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Abstract
Context—Extensive observational evidence indicates youth in high-poverty neighborhoods
exhibit poor mental health, although not all children may be affected similarly.

Objective—To use experimental evidence to assess whether gender and family health problems
modify mental health effects of moving from high- to low-poverty neighborhoods.

Design, Setting, Participants—The Moving to Opportunity Study, a randomized controlled
trial, enrolled volunteer low-income families in public housing in 5 U.S. cities from 1994–1997.
We analyze 4–7 year outcomes among youth aged 12–19 (n=2829, 89% effective response rate).

Intervention—Families were randomized to control (remaining in public housing) or
experimental (receiving government-funded rental subsidies to move into private apartments)
groups. Intent-to-treat analyses included intervention interactions by gender and health
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vulnerability (defined as pre-randomization health/developmental limitations or disabilities among
family members).

Outcome measures—Past-year psychological distress (K6), and Behavioral Problems Index
(BPI). Supplemental analyses used past-year major depressive disorder (MDD).

Results—Male gender and family health vulnerability significantly adversely modified the
intervention effect on K6 (gender: p=.02, health vulnerability: p=.002); male gender, but not
health vulnerability, significantly adversely modified the intervention effect on BPI (gender: p=.
01, health vulnerability: p=.17). Female adolescents without baseline health vulnerabilities were
the only subgroup to benefit on any outcome (K6 (B= −0.21, 95% CI: (−0.34–−0.07), p=.003);
MDD (Odds Ratio =0.42 (0.20–0.85) p=0.024). For male adolescents with health vulnerabilities,
intervention was associated with worse K6 (B=.26, (0.09–0.44), p=.003) and BPI (B=.24 (0.09–
0.40) p=.002). Neither females with health vulnerability, nor males without health vulnerability,
experienced intervention benefits. Adherence-adjusted instrumental variable analysis found
intervention effects twice as large. Patterns were similar for MDD but estimates were imprecise
due to low prevalence.

Conclusions—Although some girls benefited, boys and adolescents from families with baseline
health problems did not experience mental health benefits from housing mobility policies, and
may need additional program supports.

Mental disorders and high levels of internalizing and externalizing symptoms among
adolescents have negative health and social consequences throughout the life course1–4.
Racial/ethnic minority families are disproportionately more likely to live in impoverished
neighborhoods5, 6, and many research studies suggest adolescents residing in high-poverty
communities experience elevated psychiatric morbidity7–9. However, prior neighborhood-
mental health studies have been observational and thus effect estimates are potentially
confounded9. Only one randomized trial that could evaluate effects of neighborhood context
via housing mobility has been conducted: the Moving to Opportunity (MTO) trial. MTO
randomly assigned families offers to move out of public housing using a Section 8 voucher
which subsidizes rent in the private market, and these families moved to different
neighborhood contexts. This experimental design is advantageous for evaluating the causal
effects on mental health, related to moving out of public housing and changing
neighborhood context.

Although housing policies are not usually considered part of national health services
infrastructure, growing evidence documents that social and economic policies may influence
health6, 10–14 by changing social determinants of health, for example, income, housing, or
neighborhood context. Reducing mental health disparities will likely require multilevel
approaches beyond only individual or family-level interventions; indeed, stress reduction
accompanying a move to a low-poverty neighborhood may be of similar magnitude to that
of pharmacologic treatment for mental disorder10.

Prior analyses of MTO documented puzzling evidence. Although neighborhood poverty was
reduced in intervention group families compared to public-housing controls15, effects of
these moves were not uniformly beneficial. Four to seven years after randomization, health
effects for young children were not statistically significant16, while adult women in the
MTO experimental group experienced better mental health and lower obesity; indeed,
recently-released findings indicate this obesity advantage persisted 10–15 years post-
randomization17. MTO benefited adolescent girls with respect to psychological distress,
lifetime major depressive disorder (MDD), and health behaviors (e.g. smoking). Among
adolescent boys however, effects for psychological distress and lifetime MDD outcomes
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were not statistically significant, and externalizing behaviors were unexpectedly increased
by the intervention10, 11, 15, 18.

Because gender has shown such strong qualitative effect modification for other mental
health outcomes in MTO, we hypothesized similar patterns for past-year MDD, which has
not yet been examined in MTO. However no subsequent study has succeeded in explaining
these opposite gender patterns or in extending findings to explain which children may
benefit, and which may be harmed, by housing mobility. Indeed, previous evidence from
psychosocial interventions suggests that frailer subgroups may not benefit from
interventions to the same extent as healthier individuals, and in some circumstances may
even be harmed19–21. We therefore hypothesized that family health-related vulnerability
adversely modifies the effect of using rental subsidies to move out of public housing to
lower-poverty neighborhoods. Intervention differences between more and less vulnerable
groups may be due to either differential compliance rates (e.g. within MTO, if households
with disabled family members were unable to find suitable private market rental units, even
with voucher subsidies22, 23) or to differential effects among compliers (e.g. in vulnerable
families, the benefit of moving may be offset by other chronic stressors24). Our manuscript
therefore extends prior MTO findings by testing whether baseline health of families
modifies the MTO intervention effect on adolescent mental health, in addition to improving
operationalization of mental health.

DESIGN AND METHODS
Study Design

The Moving to Opportunity (MTO) for Fair Housing Demonstration Program was a
randomized controlled trial (RCT) sponsored by the US Department of Housing & Urban
Development (HUD)25, 26 in 5 US cities: Boston, Baltimore, Chicago, Los Angeles, New
York. Eligible families had children under 18 years old and were recruited from public
housing or project-based assisted housing in areas with high concentrations of poverty.26

Volunteer applicants were taken from MTO waiting lists, signed enrollment agreements and
informed consents, completed the Baseline Participant Survey, and were evaluated for
eligibility27 by local public housing authorities. Eligible families were randomly-assigned
by computerized random-number generators to 1 of 3 intervention groups (Figure 1)15.
MTO was not registered with CONSORT because it was not a medical intervention.

Intervention Assignment
The “regular section 8” intervention group was offered housing vouchers that were
redeemable to subsidize rent for a private market apartment. The “low-poverty
neighborhood section 8” intervention group was offered housing vouchers that could only be
used to subsidize rental housing located in low-poverty neighborhoods (<10% of the Census
Tract lived in poverty). This group was also offered housing counseling services to aid
relocation. Finally, an untreated control group received no further assistance from MTO, but
could remain in public housing. Intervention group families could search for housing and
rent a unit with their voucher for 90 days after randomization, or they lost their voucher (but
could remain in public housing)27.

Evaluation surveys were conducted by Abt Associates at baseline and at the interim follow-
up (4–7 years after baseline, Dec 2001-Sept 2002), among household heads and their
children. Ninety-eight percent of interviews were in person via computer-assisted personal
interviewing technology15, 27. Youth were interviewed predominantly in teen centers to
improve privacy26. We focus on adolescents randomized 1994 through 1997 in the MTO
Tier 1 Restricted Access Data (n=3537 aged 12–19 as of 5/31/01, aged 5–16 at
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randomization). Our analysis includes 2829 adolescents answering the interim survey. With
a 2-stage follow up to locate participants, the interim survey had 89% effective response
rate15 (Figure 1). Adults provided informed written consent before both surveys for
themselves and their children15, 26, 27. The current analyses were approved by the
Northeastern University Institutional Review Board.

Variables
Mental Health Outcomes (measured in 2002)—Past-month psychological distress
was measured by survey using the Kessler K-6 scale (K6), a broad-gauged dimensional
screening scale for mental illness28. K6 includes 5-item Likert answers (none, to all of the
time during the past 30 days) for 6 items: so depressed nothing could cheer you up; nervous;
restless or fidgety; hopeless; everything was an effort; worthless. We scored the K6 with
two-parameter binary Item Response Theory (IRT) latent variable methods, recoding each
item into a set of ordered dichotomies, and outputing a standardized factor score 28. For
observations missing scale items (<3%) we calculated row-column imputed values.
(Cronbach’s Alpha 0.80, mean (SD) = −0.0395 (1.123)). Given standardization, intervention
effect sizes correspond approximately to the proportion of a SD-change in the outcome.

Behavior problems were measured by 11 self-reported survey items adapted from the
Behavior Problems Index (BPI)29 primarily assessing externalizing behaviors. Responses for
items such as “I lie or cheat” and “I have a hot temper” ranged from 0 (not true) to 2 (often
true). Standardized BPI scores were estimated with two-parameter binary IRT models
(alpha=0.80, mean (SD) = −.0250 (1.086)).

In supplemental analyses, we report outcomes for past-12 month and lifetime DSM-IV
major depressive disorder (MDD). MDD was assessed by survey questions adapted from the
National Comorbidity Survey Replication: Adolescent Supplement (NCS-A), implemented
by trained lay interviewers. The lay-administered NCS-A displays good concordance with
clinically-administered interviews such as the Schedule for Affective Disorders and
Schizophrenia for School age Children,30 both of which seek to assess DSM diagnoses. The
algorithm to derive MDD is described in Appendix e-text 1. Because of the low prevalence
of 12-month MDD (.029) and lifetime MDD (.046), we report detailed results in online
appendices e-Figures 1 and 2. We focus on past-year (vs. lifetime) MDD because within the
context of a trial, the past-year measure captures MDD during a period that follows random
assignment, preserving temporal order between exposure and outcome31. Moreover, results
for past-year MDD have not been published within MTO.

Randomly-assigned treatment was modeled with one dichotomous variable: intervention
vs. control group. Although the study contained 2 experimental intervention groups,
intervention effects on mental health were statistically indistinguishable across experimental
arms (vs. controls); therefore we combined the experimental groups to facilitate the
presentation. However, Results retaining the original three intervention groups are presented
in appendices e-Figures 3–5.

Intervention adherence for families in the experimental groups was defined as using the
rental subsidy voucher to lease an apartment10, 15 (as opposed to random assignment, which
provided an offer of a voucher). Many control and experimental families later moved away
from public housing using other means besides the MTO voucher. Based on intent-to-treat
(ITT) principles, these families are classified according to their original randomly-assigned
exposure.

Modification of the effect of intervention on mental health was evaluated using pre-
randomization covariates indicating gender (specified based on prior MTO results) and
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separately, family health-related vulnerability (specified a priori before our team had access
to the data). Health vulnerability was operationalized with a family-level binary variable
indicating any household member had a disability, or that a household child had any of four
health or developmental problems: behavioral problems, learning problems, problems that
made it difficult to get to school and/or to play active games, problems that required special
medicine and/or equipment. We additionally hypothesized that violent crime victimization,
and socioeconomic position modified the intervention effect, and these results are presented
elsewhere. We stratified results here by site.

Covariates
We adjusted regression models for site and several pre-randomization covariates including
demographic variables, and those significantly associated with the outcome, to increase
precision32: adolescent age, black race (parent-reported in pre-specified categories; collected
to monitor racial disparities in fair housing), gifted student, and whether the school asked to
discuss the child’s schoolwork or behavior problems; and household head marital status,
employment status, education, neighborhood stability, relationships with neighbors,
presence of family or friends in neighborhood, and prior application to Section 8. The small
proportion of missing baseline covariate data was imputed to site-specific means10. Results
were statistically comparable in models with or without covariate adjustment..

Analytic Approach—Primary analyses were based on ITT principles33. We regressed
mental health outcomes on the intervention arm indicator variable with covariate-adjusted
linear (for K6 and BPI) or logistic (for MDD) regression. Approximately half (51%) of
families randomized to receive rental subsidy vouchers did not adhere to the assigned
intervention (to use the voucher to move) and remained in public housing, so the ITT effect
estimate is likely attenuated, compared to the effect of using the voucher to move. When
effect modification tests were statistically significant in ITT analyses, we also present
adherence-adjusted effect estimates based on instrumental variable (IV) analysis, estimated
with two-stage least squares regression. IV analysis is appropriate to correct for non-random
adherence in RCTs because IV avoids biases associated with directly comparing compliers
to non-compliers34, 35.

Using ITT regression analysis, we first evaluated the intervention effect averaged over all
youth. Next, we assessed modification of the intervention effect on mental health by gender,
using a gender-by-intervention interaction. We then assessed whether family health-related
vulnerability modified the intervention effect by evaluating an intervention-by-vulnerability
interaction. This allowed us to formally test the primary novel hypothesis that the
intervention effect on mental health was modified by family vulnerability. To assess the
robustness of our findings to omitted higher order interactions, a three-way interaction
involving the intervention, gender, and baseline health-vulnerability variables was included
but did not alter the results. For clarity, effect modification is displayed graphically (Figures
2–3) as average intervention effects on mental health (experimental minus control
differences on the absolute scale) and corresponding 95% confidence intervals (CI),
separately for each subgroup: girls from health-vulnerable families; girls not from
vulnerable families; boys from vulnerable families; and boys not from vulnerable families.
Negative values for intervention effect coefficients indicate beneficial intervention effects,
while positive values indicate adverse effects. We exponentiated coefficients output from
logistic regression into odds ratios (OR) and corresponding 95% CI’s; MDD was rare, so the
OR estimates the risk ratio. We present the risk difference (RD) and its 95% CI for
intervention vs. controls based on marginal predicted probabilities output from logistic
models. To confirm that the overall pattern of intervention effect heterogeneity is not merely
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driven by lower adherence rates among vulnerable families,22, 23 we also estimated
adherence-adjusted effects using IV analyses for distress and BPI.

All analyses were weighted to account for time-changing random assignment ratios and
nonresponse, and account for household clustering (using STATA’s clustered sandwich
estimator) since up to two children per household were randomly sampled at interim follow-
up10. We report robust standard errors with p-values from 2-sided tests. We used M-Plus
6.11 for IRT analyses and STATA 11.0 for all other analyses.

RESULTS
The MTO adolescents were 50% male, 63% African American, 30% Hispanic and 43%
lived in families with baseline health vulnerabilities (Table 1). Youth lived in neighborhoods
(tracts) that were 49.8% poor at baseline, while in 2002, mean neighborhood poverty was
significantly lower for intervention youth vs. controls (mean neighborhood poverty: low-
poverty-neighborhood group 31.4%, regular section 8 group 32.2%, controls 39.2%, F-test
p<0.001).

ITT estimates of the marginal effect of the MTO intervention on psychological distress were
not significant(B=0.012 (95% CI: −0.077, 0.102)), and on BPI were marginally harmful
(B=0.075 (CI: −0.012, 0.162)). These average effects masked qualitative effect modification
by gender (intervention-gender interaction for K6 B=0.265, CI: 0.097, 0.433, p=.002; for
BPI B=0.210, CI:0.050, 0.371, p=.01). Randomization to the experimental intervention was
significantly beneficial for girls’ distress (B= −0.121, CI: −0.241, −0.002, p=.05),
significantly harmful for boys’ distress (B=0.143, CI: 0.018, 0.268, p=.03) and significantly
harmful for boys’ BPI (B=0.179, CI:0.060, 0.298, p=.003). No statistical association was
found relating the MTO intervention with girls’ BPI. (Table 2).

Family health-related vulnerability significantly adversely modified the effect of MTO
intervention on psychological distress among both girls and boys in ITT models
(intervention-vulnerability interaction B = 0.223, CI: 0.042, 0.404, p=.02; Figure 2a). The
modest average beneficial effect of intervention for girls reflected large benefits among girls
from families without health-related vulnerabilities (B= −0.207, CI: −0.342, −0.071, p=.003)
and small and nonsignificant effects among girls from families with health-related
vulnerabilities (B=0.016, CI: −0.149, 0.182). The overall harmful distress effect among boys
reflected substantial harm among boys from health-vulnerable families (B=0.262, CI:0.087,
0.437, p=.003) and small and non significant effects among boys not from health-vulnerable
families (B=0.039, CI: −0.094, 0.172).

Baseline health vulnerability generated similar ITT effect modification patterns of MTO on
BPI as for K6, although the effect modification tests for BPI were not significant (interaction
B=0.122, CI: −0.054, 0.298, p=.17; Figure 3a).

Adherence-adjusted IV results were similar to ITT results for both K6 and BPI, with a
marked gradient across the 4 subgroups. IV estimates for K6 indicate significant benefits
among girls from non-vulnerable families, harmful effects among boys from vulnerable
families, and no significant effects for the other two groups. IV estimates for BPI indicate no
significant effects among girls, and statistically significant adverse effects among boys, with
larger adverse effects for boys from vulnerable families (Figure 2b, Figure 3b). IV effect
estimates are about twice as large as ITT estimates.

For past-12 month MDD, patterns were similar but estimates were imprecise because of low
prevalence in experimental (2.7%) and control (3.4%) groups. The non-significant average
ITT effect (Odds Ratio=0.73; CI:0.43, 1.23) masked a beneficial intervention effect for
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girls’ MDD on both relative (OR=0.56, CI: 0.31, 1.01 p=.05) and absolute scales (RD=
−0.024, CI: −0.051, 0.003, p=.09), and non significant adverse intervention effects for boys.
Effect modification by gender for 12-month MDD was not significant (interaction OR=2.42,
CI: 0.63, 9.35 p=.20). (Appendix e-Table 1).

Examining patterns by family health-related vulnerability, non-vulnerable girls were the
only subgroup to benefit for past-year MDD (OR=0.42, CI 0.20, 0.85 p=.02; RD=−0.037,
CI: −0.076, 0.001 p=.06)(Appendix e-Figure 1). The other three subgroups displayed no
significant intervention effects. The health vulnerability-intervention interaction was in the
harmful direction, but not significant (B=0.810, CI: −0.275, 1.89, p=0.14).

Although the pooled models for BPI show comparable patterns as for distress, BPI analyses
stratified by site revealed considerable heterogeneity for boys (Figure 4), though confidence
intervals are wide. New York seemed to drive the pooled BPI results; Chicago and Boston
showed no differential adverse effect of vulnerability for boys; LA demonstrated strikingly-
protective effects of the intervention on BPI that were marginally-significant for
nonvulnerable boys. The patterns for distress were more consistent across sites (Appendix e-
Figure 6).

COMMENT
We found heterogeneity in the mental health effects of moving to low poverty
neighborhoods through the MTO program. Receipt of Section 8 housing vouchers had
important mental health benefits for adolescent girls from families without health
vulnerabilities. Unfortunately, the MTO program also apparently harmed the mental health
of some adolescents, particularly boys from families with health vulnerabilities. The
vulnerability hypothesis was supported-- the policy was more harmful or less beneficial for
adolescents from more vulnerable families with health problems at baseline. The results for
past-year MDD in the MTO study are presented for the first time here; although imprecise
given the low MDD prevalence in this young population, the estimates from this diagnostic
outcome suggest patterns similar to those of dimensional outcomes.

Results pooled across sites were similar using internalizing and externalizing measures,
which is informative given gender differences in mental health manifestation and
expression36, 37. However there was considerable variation across sites, particularly for
boys’ BPI. Although site differences are not uncommon with social experiments (e.g. 38),
we did not resolve what drove this heterogeneity. Relevant factors could include differential
program implementation (e.g. variation in housing counseling services) or differential
housing market conditions27.

Notably, the prior published results of the MTO experiment on Interim Survey
psychological distress outcomes reported nonsignificant effects for boys 12–19.15 However,
we find significant adverse intervention effects (p<.05) for this group. We believe the
discrepancy is due to our improved operationalization of the K6 using IRT latent variable
methods to reduce measurement error.33

Child development researchers posit different pathways through which neighborhood
environment affects youth mental health39 based on ecologic theories emphasizing the
influence of multiple contexts fostering youth development or psychopathology.40, 41

Hypothesized mechanisms include norms and social processes, relationships, and
institutional resources. Living in disadvantaged contexts (i.e. poverty) may be associated
with greater emotional distress for adolescents, due to the higher presence of stressors and
fewer resources to buffer stress effects24, 42, 43. Developmental psychology and psychiatric
epidemiology are increasingly incorporating social context, specifically factors at the
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neighborhood level, along with individual and family level explanations for youth mental
health problems44. Focusing on context locates the sources of illness external to the child,
implicating toxic environments that youth encounter, which often overwhelm the abilities of
families to counteract the risk45.

The mental health benefit of social contexts may relate not only to social advantage of
specific contexts, but also to the “fit” between individual and context 46. Such fit may differ
by gender. For example, adolescent girls are more likely than boys to witness and
experience community sexual violence47, 48; and sexual victimization and witnessing
community violence are associated with depression48,47. Improved neighborhood safety
from sexual violence may therefore contribute to the beneficial mental health intervention
effects among girls. This is consistent with qualitative research among MTO participants
showing that girls in high-poverty neighborhoods experienced pervasive sexual harassment
and risk of sexual assault.49 This gendered dimension of safety may have been less relevant
for boys, whereas the adjustment to new social networks in the new neighborhoods may
have been more difficult for boys than for girls, for example due to the disruption of
friendships or adult role models50. Other processes such as family structure, parental
education, child’s education needs, or parental mental health may also be important
moderators or mediators of the MTO intervention, based on prior evidence that these
influence youth functioning44, 51. Although these explanations suggest directions for future
work, we did not test them in this analysis, and therefore we do not know what accounts for
these different intervention effects.

Certain child developmental stages may be sensitive periods52 during which exposure to
certain neighborhood environments may imprint expression of later-life mental health, and
these sensitive periods may differ by gender. Indeed, leading researchers have hypothesized
that some experimental psychosocial interventions failed to improve health because the
intervention was delivered after the relevant etiologic period53. Therefore future research
should leverage MTO and other longitudinal studies to test life course theories to inform
future housing interventions.

Establishing that neighborhoods causally affect adolescent mental health is challenging,
because the vast majority of such studies use observational, cross-sectional designs.
Therefore, prior research may be biased due to unmeasured confounding (by family
characteristics such as socioeconomic status, or mobility-related residential selection),
reverse causality, or violations of other causal inference assumptions.54, 55 Experimental
designs alleviate some of the most serious threats to internal validity by balancing
confounders across experimental groups at baseline and establishing temporal sequencing
between exposure and outcome.56 MTO is the only study measuring mental health to date
that randomly assigned individuals to receive different neighborhood contexts via offers to
move with housing vouchers; this experimental design is strong for assessing whether
moves from public to private housing may cause mental health, especially since MTO
reduced exposure to neighborhood poverty.

Even then, experiments are not a panacea for understanding neighborhood effects.57–59 The
MTO experiment resulted in a number of bundled “treatments” that changed for families,
including not only the housing voucher, but also the move from public housing to private
rental housing, the move from very poor to lower poverty neighborhoods, and housing unit
quality improvement15. Analyses comparing the importance of these alternative mechanisms
are potentially valuable for both theoretical understanding, and design of future
interventions. Future housing experiments would benefit from conceptualizing how to
separate these relevant processes analytically or through study design to inform the most
important mediators of the (bundled) intervention effect.
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Policy experts recommend two strategies to improve neighborhood environments for
individuals: people-based interventions (like housing mobility vouchers) that help
households acquire housing in better neighborhoods, and place-based interventions that
improve conditions in disadvantaged neighborhoods.5, 6, 60 MTO used a people-based
housing mobility intervention, modeled on Section 8 vouchers (now called Housing Choice
Vouchers (HCV)); HCVs constitute the largest US federal affordable housing program61,
accounting for approximately 40% of HUD’s recent annual budgets62. MTO did not focus
on place-based improvement of disadvantaged neighborhoods, so we cannot infer that
interventions such as neighborhood improvement initiatives would achieve similar effects as
those in MTO. However, MTO is policy relevant given its mechanism of vouchers and
therefore broadens the scope of potential interventions that may improve access to better
neighborhoods.5

The demographic group apparently harmed by the MTO intervention -- low-income,
predominantly racial/ethnic minority, adolescent boys -- is among the most vulnerable
populations in the United States, with poor long-term health outcomes63. These findings
therefore merit special attention to understand why these adolescents fared worse in the
intervention group, whether this heterogeneity extends to other subgroups, and how clinical,
social, or policy interventions can remediate this harm. Families receiving federal rental
assistance are typically in extreme need, so reducing HCV housing support is not an
appropriate response.

MTO was designed in the housing sector, without awareness that it would affect health, or
that its effects would be modified by baseline health or gender. Our findings suggest that
additional supportive services may be required to help vulnerable adolescents succeed in the
context of residential moves, even when moving to seemingly better neighborhood
environments. Children from health-vulnerable families may not be able to take advantage
of the potential opportunities afforded by moves outside of public housing. These
relationships between health and housing strongly suggest the need for more intersectoral
collaboration, including for example, incorporating the type of resident supportive services
required under the HOPE VI housing relocation program, including case management, and
linkage to health care access or educational services, tailored to residents’ needs.64, 65

Housing mobility programs may also benefit from integrating services with medical-legal
partnerships, which serve the needs of low-income households in health care settings by
combining medical care with other unmet service needs (e.g. legal counseling, housing, and
income support)66; such a multipronged approach is promising for addressing both
prevention and treatment of mental health and housing problems. Moreover, future housing
programs may benefit from measuring health and various forms of psychopathology or
symptomatology, at baseline and follow-up, to identify and target health-vulnerable
populations who may benefit from additional services.

Our results suggest factors shaping mental health may differ for different groups, since
MTO’s mental health effects differed by gender and baseline health. Potential mental health
benefits of residential moves may be counteracted by the difficulties faced by adolescents in
families with health vulnerabilities. Existing health or developmental problems may be more
important chronic stressors for causing mental illness than neighborhood environment.
However in adolescents from families without these vulnerabilities, the relative importance
of neighborhood context as a cause of mental illness may emerge67.

Limitations
The low prevalence of past year MDD limited power to test intervention effects on disorder,
although patterns were similar to those for K6 and BPI. Assessing effects of context with
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dimensional measures of symptomatology are appropriate for population or community
assessment if the effects of social context are nonspecific.68, 69

This study population comprised very-low income, minority adolescents living in extremely
distressed, high-poverty neighborhoods. Our findings therefore may not be generalizable to
other populations. However, this population is a high priority for targeting health care
services and improvements in population health because over their life course they
experience high morbidity in many domains64, 70.

Although the 51% intervention adherence in this study could attenuate the ITT effect
estimates compared to the actual effect of moving, we used IV to model adherence-adjusted
estimates. The IV results mirrored ITT results, but were twice as large, suggesting that
differential take-up to use the Section 8 policy did not explain the effect modification
patterns. IV interpretations rest on several assumptions, including that intervention
assignment can only affect mental health indirectly, mediated by use of the voucher to
move71. This assumption is more credible in randomized trials such as MTO than in quasi-
experimental studies, but cannot be confirmed empirically. The Stable Unit Treatment
Variable Assumption (SUTVA) is another assumption Which generally holds when
programs (like MTO) are small scale relative to the community.71 With additional
assumptions, IV effect estimates are generally interpreted as referring to specific
subpopulations, for example, those who used a voucher to move71.

Compliance was defined by original investigators as using MTO Section 8 vouchers to move
to private rental apartments. By design, control group members could not access MTO
vouchers, so they could not take up the intervention.10 However, redefining take-up as
moving away from public housing would reduce estimated adherence because some control
group members moved without MTO vouchers.

CONCLUSION
This housing policy experiment benefited mental health of some adolescents, particularly
girls in families without health vulnerabilities, but had either nonsignificant or harmful
effects on mental health of adolescents from families with pre-existing health-related
vulnerabilities, particularly boys. The questions raised in this analysis should be explored in
the 10–15 year MTO follow-up. The implications of the findings may guide future housing
policy, insofar as children from health-vulnerable families may require additional support or
services during and after moves. These findings may, moreover, help improve understanding
of the etiology of adolescent mental illness. Clinically, it is important to understand which
adolescents are at special risk of poor mental health outcomes in the context of residential
moves.
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Figure 1. MTO Youth Enrollment, Intervention Allocation, and Attrition
* 2002 Interim Survey yielded 89% effective response rate (RR) with a two-stage follow-up
sampling strategy, calculated as: RR= MRR + SRR*(1-MRR), where MRR = response rate
for main sample (respondents initially responding to 2002 survey interview request) and
SRR= response rate for subsample (a 2nd attempt to find every 3 in 10 hard-to-reach families
initially nonresponsive in 2002). 15(p.A-8).
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Figure 2. (Panel). MTO Intervention Effects on Mean Difference in Psychological Distress 4–7
Years After Baseline, Modified by Gender & Health Vulnerability
Panel 2a presents the Linear Regression Intent to Treat (ITT) estimates. Panel 2b presents
adherence-adjusted estimates of intervention effects from 2nd stage instrumental variable
(IV) analysis. The primary hypothesis test tested whether the intervention-health
vulnerability interaction coefficient was significantly different from zero. Intervention-
health vulnerability interaction results for ITT: B(SE)=.223(.092), p=.02, CI(.042, .404), and
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for IV: B(SE)=.478(.192), p=.01, CI(.102, .854). Models adjusted for covariates listed in
Table 2, plus intervention-baseline health vulnerability interaction. Subgroup sample size is
n=875 for non-vulnerable girls, n=551 for vulnerable girls, n=761 for non-vulnerable boys,
and n=642 for vulnerable boys.
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Figure 3. MTO Intervention Effects on Mean Difference in Behavior Problems 4–7 Years After
Baseline, Modified by Gender & Health Vulnerability
Panel 3a presents the Linear Regression Intent to Treat (ITT) estimates. Panel 3b presents
adherence-adjusted estimates of intervention effects from 2nd stage instrumental variable
(IV) analysis. The primary hypothesis test tested whether the intervention-health
vulnerability interaction coefficient was significantly different from zero. Intervention-
health vulnerability interaction results for ITT: B(SE)=.122(.090), p=.17, CI(−.054, .298),
and for IV: B(SE)=.279(.183), p=.13, CI(−.079, .638). Models adjusted for covariates listed
in Table 2, plus intervention-baseline health vulnerability interaction. Subgroup sample size
is n=875 for non-vulnerable girls, n=551 for vulnerable girls, n=761 for non-vulnerable
boys, and n=642 for vulnerable boys.
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Figure 4. MTO Intervention Effects on Mean Difference in Behavior Problems 4–7 Years After
Baseline, Modified by Gender & Health Vulnerability, by Site
Panel 4a presents the Linear Regression Intent to Treat (ITT) estimates by Site. Panel 4b
presents adherence-adjusted estimates of intervention effects from 2nd stage instrumental
variable (IV) analysis by Site. NVG=non-vulnerable girls, VG=vulnerable girls, NVB-non-
vulnerable boys, and VB=vulnerable boys. The primary hypothesis test tested whether the
intervention-health vulnerability interaction coefficient was significantly different from zero.
Models adjusted for covariates listed in Table 2, plus intervention-baseline health
vulnerability interaction. Subgroup sample size is: non-vulnerable girls n=145 for Baltimore,
n=165 for Boston, n=193 for Chicago, n=193 for Los Angeles, and n=179 for New York;
vulnerable girls n=79 for Baltimore, n=133 for Boston, n=113 for Chicago, n=56 for Los
Angeles, and n=170 for New York; non-vulnerable boys n=136 for Baltimore, n=136 for
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Boston, n=161 for Chicago, n=191 for Los Angeles, and n=137 for New York; vulnerable
boys n=88 for Baltimore, n=141 for Boston, n=134 for Chicago, n=90 for Los Angeles, and
n=189 for New York.
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