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Abstract

Smoking during pregnancy can lead to serious health consequences. Given such health risks, an 

understanding of factors that influence maternal smoking behaviors during pregnancy is critical. 

The objective of this study is to assess the relationship between tobacco store density, 

neighborhood socioeconomic status, and neighborhood rates of maternal smoking during 

pregnancy. Fifty-five community areas in Baltimore City were summarized using data from the 

Neighborhood Health Profiles. Associations between tobacco store density and smoking while 

pregnant in a community were determined using Moran's I and spatial regression analyses to 

account for autocorrelation. The fully adjusted model took into account the following community-

level socioeconomic variables as covariates: neighborhood median income, percentage of those 

living in poverty, percentage of uninsured, and percentage of persons with at least a college 

degree. In regards to the findings, the percentage of women by community area who identified as 

actively smoking while pregnant was 10.4% ± 5.8%. The tobacco store density was 21.0 ± 12.7 

per 10,000 persons (range 0.0 - 49.1 tobacco store density per 10,000 persons). In the adjusted 

model, an increase in density of 1 tobacco store per 10,000 persons was associated with a 10% 

increase in women who reported smoking during pregnancy (β = 0.10, p = 0.04). In conclusion, 

tobacco store density and neighborhood socioeconomic factors were associated with prevalence of 

maternal smoking while pregnant. These findings support the need to further assess and develop 

interventions to reduce the impact of tobacco store density on smoking behaviors and health risks 

in communities.
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INTRODUCTION

Active smoking among women who are pregnant continues to be prevalent, with an estimate 

of 1 in 4 women worldwide smoking while pregnant.1 Certain populations have even higher 

rates, such as indigenous communities in industrialized nations.2 In the United States (US), 

the prevalence of women who smoke while pregnant varies depending on the region of the 

country, with some areas as low as 5.1% and some as high as 28.7% (with overall prevalence 

at 10.7%).3,4 In addition to the geographic variations, other sociodemographic variables have 

been found to be associated with smoking during pregnancy, such as limited formal 

education, unmarried, and of limited economic status.3 Given there are negative health 

consequences of smoking while pregnant5,6 and behavior and disease amass through social 

networks, exploring non-medical factors that influence the prevalence of smoking during 

pregnancy is a critical step to designing interventions to improve health of mothers and 

unborn children.

The socioeconomic status of a neighborhood has an association on the health and health 

outcomes of its individual.7,8 Certain factors that compose a neighborhood, specifically, the 

density of stores that sell tobacco, have been found to be associated with negative health 

behaviors (smoking and inability to quit smoking9,10) and health outcomes (lower life 

expectancy11). Such neighborhood factors hold significant value due to their ability to 

change and, in turn, to potentially influence the health of the region.

The objective of this study is to assess the relationship between tobacco store density, 

neighborhood socioeconomic status and neighborhood rates of maternal smoking during 

pregnancy in Baltimore City, a large, US urban area. It is hypothesized that neighborhoods 

with higher densities of tobacco stores will exhibit higher rates of women who smoke while 

pregnant.

METHODS

The Baltimore City data were received through the 2017 Neighborhood Health Profiles12, a 

data set that compiles a variety of demographic information at the individual and community 

level, as well as health outcome data. At the time of reporting the 2017 Neighborhood 

Health Profiles data, the population of Baltimore City was 622,454, with 62.6% of the 

population aged 0 to 44 years and 52.9% of the population was female.

The Baltimore City Health Department organizes census tracts into community statistical 

areas (CSAs). Each CSA represents a neighborhood of similar social, demographic and 

economic characteristics with a total population ranging from 5000 to 20000 persons. The 

CSA model allows for the collection and aggregation of a wide range of data for a relatively 

stable geography over a defined period of time. For instance, for the 2017 Neighborhood 

Health Profiles data, a total of 55 CSAs were identified for Baltimore City with data ranging 
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from 2011-2016. Moving forward, we will substitute the term CSA with the term 

“neighborhood”. The study was exempt from formal approval by Institutional Review Board 

at Johns Hopkins School of Medicine as the data analyzed is publicaly available and all 

actions undertaken by the authors were in accordance with the Declaration of Helsinki.

Sociodemographic variables collected from the Neighborhood Health Profiles included 

racial make-up of a neighborhood, educational status (defined as the percentage of 

completion of a Bachelor’s degree or more and aged 25 and older in a neighborhood), 

median neighborhood income, percentage of uninsured in a neighborhood, and family 

poverty rate of a neighborhood. Further, we obtained tobacco store density values for each 

neighborhood. A tobacco store is defined as an establishment that sells cigarettes or other 

tobacco products such as cigars, pipe tobacco, chewing tobacco, roll-your-own tobacco, 

snuff, snus, or other smokeless tobacco products. The designation is granted by the 

Maryland Office of the Comptroller, who supplied the data for the Neighborhood Healthy 

Profile. . At the time of this data collection, the sale of electronic cigarettes was not included 

in the definition for a tobacco store. Each tobacco store density is represented as a store per 

10000 persons of the neighborhood. For tobacco stores, data were geocoded then aggregated 

into specific neighborhoods based on spatial location with the Community Statistical Area 

shapefile, allowing each CSA to have a count of tobacco stores within each CSA. This was 

performed by the Baltimore City Health Department using Esri’s ArcGIS 10.1 to execute 

geocoding and geoprocessing analyses.

Neighborhood Health Profiles also included data on percentage of women who reported 

smoking while pregnant, percentage of births classified as low birthweight (less than 5 

pounds 8 ounces), percentage of live births occurring preterm (less than 37 weeks gestation), 

and infant mortality rate per 1000 live births. Smoking while pregnant did not differentiate at 

what time during the pregnancy a mother was identified as smoking (e.g. first trimester, 

second trimester, and/or third trimester). Information for smoking while pregnant was 

collected by the Maryland Department of Health and Mental Hygiene Vital Statistics 

Administration between 2010-2014. This variable was collected from birth certificates, 

where prenatal care, smoking during pregnancy, and maternal body mass index are reported.

Summary data are represented as mean ± standard deviation or median (interquartile range) 

where appropriate for continuous variables and by value (percentage) for categorical 

variables. Spatial regression analyses were used to evaluate for spatial autocorrelation for 

tobacco store densities, given that there is a concern for a clustering effect for tobacco store 

densities when using cross-sectional data13. Using Moran’s I and spatial regression, spatial 

autocorrelation was identified for tobacco store densities when evaluating its association 

with the defined outcome variables in both the unadjusted and adjusted models. For 

consistency across all models, Moran’s I and spatial regression analyses were run for all 

unadjusted models and adjusted models. Tobacco store was the sole density measure and in 

adjusted models, the additional covariates included community-level socioeconomic factors: 

neighborhood median income, family poverty rate, percentage of uninsured, race (African 

American), and percentage of persons with at least a Bachelor’s degree. When comparing 

Moran’s I and spatial regression models with linear regression models (without adjustment 

for autocorrelation), the results were similar; therefore, only results for Moran’s I and spatial 
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regression models are presented. One neighborhood had significantly higher tobacco store 

density compared with others and sensitivity analysis was performed excluding this outlier 

from analyses. Statistical analyses were conducted with R software (V.0.99.903) with a 

statistical significance level of 0.05.

RESULTS

Neighborhood Characteristics

The collective median household income of the Baltimore City 55 neighborhoods was 

$38655 (IQR $32531, $54477) with a median poverty rate of 28.4% (IQR 13.5%, 38.8%). 

The percentage of persons 18 years and older with no healthcare insurance was 12.1% (IQR 

9.2%, 14.6%). The percentage of residents 25 or older with a Bachelor’s degree or more was 

19.5% (IQR 11.1%, 39.2%). The median tobacco store density was 18.70 (IQR 12.10, 

30.65) per 10000 persons, with the highest concentrations of tobacco stores located in the 

center of Baltimore City.

In regards to pregnancy-related outcomes, the percentage of women who smoked while 

pregnant was 10.4% ± 5.8%. The percentage of low birthweight births, defined by weighing 

less than 5 pounds and 8 ounces, was 11.63% ± 3.04%, while the percentage of preterm 

births, defined as birth before 37 weeks gestation, was 12.44% ± 2.83%. The infant 

mortality rate was 9.50 ± 4.52 per 1000 live births.

Moran’s I and Spatial Regression Unadjusted Models

In unadjusted models, tobacco store density was associated with higher percentage of 

smoking while pregnant (β = 0.22, p<0.001) (Table). There was statistically significant 

correlation of tobacco store densities and smoking while pregnant (r2=0.22, p<0.001; 

Figure). Further, tobacco store densities were associated with a higher rate of infant 

mortality per 1000 live births (β = 0.11, p=0.026). There were supportive trends, but tobacco 

store densities were not found to be significantly associated with low birthweight births (β = 

0.06, p=0.080) and preterm births (β = 0.06, p=0.060).

In univariate analyses, lower median income, uninsured, lower formal education, and greater 

poverty rates were also associated with more women smoking while pregnant (Table).

Moran’s I and Spatial Regression Adjusted Models

In the adjusted model, tobacco store density continued to be associated with more women 

smoking while pregnant (β = 0.10, p=0.043) (Table), whereby for every 1 unit increase in 

tobacco store density per 10000 persons, there will be a 10% increase in women smoking 

while pregnant. Lower neighborhood education level also continued to be associated with 

more women smoking while pregnant, while race, insurance status, median income, and 

poverty were not found to be independently associated with smoking while pregnant (Table). 

Tobacco store density was no longer statistically significant in the remainder of pregnancy-

related outcomes.
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In sensitivity analysis, excluding the neighborhood with tobacco store density of 114.80 per 

1000 residents did not significantly change the results of the regression models (data not 

shown).

DISCUSSION

Higher tobacco store density of a neighborhood was associated with higher smoking rates 

while pregnant for women living in Baltimore City. As smoking during pregnancy is 

associated with significant negative health outcomes, for both the mother and unborn child, 

these findings suggest that interventions targeting tobacco outlets may have a potential 

impact in attenuating the rates of smoking while pregnant.

Retail access to cigarettes is assumed to be an important contributor to smoking, in the sense 

of becoming a new smoker and continuing to smoke.14,15 For instance, Novak et al found 

that tobacco outlets were more highly concentrated in neighborhoods with high proportion 

of residents living below the poverty threshold, as well as where there were a large 

proportion of residents who were younger than 18 years of age.10 This finding by Novak et 

al is significant given that youth are a particularly vulnerable population, wherein they may 

have increased exposure to tobacco at a time when tobacco use initiation and transition to 

daily use is at its greatest.10 Youths residing in areas at the highest percentile of retail 

tobacco outlet density were more likely to have smoked in the past month (propensity score-

adjusted model odds ratio 1.20, 95% CI 1.001 to 1.44) as compared to youth residing in 

neighborhoods with less tobacco store outlets.9 More recent studies reaffirm these findings, 

concluding that exposure to tobacco outlets in residential areas may influence adolescent 

awareness of tobacco products and resulting tobacco use.16,17 Such a finding is consistent 

with our own data, in that clustering of tobacco outlets had was significantly associated with 

the percentage of persons who smoke. We identified that there is an association with tobacco 

store density and amount of women pregnant who smoke, thus showing that clustering of 

tobacco stores likely has an impact on another vulnerable population, women who are 

pregnant, reaffirming the influence of local environment on health outcomes.

For women who smoke and are pregnant, an emphasis on smoking cessation is a priority. 

However, the proximity to tobacco retail stores may pose a challenge on smoking cessation 

success. Reitzel et al showed that participants living within 500 meters of the closest tobacco 

retail outlet were less likely to maintain abstinence from cigarette use following a quit 

attempt, as compared to persons who lived further away from tobacco retail outlets.9 Such a 

finding is significant in that while proximity to a store that sells tobacco may influence 

smoking, when an individual wishes to stop smoking, such an environmental factor of 

accessible tobacco retail outlets may pose an additional barrier to smoking cessation.

Given our results of the association between tobacco store density and smoking during 

pregnancy, strategies are warranted to attenuate this negative effect. The Family Smoking 

Prevention and Tobacco Control act of 2009 was intended to promote future public health 

policies related to tobacco sales for the United States.18 If a path is taken that parallels the 

regulation of alcohol outlets in communities in order to decrease alcohol usage,19,20 then 

insight into the effect of tobacco retail outlets on behaviors of tobacco consumption can be 
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further analyzed, potentially providing direction towards tobacco control advocacy and 

policies. Given the growing body of evidence that the clustering of tobacco retail outlets are 

associated with smoking behaviors of a community, as well as the smoking behaviors of 

vulnerable populations such as children and teenager9, the additional insight that our data 

provides in regards to the impact of women who are pregnant and smoke should demand 

policy changes in the immediate future.

There are several limitations to take into account. In regards to our main outcome, women 

who smoked while pregnant, we did not take into account when during their pregnancy they 

identified as smoking (e.g. first, second or third trimester), which could explain the loss of 

impact of tobacco store density on other pregnancy-related outcomes explored (preterm 

births, infant mortality, low birth weight).21,22 Further, since smoking during pregnancy is a 

self-reported variable on the birth certificates, stigma and bias around smoking may have 

resulted in an imprecise capturing of how many women smoked during pregnancy. Another 

limitation is in the inability to accurately convey the smoking topography of the women who 

smoke, which can change during pregnancy due to higher rates of nicotine metabolism.23,24 

Therefore, depending if and how women changed their smoking topography, this could have 

had implications on our resulting findings regarding the other pregnancy-related outcomes. 

Third, tobacco store density data (collected in 2016) did not overlap with pregnancy 

smoking data (from 2010-2014). However, the tobacco store density time frame that we used 

did not differ significantly from prior data collection of tobacco store densities10 and, 

therefore, is unlikely to impact our final findings. Fourth, electronic cigarette devices were 

not taken into account in this study and warrant future investigation. Finally, we do not know 

if the women who smoked had differential access to recommended obstetric care, which 

could have helped prevent smoking-related pregnancy complications and fetal complications 

through aggressive efforts to stop smoking early in the course of the pregnancy.

It is worth mentioning that many markers of high-risk environments cluster together, from 

alcohol use to tobacco use to homicide rates. Markers of socioeconomic indicators attempt 

to approximate the material and social conditions and relative disadvantage in a given 

neighborhood. The markers we identified were chosen due to availability and previous 

empirical research associating them with smoking. Therefore, while we identified this 

association with our current data of tobacco store density and women smoking while 

pregnant in a US urban region, more research is warranted to understand how contextual-

level variables in neighborhoods interact with one another to influence behavior and health 

outcomes, especially in other environments (e.g. rural areas and non-US cities). Further, this 

study did not detail the areas covered by the CSA, which may result in masking local-level 

associations in areas with smaller populations, specifically less than 5000 persons.

In conclusion, the relationships between neighborhood socioeconomic variables, tobacco 

store density, and smoking while pregnant are demonstrated in this study for a US urban 

region. This study adds to the growing literature in how the clustering of tobacco retail 

outlets is associated with smoking patterns of local residents, which is of grave concern 

when smoking poses more of an immediate risk to a specific population: women who are 

pregnant and developing their fetus. The proximity of the tobacco retail outlets likely 

contributes to both ongoing smoking and challenges in smoking cessation for women who 
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are pregnant and have some degree of tobacco dependence. Therefore, policies addressing 

tobacco store distributions in neighborhoods must be a priority for future public health 

tobacco-oriented goals.
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HIGHLIGHTS

• Tobacco use during pregnancy is associated with significant negative health 

consequences.

• Proximity to the sale of tobacco has been associated with tobacco use in 

young adults.

• The density of stores that sell tobacco was associated with women who 

smoked during pregnancy.

Galiatsatos et al. Page 9

Prev Med. Author manuscript; available in PMC 2021 July 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure. 
Percentage of women who were smoking while pregnant versus tobacco store density per 

10000 persons, with fitted adjusted regression and confidence intervals.
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Table.

Moran’s I and spatial regression model for smoking while pregnant and tobacco store density for the 55 

neighborhoods of Baltimore City, unadjusted and adjusted models with coefficient (95% confidence interval).

Characteristic

Unadjusted p-value Adjusted p-value

Median household income (US$) per 10,000 residents −1.97 (−2.53, −1.41) <0.001 −0.16 (−1.15, 0.84) 0.754

Family Poverty Rate (%) 25.22 (18.00, 32.44) <0.001 8.42 (−2.15, 18.99) 0.116

Residents 25 or older with a Bachelor’s degree or more (%) −19.55 (−24.61, −14.49) <0.001 −12.43 (−21.50, −3.37) 0.008

Residents without insurance/uninsured (%) 7.89 (4.93, 10.87 <0.001 1.05 (−33.73, 35.84) 0.952

Tobacco store (density per 10000 persons) 0.22 (0.11, 0.33) <0.001 0.10 (0.03, 0.20) 0.043

African American 2.21 (1.69, 11.59) 0.002 1.34 (−1.89, 8.01) 0.08

Adjusted models included race, median household income, family poverty rate, education, and insurance status.
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