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Cover concept and selection by Aleisha Kropf. Photo by REUTERS/Brian
Snyder. Printed with permission.

Promoting public health research, policy, practice, and education is the AJPHmission. As we widen our scope
to embrace global issues, we also sharpen our focus to support the needs of public health practitioners. We invite
contributions of original unpublished research, opinion and commentary, and letters to the editor.

The Journal is printed on acid-free recycled paper.

EDITOR-IN-CHIEF
Alfredo Morabia, MD, PhD

SENIOR DEPUTY EDITOR
Michael C. Costanza, PhD

DEPUTY EDITOR
Farzana Kapadia, PhD

DEPUTY STATISTICAL EDITOR
Hua He, PhD

DEPUTY EDITOR FOR OPEN
ACCESS SUPPLEMENTS
Steven C. Fiala, MPH

IMAGE EDITOR
Aleisha Kropf

ASSISTANT EDITOR
Abreham Gebre, MS

STUDENT EDITOR
Michelle Sarah Livings, MPH

EDITORS
Luisa Borrell, DDS, PhD
Lisa Bowleg, PhD, MA
Theodore M. Brown, PhD
Nabarun Dasgupta, PhD, MPH
Paul C. Erwin, MD, DrPH
Laura Ferguson, PhD, MSc, MA
Daniel M. Fox, PhD
Colleen Grogan, PhD
Robert J. Kim-Farley, MD, MPH
Stewart J. Landers, JD, MCP
Denys T. Lau, PhD
Tanya Telfair LeBlanc, PhD
Jonathan I. Levy, ScD
Jihong Liu, ScD
Evan Mayo-Wilson, DPhil
Marian Moser Jones, PhD, MPH
Wendy Parmet, JD
Kenneth Rochel de Camargo Jr, MD, PhD
Daniel Tarantola, MD

Roger Vaughan, DrPH, MS
Eric R. Walsh-Buhi, PhD, MPH

EDITORIAL BOARD
Heather M. Brandt, PhD (2023), Vice Chair
Maria DeJesus, PhD (2022)
Amy Hagopian, PhD, MHA (2024)
Michael T. Halpern, MD, PhD, MPH (2024)
Kenneth Hoekstra, PhD
Sonja Hutchins, MD, DrPH, MPH (2022)
Amar Kanekar, PhD, MPH, MB (2023)
Yan Ma, PhD, MA, MS (2022)
Laura A. Nabors, PhD, MA (2024)
A.G. Palladino, MPH, MJ, MS (2023)
Martha C. Romney, JD, BSN, MPH, MS (2022)
Laura Schwab Reese, PhD, MA (2023)
Gulzar H. Shah, PhD, MStat, MS (2022)
Mark A. Strand, PhD, MS (2023)
Cynthia Williams, PhD, MHA, PT (2022)
Samantha H. Xu, MPH (2022)

FORMER EDITORS-IN-CHIEF

Mary E. Northridge, PhD, MPH
(Editor Emerita)

Mervyn Susser
Michel Ibrahim
Alfred Yankauer
George Rosen
Abel Wolman
Charles-Edward A. Winslow
Harry S. Mustard
Maz€yck Ravenel

STAFF

Georges C. Benjamin, MD
Executive Director/Publisher
Ashell Alston
Director of Publications
Brian Selzer
Deputy Director of Publications
Avery Ferguson, MA
Associate Production Editor
Michael Henry
Associate Production Editor (Sr)
Shokhari Tate, MPH
Journal Project Liaison
Katie Poe, MA
Associate Production Editor – Special
Publications
Emily Dalton
Digital Publications Specialist

FREELANCE

Kelly Burch

Greg Edmondson

Aisha Jamil

Gary Norton

Michelle Quirk

Sarah Cook
Copyeditor

Aisha Jamil
Leona Selzer
Proofreader

Vanessa Sifford
Graphic Designer

A
JP
H

D
ec

em
b
er

20
22

,V
ol

11
2,

N
o.

12

1690 Masthead



Reproduced with permission of copyright owner. Further reproduction prohibited
without permission.



EDITOR’S CHOICE
1692 Keeping Public Health

Advocacy Strong
K. Bender

OPINIONS, IDEAS, & PRACTICE

EDITORIALS
1693 Using Low-Cost Sensor

Networks: Considerations to
Help Reveal Neighborhood-
Level Exposure Disparities
A. Shatas and B. Hubbell

1696 Effect of Masking to Prevent
COVID-19 Transmission in
Schools and the Responsibility
of States to Protect Public
Health
C. A. Teasdale and S. A. Fleary

1699 Living Alone and Suicide Risk:
A Complex Problem Requiring
a Whole Population Approach
R. J. Shaw

1702 Suicide and the Solitary
Life: Differential Risks
of Living Alone Across
Sociodemographic Groups
P. S. Nestadt

1705 Promoting Evidence-Based
Policy Solutions to the US
Gun Violence Epidemic
S. Bonne

1707 The Perfect Gun Policy Study in
a Not So Perfect Storm
L. A. Post and M. Mason

1710 Gun Control for Health: A
Public Health of Consequence,
December 2022
F. Kapadia

PERSPECTIVES
1713 Communities, Mistrust, and

Implementation: Addressing
a Large Gap in the National
Strategy for COVID-19 and
Future Pandemics
H. Hu, F. Gilliland, and
L. Baezconde-Garbanati

NOTES FROM THE FIELD
1716 Knowledge and Practice of

Pinworm Infection in Preschool
Children, Jiangsu Province,
China, 2019–2020
F. Mao, Y. Yang, Q. Zhang, X. Ding, X. Xu,
Y. Chen, Y. Dai, and J. Cao

1721 Community-Based COVID-19
Vaccine Clinics in Medically
Underserved Neighborhoods
to Improve Access and Equity,
Philadelphia, 2021–2022
H. Klusaritz, E. Paterson, C. Summers,
N. Al-Ramahi, N. Naseer, H. Jeudin, Y. Sydnor,
M. Enoch, N. Dollard, K. D. Young, N. Khan,
J. Henne, A. Doubeni, N. Kasbekar,
Y. Gitelman, Patrick J. Brennan, K. Bream,
C. C. Cannuscio, R. C. Wender, and
R. Feuerstein-Simon

THE CRUEL PUBLIC HEALTH
CONSEQUENCES OF
ANTI-IMMIGRANT RHETORIC

EDITORIALS
1726 The Cruel Public Health

Consequences of Anti-
Immigrant Rhetoric
C. D. Allen

1729 State-Level Legislation During
the COVID-19 Pandemic to
Offset the Exclusion of
Undocumented Immigrants
From Federal Relief Efforts
A. V. Bustamante, J. Nwadiuko, and
A. N. Ortega

1732 The Harmful Impacts of
Anti-Immigrant Policies on
Maternal and Child Health
C. K. Alberto and B. D. Sommers

1735 Immigrant-Inclusive Policies
Promote Child and Family
Health
A. Bovell-Ammon, S. E. de Cuba, and
D. B. Cutts

RESEARCH & ANALYSIS

THE CRUEL PUBLIC HEALTH
CONSEQUENCES OF
ANTI-IMMIGRANT RHETORIC
1738 The 2016 Presidential

Election, the Public Charge
Rule, and Food and Nutrition
Assistance Among Immigrant
Households
D. P. Miller, R. S. John, M. Yao, and M. Morris

1747 Changes in the Public Charge
Rule and Health of Mothers
and Infants Enrolled in New
York State’s Medicaid
Program, 2014–2019
S. S. Wang, S. Glied, C. Babcock, and
A. Chaudry

1757 Use of Law by US States
During the COVID-19 Pandemic
With Respect to People Who
Were Undocumented
E. DeGarmo, J. Rosen, and L. Rutkow

CLIMATE CHANGE
1765 Neighborhood Composition

and Air Pollution in Chicago:
Monitoring Inequities With a
Dense, Low-Cost Sensing
Network, 2021
P. Esie, M. I. G. Daepp, A. Roseway, and
S. Counts

OPEN-THEMED RESEARCH
1774 Living Alone and Suicide Risk in

the United States, 2008–2019
M. Olfson, C.M. Cosgrove, S. F. Altekruse,
M.M. Wall, and C. Blanco

1783 Trend in Loaded Handgun
Carrying Among Adult
Handgun Owners in the
United States, 2015–2019
A. Rowhani-Rahbar, A. Gallagher, D. Azrael,
and M. Miller

1791 School District Prevention
Policies and Risk of COVID-19
Among In-Person K–12
Educators, Wisconsin, 2021
P.M. DeJonge, I. W. Pray, R. Gangnon,
K. McCoy, C. Tomasallo, and J. Meiman

1800 Excess Mortality From
Non–COVID-19 Causes During
the COVID-19 Pandemic in
Philadelphia, Pennsylvania,
2020–2021
M. Todd and A. Scheeres

BACKMATTER

OTHER DEPARTMENTS
1808 Subscription Form

LETTERS & RESPONSES
e1 Considering Potential Risks

Associated with Coopetition in
Social Determinants of Health
V. Wong

e2 Butler and Nichols Respond

S.M. Butler and L.M. Nichols

PEER REVIEWERS
e4 AJPH Peer Reviewers: Thank

You for Your Services
B. Selzer, M. Henry, K. Poe, and A. Ferguson

A
JP
H

N
ovem

b
er

2022,Vol112,N
o.11

OPEN ACCESS ONLINE ONLY PODCAST DATA SUPPLEMENT AVAILABLE

Contents 1691



Reproduced with permission of copyright owner. Further reproduction prohibited
without permission.



Keeping Public Health
Advocacy Strong

I am often asked what keeps me up at

night. My responses are varied, of course,

but they include a myriad of issues. We have

lost so much ground this year on women’s

reproductive rights. My heart aches for

women and their families during this time

of difficulty. Our rural communities are still

hurting and have had little to no authentic

attention to their needs, despite what the

spotlights of the COVID-19 pandemic and

the opioid crisis have shown. Rural health

is a major public health issue that requires

concerted coordination between the federal,

state, and local governments as well as the

public in general to address.

We simply cannot keep assuming it is “just

the way it is.”We have begun to make pro-

gress on climate change but only after years

of not being able to have those discussions

openly, much less adequate funding to

address it. Our public health workforce is

eager to work on this issue in whatever ways

best resonate with their communities. The

increase in gun violence in our country is a

symptom of deeper issues that desperately

need attention so that we do not keep losing

young members of our communities.

Being elected as the president of the Amer-

ican Public Health Association (APHA) is one

of the most awesome gifts that one can be

given. Serving in this capacity in 2022, I was

able to travel to several state public health

association meetings and to interact directly

with colleagues from all over the country.

I was committed to encouraging the public

health workforce after their long and seem-

ingly never-ending challenges of the pan-

demic. I found them to be exhausted mentally

and physically from the pandemic’s demands

but also dedicated to public health going for-

ward. Although I recognize that we have lost

vital members of our workforce during this

time, we still have many who are excited about

the public health mission in their jurisdictions

and are gearing up for the next challenges.

I am heartened by that enthusiasm!

I support the national reports that recom-

mend changes to our public health system

and support to our public health workforce

going forward (https://bit.ly/3LNha0a; https://

bit.ly/3CafqtR; https://bit.ly/3SI2kut). May these

reports lead to action that positively affects

our state and local public health systems, and

may those changes begin to happen soon.

I am also heartened by the students and

graduates who have entered the profession

with a new way of thinking and a commitment

to making public health better and stronger.

Our state affiliates have strong student mem-

bership numbers, or they are working on

achieving them. That strengthens my faith in

those who will be our leaders in the future!

Finally, if we really are committed to the

social determinants of health, we must

address the issues that affect public health

locally. Clean water, accessible health care,

accessible public education, good roads and

public transportation, and political will to

consider the health of all of the people living

in our country are basics. We cannot take

our eyes off the ball. The APHA’s incoming

president, Chris Chanyasulkit, PhD, MPH,

often says that voting matters, and she is

right. As APHA members and public health

professionals, we have to consider all of the

factors that affect public health and not lose

our strong advocacy for those issues. We

still have much work to do.

Kaye Bender, PhD, RN
Executive Director, Mississippi

Public Health Association
American Public Health Association President,

October 2021–November 2022

DOI: https://doi.org/10.2105/AJPH.2022.307131

3Years Ago
Ensuring Compliance With
Quarantine by Undocumented
Immigrants and Other Vulnerable
Groups: Public Health Versus
Politics

[M]any unauthorized parents and children lack

trust in the immigration system. They may experience

such stress or fear about separation from their fami-

lies that they even decline to receive necessary medi-

cal care. Many fear that if they cooperate with any

emergency measures public health officials will learn

their citizenship status and report them to local police

or ICE. Another complicating factor is that undocu-

mented immigrants are excluded from public insur-

ance programs, such as Medicaid, as well as subsidies

under the Patient Protection and Affordable Care Act.

They may avoid applying for private insurance cover-

age because of the “perceived or actual need to show

documentation of immigration status.” . . . These bar-

riers to obtaining affordable health coverage exacer-

bate existing health disparities in this vulnerable

population.

From AJPH, September 2019, p. 1180

14Years Ago
Immigrant Children’s Reliance
on Public Health Insurance
in the Wake of Immigration
Reform

Contrary to popular perceptions, foreign-born

children in the United States do not rely on public

health insurance programs more than US-born chil-

dren, despite reversal of the public charge rule.

Even after the significant socioeconomic differences

between US-born and foreign-born children had

been taken into account, the vast majority of

foreign-born children in our study were much more

likely than were US-born children to be uninsured,

to be living in poverty, and to have parents with less

than a high school education. Such cumulative

social disadvantage is likely to adversely affect the

ability of immigrant children to become productive

members of the American labor force. In the vari-

ous discussions of proposals for universal child

health coverage, policies designed to promote the

healthy growth and development of this highly

underserved population merit serious

consideration.

From AJPH, November 2008, p. 2007
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Using Low-Cost Sensor
Networks: Considera-
tions to Help Reveal
Neighborhood-Level
Exposure Disparities
Angie Shatas, MS, and Bryan Hubbell, PhD
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The growing availability of low-cost

sensors can potentially democra-

tize the process for reducing disparities

in exposures to harmful air pollution.

When used collaboratively with govern-

ment agencies and researchers, sensors

deployed by community organizations

can build trust in environmental deci-

sion-making.1 Low-cost continuous

sensors can complement regulatory

monitoring networks required by the

Clean Air Act, which have high confi-

dence but relatively low geographic

coverage. Sensors are often portable

or even mobile and can prove particu-

larly useful if they measure some of

the same air pollutants as regulatory

monitors.

Sensors deployed on a neighborhood

scale can reveal spatial and temporal

variations in air quality, as Esie et al.

(p. 1765) show. Increased temporal res-

olution can identify episodes of poor

air quality that exacerbate existing

inequities in exposure or if those epi-

sodes, when compared with mean air

quality levels, create new inequities.

Increased temporal resolution can

show when exacerbations happen and,

in combination with higher spatial resolu-

tion, can then reveal the cause. Identify-

ing the sources of the emissions provides

communities and decision-makers with

the information needed for action in

addressing inequities. However, com-

munities and government agencies

must work together to agree on how

to interpret and evaluate sensor data,

especially in cases when it may not

agree with regulatory monitors, to

prevent friction and loss of trust.1

Sensors have a wide appeal and mar-

ket availability, but the quality of data

they generate must be considered. To

help those using sensors as part of air

monitoring, the US Environmental Protec-

tion Agency’s (EPA’s) Air Sensor Toolbox2

provides the latest science on sensor

performance and operation, and the EPA

is providing $20 million in grants to

enhance community and local efforts in

monitoring air quality, including in or

near underserved communities.3 In addi-

tion, the Inflation Reduction Act4 contains

provisions to deploy air monitoring in

communities, including deploying

sensors in low-income and disadvan-

taged communities.

SELECTION OF DATES,
TIMES, AND LOCATIONS
IS CRITICAL

Even for low-cost sensors, air quality

measurement campaigns can be

resource intensive, and thus decisions

often need to be made about where

and when to take measurements.

Esie et al. conducted measurements

for July 2021 because July had histori-

cally shown higher fine particulate

matter (diameter ≤|2.5 mm; PM2.5)

levels. Although overall PM2.5 levels

were below daily standards, there

were relatively elevated PM2.5 mea-

surements, predictably on July 4 and

unexpectedly on July 23 because of a

wildfire smoke incursion event. The lat-

ter event showed minimal variation

across neighborhoods with different

sociodemographic profiles. Summer

months often show a high contribution

from regional sulfate from power gen-

eration (although this contribution has

fallen over time), and, as such, more

local contributions may be masked.

Looking at other months may have

revealed more significant disparities

across neighborhoods, perhaps because

of greater proportional contributions

from local industries or from urban trans-

portation or differences in heating emis-

sions. Recent trends show that in many

regions of the country, including Chicago,

relative peaks in PM2.5 now occur in the

winter, and those peaks may be associ-

ated with more local emission sources.5

Other temporal events of concern would

be short-term sources of emissions from

industrial sources (such as shutdown/

startupmalfunctions ormaintenance),

particularly if those sources are proximate
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to communitieswith environmental jus-

tice concerns. Temporary increases in

emissions such as thesewould be both

isolated in time and space, in contrast to

the two events in July.

For the purposes of understanding

exposure disparities, focusing on spa-

tial or temporal excursions from mean

total PM2.5 levels may be more useful

than looking at total PM2.5. Identifying a

local “hot spot” that might contribute to

disparities in exposure would entail

subtracting citywide, regional, and

national contributions until only the

excess PM2.5 associated with local con-

tributors remained. An approach has

recently been proposed to remove

regional background and provide a

decomposition of PM2.5 air pollution

into long-range, midrange, neighbor-

hood, and near-source for all census

tracts in the United States,6 and this

approach may also remove autocorre-

lation in a more structural way rather

than using spatial lags. Further remov-

ing longer-term temporal trends from

these spatially decomposed PM2.5 lev-

els would highlight temporal excursions

that may also lead to additional dispar-

ities. In both cases, the analyses not

only would identify when and where

disparities occur but also could help to

diagnose the emission sources that

cause the disparities.

Siting of a network of low-cost sen-

sors can be focused on diagnosing

where and when inequities in exposure

occur and on identifying the cause(s)

of the inequities. The siting should be

done with community input. Esie et al.

used sensors located at bus stations,

which are convenient locations and

could capture near-road PM2.5 expo-

sures. However, these locations might

not be best for identifying PM2.5

exposures from industrial or other

sources.

UNDERSTANDING
DISPARITIES REQUIRES
EQUITABLE NETWORKS

When properly sited, and with a

dense-enough sensor network, it

becomes possible to predict PM2.5

levels at other neighborhood locations.

For example, a community may wish to

identify places of neighborhood con-

cern or places with sensitive popula-

tions. Inverse distance weighting (IDW)

or cokriging approaches that incorpo-

rate additional information such as

wind directions7 can provide spatially

resolved predictions that are similar

in quality to land use regressions or

downscaled model predictions.8 How-

ever, it is not clear that the density or

location of sensors at bus stops satis-

fies criteria for using IDW as employed

by Esie et al., and thus statistical mod-

els that seek to identify the disparities

in PM2.5 concentrations across different

races using IDWmay suffer from expo-

sure misclassification. To respond to

the concern of Esie et al. about tempo-

rally invariant covariates, it may be pos-

sible to use new land use regression

methods9 that allow both spatial and

temporal decomposition.

Esie et al. importantly note that

crowdsourced sensor networks tend

to be located in White, high socioeco-

nomic status neighborhoods. If higher-

income neighborhoods have more

access to air quality sensors and more

ability to respond to the information

they generate, disparities in air pollu-

tion health outcomes can be exacer-

bated.1 This reveals a need for more

consistent, government-sponsored net-

works, which could promote

interoperability and equitable access.

By allowing a cross-comparison of data

gathered using disparate sensor net-

works, information could be compared

and shared on a broader scale.

CONCLUSION

The Esie et al. study adds to evidence

that disparities in exposure continue

to exist in Chicago and that certain types

of emission events can exacerbate those

disparities. The types of emission events

identified are difficult to regulate, and

the study design is not able to identify

harder-to-diagnose sources of air pollu-

tion excursions. A greater focus on the

times and places that have substantially

higher neighborhood air pollution levels

would advance two goals: a greater ability

to ascertain the sources of inequities and

information that can empower communi-

ties working with government agencies

to prevent those emission events and

reduce exposures. Finally, low-cost sen-

sors, with their affordability and ease of

deployment, have the potential to collect

data that can reveal air quality and expo-

sure disparities, but the data will have the

most impact in rectifying disparities when

communities and government agencies

agree, preferably in advance, on how to

evaluate and interpret the data.
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The 2022–2023 school year marks

the third time US children and

adolescents have returned to school

during the COVID-19 pandemic, and

there is hope that it will be less chal-

lenging than the previous two years. At

the start of the 2021–2022 school year,

the highly transmissible Delta variant

was causing rapid increases in cases

and hospitalizations, notably among

children and adolescents.1 By Decem-

ber 2021, the even more infectious

Omicron variant had emerged. At its

peak in January 2022, Omicron caused

almost 1 million cases per day, with a

rate of new cases among school-aged

children (5–11 years) of 1545 per

100000 per week.2 The Omicron surge

also caused considerable disruption of

school attendance. In a New York Times

poll, half of US parents reported that

their child missed three or more days

of in-person schooling in January

2022.3

The COVID-19 pandemic may not be

over, and there is considerable

uncertainty about how COVID-19 will

impact the current school year and

about our level of preparedness. Given

the pattern of the past two years, the

potential for new surges is an impor-

tant concern, particularly given the low

vaccination coverage among school-

aged children. Although COVID-19 vac-

cines are now authorized for children

aged six months and older, at the start

of the school year, only 31% of school-

aged children had been vaccinated,

and less than 15% had received a

booster.2 Uptake of boosters among

adults is also low, even among those at

high risk because of age or

comorbidities.

An additional concern is that the guid-

ance on COVID-19 mitigation strategies

from the Centers for Disease Control

and Prevention (CDC) for the 2022–2023

school year recommends a localized

approach that is responsive to COVID-19

community levels as indicated by hospi-

talization and case data. The CDC recom-

mends using face masks in schools

when community infection levels are

high4; however, our recent work sug-

gests that implementation of these

guidelines may be challenging. Because

of the widespread use of at-home anti-

gen tests, which are not included in rou-

tine surveillance data, it may be difficult

to accurately track the number of new

COVID-19 cases and to use these data

to rapidly respond to surges.5

EFFECTIVENESS OF
SCHOOL-BASED COVID-19
PREVENTION STRATEGIES

In this issue of AJPH, DeJonge et al.

(p. 1791) present the findings of a

study comparing the effectiveness of

COVID-19 mitigation strategies in Wis-

consin school districts in the fall of

2021. Using employment records and

COVID-19 testing data from September

through November 2021, they compared

the incidence of new cases of COVID-19

among teachers working in school dis-

tricts with prevention policies with

the incidence of infections in districts

without policies. The researchers exam-

ined the individual effects of three differ-

ent COVID-19 prevention strategies:

mask wearing by teachers and students,

physical distancing, and quarantine.

The study found that the overall

COVID-19 incidence rate was 5458 per

100000 educators during the first

three months of the 2021–2022 school

year. The researchers also showed

that although distancing and quaran-

tine had no impact on reducing infec-

tions among teachers, masking policies

were associated with decreased risk of

infection. Teachers across all grade lev-

els who worked in districts with mask-

ing policies were 19% less likely to

have a positive test result for COVID-19

than those in districts without masking
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policies (hazard ratio50.81; 95%

confidence interval50.72, 0.92). Fur-

thermore, the study shows that even

among a highly vaccinated population

(78% of Wisconsin teachers were fully

vaccinated), masks were protective

against COVID-19 transmission. These

findings demonstrate that during a

period of high infection rates, the com-

bination of masking and vaccination

provided stronger protection than vac-

cination alone.

The study is comprehensive and has

important strengths. It includes data

from 307 Wisconsin school districts

(81%) and almost 52000 teachers. It

adjusted for critical confounders, includ-

ing the age, sex, and vaccination status

of teachers, as well as community char-

acteristics (vaccination coverage and

infection rates) and school-level factors

(average class size and location). Notably,

it was conducted before the widespread

use of at-home antigen testing, which

could make conducting similar studies

more difficult because of decreased

recording of cases.5 A reported limita-

tion of the study is the lack of accounting

for adherence to COVID-19 prevention

policies by districts. However, nonadher-

ence to prevention policies would most

likely have biased the results toward the

null, indicating that masking in schools

may be more protective than this study

was able to show.

Unfortunately, this study did not mea-

sure COVID-19 infections among stu-

dents to demonstrate the direct benefit

of mitigation strategies for children and

adolescents. The finding of reduced

infections among educators is indicative

of lower transmission within schools,

which is indirect evidence of the impact

on students. The findings are consistent

with previous studies showing that mask-

ing prevents secondary transmission in

schools.6 This evidence for the protective

effect of masking in the school environ-

ment is important and timely, given the

high levels of COVID-19 vaccine hesitancy

among US parents that we have previ-

ously reported.7,8 With so few school-

aged children vaccinated, these findings

are particularly relevant because masking

will be a critical prevention intervention in

the event of another COVID-19 surge

during the 2022–2023 school year.

RESPONSIBILITY OF
STATE GOVERNMENTS TO
PROTECT PUBLIC HEALTH

The study by DeJonge et al. also dem-

onstrates how many US states refused

to implement evidence-based public

health policies that would have pro-

tected their workers, students, and

communities during a critical point in

the pandemic. At the start of the

2021–2022 school year, only 18 states

had mandates requiring masking in

schools, whereas eight states passed

laws prohibiting school districts from

requiring masks, and the remaining 24

states allowed local decisions about

masking policies.9 KFF reported that in

the fall of 2021, more than two thirds

of school-aged children lived in US

states that either did not have mask

requirements or prohibited them.

Explanations for why several states

chose to legislate against evidence-

based COVID-19 mitigation strategies

have been examined in previous edi-

tions of AJPH.10 Fewer studies have

described the reasoning behind and

consequences of the approach taken

by other states that left critically impor-

tant public health decisions up to indi-

vidual school districts.

Wisconsin was one of the states that

did not adopt a statewide mask man-

date for schools in the fall of 2021, in

spite of CDC guidance recommending

the use of masks and existing evidence

at the time showing lower COVID-19

caseloads in states that implemented

mask mandates.11 DeJonge et al.

showed that at the start of the 2021–

2022 school year, the most common

COVID-19 mitigation policy in place

across Wisconsin school districts was

physical distancing, adopted by 68%,

followed by quarantine, implemented

in just over half (52%). Only 25% of

school districts in Wisconsin in the fall

of 2021 had masking policies, while

21% of school districts were not imple-

menting any of the COVID-19

mitigation policies examined.

According to the Wisconsin Depart-

ment of Health Services, COVID-19 cases

were increasing in early September 2021

and continued rising throughout the

fall.12 The largest increase in cases dur-

ing this period was among school-aged

children and adolescents, which marked

the first time that COVID-19 cases in

children across the state had outpaced

those in adults.12 In the week of Septem-

ber 12, 2021, those younger than 18

years in Wisconsin had a COVID-19 infec-

tion rate of 447 cases per 100000 (5624

cases) compared with the next highest

age group, 35–44-year-olds, with 345

cases per 100000 (2492 cases). Waste-

water surveillance from this time showed

similar trends of rising infections across

the state after the start of the school

year. In this context, it is remarkable that

more was not done at the state level to

protect Wisconsin’s students and educa-

tors from COVID-19. Further studies

should explore whether lack of statewide

mandates compounded unequal distri-

butions of COVID-19 cases, hospitaliza-

tions, and deaths.

The study by DeJonge et al. adds to

the body of evidence showing that

the use of face masks helps prevent

COVID-19 transmission in schools and
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communities.11,13,14 These data are

critical for informing plans for future

surges, when widespread use of masks

may be necessary again to protect chil-

dren, educators, and their communi-

ties. In addition, enhanced surveillance

that does not rely solely on reported

cases is also needed to allow immedi-

ate and appropriate interventions.

Finally, this study demonstrates that

reliance on local decision-making about

critical public health measures left

many schools unprotected from

COVID-19 and created inequities in risk

for Wisconsin’s children and educators.

Protecting public health is one of the

fundamental responsibilities of govern-

ments, and the COVID-19 pandemic

has made it clear that many state gov-

ernments need to take stronger actions

to protect the health of all of their citi-

zens.
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Death by suicide is one of the great

challenges in public health. Sui-

cide is a tragedy that affects not only

the deceased individual but also every-

body to whom that individual was con-

nected. Yet, despite the link between

death by suicide and social integration

being long recognized and many efforts

to reduce suicide rates in recent de-

cades,1 the age-adjusted rate of suicide

in the United States increased from 10.5

per 100000 in 1999 to 13.9 in 2019.2

Before the pandemic, suicide was the

10th leading cause of death in terms

of all-age mortality; in comparison, age-

adjusted rates for the top three causes

of death are 161.5 per 100000 for heart

disease, 146.2 for cancer, and 49.3 for

unintentional injuries. Suicide is even

more important among those younger

than 65 years, ranking as the fifth lead-

ing cause of death.2 The US suicide rate

is not atypical, with the suicide rate for

other high-income countries being 13.7

per 100000.3 Thus, identifying how to

best target interventions to address sui-

cide is a global priority.

In this issue of AJPH, Olfson et al.

(p. 1774) describe who dies alone and

how. The strongest associations between

living alone and risk of suicide are for

those with the most advantaged social

positions, as indicated by education,

income, and ethnicity. Looking at the

results in additional detail provides

more information. Among adults living

with others, suicide rates decline with

increasing income and education levels.

Conversely, there is little evidence of

any differences in suicide rates by income

or education among people living alone,

a finding that cannot be explained by

chance.

Essentially, living alone, particularly

in the case of men, seems to be associ-

ated with not only an increase in the

risk of death by suicide but also an

absence of a social gradient in death

by suicide. Given the acknowledged

lack of adjustment in the Olfson et al.

study, it is possible that living alone

could be a marker for previous mental

health issues or other factors. However,

the relationship between death by sui-

cide and living alone has been shown to

persist after adjustment for poor mental

health4 and merits further discussion.

Two possible theories stand out in

explaining the Olfson et al. results: the

concept of “thwarted belongingness”

from the interpersonal theory of sui-

cide and the integrated motivational–

volitional theory. Thwarted belonging-

ness is the perception that a person is

alone and lacking any reciprocal caring

relationships, and clearly living alone

is potentially a marker for thwarted

belongingness.5 However, according to

the overall theory, thwarted belonging-

ness alone is not sufficient to induce

suicidal behavior. The Olfson et al.

study lacks indicators for another nec-

essary component of the theory,

“perceived burdensomeness,” which

indicates the degree to which people

feel liability to others or self-hatred,

and so other theories are required.

The integrated motivational–volitional

theory divides the development of sui-

cide into three different phases: the

premotivational phase, the motivational

phase, and the volitional phase.6 In the

premotivational phase, background fac-

tors set up vulnerabilities to suicidal

behavior; these factors include negative

life events, social circumstances, and

biological factors that might predispose

people to suicidal behavior. One char-

acteristic in the premotivational phase

that has been consistently linked to

suicidal behavior is socially prescribed

perfectionism, defined as people’s belief

that others hold unrealistically high

expectations of them.7 Perfectionism

is certainly something that could drive

people to be educationally successful

and pursue higher incomes and that

could increase the risk of suicide. This

alone would not be enough to explain

the Olfson et al. results.

The integrated motivational–volitional

theory also puts forward that those

predisposed to suicide do not automat-

ically progress to suicidal ideation or

intent. In the motivational phase, it is

argued that events or situations may

arise that induce feelings of defeat or

humiliation, ultimately leading people
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to a feeling of being trapped with no

perceived escape.6 Factors such as a

failure to achieve goals, thwarted

belongingness, a lack of coping skills,

and lack of availability of social support

are proposed to affect transitions to

suicidal intentions. In this context, living

alone may not simply be an indicator of

loneliness or thwarted belongingness

but also an indicator of failing to achieve

important life goals and the support

thereby obtained, such as having a part-

ner or raising children.4

The volitional phase is when thoughts

about suicidal intent turn into actions.

Factors that are important at this stage

include access to means to complete

suicide, exposure to and knowledge

about suicide, and personality traits

such as impulsivity.6 As discussed by

Olfson et al., living alone may be more

strongly related to suicide by poisoning

because it limits the opportunities for

other people to intervene. Although the

Olfson et al. results are consistent with

theory, the lack of data on important

factors such as mental health indicate

that there are alternative explanations.

Their study provides further support for

the integrated motivational–volitional

theory, but the entire process has not

been tested.6

Developing interventions that address

issues such as perfectionism and failing

to achieve family goals will not be easy,

and there might be tradeoffs in terms of

economic outcomes. Thus, addressing

suicidal behavior requires a recognition

that it is a complex issue necessitating

different methods and study designs.

Methods may include ecological momen-

tary assessments, which enable data to

be collected in real time and may provide

better information on specific compo-

nents of suicidal behavior.6 In addition,

social network analysis may provide

insights into social connections and how

living alone relates to suicidal behavior.6

New approaches such as simulations

may be required to synthesize data

from multiple sources.8 In this context,

descriptive studies such as that of Olf-

son et al. can be used to validate the

results of simulations informed by

other designs. However, given the diffi-

culty of predicting suicidal behavior6

and the commonness of important risk

factors such as living alone, targeting

high-risk groups may not be practical

without further research.

An alternative to targeting interven-

tions toward high-risk individuals

would be to take a whole population

approach,1 as suggested by Geoffrey

Rose.9 Restricting access to the meth-

ods used for suicide appears to be

successful in reducing suicide rates, as

there seem to be limited substitution

effects.10 The Olfson et al. results con-

firm a suitable target for intervention.

Firearm deaths contribute to more

than half of suicides irrespective of

living arrangements. Although it is not

easy to generate the political will to limit

access to firearms, policies such as

mandatory waiting periods and back-

ground checks have been shown to

reduce suicide rates.11 Other possible

options include limiting the number of

tablets included in a packet of paracet-

amol and restricting access to suicide

hotspots such as bridges.10

However, the appropriateness of

interventions is context dependent.

In addition, caution is needed in inter-

preting the results of interventions; for

example, the implementation of restric-

tions on the package size of paraceta-

mol tablets took place in combination

with other polices aimed at improving

health more generally. Consequently,

the relationship between reduced

package sizes and reduced suicide

rates may be confounded by other pol-

icy changes.12 Reducing suicide rates

may require approaches aimed at

improving the whole population’s

health in general rather than simply

decreasing suicides.
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At 77 years old, even after decades

of prodigious philanthropy, George

Eastman remained one of the wealthiest

men in the world. The unmarried foun-

der of Eastman–Kodak lived alone until

March 14, 1932, when he revised his will

in the presence of his lawyers, dismissed

them from his study, folded a wet towel

over his chest, and shot himself through

the heart with his desk drawer revolver.1

His obituary reported, “A sense of loneli-

ness encompassed George Eastman,

after the recent deaths of two of his clos-

est friends, and led him to take his own

life.”2(p5)

Living alone, loneliness, and social

disconnection have been proposed as

suicide risk factors since the dawn of

suicidology.3 However, a lack of pre-

death data on large samples of suicide

decedents has prevented us from

knowing the demographic characteris-

tics of those at highest increased risk

when living alone. A new study by Olf-

son et al. in this issue of AJPH (p. 1774)

contributes evidence of the association

between living alone and suicide as it

varies across demographic and socio-

economic subgroups. The authors

reviewed the 2008 American Commu-

nity Survey, which includes more than

3 million adults linked to the National

Death Index, to identify suicide deaths

over the 11 succeeding years. The par-

ticipants reported on their living situa-

tion as well as sociodemographic

characteristics, self-reported disability,

and housing information, including resi-

dential stability and homeownership.

Olfson et al. found the annual suicide

rates of adults living alone to be almost

twice that of adults living with others, con-

firming previous reports.4,5 The authors

went on to identify large differences in

the strength of that association across

specific subgroups. The associations

between living alone and subsequent sui-

cide were found to be strongest among

wealthy, well-educated, male, White, and

older age groups. Membership in some

of these groups was previously known to

independently increase suicide risk,6 and

their strong associations with living alone

is tragically reminiscent of George East-

man. However, the recognition of low

social integration as a risk factor for sui-

cide dates back most prominently to

Emile Durkheim’s investigations in the

19th century.

In his landmark book Suicide, Durk-

heim cited the 1886 French census in

pointing out that the lower the average

number of persons living in the family

home, the higher a region’s suicide

rate.3 He raised this as a central tent-

pole of his theory of “egoistic” suicide,

which is undertaken by those who see

themselves as alone or disconnected

from socially integrated groups. Egoistic

suicide is thought to be more common

in less socially integrated communities

but is also noted to be associated with

certain types of individuals in a given

society. For instance, Durkheim posited

that being unmarried or widowed was

associated with increased suicide risk.

This went against the earlier belief that

marriage was the higher risk state, a

finding that resulted from past failure

to adjust for age in comparing married

to unmarried individuals.

Like Olfson et al., Durkheim also

related suicides of social isolation to

the attainment of knowledge and edu-

cation, although he did so indirectly by

pointing to differential levels of educa-

tion in distinct religious groups and

their associated suicide rates at the

time. He credited the higher rates of

suicide among Protestants to their

greater “pursuit of free inquiry” and

learning compared with Catholics,

who had a much lower suicide rate.

Durkheim argued that this free inquiry

steered some Protestants further from

their church communities, resulting in

weakened community bonds and more

vulnerability to suicide. He further per-

formed some intellectual gymnastics to

explain the lower rates of Jewish sui-

cides, despite higher levels of educa-

tion, as evidence that Jewish education

is in line with their religious doctrine

and so serves to further socioreligious

integration. However, in view of our

modern understanding of stigma, it

may be more likely that the stronger

condemnation of suicide by Jewish

and Catholic leaders provides a better
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explanation for the lower suicide rates

in those groups.

Aside from education level, Olfson et al.

found the strongest association between

living alone and suicide existed in high

earners. In general, suicide risk is greater

in persons experiencing poverty or

homelessness.7 However, in the context

of living alone, Durkheim suggested an

explanation for increased suicide among

the wealthy. He theorized that the weal-

thy depended less on others for material

support and, thus, felt less invested in

the larger community. Durkheim wrote

that for most, interdependency in a

group creates a reciprocal investment

in others that prevents one from being

overwhelmed by one’s own troubles and

contextualizes them in larger communal

joys, hopes, and a future. This allows a

suffering individual to “share in collective

energy and support his own when

exhausted.” By contrast, the wealthy

individual may feel they owe society

nothing and “have no reason to endure

life’s sufferings patiently.”3(p168)

The recognition of social integration

as suicide prevention did not end with

Durkheim. Thomas Joiner’s interpersonal

theory of suicide6 incorporated the con-

cept of “thwarted belongingness” in

recognition of the increased risk of an

unmet need to belong. Thwarted belong-

ingness is thought to partially explain the

association between suicide and living

alone8 as well as its associated corollary,

loneliness.4 Rory C. O’Connor’s integrated

motivational–volitional model of suicide

continued to develop this idea by

highlighting loneliness as a key modera-

tor between a sense of entrapment and

subsequent suicidal acts.9 These theo-

ries persistently recognize the impor-

tance of social integration because being

alone continues to be identified as a risk

factor for suicide both directly and as a

contributor to mood disorders.4

Although the psychological impact of

living alone and loneliness may add to

suicide risk, there are also practical

considerations to account for when

considering the risks of living alone. In a

secondary analysis, Olfson et al. found

that the association between living

alone and suicide varied significantly

by suicide method. Poisoning, which

accounts for most suicide attempts in

the United States but a minority of sui-

cide deaths,10 demonstrated the stron-

gest association. In comparison, for

firearm suicides (the most common

method of US suicide), living alone was

less strongly related to suicide risk. This

may be unsurprising, given that suicide

attempts by poisoning leave time and

opportunity for rescue by a housemate,

whereas in firearm suicide attempts,

rescue is usually impossible.

Safety planning interventions recog-

nize access to lethal means as a promi-

nent risk and suggest the use of social

contacts both for emergency support

and for making the environment safer

by eliminating access to lethal means.11

A recent study of veterans found that

lack of social contacts on the safety

plan was associated with more than

double the risk of subsequent suicidal

acts, further highlighting the role of

social integration in practical safety

considerations.12

Of note, this study was unable to

exclude some important potential con-

founders of the association between liv-

ing alone and suicide. Psychiatric illness,

a major risk factor that was largely under-

appreciated by Durkheim, could not be

reliably measured in this sample. Mood,

anxiety, and substance use disorders

have been independently associated with

both suicide and living alone,6,13,14 and

so we cannot be certain that there is a

causal relationship between living situa-

tion and subsequent suicide without

these diagnoses included as covariates.

However, as the authors point out, sev-

eral previous studies have found that the

association holds even when psychiatric

morbidity was included in the models.4,5

The findings of Olfson et al. bolster

more than a century of work underlin-

ing social isolation’s association with

suicide. By focusing on the objective

measure of living alone, as opposed to

the more difficult to quantify and evalu-

ate concept of loneliness, the authors

present clinicians with a potential risk

factor that is easily identified in patients

and can be integrated into existing risk

stratification strategies. Beyond that,

living alone is a modifiable risk factor

that can be addressed by public health

and social work interventions, much as

we can address other major suicide risk

factors, such as poverty, psychiatric ill-

ness, and lethal means access.

CORRESPONDENCE
Correspondence should be sent to Paul S.
Nestadt, Meyer 114, 600 N. Wolfe St, Baltimore,
MD 21287 (e-mail: pn@jhmi.edu). Reprints can be
ordered at http://www.ajph.org by clicking the
“Reprints” link.

PUBLICATION INFORMATION
Full Citation: Nestadt PS. Suicide and the solitary
life: differential risks of living alone across socio-
demographic groups. Am J Public Health. 2022;
112(12):1702–1704.

Acceptance Date: September 22, 2022.

DOI: https://doi.org/10.2105/AJPH.2022.307136

ACKNOWLEDGMENTS
P. S. Nestadt is supported by the National Insti-
tute on Drug Abuse, National Institutes of Health
(NIH; award K23DA055693) and the American
Foundation for Suicide Prevention (AFSP; award
YIG-0-093-18).
Note. The content of this editorial is solely the

responsibility of the author and does not necessarily
represent the official views of the NIH or the AFSP.

CONFLICTS OF INTEREST
The author has no conflicts of interest to declare.

REFERENCES

1. Butterfield R. The prodigious life of George East-
man. Life. January 1, 1954, 154–168.

OPINIONS, IDEAS, & PRACTICE

Editorial Nestadt 1703

A
JP
H

D
ecem

b
er

2022,Vo
l112,N

o
.12

mailto:pn@jhmi.edu
http://www.ajph.org
https://doi.org/10.2105/AJPH.2022.307136


2. Death of Edison Saddened Eastman. Bethlehem
Globe-Times. March 15, 1932, 5.

3. Durkheim E. Suicide: A Study in Sociology. 2nd ed.
London, UK: Routledge Classics; 2002.

4. Shaw RJ, Cullen B, Graham N, et al. Living alone,
loneliness and lack of emotional support as pre-
dictors of suicide and self-harm: a nine-year fol-
low up of the UK Biobank cohort. J Affect Disord.
2021;279:316–323. https://doi.org/10.1016/j.jad.
2020.10.026

5. McClelland H, Evans JJ, Nowland R, Ferguson E,
O’Connor RC. Loneliness as a predictor of sui-
cidal ideation and behaviour: a systematic review
and meta-analysis of prospective studies. J Affect
Disord. 2020;274:880–896. https://doi.org/10.
1016/j.jad.2020.05.004

6. Joiner TE. Why People Die by Suicide. Cambridge,
MA: Harvard University Press; 2005.

7. Hoffmann JA, Farrell CA, Monuteaux MC, Fleegler
EW, Lee LK. Association of pediatric suicide
with county-level poverty in the United States,
2007–2016. JAMA Pediatr. 2020;174(3):287–294.
https://doi.org/10.1001/jamapediatrics.2019.5678

8. Conner KR, Duberstein PR, Conwell Y. Age-related
patterns of factors associated with completed sui-
cide in men with alcohol dependence. Am J Addict.
1999;8(4):312–318. https://doi.org/10.1080/10550
4999305712

9. O’Connor RC, Kirtley OJ. The integrated
motivational–volitional model of suicidal behaviour.
Philos Trans R Soc Lond B Biol Sci. 2018;373(1754):
20170268. https://doi.org/10.1098/rstb.2017.0268

10. Conner A, Azrael D, Miller M. Suicide case–fatality
rates in the United States, 2007 to 2014: a
nationwide population-based study. Ann Intern
Med. 2019;171(12):885–895. https://doi.org/10.
7326/M19-1324

11. Stanley B, Brown GK. Safety planning interven-
tion: a brief intervention to mitigate suicide risk.
Cognit Behav Pract. 2012;19(2):256–264. https://
doi.org/10.1016/j.cbpra.2011.01.001

12. Chalker SA, Parrish EM, Martinez Ceren CS, Depp
CA, Goodman M, Doran N. Predictive importance
of social contacts on U.S. veteran suicide safety
plans. Psychiatr Serv. 2022; Epub ahead of print.
https://doi.org/10.1176/appi.ps.202100699

13. Joutsenniemi K, Martelin T, Martikainen P, Pirkola
S, Koskinen S. Living arrangements and mental
health in Finland. J Epidemiol Community Health.
2006;60(6):468–475. https://doi.org/10.1136/
jech.2005.040741

14. Jacob L, Haro JM, Koyanagi A. Relationship
between living alone and common mental disor-
ders in the 1993, 2000 and 2007 National Psychi-
atric Morbidity Surveys. PLoS One. 2019;14(5):
e0215182. https://doi.org/10.1371/journal.pone.
0215182

OPINIONS, IDEAS, & PRACTICE

1704 Editorial Nestadt

A
JP
H

D
ec

em
b
er

20
22

,V
ol

11
2,

N
o.

12

https://doi.org/10.1016/j.jad.2020.10.026
https://doi.org/10.1016/j.jad.2020.10.026
https://doi.org/10.1016/j.jad.2020.05.004
https://doi.org/10.1016/j.jad.2020.05.004
https://doi.org/10.1001/jamapediatrics.2019.5678
https://doi.org/10.1080/105504999305712
https://doi.org/10.1080/105504999305712
https://doi.org/10.1098/rstb.2017.0268
https://doi.org/10.7326/M19-1324
https://doi.org/10.7326/M19-1324
https://doi.org/10.1016/j.cbpra.2011.01.001
https://doi.org/10.1016/j.cbpra.2011.01.001
https://doi.org/10.1176/appi.ps.202100699
https://doi.org/10.1136/jech.2005.040741
https://doi.org/10.1136/jech.2005.040741
https://doi.org/10.1371/journal.pone.0215182
https://doi.org/10.1371/journal.pone.0215182


Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.



Promoting Evidence-Based
Policy Solutions to the US
Gun Violence Epidemic
Stephanie Bonne, MD

ABOUT THE AUTHOR

Stephanie Bonne is the Chief of Trauma and Surgical Critical Care, Hackensack University
Medical Center, Hackensack, NJ.

See also Rowhani-Rahbar et al., p. 1783.

F irearm ownership and carriage

in the United States remains an

intensely personal, political, and social

issue. In recent years, firearm ownership

has remained at the forefront of our

society’s dialogue about safety, personal

freedom, and the role of government in

regulating firearm access. Although

some national regulations govern access

to firearms, specific restrictions and reg-

ulations on firearm ownership and car-

riage are largely delegated to the states.

Because states have varying laws, there

are many opportunities for natural

experiments that explore the relation-

ship of firearm regulations to firearm

ownership and carriage behavior, injury,

and mortality.

In public health, we are interested in

the external, population-level interven-

tions and policies that decrease death

and disability from injury or disease.

Oftentimes, behavior change as a result

of an intervention or policy is the crucial

step that prevents the negative health

outcome. Consequently, Rowhani-

Rahbar et al. (p. 1783 in this issue of

AJPH) have sought to understand

whether state-level differences in fire-

arm policies affect firearm carriage

behavior with a loaded handgun, with an

understanding that such behavior may

be linked to the outcomes of interest, in

this case, injury and death by firearm. It

is known that firearm access and car-

riage are two of the most significant risk

factors for pediatric firearm injuries,1–5

intimate partner homicide,6–8 suicide,9–11

and homicide of those who cohabi-

tate,12–14 although relatively less is known

about the relationship of population-level

firearm carriage to population-level death

and injury by firearm.

By using a nationally representative

sample survey of firearm-owning adults,

Rowahani-Rahbar et al. analyzed loaded

handgun carriage. They then described

the groups of respondents by demo-

graphics and the reasons cited by the

owner for carrying the weapon. They

also demonstrated that firearm owners

carried loaded weapons in significantly

more permitless carry and shall issue

states than states with may issue policies.

These data, when extrapolated, demon-

strate that about 16 million adults in the

United States have carried a loaded

handgun in the past 30 days, a significant

increase over 2015 data, which esti-

mated 9 million adults did so.15

This research is critical for state poli-

cymakers to review. These data show

that specific state-level policies can

decrease the carriage of loaded hand-

guns among those state populations.

Rowahani-Rahbar et al. have

demonstrated that policies aligned with

may issue firearm carriage permitting

can decrease the number of child, ado-

lescent, and intimate partner homi-

cides; lawmakers who wish to decrease

these deaths and whose constituents

wish to decrease the population level

of loaded gun carriage will be inter-

ested in these results. Furthermore, it

is critical for those in the public health

field to continue to perform high-quality

and meaningful research on the implica-

tions of public policy on injury and public

health. The federal and state govern-

ments should continue to provide fund-

ing mechanisms for such research to

ensure that our policies are evidence

driven and scientific in their approach

to reducing injury and death.
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In 2019, Louis Klarevas, Andrew Con-

ner, and David Hemenway published

“The Effect of Large-Capacity Magazine

Bans on High-Fatality Mass Shootings,

1990–2017.”1 This seminal study empir-

ically demonstrated that prohibition

of large-capacity magazines (LCMs)

attenuates mass shooting incidents

and lethality.1 The article ranks in the

top 1% of high attention scores and is

the most cited and discussed research

study in social and legacy media in the

history of AJPH. To date, the study has

been mentioned in 569 media sources

including 73 news outlets (with 87% of

the mentions being made by the gen-

eral public), and there have been 32

research citations.2 Dimensions, a

research insights platform, reports that

the article has received approximately

eight times more citations than average.

To that end, we explain why this study

continues to have a large impact, leaving

an indelible mark in academic circles

while garnering the public’s attention

despite the political, academic, personal,

and cultural hurdles Hemenway has

faced dating back to the 1990s.

THE POLITICIZATION OF
SCIENCE

Although many topics have been politi-

cized, public health research on gun

control was intentionally suppressed by

the federal government through the

Dickey Amendent.3 The 1996 congres-

sional appropriations bill stipulated

that “none of the funds made available

for injury prevention and control at the

[Centers for Disease Control and Pre-

vention] may be used to advocate or

promote gun control.”3(p549) The politi-

cal fallout and academic witch hunts,

combined with a dearth in funding,

were unprecedented.3–5 A handful of

academics, people such as Hemenway,

kept the lights on and continued to link

policies to gun injury prevention.3,5

They challenged our thought leaders at a

time when there was not enough political

will6 to reduce gun violence. These aca-

demics became icons because they did

their research in a hostile environment.

They lost research funding, were targeted

by the National Rifle Association, and

faced daunting congressional inquiries.

Violence researchers either had to

remove guns from their research or

risked being defunded or attacked by

the US Congress and gun rights advo-

cates. Thankfully tenure prevailed, or

even the scant public health gun stud-

ies would never have happened. The

historical context of politicization ele-

vates Klarevas et al. because earlier

work, especially that of Hemenway, was

published under attack, much like the

work of scientists who study climate

change, critical race theory, or COVID-19

masking. However, Klarevas and Hemen-

way have published other research on

gun violence that did not rise as high on

the public agenda, so we must look to

additional factors to understand what

catapulted this particular study.

PUBLIC HEALTH
IMPLICATIONS OF THE
SUPREME COURT RULING

On June 23, 2022, the Supreme Court

ruled in favor of the Second Amend-

ment’s operative clause (the right of

people to keep and bear arms shall not

be infringed) over the prefatory clause

(a well-regulated militia being necessary

to the security of a free state). The

court expanded individual gun rights

and threw out several lower court

rulings that upheld gun restrictions,

including bans on assault-style rifles

in Maryland and large-capacity ammu-

nition magazines in New Jersey and

California.7 In addition, the court limited

state policies regarding the purchase,

possession, and transportation of fire-

arms and revoked the only gun-control

policies known to curtail mass shoot-

ings. Thus, the number of mass shoot-

ings and their lethality will continue to

rise. Ironically, the search for some

secret solution to stop mass shootings

will redirect policymakers and journal-

ists back to Klarevas et al. yet again

after the next mass shooting.

NEWS COVERAGE OF
MASS SHOOTINGS

In 2021, nearly 49000 people in the

United States died from guns.8 Another

100000 were shot but survived their

injuries. Approximately 60% of gun
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deaths were suicides, less than 5%

were accidental or police shootings,

and approximately 36% were homi-

cides. Most homicides are not the

result of mass shootings.9 In fact,

mass shootings make up less than

1% of gun deaths but account for most

of the media attention. Suicides are

more commonplace events but less

likely to make the national news cycles.

The result is that mass shootings

more often appear as news stories,

thus distorting the public’s perceptions

about which types of gun deaths are

bigger threats. Parents are more terri-

fied that their children will be killed in a

school mass shooting even though

there is a much higher likelihood that

they will injure or kill themselves if there

is an unsecured gun in the home. In

the aftermath of a mass shooting, gun

violence researchers become part of

the media frenzy and are interviewed

at length. Because research on mass

shootings crosses over from the scien-

tific community to the public, mass

shooting research is more likely to cap-

ture the general public’s attention.

A BUNCH OF FIRSTS AND
SCIENTIFIC RIGOR

First Hemenway and later Klarevas pub-

lished public health gun research when

it was unpopular. More important, they

set the stage for gun violence research-

ers who would come after. Klarevas

et al. published their article in 2019,

just before the 2020 federal budget

included $25 million for the Centers for

Disease Control and Prevention and

the National Institutes of Health for

research on reducing gun-related

deaths and injuries after a 24-year hia-

tus, paving the way for a proliferation of

new gun violence research.10,11

MASS SHOOTING
RESEARCHERS DO NOT
AGREE ON MUCH

Within academic circles, there is much

debate about what constitutes a mass

shooting, where it happens, how many

people die, and which data to use.

Regardless, Klarevas, Conner, and

Hemenway followed the public health

standard for how to do policy-relevant

research. First, they built on existing sci-

ence on gun violence and mass shoot-

ings. Second, they isolated a specific

type of mass shooting, one with high

lethality (six or more fatalities), and

then linked policy to prevention. Gun

violence and mass shooting research-

ers cited this study because the

authors used a narrow and specific def-

inition of high lethality, including num-

ber of people killed, where the shooting

occurred, by whom, the data source,

and inclusion and exclusion criteria.11

Even the Federal Bureau of Investiga-

tion does not have a mass shooting defi-

nition. Instead, it defines “mass murder”

as an incident in which four or more

people are killed, which can include gun

violence. Klarevas et al. employed a

sophisticated modeling and research

design that was more rigorous than

designs used in observational studies.

Also, they illustrated the analytic steps

they took to rule out alternative interpre-

tations and triangulate their findings, for

example examining both state bans and

federal bans. They helped build the foun-

dation for future studies while overcom-

ing the limitations of previous research.

MOVING MASS
SHOOTING SCIENCE
FORWARD

Later research would draw the line in

the sand where this study ended or dig

into other nuances not addressed.11

For example, Klarevas et al. included

both national and state-level bans on

LCMs; however, the national legislation

and some states also included a ban on

assault weapons, so we cannot say with

certainty that it was a ban on LCMs, a

ban on assault weapons, or a combina-

tion. Because assault weapons often

(but not always) include LCMs while

other guns that are not assault weap-

ons also include LCMs, it is possible

that a ban on either would attenuate

mass shootings. In addition, although

LCM bans were effective, significant

loopholes remained that would-be

shooters could get around to access

illegal weapons and magazines. Most

policies grandfathered in individuals

who already owned assault weapons

with LCMs. Other research would go on

to identify stolen guns as pervasive in

homicide shootings, so not removing

assault weapons and LCMs from the

population might reduce the impact

of bans.

Moreover, although the weapon bans

were applied to gun sales, private ven-

dors were not subject to the bans. After

the federal assault weapon ban sunset in

2004, motivated shooters in states with

bans were able to easily travel to states

without bans, underscoring the need for

national policies. Finally, although Klare-

vas et al. made a good case for including

only mass shootings that resulted in six

deaths or more, it is important to know

whether LCMs empower mass shooters

in general, even in the case of shootings

with a lower lethality threshold.

SUMMARY

Klarevas, Conner, and Hemenway pub-

lished an important study that was not

popular in select political circles or

among gun manufacturers and the
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National Rifle Association. They firmly

established that high-lethality mass

shootings can be prevented through

policies. Their investigation built on

previous mass shooting research, and

the gun scholars who came afterward

used the study to agree or disagree but

always to push the knowledge base for-

ward. Scholars cite this seminal study

because of its robustness and quality.

Louis Klarevas, Andrew Conner, and

David Hemenway are agitators who got

into what the late, great Representative

John Lewis (D, GA) called “good trouble,

necessary trouble.”12 Scientists walk

away from this study knowing that poli-

cies can prevent gun deaths, whereas

nonacademic citizens have learned that

commonsense policies informed by

scientific rigor, such as bans on LCMs,

help to prevent public massacres.

Finally, researchers have learned that

they must persevere, sometimes in

hostile environments, to inform injury

prevention.
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On June 23, 2022, the US Supreme

Court ruled in New York State Rifle

& Pistol Association (NYSPRA) v. Bruen

that the New York State law requiring

individuals to show proper cause to

obtain a license to carry a concealed

firearm in public places for purposes

of self-defense was unconstitutional

(https://bit.ly/3DBV4vF). The signifi-

cance of this ruling from political and

public health perspectives cannot be

underestimated. Against the backdrop

of growing political partisanship among

US legislators and in the US Supreme

Court, the persistent lobbying by gun

rights groups and the gun industry to

loosen gun regulations and promote

gun sales, as evidenced by the NYSPRA

ruling, exemplifies how commercial

determinants undermine health and

well-being. The commercial interests

of the gun lobby and the gun industry

that limit research and drive laws and

practices to sustain the availability and

presence of guns in the United States

cause immediate and horrific public

health harms—mass shootings, mass

murders, homicides, suicides, and unin-

tentional gun-related injuries and

deaths. The physical and emotional

costs of gun-related injuries and deaths

to survivors, their friends, and families

are staggering. An evaluation funded

by Everytown for Gun Safety concluded

that gun violence costs Americans

$557 billion annually—the bulk of

which is attributed to quality-of-life

costs for victims and their families

($489.1 billion) and medical costs

($2.8 billion) (https://bit.ly/3Ubhw4N).

PUBLIC HEALTH, NOT
CORPORATE HEALTH

In their 2018 commentary, McKee and

Stuckler1 presented a summary of key

manifestations of corporate power that

influence health. Two of these manifes-

tations—setting the narrative and set-

ting the rules—are clearly part of the

playbook of the gun lobby as they seek

to dismantle gun control legislation. By

focusing on a narrative of gun “rights”

in legislative and judicial decisions and

pouring money to back politicians who

will not support gun control prevention

or research efforts, the gun industry

has ensured that corporate power

supersedes public health (https://bit.ly/

2CnxRdo).

The Supreme Court ruling in the

NYSPRA case is the latest key decision

limiting gun control since the decision

in District of Columbia v. Heller (2008;

https://bit.ly/3sqCnnP) and inMcDonald

v. City of Chicago (2010, https://bit.ly/

3Fcajfv). The culmination of these deci-

sions demonstrates the steady chip-

ping away at federal gun regulations in

the name of upholding the Second

Amendment, but, in reality, to sustain

the corporate and financial interests of

the gun industry in the United States.

Quite simply, the gun lobby in the United

States is unlike that of any other special

interest group. Although others, namely

tobacco,2 alcohol,3 food,4 and the

sugar-sweetened beverages5 industries,

have been subjected to widespread and

growing regulation for marketing prod-

ucts that cause health-related harm, the

gun lobby has remained largely unregu-

lated, despite the pervasiveness of gun

violence in the United States.

Although many are aware of the

Dickey Amendment, few are likely to

know that a major impetus for this

amendment was a 1993 study by Kel-

lerman et al.6 showing that the pres-

ence of a gun in a home increased the

odds of homicide. In an effort to stall

robust research on gun violence, the

National Rifle Association (NRA) lobbied

for the Dickey Amendment to the 1996

US spending bill, an amendment that

effectively banned federal funding to the

Centers for Disease Control and Preven-

tion (CDC) for research that could be

used to advocate or promote gun con-

trol.7 In 2009, Branas et al.8 reported

findings from a National Institute on Alco-

hol Abuse and Alcoholism–funded study

showing that individuals in possession of

a gun were four times more likely to be

shot in an assault than those not in pos-

session of a gun. In 2012, once again

with backing by the NRA, the US omnibus

spending bill expanded its ban on feder-

ally funded gun control research to
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include the National Institutes of Health

(NIH) as well as the CDC. The presence of

this ban for more than 20 years is one

of the most prominent examples of lob-

bying and corporate manifestation of

power and of setting rules that elimi-

nate funding for gun control research.

Although a small number of research-

ers were able to continue carrying out

gun-related research, the Dickey

Amendment essentially eliminated the

possibility of creating a robust evidence

base on gun violence prevention.

GROWING THE GUN
CONTROL EVIDENCE BASE

Recently, the language of the Dickey

Amendment has been clarified to allow

the CDC and NIH to conduct gun

violence–related research, and a $25

million allocation, distributed evenly

between the CDC and NIH, was ear-

marked for gun violence prevention

research. These funds provide what

amounts to seed funding to conduct

research on the impact of federal and

state gun legislation compared with

funding for other health issues. Despite

this slow and small start, more funding

and research are critically necessary to

establish an evidence base that, it is

hoped, can inform the myriad of laws,

policies, and practices that will be

required to comprehensively limit the

availability of and access to guns.

In this issue of AJPH, Post and Mason

(p. 1707) reflect on the significance of

the study by Klarevas et al.9 conducted

during the era of the Dickey Amend-

ment. As Post writes, the contribution

of the Klarevas et al. study is significant

for providing additional empirical evi-

dence on the effect of state and fede-

ral large-capacity magazine (LCM) bans

on the frequency and lethality of mass

shootings. The study included 69 mass

shooting events between 1990 and

2017, when state (enacted in New Jer-

sey in 1990 and still in place in nine

states and the District of Columbia)

and federal (enacted in 1994, expired

in 2004) legislation was in place.9 Klare-

vas et al. found that mass shootings

where LCMs were used were more

likely to have higher fatalities than those

where an LCM was not used and that, in

states lacking LCM bans, the incidence

of high-fatality mass shootings was

more than twice that in states with LCM

bans.

In the wake of the NYSPRA ruling,

which opens the door to loosening

restrictions on handgun carrying,

the study by Rowhani-Rahbar et al.

(p. 1783) provides much-needed base-

line evidence on trends in handgun car-

rying in the United States. Based on a

nationally representative sample of gun

owners, the study found that the num-

ber of handgun owners who carried

their guns on a monthly basis increased

dramatically from 9 million in 2015 to 16

million in 2019 and that daily handgun

carrying doubled during this period.

Future studies will be needed to under-

stand the links between handgun carry-

ing and involvement in gun violence,

whether guns carried are concealed or

open, and in what types of public spaces

guns are carried. Additionally, studies

building on prior work examining how

and where guns are safely stored will

provide information to inform interven-

tions to prevent suicides as well as unin-

tentional injuries.10 All of these important

questions require careful investigation,

and it is hoped they will be supported by

future funding.

CONCLUSION

Caught between our national struggle

between democratic freedoms and

corporate interests are the individual

and societal harms inflicted by gun vio-

lence. Between January 1 and October 1,

2022, there were 515 mass shootings

(shootings of more than four people)

and 21 mass murders (murder of four

or more people in a mass shooting;

https://www.gunviolencearchive.org).

During this same period, 15547 per-

sons were murdered (intentional and

unintentional homicide, defensive gun

use) and 18348 persons committed

suicide with a gun. In addition to more

research on those who already own a

gun or will become new gun owners,11

as well as how they will carry and use

guns, parallel efforts to examine the toll

of gun violence exposure on individuals

and communities, as well as effective

prevention, are also necessary.
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The United States is at a turning

point in responding to the ongoing

pandemic. Although the severity of dis-

ease associated with the rapidly evolving

severe acute respiratory syndrome coro-

navirus 2 (SARS-CoV-2) appears to have

decreased, the huge number of infec-

tions and reinfections are impacting

quality of life, disrupting public health

and economic and social functioning, and

presenting a potentially large post-acute

epidemic burden from “long COVID,”

even while additional variants continue

to emerge with unpredictable risks.

NATIONAL STRATEGIES
FOR MANAGING CURRENT
AND FUTURE PANDEMICS

This has promoted a re-evaluation of

national strategies for managing the

current and future pandemics. Com-

mentators such as Emanuel et al.1 have

proposed focusing on appropriate risk

thresholds; rebuilding the public health

system; improving testing, disease, and

genomic surveillance systems; building

ventilation systems and personal protec-

tive devices; investing in next-generation

vaccines; and accelerating the develop-

ment of antiviral treatments. Coupled

with the recent announcement of grand

initiatives being undertaken, such as the

$150 million Pandemic Prevention Insti-

tute funded by the Rockefeller Founda-

tion to support global data collection

and the $500 million Center for Fore-

casting and Outbreak Analytics being

created by the US Centers for Disease

Control and Prevention (CDC),2 a con-

sensus is emerging on the broad out-

lines of a comprehensive response to

the current and future pandemics.

ADDRESSING MISTRUST

But does this vision adequately address

fundamental aspects of pandemics?

Although many have acknowledged the

challenge of public distrust of health

agencies and evidence-based policies

resulting in a lack of adherence to risk-

mitigation measures, a national strategy

for addressing such distrust is lacking.

This is a glaring omission, considering

that, for example, vaccine hesitancy and

denial are likely responsible for a large

portion of the estimated 319000

excess COVID-19 deaths that vaccina-

tions could have been prevented in the

United States (as of April 30, 20223)

since vaccines became widely available.

In terms of those affected, national

surveys have shown that skepticism

and vaccine hesitancy are strongly

associated with Republican political

preferences and conservative religious

beliefs.4 As another example, distrust

of institutions (based in large part on a

long history of racism related to health

care and medical research) leading to

low rates of vaccination has been shown

to be likely responsible for the dispropor-

tionate impact of COVID-19 on African

Americans,5 one of the many health

inequities made starkly apparent by the

pandemic.

The challenge posed by distrust, of

course, is complex, as it relates to some

segments of the population with respect

to institutions, political parties, scientific

experts, and media outlets. Distrust has

also been fueled by a lack of clear com-

munication about the need to change

policies as scientific information evolved,

misinformation, uncertainty about the

content or sources of information, and

contradictory information. Surveys track-

ing public attitudes found that 78% of

adults say they have heard at least one

of eight different false statements about

COVID-19 that they believe to be true or

they are unsure of its veracity.6

We propose that a national strategy

is essential to address distrust as a criti-

cal factor in controlling pandemics and

will require attention and investments
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in several aspects of “population health

implementation science,” an area that

remains consistently underrecognized,

underfunded, and understudied.7

These include, for example, risk com-

munication methods; the epidemiology

of information and disinformation; the

impact on attitudes and behaviors of

popular media, social media, and other

forms of communication; controlled tri-

als of policy and messaging interven-

tions; and the direct involvement of

communities as sources of vital infor-

mation and participants in the planning

and conduct of research. In addition, a

national strategy is needed to accom-

modate regional differences, including

the testing and adoption of optimal

strategies that may differ widely within

and between populations and regions

in terms of racism and ethnicity, cul-

ture, socioeconomic status, urban ver-

sus rural, levels of education, gender

identity, and other factors.

COMMUNITY-BASED
PARTICIPATORY RESEARCH
AND EDUCATION

We describe an example that was

implemented first in Los Angeles, CA,

during April 2021 to April 2022, and

then in 34 cities across the country.

The Vaccinate LA campaign is a joint

effort by 14 units of the University of

Southern California (USC) and Children’s

Hospital Los Angeles, two local creative

agencies: Wondros, and Everyone

Can Eat Productions, more than 160

community-based organizations, the

USC Keck School of Medicine Stay Con-

nected LA program, and a community

advisory board.8 The campaign imple-

mented a mass media educational

effort focused on Black and Latino/a/x

populations, developed and deployed

trainings of community vaccine

navigators, and assessed the impact on

attitudes, beliefs, and behaviors toward

COVID-19 vaccinations.

The goal was to address pervasive

misinformation and distrust at the

community level and provide access to

COVID-19 vaccines in 34 zip codes in

the eastern and south–central areas of

Los Angeles experiencing low vaccina-

tion rates, high hospitalizations, and

deaths. Using a community-based

participatory research and education

approach,9 the program incorporated

listening sessions (focus groups and

town-hall meetings), information deliv-

ery, interactive and field-based activities

(pop-up vaccination clinics or sites), and

social media. Community vaccine naviga-

tors (promotores de salud and community

health workers) who speak Spanish and

English were trained and deployed door-

to-door, at community events, and at

pop-up vaccination clinics, and they pro-

vided one-on-one counseling to address

misinformation, increase trust, respond

to frequently asked questions regarding

fears and concerns of vaccinations,

and link individuals directly to vaccines

(M. Kipke, August 2022, Vaccinate LA Final

Report to the W.M. Keck Foundation).

Forty-two focus groups with more than

300 participants and 21 town hall meet-

ings with more than 200 participants

informed the campaign. These and other

baseline and posttest data, changes in

frequently asked questions, social media

data analytics, and surveys revealed

changes in attitudes and beliefs regard-

ing vaccinations. In early 2022, the pro-

gram’s success led to its adoption and

adaptation by the National Alliance for

Hispanic Health, an organization serving

more than 15 million Hispanics nation-

wide, which, in turn, resulted in the train-

ing of 450 community vaccine navigators.

Training included updated COVID-19

information, approaches to handling

misinformation and frequently asked

questions, debunking myths and

addressing conspiracy theories, and the

use of evidence-based approaches and

innovative multimedia strategies includ-

ing culturally adapted films (“Granny’s

Birthday,” “Of Reasons and Rumors”)

developed by local Latino/a/x and Black

filmmakers.

A digital communication campaign

was conducted with Hollywood Health

and Society, producing “Life Noggin,”

an animated science show on YouTube

reaching 3.26 million viewers10; post-

ings for social media, and production of

41 #ShareYourWhy videos, resulting in

2.9 million views. A fotonovela in Spanish

was produced and disseminated through

newspapers, including La Opinion, with a

Spanish-language readership of 540000.

Pop-up events were conducted with

community partners to get shots in

arms and supported local artists in an

art-meets–public health program (Stay

Connected Los Angeles).11

At a total cost of $1.2 million along with

efforts coordinated with the Los Angeles

County Department of Public Health,

these community-based participatory

research and education approaches

resulted in a vaccination rate that was

30% higher than predicted in the tar-

geted areas based on Los Angeles

County averages. Nationally, with sup-

port from the CDC, trained vaccine

navigators conducted one million com-

munity vaccine navigator consultations

across the United States resulting in

500000 shots in arms in 38 cities

nationwide. While promising, limitations

that became apparent included unclear

generalizability to Blacks across the

country, the need to stay current with

an ever-changing virus, the wide spread

of the virus across multiple geographic

areas, and the need to combat a cons-

tant stream of misinformation.
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COMMUNITY-BASED
IMPLEMENTATION
SCIENCE

This experience and a handful of other

examples12,13 align with emerging prin-

ciples of population health implemen-

tation science that must become part

of national strategy to address pan-

demics. Such a strategy should include

national funding of research as well as

regional centers of excellence that can

develop and evaluate approaches tai-

lored to specific communities, with

engaged community participation in

the design and implementation being

an essential component. Such strategies

need not be expensive; in fact, public

health implementation strategies devel-

oped in resource-poor countries have

been shown to be of value in rich coun-

tries, an example of reverse innovation.14

Most importantly, programs that are

developed with and for communities, uti-

lizing community-based and participatory

principles, can reach populations with

greater accuracy and effectiveness and

provide a trusted source of information

for sound community, familial, and indi-

vidual decision-making.
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Knowledge and Practice of Pinworm
Infection in Preschool Children,
Jiangsu Province, China, 2019–2020
Fanzhen Mao, MSc, Yougui Yang, BA, Qiang Zhang, MSc, Xin Ding, MSc, Xiangzhen Xu, MSc, Yuying Chen, BA, Yang Dai, PhD,
and Jun Cao, PhD

We conducted a two-year (2019–2020) longitudinal study in Jiangsu Province, China to analyze risk factors

of pinworm infection and evaluate the effect of behavior change communication–based (BCC-based)

interventions in preschool children. The positive rate of pinworm infection was higher in private preschool

(2%) than in public preschool (0.24%). Poor sanitation behaviors were risk factors among private preschool

children. BCC-based intervention could improve knowledge and practice and reduce pinworm infection.

This study may help fill in gaps in pinworm control. (Am J Public Health. 2022;112(12):1716–1720. https://

doi.org/10.2105/AJPH.2022.307067)

Enterobiasis, caused by pinworm

(Enterobius vermicularis) infection,

is one of the most prevalent parasitic

diseases among children regardless of

their socioeconomic level, culture, or

race.1–3 In severe cases, insomnia,

weight loss, vomiting, abdominal pain,

and appendicitis can appear. Pinworm

eggs are transmitted from person to

person, directly via anus-to-mouth con-

tamination, finger contamination, or

through indirect touch of contaminated

objects (e.g., toys and classroom

tables). Preventing infection and rein-

fection may be challenging because of

a simple life cycle.4 Children with poor

personal hygiene are susceptible to

pinworm infection and reinfection,

especially those in crowded organiza-

tions.5 However, enterobiasis in chil-

dren is considerably neglected by

parents and health officials. Enterobia-

sis is rarely a subject of in-depth epide-

miological inquiries, in developed

or developing countries, despite its

wide occurrence. Screening of key

populations, analyzing risk factors, and

precise interventions are conducive and

necessary to pinworm control. Behavior

change communication (BCC) is widely

used to promote and sustain healthy

changes in behavior through tailored

health messages and approaches.6

BCC-based intervention may facilitate

pinworm control at the community or

school level.

INTERVENTION AND
IMPLEMENTATION

We conducted two preschool-level sur-

veys to implement data collection. Let-

ters of information, informed consent

forms, and questionnaires were given

to parents or principal caretakers prior

to the survey. The BCC-based interven-

tion included health education and

providing health consultation services.

Health education comprised guiding

daily hygiene, developing hygiene hab-

its, holding lectures, distributing leaf-

lets, and providing health consultation

services. We recruited experts from

municipal-level and province-level Cen-

ters for Disease Control and Prevention

to provide health consultation services.

The parents received feedback on the

results of pinworm detection. We told

parents of children testing positive to

seek medical treatment and advice.

We treated Gulou District and Gang-

zha District as intervention groups and

Haimen District and Guangling District

as control groups. The inclusive and

exclusive criteria are shown in panel b

of Figure B (available as a supplement

to the online version of this article at

https://www.ajph.org). However, we

excluded the Haimen District children

from the control group because of the

preschool adjustment made by the local

government at the beginning of 2020.

BCC-based health education was

implemented with the aim of having

teachers and parents cultivate con-

scious hygiene habits in the children

studied. Lectures were held four times

per year (twice a semester) by health
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workers. Leaflets were given out to chil-

dren and parents every semester (two

semesters a year). Moreover, teachers

in these preschools were requested to

hold a lecture about pinworm infections

and prevention at the parents’meeting.

Considering the low pinworm infection

rates in public preschool, we conducted

BCC-based intervention in private

preschools. Sample collection was per-

formed in the morning, before the chil-

dren defecated and bathed. Health

workers from county- and municipal-

level Centers for Disease Control and

Prevention took one sample from each

child. The adhesive cellophane tape swab

(patent number: ZL201420707045.8)

was used over the perianal skin and was

then inspected by a trained municipal-

level microbiologist and checked by an

expert from Jiangsu Institute of Parasitic

Diseases. One or more eggs found

under the microscope indicated a pin-

worm infection. We invited the child’s

parents or principal caretakers to com-

plete a questionnaire (Table A, available

as a supplement to the online version

of this article at https://www.ajph.org);

questions included information related

to demographics, household sanitary

conditions, and knowledge and practice

regarding enterobiasis. The content of

the questionnaire was the same at

baseline and at follow-up.

We used SPSS version 13.0 (SPSS Inc,

Chicago, IL) to conduct data analyses. We

used the x2 test to test significant differ-

ences in group outcomes. We conducted

multivariate logistic regression by treating

the grouping variable (intervention group

or control group) as outcome and gen-

der, age, residence, mother’s educational

level, type of flooring in the home, and

hygiene habits among the follow-up pop-

ulation as covariates to achieve the pro-

pensity score, which was classified into

four groups according to quartiles. We

applied the Cochran–Mantel–Haenszel

test, adjusted by grouped propensity

score, to test statistical differences

between the intervention group and

control group. We estimated odds

ratios and 95% confidence intervals

using the Poisson loglinear model of

risk factors for pinworm infection at

baseline (2019). We applied principal

component analysis to detect hygiene

factors. The factor of the principal com-

ponent analysis with an eigenvalue

above 1 was retained. A P value of less

than .05 indicated a statistically signifi-

cant difference.

PLACE, TIME, AND
PERSONS

The study included preschool children

in six districts of Nanjing, Yangzhou,

Nantong, and Yancheng Prefectures

(Figure A, available as a supplement

to the online version of this article at

http://www.ajph.org). The program

(Figure B) was conducted September 1,

2019 through October 31, 2020 in

Jiangsu Province, China. We made

epidemiological assessments and analy-

zed associated risk factors of pinworm

infection after a cross-sectional survey

(September–October 2019). We then

implemented a BCC-based intervention.

The participants were followed up from

September to October 2020.

Preschool children aged two to six

years, as well as their parents or princi-

pal caretakers, were included. In each

study site, we selected two types of pre-

schools: public preschools, which only

admit children from permanent popu-

lation families, and private preschools,

which only admit children from tran-

sient population families. A majority of

children came from one-child families.

If a family had multiple children aged

two to six years attending the selected

preschool, all children were recruited

as respondents.

PURPOSE

Although enterobiasis was mostly con-

trolled, it was not completely elimi-

nated.7,8 The aim of this study was to

explore risk factors and BCC-based

intervention approach for pinworm

infection in Jiangsu Province, China.

EVALUATION AND
ADVERSE EFFECTS

A total of 3678 preschool children

(1697 from public preschool and 1981

from private preschool) aged two to six

years were enrolled in 2019 (Table 1).

The overall rate of pinworm infection

was 1.2%. At baseline (in 2019), 54%

were boys, and the mean (6SD) age

of the children was 4.4 (61) years; a

majority of children were aged four to

five years (65.6% and 64.0% for private

preschool and public preschool, respec-

tively); four (0.24%) and 41 (2%) positive

cases of pinworm infection were found in

public preschools and private preschools,

respectively. Hygiene behaviors of Enter-

obius vermicularis infection among pre-

school children are shown in Table B

(available as a supplement to the online

version of this article at https://www.

ajph.org).

Improvement of Knowledge
and Practice

Knowledge improved in the intervention

group, whereas it decreased in the con-

trol group (Table 2). Moreover, private

preschool children showed greater

improvement in behavior after BCC-

based intervention, especially in relation-

ship to washing hands, sucking fingers,

and sucking toys and pens (Table C,
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available as a supplement to the online

version of this article at https://www.

ajph.org).

Reduced Positive Rate, But
New Infections

The intervention group consisted of

723 children from Gulou and Gangzha

Districts (positive rate: 4.3%), whereas

the control group comprised 258 chil-

dren from Gangling District (positive

rate: 0.4%; panel b, Figure B).

In 2020, we followed up 740 chil-

dren from baseline: 505 children in

the intervention group (51.9% boys;

60.2% of children aged four to five

years) and 235 children in the control

group (50.6% boys; 67.7% of children

aged four to five years). Following

the one-year intervention, 18 of the

children positive at baseline were

found to be negative; however,

seven new infections were found

(positive rate: 1.4%). There was no

infection in the control group during

follow-up.

TABLE 1— Baseline Demographic Characteristics of Preschool Children in Enterobius vermicularis
Infection Intervention: Jiangsu Province, China, 2019

Private Preschool Public Preschool

No. (%)

No. of Positive
Cases (Infection

Rate, %) Pa No. (%)

No. of Positive
Cases (Infection

Rate, %) Pa

Gender .75 .63

Male 1077 (54.4) 21 (1.95) 923 (54.4) 3 (0.33)

Female 904 (45.6) 20 (2.21) 774 (45.6) 1 (0.13)

Age, y < .001 .99

2 8 (0.4) 0 (0.00) 7 (0.4) 0 (0.00)

3 398 (20.1) 8 (2.01) 365 (21.5) 1 (0.27)

4 614 (31.0) 2 (0.33) 528 (31.1) 1 (0.19)

5 686 (34.6) 18 (2.62) 557 (32.9) 2 (0.36)

6 275 (13.9) 13 (4.73) 240 (14.1) 0 (0.00)

Grade .04 .99

Bottom 554 (28.0) 8 (1.44) 533 (31.4) 1 (0.19)

Middle 783 (39.5) 12 (1.53) 542 (31.9) 1 (0.18)

Top 644 (32.5) 21 (3.26) 622 (36.7) 2 (0.32)

Residence .99 .58

Urban 1001 (50.5) 21 (2.10) 1224 (72.1) 4 (0.33)

Rural 980 (49.5) 20 (2.04) 473 (27.9) 0 (0.00)

Mother’s educational level .52 .052

Primary school or lower 100 (5.0) 2 (2.00) 34 (1.9) 1 (2.94)

Secondary school 1657 (83.6) 37 (2.23) 1171 (69.0) 3 (0.26)

Diploma, bachelor’s, or higher 224 (11.3) 2 (0.89) 492 (29.0) 0 (0.00)

Family income level .023 .001

Low 549 (27.7) 18 (3.28) 236 (13.9) 4 (1.69)

Medium 1414 (71.4) 22 (1.56) 1447 (85.3) 0 (0.00)

High 18 (0.9) 1 (5.56) 14 (0.8) 0 (0.00)

Type of house floor .056 .21

Brick or wood 1494 (75.4) 26 (1.74) 1598 (94.2) 3 (0.19)

Cement 457 (23.1) 13 (2.84) 92 (5.4) 1 (1.09)

Soil 30 (1.5) 2 (6.67) 7 (0.4) 0 (0.00)

Total 1981 41 (2.01) NA 1697 4 (0.24) NA

Note. NA5not applicable.
aBy the Fisher exact test.
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Factors Associated
With Infections

We used principal component analysis

to develop hygiene factors from nine

variables related to personal hygiene

behaviors (Table D, available as a sup-

plement to the online version of this

article at https://www.ajph.org). We

retained four principal components

(PCs). PC1 indicated a composite factor

of sucking habit; PC2 indicated the habit

factor of washing hands; PC3 indicated

a composite factor of maintaining per-

sonal hygiene and tidiness; PC4 indi-

cated bathing habits. According to the

Poisson loglinear model of children

from private preschool, risk factors

found to be associated with pinworm

infections were age (odds ratio

[OR]51.6; 95% confidence interval

[CI]51.2, 2.3), PC3 (OR51.2; 95%

CI51.01, 1.5), and PC4 (OR51.4, 95%

CI51.1, 1.8; Table E, available as a sup-

plement to the online version of this

article at https://www.ajph.org). Among

public preschool children, only brick or

wood floor (reference5 cement floor)

resulted as a risk factor (OR519.9; 95%

CI513.1, 30.4; Table E).

We observed no adverse effects.

SUSTAINABILITY

Children’s pinworm infections have been

overlooked because there is a serious

lack of studies on the topic. This work

calls for more attention to be paid to

pinworm infections among preschool

children, as well as for the sustainable

practice of pinworm control. Moreover, in

this study, we have developed a protocol

of BCC-based intervention approach and

control strategy, incorporated in annual

parasitological surveys with funding sup-

port, which may facilitate the formation

and continuity of best practices for pin-

worm infection control in preschool.

PUBLIC HEALTH
SIGNIFICANCE

To the best of our knowledge, the pre-

sent study is the first report on the

prevalence of pinworm infections

among private and public preschool

children. To better understand the con-

text of this study, it’s important to note

that the distinction between public and

private schools may have different

connotations in China compared with

other parts of the world. This study pro-

vides an in-depth and new insight into

preschool-based pinworm risk and inter-

vention efforts worldwide. BCC-based

intervention, which could improve knowl-

edge and practice and reduce pinworm

infection, could be further applied for

pinworm control among children, espe-

cially private preschool children.
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Follow-Up
(n=505), %
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Percentage

Points
Baseline
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Follow-Up
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Points

Percentage
Point

Difference Pa

Knows enterobiasis 58 64 16 61 44 217 120 < .001
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53 53 10 61 52 29 11 .91
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Knows prophylactic
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aBy the Cochran2Mantel2Haenszel test.
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Community-Based COVID-19 Vaccine
Clinics in Medically Underserved
Neighborhoods to Improve Access
and Equity, Philadelphia, 2021–2022
Heather Klusaritz, PhD, MSW, Emily Paterson, MPH, Courtney Summers, MSW, Nida Al-Ramahi, MHA, Nawar Naseer, PhD,
Helena Jeudin, BS, Yuhnis Sydnor, BA, Maurice Enoch, BA, Nieemah Dollard, Kevin D. Young, BA, Neda Khan, MHCI,
Jeffrey Henne, BA, Anna Doubeni, MD, Nishaminy Kasbekar, PharmD, Yevgeniy Gitelman, MD, Patrick J. Brennan, MD,
Kent Bream, MD, Carolyn C. Cannuscio, ScD, Richard C. Wender, MD, and Rachel Feuerstein-Simon, MPA, MPH

Vaccination remains key to reducing the risk of COVID-19–related severe illness and death. Because of

historic medical exclusion and barriers to access, Black communities have had lower rates of COVID-19

vaccination than White communities. We describe the efforts of an academic medical institution to

implement community-based COVID-19 vaccine clinics in medically underserved neighborhoods in

Philadelphia, Pennsylvania. Over a 13-month period (April 2021–April 2022), the initiative delivered 9038

vaccine doses to community members, a majority of whom (57%) identified as Black. (Am J Public Health.

2022;112(12):1721–1725. https://doi.org/10.2105/AJPH.2022.307030)

To improve COVID-19 vaccine

access among medically under-

served and vulnerable populations in

Philadelphia, Pennsylvania, we imple-

mented low-barrier vaccine clinics

throughout Philadelphia, in collabora-

tion with the Philadelphia Department

of Public Health, the School District of

Philadelphia, Philadelphia Parks and

Recreation, faith-based institutions,

community organizations, and profes-

sional sports organizations.

INTERVENTION AND
IMPLEMENTATION

The University of Pennsylvania and the

University of Pennsylvania Health Sys-

tems hosted large-scale COVID-19 vacci-

nation clinics for Philadelphia residents

in February 2021.1 In April 2021, when

vaccine eligibility was expanded to

include anyone aged 16 years or older,

the Department of Family Medicine and

Community Health began implementing

community-based pop-up clinics in West

and Southwest Philadelphia.

PLACE, TIME, AND
PERSONS

The clinics targeted communities of

color that faced financial and geo-

graphic barriers to vaccine access

through health care centers and retail

pharmacies and were primarily located

in neighborhoods with low COVID-19

vaccination rates. From April 2021 to

April 2022, we hosted 68 clinics in

trusted neighborhood venues at the

request of organizations with deep

community ties. We typically aimed to

host two clinics at three-week intervals

to provide first and second doses.

Our community-based hospital also

maintained walk-in vaccine access five

days a week.

PURPOSE

More than one third (33.7%) of the popu-

lation of West Philadelphia is living in pov-

erty, compared with 10.5% nationally.2

For many reasons (e.g., historic exclusion

as a result of systemic racism, geographic

barriers to access), Black adults and

children have had lower COVID-19 vacci-

nation rates than have those in White

communities.3–5 The goal of this program

was to implement frequent, low-barrier

COVID-19 vaccine clinics in West and

Southwest Philadelphia. We also aimed

to promote patient choice by offering all

available COVID-19 vaccinations (vs ear-

lier mass vaccination efforts that typically

offered single manufacturer vaccines).
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Planning and Registration

We identified clinic locations through

community partner requests and

included K–12 schools, recreation cen-

ters, restaurants, religious institutions,

and youth and athletic organizations.

Requests exceeded our capacity to host

clinics, so we prioritized locations that

were accessible by public transit, were in

low-vaccination neighborhoods, and had

large indoor spaces to facilitate physical

distancing. People could preregister via

a text message–based system or walk in

without appointments.1

Recruitment strategies included School

District of Philadelphia–initiated robocalls

and digital communications; SMS (short

message service) campaigns in which all

individuals who had previously registered

for a vaccine clinic received a message in

advance of our next clinic encouraging

them to refer individuals for vaccination;

physical and digital flyers shared with

community partners; and virtual town

halls with clinicians to answer questions.

Staffing

Clinics were staffed by volunteers who

were recruited through listservs and per-

sonal outreach; volunteers signed up

using a Web-based platform. Nonclinical

volunteer roles included two operations

leaders and five to 10 members of sup-

port staff (e.g., clinic navigation and

registration). Clinical volunteers were

Pennsylvania-licensed physicians, nurses,

advanced practice providers, or pharma-

cists filling the following roles: one medi-

cal director, three to five vaccine prepara-

tion specialists, two to four postvaccine

monitors, and five to 15 vaccinators. All

vaccinators were required to complete a

10-minute Web-based training session

before their first clinic. With clinical super-

vision, medical, dental, and pharmacy stu-

dents also served as vaccinators. More

than 500 staff members volunteered at

68 clinics, approximately 60% of whom

were nonclinical and 40% clinicians.

Logistics

Clinics offered all COVID-19 vaccines

approved formally or under US Food

and Drug Administration emergency

use authorization. Given the multiple

manufacturers and doses available, we

designed a color-coded system with

safety protocols that included just-

in-time training and multiple built-in

color-coded checkpoints to ensure that

patients received the correct vaccine

(Figure 1). Upon entry to the vaccina-

tion clinic, patients were assigned

color-coded paperwork indicating

their designated vaccine:

1. Pfizer Blue—Pfizer-BioNTech

0.3-milliliter (mL) dose for those

aged 12 years and older (primary

series and booster doses);

2. Pfizer Orange—Pfizer-BioNTech

0.2-mL dose for those aged five to

11 years;

3. Moderna Green—Moderna 0.5-mL

dose for primary series;

4. Moderna Pink—Moderna 0.25-mL

dose for booster (as of October

2021 approval); or

5. JNJ Yellow—Johnson & Johnson/

Janssen (primary series and

booster doses).

Visual, written, and verbal communi-

cation all used the color-coded names.

Vaccine storage, syringes, and labels

were all similarly coded.

At check-in, patients received intake

documents, including an emergency use

authorization information packet, paper

registration, and consent documents

for patients younger than 18 years.

Parents or guardians were required to

accompany children aged five to 14

years receiving primary series and chil-

dren aged 12 to 17 years receiving a

booster. Parents or guardians of children

aged 15 to 17 years receiving primary

series were able to provide consent via

telephonewith an on-site physician.

Although the Philadelphia Department

of Public Health allows minors aged 12

years and older to consent to their own

COVID-19 immunization without the

consent of a parent or guardian under

an emergency use authorization, we

included parent or guardian consent in

our processes to prioritize community

trust.6 After check-in, staff completed

patient registration using a Web-based

system, also serving as a second safety

checkpoint to ensure that patients were

assigned the correct vaccine. Because of

the collection of protected health infor-

mation, all registration and data input

was completed on a secure, portable

network connecting to a remote server.

Once check-in and registration were

complete, patients were directed to a

vaccine station. Clinicians displayed a

“READY” sign to let volunteers know

they were available to vaccinate the

next patient. Vaccine vials were held in

baskets of the assigned corresponding

color. Before vaccination, clinicians

completed a final confirmation of vac-

cine type with color-coded syringes.

After vaccine administration, patients

were directed to complete 15 to 30

minutes of clinical observation. Patients

were not permitted to leave the clinic

until the observer collected their regis-

tration paper and documented the

time of observation completion.

EVALUATION AND
ADVERSE EFFECTS

From April 2021 to April 2022, our

team vaccinated 9038 patients across
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68 clinics (Table 1). Most patients were

Black/African American (57%), followed

by White (23%), and Asian (7%); 59% of

patients were aged 19 to 64 years, and

nearly one quarter (24%) were aged

five to 18 years. In the same period, the

proportion of fully vaccinated residents

in our eight target zip codes increased

from 16% (50627) to 62% (196343) of

the population—a 288% increase.7 We

cannot attribute this total gain to our

clinics because there were other vac-

cine providers in the area (e.g., select

retail pharmacies). Nonetheless, the

9038 doses delivered—and unenumer-

ated vaccine counseling—provided at

our clinics for underserved populations

contributed to the overall increase.

A central challenge was ensuring that

patients received the correct vaccine,

which we addressed using a systems

design model to develop the color-

coded checkpoint system described

previously. Logistical challenges

03: Vaccination
Patient assigned color based on vaccine type

VACCINE 
VIS/EUA

Pfizer 12+
Dose (1,2,3,4)

VACCINE 
VIS/EUA

Pfizer 5-11
Dose (1,2)

VACCINE 
VIS/EUA

Moderna
Dose (1,2)

VACCINE 
VIS/EUA

Moderna
Dose (3,4)

VACCINE 
VIS/EUA

J&J
Dose (1,2)

02: Registration
Form intake and confirmation of desired vaccine

Pink Moderna booster for 
you and orange Pfizer first 
dose for your 7-year-old?

Pink Moderna

Orange Pfizer

01: Intake
Patient assigned color based on vaccine type

VAX 
STATION 1

VAX 
STATION 2

READY

FIGURE 1— Clinic Color-Coded Safety System for Penn Medicine’s Pop-up COVID-19 Vaccine Clinics: Philadelphia, PA,
April 2021–April 2022

Note. EUA 5 emergency use authorization; J&J5 Johnson & Johnson; VAX5 vaccination; VIS5 vaccine information statement.
aColored stickers were placed on a clinic form for collecting basic demographic and health information (e.g., known allergies).
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included securing safe facility spaces

that could accessibly accommodate

high participant volumes with physical

distancing. Other challenges included

the physical setup and breakdown of a

mobile clinic model that could scale to

accommodate up to 500 vaccinations.

Finally, the unknown sustainability of

and ultimately end of funding from the

federal government in March 2022 lim-

ited our reach.

SUSTAINABILITY

Our experience facilitating mobile,

pop-up, community-based clinics could

be adapted for other types of public

health interventions, such as flu

vaccination and school attendance–

mandated immunizations. Color coding

from registration limited administration

errors and facilitated flow. These efforts,

however, are only sustainable with appro-

priate funding, trustworthy community

engagement, and institutional support.

PUBLIC HEALTH
SIGNIFICANCE

Vaccination remains a key strategy to

stem the tide of the COVID-19 pan-

demic. More than one year after emer-

gency use authorization approval for

vaccination among those aged 12 to

15 years and more than six months

after emergency use authorization

approval for those aged five to 11

years, vaccine uptake among children

remains low. The implementation of cen-

trally located community clinics at trusted

venues such as public schools and recre-

ation centers may reduce barriers to

COVID-19 vaccination among medically

underserved populations as well as

children.
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The United States has long used

immigration policy to shape the

demographic and economic future of

the nation.1 Federal policy balances sev-

eral priorities, including economic stabil-

ity, humanitarian goals, family (re)unifi-

cation, and national security. Changes

in immigration policy reflect shifts in the

relative emphasis placed on each of

these priorities. Since the 1980s, Ameri-

cans’ increasingly polarized views on

immigration have contributed to Con-

gress’s failure to pass comprehensive

immigration reform, frequent changes

in aspects of immigration policy that

can be regulated without Congress, and

a system that is increasingly difficult for

immigrants to navigate.1

Two articles in this issue of AJPH

address one federal immigration policy:

the public charge rule. The public

charge rule is designed to ensure that

immigrants who enter the United States

will be able to sustain themselves with-

out relying on the government for finan-

cial support.2 In 1999, the public charge

rule stated that noncitizens may be

denied a green card if they have

received general cash assistance or

long-term institutionalization funded by

the US government or a state, regional,

local, or tribal government.2 Immigrants’

use of noncash benefits such as Medic-

aid and certain cash benefits such as

childcare subsidies did not impact their

green card eligibility.2

In 2017, the Trump administration

leaked a draft of a new rule, stating that

Medicaid, the Supplemental Nutrition

Assistance Program (SNAP), and hous-

ing, energy, and childcare assistance

would now factor into public charge

determinations. The final version of the

rule was published in August 2019. The

rule was challenged in court and was in

effect off and on from October 2019

through March 2021.3 On September

9, 2022, the US Department of Home-

land Security (DHS) released a new ver-

sion of the public charge rule under

which public charge determinations are

again based on the guidelines used

before 2019.2

The Migration Policy Institute esti-

mates that, even under the broad 2019

rule, less than 1% of the 22.1 million

noncitizens currently living in the

United States could be denied a green

card because of public benefits enroll-

ment. Few noncitizens are both subject

to the public charge rule and eligible

for public benefits. Use of benefits by

US citizen children or other household

members does not count against a

green card applicant in public charge

determinations.2

Although very few immigrants are

subject to the intended effects of this

rule, there are widespread unintended

effects.2 As two articles in this issue of

AJPH show, the 2019 public charge rule

led many immigrants to avoid public

benefits, even before the rule was

implemented. Miller et al. (p. 1738) use

the Survey of Income and Program Par-

ticipation to show that mixed citizen-

ship status households were less likely

to use SNAP and school breakfast and

lunch programs after the draft rule

was leaked in January 2017. Using

New York State Medicaid claims, Wang

et al. (p. 1747) show that, compared

with noncitizens who gave birth in

2014–2016, noncitizens who gave birth

after January 2017 enrolled in Medicaid

later in pregnancy; were more likely to

have delayed, inadequate, or no prena-

tal care; and had smaller babies.

These findings contribute to growing

evidence that after the 2019 rule was

announced, enrollment in many means-

tested benefits programs declined;

immigrants avoided nongovernmental

services, including those designed for

survivors of domestic and sexual vio-

lence; and immigrants were afraid to

access COVID-19 testing and vaccina-

tion.2 Older adults, immigrants with dis-

abilities, and US citizen children with

immigrant parents were disproportion-

ately impacted.2 Through the 2022 rule,

DHS attempts to limit chilling effects

while adhering to the congressional

mandate to identify immigrants who are

likely to become a public charge.2 How-

ever, experts expect some level of chill-

ing effect to continue.3

CHANGING POLICIES
CREATE CONFUSION
AND MISTRUST

The public charge rule illustrates a

broader issue: In the absence of

congressional immigration reform,
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the executive branch is the primary

driver of immigration policy. The federal

immigration policy landscape changes

drastically with each presidential admin-

istration. For example, President

Obama used executive actions to

establish the Deferred Action for Child-

hood Arrivals (DACA) program and to

focus immigration enforcement primar-

ily on immigrants who pose a threat to

public safety and national security.4,5

President Trump issued over 400 exec-

utive actions on immigration, including

large cuts in refugee resettlement, an

attempt to end DACA, and expanded

immigration enforcement at the border

and within the United States.4,6 The

Biden administration has used execu-

tive actions to undo some of President

Trump’s policies, with varying success.4,5

The legislative branch also has a key

role in determining immigration policy,

because many executive actions have

been challenged in court. In 2020–

2021, court decisions repeatedly

enjoined the 2019 public charge rule,

then allowed it to go back into effect.2

The same is true of other policies,

including the termination of DACA and

requirements that asylum seekers

remain in Mexico while waiting for asy-

lum hearings.4,6

Frequent policy changes create con-

fusion, misinformation, and mistrust

among immigrants. It is difficult for

immigrants and immigrant-serving pro-

viders to keep up with policy changes,

and it is not always clear how policies

will be implemented.3 Misinformation

about the public charge rule includes

the belief that noncitizen parents

may be denied a green card or even

deported if their citizen children enroll

in Medicaid, as well as fears that if a

green card holder accesses public

benefits, they may be ineligible for

naturalization.2,3

Dramatic shifts in immigration policy

also communicate to noncitizens that

their presence in the United States is

dependent on the whims of the current

president. Immigrants act on the basis

of not only current policy but also con-

cerns that policies may become more

punitive in the future.3 Even when

immigrants know that they or their chil-

dren are eligible for public benefits and

can enroll without endangering their

legal status, many decide that it is not

worth the risk that these policies may

change again soon.3

IMPLICATIONS FOR
PUBLIC HEALTH
RESEARCH

The articles published in this issue of

AJPH advance our understanding of

immigration policy in two key ways.

Both Miller et al. and Wang et al. show

that chilling effects on food assistance,

Medicaid, and prenatal care emerged

as soon as the 2019 public charge rule

leaked—over two years before it went

into effect. Past research has focused

on the effects of policies that are

passed and implemented7; these find-

ings suggest that immigrant health is

also harmed by policies that are pro-

posed but fail to pass. Both studies also

find that effects of the public charge

rule varied on the basis of where immi-

grants lived. By examining how local

context limits or amplifies the effects of

federal policies, researchers may iden-

tify ways local communities can advance

health equity for immigrants.

IMPLICATIONS FOR
PUBLIC HEALTH PRACTICE

By deterring immigrants from seeking

public benefits and health care, the

2019 public charge rule may have

exacerbated the COVID-19 crisis.2 The

2022 final rule is an important step

toward addressing the public health

consequences of the 2019 rule, but it

must be accompanied by outreach so

that immigrants feel safer accessing

public benefits.3 DHS should dissemi-

nate information through community-

based organizations that have already

established trust in immigrant commu-

nities,8 and medical-legal partnerships

could incorporate immigration lawyers

who can provide up-to-date guidance

on changing policies.3 However, until

Congress passes comprehensive immi-

gration reform, public health professio-

nals will face an uphill battle against the

misinformation, confusion, mistrust,

and fear that currently constrain immi-

grants’ access to health care and public

benefits.3
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The COVID-19 pandemic has wors-

ened the health inequities faced

by immigrants, particularly those who

are undocumented. Early studies have

shown that COVID-19 has dispropor-

tionally affected immigrants and their

communities.1 One of the factors that

explains the disproportionate morbid-

ity and mortality among immigrants is

labor market participation. Undocu-

mented immigrants are predominantly

in low-income groups and are unin-

sured workers who continued to work

on-site during the COVID-19 pandemic.

Approximately three-fourths of undoc-

umented immigrants work in industries

classified as “essential,” including agri-

culture, meatpacking, and construction,

among others.2 Despite the critical par-

ticipation of undocumented immigrants

in essential economic activities, and

with the related elevated risk of infec-

tion with COVID-19, more than 15 mil-

lion undocumented immigrants and US

citizens who lived in mixed-status

households were ineligible to receive

direct cash payment support under the

2020 CARES Act.2 This exclusion from

federal relief is part of the continuation

of the systematic barring of undocu-

mented immigrants since the passing

of the Personal Responsibility and

Work Opportunity Act of 1996 that

denied or limited the eligibility of immi-

grants for federally funded programs.3

Undocumented immigrants were eligi-

ble for no-cost COVID-19 testing, treat-

ment, and vaccination.2 Anti-immigrant

policies and rhetoric, however, likely

discouraged the use of health care

services available to undocumented

immigrants.4

STATE AND LOCAL
GOVERNMENTS EXPAND
HEALTH COVERAGE

Previous research has shown that

documentation status is one of the

main contributors to health and health

care inequities and a key predictor of

uninsured status for immigrants.5,6

Lack of health insurance coverage

among undocumented immigrants is

associated with delays in seeking health

care and underuse of cost-effective

health care services.7,8 With federal

inaction regarding regularizing the stay

of undocumented immigrants, several

state and local governments have taken

action to address the health care needs

of undocumented immigrants. State

and local policies are particularly salient

because most undocumented immi-

grants live in a few states and metropoli-

tan areas. For instance, approximately

63% of undocumented immigrants live

in only six states (California, Texas,

Florida, New York, New Jersey, and Illi-

nois), and almost 82% of undocumented

immigrants live in only 178 counties.9

With declining federal support for immi-

grant health coverage, state and local

safety net providers have had to assume

the responsibility to offer health care

and other basic public services to

undocumented immigrants.

In this issue of AJPH, DeGarmo et al.

(p. 1757) analyze state-level legislation

targeting undocumented immigrants

between November 2021 and August

2021. The authors used a systematic

search method to identify and classify

state bills that addressed the needs of

undocumented immigrants during the
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COVID-19 pandemic. Their main findings

were that the legislatures of 13 states

proposed a total of 66 bills classified

under health-related services, job secu-

rity and employment benefits, and mon-

etary assistance. However, only 17 of

these bills ultimately became law.

Although it is noteworthy that 94%

of new legislation is protective of

undocumented immigrants, this must

be contrasted with a couple of policy

dilemmas. First, federal aid, including

the stimulus checks of 2020, generally

excluded undocumented immigrants

by default. Second, not all states that

had large numbers of undocumented

immigrants adopted protective legisla-

tion for them. For instance, California,

New York, and Illinois were among the

13 states where protective legislation

was proposed; however, states with large

populations of undocumented immi-

grants, such as Texas or Florida, were

among the 37 states maintaining a pre-

pandemic status quo that left millions of

undocumented immigrants at high risk.

STATE POLICIES FOR
COVERAGE DURING
PANDEMIC

This study is an important contribution

to our understanding of how state poli-

cies aimed to address the increased

vulnerabilities experienced by undocu-

mented immigrants during the COVID-19

pandemic. Although the accounting of

state legislation is an insightful and

important metric, it has limitations. The

approval of bills and resolutions to

improve access to public resources for

undocumented immigrants is an impor-

tant first step; however, policies and

programs need to be effectively imple-

mented and evaluated to determine

their effects. It remains unclear what

the community health impacts were

of these bills and resolutions that ulti-

mately passed.

Moreover, providing health care to

undocumented immigrants should be

in the spirit of health as a human right

and not simply a way of getting undoc-

umented immigrants tested and vacci-

nated to prevent infectious diseases

among citizens. As the authors point

out, there was much conjecture among

politicians and others about COVID-19

being spread by undocumented immi-

grants. Public health history in the

United States has shown that medical

professionals and others advocated for

the health rights of Black people so

that they would not spread disease to

White people, as opposed to advocat-

ing for their health care as a human

right.10 We should not be repeating this

history for immigrants or any other

minoritized population.

Health policies and programs need to

be improved so that immigrants trust

health care providers and systems.

Minoritized populations, including immi-

grants and especially undocumented

immigrants, experience discrimination

in health care.11 Misinformation also

reduces the reach and effective imple-

mentation of laws and policies targeting

undocumented immigrants. For instance,

a recent study estimated that 108000

to 193000 Latino immigrants without

green cards in California did not enroll in

Medicaid despite their eligibility, likely

because of fear of the public charge rule

even though the Biden administration

reversed the change in its definition by

the Trump administration.4 Likewise,

anti-immigrant rhetoric and polices

likely contributed to lower COVID-19

testing, vaccination, and treatment

uptake because of mistrust or fear of

deportation of themselves or a friend

or a family member, regardless of the

state law.

EXPANDING HEALTH
CARE IN STATES THAT
LACK COVERAGE

One important finding of the study is

that the 13 states that introduced bills

and resolutions to help undocumented

immigrants in the context of COVID-19

had large or rapidly growing undocu-

mented immigrant populations. How-

ever, many states have not introduced

any COVID-19–related public health

legislation to help immigrants, and

many of these states are conservative

states where undocumented immi-

grants are working on the front line in

essential jobs, especially in the food

industry (e.g., farming, processing, dis-

tribution, retail). Although it is laudable

that some states are starting to enact

legislation to protect undocumented

immigrants in terms of their health and

social welfare, variation across states is

widespread. It is also possible to find

variation within states. For example,

even though California has enacted

progressive legislation to protect

undocumented immigrants, variability

remains in how laws and programs are

implemented across counties, and

implementation tends to vary by politi-

cal party line.7

The importance of the study’s find-

ings is highlighted by two new threats.

First, as the COVID-19 pandemic con-

tinues, another epidemic has emerged:

the monkeypox virus. The disease

carries high levels of stigma, requires

up to 28 days of isolation, and has

disproportionately affected Black and

Latino populations, which underlies the

need for stronger protections for
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undocumented immigrants. Simulta-

neously, the Biden administration’s

attempt to limit the number of individu-

als targeted by immigrant enforcement

agencies has been curtailed by ongoing

litigation, which raises the possibility

that immigration arrests may resurge

to prepandemic levels. Likewise, the

sunsetting of Title 42, a public health

law that has been used more for immi-

gration enforcement than for COVID-19

prevention, has also been delayed by

the actions of state and national offi-

cials who came to the program’s

defense. This will likely have a chilling

effect on screening and contact tracing,

which is similar to the chilling effects

produced by changes to the public

charge rule in 2019 by the Trump

administration.4 In fact, one particularly

worrisome issue is that few state-level

protections attempted to prohibit

immigration authorities from accessing

contact tracing data directly.

It is critical that US public health pol-

icy be proactive in the face of these

public health crises, rather than being

reactionary after new diseases have

taken hold. The study underscores the

need for a universalist approach to

legal protections. Our society’s public

health fabric is only as strong as its

weakest link, and, when we exclude

groups a priori, we facilitate the resur-

gence of disease. The legislation pro-

filed in this study should serve as a

blueprint for other governments seek-

ing to navigate the landscape of immi-

gration policy and laws during the age

of climate change and increasing infec-

tious disease pandemics.
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In January 2017, a draft executive

order leaked that aimed to limit an

immigrant’s ability to gain lawful perma-

nent residence status if they used pub-

lic benefits, including Medicaid and

the Supplemental Nutrition Assistance

Program (SNAP). This policy was then

included in a proposed regulation issued

in 2019 that was implemented in Febru-

ary 2020. In a new study by Wang et al.

(p. 1747 in this issue of AJPH), the leak of

the draft executive order was found to

be associated with delayed Medicaid

enrollment and adverse maternal and

child health outcomes in New York State.

Sadly, these are not isolated findings, as

these results align with previous research

on the multifaceted challenges immi-

grants experience in accessing health

care in the United States.1

High-quality health care is important

for optimal maternal and child health

outcomes, particularly throughout the

stages of pregnancy (i.e., preconcep-

tion, prenatal, and postpartum).2 Dis-

parities among immigrant women in

access to pregnancy-related services

have been well documented: immigrant

women are less likely to have a usual

source of care and are more likely to

have inadequate and delayed initiation

of prenatal care3 than are US-born

women. Immigrant mothers to-be

encounter structural inequities, including

language and cultural barriers, adverse

or unequal treatment, financial burdens,

and anti-immigrant policies, that are

collectively associated with adverse

birth outcomes.4 The Wang et al. study

analyzed one potential policy change—

the public charge rule.

PUBLIC CHARGE

As described by Wang et al., “public

charge” was largely undefined in US

immigration law since its implementa-

tion in 1882. It was not until 1999 that

federal regulatory guidance provided a

limited definition of public charge related

to those who depended on federal bene-

fit programs for their income or required

long-term institutionalized care. In Janu-

ary 2017, the presidential administration

of Donald Trump proposed changing the

definition of public charge simultaneously

with other broad federal anti-immigration

policies, such as accepting reduced num-

bers of refugees and banning noncitizens

fromseveral predominantlyMuslim coun-

tries fromentering theUnited States.

Although immigration policy is primar-

ily a federal issue, states may further

develop and implement policies that

can either include or exclude immi-

grants.5 Exclusionary policies, at all lev-

els of government, can contribute to

systemic racism, and enforcement of

these exclusionary policies has been

found to have detrimental effects on

immigrants and their families—as well

as on US citizens, particularly those in

mixed status households.6 For instance,

US Immigration and Customs Enforce-

ment raids have been found to be asso-

ciated with a greater risk of preterm low

birthweight among both US-born and

immigrant Latina mothers.7 Further-

more, separate from specific policy initia-

tives, the 2016 US presidential election

was found to be associated with an

increase in preterm births among US

Latina women,8 foreign-born Latina

women (specifically with Mexican or Cen-

tral American ancestry), and women

from the Middle East and North Africa.9

In this context, Wang et al. found that,

after the memo was leaked, noncitizen

pregnant mothers were more likely

than were citizen mothers to delay pre-

natal enrollment in Medicaid, and their

infants were more likely to have lower

birth weights than were infants of citi-

zen mothers. Of note, these changes

occurred in New York, a state that has

historically had more inclusive health

and welfare immigrant policies than

have other states,5 suggesting that the

adverse outcomes detected by Wang

et al. may have been even worse in

other states.

STRENGTHS AND
LIMITATIONS

The strengths of the study include the

authors’ use of detailed data on health

care enrollment and utilization and
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health outcomes from a large Medicaid

program and multiple sensitivity analy-

ses to probe the robustness of the

results. It is not entirely clear whether

the extent of prenatal coverage and

care changes seen in the study were

large enough to explain the observed

changes in birth weight, although as

the authors’ note, research shows that

psychosocial stressors themselves—

such as a hostile policy environment—

can be a contributing factor to adverse

pregnancy outcomes.10

A few limitations of this study include

missing data on citizenship status

among many enrollees (as high as 30%

in 2019), which appeared to increase

over time and could have confounded

the findings, even after imputation for

missing values. In addition, the fact that

changes in outcomes for noncitizens

began to appear even before the 2016

election raises some question about

secular trends and the causal role of

the January 2017 leak; however, previ-

ous analyses have suggested that

anti-immigrant rhetoric during the

2016 presidential election campaign

itself may have changed health care utili-

zation and health outcomes for immi-

grants. Lastly, some of the findings on

health outcomes depend on the model

presented. For instance, the findings dif-

fer based on imputed versus nonim-

puted maternal citizenship status and

New York City versus non–New York City

enrollees. However, despite these limita-

tions, the differential changes that Wang

et al. observed between noncitizens and

citizens in most models is highly sugges-

tive of a link to the policy in question.

FEDERAL ACTION
ADDRESSING DISPARITIES

Because immigrant health is shaped

by the context of immigration policies,

inclusive and protective policies for

immigrants are important tools that may

improve health equity. On September 8,

2022, the US Department of Homeland

Security issued a final rule on new public

charge regulations that would largely

codify 1999 field guidance governing

public charge determinations, but with

some changes.11 This new rule allows

eligible individuals to enroll, without

harmful immigration consequences, in

programs such as Medicaid (except for

long-term institutionalization at govern-

ment expense), the Children’s Health

Insurance Program, and SNAP.

Furthermore, immigrant-focused poli-

cies exist in a broader framework of

policies and social determinants that

affect the health and well-being of immi-

grant communities, which is evident in

the current presidential administration’s

approach to a range of issues designed

to increase health equity. President

Joseph Biden signed Executive Order

14009, “Strengthening Medicaid and

the Affordable Care Act” (January 28,

2021), and Executive Order 13985,

“Advancing Racial Equity and Support for

Underserved Communities Through the

Federal Government” (January 20, 2021),

as part of a broader effort to address

coverage gaps and structural inequities

that disproportionately affect immigrants

and other communities. This effort

includes the implementation of the

American Rescue Plan Act (Pub L No.

117–2; March 11, 2021) provision that

enables states to provide continuous

Medicaid eligibility for 12 months after

pregnancy and a comprehensive

approach to addressing social determi-

nants of health.12 In terms of access to

coverage, although detailed information

on insurance rates among immigrants is

not yet available, national survey data in

early 2022 showed that the US uninsured

rate had reached its lowest level ever,

indicating that there are nowmore than

5 million more US residents with health

coverage than there were in 2020.13

As suggested by the study of Wang

et al. and the wide-ranging related liter-

ature that preceded it, anti-immigrant

rhetoric and policies are detrimental to

society, as they contribute to increased

psychosocial stress, lower access to

care, and negative health effects, includ-

ing adverse maternal and child health

outcomes. Efforts by the current presi-

dential administration are a step toward

improving maternal and child health out-

comes among immigrants residing in

the United States. More broadly, these

policies can help dismantle persistent

health disparities, including those affect-

ing the more than 40 million immigrants

living in the United States.
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In this issue of AJPH, findings by

Miller et al. (p. 1738) suggest that

anti-immigrant rhetoric and proposed

changes to public charge during the

early years of the Trump administration

significantly reduced federal nutrition

assistance program participation

among mixed-status immigrant house-

holds. Mixed-status households in

states with the most, compared with

the least, generous eligibility provisions

for noncitizens had greater declines in

Supplemental Nutrition Assistance Pro-

gram (SNAP) participation, and those

in moderately generous states saw

declines across SNAP and school meals

programs. Public charge is a determi-

nation made when some potentially

eligible noncitizens seek legal perma-

nent residency. Trump-era changes to

public charge included an expansion of

assistance programs considered indica-

tive of whether the applicant is deemed

likely to be dependent on long-term

government assistance in the future

(i.e., a “public charge”). Prior to final rule

issuance in August 2019, the proposed

rule and several leaked drafts, as well

as speculation about the scope, time

frame, and contents of the rule change,

perpetuated fear in immigrant

communities. Miller et al.’s results indi-

cating significant participation reduc-

tions in SNAP, the National School

Lunch Program (NSLP), and the School

Breakfast Program (SBP) are concern-

ing, given robust evidence demonstrat-

ing these programs’ health and educa-

tional benefits. These findings suggest

potentially harmful long-term conse-

quences of anti-immigrant rhetoric and

regulatory changes, underscoring the

urgent necessity of implementing policy

solutions that promote equitable assis-

tance program access without fear.

HEALTH EFFECTS OF
REDUCED BENEFIT
PARTICIPATION

Decades of research show that SNAP

participation is associated with health

benefits across the life span, including

positive birth outcomes, healthy cogni-

tive development among children, and

good overall health status and reduced

acute health care use and spending for

children and adults, in addition to

reducing food insecurity.1–3 Beneficial

health impacts of SNAP participation in

childhood persist into adulthood.2

School meal programs are associated

with positive health and education out-

comes among children. NSLP is linked to

reduced rates of poor health and obesity

among school-age children and improved

attendance, behavior, and academic

achievement.4 SBP is associated with

improved nutrient intake, better student

mental health, and positive education out-

comes.5 Given these public health consid-

erations, paired with the fact that more

than one-fourth of children in the United

States have at least one immigrant parent,

maintaining consistent access to federal

nutrition assistance programs is essential

for promoting optimal population health.

Although Miller et al. did not find

changes in food security, other research

demonstrates increased rates of food

insecurity among families with immigrant

mothers following the 2016 election.6

Both the final expanded rule, which took

effect in fall 2019, and the COVID-19 pan-

demic occurred after the study period

presented in Miller et al.’s article7; still,

following these events, chilling effects in

federal assistance program participation

persist. Given rising economic hardships

resulting from the COVID-19 pandemic,

Miller et al.’s findings become only more

relevant for ensuring that families with

noncitizens continue to be able to afford

basic needs. Lessons from the pandemic

response may further illuminate neces-

sary action. Noncitizen and mixed-status

families have faced an increased risk of

COVID-19–related poor health outcomes

and economic hardships during the pan-

demic compared with US-born house-

holds while being less likely to benefit

from COVID-19–related protections and

relief policies.8,9

SYSTEMIC, POLICY
CHANGES NEEDED

The Biden administration has taken

steps to reverse harmful changes to
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the public charge rule and has finalized

a rule returning the public charge defi-

nition to the 1999 precedent, which

narrowly focused on specific cash ben-

efits and public long-term institutionali-

zation and excluded other housing,

food, and health care programs (Miller

et al.). This effort was undertaken by

the administration to stem well-

documented chilling effects in health

and assistance programs among immi-

grants and their families. Reversal is an

important step toward alleviating chill-

ing effects, but issuance of the new

public charge regulation alone is

unlikely to ameliorate harms inflicted

upon immigrant communities across

decades of US policy.

Miller et al. rightfully emphasize effects

on public assistance participation among

noncitizens following exclusionary policy-

making efforts in the late 1990s and the

ways state-level responses interacted

with federal level changes in families’

lives. In addition to existing public assis-

tance program eligibility restrictions and

changes to public charge, increasing

efforts across the nation to criminalize

immigrant communities, separate fami-

lies, and marginalize immigrants through

xenophobic rhetoric have resulted in

significant harm that is not easily

undone.11 Responding to the public

health issue of xenophobia and anti-

immigrant policymaking will require a

robust response across all levels of gov-

ernment and society.11

Policy and programmatic solutions

responsive to the needs and requests

of immigrants themselves are impor-

tant for advancing equity and immigrant

inclusion. In addition to comprehensive

immigration reform that creates a path

to citizenship, eliminates family separa-

tion, and lifts pandemic-era border

restrictions on asylum seekers, federal

legislation that simplifies eligibility, is

inclusive, and eliminates barriers to

assistance programs is paramount. The

complex patchwork of eligibility rules

across public assistance programs cre-

ates significant confusion—not just for

immigrant families in need of support

but also for public assistance workers,

service organizations, and legal profes-

sionals, not to mention the general pub-

lic. Removing all immigration-related

rules from eligibility determinations

would provide the most seamless and

health-promoting access to the essen-

tial support provided by SNAP, school

meals, and other public assistance pro-

grams. Experience gained during the

pandemic shows implementation of

universal school and child care meals

nationwide would mean that all chil-

dren, regardless of immigration status,

have access to healthy meals without

unnecessary and costly administrative

burden. For SNAP, important progress

toward more inclusive policy would

include lifting the five-year bar that pre-

vents otherwise eligible, lawfully present

noncitizens who have resided in the

United States for less than five years

from accessing SNAP and other health-

promoting federal programs. These

changes are critically important invest-

ments in the current and future health

of children in the United States.

Congress and the current administra-

tion have several imminent opportuni-

ties for enacting transformative policy

improvements. These include current

efforts to develop a national strategy

to end hunger by 2030 as part of the

White House Conference on Hunger,

Nutrition, and Health; ongoing Child

Nutrition Act reauthorization delibera-

tions; and the forthcoming farm bill

debate. Intentionally focusing on

addressing the marginalization of immi-

grant families, including specific atten-

tion to both mixed-status and noncitizen

families, in federal policy discussions is

critical to reverse harms documented by

Miller et al. and many others. In addition

to federal policy change, investment in

and support for community-based

groups with a track record of respond-

ing to the needs of noncitizen and

mixed-status families is important for

further bolstering immigrant health and

the health of the more than one fourth

of children in the United States with

immigrant parents. Miller et al. hypothe-

size that these community groups may

have been key in promoting food secu-

rity among mixed-status families despite

declines in federal assistance program

participation.

Finally, although these changes and

investments are important, an adequate

response to generations that have

experienced historical bias and trauma

requires further action. Rebuilding trust

in public institutions and reversing

adverse outcomes will require sincere

engagement with trusted immigrant-led

community groups and elevation of a

diversity of immigrant voices in decision-

making. Following the leadership of

immigrants is essential not only for

establishing trust but also for ultimately

ensuring that equitable policies are

enacted, evaluated, and continuously

improved. Only then can we achieve

truly equitable child and family health for

all families in the United States.

CORRESPONDENCE
Correspondence should be sent to Allison Bovell-
Ammon, 801 Albany Street, Third Floor, Boston,
MA 02119 (e-mail: allison.bovell-ammon@bmc.
org). Reprints can be ordered at http://www.ajph.
org by clicking the “Reprints” link.

PUBLICATION INFORMATION
Full Citation: Bovell-Ammon A, S Ettinger de Cuba,
Cutts DB. Immigrant-inclusive policies promote
child and family health. Am J Public Health. 2022;
112(12):1735–1737.

Acceptance Date: August 21, 2022.

DOI: https://doi.org/10.2105/AJPH.2022.307098

THE CRUEL PUBLIC HEALTH CONSEQUENCES OF ANTI-IMMIGRANT RHETORIC

1736 Editorial Bovell-Ammon et al.

A
JP
H

D
ec

em
b
er

20
22

,V
ol

11
2,

N
o.

12

mailto:allison.bovell-ammon@bmc.org
mailto:allison.bovell-ammon@bmc.org
http://www.ajph.org
http://www.ajph.org
https://doi.org/10.2105/AJPH.2022.307098


CONTRIBUTORS
A. Bovell-Ammon drafted the manuscript. S.
Ettinger de Cuba and D. B. Cutts provided sub-
stantive feedback and edits.

ACKNOWLEDGMENTS
The authors thank the entire Children’s Health-
Watch team for wisdom and continued dedication
to advancing health equity for children and families,
and we thank our funders and supporters without
whom this work would not have been possible.

CONFLICTS OF INTEREST
The authors have no conflicts of interest to report.

REFERENCES

1. Ettinger de Cuba SA, Bovell-Ammon A, Cook JT,
et al. SNAP, young children’s health, and family
food security and healthcare access. [Published
erratum appears in Am J Prev Med. 2019;57(6):
873.] Am J Prev Med. 2019;57(4):525–532. https://
doi.org/10.1016/j.amepre.2019.04.027

2. Keith-Jennings B, Llobrera J, Dean S. Links of the
Supplemental Nutrition Assistance Program with
food insecurity, poverty, and health: evidence
and potential. Am J Public Health. 2019;109(12):
1636–1640. https://doi.org/10.2105/AJPH.2019.
305325

3. Berkowitz SA, Seligman HK, Rigdon J, Meigs JB,
Basu S. Supplemental Nutrition Assistance Pro-
gram (SNAP) participation and health care
expenditures among low-income adults. JAMA
Intern Med. 2017;177(11):1642–1649. https://doi.
org/10.1001/jamainternmed.2017.4841

4. Hinrichs P. The effects of the National School
Lunch Program on education and health. J Policy
Anal Manage. 2010;29(3):479–505. https://doi.
org/10.1002/pam.20506

5. Kleinman RE, Hall S, Green H, et al. Diet, break-
fast, and academic performance in children. Ann
Nutr Metab. 2002;46(Suppl 1):24–30. https://doi.
org/10.1159/000066399

6. Bovell-Ammon A, Ettinger de Cuba S, Coleman S,
et al. Trends in food insecurity and SNAP partici-
pation among immigrant families US-born chil-
dren. Children (Basel). 2019;6(4):55. https://doi.
org/10.3390/children6040055

7. Bernstein H, Karpman M, Gonzalez D, Zucker-
man S. Immigrant families continued avoiding
the safety net during the COVID-19 crisis. Urban
Institute; February 2021. Available at: https://
www.urban.org/sites/default/files/publication/
103565/immigrant-families-continued-avoiding-
the-safety-net-during-the-covid-19-crisis.pdf.
Accessed July 22, 2022.

8. Maye A, Banerjee A, Johnson C. The dual crisis:
how the COVID-19 recession deepens racial and
economic inequality among communities of color.
Center for Law and Social Policy. November 2020.
Available at: https://www.clasp.org/sites/default/
files/publications/2020/11/Jobs%20Brief%20Nov.
%202020.pdf. Accessed July 25, 2022.

9. Bovell-Ammon A, Ettinger de Cuba S, Lê-Scher-
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The 2016 Presidential Election, the
Public Charge Rule, and Food and
Nutrition Assistance Among
Immigrant Households
Daniel P. Miller, PhD, Rachel S. John, PhD, Mengni Yao, MSW, and Melanie Morris, MSSW

See also Bovell-Ammon et al., p. 1735.

Objectives. To investigate whether the 2016 US presidential election and the subsequent leak of a

proposed change to the public charge rule reduced immigrant families’ participation in food and

nutrition assistance programs.

Methods.We used nationally representative data on n557808 households in the United States from

the 2015–2018 Current Population Survey–Food Security Supplement. We implemented difference-in-

difference-in-difference analyses to investigate whether the election and proposed rule change

produced decreases in immigrant families’ participation in food and nutrition assistance programs and

whether such decreases varied according to state policy generosity toward immigrants.

Results. Findings indicate significant and large decreases in Supplemental Nutrition Assistance Program,

School Breakfast Program, and National School Lunch Program participation among immigrants in

moderately generous states but no changes to receipt of food assistance from nongovernmental

sources or to household food insecurity.

Conclusions. Both anti-immigrant rhetoric and the perceived threat of policy enactment can be enough

to produce chilling effects that have potentially serious implications for the health of immigrant

households and thus the health of the nation. (Am J Public Health. 2022;112(12):1738–1746. https://

doi.org/10.2105/AJPH.2022.307011)

Shortly after the 2016 US presiden-

tial election and following a cam-

paign by Donald Trump characterized

by a decidedly hostile tone toward

immigrants and their families,1,2 a draft

of a Trump administration executive

order was leaked that proposed

changes to the public charge rule. For

immigrants applying for legal perma-

nent residence, this change would have

greatly expanded the number of public

assistance programs for which previous

receipt of benefits could be counted in

determining whether they were likely to

become a future public charge, a desig-

nation that could lead to a rejection of

their applications.3 In addition to fede-

ral cash assistance and public long-

term care, which had long been used in

the public charge determination, the

2016 proposed change would have

included use of programs such as the

Supplemental Nutrition Assistance

Program (SNAP), Medicaid, and federal

housing assistance (although not fede-

ral school meals programs).4 Early well-

publicized drafts of the rule change also

suggested that the participation of

family members such as US-born chil-

dren would also be newly used in the

public charge determination.5

Based in part on decreases in partici-

pation in public programs that followed

the 1996 Personal Responsibility Work

Opportunity Reconciliation Act (PRWORA;

Pub L No. 104–193),6 which eliminated

eligibility for public assistance for most

legally resident immigrants,7 both the

2016 election and the proposed rule

change generated renewed concern

about “chilling effects.”8 In a legal context,

this term typically describes “undesirable

1738 Research Peer Reviewed Miller et al.
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discouraging effects or influences.” Here

we use the term to mean immigrants

foregoing public benefits to which they

were legally entitled. Indeed, comple-

menting media coverage, researchers

found that the leak of the proposed rule

changes was associated with sizable

decreases in SNAP participation among

recent immigrant families with younger

children9 and Medicaid participation in

counties with larger noncitizen popula-

tions. When a modified version of the

public charge rule change was eventually

implemented in December 2018,

researchers found that 20% of low-

income immigrant adults reported avoid-

ing a public benefit program because of

perceived threats to their residence sta-

tus.10 There was also evidence of large-

scale avoidance of SNAP and Medicaid

by immigrant essential workers.11

Unlike in 1996, there were no imme-

diate changes to eligibility for public

benefits in the early days of the Trump

presidency. Rather, the leaked draft

executive order outlined changes to

the public charge rule that would cre-

ate potentially serious consequences

for the receipt of federal public assis-

tance. This, coupled with increasingly

harsh rhetoric and other executive

orders that targeted immigrants,12 led

to renewed fear of decreases in pro-

gram participation. In addition, misin-

formation and confusion propagated in

part by news media appeared to have

added to hesitation about participating

in public assistance.13,14

Nonetheless, an important insight

from research on PRWORA is that the

experience of chilling effects is likely to

vary by the composition of immigrant

households.15 For instance, studies

reported that there were pronounced

decreases in program participation

among mixed status households (those

with citizen children and noncitizen

adults),16,17 though other research indi-

cated that these decreases may have

been because of changing food stamp

benefits rates15 and changes to natu-

ralization.7 PRWORA era research also

signals the importance of state policies

to the potential for chilling effects. In

the late 1990s, some states provided

benefits to immigrants in response to

their loss of eligibility for federal pro-

grams, which lead to reductions in pro-

gram participation.18,19

Building on recent evidence9–11,14,20

and this previous research, we provide

a definitive assessment of the effects of

the 2016 election and the leak of the

proposed public charge rule change on

immigrant families’ food insecurity and

federal food and nutrition assistance

use. To our knowledge, our study is the

first to do so using nationally represen-

tative data on US households. We con-

sider the effects of the 2016 election

and the rule change leak on mixed sta-

tus households and whether any effects

vary by states’ generosity in providing

benefits to immigrant households.

As with previous research,7,16,17 we

expected to see the strongest chilling

effects in mixed status households (i.e.,

those with noncitizen parents and citi-

zen children) because they might espe-

cially fear the serious disruptions an

adverse public charge determination

would cause. While actual changes

in eligibility may have driven behavior

after PRWORA, we investigated instead

whether an increased climate of anti-

immigrant sentiment and a proposed

change to policy suppressed participa-

tion. Furthermore, we hypothesized

that states’ generosity toward immi-

grants in 2016 might have actually

encouraged a retreat from federal ben-

efits if immigrant households believed

they could switch to a state program in

lieu of a federal one.

METHODS

We used data from the Current Popula-

tion Survey (CPS)–Food Security Sup-

plement (FSS). Each month, the CPS is

administered to a national sample of

households, which are representative

of the noninstitutionalized US popula-

tion. The FSS is administered each

December and contains detailed data

on household food expenditures and

the use of both governmental and

nongovernmental food assistance.

Using the Integrated Public-Use

Microdata Series,21 we constructed

a preliminary analytic sample of

n5150853 households using data

from the 2015 to 2018 waves of the

CPS–FFS, a period including the 2 years

before the 2016 election (2015–2016)

and the first 2 years of Trump’s presi-

dency (2017–2018). To focus on those

most likely to take advantage of govern-

mental programs and nongovernmen-

tal aid, we dropped n591213 families

with incomes greater than $40000 per

year. Finally, we dropped n5 1810

households in which no members were

citizens. Our final analytic sample had

n557808 households and subsam-

ples of n510832 and n510811

households with school-aged children

(aged 5–17 years) in our respective

analyses of the National School Lunch

Program (NSLP) and the School Break-

fast Program (SBP).

Measures

Outcomes. We coded variables indicat-

ing participation in multiple federal

food and nutrition assistance pro-

grams. First, we created a dichotomous

measure of participation in SNAP, the

largest of the US Department of Agri-

culture’s (USDA’s) food and nutrition
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assistance programs,22 coded as 1 for

households who had received SNAP

benefits since December of the previ-

ous calendar year and 0 otherwise.

Next, for households with school-aged

children, we created additional dichoto-

mous indicators for whether respond-

ents reported that children in the

household received free or reduced-

price meals from the NSLP or SBP in

the past month. We coded receipt of

food assistance from nongovernmental

sources as 1 if respondents reported

that anyone in the household had got-

ten emergency food from a church,

food pantry, or food bank or had eaten

at a soup kitchen in the past month.

Finally, and based on the 18-item Food

Security Module, which is included in

the CPS–FFS, we used USDA guidelines23

to create a 0–1 indicator for household

food insecurity over the previous 12

months. We provide full information

about the construction of these and

other key variables in Appendix A (avail-

able as a supplement to the online ver-

sion of this article at http://www.ajph.

org). Table 1 provides descriptive infor-

mation on all study variables.

Household citizenship status. We

assigned CPS–FFS households to 1 of 3

categories: all-citizen, noncitizen, and

mixed status households, in which

some members were citizens and

others were not. However, preliminary

analyses showed divergent preelection

trends in our outcomes of interest

between noncitizen households and

the 2 other groups, indicating a viola-

tion of a key assumption undergirding

our analytic approach.24 For this rea-

son, we elected to drop noncitizen

households from our analyses.

State generosity. Based on previous

research,15,19,25 we measured the

TABLE 1— Descriptive Statistics for the Analytic Sample
(n557808): United States, 2015–2018 Current Population
Survey–Food Security Supplement

% (No.) or Mean
6SD Range

SNAP 20.3 (11735) 0–1

Nongovernmental food 11.0 (6 359) 0–1

NSLP (n510 832) 59.7 (6 471) 0–1

SBP (n510 811) 51.7 (5 587) 0–1

Food insecurity 22.4 (12949) 0–1

Mixed status household 6.2 (3 584) 0–1

State policy generosity

Least 26.8 (15493) 0–1

Moderate 58.9 (34049) 0–1

Most 14.4 (8 324) 0–1

Respondent race/ethnicity

Non-Hispanic White 68.1 (39367) 0–1

Non-Hispanic Black 11.4 (8 093) 0–1

Non-Hispanic American Indian/
Alaska Native

1.6 (925) 0–1

Non-Hispanic Asian 2.4 (1 387) 0–1

Non-Hispanic Hawaiian/Pacific
Islander

0.2 (116) 0–1

Non-Hispanic other race 1.5 (867) 0–1

Hispanic any race 12.1 (6 995) 0–1

Respondent in labor force 44.2 (25551) 0–1

Respondent marital status

Married, spouse present 28.1 (16244) 0–1

Married, spouse absent 1.9 (1 098) 0–1

Separated 3.7 (2 139) 0–1

Widowed 21.7 (12544) 0–1

Divorced 18.0 (10405) 0–1

Never married 26.6 (15377) 0–1

Respondent education

,High school 17.1 (9 885) 0–1

High school 36.7 (21216) 0–1

Some college 20.8 (12024) 0–1

Associate’s degree 10.3 (5 954) 0–1

Bachelor’s degree or more 15.1 (8 729) 0–1

Household size 2.063 61.345 1–14

Respondent age 55.08 618.09 15–85

Family income (in 2020 US$) 23518.5 611463.8 2 589.5–41258.2

Family income,185% federal
poverty thresholda

65.0 (37575) 0–1

State policy index (lagged 1 y) 0.657 60.851 20.571–2.882

Note. NSLP5National School Lunch Program; SBP5 School Breakfast Program;
SNAP5 Supplemental Nutrition Assistance Program.

aFederal thresholds defined by the US Census Bureau for 2015–2018.
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number of assistance programs (0–3)

that states had established for immi-

grants as of 2017. Specifically, we mea-

sured whether immigrants were eligible

for (1) state food and nutrition assis-

tance programs (n56 states in 2017),

(2) state replacement for the federal

Supplemental Security Income program

(n55 states), and (3) state replacement

for the federal Temporary Assistance

for Needy Families program (n5 22

states). In addition, we coded whether

states had chosen to take up the fede-

ral option to expand Medicaid and

Children’s Health Insurance Program

coverage to immigrant families who

had been in the country for fewer than

5 years (n532 states). We coded

states as less generous if they had not

adopted any of these policies (n514),

as moderately generous if they had

adopted 1 or 2 policies (n529), or as

most generous if they had adopted 3

or 4 of these policies (n57).

Covariates. In all analyses, we controlled

for potential confounders, including

respondent race/ethnicity, labor force

participation, marital status, education

level, household size, age, family income,

and an indicator for whether household

income was below 185% of the US Cen-

sus Bureau’s poverty thresholds in the

appropriate survey year (2015–2018).

We also included a standardized index

(a5 0.821; mean50; SD51) of state-

based controls using data from the Uni-

versity of Kentucky Center for Poverty

Research National Welfare Database.26

We lagged all measures by 1 year before

including them in the index.

Statistical Analysis

We used difference-in-difference-in-

difference (DDD) analyses. Difference-in-

differences (DD) approach is a commonly

adopted quasiexperimental method

used to generate causal estimates of pol-

icy changes or other interventions. The

central insight of the approach was that

we could detect chilling effects by com-

paring changes in program participation

rates for mixed status households before

and after the 2016 election (the first dif-

ference) while accounting for whatever

secular changes occurred in the out-

come over the same period among citi-

zen households (the second difference),

whose program participation was

unlikely to be affected by the election or

proposed change to the public charge

rule. In our analyses, we extended this

basic DD approach by examining

whether effects were more or less pro-

nounced among immigrant households

living in states with policies that were

more generous to immigrants. In these

models, our DDD estimates were the

difference between the DD for mixed

status families in moderate- and high-

generosity states and the DD for mixed

status families in low-generosity states.

These analyses allowed us to investigate

potential chilling effects after account-

ing for secular trends among citizen

households and among mixed status

households in the lowest generosity

states, whose participation in public

programs may have been unaffected by

the election and proposed rule change.

We implemented our DDD approach

using linear regressions24 that included

3-way interactions between time

(052015/16, 152017/18), the indica-

tor for household mixed status, and

state policy generosity (i.e., less, moder-

ate, most). For all analyses, we included

controls for the variables described in

the Covariates section, clustered our

SEs at the state level, and used proba-

bility weights supplied in the CPS–FFS

to generate nationally representative

estimates. We examined outcome

trends before 2016 and used event

study analysis to test the parallel trends

assumption for each of our outcomes.

We also conducted a series of sensitiv-

ity analyses, rerunning our analyses

using probit models to assess whether

our results varied depending on func-

tional form, and again after including

state and year fixed effects as a further

check against bias from endogeneity.

We completed all analyses using Stata

version 16 (StataCorp LP, College Sta-

tion, TX).

RESULTS

Unweighted descriptive statistics are

shown in Table 1. Over the study

period, 20.3% of all sample households

had received SNAP benefits in the previ-

ous calendar year, 11.0% had received

some type of nongovernmental food

assistance, and 22.4% were food inse-

cure over the previous year. More than

half of households with school-aged

children reported participation in the

NSLP (59.7%) and the SBP (51.7%).

Results from our parallel trends and

event study analyses in Appendix B

(available as a supplement to the online

version of this article at http://www.ajph.

org) do not reveal any meaningfully dif-

ferent pre-2016 group trends for any of

our outcomes. Weighted results from

our DDDmodels with our analytic sam-

ple of CPS–FFS households are pre-

sented in Table 2. The table shows

parameter estimates for our primary

study variables and their interactions.

The primary results of interest are the

DDD estimates, which we show in the

final rows of the table. Full regression

results for all models are available on

request.

Table 2 shows that the 2016 election

and leak of theproposed rule change pro-

duceddecreases in SNAPparticipation
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amongmixed status households in states

withmoderately ormost generous poli-

cies, as hypothesized. Thepredicted size

of thesedecreaseswas quite large, 7.3

and6.8 percentage points, respectively.

Similarly, DDDestimates indicated

decreases inNSLP participation of 12.6

percentage points and SBPparticipation

of 16.0 percentage points amongmixed

statushouseholds inmoderate generosity

states. Parameter estimates forNSLP and

SBPparticipation formixed status house-

holds living in themost generous states

were negative but not statistically

significant.

Notably, despite decreases in partici-

pation in 3 national nutrition programs,

the 2016 election and leak of the pro-

posed rule change did not result in sig-

nificant changes to household food

insecurity for mixed status households.

To assess whether the lack of signifi-

cant findings was related to our defini-

tion of household food insecurity and

taking advantage of the 10 adult-

referenced and 8 child-referenced

questions in the USDA Food Security

Module, we reran our models using

past-month and past-year household,

adult, and child food insecurity (results

available on request). Across all of

these models, we found no evidence

that the 2016 election or the leak of the

proposed rule change had any signifi-

cant impact on food insecurity. Like-

wise, we found no evidence of chilling

effects for receipt of nongovernmental

food aid.

Table 3 presents the results of our

sensitivity analyses. For interpretability,

the table presents only DDD parameter

estimates. For each outcome, the first

column presents again the results from

our main analyses. Across outcomes,

the results shown in the table indicate

that our main results are not sensitive to

assumptions about functional form and

are not biased because of unobserved

characteristics of states or years of mea-

surement. In fact, Table 3 indicates

strong consistency of both pattern and

magnitude of parameter estimates. The

sole exception is minor: the parameter

estimate for SNAP participation in the

most generous states from the probit

model, which just misses the cutoff for

statistical significance (P5 .054).

DISCUSSION

To our knowledge, this study is the first

to use nationally representative data to

investigate whether the 2016 presiden-

tial election and subsequent leak of a

proposed change to the public charge

rule resulted in chilling effects in immi-

grant households’ participation in food

and nutrition programs. Building on

intuition developed in earlier, PRWORA

era research, we pooled data from

2 years before and 2 years after the

election and used DDDmodels to

assess whether the election and pro-

posed rule change produced changes

in household food insecurity and in the

receipt of SNAP, school meal programs,

and nongovernmental food aid that

varied by state policy generosity.

Similar to previous work,11,14,20 our

most consistent findings are for mixed

status households living in states that

had adopted a moderately generous

set of policies toward immigrants. For

this group, we found that the combina-

tion of the 2016 election and the pro-

posed rule change produced sizable

decreases in SNAP participation (–7.3

percentage points), NSLP participation

(–12.6 percentage points), and SBP par-

ticipation (–16.0 percentage points).

Compared to participation rates in

SNAP (20.3%), NSLP (59.7%), and SBP

(51.7%), participation rates in our sam-

ple of low-income households, these

estimates represent substantial and

serious decreases in participation in 3

of the primary federal programs to fight

food insecurity among households with

children. It is surprising, then, that our

analyses did not find any change in

household food insecurity for mixed

status households in these states. One

explanation might be an increased pro-

pensity for immigrant households to

receive food assistance from nongo-

vernmental sources. However, our

analysis found no change in receipt of

food from nongovernmental sources

such as churches, food banks, food

pantries, or shelters. A further explana-

tion is that mixed status households

turned to informal social supports to

help meet food needs and thus were

able to stave off increases in food inse-

curity. Unfortunately, the FSS does not

collect information on these types of

supports, and so we could explicitly

test for this possibility.

Even if immigrants turned to such

supports, it is unlikely this aid would

be consistent enough over time to

completely prevent food insecurity if

decreases in participation are sus-

tained over time. Furthermore, even if

eventual impacts on food insecurity are

not realized, decreases in participation

in SNAP and the 2 school meal pro-

grams are highly concerning in light of

a growing body of research finding

additional benefits to participation in

these programs.27–31 Complementing

other research on the 2016 elec-

tion,9–11,20 our findings point to serious

and ongoing negative impacts on public

health related to anti-immigrant rhe-

toric and policy proposals that threaten

the security of immigrant households.

Unexpectedly, we found little evi-

dence of chilling effects for mixed sta-

tus households in the most generous

states, where we might have expected
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reductions in participation to be great-

est. The only evidence was a significant

decrease in SNAP participation of 6.8

percentage points, although post hoc

analysis indicated that this effect was

not significantly different from the

decrease for mixed status households

in moderately generous states. Similar

post hoc tests indicate that—although

not significantly different from zero—

the predicted decreases in NSLP and

SBP participation for the most gener-

ous states were also not significantly

different from those for moderately

generous states. Although derived from

previous work,18,19 it may thus be that

our system for classifying state gener-

osity did not meaningfully distinguish

between moderately and most gener-

ous states. Indeed, when we replicated

our analyses by collapsing the moder-

ately and most generous categories

into 1 group, the pattern of results

(available on request) was largely con-

sistent. Thus, an important implication

of this study is the need for policy

researchers to continue to explore how

the effects of national policy changes

(or threats of policy change) interact

with state-level policies and behaviors

to affect health outcomes.

Limitations

Our study’s results must be interpreted

in the context of its limitations. Although

we implemented a quasiexperimental

approach that can control for unob-

served heterogeneity, we relied on

observational data and thus cannot

definitively rule out potential bias. Fur-

thermore, the limitations of survey data

for analyzing program participation are

well recognized. For this study, a particu-

lar additional challenge is the possibility

that chilling effects are also realized in

immigrant households’ responses to

survey questions. That is, immigrants

fearing surveillance may have been less

likely to report participation in govern-

ment programs even if their actual

behavior did not change. Although we

do not consider this possibility very likely,

both of these limitations underscore the

importance of using administrative data

on program participation to replicate the

analyses and findings reported here.

Furthermore, we are unaware of any

other comparable national data source

that contains detailed information on

our key study variables that does not

rely on survey data. Finally, although we

believe that our study design ade-

quately captures the joint effects of the

2016 election and leaked proposed

public charge rule change, it may be

that other anti-immigrant actions by the

Trump administration were responsible

for some of the findings reported here.

Public Health Implications

A key implication of our findings is that

rhetoric and the perceived threat of

policy change are enough to produce

chilling effects, prompting serious con-

cern at further recent efforts targeting

immigrants, such as eliminating sanctu-

ary cities, family separation, and

rescinding the Deferred Action for

Childhood Arrivals program. Although

most of these policies (including the

public charge rule change) were chal-

lenged in court and were either not

implemented or modified, it may be dif-

ficult to definitively determine their

impact on immigrant well-being.

In the meantime, immigrant house-

holds, especially those with children,

continue to experience higher levels of

food insecurity.9,32 Immigrants account

for more than a quarter of the US pop-

ulation, and the health of the nation is

inextricably linked to their well-being.33

Absent efforts to systematically coun-

teract the negative effects of rhetoric or

policies that protect or restore access

to public benefits, the utility of many

national public health campaigns will

likely be limited.
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Changes in the Public Charge Rule
and Health of Mothers and Infants
Enrolled in New York State’s Medicaid
Program, 2014–2019
Scarlett Sijia Wang, MS, MPH, Sherry Glied, PhD, Claudia Babcock, MPA, and Ajay Chaudry, PhD

See also Alberto and Sommers, p. 1732.

Objectives. To examine the effect of the January 2017 leak of the federal government’s intent to

broaden the public charge rule (making participation in some public programs a barrier to citizenship)

on immigrant mothers and newborns in New York State.

Methods.We used New York State Medicaid data (2014–2019) to measure the effects of the rule leak

(January 2017) on Medicaid enrollment, health care utilization, and severe maternal morbidity among

women who joined Medicaid during their pregnancies and on the birth weight of their newborns. We

repeated our analyses using simulated measures of citizenship status.

Results.We observed an immediate statewide delay in prenatal Medicaid enrollment by immigrant

mothers (odds ratio51.49). Using predicted citizenship, we observed significantly larger declines in birth

weight (256 grams) among infants of immigrant mothers.

Conclusions. Leak of the public charge rule was associated with a significant delay in prenatal Medicaid

enrollment among immigrant women and a significant decrease in birth weight among their newborns.

Local public health officials should consider expanding health access and outreach programs to

immigrant communities during times of pervasive antiimmigrant sentiment. (Am J Public Health. 2022;

112(12):1747–1756. https://doi.org/10.2105/AJPH.2022.307066)

S ince 1882, US immigration law has

denied admission to people who

are or are likely to become a public

charge. The term public charge, how-

ever, was undefined until 1999, when

regulatory guidance limited the defini-

tion to those who were primarily

dependent on specific federal benefit

programs for their income or requiring

long-term institutionalized care.1,2

In 2017, the Trump administration

indicated its intent to change the defini-

tion of public charge in a way that

would constrain low-income immi-

grants’ use of core public benefit

programs essential to health and well-

being. In January 2017, a draft execu-

tive order from the federal government

to broaden the existing rule was leaked

and circulated widely. A proposed rule

was published in October 2018.3 A final

rule was issued in August 2019,4 but

its implementation was the subject

of several court challenges. The rule

ultimately went into effect briefly on

February 24, 2020, though full imple-

mentation was stayed by the courts

and after January 20, 2021, by the

Biden administration.5 On September

8, 2022, the Biden administration

published a new set of rules that codi-

fies the more generous pre–Trump era

public charge guidance.6

When deemed a public charge, an

individual is not eligible for lawful per-

manent resident (LPR) status, com-

monly known as holding a “green card,”

and will be denied entry or reentry to

the United States. The rule does not

directly affect other immigrants—those

who already have LPR status, are natu-

ralized US citizens, or are the citizen

children of immigrants. In this article,

we use the term “noncitizen” to refer to

those without LPR status and the term
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“immigrant” to include all foreign-born

persons.

The pre-2020 definition deemed

immigrants a public charge when the

use of cash assistance programs or

government-funded institutionalized

long-term care represented their pri-

mary source of economic support.2 The

new rule would have expanded this list

of benefits by incorporating several

public benefit programs that are widely

used by low-income families and indi-

viduals to help meet basic needs, such

as the Supplemental Nutrition Assis-

tance Program (SNAP), Medicaid, and

housing assistance, and would regard

any use of these benefits as grounds

for deeming an individual a public

charge. In addition, the revised rule cre-

ates stricter income and wealth tests.

The effects could have been substan-

tial, because the use of these additional

benefits is so widespread. While over

the period 1997 to 2017 fewer than

3% of US-born citizens participated in

the programs that comprised the crite-

ria under the long-standing definition,

nearly half (43% to 52%) participated

in at least one of the programs that

would have made them subject to the

new public charge criteria had they

been immigrants.7,8 The proposed rule

changes could have had far-reaching

and direct effects on the composition,

health, and economic stability of the

targeted immigrant families. Because

of confusion and fear of deportation or

loss of future LPR status, “the chilling

effect,” they could have affected eligible

immigrants who were not directly tar-

geted by the rule but might neverthe-

less not enroll or renew public benefits

for themselves or their (citizen) chil-

dren. In addition, immigrants might not

seek or might withdraw from public

benefits that were not targeted by the

rule, such as the Special Supplemental

Nutrition Program for Women, Infants,

and Children or Medicaid among preg-

nant women and children aged youn-

ger than 21 years.

Large-scale chilling effects caused by

the new widened definition were

reported broadly.9–14 The Urban Insti-

tute found that 14.8% of adults in low-

income families with children reported

avoiding Medicaid or the Children’s

Health Insurance Program in 2019.15

Research has also shown that poten-

tially 2.1 million essential workers dur-

ing the COVID-19 pandemic failed to

enroll in Medicaid, and 1.3 million gave

up SNAP because of concerns about

the public charge rule.9

IMPORTANCE OF ACCESS
TO HEALTH CARE

The impact of the public charge rule

may be particularly consequential for

the health of low-income pregnant

immigrant women, who might delay

Medicaid enrollment during pregnancy,

which, in turn, could delay and reduce

prenatal care utilization.12,16 Lack of

proper prenatal care during pregnancy

might lead to lower birth weight and an

increased likelihood of preterm birth.

Health conditions such as maternal

depression that go undiagnosed and

untreated have been found to also

negatively affect children’s health,

food security, and developmental

outcomes.17,18 Parental insurance cov-

erage is associated with a greater likeli-

hood that insured children have a usual

source of health care and receive pre-

ventive services.19–21 Studies have also

shown that sociopolitical stressors,

such as immigration raids and Presi-

dent Trump’s inauguration, themselves

significantly increased rates of preterm

births and low birth weight.22–24

In the United States, 1 in 4 children

live with at least 1 immigrant parent.25

More than 10 million people live in

immigrant families that receive 1 of the

major public benefits that under newly

proposed rules could be considered a

“public charge.”8 This includes millions

of US-born children with noncitizen

parents. New York State (NYS) has one

of the nation’s largest immigrant popu-

lations; at 4.4 million people they con-

stitute more than 20% of the state’s

total population. The contrast between

New York City (NYC) and the suburban

or rural areas in New York State also

provides a unique opportunity to ex-

amine the effect of the public charge

rule leak in urban versus nonurban

areas.

Considering the importance of access

to timely prenatal care for low-income

immigrant women, the gaps in the liter-

ature, and the hostile environment that

may be generated by antiimmigration

policies and rhetoric, this study aimed

to measure changes in Medicaid

enrollment of pregnant low-income

immigrant women as a result of the

2017–2020 public charge revisions.

METHODS

We used NYS Medicaid claims data for

this analysis. The NYS Medicaid claims

data include both fee-for-service claims

and comprehensive managed care

claims, which are of comparable qual-

ity.26 The database includes Medicaid

recipients’ enrollment status, such as

address history, demographic charac-

teristics, and citizenship status, though

the citizenship status variable is not

available for those who joined Medicaid

via the Health and Benefits Exchange

Program after 2014. The database

also includes detailed information on
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Medicaid utilization, including date of

service, diagnoses, and procedures.

Sample

We selected all infants born in NYS hos-

pitals between September 2014 and

December 2019. We then linked the

infants to their mothers by using the

Medicaid case number, infant’s date of

birth, and mother’s hospital discharge

date. On average, we identified more

than 120000 infants per year, and 89%

were linked to their mothers (Appendix

A, available as a supplement to the

online version of this article at https://

ajph.org). Our main sample was moth-

ers who joined Medicaid during preg-

nancy (40%–48% of women who were

pregnant each year) because NYS

offers Medicaid to pregnant women at

a relatively higher income threshold of

$28723 for a family of 1 regardless of

immigration status.

Timing of the Public Charge
Rule Impacts

We used January 2017 as the cutoff for

the post period because the memo

leaked during that time. We excluded

pregnancies that had dates of birth

between April and December 2016.

Although January 2017 was the month

of the inauguration and the leak of the

memo, Trump announced his candi-

dacy in June 2015 and gained popular-

ity and large-scale media coverage

from 2015 to 2016, so chilling effects

may have already been triggered in this

population before January 2017. We

observed some evidence of the pre-

2017 chilling effect in our data (Figures

1 and 2). We provided a set of sensitiv-

ity analyses including April to December

2016 in Appendix B (available as a

supplement to the online version of

this article at https://ajph.org).

Citizenship

We established 2 citizenship measures.

For most, but not all, Medicaid benefi-

ciaries, citizenship status is recorded in

the enrollment record. The percentage

of those without recorded immigration

status increased by year, with 2019 the

highest at 30%.

We cannot rule out that the missing-

ness is not at random to the exposure

of the public charge rule. To address

those not reporting statuses, we used a

conditional probability method to esti-

mate a continuous measure that repre-

sents an individual’s probability of being

foreign-born conditioning on that indi-

vidual’s age (aged 18 years or older vs

younger than 18 years), sex (male vs

female), race (White, Black, Asian, His-

panic, and other), and census tract in

NYS. Studies have used the American

Community Survey (ACS) to examine

the effect of the public charge rule by

citizenship status.11,13,14 We used data

from the 2018 ACS Five-Year Estimate

to construct a “sex by age by nativity

and citizenship status” rate within each

race/ethnicity group.

For instance, Person A is 20 years old,

female, Hispanic, and living in a given

census tract. To predict Person A’s

probability of being “foreign born,” we

use the estimate of the number of

foreign-born people, and 18 years and

older, female, and Hispanic living in that

census tract as the numerator and the

estimate of the total number of people

who are 18 years and older, female,

and Hispanic living in the given census

tract as the denominator.

We verified the estimate using

reported citizenship status. The esti-

mate has a stronger predictive value

outside NYC. For all reported

noncitizens, the average predicted

probability of being an immigrant in our

model was 0.28 in NYC and 0.24 in the

rest of the state; for all reported citi-

zens, the average predicted probability

of being an immigrant in our model

was 0.15 in NYC and 0.04 in the rest of

the state.

We included the predicted probability

as a continuous variable ranging from

0 to 1 in all the regression models. In

the time-series graphs only, we used a

binary variable with 1 indicating a pre-

dicted probability between the third

quartile and the maximum based on

the distribution of known noncitizens

(≥0.4 for NYC and ≥0.39 for the rest of

the state) and 0 indicating a predicted

probability between the minimum and

the first quartile (≤0.13 for NYC and

≤0.02 for the rest of the state). We

included a set of time-series graphs

using the median (0.25 for NYC and

0.15 for the rest of the state) as the cut-

off in Appendix C (available as a supple-

ment to the online version of this article

at https://ajph.org).

Outcomes

We evaluated delayed enrollment dur-

ing pregnancy, prenatal care visits, low

birth weight, and severe maternal mor-

bidity (SMM). We used 2 measures of

delayed Medicaid enrollment during

pregnancy, after the end of the first tri-

mester (≤6 months before birth), and

after the end of the second trimester

(≤ 3 months before birth). We evalu-

ated whether mothers had any prena-

tal visits. Among those with at least

1 outpatient visit, we evaluated the

change in the number of total visits

and the days to the first outpatient visit

since the imputed pregnancy date (280

days before the infant’s date of birth).

Low birth weight is a binary variable

with 1 indicating 2500 grams or less. We
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used the SMMdefinition provided by

the Centers for Disease Control and

Prevention. We included qualifying diag-

noses or procedures for SMM-related

inpatient visits 1 year after birth.

Statistical Analysis

We used SAS version 9.4 (SAS Institute,

Cary, NC) to perform all statistical analy-

ses. We used a comparative

interrupted time-series (ITS) model and

a difference-in-difference (DID) design

to test for the immediate effect of the

public charge rule. We then adjusted

for the mother’s age, race, county, and

infant’s birth month to control for indi-

vidual, geographical, and seasonal

effects (adjusted ITS). Lastly, we evalu-

ated the overall effect of the public

charge rule using a traditional DID

model, post versus pre and noncitizens

versus citizens, adjusting for age, race,

county, and infant’s birth month. We

used logistic regression for all binary

outcomes and linear regression for the

continuous outcomes. We included the

model statements in Appendix D (avail-

able as a supplement to the online ver-

sion of this article at https://ajph.org).

In both sets of models, we used

individual-level data. In reported citi-

zenship models, weused citizenwomen
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New York State, 2014–2019
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as the reference group; we excluded

those in the unknown citizenship group.

In thepredicted citizenshipmodels, we

included individuals with both unknown

and known citizenship; weusedpredicted

probability for all individuals.

Sensitivity Analyses

We used 2 additional samples. The sec-

ond sample included only the oldest

child of the family (42%–44% each year)

to account for the increased familiarity

and comfort level with theMedicaid pro-

gram (or belief that public charge status

was already a given) at subsequent

births. The third sample combined

mothers who joinedMedicaid before

pregnancy with those who joinedMedic-

aid during pregnancy (Appendix E, avail-

able as a supplement to the online ver-

sion of this article at https://ajph.org).

We also looked at the immediate and

overall effects of all the outcomes

among Hispanics, Asians, and unknown

racial groups (Appendix F, available as a

supplement to the online version of

this article at https://ajph.org).

RESULTS

Table 1 shows the demographic and

outcome distributions by reported
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FIGURE 2— BirthWeight by (a) ReportedCitizen Status and (b) PredictedCitizenship Status: NewYork State, 2014–2019
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citizenship status. Reported noncitizens

and citizens were similar in age. Nonci-

tizens were more likely to report His-

panic or Asian race/ethnicity.

Delayed Enrollment

Weobserved both immediate and over-

all effects of the public charge rule on

delayedMedicaid enrollment (Table 2).

The adjusted ITSmodel results showed

increased delayed enrollment immedi-

ately after January 1, 2017, in NYS using

bothmeasures of citizenship. In NYS,

delayed enrollment (≤6months)

increased (odds ratio [OR]5 1.49; 95%

confidence interval [CI]51.26, 1.77)

comparing noncitizens to citizens in the

immediate post–public charge period.

The overall effect (DID) in delayed

enrollment (≤6 months) in NYS had an

OR of 1.16 (95% CI51.09, 1.23). As

the predicted probability of being an

immigrant increased from 0 to 1, imme-

diate delayed enrollment (≤6 months)

increased (OR51.89; 95% CI51.33,

2.69), while overall the odds of delayed

enrollment increased (OR51.43; 95%

CI51.27, 1.61). The large increase is

driven by the upstate New York and

Long Island (non-NYC) area. In NYC,

delayed enrollment (≤6months) com-

paring noncitizens to citizens in the

post–public charge periodwasOR5

1.36 (95% CI51.09, 1.70) for the

immediate delay andOR51.07 (95%

CI50.99, 1.16) for the overall delay,

while in non-NYC areas, it was OR5 1.94

(95%CI51.34, 2.82) for the immediate

delay andOR51.53 (95% CI51.34,

1.75) for the overall delay.

As the predicted probability of being

an immigrant increased from 0 to 1,

the OR of immediate delayed enroll-

ment (≤6 months) in NYC was positive,

but not statistically significant (OR5

1.44; 95% CI50.88, 2.36), while overall

delayed enrollment increased (OR5

1.29; 95% CI51.09, 1.52). We observed

significant immediate and overall delays

using predicted citizenship (≤6 months)

in non-NYC areas: immediate OR52.54

(95% CI5 1.43, 4.51); overall OR51.37

(95% CI5 1.11, 1.68).

We observed a significant overall

increase in extremely delayed Medicaid

enrollment (≤3 months) during

TABLE 1— Means and Percentages of Demographic and Outcome Variables by Reported Citizenship
and Geography Among Pregnant Women Enrolled in the New York State Medicaid Program, 2014–2019

NYC US
Citizens

NYC US
Noncitizens

Non-NYC US
Citizens

Non-NYC US
Noncitizens

Pre Post Pre Post Pre Post Pre Post

No. 15096 15527 23 362 17037 25 347 33158 7256 6921

Age, y (mean) 27 28 30 30 27 28 30 31

Hispanic, % 14.19 9.46 37.66 22.92 6.30 3.49 41.45 12.94

Non-Hispanic, %

Asian 6.12 5.97 14.81 18.31 2.51 2.60 10.17 15.51

Black 28.90 29.05 18.61 15.44 18.00 18.69 10.58 13.46

White 15.44 15.54 9.36 9.77 48.53 47.46 8.53 10.70

Other 6.80 6.22 5.55 6.08 4.00 4.06 5.11 7.00

Unknown race 28.51 33.72 13.99 27.46 20.63 23.67 24.14 40.35

Outcome measures

Medicaid enrollment delays, %

≤ 6 mo 54 55 49 54 53 53 43 53

≤ 3 mo 21 22 22 20 21 21 12 18

Prenatal visits, any, % 90 91 95 96 91 92 97 96

Among those with any, no. of visits,
mean

8 8 9 9 8 8 11 10

Among those with any, no. of days to
first visit, mean

130 132 133 137 127 131 115 132

Birth weight, grams 3194 3187 3 259 3243 3252 3235 3273 3239

Low birth weight, % 9 9 7 7 8 9 6 7

Severe maternal morbidity, % 5 7 6 6 4 4 4 5

Note. NYC5New York City.
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pregnancy outside NYC (OR51.63;

95% CI51.35, 1.96) using reported citi-

zenship and OR51.87 (95% CI51.41,

2.49) using predicted citizenship.

Prenatal Care Visits

The results showed a significant andover-

all decrease in the fraction ofmothers

whohadprenatal visits inNYS (OR5 0.85;

95% CI50.75, 0.96) using reported citi-

zenship andOR50.70 (95% CI50.53,

0.93) using predicted citizenship.

Among those with prenatal care visits,

we observed decreases in the number

of visits and delays to the first visit both

immediately and overall. The effect was

driven by non-NYC areas: using

reported citizenship, mothers immedi-

ately had 1.47 (95% CI522.55,20.39)

fewer prenatal visits and delayed 25.57

days (95% CI5 12.67, 38.46), and 0.57

(95% CI520.97,20.18) fewer visits

and 18.96 (95% CI514.24, 23.68) days

in the delay overall. Using predicted citi-

zenship, compared with nonimmigrant

mothers in non-NYC areas, immigrant

mothers had 2.13 (95% CI523.80,

20.46) fewer prenatal visits and experi-

enced 48.53 (95% CI528.73, 68.34)

days in the delay to the first prenatal

visit immediately and 0.94 (95%

CI521.55,20.34) visits and 26.71

(95% CI519.55, 33.88) days overall.

Low Birth Weight

We observed significant overall

decreases in birth weight in non-NYC

areas: newborns of reported noncitizen

mothers weighed 37.08 grams less

(95% CI5 –73.31 grams,20.86 grams)

than those of citizen mothers; new-

borns of predicted immigrant mothers

weighted 91.42 grams less (95%

CI52145.82 grams,237.01 grams).

We did not observe significant changes

in the prevalence of low birth weight

using the cutoff of 2500 grams or less

in the main analyses.

Severe Maternal Morbidity

Comparedwith reported citizens, the

overall odds of SMM for noncitizens

increased (OR51.65; 95% CI5 1.15,

2.36) in the post period. Using predicted

citizenship, we observed significant

decreases in SMM inNYC (OR5 0.34;

95%CI50.24, 0.49), as well as in NYS as

a whole (OR50.6; 95% CI5 0.45, 0.8).

We did not observe significant immedi-

ate effects in SMMusing either reported

or predicted citizenship.

Sensitivity Analyses

Both the oldest child sample and the

all-mothers sample showed significant

and immediate delayed enrollment

(≤6 months) and delays to the first pre-

natal visit (Appendix E). We observed

significant and consistent overall effects

of delayed enrollment (≤6 months) in

the all-mothers sample.

We observed significant effects for

both immediate and overall delayed

enrollment (≤6 months) among Asians

using predicted citizenship. We

observed positive but not statistically

significant results for immediate

delayed enrollment among Hispanics

using both measures of citizenship

(Appendix F). Among those of unknown

race, we observed significant statewide

overall effects for both measures of

delayed enrollment, the number of pre-

natal visits, days to the first visit, and

SMM for outside NYC only (Appendix F).

DISCUSSION

We found that the public charge rule was

associated with large and significant

damage to the health of immigrant moth-

ers and children in the month of the

memo leak, 3 years before it went into

effect. In a way, the early timing of our

study is evidence of a broader chilling

effect beyond the public charge rule—

the longer-standing generalized fear

among immigrants about seeking public

supports given pervasive antiimmigrant

sentiment and racial biases that were

stoked by the Trump administration.

Among studies and reports that

directly examined the effect of the pub-

lic charge rule on health care, various

timing and data sources have been

used to define the post–public charge

period. The set of reports from the

Urban Institute looked at Internet sur-

veys conducted in December 2018 to

2020.15,27–29 One study used ACS sur-

vey data that compared annual Medic-

aid and SNAP enrollment changes from

2016 to 2019.14 Other studies based on

population surveys and provider sur-

veys looked at effects in 2019.11,12 We

found that 1 study examined changes

from August 2016 to June 2019 using

SNAP administrative program data,

although the DID effect was estimated

as of September 2018.30 Compared

with these studies, our study used

individual-level administrative data on

Medicaid program use and estimated

the direct and significant effect at the

earliest timing, in January 2017.

We observed a statewide effect in

delayed Medicaid enrollment. The mag-

nitude of such delay is substantial.

Among all noncitizen mothers who

joined Medicaid during pregnancy, 48%

joined in the second trimester or later

in March 2016, compared with 57% in

January 2017. Similarly, among mothers

who lived in areas with higher percen-

tages of noncitizens, 42% joined Medic-

aid in the 2nd trimester or later in

March 2016 versus 49% in January
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2017. While Medicaid receipt by preg-

nant immigrant women would not,

under the rule, be considered in a pub-

lic charge determination,31 declines in

Medicaid coverage could occur beyond

those directly targeted by the rule.

Our outcomes for prenatal care are

consistent with reports indicating that

immigrant women were afraid to get

prenatal care because of fear of the

public charge rule.32 The Kaiser Family

Foundation found that half of the

health centers surveyed reported a

decline in health care use by immigrant

patients, especially immigrant pregnant

women who were not enrolling in or

were disenrolling from Medicaid out

of fear of the consequences of being

deemed a public charge.12

The literature has shown that immi-

grants can have different experiences

of the system within the same state.33

We have seen evidence of this variabil-

ity in our study. One such variation

between NYC and the rest of the state

is that NYC has done extensive out-

reach to the immigrant communities

about seeking care and health services,

partnering with dozens of community-

based organizations and the public

hospital system,34 in addition to laws

that NYS as a whole has put in place to

support immigrants including those

who are undocumented.35,36

For all outcome measures, we ob-

served worse outcomes outside NYC

areas. This may be, in part, because we

were better able to predict citizenship

outside NYC. Even using measured citi-

zenship, however, we observed a larger

(and statistically significant) reduction in

the number of prenatal visits outside

NYC. Among those with reported citi-

zenship, the estimated delay in seeking

prenatal care was about 18 days for

noncitizen mothers, contributing to a

significant reduction in the total number

of prenatal visits. Together with the sig-

nificant delay and reduction in prenatal

care, the odds of SMM increased signifi-

cantly; birth weight also decreased sig-

nificantly, by about 37 grams in the post

period. We did not observe significant

effects of any of the mentioned results

in NYC.

Strengths and Limitations

Some of the strengths of the study

included the use of large-scale claims

data at the individual level that allowed

us to study the universe of low-income

pregnant women on Medicaid and

measure nuanced enrollment and

health outcomes for both individual

infants and mothers.

As a limitation, we had many unre-

ported citizenships in the data, which

could threaten the validity of the study

by introducing selection bias. We

addressed the limitation by estimating

the effects using predicted citizenship.

Because we only looked at NYS, general-

izing the results to states with different

Medicaid or immigration policies would

be another limitation.

Public Health Implications

Our study demonstrated that the rule

changes the Trump administration pro-

posed had far-reaching chilling effects

on the health of immigrant mothers

and their (citizen) infants. We found

larger effects in suburban and rural

areas, perhaps because advocacy and

community resources are less available

in such areas. Local public health offi-

cials should consider expanding health

access and outreach programs to

immigrant communities during times

of pervasive antiimmigrant sentiment.
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Use of Law by US States During the
COVID-19 Pandemic With Respect to
People Who Were Undocumented
Ellie DeGarmo, MPH, Joanne Rosen, JD, MA, and Lainie Rutkow, JD, PhD, MPH

See also Bustamante et al., p. 1729.

Objectives. To systematically identify and analyze US state-level legislation concerning people who were

undocumented during the COVID-19 pandemic, from January 2020 through August 2021.

Methods. Using standard public health law research methods, we searched Westlaw’s online database

between November 2021 and January 2022 to identify legislation addressing COVID-19 and people who

were undocumented. We abstracted relevant information, analyzed the data, and identified primary

themes for each bill and resolution.

Results. Sixty-six bills and resolutions, from 13 states, met the inclusion criteria. Legislation addressed

5 primary themes: eligibility and access to health-related services (n516), health and personal information

(n5 10), housing assistance (n513), job security and employment benefits (n514), and monetary

assistance (n513).

Conclusions. Approximately one quarter of state legislatures introduced bills or resolutions regarding

people who were undocumented and COVID-19. State-level laws are an important tool to mitigate the

disproportionate impact of public health emergencies on vulnerable groups.

Public Health Implications. As states shift attention away from the exigencies of COVID-19, this

research provides insight into how law might be used to protect those who are undocumented

throughout the full cycle of future public health emergencies. (Am J Public Health. 2022;112(12):

1757–1764. https://doi.org/10.2105/AJPH.2022.307090)

While the federal government has

passed high-profile legislation

to control the spread of COVID-19 and

mitigate its economic impact—includ-

ing the American Rescue Plan Act1;

Coronavirus Aid, Relief, and Economic

Security (CARES) Act2; and Families First

Coronavirus Response Act3—US state

governments have also played a major

role in pandemic response. For exam-

ple, governors have issued and refined

states of emergency, stay-at-home

orders, mask mandates, and quaran-

tine guidance.4 States also took signifi-

cant administrative action, such as

expanding conditions that qualify for

emergency Medicaid (i.e., coverage for

treatment of emergency medical condi-

tions).5 Legislatures in all 50 states and

the District of Columbia have intro-

duced a host of COVID-19–related bills

tailored to their populations’ needs.6

This frenzy of legislative activity pro-

vides insight about policymaker priori-

ties and reveals the range of ways that

states might use law to protect their

most vulnerable populations during an

infectious disease emergency.

The United States has experienced a

higher COVID-19 death rate compared

with other well-resourced and similarly

sized countries,7 with a disproportion-

ate share of deaths experienced by cer-

tain populations. For example, Black

and Hispanic people in the United

States were 2 times more likely than

White people to die from COVID-19.8

The pandemic has had a disparate

impact on people who were undocu-

mented (i.e., immigrants residing in the

United States without official govern-

ment authorization), with these commu-

nities experiencing disproportionately

high rates of COVID-19 morbidity

and mortality.9 People who were
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undocumented were especially vul-

nerable to COVID-19, in part because

of barriers accessing health care and

exclusion from federal stimulus pay-

ments issued during the pandemic.10,11

More than 70% of the approximately

7 million undocumented workers in the

United States are direct service workers

who cannot work remotely, placing

them at higher risk of COVID-19 expo-

sure and infection.10,12 In addition, the

COVID-19 pandemic has been associ-

ated with significant anti-immigrant sen-

timent, often directed at people who

are undocumented.13,14 For example,

some Republican lawmakers falsely

tried to attribute COVID-19 surges in

the South to migrants who crossed the

southern border.15 Law can be an

important tool to protect this vulnerable

population, especially during a public

health emergency like the COVID-19

pandemic.

This article presents a legal mapping

study16 that systematically identified

and analyzed US state-level legislative

activity related to people who were

undocumented during the COVID-19

pandemic, from January 1, 2020,

through August 31, 2021. Proposed

and enacted bills and resolutions were

included, with accompanying analysis

of their objectives and implications for

future public health policy.

METHODS

Using standard public health law

research methods,16 we identified pro-

posed and enacted state-level legisla-

tion related to COVID-19 and people

who were undocumented. The search

was conducted using the Westlaw data-

base between November 2021 and Jan-

uary 2022. We used standardized

search terms to identify bills and reso-

lutions from all 50 US states and

Washington, DC, that were introduced

between January 1, 2020, and August

31, 2021. The start date was chosen

because the first confirmed COVID-19

case in the United States occurred in

Washington State in January 2020.17

The end date was chosen because it

allowed us to capture legislation pro-

posed during the 18 months following

March 2020—the month when the

World Health Organization (WHO)

declared a global pandemic and the

United States declared a nationwide

emergency.18,19 For purposes of our

analysis, we recorded the status of

each bill or resolution through Febru-

ary 28, 2022, to account for a 6-month

window of legislative activity following

the introduction of bills and resolutions

within our designated timeframe.

Our final search string comprised 2

sets of standardized search terms: (1)

terms related to COVID-19 and (2) terms

related to people who were undocu-

mented. Initial search terms were gener-

ated using the research team’s a priori

knowledge and preliminary online

research to understand the language

used to describe our topics of interest.

Next, we reviewed examples of relevant

bills and used an iterative process to

identify additional applicable search

terms. University law librarians were

consulted to help format each term

(e.g., with connectors) to ensure that the

search returned the maximum number

of relevant bills and resolutions.

A public health law expert (J. R.) with

relevant subject matter expertise

reviewed the final search string. The

final search terms, which used Boolean

terms and connectors, were (COVID!

OR coronavirus OR “corona virus” OR

SARS-CoV-2 OR SARS OR pandemic

OR outbreak! OR epidemic OR “health

emergenc!” OR “infectious disease” OR

quarantin! OR isolat! OR “social distanc!”

OR “personal protective equipment” OR

PPE OR mask! OR “face covering!” OR

ventilat!) AND (immigrant! OR immigrat!

OR undocumented OR migrant! OR

migrat! OR alien! OR “foreign born!” OR

foreign-born! OR “foreign national!” OR

“unauthorized person!” OR noncitizen!

OR nonresident! OR refuge! OR asyl! OR

deport! OR mexic! OR spanish! OR his-

panic! OR latin! OR visa! OR “green card!”

OR “resident card!” OR DACA OR DAPA

OR citizenship OR “national origin”).

Some of the undocumented-specific

terms in the search string are deroga-

tory (e.g., foreign-born, alien). This ter-

minology does not reflect the views or

the lexicon used by the authors. We

included search terms with this lan-

guage to maximize the number of rele-

vant bills and resolutions captured.

A research team member (E.D.) con-

ducted a preliminary screen of each

bill or resolution that our search query

yielded. The initial scan involved review-

ing the search terms within each piece

of legislative text to understand whether

the bill or resolution met inclusion crite-

ria (i.e., pertained to people who are

undocumented in the context of

COVID-19). A second research team

member (L. R.) then reviewed the full

text of each bill or resolution identified

in the initial screening process to deter-

mine whether they should remain in

the final data set. When disagreement

arose regarding inclusion or exclusion

of certain proposed legislation, 2 team

members reviewed the text together,

discussed any points of disagreement,

and reached a determination by

consensus.

Where there were multiple versions

of a bill or resolution, we removed

duplicates and retained the most

recent version in the final data set. For

instances in which there were cross-

listed versions of the same bill or
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resolution with the same date, we

retained the legislation from the state’s

higher chamber in the final data set.

We only included proposed and enacted

bills and resolutions in the final data

set, and excluded other types of docu-

ments (e.g., legislative memos). We also

excluded legislation if language pertain-

ing to the research question was found

solely in prefatory sections, such as the

preamble or legislative intent and find-

ings. For each bill or resolution, we

abstracted information on jurisdiction,

bill or resolution number, date of intro-

duction, bill or resolution sponsor(s)

and political party, status of the bill or

resolution, primary theme addressed,

and whether the bill or resolution had

the potential to be beneficial, harmful,

or neutral toward people who are

undocumented.

We summarized information when-

ever possible with descriptive statistics.

We repeatedly reviewed each bill and

resolution to determine the primary

topic or theme it addressed. This

included multiple rounds of review and

comparison of bill or resolution text

and discussion among research team

members. For bills and resolutions that

potentially addressed more than 1

theme, we reviewed the relevant lan-

guage and determined a “primary

theme” based on the topic that was

most frequently or prominently

addressed. Thus, we categorized each

bill or resolution into only 1 theme.

RESULTS

The search yielded 5344 pieces of pro-

posed and enacted legislation. Sixty-six

bills and resolutions satisfied our inclu-

sion criteria and were included in the

final data set (Table A, available as a

supplement to the online version of

this article at https://ajph.org). Included

bills and resolutions came from 13

states and were introduced between

April 2020 and June 2021 (Table A and

Table 1). Of the 13 states where legisla-

tion was introduced, 12 had Democratic-

controlled legislatures and 1 had a split

legislature (Table 1).

One resolution was adopted and 16

bills were passed (Table 1). Of the 66

bills and resolutions, 62 (94%) were

potentially protective or beneficial

toward people who were undocu-

mented (e.g., expanding eligibility for

stimulus payments) and 4 (6%) were

neutral (e.g., creating a task force or

allocating funds for an assessment of

TABLE 1— Bills or Resolutions Related to COVID-19 and People Who Were Undocumented by State of
Introduction, Bill Status, and Select State Characteristics: United States, January 2020–August 2021

State

Bill and Resolution Status Select State Characteristics

Total No.
Introduced Passed No. (%)

Did Not Passa

No. (%)

Undocumented
% of State

Population20,b

Legislature
Partisan
Control21

Political Party of
Governor21

California 17 7 (41.2) 10 (58.8) 5.6 Democrat Democrat

Hawaii 1 0 (0) 1 (100) 3.3 Democrat Democrat

Illinois 8 4 (50.0) 4 (50.0) 3.2 Democrat Democrat

Massachusetts 2 0 (0) 2 (100) 3.8 Democrat Republican

Minnesota 4 0 (0) 4 (100) 1.7 Split Democrat

Nevada 2 0 (0) 2 (100) 7.1 Democrat Democrat

New Jersey 4 0 (0) 4 (100) 5.2 Democrat Democrat

New York 13 2 (15.4) 11 (84.6) 3.6 Democrat Democrat

Oregon 2 0 (0) 2 (100) 2.6 Democrat Democrat

Rhode Island 2 0 (0) 2 (100) 2.8 Democrat Democrat

Vermont 1 1 (100) 0 (0) 0.1 Democrat Republican

Virginia 1 1 (100) 0 (0) 3.4 Democrat Democrat

Washington 9 2 (22.2) 7 (77.8) 3.3 Democrat Democrat

Total 66 17 (25.7) 49 (74.3) . . . . . . . . .

aThe “did not pass” number includes 5 bills that were introduced with language that addressed individuals who were undocumented within the context
of the COVID-19 pandemic. However, this language was dropped from the bills as they worked their way through the legislative process. Versions of
these bills—without language of relevance to the research question—were passed. Because of the removal of relevant language, these bills are
categorized as “did not pass” for purposes of this study.
bInformation based on 2016 estimates.
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COVID-19 impact). Bills and resolutions

were categorized into 5 themes:

1. eligibility and access to health-

related services,

2. health and personal information,

3. housing assistance,

4. job security and employment ben-

efits, and

5. monetary assistance (Table 2).

Eligibility and Access to
Health-Related Services

Sixteen bills (24.2%) pertained to eligi-

bility and access to health-related serv-

ices. Of these, 4 (25%) became law. The

most prevalent type of bill (7/16; 43.8%)

within this theme proposed expansion

of access to health care coverage and

medical services during the pandemic

for people who were undocumented.

For example, the Illinois legislature

enacted a bill that would temporarily

expand coverage for treatment related

to COVID-19 via the Illinois Department

of Health for individuals who were not

US citizens, including those who were

undocumented (Illinois SB 2294 [2021]).

Four bills would make undocumented

individuals eligible for nonmedical

COVID-19–specific services. For exam-

ple, Virginia’s governor approved a bill

that would classify COVID-19–related

testing, treatment, and vaccination as

“emergency services” that are extended

to certain individuals not lawfully admit-

ted for permanent residence in the

United States (Virginia HB 2124 [2021]).

Two proposed bills from California had

the goal of expanding food assistance

to people regardless of immigration sta-

tus (California AB 221 [2021], California

SB 464 [2021]). The final 3 bills in this

category sought to expand availability

of mental health services (Oregon HB

2949 [2021]), appropriate funds for a

study on service access (Washington SB

5091 [2021]), and create a task force

(Washington HB 1340 [2021]).

Health and Personal
Information

Nine bills and 1 resolution (15.2%)

addressed health and personal infor-

mation. Of these, 1 (10%) became law.

Most of these bills (9/10; 90%) sought

to prevent immigration authorities

from accessing information related to

contact tracing, vaccine status, testing,

or other COVID-19 health data. The

enacted bill, passed in New York,

prevents immigration authority person-

nel from serving as contact tracers

(New York SB 900 [2021]). Unsuccessful

bills, such as 1 from Washington State,

would broadly prohibit usage of COVID-

19–related health data for purposes of

immigration or law enforcement (Wash-

ington HB 1127 [2021]).

Housing Assistance

Thirteen bills (19.7%) sought to extend

housing assistance during the COVID-19

pandemic. Each bill included the goal of

increasing access to rental assistance for

people who were undocumented. Of

these, 4 (30.8%) were passed into law.

For example, the California legislature

passed a bill that allowed all persons—

regardless of immigration status—to

apply for rental assistance, and it pre-

vents landlords from reporting or threat-

ening to report a tenant to immigration

authorities (California AB 832 [2021]).

Four bills also included utility assistance

as a housing-related benefit for which

people who were undocumented may

be eligible. For example, the New York

legislature enacted a bill that specifies

that households—regardless of immi-

gration status—are eligible for rental

assistance, utility assistance, or both

(New York AB 3006 [2021]).

Job Security and Employment
Benefits

Twelve bills and 2 resolutions (21.2%)

pertained to job security and employ-

ment-related benefits. Of these, 2 bills

and 1 resolution (21.4%) were passed.

Four bills sought to prevent employers

from taking “retaliatory personnel

action” against employees, including

reporting or threatening to report

immigration status. Four bills or resolu-

tions had the goal of providing legal

documentation to workers. For exam-

ple, legislators in Massachusetts intro-

duced a bill that would expand eligibility

for state licensure (e.g., driver’s license,

identification card) to people who did

not qualify for a social security number,

and the bill specified that people would

not be asked about citizenship or immi-

gration status during the application

process (Massachusetts SB 2289

[2021]). The other 3 documentation-

related bills and resolutions sought to

expand undocumented workers’ access

to work permits (California AB 1510

[2021]), visas and green cards (New Jer-

sey AR 196 [2020]), and residency sta-

tus (Illinois SR 100 [2021]).

Two bills from California—1 proposed

and 1 enacted—sought to provide

grants to small businesses, including

those owned and operated by undocu-

mented individuals (California AB 151

[2021], California SB 151 [2021]). Two

bills would provide benefits to people

who became unemployed because of

the COVID-19 pandemic. For example,

the California legislature passed into

law a bill that provided education and

training grants for those who lost

employment during the pandemic, and

the law specifies that people who were
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TABLE 2— Status of State-Level Bills and Resolutions by Theme and Examples Within Each Theme:
United States, January 2020–August 2021

Introduced
No. (%)

Passed No.
(%)

Did Not Passa

No. (%) Examples: Bill or Resolution Number (State): Description of Bill or Resolution

Eligibility and access to health-related services

16 (24.2) 4 (25.0) 12 (75.0) HB 2124 (Virginia): Declares that COVID-19 testing, treatment, and vaccines be considered
“emergency services,” meaning these services are extended to certain individuals not lawfully
admitted for permanent residence in the United States.

SB 1620 (New York): Would offer free COVID-19 testing to all uninsured people, regardless of
immigration status.

SB 1515 (Massachusetts): Would appoint a “director of COVID-19 vaccination equity and
outreach” to address barriers to vaccination that disproportionately affect marginalized
communities including people who are undocumented.

Health and personal information

10 (15.2) 1 (10.0) 9 (90.0) HB 3120 (Illinois): Would ensure information collected by contact tracers remains confidential
and would bar sharing this information with law enforcement or immigration authorities.
Would prohibit law enforcement and immigration authorities from being contact tracers.

HB 1127 (Washington): Would protect against usage of COVID-19 health data for law
enforcement or immigration purposes. Would prohibit COVID-19 health data from being
disclosed to or collected by law enforcement or immigration authorities.

SB 6541 (New York): Would prohibit vaccine navigators, vaccine providers, and immunity
passport providers from providing personal health information to law enforcement or
immigration authorities.

Housing assistance

13 (19.7) 4 (30.8) 9 (69.2) SB 668 (Rhode Island): Would forgive rental and mortgage payments during a declared health
emergency, including the COVID-19 pandemic. Would specify that “affordable housing
operators” cannot refuse to rent based on an individual’s identity, including immigration status.

SB 91 (California): Creates an emergency rental assistance program to provide funds for rent and
utilities to individuals who have been financially impacted by the COVID-19 pandemic. Specifies
that all people—regardless of citizenship or immigration status—can apply for the assistance.

SB 668 (Illinois): Would create the “COVID-19 Federal Emergency Rental Assistance Program Act” to
administer federal funds to help individuals cover the cost of rent payments. Would specify
that unless otherwise necessary to comply with the law, program eligibility shall not consider
applicants’ immigration status.

Job security and employment benefits

14 (21.2) 3 (21.4) 11 (78.6) SF 1518 (Minnesota): Would establish the Essential Workers Emergency Leave Act to provide
paid sick leave to employees who were not eligible for funds under the federal Families First
Coronavirus Response Act. Would prevent employers from taking “retaliatory personnel
action” against employees who request or receive emergency paid sick leave by prohibiting
actions such as disclosing or threatening to disclose an employee’s immigration status.

SB 151 (California): Establishes the California Microbusiness COVID-19 Relief Program to provide
grants to eligible small businesses that have been negatively impacted by the pandemic. The
bill specifies that people who are undocumented are eligible to receive microgrants, and
eligibility determinations will not require information about an individual’s immigration status.

SB 5438 (Washington): Would provide unemployment benefits to workers who lost their jobs
because of the COVID-19 pandemic and are not eligible for state or federal unemployment
benefits because of their immigration status.

Monetary assistance

13 (19.7) 5 (38.5) 8 (61.5) AB 4171 (New Jersey): Would establish a one-time cash assistance program for eligible
taxpayers. Would specify that all state taxpayers, including undocumented immigrants, are
eligible to receive this stimulus payment.

HB 3409 (Oregon): Would create a return-to-work incentive payment program for people who
worked during the first year of the pandemic as frontline essential workers. Would specify
that immigration status cannot be considered when deciding program eligibility.

HB 138 (Vermont): Creates a state COVID-19 economic stimulus equity program. Offers
eligibility to those who were ineligible to receive payment through the federal CARES Act
because of their immigration status.

Note. CARES5Coronavirus Aid, Relief, and Economic Security.
aThe “did not pass” number includes 5 bills that were introduced with language that addressed individuals who were undocumented within the context
of the COVID-19 pandemic. However, this language was dropped from the bills as they worked their way through the legislative process. Versions of
these bills—without language of relevance to the research question—were passed. Because of the removal of relevant language, these bills are
categorized as “did not pass” for purposes of this study.
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undocumented were eligible for these

grants (California AB 132 [2021]). The

final bills in this category were related to

protections for undocumented workers

who contracted COVID-19 while on the

job (Rhode Island HB 5474 [2021]) and

appropriating funds to conduct a study

on frontline workers (Nevada SB 209

[2021]).

Monetary Assistance

Thirteen bills (19.7%) addressed the

provision of monetary assistance dur-

ing the pandemic. Of these, 5 (38.5%)

were enacted into law. Eleven of the

bills in this category sought to provide

cash payments to individuals regard-

less of immigration status. For example,

Washington State legislators passed

into law a bill that provided stimulus

payments to persons who were not eli-

gible to receive federal economic

impact payments because of their

immigration status (Washington HB

1368 [2021]). The final 2 bills in this cat-

egory would provide funds to cover

COVID-19–related funeral expenses

(California AB 868 [2021]) and offer

grants for undocumented students

(Washington SB 5451 [2021]).

DISCUSSION

Between January 2020 and August

2021, legislatures in 13 states intro-

duced 66 bills and resolutions address-

ing people who were undocumented

within the context of the COVID-19

pandemic. Although only 25.7% (17/66)

ultimately became law, much can be

learned from the legislation that was

introduced. In particular, the 66 bills

and resolutions demonstrate that

state-level lawmakers were concerned

about exclusion of people who were

undocumented from the federal

response to COVID-19 as well as the

unique challenges faced by this popula-

tion that may have been exacerbated

by the pandemic.

Given the rise in anti-immigrant senti-

ment associated with the COVID-19

pandemic,13,14 we considered whether

legislation introduced at the state level

would likely protect or harm people

who were undocumented. Of the 66

bills and resolutions in our final data

set, the vast majority (62/66; 94%)

sought to protect or benefit this group.

The remaining 4 bills and resolutions

were neutral (e.g., creation of a task

force). Given the uniquely vulnerable

position of people who are undocu-

mented10,11—and the fact that COVID-19

exacerbated many challenges this group

was already facing12—it is not surprising

that bills introduced during the pandemic

generally sought to benefit this popula-

tion. Moreover, these laws suggest a rec-

ognition that protecting the health of

undocumented individuals was essential

for combatting COVID-19 and ensuring

economic recovery, thus benefiting the

larger community.22

Our findings suggest that state-level

lawmakers in some Democratic-

controlled or split legislatures sought to

fill perceived gaps in the federal pan-

demic response relative to those who

were undocumented. Most notably,

people who were undocumented were

not eligible to receive the Economic

Impact Payments (also known as

“stimulus checks”) that were distributed

by the federal government via the

American Rescue Plan.23 Some state

legislatures sought to remedy this by

introducing bills that would provide

cash assistance to people regardless of

their immigration status (e.g., California

SB 86 [2021], New Jersey SB 2329

[2020], Washington HB 1368 [2021]).

People who were undocumented were

also excluded from temporarily

expanded access to certain medical

services during federally declared

states of emergency. To address this,

some state legislatures introduced bills

that explicitly expanded health services

(e.g., access to COVID-19 treatment and

health plans’ essential health benefits)

during declared emergency periods for

people who were undocumented (e.g.,

Illinois SB 2294 [2021], New York SB

2549 [2021]).

State lawmakers were also sensitive

to the unique circumstances potentially

exacerbated by the pandemic for those

who were undocumented. The most

prominent example concerns bills that

sought to prevent access to personal

health information (e.g., contact tracing,

vaccine status) by immigration authori-

ties (e.g., Illinois HB 3120 [2021],

Nevada AB 260 [2021], New York SB

900 [2021]). In addition to accounting

for vulnerability among people who

were undocumented, these bills dem-

onstrate a recognition for the overrid-

ing importance of having complete and

accurate health data to combat the

pandemic.24

Several bills sought to address the

especially vulnerable employment situ-

ation of undocumented laborers during

COVID-19. For example, many direct

services workers, who shouldered

some of the highest-risk jobs during

the pandemic, were individuals who

were undocumented.10 In recognition

of this, some state legislatures sought

to extend traditional forms of job pro-

tection and employment benefits—

typically only available to US citizens

and immigrants with documentation—

to this group (e.g., Rhode Island HB

5474 [2021], Washington SB 5438

[2021]). In addition, some state legisla-

tures introduced bills that included

immigration status as a prohibited form
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of “retaliatory personnel action” to pre-

vent employers from taking advantage

of workers by threatening to report their

undocumented status (e.g., Minnesota

SF 1518 [2021], New Jersey SB 3827

[2021]).

Limitations

This research should be considered

in light of several limitations. First,

because we sought to provide a com-

prehensive exploration of legislative

responses, our research did not cap-

ture other important state-level actions,

such as executive orders or regulations.

Second, our research scope did not

include situating our findings within the

context of legal responses to undocu-

mented individuals during previous

public health emergencies; however,

this is a critical next step for future

research.

Third, bills or resolutions may have

been excluded if their text did not con-

tain our search terms. To minimize the

risk of this occurring, we created a com-

prehensive search string through an

iterative process involving a literature

review, extensive testing of the search

string in Westlaw, and an expert review

of the terminology. Fourth, although

the research scope was to identify bills

and resolutions that explicitly consid-

ered individuals who were undocu-

mented within the context of the

COVID-19 pandemic, we recognize that

other proposed legislation may have

had an impact on this population or

had unintended consequences, even

if it did not clearly focus on those who

were undocumented.

Fifth, we recognize that analyzing the

broader political context and imple-

mentation of passed legislation is criti-

cal for understanding the impact on

undocumented individuals. However,

this is outside the scope of our research,

which sought to identify the introduction

and passage of relevant bills and resolu-

tions. Finally, relevant bills and resolu-

tions could have been missed because

they were introduced outside of our

study’s date range. However, given the

trajectory of the pandemic, a represen-

tative sample of relevant legislation was

likely introduced during our designated

timeframe, which spans the prevaccine

period, encompasses the duration of

declared states of emergency, and cap-

tures the 18 months following WHO’s

March 2020 declaration of a global

pandemic.

Public Health Implications

In response to the deadliest pandemic

in US history, approximately one quar-

ter of all state legislatures introduced

bills or resolutions that addressed peo-

ple who were undocumented within

the context of COVID-19. Findings

reveal how state-level legislators con-

templated using the law to address the

pandemic’s disproportionate impact on

an already highly vulnerable group. As

states shift their attention from the exi-

gencies of COVID-19, this research pro-

vides insight into how law might be used

to protect those who are undocumented

during the preparedness, response, and

recovery stages of future public health

emergencies.
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Neighborhood Composition and Air
Pollution in Chicago: Monitoring
Inequities With a Dense, Low-Cost
Sensing Network, 2021
Precious Esie, MPH, PhD, Madeleine I.G. Daepp, MSc, PhD, Asta Roseway, BA, and Scott Counts, PhD

See also Shatas and Hubbell, p. 1693.

Objectives. To evaluate the efficacy of a novel, real-time sensor network for routine monitoring of racial

and economic disparities in fine particulate matter (PM2.5; particulate matter ≤2.5 µm in diameter)

exposures at the neighborhood level.

Methods.We deployed a dense network of low-cost PM2.5 sensors in Chicago, Illinois, to evaluate

associations between neighborhood-level composition variables (percentage of Black residents,

percentage of Hispanic/Latinx residents, and percentage of households below poverty) and interpolated

PM2.5. Relationships were assessed in spatial lag models after adjustment for all composition variables.

Models were fit with data both from the overall period and during high-pollution episodes associated

with social events (July 4, 2021) and wildfires (July 23, 2021).

Results. The spatial lag models showed that racial/ethnic composition variables were associated with

higher PM2.5 levels. Levels were notably higher in neighborhoods with larger compositions of Hispanic/

Latinx residents across the entire study period and notably higher in neighborhoods with larger Black

populations during the July 4 episode.

Conclusions. As a complement to sparse regulatory networks, dense, low-cost sensor networks can

capture spatial variations during short-term air pollution episodes and enable monitoring of

neighborhood-level inequities in air pollution exposures in real time. (Am J Public Health. 2022;112(12):

1765–1773. https://doi.org/10.2105/AJPH.2022.307068)

Recognizing health equity as a pri-

ority, public health researchers

and practitioners are increasingly seek-

ing to monitor and mitigate disparities

in exposures to preventable causes of

disease.1,2 Air pollution in the form of

fine particulate matter (PM2.5; particu-

late matter ≤2.5 µm in diameter) is a

leading environmental contributor to

disease burdens3 and disparities in dis-

ease burdens.4 Adding to the urgency

is the role of climate change in increas-

ing overall PM2.5 exposures through

longer and more extreme wildfire sea-

sons,5 although little is known about

the extent to which these climate

change–exacerbated pollution events

affect inequities in exposures.

In the United States, public health

agencies obtain PM2.5 data from the

Environmental Protection Agency (EPA)

ambient air monitoring network. This

network, implemented as a result of

the Clean Air Act, has been credited

with contributing to a reduction in

PM2.5 of approximately 70% since

1981.6 However, remote sensing data

offer evidence that areas with the high-

est air pollution exposures in 1981

remain the most polluted areas more

than 30 years later.6 Moreover, mod-

eled estimates from EPA emissions

inventories show that Black and His-

panic/Latinx people experience higher

exposures than White people.7 These

findings provide a rationale for moni-

toring systems that track not only pollu-

tion exposures but also disparities in

these exposures.
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Existing EPA data provide accurate

information on air pollution exposures

but are subject to limitations related to

data coverage over space and time. In

Chicago, Illinois, a city of 600 square

kilometers, the EPA maintains 4 sta-

tions monitoring PM2.5. Real-time

hourly estimates of PM2.5 from moni-

tors at 2 of these stations are available

through the public AirNow tool,8 which

provides estimates of regional-level

exposures; however, the data are too

spatially sparse to allow inferences

about more granular levels of expo-

sure, which is a problem given that

evidence from mobile monitoring cam-

paigns shows air quality can vary signif-

icantly between neighborhoods and

city blocks.9 Alternatively, the EPA does

provide a “downscaler model” of PM2.5

estimates at the census tract level,10

but the model cannot be used to track

real-time exposures because the most

recent data are from 2018.

Dense city-wide networks of low-cost

sensors could complement existing

regulatory networks, enabling routine

real-time monitoring of spatial varia-

tions in environmental exposures. To

date, however, cities in the United

States have largely not designed and

implemented their own dense sensing

networks (with a few exceptions such

as New York City11). Instead, cities

monitoring air quality at “hyperlocal”

levels rely on data from crowdsourced

and mobile monitoring initiatives,

approaches subject to limitations.

Crowdsourced networks are poorly

suited to monitoring disparities as a

result of systematic biases in sensor

locations; for example, commonly used

PurpleAir sensors are more likely to be

located in White areas and areas of

high socioeconomic status than in

areas with environmental justice

concerns.12,13

Mobile monitoring campaigns, for

which research-grade sensors are

placed on moving vehicles, offer both

city-wide coverage and insights on spa-

tial variation9; if the vehicle fleet is small,

however, this approach cannot com-

pare multiple places at the same time

or provide real-time insights for the city

as a whole. Running larger campaigns

would be prohibitively time and labor

intensive for an urban public health

department. Other common approaches

(e.g., estimating PM2.5 levels from satellite

imagery, emissions inventories, or

sophisticated chemical transport

models) are subject to model-related

uncertainties and would benefit from

training and validation with additional

data collected across diverse neighbor-

hoods.5 There is thus an opportunity

for dense real-time monitoring to com-

plement existing regulatory networks

for the specific purpose of monitoring

disparities in exposures.

In this study, we deployed a low-cost

sensor network built to monitor racial/

ethnic and economic inequities in air

pollution exposures. We conducted our

research in the city of Chicago, building

on previous efforts to document

heightened exposures in environmen-

tal justice neighborhoods14,15 as well

as evidence that heightened air pollu-

tion exposures and social vulnerabilities

are clustered on the south and west

sides of the city.16 We evaluated data

from July 2021 given that July historically

has higher PM2.5 readings in compari-

son with other months.17 In addition,

there were 2 air pollution episodes in

July 2021: on July 4, an expected pollu-

tion episode contributed to large but

short-term increases in PM2.5, and on

July 23, an unexpected pollution event

that corresponded to wildfires similarly

contributed to heightened PM2.5 levels

over a short period of time. We examined

spatial clustering in PM2.5 in relation to

the spatial clustering of sociodemo-

graphic variables; we further evaluated

relationships between neighborhood-

level sociodemographic composition

and PM2.5.

METHODS

Chicago is a diverse city characterized

by roughly equal thirds of White, Black,

and Hispanic/Latinx populations. Chi-

cago is also one of the most segregated

cities in the United States and has seen

concerns regarding structural racism as

a fundamental cause of inequitable pol-

lution burdens.16

Air Pollution

Network design. Our work relied on air

pollution data from a novel network of

115 sensors located on bus shelters

across Chicago. We deployed the net-

work during the summer of 2021 in col-

laboration with the city of Chicago, the

academic Array of Things initiative, and

JCDecaux Chicago, the local affiliate of

JCDecaux SA—the world’s largest out-

door advertising company—which

installed sensing devices on the city’s

bus shelters. We also collaborated with

the Environmental Law and Policy

Center to support neighborhood envi-

ronmental justice organizations in

reviewing the network design.

The network was designed with the

aim of monitoring local inequities in air

pollution exposures. For 80 devices, we

selected sites using a stratified random

sampling design based on the approach

of the New York City Community Air

Survey.11 Of the remaining devices,

26 were allocated to sites selected by

community partners, and 9 were sited

across 3 EPA regulatory monitoring
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stations (3 per station). Additional

details on the network design can be

found in Appendix A (available as a sup-

plement to the online version of this

article at http://www.ajph.org). In this

analysis, we used only sites allocated

through stratified random sampling.

Eclipse device. We designed devices

used in the network to provide real-

time measurements of air pollution in

an urban setting (for full details on the

hardware, see Daepp et al.18). Each

device included a Sensirion SPS30 sen-

sor, which collected PM2.5 readings

every 5 minutes, as well as sensors for

relative humidity, barometric pressure,

and temperature. Further details on

the Sensirion SPS30 are provided in

Appendix A. In addition, details on our

calibration function to improve sensor

accuracy to levels consistent with EPA

recommendations for low-cost sensors

are provided in Appendix B (available as

a supplement to the online version of

this article at http://www.ajph.org). Of

note, daily average sensor values were

highly correlated with daily averages

from regulatory monitors surrounding

Chicago (for details, see Appendix B and

Appendix C, Figure C1, available as a

supplement to the online version of this

article at http://www.ajph.org).

Data cleaning and processing. From

July 2 to July 31, we obtained 568156

5-minute readings from 78 sensors.

Following Lu et al., we implemented a

4-step quality control procedure.19 First,

we removed sensor data that were

deemed as malfunctioning, determined

according to a moving 5-hour standard

deviation of 0 (0% of readings). Second,

we removed implausible readings by

excluding values of 0 and values above

the measurement range of 1000 micro-

grams per cubic meter per manufacturer

specifications (0.003%). Third, using a

75% completeness criterion, we

removed readings from hours with less

than 9 (of 12) 5-minute measures and

from days with less than 18 (of 24) hours

of data (1.86%). Finally, as a secondary

check for malfunctioning devices, we

assessed the extent to which sensor

readings were consistent with readings

from neighboring sensors.

In addition, we performed a linear

regression of daily average readings for

a given index sensor and its neighbors

within a 5-kilometer radius and removed

all readings from the index sensor if the

R2 value was less than 0.6 (0.01% of

readings, affecting only a single sensor).

With these criteria, 557457 (98.1%) of

the original 5-minute readings remained.

Daily average PM2.5 values were cal-

culated for each sensor by initially aver-

aging 5-minute readings for each hour

within a specified day (up to 24 hours),

calibrating hourly data, and then aggre-

gating those hourly averages for each

specified day. With the exclusion crite-

ria, 77 sensors remained. Preliminary

analyses assessing spatial clustering in

the set of device days excluded sug-

gested no substantial clustering

(Appendix C, Figure C2, available as a

supplement to the online version of

this article at http://www.ajph.org).

Spatial interpolation. We used inverse

distance weighting (IDW) to estimate

PM2.5 across 77 community areas for

the entire study period and during 2 air

pollution episodes (July 4, consistent

with excess air pollution caused by fire-

works,20 and July 23, consistent with

nationwide increases in air pollution

caused by wildfires on the west coast21).

Chicago is divided into 77 community

areas covering an average of 7.8 square

kilometers. These community areas

have historically been used for planning

and statistical purposes and remain

largely consistent with residents’ con-

temporary perceptions of neighbor-

hood boundaries.22

IDW interpolation allowed us to pre-

dict PM2.5 values across unknown points

(i.e., reference points) on the basis of

nearby points where PM2.5 is known

(i.e., monitoring points). The approach

assigns values to reference points

through a weighted average of the val-

ues at monitoring points; monitoring

points closest to a given reference point

have larger weights than monitoring

points further away. Weights are

defined by the inverse of the distance

between each reference point and mon-

itoring point and then raised to an arbi-

trary power that we set equal to 2 (i.e.,

the square of the inverse distance), a

value supported by both empirical cross

validation and previous literature.23

We used IDW to create smoothed

maps (rasters) of averaged estimated

PM2.5 at a grid cell resolution of 1003

100 meters. We then aggregated these

grid cells to compute community

area–level averages such that a grid cell

belonged to a given community area if

its centroid fell inside of it. We further

evaluated the robustness of our results

to the use of a different interpolation

approach, ordinary kriging; the 2

approaches produced similar

neighborhood-level estimates (Spear-

man’s ρ50.86), and thus we used the

IDW approach because of its interpret-

ability and consistency with theoretical

models of air pollution spread23 and its

widespread usage both in academic

research23,24 and by the EPA.25

Sociodemographic
Composition Variables

We used sociodemographic data from

the 2015 to 2019 American Community
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Survey26 to measure racial/ethnic com-

position and the percentage of house-

holds below poverty. Regarding racial/

ethnic composition, we focused on per-

centages of non-Hispanic Black and

Hispanic/Latinx residents because

these are the 2 largest racial/ethnic

minority groups in Chicago, accounting

for 29.1% and 28.7% of the city’s popu-

lation, respectively. Census tract–level

measures were aggregated to commu-

nity areas such that a census tract

belonged to a given community area if

its centroid fell inside of it.

Statistical Analysis

Initially, we computed descriptive statis-

tics for each outcome (interpolated

PM2.5 values for July 2–31, July 4, and

July 23) and composition variable. We

also assessed the degree of spatial

autocorrelation for each variable by cal-

culating global Moran’s I statistics. Mor-

an’s I values range from21 to 1; values

near 0 indicate no autocorrelation (i.e.,

randomness), positive values indicate

clustering, and negative values indicate

dispersion. We then mapped the distri-

bution of PM2.5 and each composition

variable at the community area level.

In addition, we assessed bivariate

relationships between tract-level com-

position variables and PM2.5 using

Spearman correlation coefficients.

To model the relationship between

sociodemographic composition and

PM2.5, we created linear regression

models adjusting for each socioeco-

nomic composition measure over the

entire study period and separately for

the July 4 and July 23 air pollution epi-

sodes. We adjusted for all 3 measures

to avoid overestimating the effects of

any single variable. Because air pollu-

tion is spatially patterned, violating

the linear regression assumption of

independence,27 we also fit a series of

spatial lag models to account for spatial

dependence.

Spatial lag models are similar to linear

regression models, but they include in

addition a lagged dependent variable

reflecting the weighted average of PM2.5

values across neighboring community

areas. The coefficient associated with

this lagged variable (ρ) quantifies the

strength of spatial dependence. If ρ is

greater than 0, this indicates that PM2.5

values are positively related to those of

neighboring community areas; a nega-

tive value indicates the inverse. A value

of 0 indicates no dependence and ren-

ders the equation equivalent to a linear

model.28 Spatial lag models, relative to

other spatial regression models such as

spatial error models, are often used

when researchers believe that spatial

autocorrelation is caused by an underly-

ing substantive process.28,29 In the case

of air pollution, we theorized that indus-

trial zoning and related planning poli-

cies that resulted in clusters of pollution

sources were ultimately caused by dis-

tal, structural processes of discrimina-

tion and residential segregation.30

To evaluate the presence of autocor-

relation in our regression models, we

calculated Moran’s I values for residuals

using first-order queen contiguity-

based weights. Models incorporating

queen contiguity-based weights yielded

lower Akaike information criterion (AIC)

values than preliminary models

employing (1) rook contiguity-based

weights and (2) the minimum distance

for all community areas to have at least

1 neighbor and were thus chosen for

our analysis. Pseudo P values for Mor-

an’s I statistics were generated via a

Monte Carlo simulation of 999 random

replications. We considered autocorre-

lation to be present if pseudo P values

were less than .05.

We used R version 4.1.0 (R Founda-

tion for Statistical Computing, Vienna,

Austria) in conducting our analyses; we

used the gstat package to perform IDW

and the spdep package to generate spa-

tial lag models. All models were fit with

community area–level data; as a sensi-

tivity analysis addressing concerns

regarding the modifiable areal unit

problem, we replicated our main analy-

ses at the census tract level.

RESULTS

Table 1 summarizes descriptive statis-

tics across the 77 community areas.

The average level of interpolated PM2.5

TABLE 1— Descriptive Statistics of Variables Across 77
Community Areas: Chicago IL, July 2–31, 2021

Mean (SD) Range

Interpolated PM2.5 (mg/m3)

July 2–31 13.2 (0.7) 11.3–14.6

July 4 14.2 (1.5) 10.6–17.3

July 23 26.6 (1.0) 24.1–28.3

Percentage

Black 38.1 (39.1) 0.4–96.5

Hispanic/Latinx 26.0 (26.9) 0.1–89.2

Households below poverty 19.6 (10.9) 3.5–53.9

Eclipse devices, no. 1.0 (0.9) 0.0–4.0

Note. PM2.55particulate matter ≤2.5 µm in diameter.
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during the study period was 13.16 µg/m3

(range511.3–14.6 µg/m3). Average

interpolated PM2.5 levels were slightly

elevated on July 4 (14.2 µg/m3; range5

10.6–17.3 µg/m3) and doubled on July 23

(26.6 µg/m3; range524.1–28.3 µg/m3).

The network design resulted in an aver-

age of 1 sensor allocated to each com-

munity area (range50–4).

The average community area was

composed of 38.1% Black residents

(range50.4%–96.5%) and 26.0% His-

panic/Latinx residents, with an average

of 19.6% of households below poverty

(range53.5%–53.6%). Consistent with

known racial and economic segregation

patterns in Chicago, as shown in

Appendix C, Figure C3 (available as a

supplement to the online version of

this article at http://www.ajph.org),

Black residents were clustered in areas

on the west and south sides (Moran’s

I50.71; P5 .001); Hispanic/Latinx resi-

dents were clustered in areas on the

northwest, southwest, and south sides

(Moran’s I50.63; P5 .001); and the

percentage of households below pov-

erty was generally larger along the

outer edge of the city (Moran’s I50.51;

P5 .001).

Figure 1 illustrates the spatial distri-

bution of interpolated PM2.5 values

during the entire study period and for

each air pollution episode. Interpolated

values of PM2.5 displayed substantial

spatial clustering, indicated by large

Moran’s I values (overall: 0.74; July 4:

0.81; July 23: 0.66; all pseudo

Ps5 .001). Notably, higher PM2.5 levels

appeared to cluster primarily along the

west side during the study period over-

all and the July 23 pollution episode,

whereas higher levels appeared to clus-

ter along the south side during the July

4 pollution episode.

We provide aspatial Spearman cor-

relation coefficients in Appendix D,

Table D1 (available as a supplement to

a b c

11.32–12.77
12.77–13.21
13.21–13.62
13.62–14.60

Predicted PM2.5 (quartiles)

9.32–12.31
12.31–13.34
13.34–14.22
14.22–16.31

10.64–13.18
13.18–14.25
14.25–14.97
14.97–17.32

24.10–26.08
26.08–26.69
26.69–27.28
27.28–28.30

17.71–21.88
21.88–26.06
26.06–30.23
30.23–34.41
Missing

7.93–12.65
12.65–13.84
13.84–15.93
15.93–20.16
Missing

Average PM2.5 (quartiles) Average PM2.5 (quartiles) Average PM2.5 (quartiles)

Predicted PM2.5 (quartiles)Predicted PM2.5 (quartiles)

FIGURE 1— Inverse Distance Weighted Predicted PM2.5 Levels Summarized to Community Areas and Average Values
From Project Eclipse Sensors in Chicago, IL: (a) July 2–31, 2021; (b) July 4, 2021; and (c) July 23, 2021

Notes. PM2.55 fine particulate matter ≤2.5 µg/m3. There were 77 community areas and 77 sensors. Moran’s I50.74, 0.81, and 0.66 for parts a, b, and c,
respectively.
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the online version of this article at

http://www.ajph.org), and focus the

remainder of our results on regression

models. Specifically, we focus on

adjusted spatial lag models, as Moran’s I

values were reduced to nearly 0 and

pseudo P values were all above .05, indi-

cating that spatial models sufficiently

removed spatial autocorrelation; further-

more, these models achieved better fits

than corresponding linear regression

models. For the period from July 2 to July

31, Table 2 shows substantial evidence

of a positive relationship between His-

panic/Latinx residential composition and

PM2.5 (B50.47; 95% confidence interval

[CI]5 0.10, 0.84). Relationships between

Black residential composition and per-

centage of households below poverty

were also positive but marked with

imprecision.

During the July 4 episode, the

adjusted spatial model suggested posi-

tive, substantial relationships between

PM2.5 and both Black residential com-

position (B51.13; 95% CI50.44, 1.82)

and Hispanic/Latinx residential compo-

sition (B50.67; 95% CI50.01, 1.33).

The relationship between percentage

of households below poverty and PM2.5

was positive but marked with impreci-

sion once again. Finally, during the July

23 episode, the adjusted spatial model

showed that all sociodemographic

composition variables had a positive

relationship with PM2.5 but were

marked with imprecision.

Sensitivity analyses in which census

tracts were used yielded results similar

TABLE 2— Adjusted Models of Sociodemographic Composition on PM2.5 Across 77 Community Areas:
Chicago, IL, July 2–31, 2021

Linear Model Spatial Lag Model

July 2–31

% Black, B (95% CI) 0.55 (20.09, 1.18) 0.12 (20.21, 0.45)

% Latinx, B (95% CI) 1.61 (0.93, 2.30) 0.47 (0.10, 0.84)

% of households below poverty, B (95% CI) 1.13 (20.74, 2.99) 0.79 (20.15, 1.74)

ρ, B (95% CI) … 0.85 (0.75, 0.95)

Moran’s I (P) 0.63 (.001) 0.01 (.33a)

AIC 148.63 70.65

Log likelihood (df) 269.32 (5) 229.32 (6)

R2 0.29 0.75b

July 4

% Black, B (95% CI) 3.69 (2.73, 4.66) 1.13 (0.44, 1.82)

% Latinx, B (95% CI) 2.65 (1.61, 3.69) 0.67 (0.01, 1.33)

% of households below poverty, B (95% CI) 20.14 (22.98, 2.70) 0.24 (21.46, 1.95)

ρ, B (95% CI) … 0.76 (0.63, 0.88)

Moran’s I (P) 0.39 (.001) 0.01 (.4a)

AIC 213.47 155.76

Log likelihood (df) 2101.74 (5) 271.88 (6)

R2 0.61 0.82b

July 23

% Black, B (95% CI) 0.17 (20.82, 1.15) 0.13 (20.42, 0.67)

% Latinx, B (95% CI) 1.20 (0.14, 2.27) 0.35 (20.24, 0.94)

% of households below poverty, B (95% CI) 1.61 (21.30, 4.51) 0.41 (21.18, 1.99)

ρ, B (95% CI) … 0.86 (0.75, 0.96)

Moran’s I (P) 0.61 (.001) 0.09 (.1a)

AIC 217.19 150.45

Log likelihood (df) 2103.60 (5) 269.22 (6)

R2 0.10 0.63b

Note. AIC5Akaike information criterion; CI5 confidence interval; PM2.55particulate matter ≤2.5 mm in diameter. The sample size was 77.
aPseudo P value.
bNagelkerke pseudo R2 value.
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to those of our main analyses at the

community area level, albeit with in-

creased precision and substantial auto-

correlation in adjusted spatial lag models

(Appendix D, Table D2, available as a

supplement to the online version of this

article at http://www.ajph.org).

DISCUSSION

In this study, we examined differences

in sociodemographic disparities in

PM2.5 across long-term monitoring

periods versus during short-term air

pollution episodes. We have provided

evidence of spatial variation across

neighborhoods in levels of PM2.5 both

across the study period and during

specific high-pollution episodes charac-

terized by social events (July 4) and

wildfires (July 23). Exposures were sub-

stantially higher in areas with larger

compositions of Hispanic/Latinx resi-

dents across the entire study period

and substantially higher in areas with

larger compositions of Hispanic/Latinx

and Black residents during the July 4

episode. No sociodemographic compo-

sition variable was associated with

PM2.5 during the July 23 episode. Our

results demonstrate the effectiveness

of a city-wide, real-time sensing net-

work for measuring ongoing and epi-

sodic neighborhood-level disparities in

poor air exposures.

Evidence of heightened PM2.5 in

areas with relatively more Hispanic/Lat-

inx and Black residents is consistent

with literature documenting racial and

ethnic disparities in PM2.5
31 as well as

studies linking racial residential segre-

gation to environmental disparities.30,32

Our study adds to this body of litera-

ture in 2 key ways. First, we demon-

strated differences in the groups

affected in short-term episodes versus

over longer time periods. Although

neighborhoods with larger proportions

of Hispanic/Latinx residents appeared

to have the largest PM2.5 burden over-

all, July 4 may be an especially harmful

pollution event disproportionately

affecting areas with larger proportions

of Black residents. These results point

to the need for more targeted interven-

tions that consider both spatial and

temporal contexts. Although similar

findings might be obtained by down-

scaling models that combine regulatory

monitoring data with chemical trans-

port models or satellite data, a particu-

lar benefit of a real-time monitoring

approach is its potential to make find-

ings available to policymakers immedi-

ately after or even during a pollution

episode, supporting mitigation efforts.

Second, our work offers evidence

that city-wide high-pollution events

such as the wildfire-related episode on

July 23 may result in minimal variations

across sociodemographic composition,

making dense, real-time monitoring

particularly beneficial if such events

obscure disparities occurring during

more typical PM2.5 exposure days.

Limitations

Our study is subject to several key limi-

tations. First, logistical delays in sensor

deployment resulted in missing data

over space and time. Of the 80 sensors

intended for analysis in this study, 3

could not be deployed until the end of

July; a slow rollout over the first week of

monitoring as well as occasional inter-

mittent sensor failures further limited

the sample size to 59 sensors on July 4

and 71 on July 23. However, the data

collected were robust against data

quality issues, as our quality control

procedure identified issues with less

than 2% of the 5-minute readings col-

lected and no spatial clustering was

detected in the fraction of missing

device days.

Second, low-cost sensors can exhibit

low accuracy for regulatory purposes.

We sought to address this limitation

through calibration and focusing on the

comparison of trends over time and of

sensors with each other; however,

exact estimates should be treated with

caution because the results may have

been affected by systematic sensor

error. Our network thus cannot substi-

tute for regulatory networks; rather, as

a complement to sparse regulatory

monitors, our approach can help priori-

tize monitoring and mitigation of dis-

parities in air pollution. We were also

able to reduce random error by aggre-

gating data to daily average values;

however, this methodological decision

limited our ability to take advantage of

the high temporal resolution of the

sensor readings.

Third, the generalizability of our

results may be limited by our siting of

sensors at bus shelters. However, there

were also benefits to the use of bus

shelters; all devices were placed in simi-

lar contexts and at a consistent height,

and, because technicians regularly visit

these bus shelters, the siting approach

facilitated maintenance that mitigated

data loss.18 Moreover, bus shelters rep-

resent locations where people congre-

gate and—importantly—breathe. Also,

our analyses were limited to July 2021

and may not generalize to other

months; however, our work does pro-

vide a framework for extending such a

monitoring network over longer

periods.

Finally, land use regression models

could offer increased precision relative

to IDW in estimating hyperlocal varia-

tions in PM2.5. However, these models

incorporate temporally invariant covari-

ates (e.g., physical geography) that
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would smooth out key real-time fluctu-

ations. A lack of ground-truth data

beyond what the 4 EPA sites capture

further limited our ability to validate

our models.

Policy Implications

We have described the development of

a dense, real-time sensor network that

enables characterization of spatial var-

iations in PM2.5 at the neighborhood

scale. Examining a period characterized

by multiple short-term air pollution epi-

sodes, we showed persistent inequities

throughout the study period as well as

important variations in the groups

most affected by different short-term

events. It follows that interventions

seeking to address inequities in air pol-

lution exposures may need to contend

with how inequities vary across time

and specific pollution events. Our

results show how low-cost sensors can

be used in a large, urban setting for

monitoring environmental inequities,

offering an approach that can be repro-

duced by public health departments in

other cities seeking to promote envi-

ronmental justice.
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Living Alone and Suicide Risk in the
United States, 2008–2019
Mark Olfson, MD, MPH, Candace M. Cosgrove, MPH, Sean F. Altekruse, DVM, PhD, MPH, Melanie M. Wall, PhD, and
Carlos Blanco, MD, PhD

See also Shaw, p. 1699 and Nestadt, p. 1702.

Objectives. To evaluate the association between living alone and suicide and how it varies across

sociodemographic characteristics.

Methods. A nationally representative sample of adults from the 2008 American Community Survey

(n53310000) was followed through 2019 for mortality. Cox models estimated hazard ratios of suicide

across living arrangements (living alone or with others) at the time of the survey. Total and

sociodemographically stratified models compared hazards of suicide of people living alone to people

living with others.

Results. Annual suicide rates per 100000 person-years were 23.0 among adults living alone and 13.2

among adults living with others. The age-, sex-, and race/ethnicity-adjusted hazard ratio of suicide for

living alone was 1.75 (95% confidence interval51.64, 1.87). Adjusted hazards of suicide associated with

living alone varied across sociodemographic groups and were highest for adults with 4-year college

degrees and annual incomes greater than $125000 and lowest for Black individuals.

Conclusions. Living alone is a risk marker for suicide with the strongest associations for adults with the

highest levels of income and education. Because these associations were not controlled for psychiatric

disorders, they should be interpreted as noncausal. (Am J Public Health. 2022;112(12):1774–1782. https://

doi.org/10.2105/AJPH.2022.307080)

Between 1960 and 2021, the per-

centage of single-person house-

holds in the United States increased

from 13% to 28%.1 One-person house-

holds also account for more than a

quarter of all households in many

other high-income countries including

France, England, Germany, Canada,

Spain, and Japan.2 In light of the sub-

stantial number and rising proportion

of adults who live alone, there is inter-

est in understanding whether and to

what extent living alone is associated

with adverse health outcomes.

Several general population cohort

studies have reported that living alone

is connected with increased risk of

all-cause mortality. In one review, the

average increased risk of all-cause mor-

tality for living alone (32%) was similar

to the corresponding risks for social

isolation (29%) and loneliness (26%).3

A recent meta-analysis reported that

living alone is associated with increased

risk of all-cause mortality for individuals

aged younger than 65 years and may

be more pronounced for males than

females.4 Informed by social and psy-

chological theories linking social isola-

tion to suicide risk,5 several studies

have specifically probed relationships

between living alone and risk of suicide.

Cohort studies of various high-risk

populations including adults following

nonfatal suicide attempts,6 people

with disabilities attributable to mental

disorders,7 adults with bipolar disor-

der,8 and people hospitalized for

depression9 have all reported signifi-

cant positive associations between liv-

ing alone and suicide risk.

In general population samples, living

alone has also been reported to be

associated with increased risk of sui-

cide. A German population-based

cohort study reported that living alone

was associated with increased risk of

suicide (hazard ratio [HR]52.2) similar

in magnitude to depressed mood

(HR52.0).10 A large Finnish general

population cohort study further

reported that living alone was associ-

ated with increased relative suicide

mortality rates for men and women
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who were working age (30–64 years)

and older (≥65 years).11 A recent UK

Biobank study, however, found that

living alone was associated with an

increased risk of suicide in men but

not women.12 A study of older Korean

adults that controlled for a wide range

of sociodemographic, health, and behav-

ioral health factors similarly found that liv-

ing alone was related to suicidal ideation

for men but not women.13 Some14,15 but

not all16 case–control studies have also

reported significant associations between

living alone and death by suicide.

Because of sample size limitations of

previous research, little is known about

whether and how the risk of suicide

associated with living alone varies across

sociodemographic groups beyond the

apparent stronger association for men

than women. The multiple pathways to

living alone, which include relationship

dissolution, death of a partner, and deci-

sions not to enter into a cohabitation

partnership, contribute to the heteroge-

neity of this population, and the mental

health consequences of living alone

could vary across this diverse group.

To better understand the association

between living alone and suicide, we fol-

lowed respondents to the 2008 Ameri-

can Community Survey (ACS) who were

either living alone or with others for their

risk of death by suicide. Stratified analy-

ses assessed whether living alone varied

as a risk marker for suicide across socio-

demographic groups. Because the ACS

does not include measures of common

shared causes of living alone and suicide,

such as mental health problems17,18

and substance misuse,19,20 we consider

these associations as noncausal.

Increasing our understanding of the

strength and pattern of associations

between living alone and suicide might

inform risk assessment and future epide-

miological research to evaluate the con-

tribution of living alone to suicide risk.

METHODS

The study cohort was defined from the

Mortality Disparities in American Com-

munities21,22 sample that links 2008 ACS

data to National Death Index underlying

cause of death certificate records from

2008 to 2019 (n53452000) after exclu-

sion of people for whom National Death

Index linkage was not possible because

social security numbers, names, and

date of birth were unavailable. The com-

plex sampling frame of the ACS was

designed to approximate US population

estimates by age, sex, race/ethnicity,

and state of residence. Sampling weights

were applied to account for variable sam-

pling within demographic subgroups.

We analyzed respondents aged

18 years or older at the ACS interview,

excluding those living in group quarters

(n5142000) such as college dormito-

ries, residential treatment centers, skilled

nursing facilities, group homes, military

barracks, or correctional facilities.

Living Alone

The number of persons in a household

was defined as everyone currently living

or staying at a sampled address, except

those who have been or will be living

at the address for 2 months or less.

The study cohort was partitioned into

2 groups on the basis of their reported

living circumstances: (1) adults living alone

or (2) adults livingwith others including

family and nonfamily. The living-alone

variable wasmeasured once in 2008.

Sociodemographics and
Functional Disabilities

Respondent characteristics were col-

lected at the time of the ACS survey. Soci-

odemographic characteristics included

age in years, sex, race/ethnicity, marital

status, employment during past week,

highest level of educational attainment,

household annual income from all sour-

ces, urban (77%) or rural (23%) resi-

dence as defined by the Census,23

whether the respondent was a renter

or owner, and residential stability based

on how long the respondent had lived

at their current residence (<5 years,

5–10 years, > 10 years).

Respondents were also asked about

6 areas of serious difficulties including

hearing; vision; concentrating, remem-

bering, or making decisions; walking or

climbing stairs; dressing or bathing;

and independent living. Respondents

who indicated 1 or more of these diffi-

culties were coded as having “any func-

tional disability.”

Outcome

National Death Index data indicated

whether each Mortality Disparities in

American Communities participant had

died over the 11-year follow-up period

from their ACS survey date. The out-

come of primary interest was suicide

(International Classification of Diseases

and Related Health Problems, 10th Revi-

sion, Clinical Modification [ICD-10-CM;

Second edition; Geneva, Switzerland:

World Health Organization; 2004]

codes X60–X84, Y87.0, U03)24 as the

underlying cause of death.

Statistical Analysis

The analysis was performed in 3 stages.

In the first stage, we used the x2 differ-

ence in proportion test to compare the

sociodemographic characteristics of

adults who lived alone versus with others.

In the second stage, we determined sui-

cide rates per 100000 person-years with

95% confidence intervals (CIs). We also

examined whether each
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sociodemographic characteristic moder-

ated the strength of living alone as a risk

marker for suicide. Because living alone25

and suicide26 both vary by age, sex, and

race/ethnicity, we also treated these

demographic characteristics as potential

background confounders. Therefore, we

used Cox proportional hazards models,

adjusted for age, sex, and race/ethnicity,

to estimate adjusted hazard ratios (AHRs)

of suicide with living alone as the inde-

pendent variable of interest and living

with others as the reference group.

We measured event time continu-

ously from the date of baseline survey

administration until the date of suicide

death, date of death from all causes

other than suicide (censoring event), or

December 31, 2019, for those who did

not die (censoring event), whichever

came first. A survival plot was gener-

ated to display cumulative suicide risks

for respondents living alone and with

others. In separate models, we entered

interaction terms (e.g., age group3

living situation) to test whether the

effects of living situation on hazards

of suicide differed across levels of the

sociodemographic variables. Separate

analyses partitioned suicide deaths

by means into poisoning (ICD-10-CM:

X60–X69), firearms (X72–X74), suffoca-

tion (X70), and other (X71, X75–X84,

Y87.0, U03).

In a sensitivity analysis, we limited

follow-up to 1 year from ACS comple-

tion. In a second sensitivity analysis, we

broadened the definition of mortality

outcome to include suicide (ICD-10-CM:

X60–X84, Y87.0, U03) or injuries of

undetermined intent (Y10–Y34, Y87.2).

We considered rates and AHRs with

nonoverlapping 95% CIs or P value

less than .05 to significantly differ.

We conducted analyses in SAS version

9.4 (SAS Institute, Cary, NC). We weighted

individual-level observations to account

for nonequal probability of selection into

ACS and to increase generalizability of

the findings to the US adult population.

Reporting followed the disclosure guide-

lines of the Census Bureau’s Disclosure

Review Board.

RESULTS

Approximately 14.5% of the sample,

including 16.3% of women and 12.6%

of men, lived alone at the time of the

survey. As compared with people who

lived with others, those who lived alone

were significantly older and were more

likely to be female, to have White or Black

race/ethnicity, to have a low income, to

reside in more urban rather than the

most rural areas, to rent rather than

own their residence, and to have a func-

tional disability. However, people who

lived alone were less likely than those

who lived with others to be employed

or to be currently married (Table 1).

Overall and Stratified Risk
of Suicide

The overall annual rate of suicide per

100000 person-years was nearly twice

as high among people who lived alone

compared with people living with others

(23.0 vs 13.2; Table 2). Group differences

in the cumulative risk of suicide during

follow-up are displayed in Figure 1 (Wald

x25268.3; P< .001). After we controlled

for the potentially confounding effects of

age, sex, and race/ethnicity, living alone

was also associated with nearly 2-fold

increased hazards of suicide in the total

sample (AHR51.75; 95% CI51.64,

1.87). Across most strata examined,

adults who lived alone had significantly

higher hazards of suicide than people

who lived with others. The 2 strongest

associations of living alone with suicide

risk were among adults with a bachelor’s

degree or higher education (AHR52.25;

95% CI51.97, 2.56) and among adults

with annual incomes of more than

$125000 (AHR5 2.22; 95% CI51.64,

3.00) while the 2 weakest corresponding

associations were among non-Hispanic

Black adults (AHR50.92; 95% CI50.63,

1.33) and among adults aged 18 to 39

years (AHR51.23; 95% CI51.07, 1.41).

We observed significant variations in

the adjusted hazards of suicide risk by

age group, sex, race/ethnicity, educa-

tion, income, and functional disability

status (Table 2). Specifically, the associ-

ation between living alone and suicide

was significantly stronger for older

(AHR51.97; 95% CI51.68, 2.31) than

younger (AHR51.23; 95% CI51.07,

1.41) adults, men (AHR51.82; 95%

CI51.69, 1.97) than women (AHR51.69;

95% CI51.45, 1.97), non-Hispanic White

(AHR5 1.79; 95% CI51.67, 1.93) than

non-Hispanic Black (AHR50.92; 95%

CI50.63, 1.33) individuals, and people

with a bachelor’s degree or higher edu-

cation (AHR52.25; 95% CI51.97, 2.56)

than for those whose with less than a

high-school education (AHR5 1.77; 95%

CI51.46, 2.16).

The association between living alone

and suicide hazards was also stronger

for people whose annual incomes

exceeded $125000 (AHR52.22; 95%

CI51.64, 3.00) than for those with

incomes below $40000 (AHR51.38;

95% CI51.26,1.52). In addition, living

alone was associated with significantly

greater hazards of suicide for people

living without functional disabilities

(AHR51.77; 95% CI51.64, 1.91) than

for those living with these disabilities

(AHR51.49; 95% CI51.31, 1.71) as

was the associations with owners

(AHR51.83; 95% CI51.67, 2.00) than

renters (AHR51.56; 95% CI5 1.40,

1.74). In sex-stratified analyses, there

were several similarities between the
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associations among men and women

(Tables A and B, available as supple-

ments to the online version of this arti-

cle at https://ajph.org). Among Hispanic

adults, however, there was a significant

association between living alone and

suicide for men (AHR52.51; 95%

CI51.84, 3.43) but not for women

(AHR51.00; 95% CI50.36, 2.76).

In an analysis limited to 1-year

follow-up after ACS completion, living

alone was associated with increased

hazards of suicide (AHR51.68; 95%

CI51.39, 2.03; Table C, available as a

supplement to the online version of

this article at https://ajph.org) that were

similar to the increase after the 11-year

follow-up (AHR51.75; 95% CI5 1.64, 1.

87; Table 2).

Risk of Suicide by
Different Means

The adjusted hazards of suicide of living

alone compared with living with others

were higher for suicide by poisoning

(AHR52.29; 95% CI51.97, 2.68) than

by firearms (AHR51.69; 95% CI51.54,

1.85), suffocation (AHR51.52, 95%

CI51.29, 1.78), or other means (AHR5

1.75; 95% CI51.64, 1.88; Table D, avail-

able as a supplement to the online ver-

sion of this article at https://ajph.org).

Risk of Undetermined
Intent Deaths

Broadening the outcome to suicide or

undetermined intent injury deaths

yielded rates per 100000 person-years

of 25.3 for adults living alone and 14.7

for adults living with others with an AHR

of 1.74 (95% CI51.63, 1.85; Table E,

available as a supplement to the online

version of this article at https://ajph.org).

The pattern of results with this broader

TABLE 1— Sociodemographic Characteristics of Adults Who Live
Alone or With Others: Mortality Disparities in American
Communities, United States, 2008

Characteristic
Adults Living Alone

(n=480000), % (95% CI)a
Adults Living With Others
(n=2830000), % (95% CI)a

Age, y�

18–39 22.9 (22.7, 23.0) 41.8 (41.7, 41.9)

40–64 43.4 (43.2, 43.5) 44.4 (44.4, 44.5)

≥65 33.8 (33.6, 34.0) 13.8 (13.7, 13.8)

Sex�

Male 44.2 (44.0, 44.3) 49.0 (48.9, 49.1)

Female 55.8 (55.7, 56.0) 51.0 (50.9, 51.1)

Race/ethnicity

Non-Hispanic White 74.9 (74.8, 75.1) 67.8 (67.7, 67.9)

Non-Hispanic Black 13.6 (13.5, 13.8) 10.8 (10.8, 10.9)

Hispanic 7.1 (7.0, 7.2) 14.6 (14.5, 14.6)

Other 4.4 (4.3, 4.5) 6.8 (6.8, 6.8)

Marital status�

Married 4.1 (4.0, 4.2) 62.4 (62.3, 62.4)

Separated/divorced 35.0 (34.8, 35.1) 10.0 (9.9, 10.0)

Widowed 25.6 (25.5, 25.8) 3.1 (3.0, 3.1)

Never married 35.3 (35.2, 35.5) 24.6 (24.5, 24.7)

Employment�

Employed 55.7 (55.6, 55.9) 66.4 (66.3, 66.5)

Not employed, < 65 y 14.9 (14.8, 15.0) 22.1 (22.1, 22.2)

Not employed, ≥65 y 29.4 (29.2, 29.5) 11.5 (11.4, 11.5)

Education�

Less than high school 14.5 (14.3, 14.6) 15.0 (14.9, 15.0)

High school/GED 27.5 (27.4, 27.7) 28.7 (28.7, 28.8)

Some college/associate
degree

29.3 (29.2, 29.5) 30.8 (30.7, 30.8)

Bachelor’s degree or higher 28.7 (28.5, 28.8) 25.5 (25.5, 25.6)

Income,� $

0 to 40000 (loss) 67.1 (67.0, 67.3) 26.2 (26.1, 26.2)

40001 to 75000 22.0 (21.8, 22.1) 30.1 (30.0, 30.2)

75001 to 125000 7.8 (7.7, 7.8) 26.1 (26.0, 26.1)

> 125 000 3.2 (3.1, 3.2) 17.7 (17.6, 17.7)

Residence�

Urban 82.1 (81.9, 82.2) 75.7 (75.6, 75.7)

Rural 17.9 (17.8, 18.1) 24.3 (24.3, 24.4)

Housing finance�

Renter 46.2 (46.0, 46.4) 72.8 (72.7, 72.8)

Owner 53.8 (53.6, 54.0) 27.2 (27.2, 27.3)

Residential stability,� y

<5 44.8 (44.6, 45.0) 40.2 (40.2, 40.3)

5–10 19.8 (19.7, 20.0) 23.1 (23.0, 23.2)

> 10 35.4 (35.2, 35.5) 36.7 (36.6, 36.7)

Continued
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outcome resembled the pattern with

suicide as the outcome (Table 2).

DISCUSSION

In this large, nationally representative

cohort of US adults, living alone emerged

as a significant risk marker for suicide.

The strength of the association in the

total adult population, which increased

by 75% the hazards of suicide after con-

trolling for age, sex, and race/ethnicity,

was in line with previous epidemiologi-

cal research from outside the United

States.10–12 Living alone was signifi-

cantly associated with suicide mortality

separately for men and women. There

was significant variation across sociode-

mographic groups in the adjusted

strength of the associations between

living alone and suicide with the 2 stron-

gest associations occurring among adults

with the highest levels of income and

education.

Because the present study did not

control for psychiatric morbidity or sub-

stance use, which are related to living

alone and suicide, the associations

should be interpreted as noncausal.

However, previous research on this

topic, which controlled for different

aspects of psychiatric morbidity or sub-

stance use, suggests living alone con-

tributes to suicide risk. In a general

population study, which controlled for

baseline depressed mood, alcohol

intake, and several other factors, living

alone was associated with increased

suicide risk (HR52.19; 95% CI51.09,

4.37).10 A case–control study that

matched on background demographic

characteristics and controlled for psy-

chiatric pathology further reported a

significant association between living

alone and suicide (odds ratio52.30;

95% CI51.36, 5.75).14 Significant asso-

ciations between living alone and sui-

cide have also been reported in cohort

studies restricted to individuals with

psychiatric disorders7–9 or following

nonfatal intentional poisonings.6

Comparing the background charac-

teristics of adults who lived either alone

or with others suggests that living alone

is related to a set of socioeconomic

and functional vulnerabilities. In rela-

tion to those living with others, people

who lived alone were far more likely to

have low (or negative) incomes. Consis-

tent with previous research,27 people

living by themselves were also signifi-

cantly more likely than those living with

others to have functional disabilities.

The group who lived alone was also

substantially older than those who

cohabited. Not surprisingly, people liv-

ing alone also included a disproportion-

ately large number of individuals who

had never married, were widowed, or

were separated or divorced. These pat-

terns likely reflect demographic, psy-

chological, social, and economic factors

involved in selection into different living

arrangements over the adult lifespan.

Selection and direct causal mecha-

nisms may contribute to the increased

suicide risks of adults who live alone.

Selection operates through factors that

are causally related to living alone and

suicide risk. As an example, suicide risk

is elevated in the aftermath of divorce

and separation,28 and these transitions

also typically result in changes in living

arrangements. Because living alone

was associated with modest increased

risk of suicide among separated or

divorced adults in the present report,

factors other than living alone such as

stress related to separation or divorce29

or the association of common psychiat-

ric disorders with separation and

divorce30 might also contribute to the

elevated risk of suicide among sepa-

rated or divorced adults.28,31 The role

of selection versus direct mechanisms

related to loneliness and social isolation

in suicide risk remains unknown. How-

ever, the high fraction of adults who live

alone that are divorced or separated

(34.9%) likely contributes to the high

crude rate of suicide among people

who live alone.

While beyond the scope of the cur-

rent analysis, the experience of living

alone may also increase suicide risk.

TABLE 1— Continued

Characteristic
Adults Living Alone

(n=480000), % (95% CI)a
Adults Living With Others
(n=2830000), % (95% CI)a

Functional disability

Any� 25.1 (24.9, 25.2) 12.8 (12.8, 12.9)

Hearing� 7.8 (7.7, 7.9) 3.8 (3.8, 3.9)

Vision� 5.1 (5.0, 5.2) 2.4 (2.4, 2.4)

Cognitive� 7.6 (7.6, 7.7) 4.4 (4.3, 4.4)

Walking� 15.9 (15.8, 16.0) 7.0 (7.0, 7.1)

Dressing� 4.9 (4.8, 5.0) 2.6 (2.5, 2.6)

Independent travel� 9.9 (9.8, 10.0) 4.8 (4.8, 4.9)

Notes. CI5 confidence interval; GED5 general educational development. Limited to adults aged ≥18
years; excludes adults in group quarters.

aNumbers rounded to 10000s following Census guidelines. Disclosure Review Board approval
number CBDRB-FY22-CES004-040.
�
P< .001.
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TABLE 2— Suicide Risk of Adults Who Live Alone or With Others Stratified by Sociodemographic
Characteristics: Mortality Disparities in American Communities, United States, 2008–2019

Characteristic

Suicide Rate per 100000 Person-Years AHRa of Suicide for
Living Alone (95% CI)
Reference, Living

With Others Interaction (P)
Adults Living Alone

(95% CI)
Adults Living With
Others (95% CI)

Total 23.0 (21.6, 24.4) 13.2 (12.8, 13.6) 1.75 (1.64, 1.87)

Age, y

18–39 18.0 (15.7, 20.6) 12.6 (12.0, 13.2) 1.23 (1.07, 1.41) Ref

40–64 28.7 (26.5, 31.1) 13.4 (12.8, 14.1) 2.15 (1.96, 2.35) < .001

≥65 17.9 (15.7, 20.4) 14.7 (13.4, 16.0) 1.97 (1.68, 2.31) .001

Sex

Male 40.3 (37.6, 43.0) 21.0 (20.3, 21.7) 1.82 (1.69, 1.97) .002

Female 8.9 (7.8, 10.1) 5.8 (5.5, 6.2) 1.69 (1.45, 1.97) Ref

Race/ethnicity

Non-Hispanic White 27.6 (25.9, 29.4) 16.1 (15.6, 16.6) 1.79 (1.67, 1.93) Ref

Non-Hispanic Black 4.7 (3.2, 6.7) 6.1 (5.3, 7.0) 0.92 (0.63, 1.33) < .001

Hispanic 14.2 (10.5, 18.7) 6.4 (5.7, 7.1) 2.20 (1.63, 2.96) .26

Other 18.4 (13.1, 24.9) 11.0 (9.6, 12.5) 1.67 (1.20, 2.32) .61

Marital status

Married 16.3 (11.2, 22.9) 12.4 (11.9, 12.9) 1.31 (0.93, 1.84) .53

Separated/divorced 28.2 (25.8, 30.8) 18.1(16.6, 19.6) 1.28 (1.13, 1.46) .15

Widowed 12.4 (10.4, 14.8) 6.9 (5.2, 9.0) 1.63 (1.15, 2.31) .36

Never married 24.6 (22.4, 27.0) 13.8 (13.0, 14.7) 1.35 (1.20, 1.51) Ref

Employment

Employed 20.8 (19.2, 22.6) 11.4 (11.0, 11.9) 1.82 (1.67, 1.99) Ref

Not employed, < 65 y 38.2 (33.8, 43.0) 17.9 (16.9, 18.9) 1.74 (1.52, 1.98) .61

Not employed, ≥65 y 18.6 (16.2, 21.4) 15.3 (13.9, 16.8) 1.93 (1.63, 2.29) .47

Education

<high school 22.1 (18.5, 26.1) 14.0 (12.9, 15.1) 1.77 (1.46, 2.16) < .001

High school/GED 22.4 (19.9, 25.2) 15.6 (14.8, 16.4) 1.48 (1.30, 1.69) < .001

Some college/associate degree 24.8 (22.3, 27.6) 13.4 (12.6, 14.1) 1.82 (1.61, 2.04) .006

≥bachelor’s degree or higher 22.0 (19.6, 24.6) 10.0 (9.4, 10.8) 2.25 (1.97, 2.56) Ref

Income, $

0 to 40000 (loss) 23.1 (21.4, 24.9) 15.4 (14.5, 16.3) 1.38 (1.26, 1.52) .014

40001 to 75000 23.0 (20.2, 26.0) 13.4 (12.7, 14.2) 1.55 (1.35, 1.77) .07

75001 to 125000 19.8 (15.6, 24.6) 12.2 (11.4, 12.9) 1.45 (1.15, 1.83) .05

>125 000 28.1 (20.5, 37.6) 11.3 (10.4, 12.2) 2.22 (1.64, 3.00) Ref

Residence

Urban 30.0 (26.4, 34.0) 16.3 (15.4, 17.2) 1.73 (1.60, 1.87) .59

Rural 21.4 (20.0, 23.0) 12.2 (11.8, 12.7) 1.89 (1.65, 2.17) Ref

Housing finance

Renter 22.4 (20.4, 24.4) 11.6 (10.9, 12.3) 1.56 (1.40, 1.74) .010

Owner 23.5 (21.6, 25.5) 13.8 (13.4, 14.3) 1.83 (1.67, 2.00) Ref

Residential stability, y

< 5 23.3 (21.3, 25.4) 12.4 (11.8, 13.0) 1.68 (1.52, 1.86) Ref

5–10 23.1 (20.2, 26.4) 13.6 (12.8, 14.5) 1.76 (1.52, 2.05) .73

>10 22.4 (20.2, 24.9) 13.8 (13.2, 14.6) 1.92 (1.71, 2.17) .41
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In epidemiological research, living alone

has been consistently related to a sub-

stantially elevated risk of loneliness,32

and loneliness has been related to sui-

cidal behavior.33 Without a measure of

loneliness in the present study, how-

ever, we were unable to assess the

extent to which loneliness, social isola-

tion, other psychological factors, less

opportunity for rescue from a suicide

attempt, or other factors related to liv-

ing alone mediate the observed associ-

ation of living alone with suicide risk.

Although the current study is not

intended to evaluate causal connec-

tions between living alone and suicide

risk, the findings are consistent with a

long tradition of sociological research

on suicide that has emphasized social

disengagement and loss of regulation,

related to declining oversight and guid-

ance from social ties.34 These concepts

have their historical roots in Durkheim’s

insights more than a century ago on

the stability of well-integrated groups

with cohesive and durable social ties.35

In the current study, living alone was

especially strongly related to suicide

by poisoning. When poisoning events

occur among people who live alone,

there may be fewer opportunities for

another individual to intercede with a

potentially life-saving intervention such

as activating the emergency medical

services response system.

The current findings suggest that, as

a marker of suicide risk, living alone

operates differentially across age, sex,

ethnic/racial, and educational groups

in the United States and underscores

opportunities for future research to

probe the basis of these variations. For

example, the reasons that living alone

was not a risk marker for suicide for

non-Hispanic Black adults, a group with

comparatively low but increasing suicide

risk, offers opportunities for research on

culturally mediated protective mecha-

nisms. It is possible that strong familial

connections among non-Hispanic Black

individuals helped to buffer the connec-

tion between living alone and suicide

risk in this group.36,37

Limitations

This analysis had several limitations. First,

living arrangements and the other base-

line respondent characteristics, especially

employment and income, may have

TABLE 2— Continued

Characteristic

Suicide Rate per 100000 Person-Years AHRa of Suicide for
Living Alone (95% CI)
Reference, Living

With Others Interaction (P)
Adults Living Alone

(95% CI)
Adults Living With
Others (95% CI)

Functional disability

Present 30.4 (27.1, 34.1) 25.5 (23.8, 27.2) 1.49 (1.31, 1.71) .001

Absent 21.0 (19.6, 22.5) 11.7 (11.3, 12.1) 1.77 (1.64, 1.91) Ref

Notes. AHR5 adjusted hazard ratio; CI5 confidence interval; GED5 general educational development. Limited to adults aged ≥18 years; excludes
respondents living in group quarters. Respondents followed through 2019.

aAdjusted for age, sex, and race/ethnicity. Disclosure Review Board approval number CBDRB-FY22-CES004-040.
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FIGURE 1— Cumulative Suicide Risk of Adults Who Live Alone or With
Others: Mortality Disparities in American Communities, United States,
2008–2019

Notes. Analysis was limited to adults aged ≥18 years. Disclosure Review Board approval number
CBDRB-FY22-CES004-043.
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changed during follow-up in ways that

altered the overall association between

living alone and suicide risk and affected

its moderation by the sociodemographic

characteristics. Although less is known

about the stability of living arrangements

among younger adults, approximately

81% to 88% of surviving older adults who

lived alone at baseline in 2 cohort studies

were reported to continue to live alone

at 5-year follow-up.38,39 In the ACS co-

hort, the 1-year and 11-year follow-up

analyses of living alone and suicide risk

yielded similar results.

Second, death certificate data may

not accurately capture suicide, although

suicide in death certificates has been

found to have a sensitivity of 90% with

information from hospital, autopsy, law

enforcement, and medical examiner

records as the criterion standard.40

Third, because the ACS does not

measure important suicide risk factors

such as mental health and substance

use disorders,18 previous suicide

attempts,41 or stressful life events42

that may also be related to living

alone,17,19 the associations between

living arrangements and suicide risk

should be interpreted as noncausal.

Fourth, the cohort was either not suffi-

ciently large or did not include measures

of several other groups with increased

rates of suicide including survivors of crit-

ical illnesses43 or individuals who identify

as Native Americans44 or as lesbian, gay,

bisexual, transgender, or queer or ques-

tioning.45 Finally, the group who lived

with others includes a diverse set of living

arrangements that may vary in their

associations with suicide risk.46

Public Health Implications

The current findings have implications

for clinical practice and future epidemio-

logical research. In contrast to loneliness,

which is difficult for primary care clini-

cians to identify in their patients,47 living

alone is a readily discernible personal

characteristic. In addition to traditional

suicide risk factors, such as depression,

substance use, and previous suicidal

behavior, clinical consideration might

also be given to living circumstances as

a risk marker to consider in the context

of known suicide risk factors.

The findings might also help inform

future research aimed at understanding

why the increase in suicide risk among

people who live alone varies across soci-

odemographic characteristics. In this

regard, longitudinal designs, which per-

mit probing how transitions in housing

arrangements covary with known risk

factors for suicide, such as social isola-

tion or depressed mood, might help to

elucidate causal mechanisms that con-

tribute to sociodemographic variation in

the strength of associations between

living alone and death by suicide.
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Trend in Loaded Handgun Carrying
Among Adult Handgun Owners in the
United States, 2015–2019
Ali Rowhani-Rahbar, MD, PhD, MPH, Amy Gallagher, MPH, Deborah Azrael, PhD, and Matthew Miller, MD, ScD, MPH

See also Bonne, p. 1705.

Objectives. To determine the frequency of loaded handgun carrying among US adult handgun owners

overall and by state concealed carry law status.

Methods. Using a nationally representative survey of US firearm-owning adults in 2019, we asked

handgun owners (n5 2389) about their past-month handgun carrying behavior.

Results. A total of 30.3% (95% confidence interval [CI]528.0%, 32.6%) of handgun owners carried

handguns monthly, of whom 38.1% (95% CI533.6%, 42.7%) did so daily. In permitless carry states,

29.7% (95% CI525.9%, 33.9%) of handgun owners carried handguns in the past month, compared with

33.1% (95% CI529.9%, 36.3%) in shall issue states and 19.7% (95% CI5 14.9%, 25.5%) in may issue

states. Of handgun owners without a permit, 7.5% (95% CI54.1%, 13.3%) of those in may issue states

and 11.5% (95% CI58.5%, 15.4%) of those in shall issues states carried handguns in the past month.

Conclusions. In 2019, about 16 million US adult handgun owners carried handguns in the past month

(up from 9 million in 2015), and approximately 6 million did so daily (twice the 3 million who did so in

2015). Proportionally fewer handgun owners carried handguns in states where issuing authorities had

substantial discretion in granting permits. (Am J Public Health. 2022;112(12):1783–1790. https://doi.org/

10.2105/AJPH.2022.307094)

L ittle is known about the frequency

and features of firearm carrying

among adult handgun owners in the

United States. In fact, over the past

30 years, only a few peer-reviewed

national surveys, conducted in 1994,

1995, 1996, and 2015, have provided

even the most basic information about

firearm carrying frequency.1–4 Since the

first of these surveys, reasons offered

by firearm owners for why they own

firearms have shifted from hunting and

sports shooting toward personal pro-

tection. In 1994, for example, 46% of

firearm owners reported owning fire-

arms for protection2; by 2015, that

number had reached 65%,5 and, by

2019, it had reached 73%.6 As personal

protection became the predominant

motivation for owning firearms, hand-

gun ownership increased dispropor-

tionately from 64% in 1994 to 83% in

2021.2,7

These trends have been accompanied

by a loosening of state laws governing

who can carry handguns in public places.

State laws regulating concealed handgun

carrying are typically divided into the fol-

lowing types: (1) permitless: no permit

is required; (2) shall issue: the issuing

authority is required to grant a permit to

anyone who meets certain minimal stat-

utory requirements with no or limited

discretion; (3) may issue: the issuing

authority has substantial discretion to

approve or deny a concealed carry

permit to an applicant.8 In 1990, only 1

state allowed permitless handgun carry;

at the time of this writing, that number

had risen to 21.8

To our knowledge, the only contem-

porary national estimates of handgun

carrying among US adults come from

the National Firearms Survey in 2015

(NFS-2015). NFS-2015 found that 23.5%

of adult handgun owners (9 million

adults) had carried a loaded handgun

on their person in the month before the

survey; of those, 34.5% (3 million) had

done so every day.4 Of handgun owners

who carried, 4 in 5 carried primarily for

protection, 4 in 5 had a concealed carry

permit, 2 in 3 always carried concealed,

and 1 in 10 always carried openly.4
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The prevalence of handgun carrying was

similar in states with permitless carry

laws and states with shall issue carry

laws. By contrast, the prevalence of car-

rying was notably lower in states with

may issue carry laws.4

In the current study (NFS-2019), we

used nationally representative survey

data collected from July 30, 2019, to

August 11, 2019, to update information

pertaining to the proportion of handgun

owners who carried a handgun over the

previous month (and, of those, the frac-

tion who carried daily), the characteristics

of those who carried, and the prevalence

of handgun carrying by handgun owners

in states that did versus did not require a

permit for concealed carrying at the time

of the survey.

METHODS

Data for this cross-sectional study came

from the Web-based NFS-2019. We

designed the survey to assess firearm-

related beliefs and behaviors, including

handgun carrying, in a nationally repre-

sentative sample of US adults living in

firearm-owning households. The survey

was conducted by the research firm

Ipsos from July 30, 2019, to August 11,

2019. Consistent with NFS-2015, re-

spondents were drawn from Ipsos’s

Knowledge Panel, an online sampling

frame comprising approximately 55000

US adults selected using address-based

sampling methods on an ongoing basis

with an equal probability of selection.

Panel members’ report of whether

they live in a home with firearms is

collected on enrollment in Knowledge

Panel and updated approximately

annually, allowing us to restrict invita-

tions for participation to adults (other

than those on active duty in the US mili-

tary) who reported that they lived in a

home with firearms. E-mail invitations

to participate in the survey contained a

link that sent them to the survey ques-

tionnaire. No description of the survey

content accompanied the invitation.

Reminder e-mails were sent to nonre-

sponders on days 3, 6, 9, and 12. Ipsos

has a modest point-based incentive

program through which participants

accrue points to redeem for rewards.

Of the 6721 panel members invited to

complete the survey, 4379 started and

4030 completed the survey (response

proportion: 65.2%; participation pro-

portion: 92.0%). Participants were not

involved in the design, conduct, reporting,

or dissemination plans of our research.

More details about the survey can be

found elsewhere.9

Measures

Firearm ownership status was deter-

mined by responses to the question:

“Do you personally own a gun?” Only

respondents who responded affirma-

tively were then asked questions about

the type of firearms owned. The cur-

rent study was limited to respondents

within firearm-owning households who

reported that they personally owned

a handgun (n52389) regardless of

whether they also owned a long gun.

The survey focused exclusively on

loaded handgun carrying on the per-

son, and not in a vehicle. Respondents

were asked: “In the past 30 days, have

you carried a loaded handgun on your

person?” Those who answered affirma-

tively were then asked about the number

of days that they had carried (range5

0–30) and the primary reason for

carrying.

Additional survey domains included

respondents’ sociodemographic char-

acteristics, presence of children in the

home, veteran status, type of firearm

owned (handguns only vs handguns

and long guns), and holding a con-

cealed carry permit. Selected survey

questions related to this analysis are

provided in the Appendix (available as

a supplement to the online version of

this article at https://ajph.org). State

handgun carry laws were identified

using the state law database at Giffords

Law Center to Prevent Gun Violence.8

State laws were coded by whether they

required a permit for concealed hand-

gun carrying in public in July to August

2019.

Some survey respondents refused to

answer some questions about hand-

gun ownership and handgun carrying

behaviors. Of the 4030 total respon-

dents, 1 refused to answer if they had

carried a loaded handgun in the past

30 days, 3 refused to answer how many

days they had carried a loaded hand-

gun, 28 refused to answer if they had a

concealed carry permit, and 15 refused

to answer questions about the types of

guns they owned (handguns, long guns,

etc.). In addition, 81 respondents said

that they did not know if they had a

concealed carry permit. These refused-

to-answer or “do not know” responses

were recoded as missing.

A total of 20 respondents who indi-

cated that they had carried a handgun

in the past 30 days responded “0 days”

when asked for the number of days in

which they had carried their handgun

in the past 30 days. We recoded these

individuals as “did not carry in the past

30 days” in our analyses. There was no

missingness in information on the rea-

son for carrying a handgun. We gener-

ated variables about carrying laws by

state; because there was no missingness

in the state data for respondents, there

was no missingness in carrying law varia-

bles either. There was no missingness in

any demographic data from the survey

respondents. Overall, because of the low
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frequency of missing values in this analy-

sis, we conducted no imputation.

Statistical Analysis

Analyses used individual-level survey

weights provided by Ipsos. These

weights account for survey nonresponse

and under- or overcoverage imposed

by the study-specific sample design.

Weights also adjusted for benchmark

demographic distributions from the US

Census Current Population Survey or

the American Community Survey and

population characteristics that are not

available in either of those surveys (e.g.,

firearm ownership) based on Knowledge

Panel profile data for gender, age, race,

ethnicity, census region, metropolitan

statistical area status, and education.

For this analysis, we calculated

weighted percentages and their corre-

sponding 95% confidence intervals (CIs)

for each measure. Sociodemographic

characteristics of handgun owners and

type of firearms owned were described

by past-30-day handgun carrying status

(i.e., did carry vs did not carry). We con-

ducted all analyses in Stata version 14

(StataCorp LP, College Station, TX) using

the “svy” suite of commands.

RESULTS

Of all handgun owners, 30.3% (95%

CI528.0%, 32.6%) reported having

carried a handgun in the past 30 days.

Among those, 38.1% (95% CI5 33.6%,

42.7%) reported doing so every day

(Figure 1). Among handgun owners who

reported carrying at least once in the

past 30 days, the mean number of carry-

ing days was 18.1 (95% CI517.1, 19.2).

Compared with handgun owners

who did not carry a handgun, a signifi-

cantly greater proportion of those who

carried were younger, male, lived in

the South (South Atlantic, East–South

Central, West–South Central), and

owned both handguns and long guns

(Table 1). The distributions of race, edu-

cational attainment, annual household

income, urbanicity of the community of

residence, presence of children in the
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FIGURE 1— Number of Carrying Days Among Handgun OwnersWho Carried a Handgun in the Past 30 Days: National
Firearms Survey, United States, 2019

Note. Horizontal bars in the figure are 95% confidence intervals.
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TABLE 1— Characteristics of Handgun Owners by Past-30-Day Carrying Status: National Firearms Survey,
United States, 2019

Characteristics No.
Did Not Carry

(n=1736), % (95% CI)
Carried (n=653),

% (95% CI)
Total (n =2389),

% (95% CI) P

All respondents 2389 69.7 (67.4, 72.0) 30.3 (28.0, 32.6) 100

Age, y < .001

18–29 121 9.4 (7.4, 11.9) 16.9 (13.0, 21.8) 11.7 (9.7, 13.9)

30–44 433 22.3 (19.8, 24.9) 24.4 (20.7, 28.6) 22.9 (20.8, 25.1)

45–59 709 30.5 (28.0, 33.1) 32.8 (28.6, 37.3) 31.2 (29.0, 33.5)

≥ 60 1126 37.8 (35.3, 40.4) 25.9 (22.5, 29.5) 34.3 (32.2, 36.4)

Gender < .001

Male 1651 63.4 (60.6, 66.1) 79.3 (75.4, 82.8) 68.2 (65.9, 70.4)

Female 738 36.6 (33.9, 39.4) 20.7 (17.2, 24.6) 31.8 (29.6, 34.1)

Race/ethnicity .31

Non-Hispanic White 1968 77.6 (74.8, 80.1) 72.8 (68.0, 77.1) 76.1 (73.7, 78.4)

Non-Hispanic Black 159 8.6 (6.9, 10.6) 10.6 (7.8, 14.2) 9.1 (7.7, 10.9)

Non-Hispanic other 39 3.0 (2.0, 4.5) 4.6 (2.6, 8.0) 3.5 (2.5, 4.9)

Hispanic 148 9.1 (7.3, 11.2) 10.5 (7.6, 14.4) 9.6 (8.0, 11.4)

Non-Hispanic ≥2 races 75 1.8 (1.2, 2.5) 1.5 (0.9, 2.5) 1.7 (1.3, 2.3)

Education .61

Less than high school 69 6.0 (4.4, 8.0) 5.3 (3.2, 8.6) 5.7 (4.4, 7.4)

High school 480 28.4 (25.8, 31.3) 29.2 (24.8, 34.0) 28.7 (26.4, 31.1)

Some college 826 32.5 (29.9, 35.2) 35.5 (31.3, 39.9) 33.5 (31.2, 35.7)

Bachelor’s degree or higher 1014 33.1 (30.6, 35.6) 30.1 (26.3, 34.1) 32.1 (30.1, 34.3)

Annual household income, $ .6

< 25000 183 7.6 (6.3, 9.3) 8.3 (6.0, 11.5) 7.9 (6.6, 9.3)

25 000–74999 826 32.8 (30.2, 33.5) 35.6 (31.2, 40.3) 33.7 (31.5, 36.0)

75 000–124999 752 30.0 (27.5, 32.6) 29.4 (25.5, 33.7) 29.8 (27.6, 32.0)

≥ 125000 628 29.5 (27.0, 32.2) 26.7 (22.7, 31.0) 28.7 (26.5, 31.0)

Community of residence .11

Metro area 1929 81.5 (79.1, 83.6) 77.9 (73.7, 81.5) 80.4 (78.4, 82.3)

Non–metro area 460 18.5 (16.4, 20.9) 22.1 (18.5, 26.3) 19.6 (17.7, 21.6)

Region based on residencea .024

New England 62 2.2 (1.6, 3.1) 3.8 (2.2, 6.3) 2.7 (2.0, 3.6)

Mid-Atlantic 194 7.9 (6.5, 9.5) 7.1 (5.2, 9.5) 7.6 (6.5, 8.9)

East–North Central 344 13.3 (11.6, 15.3) 11.8 (9.2, 15.0) 12.9 (11.4, 14.5)

West–North Central 210 8.1 (6.8, 9.7) 6.5 (4.6, 9.1) 7.7 (6.6, 9.0)

South Atlantic 491 19.8 (17.6, 22.1) 25.0 (21.3, 29.1) 21.4 (19.5, 23.4)

East–South Central 190 8.0 (6.6, 9.7) 9.8 (7.3, 13.1) 8.5 (7.2, 10.0)

West–South Central 330 15.9 (13.7, 18.2) 16.4 (12.9, 20.6) 16.0 (14.1, 18.0)

Mountain 266 11.3 (9.6, 13.3) 11.3 (8.6, 14.7) 11.3 (9.8, 13.0)

Pacific 302 13.5 (11.7, 15.5) 8.4 (6.4, 11.0) 12.0 (10.6, 13.6)

Children (< 18 y) in household .16

None 1828 69.6 (66.7, 72.3) 65.8 (61.1, 70.2) 68.5 (66.0, 70.8)

≥ 1 561 30.4 (27.7, 33.3) 34.2 (29.8, 38.9) 31.5 (29.2, 34.0)

Veteran .3

Yes 573 19.7 (17.7, 21.9) 21.9 (18.4, 25.7) 20.4 (18.6, 22.3)

No 1816 80.3 (78.1, 82.3) 78.1 (74.3, 81.6) 79.6 (77.7, 81.4)

Continued
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household, and veteran status were

not notably different between handgun

owners who carried and those who did

not (Table 1). Prevalence estimates of

handgun carrying by specific handgun

owner characteristics are available in

Figure A (available as a supplement to

the online version of this article at https://

ajph.org). Most handgun owners who

carried a handgun did so primarily for

personal protection against people

(71.8%; 95% CI567.4%, 75.8%; Figure 2).

Findings on the frequency of and reasons

for carrying stratified by gender are

found in Figures B through E (available

as supplements to the online version of

this article at https://ajph.org).

A smaller proportion of handgun

owners residing in may issue states

(19.7%; 95% CI514.9%, 25.5%) carried

a handgun than did those in permitless

carry (29.7%; 95% CI525.9%, 33.9%)

and shall issue (33.1%; 95% CI529.9%,

36.3%) states (Figure 3). Approximately

11.0% (95% CI58.7%, 13.8%) of hand-

gun owners who lived in a state that

required a permit to carry but did not

themselves have a permit reported

that they had carried a handgun in the

past month. Specifically, of handgun

owners who resided in a may issue

state but did not have a permit, 7.5%

(95% CI54.1%, 13.3%) carried a

handgun; of handgun owners who

resided in a shall issue state but did not

have a permit, 11.5% (95% CI58.5%,

15.4%) carried a handgun (Figure F, avail-

able as a supplement to the online ver-

sion of this article at https://ajph.org).

DISCUSSION

In this nationally representative study

conducted in 2019 (NFS-2019), we found

that about 3 in 10 handgun owners car-

ried a loaded handgun on their person

in the past 30 days; among those, about

4 in 10 did so every day. Extrapolating to

the estimated 53 million US adults who

owned handguns in 2019, we estimate

that about 16 million US adults carried a

handgun in the past 30 days (up from 9

million in 2015), and that almost 6 mil-

lion did so every day (twice the approxi-

mately 3 million who did so in 2015).4,7

In NFS-2019, about 7 in 10 handgun

owners who carried handguns cited

protection against people as the main

reason for carrying. This proportion was

greater (about 8 in 10) in NFS-2015.

This difference could indicate an actual

decline in the proportion of handgun

owners who carried for personal pro-

tection against people from 2015 to

2019 or, alternatively, could be attribut-

able to differences in the wording of the

questions asked in 2015 and 2019. In

2015, the options included “For protec-

tion against strangers” and “For protec-

tion against people I know” while in 2019

the option was “For personal protection

against people” (other options in both

surveys included for protection against

animals, hunting, sporting, and other

reasons). Regardless, results from the

current survey continue to demonstrate

that a large majority of handgun owners

who carry do so for self-defense.

We found no notable differences

between the proportion of handgun

owners residing in permitless carry

states who carried handguns versus

those residing in shall issue states who

did so. Consistent with findings from

NFS-2015, however, we found that

proportionally fewer handgun owners

residing in may issue states than those

residing in permitless carry states and

shall issue states carried handguns in

2019. In 2015, we found that 21.1% and

9.1% of handgun owners residing in

permitless states and may issue states

at that time had carried handguns,

respectively. In 2019, those numbers

were 33.1% and 19.7%, respectively.

In addition, in 2015, only 1.2% of

handgun owners without a permit

residing in may issue states had carried

handguns; that number rose to 7.5%

TABLE 1— Continued

Characteristics No.
Did Not Carry

(n= 1736), % (95% CI)
Carried (n= 653),

% (95% CI)
Total (n =2389),

% (95% CI) P

Firearm type owned < .001

Handgun only 900 44.3 (41.5, 47.2) 24.8 (20.9, 29.0) 38.3 (36.0, 40.7)

Handgun and long gun 1489 55.7 (52.8, 58.5) 75.2 (71.0, 79.1) 61.7 (59.3, 64.0)

Note. CI5 confidence interval. Column percentages are weighted sample proportions.

aNew England comprises CT, ME, MA, NH, RI, and VT. Mid-Atlantic comprises NJ, NY, and PA. East–North Central comprises IL, IN, MI, OH, and WI.
West–North Central comprises IA, KS, MN, MO, NE, ND, and SD. South Atlantic comprises DE, FL, GA, MD, NC, SC, VA, and WV. East–South Central
comprises AL, KY, MS, and TN. West–South Central comprises AR, LA, OK, and TX. Mountain comprises AZ, CO, ID, MT, NV, NM, UT, and WY. Pacific
comprises AK, CA, HI, OR, and WA. P values are calculated based on a design-based F-test that takes the sampling design into account.
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in 2019. The NFS-2015 question specifi-

cally asked about concealed carrying

whereas the NFS-2019 question asked

about carrying. Nonetheless, if in 2019,

as in 2015, only 10% of handgun own-

ers always carried handguns openly

(and thus would not necessarily be in

violation of a permit law),4 our findings

still suggest a substantial increase in the

number of handgun owners who car-

ried handguns without a permit when

they were legally required to have one.

Limitations

Our study was subject to limitations.

First, we did not ask survey respon-

dents in which state they had carried

their handgun; they may have carried

their handgun in a state different from

the one in which they resided at the time

of the survey resulting in some degree of

misclassification in our findings pertain-

ing to the prevalence of handgun carry-

ing in relation to state laws.

Second, NFS-2019 did not ask

respondents whether they carried a

handgun concealed or openly. However,

it is likely a safe assumption that that the

overwhelming majority of those who car-

ried handguns did so concealed, at least

on some days. In NFS-2015, for example,

only about 10% of handgun owners who

carried said they always carried openly. If

that same fraction pertained in 2019, it

would revise our estimate of the number

of past-month carriers to 14.6 million,

which still represents a substantial

increase from 2015.4

Third, as in all self-report surveys,

recall and reporting bias may have

affected our results. To minimize recall

error, questions on handgun carrying

referred to the 30-day period before

the survey, reducing concerns about

recall bias. Although reporting bias

(e.g., social desirability bias) may still

have affected our results, online panel

surveys such as ours tend to be less

biased than alternatives, such as tele-

phone surveys, in this specific aspect.10

Fourth, panel members who chose

not to participate in our survey may

have been different from those who
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FIGURE 2— Primary Reason for Handgun Carrying Among Handgun OwnersWho Carried a Handgun in the Past
30 Days: National Firearms Survey, United States, 2019

Note. Vertical bars in the figure are 95% confidence intervals (CIs).
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chose to participate regarding their fre-

quency and features of handgun carry-

ing. However, an advantage of online

panels is high completion proportions

for individuals who begin the survey.11

In our study, the completion proportion

was 92.0%; only 15 respondents refused

to answer handgun ownership ques-

tions, and only 4 respondents refused

to answer handgun carrying behavior

questions. Our survey response pro-

portion of 65.2% is also substantially

greater than the range of percentages

observed in typical nonprobability, opt-

in, online surveys (2%–16%).11

Public Health Implications

On November 3, 2021, the US Supreme

Court heard its first case explicitly

related to handgun carrying (New York

State Rifle & Pistol Association v. Bruen).12

The case tested whether the New York

law requiring lawful firearm owners to

provide a proper cause to obtain a per-

mit to carry is too restrictive. On June

23, 2022, the Supreme Court ruled that

New York’s proper-cause requirement

violates the Fourteenth Amendment’s

guarantee of equal protection under

the law by preventing law-abiding citi-

zens with ordinary self-defense needs

from exercising their Second Amend-

ment right to keep and bear arms in

public for self-defense.13 This ruling

could further catalyze the loosening of

firearm-carrying regulations in different

parts of the country at a time when, as

our study indicates, trends in handgun

carrying already point to more US

adults carrying loaded handguns in

public places, including without a per-

mit when a permit is required. The

effect of this loosening on firearm

ownership and carrying as well as pub-

lic safety and public health should be

an important subject of research in the

future.
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School District Prevention Policies and
Risk of COVID-19 Among In-Person K–12
Educators, Wisconsin, 2021
Peter M. DeJonge, PhD, MPH, Ian W. Pray, PhD, MPH, Ronald Gangnon, PhD, MS, Katherine McCoy, PhD,
Carrie Tomasallo, PhD, MPH, and Jonathan Meiman, MD

See also Teasdale and Fleary, p. 1696.

Objectives. To assess the rate of COVID-19 among in-person K–12 educators and the rate’s association

with various COVID-19 prevention policies in school districts.

Methods.We linked actively working, in-person K–12 educators in Wisconsin to COVID-19 cases with

onset from September 2 to November 24, 2021. A mixed-effects Cox proportional hazards model,

adjusted for pertinent person- and community-level confounders, compared the hazard rate of

COVID-19 among educators working in districts with and without specific COVID-19 prevention policies.

Results. In-person educators working in school districts that required masking for students and staff

experienced 19% lower hazards of COVID-19 than did those in districts without any masking policy

(hazard ratio50.81; 95% confidence interval50.72, 0.92). Reduced COVID-19 hazards were consistent

and remained statistically significant when educators were stratified by elementary, middle, and high

school environments.

Conclusions. In Wisconsin’s K–12 school districts, during the fall 2021 academic semester, a policy that

required both students and staff to mask was associated with significantly reduced risk of COVID-19

among in-person educators across all grade levels. (Am J Public Health. 2022;112(12):1791–1799. https://

doi.org/10.2105/AJPH.2022.307095)

Evidence supports the use of spe-

cific prevention efforts to reduce

COVID-19 transmission in schools dur-

ing periods of high community trans-

mission. Policies related to masking,1–5

physical distancing,6,7 and quarantine

after close contact (resulting from effec-

tive contact tracing)8 have been associ-

ated with reduced rates of COVID-19

transmission and outbreaks in school

environments. In districts practicing a

multifaceted combination of these poli-

cies, students and staff experience

rates of COVID-19 lower than those

of the surrounding communities.9,10

For the 2021–2022 academic year,

most K–12 students and educators in

the United States returned to in-person

school environments. In Wisconsin,

the vast majority of regular K–12 school

districts offered in-person learning for

the 2021–2022 school year and were

responsible for implementation of their

own COVID-19 prevention policies.

There was no standardized return-to-

school directive from the state regard-

ing implementation of such policies.11

The resulting heterogeneity in school

district COVID-19 prevention policies

throughout Wisconsin allowed us to

build on a significant limitation of

previous research in this field. Most

school-related policy research was con-

ducted during the previous 2020–2021

academic year—a time when almost all

schools or districts had some form of

prevention policy in place; as a result, it

was challenging to directly compare the

risk of COVID-19 associated with the

presence or absence of certain policies.

In this analysis, our aim was to assess

the rate of COVID-19 among in-person

K–12 educators and the rate’s associa-

tion with a COVID-19 prevention policy’s

presence or absence. We chose to com-

pare the rates of COVID-19 among in-

person K–12 educators specifically

because this is a group that is just as

often involved in school-based COVID-19

transmission events as are students12,13

and is an occupational category with
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frequently overlooked workplace risk.14,15

We further stratified educators based

on grade level taught to investigate the

effect of COVID-19 prevention policies

in elementary, middle, and high school

settings.

METHODS

We completed our analysis using a

cohort study design and a variety of

data sources collected prospectively or

at a single time point. We used multiple

data sources available at both the Wis-

consin state and the national levels to

aggregate information related to our

study sample (Wisconsin’s in-person

K–12 educators), outcome (COVID-19

cases), and exposure (school district

COVID-19 prevention policies).

Educator Data

We created a roster of all licensed,

actively working educators in Wisconsin

during the 2020–2021 school year

from multiple data sources maintained

by the Wisconsin Department of Public

Instruction. We filtered a data set con-

sisting of all licensed educators in Wis-

consin using a data set of educators

actively employed during the 2020–

2021 school year (the most recent aca-

demic year available).16 We used this

merged data set to represent all

licensed educators likely to be working

during the 2021–2022 school year.

Many categories of educators in

Wisconsin can be licensed, including

administrators, pupil service staff, and

classroom teachers.16 For educators

with multiple categories assigned, we

categorized individuals based on their

position with the highest full-time

equivalent value. We also used these

positions to categorize educators by

grade level taught (elementary school,

middle school or junior high school,

and high school). We excluded educa-

tors assigned to roles not likely to be

working in school settings (Figure 1).

COVID-19 Case Data

We used the Wisconsin Electronic Dis-

ease Surveillance System (WEDSS) to

collect all confirmed and probable

cases of COVID-19 reported from June

1 through November 30, 2021 through-

out Wisconsin. We based criteria for

confirmed and probable cases on

Licensed K-12 school educators in Wisconsin, 
2021–2022 academic year 

80 181 educators from 463 districts

Educators working in “fully, in-person” school districts 
with non-missing data for 

distancing, masking, or quarantine policies
68 600 educators from 307 districts 

Excluded districts missing information on 
distancing, masking, and quarantine 

policies
5 169 educators from 43 districts 

Educators at risk of COVID-19 during the fall semester 
of 2021–2022 academic year

68 475 educators from 335 districts 

Excluded recently infected educators
(onset: Aug 24 to Sep 1)

Recommended against testing/quarantine 
during analysis period 

125 educators from 71 districts 

ANALYSIS DATASET:
51 997 educators from 307 districts

Linked to COVID-19 cases—
2 838 educators from 300 districts

Top 5 educator categories
Teacher: 39 732 (76.4%)
Substitute teacher: 3 010 (5.8%)
School counselor: 1 506 (2.9%)
Speech/language pathologist: 1 189 (2.3%)
Principal: 1 146 (2.2%)

Remaining professions, including nurses, 
social workers, aides, specialists, 
psychologists, para-professionals: 
5 774 (11.1%) 

Licensed K-12 school educators in Wisconsin, 
working in regular school districts

73 769 educators from 378 districts

Excluded licensed educators in roles not 
likely to be working in school settings 

627 educators from 410 districts 

Excluded specialized school districts
6 412 educators from 85 districts 

Excluded districts offering “hybrid,” 
“other,” or unknown teaching methods

16 478 educators from 28 districts

FIGURE 1— Criteria for School District and Educator Inclusion in Study Analysis: Wisconsin, September 2–November
24, 2021
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definitions established by the Council

for State and Territorial Epidemiolo-

gists.17 We used illness symptom onset

date to time stamp cases; if the

reported symptom onset date was

missing (e.g., for asymptomatic per-

sons), we used the specimen sample

collection date or the diagnosis date as

a substitute.

September 1 was the first day of the

academic year for Wisconsin K–12

schools in 2021. Therefore, the only

COVID-19 cases we considered were

those that were time stamped from

September 2 through November 24,

2021 (or 1 full day into the academic year

through the day before Thanksgiving

break). We used identifying information

from the educator licensure database,

including name and date of birth, to link

Wisconsin educators to these time-

eligible COVID-19 case records in WEDSS.

For all cases, we adjusted time at risk

during the study period based on the

US Centers for Disease Control and Pre-

vention (CDC) recommendation at the

time against retesting or quarantine after

close contact for persons with infections

90 or fewer days ago.18 Educators linked

to a case of COVID-19 contributed no

risk time during their respective 90-day

window after infection.

School District Prevention
Policy Data

There were 463 school districts in Wis-

consin that were linked to our roster of

actively working educators in 2021–2022

(Figure 1). Of these, 378 districts were

considered “regular school districts” by

the National Center for Education Statis-

tics (NCES), which are defined as “locally

governed agenc[ies] responsible for pro-

viding free public elementary or second-

ary education.”19 The other 85 districts

exist within these regular school districts

and generally reflect individual schools

or specialized programs (e.g., prepara-

tory academies, schools for deaf or blind

students). For the sake of broader gener-

alizability and to avoid issues with small

numbers in our results, we excluded

these smaller 85 districts.

We obtained COVID-19 prevention

policy data for Wisconsin school districts

from responses to a national cross-

sectional telephone survey.11 MCH Stra-

tegic Data (Sweet Springs, MO) designed

the questionnaire in partnership with

Esri (Redlands, CA) and the CDC Founda-

tion (Atlanta, GA). This questionnaire was

administered to US K–12 public school

districts before the start of the 2021–

2022 school year. For this analysis, we

extracted Wisconsin school district sur-

vey responses related to masking, physi-

cal distancing, and quarantine policies.

The original survey requested specific

responses about whether the policy

applied to students and educators sepa-

rately. We operationalized each of these

policies as (1) robust—required for both

students and educators, (2) partial—

required for either students or educa-

tors, or (3) absent—required for neither

students nor educators (Table A, avail-

able as a supplement to the online ver-

sion of this article at http://www.ajph.

org). We excluded districts missing infor-

mation for all distancing, masking, and

quarantine policies.

To adjust for potential ascertainment

bias owing to regular COVID-19 testing

policies in schools (wherein districts with

prevention policies might have also been

asking educators to routinely test for

COVID-19), we also extracted information

on regular staff testing policies.

Person-Level Confounders

We included 3 educator-level variables

as potential confounders: age, sex,

and COVID-19 vaccination status. We

obtained age and sex from the educa-

tor licensure information. We collected

COVID-19 vaccination information from

the Wisconsin Immunization Registry,

which the Wisconsin Department of

Health Services stores and maintains.

We linked educators to COVID-19 vacci-

nation records based on an exact

match for first name, last name, and

date of birth. We implemented a subse-

quent linking step using an exact match

for date of birth and approximate text

matching on both first name and last

name. Approximate text matching was

based on Jaro–Winkler distance calcula-

tions (with distance#0.25).20

Community-Level
Confounders

We considered 2 community-level vari-

ables to be potential confounders given

their association with educator risk out-

side the school environment and their

likely association with COVID-19 poli-

cies implemented in school districts.

First, we aggregated COVID-19 case

data from WEDSS by week for each

Wisconsin school district community

(i.e., the general population living in

school district boundaries), which we

used to account for temporal changes

in COVID-19 incidence.21 Second, we

accounted for the proportion of the

school district community vaccinated

against COVID-19 using publicly avail-

able Wisconsin Immunization Registry

data.21

School District–Level
Confounders

We incorporated 2 district-specific varia-

bles into our analysis as confounders. For

one, we calculated a proxy for average

classroom size using a student to
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educator ratio derived from the NCES

Common Core data set. Using this same

data set, we included the NCES locale

classification of school district (city, sub-

urb, town, or rural). Definitions for each

locale were based on census-defined

groupings and are available on the NCES

Web site.19

Statistical Analysis

To compare unadjusted differences in

school districts with different preven-

tion policies, we used nonparametric

statistical tests, including Wilcoxon

rank–sum for continuous variables and

x2 for categorical variables.

To compare hazard rates of COVID-19

among educators working in districts

with various prevention policies, we

used a mixed-effects Cox proportional

hazards model. We adjusted this model

for previously described confounders at

the individual, community, and school

district levels. We included a random

effect for school district to account for

additional unknown or unobserved con-

founders at the school district level. We

chose to keep all 3 prevention policies in

the same multivariate-adjusted regres-

sion model to assess their independent

contribution to the overall association.

We assessed Schoenfeld residuals to

confirm that neither the model overall

nor the 3 main policy variables violated

the proportional hazards assumption.22

We used spline terms for continuous

confounders to allow a nonlinear rela-

tionship with the outcome.

We used 4 distinct regression models

to account for school districts that were

missing district-level data for 1 or 2

COVID-19 prevention policies. Model A

included information only from school

districts with complete data for all 3

policies. Model B imputed missing pol-

icy information using information from

nonmissing district-level characteristics,

including district population size, propor-

tion of district vaccinated in fall 2021,

NCES locale (i.e., urban vs rural), and

number of educators and students.23 As

a sensitivity analysis, we created 2 other

data sets in which missing policy informa-

tion was assumed to be either absent

(model C) or robust (model D). We con-

ducted all analyses in R version 4.1

(R Foundation for Statistical Computing,

Vienna, Austria).24

RESULTS

Of the 378 Wisconsin K–12 regular

school districts, 43 districts (11.4%) did

not submit any response for policies

related to physical distancing, mask use,

or quarantine (Figure 1). We excluded

these districts from our analysis, includ-

ing the 5169 educators affiliated with

them. We also excluded educators who

were not considered to be at risk for

COVID-19 because a 90-day window

following recent infection extended

throughout our entire analysis period

(n5125; illness onset dates: August

24–September 1, 2021). Lastly, we

excluded all school districts that

reported a teaching method for fall

2021 other than “full in-person learning”

(n528 districts; n516478 affiliated

educators). We were left with 51997

licensed, in-person K–12 educators from

307 school districts in our study sample.

Educators were on average aged

44.0 years; the majority were female

(n538702; 74.4%), non-Hispanic

White (50478; 97.1%), and employed

by their school district as a teacher

(39 732; 76.4%). As of the first day of

the 2021–2022 school year (September

1, 2021), 40526 (77.9%) educators had

completed a full primary series of a

COVID-19 vaccination. From September

2 through November 24 (the day before

the start of Thanksgiving break), 2838

(5.5%) of 51997 educators were linked

to a case of COVID-19. This translated

to an unadjusted cumulative incidence

of 5458 cases per 100000 educators.

Responding K–12 public school dis-

tricts implemented a variety of preven-

tion practices, but policies were nearly

always applied to students and staff

equally (Table 1; Figure 2). Very few

districts implemented a partial policy.

Among districts that reported a robust

policy practice, physical distancing pro-

cedures were the most commonly

reported (188/278; 67.6%), followed

by quarantine (87/169; 51.5%), and

then masking requirements (73/298;

24.5%).

Unadjusted Kaplan–Meier curves

indicated that educators working in dis-

tricts with a robust distancing, masking,

or quarantine policy (compared with

those working in districts without these

policies) experienced a significantly

lower hazard of COVID-19 illness from

September 2 through November 24,

2021 (Figure A, available as a supple-

ment to the online version of this article

at http://www.ajph.org).

Using our imputed multivariate mixed-

effects proportional hazards model, we

found that, compared with those in dis-

tricts without masking policies, educa-

tors working in districts with robust

masking policies were associated with a

19% lower hazard of COVID-19 during

September 2 through November 24

(hazard ratio [HR]50.81; 95% confi-

dence interval [CI]5 0.72, 0.92). Neither

quarantine nor distancing policies were

significantly associated with educator

rates of COVID-19 during our analysis

period. Model findings were relatively

unaffected by missing data assumptions

in our sensitivity models (Table C, avail-

able as a supplement to the online ver-

sion of this article at http://www.ajph.org).
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When we stratified our imputed

model by grade level, the hazards

reduction associated with a robust

masking policy remained consistent

and statistically significant across ele-

mentary, middle, and high school loca-

tions (HR50.83 [CI5 0.77, 0.99]; HR5

0.74 [CI50.58, 0.95]; and HR50.77

[CI50.61, 0.98], respectively).

In assessing the potential for outcome

ascertainment bias among school dis-

tricts, we noted that the use of COVID-19

testing policies among educators was

low but comparable between districts

using different COVID-19 prevention poli-

cies (Table 1). In addition to unadjusted

Kaplan–Meier curves (Figure B, available

as a supplement to the online version of

this article at http://www.ajph.org), we

also reran our complete case model

(Table 2; model 1), including a binary indi-

cator variable for staff testing alongside

the 3 other policy variables; it did not

substantially alter the point estimates or

CIs for our main policies of interest (not

shown).

DISCUSSION

Our results provide further evidence

of the benefits of student and staff

masking in school settings during a

period of high community transmis-

sion.1–3,25,26 COVID-19 incidence rates

in our assessed group of Wisconsin

K–12 school district communities aver-

aged 49.3 per 100000 residents during

the study period (range52.6–293.6

per 100000 residents). During the first

3 months of the 2021–2022 academic

year (September 2–November 24), and

adjusted for pertinent person- and

community-level factors, in-person

educators working in school districts

with both student and staff masking

policies in place were 19% less likely

to experience a COVID-19 illness than

T
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were their counterparts working in dis-

tricts without any masking policies.

This is equivalent to a 23% higher HR

among educators in districts without

masking policies than among educators

in districts with robust masking policies.

Moreover, the protective effect associ-

ated with a robust masking policy was

consistent across elementary, middle,

and high school environments.

Our findings complement those of an

ecologic study by Budzyn et al., who,

using the same MCH survey policy data,

determined that after the start of the

2021–2022 school year, US counties

with school mask policies in place for

students and staff experienced a signif-

icantly lower risk of pediatric COVID-19

cases than did counties without mask

mandates (16.3 vs 34.9 cases per

100000 children aged <18 years).27

Existing research also corroborates our

study’s lack of association between

COVID-19 risk and either physical dis-

tancing or quarantine after exposure

(imputed HR51.08; 95% CI50.98,

1.19 and HR50.98; CI50.89, 1.07,

respectively). For example, 2 articles

from the Duke University School of Med-

icine that suggest that—in the presence

of masking policies—distancing or quar-

antine policies might have little effect on

COVID-19 risk reduction.25,26

K–12 educators, despite a higher risk

of workplace-associated COVID-19 inci-

dence, do not appear to be at more

risk for severe outcomes of COVID-19

than do those in other professional cat-

egories.28,29 But, in our work, the 23%

higher rate of COVID-19 illness among

educators in districts without any mask-

ing policy is not without potential rami-

fications. In studies of school-based

COVID-19 outbreaks, researchers

identified that staff are often as involved

in outbreaks as students.4,6,12,13 These

school-based outbreaks can subse-

quently spill over to the surrounding

community members; for instance,

preventing COVID-19 transmission in

educational settings has a noted benefit

to households associated with

schoolchildren.15

We also note that the educators in

our study were relatively young (average

age544 years), almost entirely non-

Hispanic White (97.1%), and highly vacci-

nated (77.9% having completed a full,

primary vaccination series by the start

of school). Therefore, our calculated HRs

among Wisconsin educators might not

be generalizable to all educators in the

United States. Indeed the 23% higher

HR of COVID-19 associated with a lack of

a masking policy in Wisconsin school

Robust: 188/278 (67.6%)
Partial: 0/278 (0%)
Absent: 90/278 (32.4%)
Missing: 36/307 (11.7%)

Robust: 73/298 (24.5%)
Partial: 23/298 (7.7%)
Absent: 202/298 (67.8%)
Missing: 9/307 (2.9%)

Robust: 87/169 (51.5%)
Partial: 3/169 (1.8%)
Absent: 79/169 (46.7%)
Missing: 138/307 (45.0%)

(total responses = 169)(total responses = 298)(total responses = 278)

Robust policy

Absent policy

Milwaukee

Madison

Green Bay

a b c

FIGURE 2— Wisconsin K–12 Public School Districts’ Implementation of COVID-19 Prevention Policies of (a) Distancing,
(b) Masking, and (c) Quarantine: Fall 2021 Academic Semester

Note. Robust policies indicate those applied to both students and educators. Absent policies were not required for either students or educators. Because of
small numbers, districts with partial policies (or those differentially applied to students and staff) are not highlighted in a color, nor are districts with missing
policy data.
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districts could be more pronounced in

US school districts with an older or less

vaccinated population of educators.

Limitations and Strengths

The findings of this study are subject

to at least 3 principal limitations. First,

policy variables were based on

responses at the beginning of the

semester. We were unable to account

for potential changes to policy through-

out the semester. However, we note

that the trajectory of COVID-19 cases

in Wisconsin was increasing from early

July 2021 through mid-January 2022.

For this reason, we do not expect that

policies were suspended during our

analysis period—if anything, it is more

likely that some districts without poli-

cies in September implemented them

during the analysis period. In this

sense, our results might reflect conser-

vative estimates. Similarly, although we

were unable to account for measures

of policy compliance, we do not

anticipate that policy compliance dra-

matically waned during this period of

increasing case rates—at least not

because of a lack of pandemic aware-

ness throughout the state.

Second, the MCH survey requested

answers to broad questions (Table A,

available as a supplement to the online

version of this article at http://www.

ajph.org). Because of this, the categorical

exposure levels in our analysis might

obscure nuances in the way distancing,

masking, or quarantine policies were

implemented in each district or among

schools in the district. For example, there

were no data available regarding the

type of masks required in school districts

with masking policies. Evidence shows

that different types of masks are associ-

ated with different levels of fit, quality,

and effectiveness,30–32 and so our over-

all risk reduction associated with mask-

ing may gloss over more nuanced levels

of protection associated with various

masks.

Similarly, because of small numbers,

we were unable to assess risks of

COVID-19 associated with a heteroge-

neous application of policies, such as

the effects of staff masking or student

masking alone. We cannot conclude,

therefore, whether mask wearing by

in-person educators or by students

specifically contributed more to the

reduction in educator risk. Future work

could consider the risk reduction in

schools with a mask policy applied only

to in-person educators.

Third, there was potential for selection

bias in our analysis, although we took

care to minimize any potential conse-

quences of this. It is true that, statewide,

11% of all regular K–12 school districts

did not report any policy data, and we

excluded these from analysis. However,

these districts were distributed through-

out the state in urban and rural areas,

TABLE 2— Effect of School District Policy (Physical Distancing,
Masking, and Quarantine) on Hazard Rate of COVID-19 Among
K–12 Educators, Stratified by Grade Level: Wisconsin, September
2–November 24, 2021

School Setting and Policy

Model Data Assumptionsa HR (95% CI)b

Complete Cases Imputed

Elementary school

Distancing 1.14 (0.93, 1.40) 1.06 (0.92, 1.23)

Masking 0.78 (0.60, 1.03) 0.83 (0.70, 0.99)

Quarantine 1.01 (0.82, 1.23) 1.06 (0.92, 1.21)

Middle School

Distancing 1.05 (0.76, 1.47) 0.97 (0.79, 1.19)

Masking 1.02 (0.68, 1.54) 0.74 (0.58, 0.95)

Quarantine 0.89 (0.66, 1.22) 0.99 (0.81, 1.20)

High School

Distancing 1.23 (0.96, 1.60) 1.19 (0.99, 1.44)

Masking 0.76 (0.53, 1.07) 0.77 (0.61, 0.98)

Quarantine 0.96 (0.75, 1.23) 0.91 (0.76, 1.08)

Overall

Distancing 1.11 (0.96, 1.28) 1.08 (0.98, 1.19)

Masking 0.81 (0.67, 0.98) 0.81 (0.72, 0.92)

Quarantine 1.00 (0.87, 1.15) 0.98 (0.89, 1.07)

Note. CI5 confidence interval; HR5hazard ratio.

aReflects 2 data sets treating missing policy data in distinct ways: (1) only school districts with
complete data for all 3 policies or (2) imputed data for missing policy information using information
from nonmissing district-level characteristics. Multivariate model adjusted for each of the 3 policies
(masking, distancing, quarantine), teacher full vaccination status by start of school, National Center
for Education Statistics school district locale, and spline terms for the following variables: teacher
age (years), percentage of school district community fully vaccinated, weekly COVID-19 incidence
rate in the school district community, and average student:teacher ratio in school district.
bHRs and CIs associated with policy implementation, robust vs absent. Robust indicates policy in
place for both students and staff. Absent indicates policy in place for neither students nor staff. The
partial categories of any given policy (i.e., policy in place for either students or staff) are not
presented because of small numbers.
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which minimized the concern of unrep-

resentative data (Figure 2). Similarly, it is

possible that educators in different dis-

tricts were more or less likely to report

COVID-19 cases to local health depart-

ments, perhaps because of prevailing

social willingness to be tested for

COVID-19 or the use of self-tests at

home. To lessen the impact of this bias,

we included a random effect term for

school district in our model.

This study builds on the existing litera-

ture in 2 notable ways. For one, previous

studies investigating COVID-19 preven-

tion policies in schools often lacked com-

parison groups because of their analysis

time frame, which occurred when the

vast majority of school districts had

implemented similar masking and other

prevention policies; these previous

studies were limited in ability to con-

trast policies. Previous studies often

considered only schools in which the

policy was applied, and thus research-

ers were unable to determine whether

the observed low COVID-19 risk was

associated with the presence of the

prevention policy itself. In our analysis

of heterogenous policy use, we found

that the presence of student and staff

masking policies in Wisconsin school

districts, compared with the absence of

such policies, was associated with a sig-

nificantly reduced rate of COVID-19

among in-person educators.

A second strength of our analysis was

our ability to control for a wide range of

pertinent person- and community-level

confounders. We were able to use data

from a variety of state and national

data sources to control for educator

vaccination status, educator age, com-

munity vaccination status, weekly inci-

dence of COVID-19 in the community,

urbanicity of the school district, and

student to teacher ratio. Additionally,

we implemented a random-effects

model in an attempt to control for

unobserved confounders at the school

district level.

Public Health Implications

Our work shows that an in-person

educator’s risk of infection can be

reduced with group mask use—a sim-

ple, nonpharmaceutical intervention.

Beginning in February 2022, the

Omicron variant wave of the COVID-19

pandemic tapered off, prompting the

United States and other countries to lift

many or all of their societal COVID-19

prevention policies. Fortunately, surveil-

lance data continue to indicate that the

risk of severe COVID-19 outcomes in

younger children remains rare. But in

considering the beneficiaries of masking

policies in US K–12 schools, it is impor-

tant to bear in mind the health of the

nation’s 5.5 million K–12 educators and

the 3 million additional in-school staff.14

We want to be clear that our findings

do not suggest that a robust mask pol-

icy in K–12 schools be applied in perpe-

tuity without consideration of external

factors. Instead, our work adds further

evidence to underscore the role of

mask policies in school environments.

Student and staff mask wearing during

periods of high community transmis-

sion prevented illness in schools

among a highly vaccinated population

of in-person educators and may be a

worthwhile consideration during future

periods of high COVID-19 transmission

in the community.
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Excess Mortality From Non–COVID-19
Causes During the COVID-19 Pandemic
in Philadelphia, Pennsylvania,
2020–2021
Megan Todd, PhD, and Annaka Scheeres, MPH

Objectives. To estimate excess mortality from non–COVID-19 causes during the COVID-19 pandemic in

Philadelphia, Pennsylvania, and understand disparities by race/ethnicity, age, and sex.

Methods.We used Poisson regression models of weekly deaths using data from Pennsylvania’s vital

registration system (2018–2021).

Results. There was significant excess mortality as a result of heart disease, homicide, diabetes, drug

overdoses, traffic crashes, and falls in 2020–2021; the burden of this excess non–COVID-19 mortality fell

on non-Hispanic Black Philadelphians. Among younger non-Hispanic Black men, homicide and drug

overdoses were responsible for 54% and 18% of excess deaths—more than COVID-19 (17%). For

younger non-Hispanic Black women, drug overdoses accounted for 51% of excess deaths, whereas

COVID-19 accounted for 40%.

Conclusions. Excess mortality was not solely caused by severe acute respiratory syndrome coronavirus

2 (SARS-CoV-2; the causative agent of COVID-19), particularly at younger ages. Indirect pandemic

mortality exacerbated prepandemic disparities by race/ethnicity.

Public Health Implications. Excess mortality as a result of non–COVID-19 causes may reflect indirect

pandemic mortality. National cause-of-death data lag behind local cause-of-death data; local data should

be examined as an early indication of trends and disparities. Public health practitioners must center

health equity in pandemic response and planning. (Am J Public Health. 2022;112(12):1800–1803. https://

doi.org/10.2105/AJPH.2022.307096)

The COVID-19 pandemic caused a

dramatic increase in mortality, but

not all of this excess mortality is directly

attributable to infection with severe

acute respiratory syndrome coronavi-

rus 2 (SARS-CoV-2; the causative agent

of COVID-19).1 The pandemic caused

profound disruptions in society, which

may have led to excess mortality indi-

rectly related to the virus. Researchers

have speculated about these indirect

pathways—such as interruptions in

health care2,3 and worsening mental

health4—but so far, little work has stud-

ied excess mortality as a result of

non–COVID-19 causes.

In this study, we estimated excess

mortality as a result of non–COVID-19

causes of death in Philadelphia, Penn-

sylvania. Past studies have documented

differences in COVID-19 mortality by

sex,5 age,6 and race/ethnicity7,8; we

therefore compared mortality by these

demographic characteristics to see if

this was also the case for non–COVID-19

mortality. National cause-of-death

data lag behind local cause-of-death

data; these data from Philadelphia—

the sixth largest US city—provide a

timely estimate of trends and disparities

in mortality for 2020–2021.

METHODS

Data are from Pennsylvania’s vital regis-

tration system. We used final 2018–2019
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death files, combined with preliminary

2020–2021 files (updated June 30,

2022), to examine mortality in Philadel-

phia from January 1, 2018, to January 1,

2022. Deaths are reported with a delay;

for more details, see section 1 of

Appendix (available as a supplement to

the online version of this article at

http://www.ajph.org). We calculated

excess mortality rates with denomina-

tors from the US Census Bureau’s 2021

Annual County Resident Population

Estimates.

Following Todd et al.,9 we trained

Poisson models of weekly mortality on

2018–2019 data, stratified by age, sex,

and race/ethnicity and allowing for sea-

sonal trends. Our past work examined

all-cause mortality through 20209; here,

we added cause-specific mortality from

the most common pre-COVID-19

causes of death (heart disease, cancer,

injury [disaggregated into homicide,

drug overdoses, traffic crashes, and

falls], cerebrovascular disease, diabe-

tes, septicemia, influenza and pneumo-

nia, chronic respiratory diseases, and

chronic kidney diseases) and data

through 2021. (See section 2 of online

Appendix for model details.) We then

used these models to estimate

expected cause-specific mortality from

March 15, 2020, to January 1, 2022 by

sex (male, female), age group (<50

years old, ≥50 years), and race/

ethnicity (non-Hispanic Black, non-

Hispanic White; other categories

omitted because of small counts). We

compared expectations with observed

deaths to obtain estimates of cause-

specific excess mortality. All deaths as

a result of COVID-19 were considered

excess deaths. We conducted the

analysis using R 4.1.1 (R Foundation

for Statistical Computing, Vienna,

Austria).

RESULTS

There were 5963 excess deaths from

all causes between March 15, 2020,

and January 1, 2022, representing 23%

more deaths than predicted (Table A,

available as a supplement to the online

version of this article at http://www.

ajph.org); 4469 (75%) of these excess

deaths were directly attributable to

COVID-19. Among non–COVID-19

causes of death, the greatest propor-

tional increases above expectations

occurred for deaths caused by traffic

crashes (53% more deaths than

expected), homicide (51%), and diabe-

tes (41%). Significant increases above

expectations were also observed for

deaths caused by falls (22%), drug over-

doses (16%), and heart disease (6%). As

the most common cause of death,

heart disease was responsible for the

largest number of excess deaths

(n5375) of any non–COVID-19 cause,

despite only a modest percentage

increase. Homicide was responsible for

the second largest number of excess

deaths (n5327), followed by drug

overdose (n5272) and diabetes

(n5244). As less common causes of

death, traffic crashes and falls accounted

for 95 and 53 excess deaths, respec-

tively. There was a decrease below

expectations for deaths from chronic

respiratory diseases (9%, or 89 fewer

than expected). Observed deaths

were not significantly different from

expectations for cancer, kidney dis-

ease, pneumonia and influenza,

stroke, or septicemia.

Excess mortality was not distributed

equally; the burden fell more heavily on

non-Hispanic Black Philadelphians than

non-Hispanic White Philadelphians. Fig-

ure A (available as a supplement to the

online version of this article at http://

www.ajph.org) shows excess deaths per

100000 from all causes by sex, age

group, and race/ethnicity. There was

significant excess mortality among

adults aged 50 years and older in all

sex–race groups. However, at younger

ages, only non-Hispanic Black men and

women experienced excess mortality

(241 and 70 excess deaths per 100000,

respectively), whereas non-Hispanic

White women and men did not experi-

ence significant excess mortality.

Figure 1 disaggregates excess mortal-

ity for age–sex–race/ethnicity groups by

cause. Only causes of death for which

the number of deaths was significantly

different from expectations are labeled;

see Table B (available as a supplement

to the online version of this article at

http://www.ajph.org) for complete

counts. For those aged 50 years and

older, COVID-19 was overwhelmingly

responsible for excess mortality: there

were 1142 COVID-19 deaths per

100000 for older non-Hispanic Black

men (representing 66% of excess

deaths for this group), 859 per 100000

for older non-Hispanic Black women

(79% of excess deaths), 855 per

100000 for older non-Hispanic White

men (97%), and 661 per 100000 for

older non-Hispanic White women (over

100%, a figure that might be attribut-

able to declines from other causes). For

older non-Hispanic Black men, there

was significant excess mortality from

heart disease, drug overdoses, diabe-

tes, and traffic crashes. Among older

non-Hispanic Black women, mortality

from heart disease and drug overdoses

significantly exceeded expectations.

For older non-Hispanic White men,

diabetes was the only significant non–

COVID-19 contribution to excess mor-

tality. Older non-Hispanic White women

also experienced significant excess
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mortality from diabetes, but this was

more than offset by significant reduc-

tions in mortality from chronic respira-

tory diseases, possibly because of

COVID-19 mitigation strategies like

social distancing and masking.

For Philadelphians aged younger

than 50 years, the contribution of

COVID-19 to excess mortality was far

more modest. Among young non-

Hispanic Black men, COVID-19 was only

the third leading cause of excess mor-

tality (40 excess deaths per 100000;

17% of excess deaths), trailing behind

homicide (131 per 100000; 54%) and

drug overdoses (45 per 100000; 18%).

Traffic crashes also significantly contrib-

uted to excess mortality for young

non-Hispanic Black men. For young

non-Hispanic Black women, drug over-

doses contributed more to excess

mortality (35 per 100000; 51% of

excess deaths) than COVID-19 (28 per

100000; 40%). There was no significant

all-cause excess mortality among young

non-Hispanic White men and women;

excess COVID-19 deaths were offset by

lower-than-expected mortality from

drug overdoses and heart disease.

DISCUSSION

This study estimated cause-specific

excess mortality during the COVID-19

pandemic in Philadelphia. In addition

to deaths from COVID-19, there was

significant excess mortality from heart

disease, homicide, diabetes, drug

overdoses, traffic crashes, and falls. The

burden of non–COVID-19 mortality

disproportionately affected older non-

Hispanic Black Philadelphians com-

pared with older non-Hispanic White

Philadelphians. Among younger non-

Hispanic Black Philadelphians, COVID-19

mortality was dwarfed by excess mor-

tality from homicide and drug overdo-

ses. Excess non–COVID-19 mortality

may have resulted from interruptions in

health care (for heart disease, diabetes,

and drug overdoses), or from stress,

anxiety, and mental strain (all causes).

Although the number of traffic crashes

in Philadelphia decreased in the first

year of the pandemic, the number of

fatalities increased, possibly because

of excess speed amid reduced traffic
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�P< .05, ��P< .01 for test of the null hypothesis that (observed deaths)5 (expected deaths).
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volume.10 Although more research

is needed to understand why non–

COVID-19 causes of death contributed

to excess mortality during the pan-

demic, our work shows that this excess

mortality was substantial, and contrib-

uted to mortality disparities by race/

ethnicity.

PUBLIC HEALTH
IMPLICATIONS

Preexisting racial mortality disparities

were exacerbated by COVID-19.7 This

study is preliminary evidence that

non–COVID-19 mortality during the

pandemic further contributed to dis-

parities, notably at younger ages, where

the mortality risk from COVID-19 was

small. This is an urgent call to think

broadly about the impacts of COVID-19

on health and mortality and to center

equity in pandemic response and pre-

paredness planning.
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Butler and Nichols1 highlight

the possibilities of coopetition

(i.e., cooperative competition at interor-

ganizational and intraorganizational

levels) to fund the infrastructureof social

determinantsofhealth (SDoH).Although

early examples showed success, coo-

petition poses possible risks to

community-based organizations (CBOs)

that offer SDoH services.

RISK 1: COST

A formal coopetition mechanism can be

expensive and may impose above aver-

age functioning costs on participating

organizations.2 Increased functioning

costs may reduce the overall philan-

thropic efforts in CBOs outside the coo-

petition model. Thus, it is important to

evaluate the total cost and total income

at the CBO level before and after

coopetition.

RISK 2: EQUITABLE
FUNDING AND
PURCHASING

Health plans possess tremendous

financial power and can influence the

purchasing decisions of other funders in

coopetition. For instance, health plans

are innately more interested in SDoH

solutions that generate short-term, clear

returnson investment for them (e.g., food)

than in other solutions (e.g., home modi-

fications, family caregiver support).3 It is

possible that solutions with less return

on investment evidence experience

reduced funding. Tracking the funding

status of services that are outside the

coopetitionmodel at a community level

will offer a more comprehensive pic-

ture of coopetition’s impact.

RISK 3: AUTONOMY

Coopetition often requires a CBO net-

work lead to negotiate on behalf of a

group of CBOs. Although the CBO net-

work lead plays an important role, some

emerging evidence in coopetition shows

that formal hierarchical structure has

a negative effect on knowledge sharing,

whereas informal lateral relations (e.g.,

social interactions) have a positive

effect.4 In particular, a hierarchicalmodel

may unintentionally harm knowledge

sharing and capacity building for small,

minority-led organizations. Coopetition

models should maximize autonomy and

lateral interactions.

RISK 4: RESEARCH AND
DEVELOPMENT

Radical innovation in SDoH is needed.

One known advantage of coopetition is

accelerating research and development.

Yet coopetition inSDoHtodaystill focuses

toomuchonprovidingSDoHservicesand

information exchanges, which may limit

flexibility in research and development.5

Two practices may catalyze research and

development. First, long-term SDoH coo-

petition is encouraged because coopeti-

tion that spans five to seven years ismore

likely to generate benefits related to

increased innovation.2 Second, coopeti-

tion should treat CBO-led research and

development as part of the infrastructure

and allow flexible funding for such

activities.

The US social care system is at a tipping

point. Thoughtful coopetition that priori-

tizes structural, long-term benefits for

CBOs warrants further research.
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We are grateful for Wong’s

acknowledgment of the benefits

of health plan co-opetition in building

and operating the infrastructure for

emerging health and social service eco-

systems. She is correct that there are

risks. But the gap between investment in

social determinants of health (SDOH)

and unmet human need is so great that

the benefits of encouraging collabora-

tive investment in SDOH infrastructure

and services outweigh those risks.

Wong’smain point is that the interests

of community-based organizations

(CBOs) and their clients must be priori-

tized. We not only agree; we argue that

health plan co-opetition is more likely to

produce this result than other

arrangements.

We emphasized that a well-functioning

ecosystem requires trust, technology,

data management, contracting

expertise, and sustainable financing.

We agree that trust among CBOs and

clients who need services is key. But the

other infrastructure elements are also

essential. Our point is that health plan

collaboration is more efficient than

hyper-competition in which plans con-

tract for everything on their own, raising

costs for plans and CBOs alike through

redundant technologies and contracting

and data reporting requirements. Plans

now engaged in collaboration (and even

some that are not) recognize the impor-

tance of community trust in their own

success; this will fuel alignment over

time.

Wong views network lead entities,

which contract and manage data on

behalf of CBOs, as a risk to knowledge

sharing and capacity building within

CBOs themselves. We agree that net-

work lead entities cannot function well

without the trust of CBOs and their

clients; therefore, they must emerge

organically and locally and work to

expand CBO capacities. Still, many CBOs

today lack the contracting and data

management capacity essential for

value-based contracting, so the func-

tions of network lead entities are cata-

lytic for the spread of cost-effective

SDOH investments.

Some health plan–led SDOH invest-

ment may indeed focus mainly on

reducing short-run costs, but our Com-

monSpirit and CAPGI (Collaborative

Approach to Public Goods Investments)

examplesandplan investments inhousing

suggest that innovation and longer-run,

more social return on investment are the

foci of engaged plans. Moreover, the

broader social benefits of this form of

co-opetition are attractive to government

policymakers. Health care is learning that

many clients have more than one unmet

need and that leaving social needs unmet

reduces the effectiveness of each inter-

vention. Although health organizations

cannot pay for utopia alone, health plan

co-opetition is apromising tool, perhaps in

partnership with government investment,

for expanding commitments to social

needs and the infrastructure on which

effective delivery depends.

LETTERS & RESPONSES
A
JP
H

D
ec

em
b
er

20
22

,V
ol

11
2,

N
o.

12

e2 Letters & Responses Butler and Nichols

https://doi.org/10.2105/AJPH.2022.307121
https://doi.org/10.2105/AJPH.2022.306941
https://doi.org/10.2105/AJPH.2022.306941
https://doi.org/10.3390/su10082688
https://doi.org/10.3390/su10082688
https://www.commonwealthfund.org/sites/default/files/2019-07/combined-roi-evidence-review-7-1-19.pdf
https://www.commonwealthfund.org/sites/default/files/2019-07/combined-roi-evidence-review-7-1-19.pdf
https://www.commonwealthfund.org/sites/default/files/2019-07/combined-roi-evidence-review-7-1-19.pdf
https://doi.org/10.1287/orsc.13.2.179.536
https://doi.org/10.1287/orsc.13.2.179.536
https://doi.org/10.1007/s11846-015-0168-6
https://doi.org/10.1007/s11846-015-0168-6


Reproduced with permission of copyright owner. Further reproduction
prohibited without permission.



AJPH Peer Reviewers:
Thank You for Your
Services
Brian Selzer, BS, Michael Henry, BS, Katie Poe, MA, and Avery Ferguson, MA

ABOUT THE AUTHORS

The authors are with the American Public Health Association.

Peer review is the backbone of any

publication operation; experts

volunteer their time and expertise to

evaluate and provide feedback on

submitted papers. Without these

dedicated individuals, AJPH would not

have its track record of publishing

high-quality research and commen-

tary each month. The current peer

review system has become overbur-

dened—record numbers of papers

have flooded all journals, and the

demand for peer review is at an

all time high. We realize that peer

reviewers are inundated with requests

to review papers. At AJPH, we are very

grateful to those who continue to

accept review invitations and subse-

quently set aside their personal time

to read through assigned papers

and submit quality, thoughtful, and

impactful evaluations. Your contribu-

tions are essential, and we sincerely

thank you.
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