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Dual pathways of concealed gun carrying and use from
adolescence to adulthood over a 25-year era of change

Charles C. Lanfear'*, David S. Kirk?, Robert J. Sampsons'4

Most homicides in the United States are committed using a handgun, but little research examines gun carrying
over critical stages of the life course and changing contexts of violence. Notably, although most of the handgun
homicides are committed by adults, most research on concealed gun carrying focuses on adolescents in single
cohort studies. Using more than 25 years of longitudinal multicohort data from Chicago, 1994-2021, we show that
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pathways of concealed gun carrying are distinct between adolescence and adulthood. Adolescent carrying is of-
ten age-limited and responsive to direct exposure to gun violence (witnessing and victimization), while adult
carrying is a persistent behavior that is less tied to direct exposure. The onset of concealed carry is also a strong
predictor of later gun use (shooting or brandishing), and we find distinct patterns of gun use between individuals
who first carry in adolescence versus adulthood. We discuss the implications of these dual pathways for research

and policies on firearm use.

INTRODUCTION

A known fact is that most homicides in the United States are com-
mitted with a firearm, and of those, the vast majority are committed
with a handgun. Between 1995 and 2021, for example, 89% of ho-
micides with a known firearm were committed using a handgun
(1). Less appreciated is that, although most research on concealed
gun carrying focuses on adolescents (2), most handgun homicide
offenders are in fact adults (1). A focus on adolescents may have
been warranted by age patterns of gun violence in the 1990s or ear-
lier, but recent increases in gun violence have been concentrated
among adults. Figure 1 confirms a marked shift in age-specific pat-
terns of homicide over time: Offenders are now far less likely to be
in adolescence, with the median age of homicide offenders increas-
ing a full 4 years from 1995 to 2021. This time period coincides with
the widespread shift toward “shall issue” concealed carry laws and,
more recently, permitless carry laws, with research revealing that
this deregulation of concealed carry laws was associated with sub-
sequent increases in homicide (3).

Not only do we know little about the course of gun carrying dur-
ing and after adolescence, but we also know little about age-graded
pathways of gun carrying across important periods of contempo-
rary social change. For example, the stock of firearms in the United
States has doubled over the past quarter century (4), and the spike
in homicide rates throughout the country in 2020 has been attrib-
uted to a surge in firearm sales—and presumably gun carrying—
following the outbreak of COVID-19 and protests against racialized
police violence (5-7). Data from the Bureau of Alcohol, Tobacco,
Firearms and Explosives (ATF) further reveal that the time be-
tween purchase of new guns and the use of these guns in a crime
declined in the wake of the 2020 surge in gun sales, suggesting that
COVID-era gun purchases were increasingly used in the commis-
sion of crimes (8). Yet, as is well known, age and historical change
are confounded in single cohort studies, making it challenging to

YInstitute of Criminology, University of Cambridge, Cambridge CB3 9DA, UK. 2De-
partment of Criminology, University of Pennsylvania, Philadelphia, PA 19104,
USA. 3Department of Sociology, Harvard University, Cambridge, MA 02138,
USA. “American Bar Foundation, 750 North Lake Shore Drive, Fl. 4, Chicago, IL
60611-4557, USA.

*Corresponding author. Email: cI948@cam.ac.uk

Lanfear et al., Sci. Adv. 10, eadp8915 (2024) 4 December 2024

distinguish their independent effects (9). Longitudinal, multico-
hort data are necessary to reveal and explain changing age-related
patterns of gun carrying and use in the United States.

This paper directly addresses these gaps in our scientific knowl-
edge on the life course of concealed gun carrying and use from ado-
lescence through adulthood by analyzing 25 years of longitudinal
multicohort data from the Project on Human Development in Chicago
Neighborhoods (PHDCN+). Concealed gun carrying refers to the
practice of carrying a gun in public that is concealed, or hidden, from
the view of others, whether legally or illegally. With our research
design, we are able to analyze patterns of concealed gun carrying by
sex, race, cohort, and exposure to violence from childhood through
adulthood, specifically: (i) at what age onset of concealed carrying
occurs; (ii) if the age of carry onset is predictive of recent gun carry-
ing; (iii) if an earlier age of carry onset is predictive of using a gun in
a crime or for self-defense; and (iv) if exposure to gun violence pre-
dicts onset of carry for both juveniles and early adults. And whereas
much of the literature on concealed carry focuses on either illegal or
legal carrying, a contribution of our study is to focus on both (10-12),
including the differing pathways to each type of behavior.

As our primary focus is on exploring differences in concealed
carry onset by age, the design of the PHDCN+- is uniquely well suited
to examine these patterns as it includes a quarter century of follow-
ups of a diverse and representative sample of four age cohorts of
Chicago children, born from approximately 1981 to 1996, who
experienced different contexts of gun violence and criminal justice
contact at different stages of life (13). For example, the oldest co-
horts came of age during the violent crime peak of the early 1990s
and the youngest reached their early 20s during spikes in gun vio-
lence starting in 2016, whereas the middle cohort reached their
teens during an era of relatively low crime and violence (14).

The ensuing analysis will show that concealed gun carrying is
responsive to these surges in violence in Chicago, which mirrored
patterns of gun violence seen in major cities across the United States
(15). Yet, the analysis will also show that patterns of concealed gun
carrying are to an important extent distinct between adolescence
and adulthood: Adolescent carrying is less persistent but is respon-
sive to direct exposure to gun violence through victimization or
witnessing shootings, whereas adult carrying is a more persistent
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Fig. 1. Proportion of handgun homicide offenders by recorded age in 1995 and 2021 according to FBI Uniform Crime Report Supplementary Homicide Reports.
The 3.5% of homicide offenders that are over age 60 are omitted. For the 15% of firearm homicides with more than one recorded offender, the age of the first offender
was taken. If limited to the 85% of single offender homicides, then an even larger proportion of homicides is attributable to adults.

behavior that is less tied to intimate exposure to gun violence.
We refer to these distinct patterns by life course stage—adolescence
versus adulthood—as a dual pathway explanation for concealed
gun carrying.

This longitudinal study is based on a representative sample of
children originally living in Chicago, 82% of whom were living in
the Chicago metro area in the most recent survey wave in 2021. This
may affect the generalizability of our results if Chicago or Illinois are
an unusual context for concealed gun carrying or gun violence.
However, rates of gun homicide in Chicago over the study period
were similar to those in other major US cities such as Philadelphia
and Dallas and substantially below the most violent cities in America
such as St. Louis, Baton Rouge, New Orleans, Memphis, and Baltimore
(1). Gun laws in Illinois, reputed to be some of the toughest in the
country in the late 20" and early 21* centuries, also became permis-
sively similar to other states in 2014, as many of our sample mem-
bers reached the legal age of carrying a firearm. Our multi-cohort
design thus allows us to compare patterns of concealed gun carrying
at the same ages, in a context where carrying would have been illegal
in Illinois for older cohorts but legal for younger cohorts.

Concealed carry

Until 2013, concealed carrying of firearms was banned in Illinois,
yet the ban was ultimately ruled unconstitutional under the Second
Amendment. To address this ruling, the Illinois’ Firearm Concealed
Carry Act was enacted on 9 July 2013, with permits issued starting
in 2014, allowing for concealed carry in Illinois with a license. With
the enactment, Illinois became a “shall-issue” state, meaning that the
state must issue concealed carry licenses to applicants who satisfy
eligibility requirements. At the time, nearly every US state required
individuals to have a permit to carry a concealed gun, under either
a shall-issue policy such as in Illinois or a “may-issue” policy in
which the applicant needed to demonstrate a need for carrying a
concealed firearm (16).
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The landscape of concealed carry laws nationwide changed mark-
edly in the ensuing decade, particularly in the case of New York State
Rifle & Pistol Association Inc. v. Bruen (2022), in which the US
Supreme Court ruled that New York’s may-issue concealed carry law,
the 1911 Sullivan Act, was unconstitutional. The law had required
concealed carry permit applicants to show “proper cause” as to why
they would need to carry a weapon in public, with the government
holding discretion to reject applications for a license. The Supreme
Court ruled that the law prevented individuals from exercising their
Second Amendment rights, and this ruling had the effect of making
concealed carry in New York and elsewhere a presumptive right.

While concealed carry is a right throughout the United States—
in some jurisdictions requiring a permit—credible estimates on the
extent to which individuals have exercised that right remain elusive.
The only official source of carry statistics comes from counts of is-
sued permits. These only indirectly measure rates of carry, as many
individuals carry illegally, those with permits may not carry, and 29
states, as of this writing, do not require permits to concealed carry.
Accordingly, survey information on gun carrying is advantageous
for overcoming the limitations of gun permit data. For instance, a
2017 Pew survey estimated 22% of Americans own a handgun, and
of those, 57% carry a handgun outside the home at least some of the
time (17). Similarly, estimates from the 2019 National Firearms Sur-
vey indicate 30.3% of American handgun owners carried in the past
month, and 38.1% of those did so every day (18). Concealed gun
carrying has likely increased since these estimates due to unprece-
dented increases in gun purchases in 2020 following the outbreak of
COVID-19 and protests against racialized police violence (6).

What little we know about the prevalence of concealed carry, how-
ever, tells us almost nothing about patterns over the life course, such
as when people start and discontinue carrying. In one of the few anal-
yses of concealed carry over the life course, Comer and Connolly (19)
reported a relatively stable rate of 5% of National Longitudinal Survey
of Youth 1997 respondents—born from 1980 to 1984, paralleling the
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ages of our three oldest cohorts—having carried a handgun in the past
year between 1998 and 2011 (i.e., to approximately age 30). This rate
of carry was stable despite rates of gun violence dropping precipitous-
ly nationwide and respondents only becoming eligible to legally carry
concealed weapons (i.e., reaching age 21) mid-way through the analy-
sis period. The interyear correlation in carrying increased steadily
with time, however, indicating stronger continuity in carry among
adults than adolescents [page 5 in (19)].

The motivations for carrying a concealed gun likely differ across
the life course. Protection of selves and family is the most commonly
stated reason for carrying a concealed firearm, regardless of age
(2, 10, 11, 20-22). However, there is reason to hypothesize that the
reasons why, or from whom, individuals desire protection will differ
across stages of life. First and foremost, gun carry is illegal for ado-
lescents, so gun carry is by definition delinquent behavior. Gun
carry in adolescence is often associated with living in dangerous cir-
cumstances (21)—e.g., being exposed to dangerous peers due to
gang membership and involvement in drug markets (23, 24) or liv-
ing in neighborhoods perceived as unsafe and lacking in social con-
trol capacity (12). These circumstances increase the likelihood of
being personally exposed to gun violence, which has been impli-
cated as a key proximate cause of adolescent gun carrying and sub-
sequent gun violence (25-27). Exposure to gun violence is pervasive
in the United States, particularly during adolescence, but prevalence
differs starkly by race, sex, and birth cohort, and these differences—
particularly by race—grow throughout adulthood (14).

The relationship between exposure and gun carrying appears
strongest for youth with histories of delinquency (26, 27). Using
data from the Pathways to Desistance study of adjudicated adoles-
cent offenders, Beardslee ef al. (28) found that exposure to gun vio-
lence—but not other forms of violence—increased the probability of
gun carrying during the mid-teens through mid-twenties. While the
oldest three cohorts of the PHDCN+ data we use here were born in
the same period as the Pathways to Desistance respondents, the
PHDCN+ sample is representative of the population of Chicagos
children in the 1990s, rather than just those adjudicated for a crimi-
nal arrest. Using earlier waves of the PHDCN+, Bingenheimer ef al.
(25) found exposure to firearm violence approximately doubled the
likelihood of carrying a concealed weapon or engaging in serious
violence. Carry was not separated as an outcome from commission
of violence, however, and respondents were only followed for about
5 to 6 years. As a result, the oldest respondents were only observed
through age 21 at most.

Less is known about how proximate exposure to gun violence
relates to adult gun carrying, whether legal or illegal. While protec-
tion is often cited as a primary motivation for adult gun ownership,
paradoxically rates of gun ownership are high among groups less
likely to be the victims of violence, e.g., those older, white, and rural,
and low among groups more likely to be exposed to violence, e.g.,
those young, Black, and urban (14, 17); the same can be said for car-
rying rates among white and Black Americans (29). However,
among adult gun owners, carriers tend to be younger and more of-
ten male (18). Comer and Connolly (19) found that exposure to gun
violence before the age of 12 was associated with higher rates of
past-year gun carrying in adolescence, but this association weak-
ened through early adulthood (observed to age 30). Their insightful
analysis, however, does not examine the effect of direct exposure to
gun violence during the early years of adolescence (i.e., age 12 to 15)
when exposure rates tend to accelerate markedly (14).
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While proximate exposure to violence has been found to be a pri-
mary predictor of gun carrying among adolescents, there is some evi-
dence that increases in gun ownership and concealed gun carrying
among adults may instead be tied to political orientation and percep-
tions of generalized danger rather than immediate dangerous circum-
stances. This generalized danger includes the perceived inability of
police to guarantee safety (10), an aspect of legal cynicism (30). This is
one explanation given for the sharp rises in both sales and concealed
carry permitting following the political polarization of recent presi-
dential elections (10, 11, 31) and, more recently, the COVID-19 pan-
demic and the police murder of George Floyd (5, 6, 32). Many who
purchased guns in response to the pandemic cited a general “lawless-
ness” as a reason (33).

We advance research on the relationship between exposure to
violence and concealed gun carrying by testing whether the expected
association between exposure to gun violence and onset of gun
carrying in adolescence (up to age 21) is persistent and also ob-
served in adulthood (up to age 34). In doing so, we also consider
exposure to violence occurring as late as age 21. Before turning to
this relationship, we examine the age of onset of concealed gun car-
rying broken down by race, sex, and age cohort. After establishing
the key patterns in our data, we turn to an examination of whether
an early onset of gun carrying is predictive of a stable pattern of car-
rying throughout one’s life course. Similarly, we examine the rela-
tionship between the age at which individuals first carry a gun and
their likelihood of using a gun (i.e., for self-defense or otherwise).
Together, these tests provide insights on the temporal processes and
sources of gun carrying over the life course.

Data

We analyze data from the Project in Human Development in Chicago
Neighborhoods Longitudinal Cohort Study (PHDCN-LCS) that
included a representative sample of 3403 Hispanic, non-Hispanic
Black, and non-Hispanic white children in four age cohorts (infancy,
aged 9, 12, and 15) drawn in the mid-1990s from a random sample of
80 of Chicago’s 343 neighborhoods stratified by racial-ethnic compo-
sition and socioeconomic status (34). These respondents were inter-
viewed three times between 1995 and 2002. A random subsample
from these four cohorts were selected for long-term follow-up and
surveyed in 2012 (N = 1013, 63% response rate among the eligible
subsample) and 2021 (N = 651, 66% response rate), including re-
spondents who moved outside Chicago during the study period. At
wave 5, 51% of respondents were living in Chicago and 82% in the
wider Chicago metropolitan area. See figure S1 for a diagram of the
study design. The Harvard University Institutional Review Board ap-
proved this study, and informed consent was obtained for survey
data collection. Hereafter, we refer to the age cohorts by modal birth
year to aid in recalling their historical contexts; for example, the co-
hort sampled at age 15 during the first wave of data collection in the
mid-1990s is referred to as the 1981 cohort, as 65% of the cohort were
born during that year (and the remainder in adjacent years).

For our analyses, we include all members of these cohorts who
answered at least one question regarding onset of concealed gun
carrying or gun use in any wave rather than limit analyses to just
respondents from the fifth wave (see fig. S2). This results in analyti-
cal samples of 2121 for longitudinal analyses of gun carrying, 926
for longitudinal analyses of gun use, and 642 for past year analyses
of gun carrying with the wave 5 sample. The difference in longitudi-
nal and past year sample sizes primarily reflects study design rather
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than attrition, and the sample is still representative of individuals
who were children in Chicago in the mid-1990s. Attrition rates are
similar to other urban long-term follow-up designs (35), and below,
we address attrition through weighting, although unweighted re-
sults are substantively equivalent. See fig. S2 for a diagram of the
analytical samples, table S1 for a comparison of the generally mod-
est baseline differences between the sample at study inception in
1994 (wave 1) and in 2021 (wave 5), and (34) for a detailed descrip-
tion of the research design of the PHDCN+.

Race and ethnicity as well as sex were reported by the respon-
dent’s primary caregiver at wave 1. Race and ethnicity were com-
bined into a single three category measure (“Hispanic,” non-Hispanic
“Black,” and non-Hispanic “white”); while individuals of other races
and ethnicities were included in data collection, they are excluded
because the subsample was too small to conduct analyses of gun car-
rying and gun use (N = 85 across all waves, N = 31 in wave 5).

Age of onset of gun carrying was measured using questions from
waves 2, 3, and 5 asking if respondents ever carried a concealed gun,
when this last occurred, and the age it first occurred (see the Supple-
mentary Materials for exact questions). Of the 2121 respondents in
the longitudinal analysis sample, 199 (9.4%) reported ever carrying
a concealed gun. To measure continuity in carrying into the present,
recent concealed carry was measured with a question in wave 5 (i.e.,
2021) asking respondents if they had carried a concealed gun in the
past year. Past year analyses are restricted to the 642 wave 5 respon-
dents, of whom 73 (11.4%) reported carrying in the past year. Those
reporting past-year carry were also asked if they had a permit to do
so. All wave 5 respondents who reported carrying a concealed gun
in the past year resided in jurisdictions where a permit was required
to carry a concealed gun in public. As a result, this variable is taken
as an indicator of the legality of past-year carry.

Age of onset of gun use was measured using questions from
waves 3 and 5 asking respondents how old they were when they first
“used a gun, even if it was not fired, to protect yourself, someone
else, or your property” or when they first “shot or shot at” someone
(see the Supplementary Materials for exact questions). The sample
size for the analysis of onset of gun use (N = 926) is smaller than that
of concealed carry because only the 1981 cohort was asked about
gun use in wave 3; all other cohorts were asked only in wave 5 (see
fig. S1). Seventy-five (8.1%) of these respondents reported ever us-
ing a gun. One-quarter of those reporting any gun use reported both
using a gun for defense and shooting/shooting at someone. For
these respondents, the earlier age was taken as the age of onset of
gun use. Whereas the raw count of gun use (N = 75) and concealed
gun carrying (N = 199) among the respondents is relatively modest
in size, we reiterate the unique advantage of our data to studying
gun-related behavior from childhood through mid-adulthood, and
in the ensuing analyses, we take care to show the level of uncertainty
in our estimates. Even so, our analyses reveal previously unexam-
ined findings about gun-related behavior over the life course, such
as greater persistence in carry over the life course among individuals
who started carrying in adulthood rather than in adolescence.

While in policy debates there is substantial interest in the effec-
tiveness of concealed carry at reducing victimization through justi-
fied defensive gun use, when estimating prevalence of gun use, we
do not distinguish between justified and unjustified gun use. This is
because, even with the exacting level of detail in the PHDCN+ data,
it is generally not possible with survey data to affirmatively identify
instances of gun use that meet any legal criteria for self-defense. For
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example, nearly 30% of respondents reported that their first defen-
sive gun uses occurred in situations where their target was neither
committing a crime nor engaged in an argument or fight with the
respondent. Even if the target was committing a crime, defensive
gun use may still occur in unjustified circumstances—such as if the
respondent initiated a fight—or while the respondent is also com-
mitting a crime—such as using a gun to prevent being robbed while
dealing drugs. These and other related issues are inescapable limita-
tions of survey self-reports for estimating the prevalence of legally
justified defensive gun use (36).

Last, the age of first exposure to gun violence was measured us-
ing questions from waves 1, 2, 3, and 5 asking respondents if they
had ever personally seen someone shot or were shot themselves, and
if so, how old they were when it occurred. If both events occurred,
then the earlier age was taken. Six hundred forty (30.2%) respon-
dents reported exposure to gun violence. A set of individual and
neighborhood characteristics are included as covariates in the expo-
sure analyses: socioeconomic status, immigrant family, family his-
tory of arrest, and neighborhood homicide rate, percent population
Black, percent of households living under the poverty line, and
population density. Their measurement is described in the Supple-
mentary Materials.

RESULTS

By age 21, an estimated 10.2% [95% confidence interval (CI): 2.3 to
17.4] of our study population had carried a concealed gun, 14.4% by
age 30 (95% CI: 6.3 to 21.8), and 31.9% by age 40 (95% CI: 17.9 to
43.6). Figure 2 unpacks this result and presents estimated cumula-
tive probabilities of concealed carry by age (top row, Fig. 2, A to C)
and calendar year (bottom row, Fig. 2, D to F) stratified by race, sex,
and cohort. Displaying curves by both age and year allows for dis-
tinguishing between age-specific and period-specific changes in on-
set rates of concealed carry.

Looking first to age curves, regardless of stratification, all curves
display a relatively similar age-specific shape: Onset of carry in-
creases rapidly in the middle of adolescence (13 to 18), plateaus un-
til 21, then gradually increases from 21 onward (Fig. 2, A to C). A
more rapid increase is again seen near the end of each curve, but this
is a period- rather than age-specific change, as we will show. Of all of
the individuals who ever carried a concealed gun in our sample,
roughly one-third first carried before the age of 21, which we refer to
as adolescent-onset carrying, and two-thirds first carried from age
21 or later (adult onset). Given that the sample originated in Illinois
and the nature of the gun laws in Illinois throughout the study pe-
riod, we assume that all of the gun carrying in our sample before the
age of 21 was illegal, and we will later show to what extent recent
post-21 carrying was legal or otherwise.

Within the age curves, racial differences are substantial, with
concealed carry by age 18 over twice as likely for Black and His-
panic than white individuals (Fig. 2A). From 21 to 40, the difference
in the probabilities of having carried a concealed gun for white and
Hispanic individuals remains before converging at 40. In contrast,
the cumulative probability for Black respondents accelerates in the
30s to reach more than 40% by age 40. Sex differences are similarly
pronounced, with male carry increasing rapidly in the late teens and
then increasing relatively steadily through age 40 (Fig. 2B). Female
carry is uncommon until age 35 when there is a rapid increase ap-
proaching 20% by age 40.
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Sex by age
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Fig. 2. Nonparametric estimates of the cumulative probability of onset of concealed carry stratified by race, sex, and birth cohort. (A to C) Top row: Curves by
respondent age. (D to F) Bottom row: Curves by year. In the cohort by year (F), a circle marks the mean 21st birthday of each cohort. We estimated these curves of con-
cealed carry by age separately for race, sex, and birth cohort using Turnbull’s (52, 53)nonparametric maximum-likelihood estimator (NPMLE).

In the top right panel, we see the oldest cohort, those born in
1981, reporting the sharpest increase in carrying during the teen
years, followed by those born in 1984 (Fig. 2C). The younger 1987
and 1996 cohorts have low and similar rates of onset before adult-
hood. In later life, however, cohort differences change markedly. In
particular, onset for the 1987 cohort accelerates faster than the other
cohorts in the mid-30s, coinciding with the COVID era, to reach
parity with the 1981 cohort, which displayed the highest rates of
onset in adolescence. Similarly, onset for the 1996 cohort reaches
parity with the 1984 cohort at age 26.

Looking next to the year curves, we see that the increases at the
tail of the age curves are due to an increase in onset of concealed
carry within every cohort in 2016 through early 2021: After the ini-
tial rises from staggered periods of adolescence, the curves increase
linearly until accelerating in approximately 2016 and, particularly,
2020 (Fig. 2, D to F). By 2021, an estimated 18.3% (95% CI: 10.5 to
25.3) of our study population had carried a concealed gun. These
recent increases appear to represent cross-cutting period-specific
effect on all older adults, a finding that prior research has not
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uncovered; no increase is observed among the youngest cohort
(1996). This finding is consistent with national survey estimates that
reveal that COVID-era gun buying, including by first-time buyers,
was particularly pronounced among individuals in their 30s (6, 37).

Differences between strata seen in the age curves are otherwise
replicated in these year curves. For instance, whereas we observed
that the cumulative probability of concealed carry by age 40 was
more than 2.5 times greater for men compared to women, by the
end of our study period in 2021, an estimated 28.9% (95% CI: 16.2
to 39.6) of males had carried a concealed gun compared to only
8.3% (95% CI: 2.5 to 13.8) of females (Fig. 2E). Note that the maxi-
mum probability for each year curve is necessarily lower than the
maximum of the corresponding age curve because the year esti-
mates were calculated from respondents of different ages, even with-
in cohorts, and younger respondents experience less exposure time.
That is why, for instance, the maximum cumulative probability seen
for men in the age curves in the top of Fig. 2 (i.e., 47.6% by age 40)
is different than the maximum cumulative probability for men by
year 2021 (i.e., 28.9%).
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The year curves presented in the bottom row also enable us to
examine whether there were marked increases in concealed carry in
2014 when concealed carry permits began to be issued in Illinois for
individuals aged 21 and older. In the cohort curves by year, average
cohort 21st birthdays are marked with circles, although no sudden
increases occur at these points for any cohorts except the youngest
(Fig. 2F). This finding is what we would expect because only the
1996 cohort became eligible for legal carry at the time of their 21st
birthday (i.e., when the other cohorts reached 21, it was still illegal).
However, no notable increase is seen in the curves for the other co-
horts when carry was legalized in Illinois in 2014.

Figure 3 replicates the survival curves above using the age of first
reported gun use. These curves largely replicate the patterns seen in
Fig. 2: A rapid increase among males in adolescence and then a pla-
teau near age 21; by age 21, the estimated percentage of people who
ever shot or shot at someone or used a gun in self-defense was 6.4%
(95% CI: 1.4 to 11.1), 7.5% by age 30 (95% CI: 2.4 to 12.4), and
10.1% by age 40 (95% CI: 4.6 to 15.4). Similar to concealed carry, we
observe increases in gun use among all older cohorts in 2020. In

@ Race by age

Sex by age

contrast, there is no notable increase near 2016 (i.e., when Donald
J. Trump was elected president and a period following several high-
profile police killings of Black individuals).

The discontinuities in the carry curves suggest different processes
driving the onset of concealed carry in adolescence and adult-
hood. Accordingly, the subsequent analyses examine two stages of
the life course of concealed carry onset: (i) the rapid increase in ado-
lescence (adolescent onset) and (ii) the gradual but sustained in-
crease through adulthood (adult onset) ending with the recent
cross-cutting period-specific increase seen in 2020-2021. We divide
these stages at age 21, which is both the typical age of eligibility for
legal concealed carry and the end of the plateau of onset in late ado-
lescence observed in the top row of Fig. 2. Our results are unaffected
using ages as early as 18 as an alternate age distinction.

Continuity in carry

Figure 4 plots the relationship between the life course stage when
individuals first carried a gun (adolescence versus adulthood) and
gun carrying in the year before the wave 5 survey conducted in
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Fig. 3. Nonparametric estimates of the cumulative probability of first gun use stratified by race, sex, and birth cohort. (A to C) Top row: Curves by respondent age.
(D to F) Bottom row: Curves by year. In the cohort by year (F), a circle marks the approximate time when each cohort reached age 21. We estimated these curves of con-
cealed carry by age separately for race, sex, and birth cohort using Turnbull’s (52, 53) NPMLE.
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Past year carry

N With permit
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Fig. 4. Rates of recent concealed carry (2020-2021) by age when first carried a
concealed gun. Percentages were calculated within each onset group (e.g.,among
the adolescent-onset group) to facilitate comparison.

2021. Percentages were calculated within each group to show how
timing of carrying onset is related to recent carrying behavior.

In total, an estimated 13.8% (95% CI: 9.4 to 19.8) of all respon-
dents carried a gun in the past year. As shown in Fig. 4, past-year
carry is more than twice as likely for sample members who did not
begin carrying a gun until adulthood relative to individuals who
began carrying in adolescence: 36.8% (95% CI: 18.6 to 59.8) of
adolescent-onset carriers carried (with or without a permit) in the
year before survey compared to 85.4% (95% CI: 69.0 to 93.9) of
adult-onset carriers. This is driven primarily by differences in per-
mitted carry: 23.0% (95% CI: 8.7 to 48.4) of adolescent-onset carri-
ers versus 69.6% (95% CI: 52.4 to 82.6) of adult-onset carriers
carried with a permit in the past year. In contrast, unpermitted carry
was similarly likely for adolescent-onset (13.8%, 95% CI: 5.1 to 32.6)
and adult-onset carriers (15.9%, 95% CI: 7.2 to 31.3).

Another way to interpret the finding for the group who first car-
ried as an adolescent is that, although all carried a gun illegally as
an adolescent (by definition), 62.5% of those who carried a gun in
the last year did so legally (23.0%/36.8%). These results suggest
that concealed carry that begins in adolescence usually does not
translate into life-long persistent carrying, especially life-long ille-
gal carrying, while most concealed carry that begins in adulthood
is persistent.

Gun use by timing of concealed carry

Figure 5 depicts the percentages of individuals who used a gun with-
in each onset group. The data reveal that gun use is concentrated
among individuals who ever carried a concealed weapon, at 26.8%
by age 21 (95% CI: 7.4 to 42.1), 30.3% by age 30 (95% CI: 11.0 to
45.5), and 37.4% by age 40 (95% CI: 17.6 to 52.4).

The estimated percentage of people who used a gun by age 40 is
greatest among the adolescent-onset gun carriers, but not markedly
more than the adult-onset carriers. However, each group takes a
much different trajectory to reach this approximately 40% prevalence
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Fig. 5. Cumulative percentage of respondents reporting using a gun for de-
fense or shooting at someone by age and timing of onset of concealed carry.
No respondents who reported starting to carry a concealed firearm before the age
of 21 reported using a gun for the first time after the age of 21.

of gun use by age 40. As seen in Fig. 5, while 43% (95% CI: 27.2 to
55.3) of adolescent-onset gun carriers reported using a gun by age 21,
the line remains completely flat after the age of 21, meaning none of
the 57% of adolescent-onset carriers who reached age 21 without
having used a gun reported ever using a gun later in adulthood; de-
spite their early onset of gun carrying, the observed probability of
first gun use drops to zero once they reach adulthood. Because
adolescent-onset perfectly predicts the absence of later first gun use,
no meaningful statistical analysis can be conducted. In general, how-
ever, the onset of concealed carry is a strong predictor of later gun
use. As indicated by the “never carried” line in blue, gun use rarely
occurs in the absence of concealed carry onset. Half of noncarriers
that reported using a gun indicated that their gun use was in response
to crimes including burglary, theft, or trespassing.

The adult-onset group follows a starkly different trajectory (green
line). Despite adult-onset gun carriers reporting lower risks of gun
use year-to-year, by age 40, the estimated lifetime risk of ever using
a gun approaches that of the adolescent-onset carriers (35.7%; 95%
CI: 8.3 to 54.9). This finding may reflect the high persistence in carry
observed in Fig. 4 and period-specific changes in 2020-2021 ob-
served in the bottom row of Fig. 3, although we note that only one of
our cohorts had reached age 40 by the end of our observation period.

Exposure to gun violence

On the basis of the sharp differences in gun use observed between
adolescent and adult-onset groups, we examine next how direct ex-
posure to gun violence through victimization or witnessing shoot-
ings relates to onset of concealed carry before and after the age of 21
using multivariable models. Figure 6 displays estimated probabili-
ties from three separate analyses: (i) an adolescent-onset model in
which exposure to gun violence before age 15 predicts carry be-
tween 15 and 21; (ii) a young adult-onset model in which exposure
before age 21 predicts carry between 21 and 27; and (iii) an adult-
onset model in which exposure before 21 predicts carry between
ages 21 to 34. See fig. S2 for full parameter estimates.
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20% 1{ Exposed to gun violence
Not exposed
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0%
Carry Carry Carry
15to 21 21to 27 21to 34
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Fig. 6. Average predicted probabilities from Firth logit and Cox PH models ad-
justed for family and neighborhood characteristics. Carry 15 to 21 and 21 to 27
estimated by logistic regression. Carry 21 to 34 estimated by Cox proportional
hazard model. Vertical bars are 95% Cls for the difference in probability of carry
onset between those exposed and those not exposed. These differences are statis-
tically significant if the interval does not overlap the “not exposed” bar (i.e., for carry
15to 21).

As seen in Fig. 6, exposure to gun violence before age 15 is asso-
ciated with a statistically significant (P < 0.01) doubling in the prob-
ability of carrying a concealed gun between ages 15 and 21. In
contrast, however, we find exposure to gun violence, through age 21,
is not statistically or substantively associated with concealed carry
onset between 21 and 27 or 21 to 34. As the results for carry 21 to 34
reveal, 10% of individuals who reached 21 without carrying a con-
cealed gun are expected to carry one by age 34, whether exposed to
violence or not. Direct exposure to gun violence after the age of 21
is far less frequent than during adolescence, precluding estimates of
the effect of adult exposure on adult gun carrying, but we would
suggest that the modest adult exposure to violence likely has a min-
imal effect on the relatively pervasive gun carrying in adulthood.
Hence, as contemplated in the Discussion, it appears that concealed
carrying of guns in late adolescence is, at least in part, the product of
proximal circumstances and situations such as violent environ-
ments, but concealed carrying is mainly the product of other forces
in adulthood.

While we have insufficient statistical power to estimate interac-
tion effects, it appears that the difference in the probability of carry-
inga concealed weapon between exposed and unexposed respondents
(regardless of when in the life course) is largest for white respondents
(almost 10 times higher) compared to Black (2.5 times higher) or
Hispanic (0.5 times higher) respondents. This is consistent with
those least likely to be exposed to gun violence (i.e., white respon-
dents) being the most likely to begin carrying a firearm in reaction to
being exposed.

DISCUSSION

This paper contributes to a burgeoning literature on gun violence by
examining concealed gun carrying, and its association with expo-
sure to gun violence, well into adulthood. Previously, much of the
extant literature has been narrowly focused on adolescence. As a
result, prior research has been unable to sufficiently demonstrate the
dynamic nature of gun-related behavior, including questions about
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its continuity from adolescence into adulthood. A contribution of
our paper has been to bring a life course perspective to the study of
concealed carry and use, which conceptually allows for the possibil-
ity that gun behavior and the underlying attitudes and situations
that drive this behavior change over time, sometimes quite mark-
edly. Before summarizing and discussing our findings, we highlight
several limitations that present opportunities for future research.

The PHDCN+ data collection is based on following cohorts
originally from Chicago, raising the question of generalizability.
While our findings help contextualize broader trends related to
gun carrying and its correlates, further research in broader settings
is necessary to confirm the applicability of our findings to the
national context.

Although the PHDCN+ collected granular data on the timing of
first occurrences of gun carry, gun use, and exposure to gun vio-
lence over a 25-year period in respondents’ lives, it did not collect
data on the frequency of these events. More frequent data collection
would be required to obtain accurate data on frequency of carry, but
these data would permit determining whether the relationship be-
tween exposure to gun violence and carrying is stronger for those
with multiple exposures or whether adolescent-onset carriers who
reported gun use in adolescence also used guns during adulthood.

Relatedly, we are only able to measure continuity in carry using
past year carry. If sharp increases in gun purchases nationwide in
2020-2021 were accompanied by similar increases in gun carrying
among our respondents, then the past year under consideration
here may be one with unusually high rates of carry. If so, typical
rates of continuity may be lower than observed. Results from na-
tionwide surveys on gun carrying may be suggestive (18). We also
observe a modest amount of nonresponse to gun carrying and
use questions as shown in fig S1. However, nearly all nonresponse
is limited to adolescent respondents who were not observed after
wave 3; only four respondents of wave 5 declined to answer. Accord-
ingly, while nonresponse bias may affect prevalence estimates in
adolescence (e.g., underestimating carry if carriers are reluctant
to report), nonresponse is too low to affect our key findings on
adult onset and continuity, which are derived from wave 5 data
(N = 4 nonresponses).

Despite these limitations, our analyses reveal several findings
that bear implications for future research and policy. One simple but
crucial fact concerns prevalence: Carrying a concealed firearm is
now a common event in the life course, with an estimated 31.9%
(95% CI: 17.9 to 43.6) of our study population carrying by age 40.
This pattern, however, differs widely by race, sex, and birth timing.
By age 40, an estimated 47.6% (95% CI: 26.0 to 62.8) of males had
carried a concealed gun compared to only 16.0% (95% CI: 6.7 to
24.4) of females. Racial differences persisted over the life course
with a convergence of white and Hispanic respondents by age 40
and rates over two times as great for Black respondents. These pat-
terns also differed by birth cohort, with continually higher rates for
those born in 1981, but a convergence of the 1987 cohort to the 1981
rates and much lower rates of carrying concealed firearms among
the cohorts born in 1984 and 1996.

Many of the increases in carrying that we observed in the de-
scriptive plots over time can be attributed to period effects from so-
ciohistorical events in 2016 and 2020, which resulted in spikes in
violence nationwide. For example, although a small number of over-
all respondents (3%), 24% of respondents who reported carrying in
the past year in 2021 were new to carrying. We believe that this is an
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important group that would be overlooked in research focused on
adolescent- or young adult-onset carrying. Moreover, while the
limited longitudinal evidence on adult carrying suggests that hand-
gun carrying was stable year to year during the first decade of the
2000s (19), the fact that nearly one-quarter of recent gun carriers in
our data are in fact new carriers suggests that this stability may have
been disrupted by the macro-historical events such as COVID that
have reshaped contemporary society.

We also find that life course onset and continuity in carrying—
and related gun use—follow two contrasting patterns, or what we
term a dual pathway model, that has not previously been evident,
likely because of the paucity of long-term data on gun carrying and
use. First, adolescent-onset carriers with first carry before the age of
21 account for one-third of all lifetime concealed gun carriers. This
carrying was initially illegal, and the carrying and gun use are usu-
ally age-limited; most of these individuals have not carried recently.
Whereas 43% of the adolescent-onset carriers started using a gun
(shooting or brandishing) while still in adolescence (and may have
continued to use guns as adults), the other 57% never engaged in
gun use, whether as adolescents or as adults. Personal exposure to
gun violence is a strong predictor of adolescent onset of carry. This
evidence adds to our understanding of adolescent gun offending
(38, 39), but future research should explore the mechanisms leading
to the discontinuation of gun carrying. Moving out of high violence
areas or aging into periods with relatively less violence may explain
these patterns.

Second, adult-onset carriers who first carry after the age of 21
account for a substantial two-thirds of all lifetime carriers. Their
carry is more likely persistent in the sense that they also reported
carrying recently, and moreover, their gun use accumulates over
time; the great majority have carried recently, and they exhibit a
steady increase in onset of gun use with age after having very low
rates of gun use in adolescence. In contrast to adolescent-onset of
carrying, prior exposure to gun violence, is not significantly predic-
tive of adult-onset carry.

Whereas there are marked differences between the two groups,
there are also similarities, as we show in table S2. The adolescent-
onset carriers are, by definition, individuals engaged in criminal
conduct (i.e., gun crimes), and the majority of them self-reported
getting arrested (78%) at some point in their lives, almost all of
whom (95%) were arrested for the first time in adolescence. Yet, a
majority (61%) of the adult-onset group also have a history of arrest,
with more than half of those with an arrest record first getting ar-
rested as an adolescent (51%). In contrast, only 31% of individuals
who never carried a gun report an arrest record, a percentage that is
consistent with national estimates (40).

A natural question arises from these findings: What causes selec-
tion into each distinct pathway, adolescent versus adult carrying of
concealed guns, particularly since, as noted above, both groups dis-
played a high degree of criminality during adolescence? One expla-
nation is that gun carrying in adolescence is illegal, whereas gun
carrying in adulthood was potentially legal for most adults in our
sample after gun carrying laws became more permissive in Illinois
and nationwide. Hence, criminological explanations for the rela-
tively steep decline in criminal offending in early adulthood may be
relevant for explaining why the adolescent gun carriers in our sam-
ple desisted from carrying (38, 41). For instance, the adolescent-
limited group may have stopped carrying when they reached the
end of adolescence because they obtained gainful employment or
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established family bonds that provided greater controls on behavior.
Of relevance, gun carrying is not a behavior that is uniformly anti-
social across the life course but rather one that is, similar to alcohol
use, age-graded in legality and normative acceptability. In contrast
to gun carrying, however, adolescent alcohol consumption is strong-
ly predictive of drinking over the life course, particularly problem
drinking (42).

A critical distinction between the adolescent-onset versus adult-
onset gun concealed carry groups is the role of the immediate social
context of violence. Past research on adolescent gun carry and our
own results suggest that immediately dangerous contexts—such as
those marked by direct exposure to gun violence—lead to adoles-
cent gun carrying (12, 25, 28). In contrast, we find no association
between prior exposure to gun violence and gun carrying for adults,
but we do find a sharp increase in adult gun carrying in 2020-2021
that coincides with increases in gun purchases seen throughout the
United States following the outbreak of COVID-19 and murder of
George Floyd (6, 7).

These results evoke Stroebe et al.’s (43) findings that protective
gun ownership among adult men is associated primarily with diffuse
threats—e.g., “the belief that the world is a dangerous and unstable
place, populated by bad people, and that society is at the brink of
collapse” [page 1079 in (43)]—and secondarily by specific threats—
e.g., perceived likelihood of victimization (44). This is reflected in a
recent survey that finds gun owners—and particularly regular gun
carriers—are more likely to consider violence justified to “reinforce
police,” resist oppressive government, and protect the “American
Way of Life;” as well as to believe a civil war is imminent (45).

In an argument that evokes the broader literature on legal cyni-
cism (30, 46), Carlson (10, 47) finds that two racially differentiated
beliefs promote legal gun carrying: The belief common among most
carriers that police are inadequate protectors—and thus one may
carry a gun as protection from crime—and the belief more common
among non-white carriers that police are coercive violators of
rights—and thus one may carry a gun as protection from and resis-
tance to the oppressive state (48). In 2020-2021, social unrest and
economic disruption as well as the resulting perceptions of lawless-
ness (33), spikes in gun violence (15), and a crisis of police legiti-
macy (49) likely acted on all of these mechanisms at once (50). In
broader terms, all members of our sample—and Americans of simi-
lar age—grew up in a period of self-defense oriented American gun
culture (48). Accordingly, although our analyses are focused on
birth cohorts originally from Chicago, these macro-historical events
and the feelings of uncertainty and insecurity that they sparked are
not unique to the city, and we suggest that they influence gun carry-
ing throughout the United States.

These findings suggest that changing macro-historical contexts
affect the frequency and timing of concealed carry over the life
course of individuals, such as by increasing their perceived needs for
protection. This in turn raises a new question: How does variation in
individual gun carrying affect macro-historical context such as ag-
gregate rates of gun violence in the United States? The nation has
seen large swings in lethal gun violence over the last four decades,
and we similarly observe large swings in time-specific onset of con-
cealed carry, most recently in 2020. To what extent are these swings
related to changes in concealed carry? This is a difficult question to
answer without national longitudinal data on concealed carry, al-
though recent research suggests that the shift from may-issue to
shall-issue concealed carry laws has had a sizable impact on firearm
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violence (3). While flawed, state-level permit records are one of the
few resources available for tracking carry prevalence, but the rapid
expansion of permitless carry will eliminate even this measure-
ment tool. As a result, survey data—particularly longitudinal survey
data—will become increasingly important for understanding gun
carrying behavior and its consequences.

MATERIALS AND METHODS

We preregistered the research design for this study on Open Science
Framework (51), with the only deviation from the preregistration
being our decision to double the number of imputed datasets from
25 to 50 in the exposure to gun violence analyses to minimize varia-
tion in the final estimates. We estimated curves of the cumulative
proportion of respondents reporting onset of concealed carry by age
separately for race, sex, and birth cohort in Fig. 2 using Turnbull’s
(52, 53) nonparametric maximum-likelihood estimator (NPMLE).
This estimator is analogous to the common Kaplan-Meier estimator
but is applicable to interval-censored data. This is necessary because
the onset of concealed carry is reported as having occurred within
an interval such as at a particular age; this means that onset could
have occurred at any point within the year-long interval that the
respondent was that age. Estimates from the survival curves are de-
scriptions of the life-course timing of the onset of concealed carry
rather than causal analyses. For example, being a member of a par-
ticular birth cohort does not directly cause differences in concealed
carry, but rather differentiation across birth cohorts may be driven
by exposure to different historical contexts. An advantage of the ac-
celerated cohort design of the PHDCN+ is that it allows for distin-
guishing between age-specific and period-specific effects because
each cohort reaches a particular age at different times (13). Cumula-
tive proportions of respondents reporting onset of gun use (Figs. 3
and 5) were also calculated using the NPMLE but should be inter-
preted with caution due to the relative rarity of events (n = 75 for
gun use compared to n = 199 for carry).

For all NPMLE curves, diagonal segments indicate regions where
the curves are not uniquely identified due to interval censoring;
any monotonically increasing line connecting the ends of diagonal
regions is consistent with the observed data. Curves for each stra-
tum were truncated once the number of respondents at-risk drops
below 10. Note that due to the combination of mixed (i.e., interval
and right) censoring, the at-risk sample size varies over time, and
thus, the estimated cumulative prevalences do not correspond di-
rectly to the total number of observed events divided by the sample
size. Estimated at-risk sample sizes are displayed at the bottom of
the figures.

Continuity in carry (Fig. 4)—i.e., carrying in the past and in the
year leading up to our most recent wave of data collection—was ex-
amined using survey-weighted frequencies of past-year gun carry-
ing among the 642 Black, Hispanic, and white respondents of the
most recent survey administered in 2021. As focus is on continuity,
we separate respondents who first carried within 1 year of the sur-
vey (i.e., new adult carriers) from other adult-onset carriers who
started carrying more than 1 year ago. Weighted onset group sample
sizes are displayed in the bottom margin of Fig. 4.

Associations between exposure to gun violence and gun carrying
(Fig. 6 and fig. S2) were estimated using a counterfactual approach
in which exposure to gun violence before a given age T} is used as a
predictor of carry onset in the interval between age T, and an
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end-point age T,. Respondents who reported onset of carry before
the period under consideration are excluded. For example, in the
first model, T, = 15and T, = 21, meaning that exposure to gun vio-
lence before the age of 15 is used to predict carry onset occurring
between age 15 and 21, and respondents who reported onset of carry
before the age of 15 are excluded from the analysis. This approach
ensures that exposure is clearly defined and temporally precedes
onset of carry. Three separate analyses were conducted: (i) the afore-
mentioned adolescent-onset model in which exposure before the
age of 15 predicts carry between 15 and 21; (ii) a young adult-onset
model in which exposure before the age of 21 predicts carry be-
tween 21 and 27; and (iii) an adult-onset model in which exposure
before 21 predicts carry after the age of 21 to 34.

The adolescent-onset range of 15 to 21 was chosen because
adolescent-onset carry is highly concentrated in ages 15 to 18, but
the average age when exposed to gun violence in this sample is 14
(14). Results are substantively identical using different values of T}
(e.g., 14 or 16). The first adult-onset range of 21 to 27 was chosen to
yield an interval of equal length to the adolescent interval for com-
parison and to minimize bias from right censoring among the 1996
cohort who were, on average, 26 at survey time. Results are substan-
tively identical using different values of T} (e.g., 18 to 20) or T (e.g.,
25 or 26). The second adult-onset model uses 34 as an end point
because nearly all members of the oldest three cohorts had reached
this age by the time of the wave 5 survey. Exposure during adult-
hood, e.g., between 21 and 27, was too infrequent to estimate models.

The first two models presented in Fig. 6 were estimated using
logistic regression with a bias correction for rare outcomes (54). The
third model was estimated using a Cox proportional hazards model
to address right censoring. A weighted residual test indicates that
the proportional hazard assumption is not satisfied between co-
horts. We present the Cox model estimates because the substantive
interpretation is identical when using parametric accelerated failure
time and proportional odds models. Estimates in all three models
are adjusted for the same battery of covariates including the core
strata variables seen in the cumulative onset curves (race, sex, and
age cohort), as well as childhood socioeconomic status (SES), im-
migrant generation of the respondent’s primary caregiver (immi-
grant family), history of arrest in the family (family arrest), and four
census tract measures: the 3-year moving average of the homicide
rate (55, 56), percent Black population, population density, and per-
cent of households living under the poverty line (57).

Concealed carry and exposure to violence are interval censored
measures, but exact times are required for estimation; these were im-
puted using the semi-parametric Turnbull proportional hazards
model that estimates the baseline hazard using the NPMLE (52, 58).
Because of the computational demands of the NPMLE, this could
not be performed at the same time as covariate imputation for miss-
ing data. Instead, covariates were first imputed in 50 datasets using
chained equations with 20 iterations. Sociodemographic variables
had very few missing values. No values were missing for the race,
sex, or cohort. Thirty-eight (1.8%) values of SES, 30 values of family
arrest (1.4%), and 25 (1.2%) values of caregiver immigrant genera-
tion were imputed. In contrast, missingness is higher for neighbor-
hood variables: 274 (12.9%) of cases in the carry 15 to 21 models
were missing age 12 measures, and 148 (22.9%) of cases in the carry
21 to 27 and 21 to 34 models were missing age 18 measures. This is
typically due to the absence of homicide measures for those living
outside the city of Chicago. After covariates were imputed, the exact
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times of onset were singly imputed for each of the 50 datasets. Impu-
tation was conducted by first drawing a random sample of coeffi-
cients under the assumption of asymptotic normality, then predicting
the exact response time conditional on the observed covariates and
censoring interval (52). The exposure models were then estimated
separately on each of the 50 datasets, and the results were pooled us-
ing Rubin’s rules (59). Variation in imputed exposure and carry onset
times produces small variations in model sample sizes. For example,
a case could be dropped from the 15 to 21 onset model if the im-
puted age of onset is younger than 15. This results in sample sizes
that vary from 1423 to 1439 for exposure 15 to 21 and from 607 to
609 for exposure 21 to 27 and 27 to 34. Median sample sizes are re-
ported in Fig. 5. Results are indistinguishable when excluding the
neighborhood covariates or using listwise deletion on the small
number of cases with missing individual-level covariates. Full pa-
rameter estimates from these models are displayed in fig. S3.

Estimates in all analyses were weighted for features of the survey
design and attrition to permit making inferences back to the popu-
lation of Chicago’s children in the mid-1990s from which the sample
was drawn. The survey design weights account for the stratified ran-
dom sampling design at baseline. Attrition weights were estimated
using logistic regression with a broad set of individual, family, and
neighborhood covariates, including the following: the respondent’s
sex, race/ethnicity, cohort, age at last survey, and number of arrests
in official records; their primary caregiver’s sex, immigrant genera-
tion, age, household SES, household size, marital status, and social
ties; and characteristics of the respondents neighborhood during
the prior wave, including racial and socioeconomic composition
[see also page 523 in (34)]. Attrition weights for each wave were
calculated by taking the inverse of each subject’s probability of re-
sponse and standardizing these values by dividing by the mean. To
produce the final analysis weights, the design and attrition weights
were then combined and trimmed to the central 90% to reduce the
influence of extreme weights. The interpretations of our results
(e.g., proportional inequalities) are unchanged when using un-
weighted estimates or limiting our analyses only to the 642 respon-
dents from wave 5.
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