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Westudied a cohort of 15,620 adults who had experienced at least 1 jail incarceration and 1 homeless shelter stay

in 2001–2003 in New York City to identify trajectories of these events and tested whether a particular trajectory was

associated with all-cause, drug-related, or human immunodeficiency virus (HIV)–related mortality risk in 2004–

2005. Using matched data on jail time, homeless shelter stays, and vital statistics, we performed sequence analysis

and assessed mortality risk using standardized mortality ratios (SMRs) and marginal structural modeling. We iden-

tified 6 trajectories. Sixty percent of the cohort members had a temporary pattern, which was characterized by

sporadic experiences of brief incarceration and homelessness, whereas the rest had the other 5 patterns, which

reflected experiences of increasing, decreasing, or persistent jail or shelter stays. Mortality risk among individuals

with a temporary pattern was significantly higher than those of adults who had not been incarcerated or stayed in a

homeless shelter during the study period (all-cause SMR: 1.35, 95% confidence interval (CI): 1.14, 1.59; drug-

related SMR: 4.60, 95%CI: 3.17, 6.46; HIV-related SMR: 1.54, 95%CI: 1.03, 2.21); all-cause andHIV-related SMRs

in other patterns were not statistically significantly different. When we compared all 6 trajectories, the temporary

pattern was more strongly associated with higher mortality risk than was the continuously homelessness pattern.

Institutional interventions to reduce recurrent cycles of incarceration and homelessness are needed to augment

behavioral interventions to reduce mortality risk.

death; homeless persons; institutionalization; New York City; urban population

Abbreviations: AIDS, acquired immunodeficiency syndrome; CI, confidence interval; HIV, human immunodeficiency virus; IPTW,

inverse probability of treatment weight.

Frequent transitions into andout of institutions, such as hos-
pitals, jails, and homeless shelters (known as the revolving-
door pattern), have been linked with adverse health conditions
(1, 2). Researchers have postulated that the process of such
institutionalizations, in particular repeated brief exposures
to incarceration and homelessness, might directly cause dam-
age to biological systems through stress-mediated pathways or
indirectly affect health by disrupting stable access to health-
promoting resources (3–5). Few studies have provided evidence
that mortality and morbidity risks are temporally associated
with experiences of incarceration or homelessness (2, 6). For
example, former inmates from New York City had a higher
risk of dying in the period immediately after release than they
did at a later time (2).

Prior risk profiles or static measures of incarceration/home-
lessness experiences, which are often examined as possible
causal risk factors for poor health outcomes, might not ac-
count for these time-varying associations (7, 8). Most studies
do not capture transitions into and out of jails or shelters over
time. In part, this might reflect the challenges of quantifying
the complexity and heterogeneity of these trajectories. How-
ever, recent progress has been made in a methodology known
as group-based trajectory modeling, which can be used to
capture concepts of sequence, duration, and timing to explain
social phenomena, such as employment and criminal behav-
iors (9). Studies in which transitions to and from incarceration
and homelessness are measured and their influences on mor-
tality are examined are therefore needed. The purpose of the
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present study was to identify distinct trajectories of jail incar-
ceration and homelessness using group-based trajectory mod-
eling and to test whether particular trajectories were associated
with mortality risk among adults from New York City. In ad-
dition to all-cause deaths, we studied drug-related and human
immunodeficiency virus (HIV)–related deaths as outcomes,
because studies have documented that risk of death from these
causes is associated with time-specific incarceration and
homelessness variables (e.g., immediate period after jail
release, disrupted care due to cycling between institutions)
(2, 10–12).

METHODS

Data sources and study population

In the present study, we used matched administrative data
from the New York City Departments of Health and Mental
Hygiene, Correction, and Homeless Services. We matched
adultswhohadbeen incarcerated inNewYorkCity jails at some
point from 2001 to 2005with those in theNewYorkCity single
adult shelter and vital statistics registries during the same time
period. This probabilistic matching process has been validated,
and the results have been previously published (2). We divided
the data into 2 time frames. The first (2001–2003) was used to
characterize incarceration/homelessness trajectories, and the
second (2004–2005) was used to examine associations between
trajectories and mortality in 2 years of follow-up. The study
population included 15,620 subjects who experienced both
jail incarceration and homelessness during 2001–2003 and
survived through December 31, 2003. A comparison group
included 5,830,224 adults from New York City who had not
been incarcerated or stayed in a homeless shelter during the
study period (hereafter referred to as nonsheltered and nonin-
carcerated). Because individual-level data for the comparison
group were not available, we used aggregated death counts
stratified by age, sex, race/ethnicity, and neighborhood pov-
erty level from the New York City vital statistics registry and
corresponding population counts from the United States Cen-
sus 2000 data. The New York City Department of Health and
Mental Hygiene Institutional Review Board determined that
this study was not subject to institutional board review be-
cause it did not include research on human subjects.

Study variables

Outcome variables included all-cause deaths, deaths due to
drug-related causes (codes F11–F16, F18–F19, X40–X42, and
X44), and deaths due to HIV (codes B20–B24) (13). The expo-
sure variable was trajectory of jail incarceration/homelessness,
which was derived from group-based trajectory modeling using
admission and discharge information from both New York
City jail and single adult shelter registries in 2001–2003. Co-
variates included age on June 30, 2002, sex, race/ethnicity,
nativity, neighborhood poverty level, a proxy for substance
use (based on whether the subject was charged with drug pos-
session or discharged to a substance use treatment clinic from
the shelters), a proxy for serious mental illness (based on
whether the subject was released to a state psychiatric hospi-
tal from jail or sent to a psychiatric emergency department/

permanent supportive housing for mentally ill clients from
shelters), and types of criminal charges (drug sales, violent
crimes, weapon possession, public administration, property
crimes,quality-of-lifecrimes,andsexcrimes).Wedevelopeda
directed acyclic graph to guide the determination of whether
these variables were confounders or colliders (14) (Web Fig-
ure 1, available at http://aje.oxfordjournals.org/).We determined
all covariates to be confounders of the trajectory-mortality asso-
ciation. Study participation (i.e., censoring) was identified as a
collider because onewould need to be found in both registries
to have a particular trajectory assigned and would need to
have survived through the end of 2003.
To account for differing times at risk, we calculated and

used person-years as the denominator when calculating mor-
tality rates. For subjects who died in 2004–2005, person-
yearswere calculated as the timebetween January 1, 2004, and
the date of death. Two full person-years were assigned to sub-
jects who were alive as of December 31, 2005. For the com-
parison group, we estimated person-years by subtracting the
total person-years of the incarcerated/homeless study popula-
tion from proxy person-years of adults from New York City
in 2004–2005 (2 × New York City adult population counts
from United States Census 2000).

Statistical analysis

Sequence analysis. Todetermine exposure trajectories,we
divided jail incarceration and shelter use records into time pe-
riods of 30 days, or “windows.” One of 3 events (incarceration,
homelessness, or living in the community) was identified in
each window, which yielded a sequence of 36 events during
the 3-year period for each person. Specifically, if a jail incarcer-
ation event occurred during a particular window, that month
wasmarked as incarceration. The same logic applied to home-
lessness events. If no incarceration or homelessness occurred,
that month was marked as community dwelling, which re-
flected the fact that three-quarters of subjects were discharged
to the community (rather than another institution) after incar-
ceration. If both incarceration and homelessness occurred
within a month, we counted the number of days spent in jail
and in a shelter, and the event with higher numbers of days
was assigned. If an equal number of days was spent in both
jails and shelters, the event less prevalent in individual-level
sequencewas assigned.We then assessed and summarized the
degree of dissimilarity in sequences using the Levenshtein
distance (15) and performed a hierarchical cluster analysis
using the Ward method, which resulted in nonoverlapping
clusters that represented trajectories of jail incarceration and
homelessness.

Standardized mortality ratio. We compared mortality
rates for each trajectory with rates among nonincarcerated/
nonsheltered adults from New York City using a standard-
ized mortality ratio, which is the ratio of the observed to the
expected number of deaths. In each trajectory, the observed
numbers of deaths were counted, and expected numbers of
deaths was estimated by multiplying the mortality rates of
nonincarcerated/nonsheltered New York City residents by
the person-years from the corresponding age, sex, race/ethnic-
ity, and neighborhood poverty strata. We used the Poisson
method to compute 2-sided 95% confidence intervals.
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Figure 1. Six nonoverlapping groups of jail incarceration/homelessness trajectories according to sequence analysis among 15,620 adults who
spent at least 1 night in a New York City jail and at least 1 night at a New York City single adult homeless shelter during 2001–2003. A) Temporary
pattern (61%); B) transition to incarceration pattern (9%); C) transition to homelessness pattern (11%); D) transition from incarceration pattern (8%);
E) transition from homelessness pattern (7%); F) continuously homeless pattern (4%). White, time living in the community; dark gray, incarceration;
light gray, homelessness.
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Table 1. Demographic and Criminal Characteristics by 6 Trajectory Groups Among 15,620 Adults WhoWere Incarcerated in a New York City Jail and Spent at Least 1 Night at a New York City

Single Adult Homeless Shelter During 2001–2003

Characteristic
Total (n = 15,620)

Trajectory

Temporary
(n = 9,467)

Transition to
Incarceration
(n = 1,343)

Transition to
Homelessness

(n = 1,793)

Transition From
Incarceration
(n = 1,293)

Transition From
Homelessness

(n = 1,033)

Continuously
Homeless
(n = 691)

No. % No. % No. % No. % No. % No. % No. %

Exposure in 2001–2003

Median no. incarceration events 2 1 4 2 3 1 2

Median no. days in jail 54 34 301 39 259 26 22

Median no. of days in jail days incarceration 25 19 82 19 83 12 11

Median no. of shelter stays 4 3 4 11 3 11 21

Median no. of days in shelters 42 20 32 273 20 314 662

Median shelter days per shelter event 8 6 6 25 6 29 33

Age as of June 30, 2002, years

18–24 11 12 10 9 10 8 5

25–34 25 26 27 21 25 21 15

35–44 41 40 45 40 46 41 39

45–54 19 18 15 24 15 25 32

55–89 5 4 3 6 4 5 9

Sexa

Male 90 90 92 90 91 90 89

Female 10 10 8 10 9 10 11

Race/ethnicitya

Non-Hispanic white 7 8 6 6 5 7 6

Non-Hispanic black 62 60 65 64 64 66 69

Hispanic 30 31 28 29 30 26 24

Asian 0 0 0 0 0 0 0

Other/unknown 1 1 1 1 1 1 1

Nativitya

United States born 90 89 91 88 94 88 88

Foreign born 10 11 9 12 6 12 12

Neighborhood poverty levelb

Low (<10) 2 2 2 3 2 3 4

Medium (10 to <20) 16 16 16 15 16 13 15

High (20 to <30) 10 10 9 10 9 9 8

Very high (≥30) 40 40 41 40 39 40 35

Missing 33 32 32 32 33 35 38
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Table 1. Continued

Characteristic
Total (n = 15,620)

Trajectory

Temporary
(n = 9,467)

Transition to
Incarceration
(n = 1,343)

Transition to
Homelessness

(n = 1,793)

Transition From
Incarceration
(n = 1,293)

Transition From
Homelessness

(n = 1,033)

Continuously
Homeless
(n = 691)

No. % No. % No. % No. % No. % No. % No. %

Type of criminal charges

Drug possession 37 34 51 35 46 35 43

Drug sales 21 18 31 19 35 14 22

Violence 32 30 46 33 40 30 28

Public administration 31 30 40 31 36 30 29

Property 41 37 60 39 53 40 44

Weapons 4 4 7 5 5 3 3

Quality of life 9 9 9 9 7 9 9

Sex crimes 3 2 3 3 4 3 4

Substance usec 41 37 54 42 49 39 51

Serious mental illnessc 3 2 4 6 2 6 9

a Becausewe did not include a small number of subjects among adults with incarceration who hadmissing data (sex, 1%; race/ethnicity, 1%; nativity, 1%), the sum of these numbers does not

match the total numbers of individuals.
b Parenthetical values are the percentages of the neighborhood population who live below the poverty line.
c Proxy measures (in which substance use was defined as being charged with drug possession or transferred to a substance use treatment clinic and serious mental illness was defined as

being transferred to a state psychiatric hospital or mental health treatment clinics) were used to capture substance use and prior severe mental illness.
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Marginal structural modeling. To determine whether par-
ticular trajectories were causally associated with mortality
rates, we tested 3 causal assumptions (16).We first performed
multinomial regression analysis using group-based trajecto-
ries of incarceration/homelessness as the dependent variable
and baseline covariates that were identified as confounders as
the independent variables. We then obtained a person’s prob-
ability of appearing in each trajectory. An inverse of this prob-
ability was used as inverse probability of treatment weight
(IPTW). To minimize influences from large weights, we stabi-
lized the IPTWby replacing 1 in the numerator with amarginal
probability of the observed trajectory (16). Weighted data met
the assumptions for exchangeability (balanced baseline char-
acteristics across trajectories; Web Table 1), positivity (tightly
distributed IPTW with 1 as a mean value; Web Table 2), and
stable unit treatment value (after adjustment for neighborhood
poverty to address potential data dependency among some
individuals) (17).
We then used a marginal structural Cox proportional haz-

ard model to estimate the relationship between trajectories
and mortality. Using IPTW to create a pseudopopulation
for which causal assumptions hold, this model yields the
marginal probability of the counterfactual random variables
of mortality predicted by the trajectory groups (16). A sand-
wich estimator for variance and a corresponding P value were
calculated because this estimator was robust against model
misspecification. To reduce potential bias from tied events
(18, 19), we used Efron’s approximation method (20).

Missing data and imputation. To reduce potential bias re-
sulting from excluding persons with missing data from the
analysis (sex, 1%; race/ethnicity, 1%; nativity, 1%; neighbor-
hood poverty level, 25%), we performed multiple imputa-
tions using IVEware (21). Because of the limited number
of covariates and the relatively large amounts of missing
data in the neighborhood poverty variable, we tested whether
imputation was a reasonable approach for estimating missing
data by assessing the agreement between actual and imputed
neighborhood poverty data for a randomly selected 25% sam-
ple from the complete data. The estimated κ statistic was
greater than the threshold (0.76 > 0.75), thus justifying impu-
tation (22). We used multiple imputations to generate 5 im-
puted data sets, and we reported the combined results of the
5 estimates according to Schafer’s approach, which accounts
for within- and between-imputation variability (23).

Sensitivity analyses. Estimates from marginal structural
modeling were potentially biased because of unobserved con-
founding, such as injectable drug use and chronic diseases.
To address this issue, we quantified potential bias due to un-
observed confounding by performing sensitivity analyses
based on the bias equation of Vanderweele and Arah (24).
Additionally, prior exposure to jail incarceration/home-

lessness might lead to a biased association between a partic-
ular trajectory and mortality if the exposure periods were
different from those in prior years. To address this issue, we
repeated all the analyses for adults 25 years of age or younger
because they were less likely to have prior incarceration/
homelessness experiences than were older adults, which would
ensure a more accurate trajectory. Because excluding subjects
who died during 2001–2003might introduce censoring bias, we
also examined characteristics of adults who were excluded

because of early deaths and repeated marginal structural model-
ing using the study cohort data that included these adults.
We used R, version 2.15 (R Foundation for Statistical

Computing, Vienna, Austria) to perform sequence (TraMineR
package) and cluster (cluster package) analyses. All the other
analyseswere performed usingSAS, version 9.2 (SAS Institute,
Inc., Cary,NorthCarolina).We determined the optimal number
of trajectory groups according to the ratio ofmeanwithin-group
distances to mean between-group distances <0.5 and relative
improvement of this ratio due to adding one more group to
the cluster solution (9). Statistical significance was established
if the 2-sided P value was <0.05.

RESULTS

Using sequence analysis, we identified 6 nonoverlapping
groups of jail incarceration and homelessness trajectories
over 3 years among adultswho had been both incarcerated and
homeless: temporary (61% of cohort), transition to homeless-
ness (11%), transition to incarceration (9%), transition from
incarceration (8%), transition from homelessness (7%), and
continuously homeless (4%) patterns (Figure 1). Persons with
the temporary pattern sporadically experienced brief incar-
cerations and shelter stays. In contrast, those with the contin-
uously homeless pattern spent extensive amounts of time in
shelters (median, 662 days) without much interruption. Two
other groups included adults who increasingly used homeless
shelters during later months of the study period after commu-
nity stays with sporadic incarceration (transition to homeless-
ness) and those who experienced homelessness during early
months followed by community stays with sporadic incar-
ceration (transition from homelessness). Similarly, there were
2 groups for adults with sporadic homelessness: those for
whom sporadic homelessness was followed by incarceration
during later months (transition to incarceration) and those
with incarceration during early months and sporadic home-
lessness afterward (transition from incarceration). Each base-
line demographic characteristic and neighborhood poverty
level were significantly associated with trajectory groups ac-
cording to χ2 tests. However, in terms of the magnitude of the
differences, these characteristics were similar across all tra-
jectory groups except for continuously homeless subjects,
who were much older than the others (Table 1).
During 2004–2005, the age-adjusted all-cause mortality

rate among the study cohort was 1,086 per 100,000 person-
years (95% confidence interval (CI): 911, 1,288), which was
33% higher than nonincarcerated/nonsheltered adults from
New York City (816 per 100,000 person-years; 95% CI: 811,
821). After adjustment for age, the top 4 causes of death
among the study cohort were cancer, heart disease, HIV, and
drug-related causes, while those for nonincarcerated/non-
sheltered adults from New York City were heart disease, can-
cer, other, and influenza and pneumonia (data not shown).

Comparisons with nonincarcerated/nonsheltered

NYC adults

Compared with nonincarcerated/nonsheltered adults from
New York City of the same age, sex, race/ethnicity, and neigh-
borhood poverty level, adults in our study with a temporary
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pattern had a 1.35 times higher risk of death from all causes
(95% CI: 1.14, 1.59), a 4.60 times higher risk of drug-related
death (95% CI: 3.17, 6.46), and 1.54 times higher risk of
HIV-related death (95% CI: 1.03, 2.21). All-cause and HIV-
related mortality risks in subjects with all other patterns were
not statistically different from those of nonincarcerated/non-
sheltered New York City residents. We found a higher risk
of drug-related death among subjects in all trajectory groups
except for the transition to incarceration and continuously
homeless patterns (Table 2).

Comparisons among the 6 incarceration/homelessness

trajectory groups

After adjustment for differences in baseline covariates
across the 6 trajectory groups, the risk of all-cause mortality

among adults with the temporary pattern was 1.91 times
higher (95%CI: 1.00, 3.68) than that of adults with the contin-
uously homeless pattern during the 2-year follow-up period
(Table 3). This patternwas also associatedwith a higher riskof
drug-related death. Other patterns were not significantly dif-
ferent from the continuously homeless pattern, except that
subjects with the transition from incarceration and transition
to homelessness patterns had a higher risk of drug-related
death. To address unreliable estimation due to small numbers
of drug-related deaths, we examined the risk of all-cause mor-
tality by trajectory group after excluding drug-related cases.
The excess risk associated with the temporary versus the con-
tinuously homeless pattern was no longer observed, which
provided further evidence for excess drug-related mortality
risk in the temporary pattern (data not shown). Because there
were 0 HIV-related deaths in the continuously homeless pattern,

Table 2. Observed Number of Deaths and Standardized Mortality Ratios by Incarceration/Homelessness Trajectory

Group Among 15,620 Adults Who Had Been Both Incarcerated and Homeless, New York City, 2004–2005

Trajectory

All-Cause Death Drug-Related Death HIV-Related Death

No. of
Deaths

SMRa 95% CI
No. of
Deaths

SMRa 95% CI
No. of
Deaths

SMRa 95% CI

Temporary 144 1.35 1.14, 1.59 33 4.60 3.17, 6.46 29 1.54 1.03, 2.21

Transition to incarceration 12 0.80 0.41, 1.40 2 1.95 0.24, 7.04 3 1.06 0.22, 3.10

Transition from incarceration 18 1.23 0.73, 1.94 4 4.00 1.09, 10.25 4 1.46 0.40, 3.74

Transition to homelessness 20 0.81 0.49, 1.25 6 3.62 1.33, 7.87 2 0.46 0.06, 1.66

Transition from homelessness 18 1.24 0.73, 1.96 5 5.10 1.66, 11.91 2 0.77 0.09, 2.79

Continuously homeless 11 0.93 0.47, 1.67 1 1.29 0.03, 7.20 0 N/A N/A

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; N/A, not applicable; SMR, standardized

mortality ratio.
a SMR among trajectory groups was compared with nonincarcerated/nonsheltered New York City residents and

adjusted for for age, sex, race/ethnicity, and neighborhood poverty level.

Table 3. Relative Risk From Marginal Structural Cox Proportional Hazard Regressiona for All-Cause, Drug-Related,

and HIV-Related Mortality Rates by Incarceration/Homelessness Trajectory Groups Among 15,620 Adults Who Had

Been Both Incarcerated and Homeless, New York City, 2004–2005

Trajectory
All-Cause Death Drug-Related Death HIV-Related Deathb

RR 95% CI RR 95% CIc RR 95% CI

Temporary 1.91 1.00, 3.68 7.80 1.07, 56.86 3.32 1.14, 9.67

Transition to incarceration 1.21 0.49, 2.98 3.52 0.32, 38.75 3.41 0.95, 12.28

Transition from incarceration 1.99 0.88, 4.53 9.86 1.00, 97.30

Transition to homelessness 1.27 0.58, 2.78 7.58 0.90, 63.60 1.00 Referent

Transition from homelessness 1.88 0.86, 4.14 8.90 1.04, 76.22

Continuously homeless 1.00 Referent 1.00 Referent

Abbreviations: CI, confidence interval; HIV, human immunodeficiency virus; RR, relative risk.
a We used inverse probability of treatment weight to control for bias due to confounding. Potential confounders

included age, sex, race/ethnicity, nativity, neighborhood poverty level, a proxy measure of substance use, a proxy

measure of mental illness, and criminal charges for drug sales, violent crimes, weapon possession, public

administration, property crimes, quality-of-life crimes, and sex crimes.
b Because there were 0 deaths attributed to HIV in the continuously homeless pattern, 3 trajectories of

homelessness (transition to homelessness, transition from homelessness, and continuously homeless) and 2

trajectories of incarceration (transition to incarceration and transition from incarceration) were collapsed into

homelessness and incarceration groups, respectively.
c Wide confidence intervals reflect a small number of outcome cases.
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we collapsed 3 homelessness patterns and 2 incarceration pat-
terns into 2 separate groups, and we consistently found excess
mortality risk associated with the temporary pattern only.

Sensitivity analyses

A sensitivity analysis for unobserved confounding re-
vealed that if the prevalence of risk behaviors among subjects
with the continuously homeless pattern was greater than that
among subjects with the temporary pattern, which would be
consistent with findings of observed risk factors in the present
study, an unbiased estimate of the lower bound of the 95%
confidence interval would have moved away from 1 (Web
Figure 2). In a subset analysis of adults 25 years of age or
younger that we performed to assess bias due to prior expo-
sure, the temporary pattern was also associated with a higher
mortality risk relative to the continuously homeless pattern,
although this association was not statistically significant be-
cause of the small number of deaths (n = 15). The 146 individ-
uals who died in 2001–2003 were older than those who lived
(on average 46 versus 36 years old), but there were no system-
atic differences in other baseline characteristics and leading
causes of death between both groups. We conducted repeated
analyses that included person who had sufficient observation
time to allow identification of trajectory groups (n = 84), and
the excess all-cause and HIV-related mortality risk associated
with temporary pattern was consistently observed (data not
shown). However, the association between trajectory groups
and risk of drug-related death was attenuated and no longer
statistically significant, although drug-related mortality risk
was still highest among subjects with the temporary pattern.

DISCUSSION

In the present retrospective cohort study of adults from
New York City who had been both incarcerated and home-
less, sporadic exposure to brief jail incarceration and home-
lessness (temporary pattern) was associated with excess risk
of all-cause, drug-related, and HIV-related mortality during a
2-year follow-up period. In particular, adults from New York
Citywith the temporary patternwere 35%more likely to die of
any cause than were nonincarcerated/nonsheltered New York
City residents of the same age, sex, race/ethnicity, and neigh-
borhood poverty level. An excess risk of drug-related deaths
was also observed in subjects with the other patterns except
for those with the transition to incarceration and continuously
homeless patterns. Additionally, this temporary pattern was as-
sociated with higher all-cause, drug-related, and HIV-related
mortality risks when compared with the continuously home-
lessness pattern.
This excess mortality risk among adults with a temporary

pattern, especially in contrast to thosewith continuously home-
less pattern, might point to health burdens attributed to the
revolving-door pattern. Two methods, IPTW and sensitivity
analyses, were used to assess whether this observation was
potentially the result of residual confounding of unmeasured
behaviors, and results from both suggested that the observed
associations were robust.
A potential mechanism through which this pattern might

affect health is the higher risk of exposure to hazardous

environments in the community; the likelihood of a drug
overdose could conceivably increase because narcotic absti-
nence during a jail stay decreases drug tolerance (25). Evi-
dence of excess risk of drug-related death during the time
period immediately after release from jails (2) or prisons
(26, 27) has been identified in previous United States and
United Kingdom studies. Another possible explanation is
the disruption of medical care due to transitions from brief
jail incarceration or homelessness back into the community.
For example, continuity of antiretroviral care is critical for
survival among people living with HIV/acquired immune de-
ficiency syndrome (AIDS) (10–12). Lastly, some researchers
attribute excess mortality risk among incarcerated or home-
less adults to cumulative stress (3, 5). Yet, this explanation
seems less convincing than others because a sensitivity anal-
ysis among cohort members 25 years of age or younger
yielded similar finding. The younger ages of these subjects
meant that they had fewer chances to be both incarcerated
and homeless, which means that the excess mortality risk
for the temporary pattern was unlikely to result from cumula-
tive stress from cycling through incarceration and homeless-
ness. However, the short observation time and lack of data
about differential stress levels across trajectory groups pre-
cludes exploring this hypothesis directly.
Compared with the general adult population of New York

City, subjects with all trajectories except for the transition to
incarceration and continuously homeless patterns had an in-
creased risk of drug-related death. This might be due to the
fact that adults who were incarcerated later in the 2001–
2003 time period were more likely than those other trajecto-
ries to remain incarcerated during subsequent 2 years, which
might decrease the opportunity to use drugs. For adults with a
continuously homeless pattern, an undisrupted exposure to
drugs might contribute to retaining a higher level of drug
tolerance. In addition, being consistently incarcerated or con-
sistently living in a shelter might increase one’s chance of
overdosing on drugs. The HIV-related mortality risk was
not higher among adults from New York City who had been
incarcerated or homeless for a sustained period. During unin-
terrupted stays, persons with HIVmight benefit frommedical
services or referrals offered in homeless shelters or jail. How-
ever, more data about utilization by and delivery of services
to New York City jail inmates or shelter users with HIV/
AIDS are needed to test this hypothesis.
The present study has some limitations. First, because of

the limited data about confounding, inferences from the stan-
dardized mortality ratio analysis and the marginal structural
modeling could be biased because of residual confounding,
despite the findings from the sensitivity analysis. Second,
death outcomeswere likely to be underestimated because deaths
that occurred outside of New York City (i.e., approximately
6.5% of annual deaths among New York City residents ac-
cording to National Center for Health Statistics) were not
captured. This is likely to bias the estimated association to-
ward the null, under the assumption that measurement error
is independent of trajectories. Third, because persons who
died during 2001–2003 were excluded, the estimated relative
risk might be affected by censoring bias. Even if causes of
death and baseline characteristics were similar between those
who died earlier and those retained, the sensitivity analysis

268 Lim et al.

Am J Epidemiol. 2015;181(4):261–270

http://aje.oxfordjournals.org/lookup/suppl/doi:10.1093/aje/kwu313/-/DC1
http://aje.oxfordjournals.org/lookup/suppl/doi:10.1093/aje/kwu313/-/DC1


demonstrated that the observed excess drug-related mortality
risk became attenuated and nonsignificant after adding those
who died earlier to the analyses. Longer follow-up time
is required to determine whether censoring bias is present
because 1) the sensitivity analysis result is based on a very
small number of drug-related deaths and 2) trajectory group-
ing might not be reliable among subjects who died early in
the study period. Fourth, 2 years might not be a sufficient
amount of time to assess the risk of death from chronic dis-
eases. The long-term health effects of some trajectories other
than the revolving-door pattern might be different from those
observed in 2 years. Lastly, the study findings might not
be generalizable to incarcerated adults from New York City
who have histories of homelessness that were not captured
in New York City single adult shelter registries (e.g., street
homelessness).

Despite these limitations, our study has several important
strengths. First, by linking patterns of incarceration/home-
lessness with mortality outcomes, we assessed mortality risk
associated with complex transitions between jails, homeless
shelters, and residences in the community. Specifically, this
allowed us to empirically test whether the revolving-door pat-
tern is temporarily associated with adverse health conditions.
Second, we explicitly used analytic methods to better explore
causal assumptions from analysis of administrative data.
While causal inference from observational data is fraught
with methodological challenges, these techniques improve
the internal validity of measuring the unique health burdens
associated with trajectories of jail incarceration/homelessness
beyond individual-level risk factors.

In conclusion, 3-year trajectories of jail incarceration and
homelessness were independently associated with mortality
risk during a 2-year follow-up period among adults from
New York City. In particular, adults with sporadic exposure
to brief incarceration and homelessness experienced excess
risks of all-cause, drug-related, andHIV-related deaths,which
implies that life disruption due to brief exposure to these
events has a negative influence on health. Our finding sug-
gests that corrections and homeless services agencies should
collaborate with community organizations to proactively en-
gage with individuals who briefly stay in jails or shelters to
inform the risk of overdose death and strengthen community-
linkage services, such as by maintaining drug counseling/
therapy and providing supportive housing with drug treat-
ment services. Additionally, an effort to ensure undisrupted
social and medical care for people living with HIV/AIDS
should be further promoted, as demonstrated in the transi-
tional care coordination program in which jail inmates with
HIV/AIDS are contacted regularly to receive community-
wide medical and social services (28).
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