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with higher SHS exposure, measured by indoor air pollution 
and serum cotinine levels. The second was higher levels of SHS 
exposure were associated with more severe and less controlled 
asthma.

METHODS
Study design
This study is an analysis of participants enrolled in AIRWEIGHS, 
a home intervention study of children with asthma. This study 
used a convenience sample that was baseline data from the 
AIRWEIGHS trial, prior to randomisation to an air cleaner inter-
vention. Enrollment started in September 2016; participants 
were recruited through March 2020.

Study population
The study population included 139 children with asthma living 
in Baltimore City. Participants were recruited from prior asthma 
studies, the emergency department and paediatric pulmonology 
clinics. Enrolment criteria were: (1) ages 8–17 years, (2) symp-
tomatic asthma, (3) non-smoker (validated with urine cotinine), 
(4) spending ≥4 nights/week at home, and (5) no plans to 
move during the study. Participants were excluded on the basis 
of significant pulmonary or cardiac disease, home not appro-
priate for indoor air monitoring due to disrepair, enrolment in 
an environmental asthma trial in the previous 12 months and/
or pregnancy. One hundred and ninety-eight participants were 
consented, baseline data were collected for 164 participants. 
Indoor air nicotine levels were available for 160 participants, 
and of those 139 lived within city limits of Baltimore. Since 
cross-sectional baseline data were used for this study, there was 
no loss to follow-up.

Participant characterisation
Participant caretakers provided demographic data including 
participant age, race, sex, caretaker education, insurance status 
and income, as well as information about the home environment 
including the number of individuals in the home and presence of 
smokers in the home. Data regarding the type of dwelling were 
collected by field staff as part of a home inspection.

Participant caretakers filled out questionnaires regarding 
asthma severity and control. Asthma severity was determined 
based on the National Asthma Education and Prevention Program 
(NAEPP) classification guidelines, which included number of 
symptomatic days and nights, albuterol use and forced expira-
tory volume in 1 s.20 Asthma control was evaluated using the 
Pediatric/Adolescent Asthma Therapy Assessment Questionnaire 
(ATAQ), with higher scores indicating less controlled asthma 
(range 0–7).21

Assessment of SHS exposure
Air monitoring equipment was deployed by field staff and placed 
in the participant’s bedroom prior to the air purifier interven-
tion. The average indoor air nicotine level was monitored using a 
passive badge that was deployed over a 7-day monitoring period 
and analysed with gas chromatography according to standard 
methods providing exposure assessment.22 Airborne nicotine 
levels below the level of detection (0.036 µg/m3) were assigned a 
value of half the level of detection (0.018 µg/m3).

Serum samples were obtained from a subset of 44 participants 
(dual enrolled in another study) by venipuncture during a clinic 
visit and sent for cotinine analysis. Serum cotinine levels below 
the level of detection (0.1 ng/mL) were assigned the value of half 
the level of detection (0.05 ng/mL).

Spatial mapping
ArcMap in ArcGIS V.10.7 software (Environmental Systems 
Research Institute, Redlands, California) was used to geocode 
participant addresses and tobacco outlets using the ArcGIS World 
Geocoding Service as the address locator. Using the Spatial Join 
tool in ArcGIS, a count of tobacco outlets within a 500 m radius 
of each participant’s home was obtained. This distance has been 
used in tobacco outlet density and accessibility studies.23 24 The 
Near tool in ArcGIS was used to measure the distance from each 
participant’s home to the closest tobacco outlet. A comprehen-
sive list of tobacco outlets in Baltimore City was provided by the 
Office of the Comptroller of Maryland (last updated 13 January 
2020). A tobacco outlet was defined as an establishment with a 
licence to sell tobacco products. A tobacco product was defined 
by the Maryland Department of Health as cigarettes, cigars, pipe 
tobacco, chewing tobacco, snuff and snus, electronic smoking 
devices and filters, rolling papers, pipes, liquids used in elec-
tronic smoking devices (regardless of nicotine content), as well 
as accessories and components of the listed products.25 Balti-
more City organises neighbourhoods into Community Statistical 
Areas (CSAs), clusters of communities developed by the Balti-
more City Department of Health. In ArcGIS, a CSA map was 
overlaid on a map of Baltimore City.26 Using the Spatial Join tool 
in ArcGIS, the corresponding CSA for each participant address 
was identified. For mapping, R software (R V4.0.0 and RStudio 
V.1.3.959) was used to jitter participant addresses in order to 
protect participant privacy. Original participant addresses were 
used for the purposes of analysis.

Statistical analysis
Summary statistics were generated for baseline demographic 
characteristics, home environment, indoor air nicotine, serum 
cotinine, tobacco outlet density, asthma severity and control.

Income data were missing for 14% of participants, imputa-
tion strategies were not used and analysis was run with available 
data. Serum cotinine measurements were available for 44 partic-
ipants. Subset analysis of participant characteristics performed 
using Fisher’s exact and rank-sum tests demonstrated a greater 
proportion of moderate and severe asthma in this cohort, no 
other significant differences. Outcome measures included indoor 
air nicotine levels, serum cotinine levels, asthma control (ATAQ 
score) and asthma severity (NAEPP category). Values of air 
nicotine and serum cotinine were log transformed for statistical 
analysis. Univariate linear regression models of the outcome 
measures were fit for the following demographic and home envi-
ronment characteristics: age, race, gender, caregiver education, 
insurance type, caregiver income, household occupancy, type of 
dwelling, presence of smokers in the home and tobacco outlet 
density (online supplemental table 1). Variables with p values 
<0.05 in univariate models were selected for inclusion in the 
multivariate models.

Tobit regression models27 of SHS exposure (air nicotine, serum 
cotinine) were fit for tobacco outlet density, adjusting for clus-
tering by CSA and possible confounders: age, caregiver educa-
tion, health insurance, caregiver income, presence of smokers 
in the home, household occupancy and type of dwelling. Multi-
variable linear regression models of asthma control (ATAQ 
score) were fit for air nicotine and serum cotinine, adjusting for 
possible confounders: age, caregiver education, health insurance, 
caregiver income, household occupancy and type of dwelling. 
Multivariable logistic regression was used in an adjusted model 
to generate ORs for asthma severity (NAEPP category) based 
on air nicotine and serum cotinine. In these models with direct 
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measures of SHS exposure (air nicotine, serum cotinine) as the 
explanatory variable, there was no adjustment for the presence 
of smokers in the home or clustering. Analyses were performed 
with Stata V.14.0 (StataCorp, College Station, Texas). Statistical 
significance was defined as p<0.05.

RESULTS
The median age of participants was 11 years; majority were black 
and from low-income households. About 70% reported annual 
income less than $40 000, the median household occupancy was 
four individuals and 85% of individuals lived in an apartment or 
row home. Sixty per cent of participants had moderate or severe 
asthma based on NAEPP guidelines, and the median ATAQ score 
was 2, indicating that asthma was not well controlled (table 1).

We identified 1331 tobacco outlets in Baltimore City, which 
included grocery/convenience stores (44%), bars/restaurants 
(19%) and liquor stores (15%). On average, participants were 
living in the vicinity of six tobacco outlets in a 500 m radius 
(figure 1). The median distance from residence to the nearest 
tobacco outlet was 182 m (IQR 109–293 m). Forty-six per cent 
of participants reported smokers in the home, air nicotine was 
detected in 48% of homes. In homes with detectable air nicotine, 
the average level was 1.45 µg/m3.

Although there was no association between distance to the 
nearest tobacco outlet and indoor air nicotine levels, greater 
tobacco outlet density was associated with higher air nicotine 
concentrations. Tobit regression modelling demonstrated that 
each additional tobacco outlet in a 500 m radius was associated 
with a 12% increase in indoor air nicotine levels (p<0.01) and 
an 8% increase in serum cotinine levels (p=0.01), adjusting 
for clustering by CSA and possible confounders: age, caregiver 
education, health insurance, caregiver income, presence of 
smokers in the home, household occupancy and type of dwelling 
(table 2, figure 2). In adjusted models, for every 10-fold increase 
in air nicotine levels, there was a 0.25-point increase in ATAQ 
score (p=0.01), and for every 10-fold increase in serum cotinine 
levels, there was a 0.54-point increase in ATAQ score (p=0.046) 
(table 3).

DISCUSSION
These findings demonstrate that among an inner-city popula-
tion, higher density of tobacco outlets is associated with higher 
levels of indoor air nicotine and serum cotinine, which are both 
associated with less controlled childhood asthma. Prior studies 
have demonstrated that neighbourhoods with higher tobacco 
outlet density also have higher rates of smoking prevalence.18 19 
SHS exposure is known to have detrimental health effects on 
children with asthma,7–9 and these results suggest that regula-
tions on establishments selling tobacco could improve the health 
of children with asthma from disadvantaged backgrounds.

Prior to the pandemic, children from inner-city neighbour-
hoods spent more than 90% of their time indoors.10 During the 
pandemic, families have spent more time in the home environ-
ment, potentially increasing exposure to indoor air pollutants. 
Understanding how community-level variables associate with 

Table 1  Demographic and home characteristics from 139 
participants from AIRWEIGHS study

Characteristic Values n

Age (years; median (range)) 11 (8–17) 139

Race (%) 139

 � Black 88

 � White/other 12

Sex (% male) 59 139

Caregiver education (%) 139

 � Less than college 59

 � Some college/beyond 41

Health insurance (%) 139

 � Private 16

 � Public 84

Caregiver income (%) 139

 � <$20 000 42

 � $20 000–$39 999 26

 � >$40 000 19

 � Unknown 14

Household occupancy (median (IQR)) 4 (2–9) 138

Type of dwelling (%) 139

 � Detached/semidetached 15

 � Row home/town home/apartment 85

Smokers in home (%) 46 138

Indoor air nicotine (median (IQR)) 0.02 (0.02–5.17) 139

Serum cotinine (median (IQR)) 0.20 (0.05–2.7) 44

Tobacco outlet density (median (IQR)) 6 (0–37) 139

NAEPP asthma severity (%) 139

 � Intermittent 4

 � Mild persistent 37

 � Moderate persistent 43

 � Severe persistent 17

ATAQ score (mean (range)) 2.5 (0–7) 137

ATAQ, Asthma Therapy Assessment Questionnaire; NAEPP, National Asthma 
Education and Prevention Program.

Figure 1  Map of Baltimore City showing tobacco outlets (red) and 
participants (black). copyright.
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indoor air pollution and asthma health has become increasingly 
relevant. Our findings demonstrate that among children with 
asthma in Baltimore City, the number of tobacco retailers in a 
three-block radius is nearly six times greater than the tobacco 
outlet density reported using the same buffer in Houston, 
Texas.23

There is growing evidence to support that the SES of a neigh-
bourhood can impact health outcomes. Predominantly black 
neighbourhoods28 and low-income areas have been found to 
have a higher concentration of tobacco outlets,15 29 30 likely 
driven by low rental costs in these neighbourhoods. Prior studies 
have demonstrated that independent of SES, predominantly 
black neighbourhoods have greater tobacco outlet availability 
and access.28 Simulation models have suggested that the cost of 
tobacco products decreases by up to 20% in neighbourhoods 

where tobacco outlets are more highly concentrated.31 32 Subse-
quently, the residents of these disadvantaged areas have greater 
access to tobacco products at a lower cost. The downstream 
effect seen is a higher prevalence of smoking in low-income 
neighbourhoods with increased tobacco outlet density.18 19 33

We recognise there are multiple pathways that may contribute 
to the association between tobacco outlet density and indoor air 
nicotine. About 25% of caretakers reported that they smoked 
in the home, a total of 46% reported the presence of smokers 
in the home and air nicotine was detected in about half of the 
homes. It is unlikely that the participants (children with asthma) 
contributed to airborne nicotine, because study criteria required 
that all participants be non-smokers, and this was confirmed 
with urine cotinine testing. However, household smoking data 
were provided by self-report which may underestimate the true 

Table 2  Association between tobacco outlet density and SHS exposure (airborne nicotine and serum cotinine), adjusting for confounders and 
clustering

Characteristic

Air nicotine (n=108) Serum cotinine (n=36)

β (95% CI) P value β (95% CI) P value

Tobacco outlet density 0.05 (0.02 to 0.08) <0.01 0.03 (−0.01 to 0.06) 0.01

Age −0.06 (−0.23 to 0.12) 0.53 −0.11 (−0.03 to 0.25) 0.11

Caregiver college education −0.22 (−1.11 to 0.66) 0.62 −0.43 (−1.28 to 0.42) 0.32

Public insurance −0.12 (−1.78 to 1.53) 0.88 −4.71 (−6.31 to 3.10) <0.01

Caregiver income

 � <$20 000 – – – –

 � $20 000–$39 999 −0.24 (−1.17 to 0.69) 0.62 0.01 (−0.80 to 0.83) 0.98

 � $40 000 −1.40 (−3.22 to 0.42) 0.13 −5.33 (−6.74 to 3.92) <0.01

Smokers present 2.07 (1.16 to 2.99) <0.01 1.77 (0.69 to 2.85) <0.01

Household occupancy 0.17 (−0.03 to 0.36) 0.10 −0.06 (−0.49 to 0.36) 0.77

Row home/town home/apartment 0.26 (−0.69 to 1.21) 0.59 −0.38 (−1.79 to 1.04) 0.60

Adjusted tobit regression model used.
SHS, secondhand smoke.

Figure 2  The association between tobacco outlet density and indoor air nicotine levels. Outlier removed for graph only (tobacco outlet density of 9, 
indoor air nicotine level of 21.7 µg/m3).
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prevalence. The detectable levels of indoor air nicotine could 
alternatively be from individuals loitering and smoking around 
tobacco outlets, visitors or neighbours smoking directly outside 
the home or due to cross-contamination from adjacent homes 
with shared ventilation. Though the source of airborne tobacco 
may vary, tobacco outlet density demonstrated a measurable 
association with indoor air pollution which had a negative asso-
ciation with childhood asthma control.

Tobacco outlet density has been previously described in 
the literature as a neighbourhood characteristic that is associ-
ated with poor health outcomes.15 These results show that the 
number of tobacco outlets within a three-block radius of the 
home is associated with higher levels of detectable indoor air 
nicotine and serum cotinine, independent of the presence of 
smokers in the home. Our finding of higher levels of SHS expo-
sure among participants with higher tobacco outlet density is 
consistent with previous reports of higher rates of smoking prev-
alence in low-income neighbourhoods with high tobacco outlet 
density.18 19 33 However, air nicotine levels and serum cotinine 
levels were elevated even in non-smoking homes, and a plau-
sible explanation would be that the presence of tobacco outlets 
is leading to more smoking of tobacco products within the 
vicinity of tobacco outlets, which is polluting the nearby indoor 
environment. Prior studies of cue reactivity have demonstrated 
that cravings among tobacco users are increased when exposed 
to drug-related stimuli.34 While smoking behaviours around 
tobacco outlets were not directly assessed in the scope of this 
study, future studies could investigate this postulation as a poten-
tial cause of higher indoor airborne nicotine in homes with high 
tobacco outlet density.

Indoor air nicotine can leave an imprint in the home. Liter-
ature suggests that persistent SHS can accumulate on surfaces, 

clothing and dust, lending to third-hand smoke (THS) exposure. 
Some THS pollutants can react with ambient toxins and create 
novel compounds with carcinogenic potential. Children can 
be exposed to THS toxins by touching surfaces in the home, 
breathing indoor air and ingesting residue that settles on their 
hands. Research shows that young children are often exposed 
to higher levels of THS because they spend a significant amount 
of time crawling on floors and touching other contaminated 
surfaces.35 36 Studies have shown that children from low-income 
backgrounds have higher levels of exposure to environmental 
smoke.37

SHS exposure has a multitude of health effects, and in this 
study we focused on the health impact on childhood asthma. We 
found that children with asthma exposed to higher levels of SHS 
had a significant reduction in asthma control as measured by the 
ATAQ score. Both tobacco outlet density and the presence of 
smokers in the home were strongly associated with higher indoor 
air nicotine levels and could contribute to the downstream effect 
of poor asthma control. Quantifying this relationship between 
SHS exposure and asthma control with granular measurements 
of airborne nicotine and serum cotinine further enriches the 
literature in support of the detrimental health effects of SHS on 
asthma.

On a national scale, paediatric asthma healthcare expenses 
amount to nearly $6 billion annually. The Maryland Health 
Services Cost Review Commission (HSCRC) reports that the 
average cost of an emergency room visit for paediatric asthma is 
approximately $1000, and in 2019 there were more than 11 500 
emergency room visits for asthma. The cost is even greater for 
children hospitalised for asthma; the HSCRC reports over 960 
paediatric asthma hospitalisations averaging $9000 each.6 The 
cost of asthma care is a large burden to the healthcare system, 

Table 3  Association between SHS exposure (airborne nicotine and serum cotinine), asthma control (ATAQ score) and asthma severity (NAEPP 
category)

Characteristic

ATAQ NAEPP

β P value OR P value

Adjusted model for air nicotine (n=117) (n=119)

Air nicotine 0.25 (0.05–0.44) 0.01 1.06 (0.85–1.32) 0.59

Age 0.02 (−0.13 to 0.16) 0.82 1.28 (1.07–1.53) <0.01

Caregiver college education 0.92 (0.09–1.75) 0.03 1.75 (0.65–4.68) 0.27

Public insurance −0.14 (−1.34 to 1.06) 0.82 1.47 (0.37–5.90) 0.58

Caregiver income

 � <$20 000 – – – –

 � $20 000–$39 999 0.11 (−0.73 to 0.95) 0.80 1.20 (0.47–3.08) 0.71

 � $40 000 −0.44 (−1.75 to 0.87) 0.51 0.68 (0.15–3.17) 0.63

Household occupancy 0.01 (−0.20 to 0.23) 0.92 0.95 (0.74–1.23) 0.70

Row home/town home/apartment 0.31 (−0.82 to 1.43) 0.59 3.93 (1.08–14.32) 0.04

Adjusted model for serum cotinine (n=40) (n=40)

Serum cotinine 0.54 (0.00–1.08) <0.05 1.16 (0.56–2.40) 0.70

Age −0.07 (−0.36 to 0.23) 0.65 1.51 (0.92–2.50) 0.11

Caregiver college education 1.07 (−0.62 to 2.76) 0.21 1.82 (0.21–16.04) 0.59

Public insurance 0.49 (−2.57 to 3.54) 0.75 0.38 (0.01–14.34) 0.60

Caregiver income

 � <$20 000 – – – –

 � $20 000–$39 999 1.12 (−0.33 to 2.57) 0.13 0.78 (0.10–5.94) 0.81

 � $40 000 0.86 (−2.05 to 3.77) 0.55 0.09 (0.00–4.18) 0.22

Household occupancy 0.19 (−0.37 to 0.76) 0.49 0.96 (0.48–1.92) 0.91

Row home/town home/apartment 1.76 (−0.81 to 4.33) 0.17 18.98 (0.83–435.47) 0.07

Adjusted multivariable regression model used.
ATAQ, Asthma Therapy Assessment Questionnaire; NAEPP, National Asthma Education and Prevention Program; SHS, secondhand smoke. copyright.
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and efforts to reduce SHS exposure can have significant impact 
on addressing this public health crisis.

We acknowledge that our study focused on low-income 
urban neighbourhoods, which may limit the generalisability of 
findings. These neighbourhoods in Baltimore do have many 
multiunit row homes with shared ventilation systems, which 
can allow indoor air pollution to spread among neighbouring 
homes. Although our analysis did adjust for the type of dwelling, 
we recognise that there are other potential confounders of SHS 
exposure. Specifically, smoking policies of residential buildings 
and observed smoking behaviour around/outside the home were 
not accounted for. While we did collect air nicotine data for all 
participants, serum cotinine measurements were only available 
for a subset, and future studies with a larger number of partici-
pants may be able to expand on these findings.

Tobacco outlets are rapidly evolving, with an uptake in the 
sale of electronic cigarettes and vaping products in the recent 
years. In Baltimore City, a tobacco licence permits sale of any 
type of tobacco product,38 and the city does not provide records 
of the types of tobacco products sold at each outlet. For this 
reason, our study does not specifically look at the effect of elec-
tronic cigarette and/or vaping products on indoor air nicotine 
levels, but this is a topic to consider for future study if informa-
tion regarding sales of these products at specific outlets were to 
become available.

Tobacco outlets are concentrated in urban areas and neighbour-
hoods with poverty, and there is increasing evidence to support 
how this is associated with SHS exposure and health outcomes. 
There are several elements of the retail-focused tobacco control 
strategies which include federal regulation of advertisements, 
addressing inequities of the tobacco outlet environment and 
retail strategies controlling licensing, pricing and product avail-
ability.39 On a local level, approaches to decrease tobacco outlet 
density could include measures that limit the number of tobacco 
licences in a given jurisdiction, prohibiting tobacco outlets within 
a given distance of schools or setting a standard for the minimum 

distance between two tobacco outlets.40 41 Current legislation in 
Baltimore City does not prevent tobacco outlets from opening 
in residential neighbourhoods, nor does it limit the number of 
tobacco outlets that can exist in a given neighbourhood. Like the 
sale of tobacco products, alcohol sales were previously unreg-
ulated in Baltimore City. After studies demonstrated a strong 
correlation between presence of liquor outlets in Baltimore 
City neighbourhoods and poor public health, in 2016 Balti-
more City implemented a liquor zoning law prohibiting liquor 
outlets from operating in residential neighbourhoods.42 Zoning 
laws restricting tobacco outlets in residential neighbourhoods in 
Baltimore City will advance the goal of reducing tobacco-related 
health consequences.

This paradigm likely exists beyond just the Baltimore City. In 
addition to what is known about the effect of tobacco outlet 
density and proximity on smoking behaviour, our findings bring 
to the forefront the association between tobacco outlet density, 
indoor air quality and the health of children with asthma, which 
can inform policies restricting the sales of tobacco, particularly 
in disadvantaged neighbourhoods.

Contributors  All authors have participated in the concept, design, analysis, writing 
and revision of the manuscript. MM acting as guarantor.

Funding  This work was supported by the National Institute of Environmental 
Health Sciences (NIEHS) under grant number P50ES018176 and the US 
Environmental Protection Agency under grant number 83615201.

Map disclaimer  The inclusion of any map (including the depiction of any 
boundaries therein), or of any geographic or locational reference, does not imply 
the expression of any opinion whatsoever on the part of BMJ concerning the 
legal status of any country, territory, jurisdiction or area or of its authorities. Any 
such expression remains solely that of the relevant source and is not endorsed 
by BMJ. Maps are provided without any warranty of any kind, either express or 
implied.

Competing interests  None declared.

Patient consent for publication  Not required.

Ethics approval  This study involves human participants and was approved 
by Johns Hopkins Medical Institutional Review Board (reference number: 
CIR00066683). Participants gave informed consent to participate in the study before 
taking part.

Provenance and peer review  Not commissioned; externally peer reviewed.

Data availability statement  Data are available upon reasonable request. Data 
relevant to the study question addressed in this manuscript are included in the article 
or uploaded as supplementary information. Additional data can be made available 
on request.

ORCID iDs
Parisa Kaviany http://orcid.org/0000-0002-9396-0777
Panagis Galiatsatos http://orcid.org/0000-0001-8309-0985

REFERENCES
	 1	 CDC. Most Recent National Asthma Data [Internet]. Available: https://www.cdc.gov/​

asthma/most_recent_national_asthma_data.htm [Accessed 11 Oct 2019].
	 2	 Keet CA, Matsui EC, McCormack MC, et al. Urban residence, neighborhood poverty, 

race/ethnicity, and asthma morbidity among children on Medicaid. J Allergy Clin 
Immunol 2017;140:822–7.

	 3	 Baltimore City Health Department [Internet], 2018. Available: https://health.​
baltimorecity.gov/node/454

	 4	 Assari S, Lankarani MM. Poverty Status and Childhood Asthma in White and Black 
Families: National Survey of Children’s Health. Available: www.mdpi.com/journal/​
healthcare [Accessed 1 Dec 2019].

	 5	 Weitzman M, Gortmaker S, Sobol A. Racial, social, and environmental risks for 
childhood asthma. Am J Dis Child 1990;144:1189–94.

	 6	 LaFave S. The unequal burden of pediatric asthma: a call for an Equity-Driven, 
multimodal, public health approach to asthma in Baltimore. The Abell Foundation, 
2020.

	 7	 Ehrlich R, Jordaan E, Du Toit D, et al. Household smoking and bronchial 
hyperresponsiveness in children with asthma. J Asthma 2001;38:239–51.

	 8	 Hollenbach JP, Schifano ED, Hammel C, et al. Exposure to secondhand smoke and 
asthma severity among children in Connecticut. PLoS One 2017;12:e0174541–13.

What this paper adds

What is already known on this subject
	⇒ Tobacco outlets are concentrated in low-income 
neighbourhoods. Tobacco outlet density is associated with 
higher prevalence of smoking. Children with asthma are 
susceptible to effects of tobacco, and secondhand smoke 
(SHS) exposure is associated with more severe asthma and 
worse lung function among children with asthma.

What important gaps in knowledge exist on this topic
	⇒ The association between tobacco outlet density and SHS 
exposure among children in the community is unknown 
and the potential association with health outcomes among 
children with asthma, who represent a high-risk group, is of 
particular relevance.

What this paper adds
	⇒ Living in a home with higher density of tobacco outlets in the 
surrounding neighbourhood is associated with higher levels 
of indoor air nicotine and serum cotinine, independent of the 
presence of smokers in the home. Using direct measurements 
of airborne nicotine in the home, we found as indoor 
SHS exposure increases, there was a significant reduction 
in asthma control as measured by the Asthma Therapy 
Assessment Questionnaire score.

copyright.
 on O

ctober 1, 2023 by guest. P
rotected by

http://tobaccocontrol.bm
j.com

/
T

ob C
ontrol: first published as 10.1136/tobaccocontrol-2021-056878 on 19 January 2022. D

ow
nloaded from

 

http://orcid.org/0000-0002-9396-0777
http://orcid.org/0000-0001-8309-0985
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
https://www.cdc.gov/asthma/most_recent_national_asthma_data.htm
http://dx.doi.org/10.1016/j.jaci.2017.01.036
http://dx.doi.org/10.1016/j.jaci.2017.01.036
https://health.baltimorecity.gov/node/454
https://health.baltimorecity.gov/node/454
www.mdpi.com/journal/healthcare
www.mdpi.com/journal/healthcare
http://dx.doi.org/10.1001/archpedi.1990.02150350021016
http://dx.doi.org/10.1081/JAS-100000111
http://dx.doi.org/10.1371/journal.pone.0174541
http://tobaccocontrol.bmj.com/


613Kaviany P, et al. Tob Control 2023;32:607–613. doi:10.1136/tobaccocontrol-2021-056878

Original research

	 9	 Mannino DM, Homa DM, Redd SC. Involuntary smoking and asthma severity in 
children: data from the third National health and nutrition examination survey. Chest 
2002;122:409–15.

	10	 Breysse PN, Diette GB, Matsui EC, et al. Indoor air pollution and asthma in children. 
Proc Am Thorac Soc 2010;7:102–6.

	11	 Wallace LA, Mitchell H, O’Connor GT, et al. Particle concentrations in inner-city homes 
of children with asthma: the effect of smoking, cooking, and outdoor pollution. 
Environ Health Perspect 2003;111:1265–72.

	12	 Keeler GJ, Dvonch T, Yip FY, et al. Assessment of personal and community-level 
exposures to particulate matter among children with asthma in Detroit, Michigan, as 
part of community action against asthma (CAAA). Environ Health Perspect 2002;110 
Suppl 2:173–81.

	13	 Kind AJH, Jencks S, Brock J, et al. Neighborhood socioeconomic disadvantage 
and 30-day rehospitalization: a retrospective cohort study. Ann Intern Med 
2014;161:765–74.

	14	 Singh G. Increasing area deprivation and socioeconomic inequalities in heart disease, 
stroke, and cardiovascular disease mortality among working age populations, United 
States, 1969-2011. Int. J. MCH AIDS 2014;3:119–33.

	15	 Galiatsatos P, Brigham E, Krasnoff R, et al. Association between neighborhood 
socioeconomic status, tobacco store density and smoking status in pregnant women 
in an urban area. Prev Med 2020;136:106107.

	16	 Galiatsatos P, Kineza C, Hwang S, et al. Neighbourhood characteristics and health 
outcomes: evaluating the association between socioeconomic status, tobacco store 
density and health outcomes in Baltimore City. Tob Control 2018;27:e19–24.

	17	 Novak SP, Reardon SF, Raudenbush SW, et al. Retail tobacco outlet density and 
youth cigarette smoking: a propensity-modeling approach. Am J Public Health 
2006;96:670–6.

	18	 Clemens T, Dibben C, Pearce J, et al. Neighbourhood tobacco supply and individual 
maternal smoking during pregnancy: a fixed-effects longitudinal analysis using 
routine data. Tob Control 2020;29:7–14.

	19	 Golden SD, Kuo T-M, Kong AY, et al. County-level associations between tobacco 
retailer density and smoking prevalence in the USA, 2012. Prev Med Rep 
2020;17:101005.

	20	 Highlights of the National Asthma Education and Prevention Program Expert Panel 
Report 3 : Guidelines for the Diagnosis and Management of Asthma Full Report 2007. 
Children 2007.

	21	 Skinner EA, Diette GB, Algatt-Bergstrom PJ, et al. The asthma therapy assessment 
questionnaire (ATAQ) for children and adolescents. Dis Manag 2004;7:305–13.

	22	 Hammond SK, Leaderer BP. A diffusion monitor to measure exposure to passive 
smoking. Environ Sci Technol 1987;21:494–7.

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

	24	 Tucker P, Irwin JD, Gilliland J, et al. Environmental influences on physical activity levels 
in youth. Health Place 2009;15:357–63.

	25	 Maryland Department of Health. Tobacco 21 FAQ [Internet], 2020. Available: https://​
health.maryland.gov/notobaccosalestominors/Pages/Tobacco 21 FAQ.aspx [Accessed 
26 Apr 2021].

	26	 Jacob France Institute. Baltimore Neighborhood Indicators Alliance [Internet], 2018. 
Available: https://bniajfi.org/mapping-resources/ [Accessed 24 Nov 2021].

	27	 Feng CX. A comparison of zero-inflated and hurdle models for modeling zero-inflated 
count data. J Stat Distrib Appl 2021;8:8.

	28	 Fakunle DO, Curriero FC, Leaf PJ, et al. Black, white, or green? the effects of racial 
composition and socioeconomic status on neighborhood-level tobacco outlet density. 
Ethn Health 2021;26:1012–27.

	29	 Fakunle DO, Milam AJ, Furr-Holden CD, et al. The inequitable distribution of tobacco 
outlet density: the role of income in two black mid-atlantic geopolitical areas. Public 
Health 2016;136:35–40.

	30	 Rodriguez D, Carlos HA, Adachi-mejia AM, et al. Predictors of tobacco outlet density 
nationwide: a geographic analysis. Tob Control 2013;22:349–55.

	31	 Luke DA, Hammond RA, Combs T, et al. Tobacco town: computational modeling 
of policy options to reduce tobacco retailer density. Am J Public Health 
2017;107:740–6.

	32	 Pearson AL, van der Deen FS, Wilson N, et al. Theoretical impacts of a range of major 
tobacco retail outlet reduction interventions: modelling results in a country with a 
smoke-free nation goal. Tob Control 2015;24:e32–8.

	33	 Chuang Y-C, Cubbin C, Ahn D, et al. Effects of neighbourhood socioeconomic status 
and convenience store concentration on individual level smoking. J Epidemiol 
Community Health 2005;59:568–73.

	34	 Carter BL, Tiffany ST. Meta-analysis of cue-reactivity in addiction research. Addiction 
1999;94:327–40.

	35	 Mahabee-Gittens EM, Matt GE, Hoh E, et al. Contribution of thirdhand smoke to 
overall tobacco smoke exposure in pediatric patients: study protocol. BMC Public 
Health 2019;19:491.

	36	 Northrup TF, Jacob P, Benowitz NL, et al. Thirdhand smoke: state of the science and a 
call for policy expansion. Public Health Rep 2016;131:233–8.

	37	 Gatzke-Kopp LM, Willoughby MT, Warkentien SM, et al. Magnitude and chronicity 
of environmental smoke exposure across infancy and early childhood in a sample of 
low-income children. Nicotine Tob Res 2019;21:1665–72.

	38	 Motor-fuel Alcohol and Tobacco Tax Regulatory Bureau. Other Tobacco Products 
(OTP)"Retailer" Licenses [Internet]. Annapolis, MD, 2011. Available: https://mdcourts.​
gov/sites/default/files/import/clerks/calvert/pdfs/tt13otpfaq12611.pdf

	39	 Kong AY, King BA. Boosting the tobacco control vaccine: recognizing the role of 
the retail environment in addressing tobacco use and disparities. Tob Control 
2021;30:e162–8.

	40	 BrightResearchGroup. Reducing tobacco retail density in San Francisco: a case study, 
2016. Available: http://sanfranciscotobaccofreeproject.org/case-studies/reducing-​
tobacco-retail-density-in-san-francisco/

	41	 Ackerman A, Etow A, Bartel S, et al. Reducing the density and number of tobacco 
retailers: policy solutions and legal issues. Nicotine Tob Res 2017;19:133–40.

	42	 Baltimore Sun Editorial Board. Baltimore’s non-conforming liquor stores have had 
plenty of time, 2019. Available: https://www.baltimoresun.com/opinion/editorial/bs-​
ed-0613-liquor-zoning-20190612-story.html

copyright.
 on O

ctober 1, 2023 by guest. P
rotected by

http://tobaccocontrol.bm
j.com

/
T

ob C
ontrol: first published as 10.1136/tobaccocontrol-2021-056878 on 19 January 2022. D

ow
nloaded from

 

http://dx.doi.org/10.1378/chest.122.2.409
http://dx.doi.org/10.1513/pats.200908-083RM
http://dx.doi.org/10.1289/ehp.6135
http://dx.doi.org/10.1289/ehp.02110s2173
http://dx.doi.org/10.7326/M13-2946
http://dx.doi.org/10.21106/ijma.45
http://dx.doi.org/10.1016/j.ypmed.2020.106107
http://dx.doi.org/10.1136/tobaccocontrol-2017-053945
http://dx.doi.org/10.2105/AJPH.2004.061622
http://dx.doi.org/10.1136/tobaccocontrol-2018-054422
http://dx.doi.org/10.1016/j.pmedr.2019.101005
http://dx.doi.org/10.1089/dis.2004.7.305
http://dx.doi.org/10.1021/es00159a012
http://dx.doi.org/10.2105/AJPH.2010.191676
http://dx.doi.org/10.1016/j.healthplace.2008.07.001
https://health.maryland.gov/notobaccosalestominors/Pages/Tobacco%2021%20FAQ.aspx
https://health.maryland.gov/notobaccosalestominors/Pages/Tobacco%2021%20FAQ.aspx
https://bniajfi.org/mapping-resources/
http://dx.doi.org/10.1186/s40488-021-00121-4
http://dx.doi.org/10.1080/13557858.2019.1620178
http://dx.doi.org/10.1016/j.puhe.2016.02.032
http://dx.doi.org/10.1016/j.puhe.2016.02.032
http://dx.doi.org/10.1136/tobaccocontrol-2011-050120
http://dx.doi.org/10.2105/AJPH.2017.303685
http://dx.doi.org/10.1136/tobaccocontrol-2013-051362
http://dx.doi.org/10.1136/jech.2004.029041
http://dx.doi.org/10.1136/jech.2004.029041
http://dx.doi.org/10.1046/j.1360-0443.1999.9433273.x
http://dx.doi.org/10.1186/s12889-019-6829-7
http://dx.doi.org/10.1186/s12889-019-6829-7
http://dx.doi.org/10.1177/003335491613100206
http://dx.doi.org/10.1093/ntr/nty228
https://mdcourts.gov/sites/default/files/import/clerks/calvert/pdfs/tt13otpfaq12611.pdf
https://mdcourts.gov/sites/default/files/import/clerks/calvert/pdfs/tt13otpfaq12611.pdf
http://dx.doi.org/10.1136/tobaccocontrol-2020-055722
http://sanfranciscotobaccofreeproject.org/case-studies/reducing-tobacco-retail-density-in-san-francisco/
http://sanfranciscotobaccofreeproject.org/case-studies/reducing-tobacco-retail-density-in-san-francisco/
http://dx.doi.org/10.1093/ntr/ntw124
https://www.baltimoresun.com/opinion/editorial/bs-ed-0613-liquor-zoning-20190612-story.html
https://www.baltimoresun.com/opinion/editorial/bs-ed-0613-liquor-zoning-20190612-story.html
http://tobaccocontrol.bmj.com/


 

  Air Nicotine  Serum Cotinine     ATAQ    NAEPP 

Characteristic 𝜷̂ [95% CI] p-value 𝜷̂ [95% CI] p-value 𝜷̂ [95% CI] p-value OR [95% CI] p-value 

Age 0.01 [-0.13-0.14] 0.91   0.06 [-0.13-0.25] 0.54   -0.04 [-0.16-0.09] 0.58   1.09 [0.95-1.24] 0.22 

Race  

   White/Other 

   Black 

 

-------- 

0.63 [-0.25-1.51] 

 

---- 

0.16 

 

  -------- 

  0.91 [-0.37-2.19] 

 

---- 

0.16 

 

  ------- 

  -0.15 [-1.05-0.74] 

 

---- 

0.73 

  

  ------- 

  4.55 [1.67-12.36] 

 

---- 

<0.01 

Sex  

   Male 

   Female 

 

-------- 

0.15 [-0.53-0.71] 

 

---- 

0.65 

 

  -------- 

  -0.30 [-1.17-0.56] 

 

---- 

0.48 

 

  ------- 

  -0.27 [-0.90-0.36] 

 

---- 

0.39 

 

  ------- 

  1.27 [0.67-2.41] 

 

---- 

0.47 

Caregiver Education 

   Less than college 

   Some college/beyond 

 

-------- 

-1.23 [-1.81- -0.66] 

 

---- 

<0.01 

 

  -------- 

  -1.53 [-2.26- -0.80] 

 

---- 

<0.01 

 

  ------- 

  0.51 [-0.10-1.13] 

 

---- 

0.10 

 

  ------- 

  0.96 [0.51-1.80] 

 

---- 

0.89 

Health Insurance  

   Private 

   Public 

Caregiver Income 

  < $20, 000 

  $20,000 - $39,999 

  $40,000  

Household Occupancy  

 

-------- 

1.13 [0.34-1.92] 

 

-------- 

-0.45 [-1.15-0.26] 

-1.52 [-2.32- -0.73] 

0.14 [-0.03-0.32] 

 

---- 

<0.01 

 

---- 

0.21 

<0.01 

0.10 

 

  -------- 

  0.62 [-0.60-1.83] 

 

  -------- 

  0.22 [-0.73-1.17] 

  -1.09 [-2.23-0.04] 

  0.21 [-0.22-0.27] 

 

---- 

0.31 

 

---- 

0.64 

0.06 

0.86 

 

  ------- 

  0.29 [-0.53-1.10] 

 

  -------- 

  0.37 [-0.38-1.12] 

  -0.43 [-1.27-0.41] 

  0.03 [-0.15-0.20] 

 

---- 

0.49 

 

---- 

0.33 

0.31 

0.77 

 

  ------- 

  1.63 [0.71-3.73] 

 

  -------- 

  0.75 [0.34-1.65] 

  0.42 [0.17-1.01] 

  0.96 [0.81-1.15] 

 

----- 

0.25 

 

---- 

0.48 

0.05 

0.67 

Smokers in Home 

   No 

   Yes 

 

-------- 

1.76 [1.21-2.31] 

 

---- 

<0.01 

 

  ------- 

  1.67 [0.94-2.41] 

 

---- 

<0.01 

 

  ------- 

  0.40 [-0.22-1.02] 

 

---- 

0.20 

 

  ------- 

  1.96 [1.03-3.73] 

 

---- 

0.04 

Type of Dwelling 

Detached/Semi-    

detached 

   Row-home/Town-       

   home/Apt 

 

-------- 

 

0.84 [0.06-1.62] 

 

---- 

 

0.03 

 

  -------- 

 

  0.83 [-0.38-2.03] 

 

---- 

 

0.17 

 

  -------- 

 

  0.27 [-0.53-1.08] 

 

---- 

 

0.50 

 

  ------- 

 

  3.25 [1.40-7.56] 

 

---- 

 

<0.01 

 

Tobacco Outlet Density 0.03 [0.00-0.06] 0.04   0.03 [-0.02-0.07] 0.23   0.01 [-0.02-0.04] 0.58   1.01 [0.98-1.05] 0.40 
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