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Abstract

Introduction: Tobacco control policies aim to limit access, reduce initiation, and mitigate tobacco-related harms, particularly among youth.
However, the effectiveness of these policies relies on consistent enforcement to ensure widespread compliance and achieve their intended
public health impacts. Socioeconomic vulnerability and neighborhood characteristics have been shown to influence retailer compliance, although
existing studies often primarily focus on compliance violations instead of inspections. This study uses Los Angeles (LA) County, California to
explore the associations between compliance inspections, violations, and neighborhood social vulnerability.

Methods: \We identified inspection and violation data from the Food and Drug Administration (FDA) Tobacco Compliance Check Outcomes
database for Los Angeles County, CA (January 1, 2021 to December 31, 2023) and linked these data to census tract level data from the
2022 Centers for Disease Control and Prevention Social Vulnerability Index (SVI). All analyses were conducted at the census-tract level, with
separate multivariable models adjusted for tobacco retailer density, and used to examine the relationship between inspections, violations, and
neighborhood social vulnerability.

Findings: Neighborhood-level social vulnerability significantly predicted the likelihood of tobacco retailer inspections, but not violations. Census
tracts with greater socioeconomic vulnerability and housing vulnerability had higher odds of inspections, while census tracts with higher
proportions of racial/ethnic minority residents were less likely to undergo compliance inspections.

Conclusion: The uneven distribution of FDA compliance inspection efforts in socially vulnerable neighborhoods highlights systemic inequities.
The results underscore the importance of utilizing equitable enforcement frameworks that leverage tools like SVI to pinpoint high-need areas,
optimize resource allocation, and support comprehensive tobacco policy implementation.

Implications: This study reveals disparities in Food and Drug Administration compliance inspections with a concentration of inspections identified
in socioeconomically vulnerable areas and gaps in predominantly racial/ethnic minority communities. No direct link was found between social
vulnerability and violations, suggesting heightened retailer compliance may stem from successful outreach, past regulatory scrutiny, or other
factors. Leveraging the Centers for Disease Control and Prevention Social Vulnerability Index can strengthen tobacco control enforcement in
high-need areas, ensuring inspections are more equitable and targeted where enforcement gaps and tobacco access remain most pronounced.

Introduction marketing practices, sales to underage individuals, and other

In 2025, tobacco use continues to be the leading cause of
preventable disease and death in the United States (U.S.).!
Use of tobacco and nicotine products is widely recognized to
have harmful effects,? as are the individual, social, and envi-
ronmental factors that contribute to tobacco use and related
disparities.> The tobacco retail environment is an important
contextual factor that exposes communities to marketing and
product access.? Despite increased online sales,*> brick-and-
mortar retailers continue to be a common source of tobacco
sales, including for youth,® emphasizing the need for rigorous
tobacco control policy enforcement.

The U.S. Food and Drug Administration (FDA) plays a
central role in tobacco policy enforcement through its com-
pliance check inspections, established under the 2009 Family
Smoking Prevention and Tobacco Control Act. Inspections
assess a range of potential violations, including unlawful

regulatory infractions.” While enforcement is crucial to pol-
icy effectiveness, it is often overlooked in tobacco control
research.®~10 Protecting Americans from tobacco-related dis-
ease and reducing youth access to tobacco products are key
public health goals of these inspections, yet tobacco policy
effectiveness is contingent on adequate enforcement'' and
differential enforcement across jurisdictions could result in
uneven public health impacts.'?

Under the Family Smoking Prevention and Tobacco Control
Act, the FDA collaborates with state contractors to conduct
compliance check inspections at tobacco retailers.'> The FDA
advises states to prioritize inspections in areas at high risk for
regulatory violations, such as those with elevated youth smok-
ing rates, cigarette access, and concentrations of racial/ethnic
minority populations.'* However, states are not mandated
to use probability-based sampling strategies and sampling
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methods used by states are not made publicly available.
Consequently, compliance inspection protocols likely vary by
state,! resulting in compliance rates ranging from 60% to
90% and influenced by factors such as enforcement practices,
store type, and location.'®=!8 These inconsistencies, com-
pounded by limited data availability,'>>!” highlights a critical
gap in practice and potentially leaves at-risk neighborhoods
with unequal protections.

California has long been a leader in tobacco control and
prevention efforts, yet the burden of tobacco use persists —
1 in 10 adults®® and 17% of youth report using tobacco,”!
with significant disparities in smoking prevalence, particularly
in lower income areas.”> While overall statewide tobacco use
decreased from 14.6% to 11.4% between 2017 and 2022, use
among historically marginalized populations (ie, youth, lower
income, and racial/ethnic minorities) continues to be a public
health concern as these groups have higher levels of tobacco
use compared to the overall population.?? These patterns may
be impacted by inequities in FDA compliance inspections. In
California, retailers must obtain a tobacco retail license from
the California Department of Tax and Fee Administration
(CDTFA) to legally sell tobacco products,”* and compliance
inspections are primarily conducted by the state Department
of Public Health Food and Drug Branch. Inspections typically
involve undercover operations in which minor decoys (ages
18-20) attempt to purchase tobacco products, assess whether
retailers properly ask for identification, and collect sale refusal
information.”> Non-compliant retailers face escalating fines
and potential license revocation under the California STAKE
Act as well as at the federal level through the FDA.In 2023, the
Synar Tobacco Purchase Survey found retailer violation rates
for illegal sales to minors ranged from 11.9% to 33% across
California, based on a total of 1209 inspections. Los Angeles
(LA) County recorded the highest violation rate at 33%
(n = 324).23 However, no additional information was provided
regarding the factors that contributed to the high rate.

Between 2021 and 2023, LA County accounted for nearly
one-third of (32.4%) of all FDA tobacco compliance inspec-
tions in California (n=6594), exceeding the second and third
highest counties: San Diego (10.9%) and San Bernardino
(7.3%). Los Angeles County is among the most populated
counties in the U.S. with a total population of 10 million
residents representing 27% of the state’s total population
and spanning 4000+ square miles.2® LA County encompasses
urban and suburban communities characterized by diverse
racial/ethnic, socioeconomic, linguistic, and cultural back-
grounds.?” The high concentration of inspections, paired with
LA County’s previous high violation rate and demographic
diversity, makes it an ideal study setting to examine enforce-
ment activities and equity concerns.

While prior research has explored disparities in Tobacco 21
(T21) violations,'>17 the federal law enacted in December
2019 that raised the minimum age for purchasing tobacco
products from 18 to 21,”% fewer studies have investigated
how tobacco retailer compliance inspection patterns them-
selves intersect with neighborhood characteristics such as
racial/ethnic composition, income, and social vulnerability. A
2016 study analyzed FDA compliance inspection data and
found that tobacco retailers in neighborhoods with higher
proportions of Black, Latino, and low-income residents were
more likely to sell tobacco to minors, highlighting inequities
in retailer compliance based on racial/ethnic composition,
poverty, and segregation.”’ The study underscores a lack of
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consistent and comprehensive research on the influence of
neighborhood characteristics, such as deprivation levels or
racial/ethnic composition, on retailer compliance.?’ Further-
more, while disparities in tobacco access and use among lower
income and racial/ethnic communities are well known,3%>31
less is known about how broader FDA enforcement, mea-
sured through retailer compliance inspections and violations,
intersects with neighborhood social vulnerability. Research
in Columbus, Ohio found that even under strong enforce-
ment conditions, retailer compliance with T21 was signifi-
cantly influenced by contextual factors, including neighbor-
hood poverty.!” Building on this insight, the present study
explores how neighborhood-level social vulnerability may
relate to FDA tobacco retailer compliance inspections and
violations, conceptualized as key enforcement strategies for
tobacco control policy.

Methods

This study focuses on LA County, California as the study
setting to conduct a census-tract level ecological analysis
using cross-sectional data from 2021 to 2023. We examine
the relationship between FDA tobacco retailer compliance
inspections, violations, and neighborhood social vulnerability
characteristics.

FDA Tobacco Compliance Inspections

To assess tobacco retailer compliance inspections, we used
publicly available data from the FDA Tobacco Compliance
Check Outcomes database, capturing inspections conducted
in Los Angeles County between January 1,2021, and Decem-
ber 31, 2023. While inspections are recorded by fiscal year
(October 1 to September 30), calendar years were used for
clearer alignment with public health surveillance data sources,
facilitating more accurate comparisons. The FDA Tobacco
Compliance Check Outcomes database includes retailer name,
address, inspection decision (ie, “no violations observed”,
“warning letter”, “civil money penalty”, “no- tobacco- sale
order”), whether a minor was involved, whether a sale to
minor was found, and decision date. Warning letters are issued
to retailers upon their first violation. Civil money penalties are
issued after a second violation, and no- tobacco- sale orders
are issued after “repeated violations”, defined >5 violations
over a 36-month period.>? Calendar years were reconciled
by assigning inspections based on their decision date. The
dataset includes only records with documented outcomes, and
no missing data were present for the variables analyzed.

Center for Disease Control and Prevention Social
Vulnerability Index

Neighborhood social vulnerability predictor variables were
obtained from the Centers for Disease Control and Prevention
(CDC) Social Vulnerability Index (SVI), which indicates the
relative vulnerability of each U.S. census tract and is used
to identify at-risk communities. SVI has been widely used
in health research,® including a study assessing FDA com-
pliance outcomes in Oklahoma.>* CDC SVI 2022 uses data
from the 2018-2022 American Community Survey (ACS)
to capture community vulnerability through 16 indicators
grouped into four themes. These include socioeconomic status
(below 150% poverty level, unemployment, housing cost
burden, lack of health insurance and lack of high school
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diploma); household characteristics (individuals over 65, indi-
viduals under 17, disability, single-parent households, lim-
ited English proficiency); racial and ethnic minority status
(residents excluding non-Hispanic White); and housing and
transportation factors (multiunit, mobile homes, crowded
housing, lack of vehicle access, and group quarters).>> Each
census tract is given a percentile rank ranging from 0 to 1,
with higher values indicating greater vulnerability. There is
a percentile rank for each social factor, as well as the four
themes, and overall. To aid with interpretability, we rescaled
each percentile rank by multiplying by 10 so that a 1-unit
change equates to a full decile on the original scale, a method
used elsewhere.3°

Data Preparation and Cleaning

Of the 6593 FDA compliance inspections that were conducted
at brick-and-mortar tobacco retailers across California from
2021 to 2023, Los Angeles County emerged as the primary
inspection site accounting for roughly 1/3 of all inspections
conducted in the state (n=2076, 31.5%). Inspections fluc-
tuated during the 3-year period with 1219 inspections con-
ducted in 2021, followed by 3014 in 2022 and 2360 in
2023. To account for retailers with multiple observations of
tobacco retailers, records were matched by address, a method
consistent with other studies,?”>3% resulting in a final sample
size of n=1794 unique tobacco retailers. Tobacco retailer
addresses were batch geocoded in ArcGIS Pro 3.4. Each
geocoded retailer contained a Federal Information Processing
Standard (FIPS) code which was subsequently used to link
with SVI census-tract level information for 2476 LA County
census tracts.

Measures

Inspection and violation totals were independently summed
for each retailer based on address-level matching. Two binary
outcome variables were created to reflect distinct outcomes of
interest: retailers with one or more inspections were coded as
1 and retailers without an inspection were coded as 0. Inspec-
tion violations were also reclassified into a binary variable
based on whether any violation outcome was present. Viola-
tion outcomes included warning letters, civil monetary penal-
ties, and no-tobacco-sale orders. All outcomes were summed
per retailer to indicate either no violation (0) or at least one
violation (1). SVI scores served as the primary predictors
and were analyzed at the census tract level. These included
the overall composite score, four thematic domains, and 16
individual social factors. Finally, retailer density was calcu-
lated as the number of licensed tobacco retailers in 2022
divided by the total population in a census tract, based on
2022 SVI population estimates. The state’s 2022 cigarette and
tobacco products licensed retailer list was selected to reflect
retailer activity at the midpoint of the outcome study period
(2021-2023). Further, this timing aligns with SVI estimates
in our dataset (2018-2022), supporting temporal consistency
across datasets and enhancing the interpretability of tract-
level comparisons. This variable was included as a covariate in
the multivariable models to account for its known influence
on tobacco-related disparities.?’

Statistical Analysis

All statistical analyses were conducted using Stata v.18.40
Descriptive analyses examined the frequency of compliance
inspections and violations, distribution of SVI characteristics
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across census tracts, and average number of tobacco retailers
per tract based on the state’s 2022 licensed retailer list.
Social vulnerability measures (ie, SES, household composition,
racial/ethnic minority status, etc.) were analyzed to identify
trends and their impact on inspection patterns. For each cen-
sus tract, overall SVI scores and theme scores were analyzed.
Summary statistics, including means, standard deviations and
ranges, were calculated to provide a comprehensive overview
of social vulnerability distributions. Variation in SVI scores
were assessed to identify patterns or disparities among sam-
pled census tracts.

Bivariate logistic regressions were used to descriptively
examine the association between compliance inspections,
overall SVI, themes, and social factors with all census
tracts combined. A similar process was used to examine the
association between violations and SVI variables. We used
separate multivariable logistic regression models to assess
relationships between SVI neighborhood characteristics and
having at least one compliance inspection or at least one
violation. This approach was chosen to allow for clearer
understanding of the contribution of each SVI variable.

Results

Population and SVI Characteristics across Census
Tracts in LA County, CA

LA County has a significant Hispanic/Latino population,
comprising 48.7% of the total population.?” Each census tract
had an average of 3982 total residents and 1347 households.
When examining SVI themes, patterns reveal social vulnera-
bilities (see Table 1). Of note, 23.1% of the population falls
below 150% of the federal poverty line, 34.5% face housing
cost burdens, and 20.5% lack a high school diploma. House-
hold characteristics show 20.5% are children (<17 years).
Additionally, 74.8% of the population identify as non-White,
highlighting racial/ethnic diversity.

Tobacco Retailer Environment and Distribution of
FDA Compliance Inspections and Violations

Between 2021 and 2023, 89.5% of tobacco retailers
(n=1611) in LA County underwent one inspection and only
7.9% (n=142) of retailers had a violation. Each census tract
had an average of 2.2 (SD =2.4) tobacco retailers. Of the 2476
census tracts in the sample, 36.5% (n=910) had at least one
tobacco retailer compliance inspection, and 5.2% (n=130)
had at least one violation. Figures 1 and 2 below show a hot
spot map with the color gradient representing the density of
compliance inspections and violations.

SVI and Tobacco Retailer Inspections

To provide descriptive context, bivariate analyses were
conducted to explore associations between census tract-
level social vulnerability and the likelihood of having at
least 1 compliance inspection. Bivariate models reveal that
higher overall SVI was significantly associated with greater
odds of a census tract having an inspection (OR: 1.06, CI:
1.03-1.09). Among the four SVI themes, higher vulnerability
scores for SES (OR:1.06, CI:1.03-1.09) and housing type
and transportation (OR: 1.12, CI: 1.09-1.15) were similarly
associated with greater odds of a census tract having an
inspection. In contrast, higher vulnerability scores for higher
proportion of racial/ethnic minority residents (OR: 0.96, CI:
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Table 1. 2022 CDC Social Vulnerability Index (SVI) Data and Population Characteristics of Census Tracts in Los Angeles County, California (n =2476)

Population characteristics Mean n (SD)
Range
Total population 4013 (1407.6)
5-12794
# of households 1358 (537.6)
0-5511
# of tobacco retailers? 2.2 (2.4)
0-21
Race/ethnic group
Hispanic/Latino persons 48.7 (28.4)
0-99.8
Asian 14.5 (15.9)
0-88.3
Black/African American persons 7.6 (11.8)
0-90.6
Two or more races 3.1(3.0)
0-42.9
Other race 0.5 (1.1)
0-19.4
Native Hawaiian or Other Pacific Islander 0.2 (0.7)
0-12.5
American Indian 0.2 (0.6)
0-8.9
SVI Theme and Social Factor/s SVI Social Factor Mean % (SD)
Range
Theme 1: SES Below 150% poverty 23.1(13.9)
0-100
Unemployed 7.1 (4.0)
0-44.6
Housing cost burden 34.5(13.8)
0-77.8
No high school diploma 20.5 (15.8)
0-100
No health insurance 9.1 (6.4)
0-57.1
Theme 2: Household characteristics Aged 65 & older 14.5 (6.7)
0-77.8
Aged 17 & younger 20.5 (7.0)
0-72.7
Civilians with a disability 10.7 (4.5)
0-59.3
Single parent households 6.3 (5.4)
0-100
Limited English proficiency 12.5(9.9)
0-65.2
Theme 3: Racial & ethnic minority status All races and ethnicities, except White 73.7 (24.3)
0-100
Theme 4: Housing type & transportation Multiunit structures 25.0 (26.2)
0-100
Mobile homes 1.7 (5.7)
0-96.6
Crowded housing 12.3 (10.6)
0-65.3
No vehicle 8.8 (8.9)
0-83
Group quarters 2.2 (8.9)
0-100

3Variable calculated using California’s 2022 cigarette and tobacco products licensed retailer list.

0.93-0.99) were significantly associated with lower odds of a
census tract having an inspection.

Multivariable models were estimated adjusting for tobacco
retailer density. In adjusted models, census tracts with higher
overall social vulnerability had greater odds of having an
inspection (OR: 1.04, CI:1.01-1.07). Thematic results for
multivariable models were generally consistent with bivariate
results. To further explore potential drivers of vulnerability,

we examined individual SVI factors. Table 2 presents these
results, which offer insights into the relationship between
specific social factors and tobacco retailer inspections.
In unadjusted models, several factors including poverty,
housing cost burden, lack of health insurance, disability,
multiunit housing, vehicle absence, and group quarters
were associated with greater odds of inspection. Conversely,
higher vulnerability scores for youth (<17 years) and higher
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Figure 1. Geographic density of FDA tobacco compliance checks in Los Angeles County, CA, 2021-2023.

proportion of racial/ethnic minority residents were associated
with lower odds. After adjusting for tobacco retailer density,
multivariable models found that only a subset of individual
factors remained significantly associated with inspection
likelihood. These included lack of health insurance (OR: 1.07,
CI:1.02-1.12), multiunit structures (OR: 1.05, CI:1.01-1.09),
mobile homes (OR: 1.03, CI:1.01-1.06), and group quarters
(OR: 1.04, CI:1.01-1.06). Notably, census tracts with higher
proportions of racial/ethnic minority residents (OR: 0.85,
CI:0.80-0.90) continued to show lower odds of having at
least 1 inspection, even after adjusting for tobacco retailer
density.

SVI and Tobacco Retailer Inspection Violations

To provide descriptive context, bivariate analyses were
conducted to explore associations between census tract-level
social vulnerability and the likelihood of having at least 1
violation identified during a retailer inspection. Unadjusted
models indicated that higher overall SVI was significantly
associated with greater odds of a census tract having a
violation (OR: 1.10, CI: 1.03-1.17). Among individual
themes, only higher vulnerability scores for SES (OR: 1.1,
CIL: 1.03-1.18) and housing type and transportation (OR:
1.10, CI:1.03-1.18) were significantly associated with greater
odds of a violation. When examining individual SVI factors
and their association with violations, bivariate models

reveal that census tracts with higher vulnerability scores
for: below 150% poverty, housing cost burden, civilians
with a disability, limited English proficiency, and vehicle
absence were associated with greater odds of having a
violation. Higher vulnerability scores for youth (ages <17)
were associated with lower odds of violations in those census
tracts. These findings were not consistent in the multivariable
models where, after adjusting for tobacco retailer density,
only overall SVI remained statistically significant with the
likelihood of having at least 1 violation (OR: 1.09, CI:1.02—
1.17). None of the four themes or individual factors remained
statistically significant in their association with the odds of
having a violation (see Table 3).

Discussion

This study offers insight into how social vulnerability inter-
sects with tobacco retailer inspections and violations, while
elucidating key factors that may contribute to disparities in
tobacco control enforcement. Retailers in census tracts with
higher overall social vulnerability, particularly SES and hous-
ing/transportation, were more likely to have a compliance
inspection but not a violation. However, retailers in neigh-
borhoods with a greater proportion of racial/ethnic minority
residents were less likely to have an inspection, further high-
lighting potential systemic biases in enforcement and resource
allocation.
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Figure 2. Geographic density of FDA tobacco compliance violations in Los Angeles County, California, 2021-2023.

These patterns reveal an enforcement gap and highlight the
need to improve compliance oversight and strengthen enforce-
ment in historically marginalized communities. While tobacco
retailer density is disproportionately high in many historically
marginalized communities, a pattern shaped by decades of
targeted industry tactics,’'»3% this measure should not alone
dictate enforcement priorities. Tobacco control enforcement
practices should also account for the social vulnerability and
structural inequities faced by historically marginalized com-
munities. For example, over-policing and uneven inspection
practices, risk exacerbating existing harms!® if not grounded
in equity. Equitable enforcement, defined as the fair and
consistent application of tobacco control laws across all com-
munities, regardless of SES, racial or ethnic composition, or
other demographic characteristics,*! can serve as a frame-
work to advance public health and ensure effective tobacco
policy implementation. Research reveals that enforcement
practices, such as issuing no-tobacco-sale orders to retailers
repeatedly selling to minors, are underutilized, significantly
weakening efforts to curb youth access to tobacco products.*?
This underutilization not only perpetuates disparities but also
stalls progress toward achieving equitable health outcomes.
Additionally, evidence indicates that retailers are more likely
to sell tobacco products to Black and Latino minors.”’ These
patterns of underenforcement and disproportionate exposure
underscore the need to examine how structural factors, such

as neighborhood-level social vulnerability, shape inspection
practices and access to tobacco control resources.

Overall social vulnerability and SES emerged as a sig-
nificant predictor for retailers in census tracts having an
inspection, with a similar pattern observed for lack of health
insurance. Results underscore the importance of equity-driven
approaches, including the allocation of resources such as free
or low-cost cessation programs, community-based counseling,
and accessible quitline services to address systemic tobacco
disparities.*>>** Although California currently spends 63.7%
(FY 2025) of the CDC’s recommended budget for tobacco
prevention,* leveraging the unused portion of this funding
on these activities could drive meaningful progress. Similarly,
within the housing type and transportation theme, individual
factors such as multiunit structures, mobile homes, and group
quarters demonstrated significant associations with inspec-
tions. These often denote high-density residential areas, which
may amplify concerns about regulatory violations, leading to a
focus on these neighborhoods during inspections. However, a
lack of association with violations could indicate that retailers
in these neighborhoods may be more compliant, possibly
due to effective outreach, heightened scrutiny from previous
regulatory experiences, or other unknown factors. Another
viable reason for the lack of association with violations might
be the implementation of protocols that reduce the likelihood
of identifying violations. This approach may be shaped by the
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Table 2. Associations Between Census Tract-Level Social Vulnerability Index (SVI) Measures and FDA Tobacco Retailer Inspections (n = 2476 census tracts

with 1794 retailers)

At least 1 inspection

Unadjusted® OR

Adjusted® OR

(95% CI) (95% CI)
Overall SVI 1.06*** 1.04**
(1.03-1.09) (1.01-1.07)
Theme 1: SES 1.06*** 1,117
(1.03-1.09) (1.05-1.17)
Below 150% poverty 1.06*** 0.98
(1.03-1.09) (0.92-1.05)
Unemployed 1.04 1.01
(1.00-1.07) (0.99-1.05)
Housing cost burden 1.08*** 1.03
(1.05-1.12) (0.96-1.09)
No high school diploma 1.01 1.03
(0.98-1.03) (0.95-1.11)
No health insurance 1.05%* 1.07**
(1.02-1.08) (1.02-1.12)
Theme 2: Household characteristics 0.99 0.98
(0.96-1.01) (0.94-1.02)
Aged 65 & older 0.99 0.99
(0.96-1.02) (0.95-1.04)
Aged 17 & younger 0.93% 0.97
(0.91-0.96) (0.93-1.01)
Civilians with a disability 1.05** 1.01
(1.01-1.08) (0.97-1.05)
Single parent households 1.00 1.02
(0.97-1.03) (0.98-1.06)
English language proficiency 1.02 1.03
(0.99-1.05) (0.96-1.09)
Theme 3: Racial & ethnic minority status 0.96*** 0.86™*
(0.93-0.99) (0.83-0.90)
All races and ethnicities, except White 0.96** 0.85***
(0.93-0.99) (0.80-0.90)
Theme 4: Housing type & transportation 1.12%* 1.10%*
(1.09-1.15) (1.06-1.15)
Multiunit structures 1,124 1.05*
(1.09-1.15) (1.01-1.09)
Mobile homes 1.01 1.03*
(0.99-1.04) (1.01-1.06)
Crowded housing 1.02 1.03
(0.99-1.05) (0.97-1.09)
No vehicle 1.09*** 1.01
(1.06-1.12) (0.97-1.05)
Group quarters 1.05%* 1.04**
(1.03-1.08) (1.01-1.06)

Bolded values indicate statistical significance (*p <.05; **p <.01; ***p <.001). *For the unadjusted models, each independent variable was entered into a
separate bivariate regression model to test its association with each outcome—whether a tobacco retailer had at least one inspection or at least one violation.
bFor the adjusted models, multivariable regressions incorporating SVI social factors were conducted separately for each outcome—whether a tobacco retailer
had at least one inspection or at least one violation and adjusted for tobacco retailer outlet density (TRO density).

Synar Amendment, which encourages states to keep retailer
violation rates below 20% to preserve federal funding for sub-
stance abuse prevention programs.*® Future research should
examine the impact of regulatory outreach and motivations
behind targeting specific areas during inspections, as well as
the broader role of enforcement strategies in high-density and
socioeconomically vulnerable neighborhoods. Such studies
could assess whether disparities in inspection strategies align
with equitable enforcement practices and identify ways to
inform and refine these strategies.

Interestingly, neighborhoods with a higher proportion of
racial/ethnic minority residents were less likely to have retailer
inspections. This finding is particularly noteworthy in the
context of LA County, known for its racial/ethnic diversity.
Such disparities in inspection patterns may stem from

systemic factors, including unequal resource allocation,
implicit biases, lack of policy buy-in, or competing priorities
among enforcement agents.*’>*® This is particularly relevant
for law enforcement officers tasked with enforcing tobacco
control policies, as such challenges could result in compliance
monitoring gaps and undermine the effectiveness of tobacco
control efforts. Educating law enforcement agents on the
public health significance of tobacco control policies may be
needed.

Alternatively, the discrepancy may highlight the need for
greater implementation infrastructure and resources tailored
to the unique needs and contexts of racially/ethnically diverse
neighborhoods. In this regard, the role of enforcement agents
is important, not only in conducting inspections but also
in providing support to retailers to ensure adequate policy
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Table 3. Associations Between Census Tract-Level Social Vulnerability Index (SVI) Measures and FDA Tobacco Retailer Violations (n = 2476 census tracts

with 1794 retailers)

Herrera and Payan

At least 1 violation

Unadjusted® OR

Adjusted® OR

(95% CI) (95% CI)
Overall SVI 1.10** 1.09**
(1.03-1.17) (1.02-1.17)
Theme 1: SES 1.10** 1.12
(1.03-1.18) (1.00-1.25)
Below 150% poverty 1.12** 1.06
(1.05-1.20) (0.91-1.17)
Unemployed 1.02 0.98
(0.96-1.09) (0.92-1.06)
Housing cost burden 1.13** 1.09
(1.05-1.20) (0.95-1.24)
No high school diploma 1.03 0.88
(0.97-1.10) (0.76-1.03)
No health insurance 1.07 1.05
(1.00-1.14) (0.95-1.24)
Theme 2: Household characteristics 1.04 1.00
(0.98-1.11) (0.92-1.08)
Aged 65 & older 1.01 0.99
(0.95-1.08) (0.90-1.09)
Aged 17 & younger 0.91** 0.91
(0.85-0.98) (0.82-1.00)
Civilians with a disability 1.13%* 1.08
(1.06-1.21) (0.99-1.17)
Single parent households 1.00 0.99
(0.94-1.06) (0.92-1.08)
English language proficiency 1.08* 1.08
(1.01-1.15) (0.94-1.23)
Theme 3: Racial & ethnic minority status 1.02 0.93
(0.96-1.09) (0.85-1.02)
All races and ethnicities, except White 1.02 0.99
(0.96-1.09) (0.89-1.10)
Theme 4: Housing type & transportation 1.10** 1.05
(1.03-1.18) (0.97-1.14)
Multiunit structures 1.06* 0.94
(1.00-1.13) (0.86-1.03)
Mobile homes 1.01 1.02
(0.96-1.06) (0.97-1.08)
Crowded housing 1.04 1.01
(0.98-1.10) (0.89-1.14)
No vehicle 1.13% 1.04
(1.06-1.21) (0.95-1.14)
Group quarters 1.05 1.01
(0.99-1.10) (0.96-1.07)

Bolded values indicate statistical significance (*p <.05; **p <.01; ***p <.001). *For the unadjusted models, each independent variable was entered into a
separate bivariate regression model to test its association with each outcome—whether a tobacco retailer had at least one inspection or at least one violation.
bFor the adjusted models, multivariable regressions incorporating SVI social factors were conducted separately for each outcome—whether a tobacco retailer
had at least one inspection or at least one violation and adjusted for tobacco retailer density (TRO density).

implementation. Interventions such as retailer education and
technical assistance may improve compliance by equipping
retailers with the knowledge and tools needed to adhere to
regulations.!*>!” Agents can engage with retailers to address
barriers to compliance, get buy-in, and build trust by demon-
strating their commitment to equitable enforcement.'’»4’
Furthermore, involving community stakeholders in shaping
enforcement strategies, as well as investing in culturally
competent approaches, can further enhance efforts to address
unique challenges, ultimately bridging gaps in enforcement
and improving compliance outcomes. Future studies should
examine the impact of retailer and community engagement
and culturally tailored enforcement practices on compliance
behaviors, as well as explore innovative methods to bridge
disparities in tobacco policy enforcement.

Study limitations include a focus on one county, which may
affect generalizability. The study setting was selected since,
notably, approximately one-third of all statewide compliance
inspections occurred in Los Angeles County, reflecting a
concentration of inspection activity. The skew underscores
the need to align inspection distribution with community-
level indicators of public health risk, such as retailer density,
enforcement history, and/or tobacco use prevalence, rather
than concentrating inspections in select regions alone. This
approach would enable a more accurate assessment of how
population density, demographic composition, and other
factors influence inspection and violation patterns. Second,
although store type is a known factor in compliance,** FDA
inspection data do not include this detail. To address this gap,
we manually categorized 1794 unique retailers using outlet
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names and online directories (eg, Google, Yelp), identifying 12
store types. Convenience stores (ie, stores stocking a limited
supply of foods or household goods) comprised nearly half
the sample (46.5%, n = 834), followed by tobacco/vape shops
(ie, stores that primarily sell tobacco, hookah, and/or e-
cigarettes) (21.3%, n=382) and alcohol stores (ie, stores that
primarily sell alcohol) (16.2%, n=291). Smaller sample sizes
for remaining store types (eg, pharmacies, discount stores)
limited our ability to conduct robust subgroup analyses.
Third, inspection activity was concentrated in a limited
number of census tracts. Of the 2476 tracts in our dataset,
only 903 (36.5%) had any inspected retailers, and just 129
(5.2%) had recorded a violation. Accordingly, our analyses
focused on main effects of neighborhood-level vulnerability.
Fourth, while FDA compliance data offers valuable insights
into enforcement patterns, there are also limitations, including
the variability in sampling strategies across states which
underscore the need for methodological transparency and
complementary data sources. Finally, while SVI data is a valu-
able tool, relying on it alone may not capture all dimensions of
social vulnerability relevant to tobacco control enforcement,
and future research should incorporate environmental factors,
youth tobacco and vape/e-cigarette use, access to cessation
resources, and tobacco policy coverage.

Despite these limitations, this study provides critical
insights into how neighborhood social vulnerability intersects
with FDA tobacco retailer compliance inspections and
violations, emphasizing the importance of equity-driven
approaches in tobacco control enforcement. A key study
strength is the use of a robust dataset to conduct nuanced
analyses of both aggregated themes and individual factors
related to neighborhood social vulnerability.

Study findings support several policy and practice recom-
mendations. Since compliance inspections at tobacco retailers
is both time- and resource-intensive, and federal enforce-
ment efforts often face funding constraints and other chal-
lenges,'*>!? leveraging empirical data to guide inspection pri-
orities is essential. In the current trend of declining FDA
enforcement,’’ integrating SVI data into compliance sam-
pling can help agencies identify communities that may be
underserved by existing enforcement and disproportionately
burdened by tobacco access. To ensure this approach pro-
motes equity rather than reinforcing surveillance disparities,
SVI-informed sampling should be paired with strategies that
promote community engagement, transparency, and account-
ability. For example, equity audits could be used to assess
the distribution of FDA inspections and violations, while
culturally responsive training for public health and enforce-
ment personnel may improve community engagement and
effectiveness in socially vulnerable communities. Tailoring
retailer policy education programs to reflect neighborhood-
specific challenges could further enhance compliance and
trust. By aligning enforcement efforts with community context
and need, agencies can improve compliance outcomes, reduce
tobacco-related disparities, and ensure that enforcement of
tobacco control policies is both an equitable and sustainable
practice that advances fair access to public health protections.
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