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In the United States, asthma disproportionately
affects non-White individuals living in urban
areas and living in poverty.1 Because low
socioeconomic status (SES) and racial/ethnic
minority group status are closely intertwined
with residence in an inner-city environment,
characteristics of these inner-city neighbor-
hoods have received much attention in the
effort to explain patterns of asthma prevalence
and morbidity.2,3 Epidemiological studies have
highlighted the influence of poor housing,
which may increase exposure to indoor aller-
gens such as rat droppings4; greater likelihood
of tobacco smoke exposure5; and overcrowd-
ing, which may predispose people to viral
respiratory illness.2

Because features of the physical environ-
ment do not completely explain observed
patterns in asthma prevalence, features of the
social environment have emerged as important
asthma risk factors.6 Observational studies
have demonstrated the association between
asthma, psychological stress, and exposure to
violent neighborhoods.7---9 For example, expo-
sure to violence may influence an individual’s
impulse control and risk-taking behavior,
resulting in the adoption of coping behaviors,
such as smoking, a known trigger for asthma.8---10

Psychological stress may be further com-
pounded by the presence of overburdened or
absent social supports and a perceived lack of
control over one’s self or environment.6,11

Neighborhood-level constructs such as social
capital and social cohesion have been linked to
important health outcomes and may have an
impact on asthma prevalence.12

A natural but overlooked extension of this
work is the potential impact of the criminal
justice system on communities. Incarceration
has a disproportionate impact on poor com-
munities of color and has been linked to
increased rates of asthma at the level of the
individual.13---15 In addition to the effects on the
individuals directly involved with the criminal
justice system, neighborhood incarceration

rates may play a role in shaping the social
environment and thereby affect asthma prev-
alence. Exposure to high rates of neighborhood
violence and crime often accompany exposure
to incarceration. Recidivism and the risks of
community reentry may further exacerbate this
exposure.16 Incarceration has been shown to
lead to long-term psychological stress for those
affected17,18 and holds significant consequences
for their families, creating further stress by
removing social supports and weakening fam-
ilies.19 Individuals released from prison face
legal barriers to employment, housing, public
entitlements, and educational opportunities
and various restrictions on political and social
rights,20,21 further diminishing the social capital
of their communities.

Therefore, we sought to examine the asso-
ciation between neighborhood-level incarcera-
tion rates and several individual-level asthma
outcomes. We hypothesized that increased
neighborhood incarceration rates would be

associated with increased asthma prevalence.
Additionally, we proposed that increased
neighborhood incarceration rates would be
associated with increased asthma morbidity.
We specifically examined factors potentially
correlated with both neighborhood incarcera-
tion rate and asthma prevalence, such as SES,
smoking, and poor housing conditions.

METHODS

The New York City Community Health
Survey (CHS) is a representative, population-
based, neighborhood-stratified telephone sur-
vey conducted by the New York City Depart-
ment of Health and Mental Hygiene. It is based
on the Behavioral Risk Factor Surveillance
System of the Centers for Disease Control and
Prevention.22 Using a computer-assisted tele-
phone interviewing system, the CHS randomly
samples approximately 10 000 noninstitution-
alized adults aged 18 years and older from
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all 5 boroughs of New York City—Manhattan,
Brooklyn, Queens, Bronx, and Staten Island—to
obtain citywide and neighborhood-level esti-
mates of a number of health behaviors and
conditions. Neighborhood designations are de-
termined by a zip code---based classification
system developed by the United Hospital
Fund.23 In 2004, there were 34 United Hos-
pital Fund neighborhoods in New York City,
each defined by several adjoining zip codes.
The survey’s design has been described in
detail elsewhere.24

The CHS sampling frame is constructed with
a list of telephone numbers provided by
a commercial vendor. On household contact
and agreement to participate in the survey, 1
adult is randomly selected from the household
to complete the individual interview. Inter-
views are conducted in a variety of languages
including Spanish, Russian, and Chinese. For
the 2004 CHS, 9585 individuals completed
the interview for a cooperation rate of
62.5%.24 This rate is similar to the cooperation
rate achieved by the Centers for Disease
Control and Prevention’s Behavioral Risk Fac-
tor Surveillance System in New York State
(65.1%), though lower than the national rate in
2004 (72.6%).25

Analytic Variables

History of incarceration.We used survey data
collected in 2004 because this was the only
year in which the survey included a question
on incarceration history. To assess history of
incarceration, respondents were asked, using
private audio computer-assisted self-interviews,
“Have you ever spent any time in a correctional
facility, jail, prison, or detention center as an
adult?” We categorized a positive response as
a history of incarceration. We excluded in-
dividuals who did not respond to this question
(n = 210). We calculated neighborhood rates
of incarceration for each United Hospital
Fund---designated neighborhood area on the
basis of these responses.
Asthma measures. We defined our primary

outcome, asthma prevalence, as self-reported
lifetime history of asthma. We categorized
participants who responded affirmatively to the
question “Have you ever been told by doctor,
nurse or other health professional that you
had asthma?” as having a lifetime history of
asthma. We also created several secondary

outcomes to capture asthma morbidity. For
participants with a self-reported history of
asthma, we first categorized participants who
responded affirmatively to the question
“During the past 12 months, have you had an
episode of asthma or an asthma attack?” as
having current asthma symptoms. Participants
were then asked to identify the number of
past-year visits to an emergency department or
urgent care center because of asthma. We
dichotomized responses into 1 = no past-year
visits and 2 = at least 1 past-year visit. Re-
spondents were also asked to identify the
number of days in the past month in which they
experienced difficulty with sleep related to
asthma. We dichotomized responses into
1 = no days of asthma-related sleep difficulty
and 2 = at least 1 day of sleep difficulty.
Covariates. The CHS contains data on a vari-

ety of potential confounders, allowing us to
better assess the independent contribution of
neighborhood incarceration rate on the prev-
alence of asthma. We created variables based
on participants’ self-reported age, gender, race/
ethnicity, marital status, and place of birth.
Participants were asked, “Do you have any kind
of health insurance coverage?”We categorized
negative responses as uninsured. Participants
were asked, “Do you have 1 person you think
of as your personal doctor or health care
provider?” We categorized negative responses
as not having a primary care provider. We
approximated each participant’s SES using
measures of self-reported family income and
educational attainment. Participants were
asked to describe their household’s annual
income from all sources. On the basis of these
responses, we defined low SES as a household
income less than 200% of the federal pov-
erty line.26 Additionally, we asked participants,
“What is the highest grade or year of school
you completed?” We categorized educational
attainment as less than high school, high school
graduate, some college, and college graduate.

For cigarette smoking, we categorized par-
ticipants as current smokers if they indicated
that they currently smoked every day or some
days. We calculated body mass index on the
basis of self-reported height and weight. We
created a dichotomous variable for any sec-
ondhand smoke exposure in the home on the
basis of participants’ response to the question,
“How often are you around people who are

smoking, when you are in your home—all the
time, most of the time, only occasionally, or
never?” Finally, we created a dichotomous
variable indicating any recent exposure to
rodents or rodent droppings on the basis of
responses to 2 questions: “At any time in the
last 90 days have you seen any mice or rats or
signs of mice or rats in your home or building”
or “on the street where you live?”

Statistical Analysis

For our primary analysis, we used an explicit
multilevel analytical strategy to analyze varia-
tion in asthma prevalence within a social and
neighborhood context. We used staged, multi-
variate regression models to quantify the im-
portance of neighborhood incarceration rates
in predicting asthma prevalence. We created
the following models: (1) unadjusted, (2) ad-
justed for individual incarceration history, (3)
adjusted for sociodemographic characteristics,
(4) adjusted for sociodemographics and modi-
fiable behaviors, and (5) adjusted for socio-
demographics, behaviors, and environmental
exposures. We allowed the association be-
tween individual incarceration history and
outcome to vary by neighborhood. We exam-
ined potential interactions between race/eth-
nicity and both individual incarceration history
and neighborhood incarceration rate as well as
the interaction between individual incarcera-
tion history and neighborhood incarceration
rate. Finally, in secondary analyses, we exam-
ined bivariate associations between both in-
dividual incarceration history and 3 measures
of asthma morbidity.

Data were weighted using weights provided
by the CHS consisting of an adjustment for the
probability of selection (number of adults in
each household divided by number of resi-
dential telephone lines) as well as a poststratifi-
cation weight. We created poststratification
weights by weighting each record up to the
population of the United Hospital Fund neigh-
borhood, accounting for the respondent’s age,
gender, and race/ethnicity. All univariate and
bivariate analyses using the t test and the v2

test were weighted and age standardized to the
2000 US Census. According to guidelines for
data reliability provided by the CHS, we note
weighted estimates whose relative standard
error exceeds 30%, and they should be inter-
preted with caution.
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We performed descriptive analyses using
SAS version 9.3 (SAS Institute, Inc., Cary, NC)
PROC SURVEYFREQ to account for the com-
plex survey design of the CHS. We performed
multilevel logistic regression analyses using
MLwiN software, version 2.24 (Rasbah et al.,27

Bristol, UK) to examine the effect on asthma
outcomes at both the individual and the
neighborhood level. All P values are 2-tailed.
We considered P< .05 significant. All partici-
pants gave informed consent.

RESULTS

An adult history of incarceration was
reported by 466 participants, representing an
estimated 323 000 New York City adults and
a citywide prevalence of prior incarceration of
5.4%. Rates of prior incarceration ranged from
a low of 2.1% to a high of 12.8% when
stratified by neighborhood (Figure 1).28

Neighborhood asthma prevalence also varied
widely, ranging from 7% to 22% (Figure 1).

In unadjusted analyses, asthma was more
common among individuals with a history of
incarceration than among individuals with
no history of incarceration (20% vs 13%,
P= .001; Table 1). Among individuals with
asthma, past-year emergency department visits
were more likely among individuals with a his-
tory of incarceration (P= .007). However,
differences in past-year asthma symptoms and
asthma-related sleep difficulty by history of
incarceration were not statistically significant.
We found significant differences in all study
covariates between individuals with and with-
out a history of incarceration (Table 1).

Neighborhood-level incarceration rate was
associated with individual-level asthma preva-
lence in the unadjusted model (odds ratio
[OR] = 1.06; 95% confidence interval [CI] =
1.03, 1.10) as well as after adjustment for
individual-level incarceration history (OR =
1.06; 95% CI = 1.02, 1.09). However, this
association was no longer significant after
adjustment for sociodemographic factors
(Table 2).

For comparison, we calculated neighbor-
hood rates of other covariates (Table 3). Most
ranged widely across New York City neigh-
borhoods. For example, the proportion of
neighborhood residents reporting rodent ex-
posure ranged from 9.9% to 69.1%. However,

Source. Data from the Bureau of Epidemiology Services, New York City Department of Health and Mental Hygiene.

FIGURE 1—Neighborhood distribution of history of (a) incarceration and (b) asthma

prevalence: New York City Community Health Survey, 2004.
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no other neighborhood-level variable demon-
strated as pronounced an association with
individual-level asthma prevalence as did
neighborhood incarceration rate.

Individual-level history of incarceration was
associated with lifetime history of asthma
(OR = 1.43; 95% CI = 1.12, 1.83) compared
with no history of incarceration (Table 2). This
association persisted after adjustment for

sociodemographic characteristics, modifiable
behaviors, and environmental exposures
(OR = 1.43; 95% CI = 1.09, 1.88). In interac-
tion term analyses, we did not find a significant
differential effect of neighborhood incarcera-
tion rate on asthma prevalence in Black or
Hispanic populations, nor did we find a dif-
ferential effect of incarceration according to
neighborhood incarceration rate.

DISCUSSION

In this representative sample of New York
City adults, neighborhood incarceration rate
was associated with asthma prevalence in un-
adjusted analyses. In fact, among all neighbor-
hood characteristics examined, including ex-
posure to poverty and environmental triggers
such as cigarette smoke and rat droppings, a 1
percentile change in neighborhood incarcera-
tion rate was most strongly associated with
individual-level asthma prevalence. However,
this association was attenuated with the addi-
tion of sociodemographic characteristics and
remained insignificant with the addition of
behavioral and environmental characteristics.
In this sample, neighborhood incarceration rate
does not make an independent contribution
to asthma prevalence but rather appears to
reflect the neighborhood’s composition of
asthma risk factors at the level of the individual.

These individual-level risk factors for asthma
closely mirror the characteristics of the US
criminal justice population. Asthma is more
common among racial/ethnic minorities and
individuals of low SES, as is incarceration.1,29

It is therefore not surprising that the racial/
ethnic and socioeconomic composition of
New York City neighborhoods explains the
relationship between neighborhood incarcera-
tion rate and asthma prevalence. Although we
did not find that a neighborhood’s rate of
incarceration contributes independently to
asthma prevalence, our findings do suggest a
clustering of asthma and incarceration in cer-
tain neighborhoods.

Our findings further suggest that neighbor-
hood rates of incarceration may function as
surrogate markers for public health authorities
seeking to target population-based interven-
tions to neighborhoods with high burdens of
asthma. High neighborhood rates of incarcer-
ation may offer a novel “red flag” for neigh-
borhoods that would most benefit from asthma
education and outreach. Correctional data are
available from many state and local criminal
justice agencies. However, quality and accessi-
bility of these data likely vary among criminal
justice institutions. Greater engagement be-
tween public health and correctional authori-
ties at the local level is needed to determine
how to most cost effectively collect and

TABLE 1—Characteristics of Study Sample by Incarceration History: New York City

Community Health Survey, 2004

Variable

Incarceration History

(n = 466), % or Mean (SE)

No Incarceration History

(n = 8909), % or Mean (SE) P

Sociodemographic characteristics

Age, y 40.4 (0.8) 44.0 (0.2) < .001

Female gender 18 56 < .001

Race/ethnicity < .001

White 30 39

Black 37 22

Hispanic 27 25

Other 5 14

US-born 73 57 < .001

Spouse or partner 42 49 .03

Uninsured 28 17 < .001

No PCP 30 21 .001

Education < .001

< high school 23 16

High school graduate 33 26

Some college 21 21

College graduate 23 37

Family income .001

< 100% FPL 57 45

> 200% FPL 43 55

Modifiable behaviors

Current smoker 48 17 < .001

BMI (kg/m2) 28.2 (0.4) 26.5 (0.1) < .001

Environmental exposures

Secondhand smoke 21 9 < .001

Rodents exposure 52 40 < .001

Asthma outcomes: primary

Lifetime history of asthma 20 13 .001

Asthma history: secondary

Past y asthma symptoms 10 5 .06

Past y ED visit for asthma 6a 2 .007

Past mo sleep difficulty because of asthma 7 3 .07

Note. BMI = body mass index; ED = emergency department; FPL = federal poverty line (as determined by the US Department
of Health and Human Services); PCP = primary care provider. Values shown are weighted estimates of the 2004 adult New
York City population. Total sample size for incarceration history was n = 323 000; total sample size for nonincarceration
history was n = 5.6 million.
aRelative standard error > 30%.
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disseminate data on geographic patterns of
incarceration.

Individual-level history of incarceration was
independently associated with asthma preva-
lence, even after adjustment for important
potential confounders in a multilevel model
allowing asthma prevalence to vary at the
neighborhood level. Asthma has previously
been shown to be more prevalent among
prison and jail inmates than among the general
population. In analyses of national surveys of
prison and jail inmates, rates of active asthma
ranged from 7.7% to 9.8% compared with
7.5% in the general population, and the ad-
justed odds of asthma were elevated among
prison inmates (OR = 1.31; 95% CI = 1.19,
1.45).14,15 Our findings of a current asthma
prevalence of 10% and a significant association
between lifetime history of asthma and prior

incarceration are therefore consistent with
what is known about an increasingly robust
relationship between asthma and incarceration.

However, these studies were not able to
account for the neighborhood-level variation
that results from the uneven socioeconomic
distribution of asthma.30 We used a multilevel
modeling strategy that explicitly accounted
for neighborhood-level differences in asthma
prevalence, allowing for more accurate estima-
tion of relationships between the covariates
studied. Additionally, the proposed mechanism
underlying our study hypothesis may be relevant
to the association between incarceration and
asthma at the level of the individual. Exposure to
violence has been linked to asthma. Recent
work has highlighted the risk of violence and
injury in correctional settings.31 This exposure
may play a role in the increased individual-level

asthma risk among those with a history of
incarceration and warrants further study.

Finally, use of emergency services for treat-
ment of asthma symptoms was more common
among individuals with a history of incar-
ceration. The low rates in our study population
of health insurance and of an identifiable
primary care provider among individuals with
a history of incarceration are consistent with
the results of previous studies documenting
disparities in rates of health insurance,16 unmet
health care needs,32 and unfilled prescriptions
of needed medications.33 Together, these
data paint a picture of poor access to health
care in the community among a group with
significant health care needs. Increased use of
emergency services by individuals with a his-
tory of incarceration may also signal limited
access to primary care and an increased re-
liance on emergency care. Interventions linking
recently released ex-prisoners to primary care
and other social service delivery systems in
culturally competent ways have been shown to
decrease emergency department utilization34

and may lead to improved care of chronic
medical conditions such as asthma.

At the level of the individual, we cannot say
from these data whether incarceration increases
the risk of disease, improves the rate of diagnosis
of existing asthma, or both. Incarceration may
improve access to health care, testing, and di-
agnosis of conditions such as asthma, if only
while an individual is behind bars. Health care
for the nation’s inmates is constitutionally guar-
anteed,35 potentially creating opportunities to
identify conditions that would otherwise go un-
diagnosed. For instance, Rosen et al.36 docu-
mented an apparent protective effect of incar-
ceration among Black inmates, with decreased
rates of death from cardiovascular disease and
cancer in this group. To fully capitalize on the

TABLE 2—Association Between Neighborhood-Level Incarceration Rate, Individual-Level Incarceration History, and Individual-Level

Asthma Prevalence: New York City Community Health Survey, 2004

Variable Unadjusted OR (95% CI) Model 1, OR (95% CI) Model 2, OR (95% CI) Model 3, OR (95% CI) Model 4, OR (95% CI)

Neighborhood incarceration rate 1.06* (1.03, 1.10) 1.06* (1.02, 1.09) 1.01 (0.98, 1.04) 1.00 (0.97, 1.03) 0.99 (0.96, 1.02)

Individual incarceration history 1.43* (1.12, 1.83) 1.41* (1.11, 1.80) 1.57* (1.21, 2.04) 1.43* (1.09, 1.87) 1.43* (1.09, 1.88)

Note. CI = confidence interval; OR = odds ratio. Model 1 includes incarceration characteristics only. Model 2 includes incarceration characteristics plus age, gender, race/ethnicity, education and
family income. Model 3 includes model 2 plus current smoking and body mass index. Model 4 includes model 3 plus exposure to second-hand smoke and exposure to rodents.
*P < .05.

TABLE 3—Association Between Neighborhood-Level Characteristics and Individual-Level

Asthma Prevalence: New York City Community Health Survey 2004

Neighborhood-Level Characteristic Neighborhood-Level Range, % Unadjusted OR (95% CI)

Incarceration history 2.1–12.8 1.06 (1.03, 1.10)

Female 48.3–58.3 1.05 (1.01, 1.10)

Minoritya 17.8–98.6 1.01 (1.00, 1.01)

< 200% federal poverty lineb 11.8–73.1 1.01 (1.00, 1.01)

College graduate 11.4–81.3 0.99 (0.99, 1.00)

US-born 33.9–84.4 1.00 (1.00, 1.01)

Current smokers 11.2–32.7 1.01 (0.99, 1.04)

Exposed to secondhand smoke in home 3.1–18.1 1.02 (0.99, 1.06)

Current drug use 2.5–19.8 1.01 (0.99, 1.03)

Rodent exposure 9.9–69.1 1.01 (1.01, 1.02)

Note. CI = confidence interval; OR = odds ratio. Values shown are weighted estimates of the 2004 adult New York City
population. All neighborhood variables are centered on citywide mean in logistic regression models. Unadjusted odds ratios
represent odds of asthma diagnosis at the individual level per 1% increase in neighborhood characteristic.
aBlack, Hispanic, or other race.
bAs determined by the US Department of Health and Human Services.
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public health opportunities available in correc-
tional health care, any gains in diagnosis and
treatment during incarceration must be sus-
tained through evidence-based linkages to treat-
ment in the community after release.34,37---39

Our study should be interpreted in the
context of potential limitations. The CHS is
a cross-sectional study, and therefore we are
unable to attribute causality. The CHS takes
place in New York City, and so our results may
not be generalizable to other settings. The CHS
does not sample from the entire population
because some groups cannot be reached using
a telephone survey. Excluded groups include
people living in nonresidential settings such as
prisons and homeless shelters as well as
households without telephone service, which
tend to have lower household incomes. Be-
cause incarceration is more common among
low-income and other marginalized groups,
rates of prior incarceration are likely under-
estimated. In the CHS, incarceration was mea-
sured using only a single binary question. We
were therefore not able to assess variables
such frequency and duration of incarceration,
which have been linked to important health
outcomes.40 Finally, the CHS relies on self-
reported data. Computer-assisted telephone
interviews were used to collect data and have
been shown to facilitate reporting of potentially
stigmatized behaviors or characteristics com-
pared with personal interviews.41 Underre-
porting of incarceration history, if present,
would likely bias our findings toward the null.

In conclusion, our study adds to the un-
derstanding of the social context of asthma by
modeling its association with incarceration at
both the neighborhood and the individual
levels in a multilevel framework. In our study,
the association between neighborhood-level
incarceration rate and asthma prevalence was
explained by the individual-level sociodemo-
graphic composition of New York City neigh-
borhoods. Nonetheless, our findings highlight
the potential utility of neighborhood incarcer-
ation rates as markers of asthma prevalence
and suggest that public health practitioners
should further engage with criminal justice
professionals and correctional health care pro-
viders to target asthma outreach efforts toward
both correctional facilities and neighborhoods
with high rates of incarceration. Additionally,
the impact of neighborhood incarceration rates

on other chronic diseases warrants further
study. j
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