19.1)* 
Maternal Education       

Less than high school diploma 4.6%Ψ 26.5% 21.1% 1.9%Ψ 1.3% 20.8% 
High school diploma 41.3% 31.9% 55.3% 64.9% 80.9% 48.7% 
At least some college  54.1% 41.6% 23.7% 33.2% 17.8% 30.6% 

Deprivation index -0.22 (0.11) 0.065 (0.14) 0.14 (0.12)* -0.39 (0.20)  -0.69 (0.31)  -0.69 (0.11) 
Marital Status       

Married/Separated 65.8%Ψ 27.0% 30.3% 73.6%Ψ 45.7% 45.3% 
Unmarried/Divorced/Annulled/NR 34.2% 73.0% 69.7% 26.4% 54.4% 54.7% 

 First prenatal care       
First Trimester 87.4% Ψ 76.0% 61.3% 85.0% 67.0% 77.6% 

Second or Third Trimester 12.6% 24.0% 38.7% 15.0% 33.0% 22.4% 
Birth Order       

First birth 52.2% 40.7% 42.2% 35.3% 64.3% 29.7% 
    Second birth 23.6% 28.4% 32.9% 36.3% 27.6% 44.8% 

Third or higher birth 24.2% 30.9% 24.9% 28.5% 8.1% 25.5% 
Depression       

Sometimes/Rarely/Never 88.4% 84.2% 79.4% 80.8% 94.4% 79.3% 
Always/Often 11.6% 15.8% 20.6% 19.2% 5.7% 20.7% 

Average cigarettes smoked        
1 to 5 50.5% Ψ 37.7% 15.5% 29.1% 11.9% 6.4% 

6 to 10 17.3% 29.5% 30.1% 32.8% 36.7% 54.9% 
11 to 41 or more 32.3% 32.8% 54.4% 38.2% 51.4% 38.7% 

All values are weighted to account for the stratified systematic survey procedure. Continuous variables are reported as the mean with standard error.  
For continuous variables, paired t-tests were performed. p-values reported with respect to Sustained Quitter (*) p < 0.05, or Relapser (#) p < 0.05. Categorical 
variables were examined with Pearson Chi square tests.  (Ψ) indicates p < 0.05 for the entire category with respect to either high or low population density 
residing participants. NR equals not reported.  
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Table 2. Bivariate associations of maternal characteristics with smoking behaviors of Portland area residing PRAMS participants, 2004-2007 
 High Population Density (n=399) Low Population Density (n=139) 

 Relapser Sustained Smoker Relapser Sustained Smoker 

 

Maternal Characteristic 

Unadjusted Relative 

Risk Ratio (95% CI) 

 

p 

Unadjusted Relative 

Risk Ratio (95% CI) 

 

p 

Unadjusted Relative 

Risk Ratio (95% CI) 

 

p 

Unadjusted Relative 

Risk Ratio (95% CI) 

 

p 

Tobacco Retailers/10,000 persons 1.05 (0.95, 1.15) 0.35 1.04 (0.97, 1.12) 0.31 n/a n/a n/a n/a 
Tobacco Retailers          

Absent  n/a n/a n/a n/a Reference n/a Reference n/a 
Present n/a n/a n/a n/a 0.46 (0.11, 1.89) 0.28 0.51 (0.15, 1.69) 0.27 

Reside with smoker?              
No Reference n/a Reference n/a Reference n/a Reference n/a 

Yes 2.02 (0.72, 5.72) 0.18 3.31 (1.36, 8.04) 0.01 10.92 (2.24. 53.33) 0.00 8.76 (2.23, 34.38) 0.00 
Age  0.920 (0.848, 0.998) 0.045 0.899 (0.807, 1.00) 0.051 0.91 (0.79, 1.03) 0.15 0.99 (0.90, 1.09) 0.85 
Race/Ethnicity              

White non-Hispanic Reference n/a Reference n/a Reference n/a Reference n/a 
Non-white/Hispanic 0.67 (0.31, 1.44) 0.30 0.60 (0.32, 1.15) 0.12 1.38 (0.41, 4.63) 0.60 1.94 (0.70, 5.41) 0.20 

Income 0.998 (0.994, 1.002) 0.44 0.989 (0.984, 0.993) 0.00 0.996 (0.990, 1.003) 0.25 0.995 (0.990, 1.00) 0.052 
Maternal education              

Less than high school diploma Reference n/a Reference n/a Reference n/a Reference n/a 
High school diploma 0.13 (0.04, 0.52) 0.00 0.29 (0.10, 0.91) 0.03 1.76 (0.24, 13.16) 0.58 0.07 (0.01, 0.40) 0.00 

Some college or college degree 0.13 (0.04, 0.48) 0.00 0.10 (0.03, 0.29) 0.00 0.75 (0.079, 7.25) 0.81 0.08 (0.01, 0.54) 0.00 
Deprivation Index 1.68 (0.88, 3.18) 0.11 1.92 (1.07, 3.45) 0.03 0.68 (0.24, 1.92) 0.46 0.68 (0.38, 1.20) 0.19 
Marital Status              

Married/Separated Reference n/a Reference n/a Reference n/a Reference n/a 
Unmarried/Divorced/Annulled/NR 5.20 (1.73, 15.65) 0.00 4.43 (1.82, 10.77) 0.00 3.32 (0.80, 13.85) 0.10 3.36 (1.01, 11.24) 0.049 

First prenatal care             
First Trimester Reference n/a Reference n/a Reference n/a Reference n/a 

Second or Third Trimester 2.19 (0.63, 7.58) 0.22 4.37 (1.51, 12.63) 0.01 2.79 (0.53, 14.58) 0.22 1.63 (0.36, 7.48) 0.53 
Birth Order             

First birth Reference n/a Reference n/a Reference n/a Reference n/a 
    Second birth 1.54 (0.45, 5.33) 0.50 1.73 (0.62, 4.81) 0.30 0.42 (0.086, 2.03) 0.278 1.47 (0.38, 5.62) 0.58 

Third or higher birth 1.63 (0.47, 5.67) 0.44 1.27 (0.44, 3.68) 0.66 0.16 (0.018, 1.34) 0.091 1.07 (0.241, 4.71) 0.93 
Depression during pregnancy             

Sometimes/Rarely/Never Reference n/a Reference n/a Reference n/a Reference n/a 
Always/Often 1.44 (0.40, 5.16) 0.58 1.98 (0.70, 5.57) 0.20 0.25 (0.055, 1.15) 0.08 1.09 (0.27, 4.49) 0.90 

Average cigarettes smoked               
1 to 5 Reference n/a Reference n/a Reference n/a Reference n/a 

6 to 10 2.29 (0.63, 8.28) 0.21 5.68 (1.61, 20.04) 0.00 2.73 (0.42, 17.9) 0.30 7.63 (1.74, 33.48) 0.01 
11 or more 1.4 (0.40, 4.59) 0.62 5.48 (1.79, 16.81) 0.00 3.29 (0.57, 19.12) 0.19 4.62 (1.06, 20.01) 0.04 

All values are weighted to account for the stratified systematic survey procedure. CI equals confidence interval. p equals p-value. NR equals not reported.  Sustained Quitters are the referent group for all 
associations.  
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Table 3. Multivariate associations of tobacco retailers with smoking behaviors of high population density residing Portland 

area PRAMS participants, 2004-2007 
 Relapser Sustained Smoker 

Maternal Characteristic Adjusted RRR (95% CI) p-value Adjusted RRR (95% CI) p-value 

Tobacco Retailers/10,000 persons 1.02 (0.92, 1.12) 0.76 1.02  (0.92, 1.12) 0.75 
Deprivation Index 1.23 (0.57, 2.64) 0.60 1.28 (0.64, 2.53) 0.49 
Income 1.00 (0.997, 1.01) 0.35 0.992 (0.988, 0.996) 0.00 
Marital Status      

Married/Separated Reference n/a Reference n/a 
Unmarried/Divorced/Annulled/NR 4.87 (1.28, 18.57) 0.02 2.26 (0.77, 6.59) 0.14 

Maternal education      
Less than high school diploma Reference n/a Reference n/a 

High school diploma 0.21 (0.04, 1.18) 0.08 0.61 (0.18, 2.01) 0.41 
Some college or college degree 0.20 (0.04, 1.08) 0.06 0.31 (0.08, 1.13) 0.08 

 First prenatal care     
First Trimester Reference n/a Reference n/a 

Second or Third Trimester 1.78 (0.42, 7.55) 0.43 2.78 (0.85, 9.11) 0.09 
Depression during pregnancy     

Sometimes/Rarely/Never Reference n/a Reference n/a 
Always/Often 0.78 (0.21, 2.94) 0.72 0.74 (0.22, 2.46) 0.62 

All values are weighted to account for the stratified systematic survey procedure. Adjusted RRR equals adjusted relative risk ratio. CI equals confidence interval. 
NR equals not reported. n=399.  Sustained Quitters are the referent group for all associations. 
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Table 4. Multivariate associations of tobacco retailers with smoking behaviors of low population density residing Portland 

area PRAMS participants, 2004-2007  
 Relapser Sustained Smoker 

Maternal Characteristic Adjusted RRR (95% CI) p-value Adjusted RRR (95% CI) p-value 

Tobacco Retailers      
Absent  Reference n/a Reference n/a 
Present 0.22 (0.05, 0.99) 0.048 0.36 (0.09, 1.44) 0.15 

Birth Order         
First birth Reference n/a Reference n/a 

    Second birth 0.24 (0.04, 1.33) 0.10 0.86 (0.22, 3.32) 0.83 
Third or higher birth 0.08 (0.01, 1.05) 0.06 0.55 (0.11, 2.69) 0.46 

Average cigarettes smoked        
1 to 5 Reference n/a Reference n/a 

6 to 10 5.39 (0.55, 52.61) 0.15 10.04 (2.14, 47.02) 0.01 
11 or more 7.15 (0.82, 62.40) 0.08 7.12 (1.44, 35.19) 0.02 

All values are weighted to account for the stratified systematic survey procedure. Adjusted RRR equals adjusted relative risk ratio. CI equals confidence interval. 
NR equals not reported. n=139. Sustained Quitters are the referent group for all associations. 
 

 

 

 

 




