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Abstract
Research suggests that individuals experiencing homelessness have high rates of over-

weight and obesity. Unhealthy weights and homelessness are both associated with

increased risk of poor health and mortality. Using longitudinal data from 575 participants at

the Toronto site of the At Home/Chez Soi randomized controlled trial, we investigate the

impact of receiving a Housing First intervention on the Body Mass Index (BMI) and waist cir-

cumference of participants with moderate and high needs for mental health support ser-

vices. The ANCOVA results indicate that the intervention resulted in no significant change

in BMI or waist circumference from baseline to 24 months. The findings suggest a need for

a better understanding of factors contributing to overweight, obesity, and high waist circum-

ference in populations who have histories of housing precarity and experience low-income

in tandem with other concerns such as mental illness and addictions.

Trial Registration

International Standard Randomized Control Trial Number Register ISRCTN42520374

Introduction
Housing is an important determinant of health. In general, individuals who experience long-
term homelessness also experience worse health outcomes and premature mortality compared
to their housed counterparts [1] [2] [3]. Studies conducted in the United States indicate that
homeless individuals experience high rates of overweight and obesity. In one study measuring
Body Mass Index (BMI) in 5,632 homeless adults in the United States, Koh et al. found that
only 1.6% were underweight, whereas 32.3% were classified as obese [4]. Other studies have
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produced similar results [5] [6] [7]. Tsai and Rosenheck found that 57% of adults experiencing
chronic homelessness in the United States are overweight or obese [7].

Research shows that being overweight or obese can have negative health outcomes. Those
who experience overweight and obesity are more likely to suffer from chronic conditions such
as Type II diabetes, heart disease, certain types of cancers [8] and early mortality [9] [10]. Sev-
eral factors place homeless individuals at greater risk of overweight and obesity compared to
the general population. For example, both poverty and lack of stable housing significantly
reduce the ability to maintain a healthy and balanced diet [11], leading to food insecurity.
Housing First has been shown to be an effective strategy for assisting homeless populations
with mental illness [12] [13] [14] [15]. Housing First involves providing low-barrier, rapid
access to housing and mental health support services wherein individuals are given access to
independent housing with no sobriety or mental health treatment enrollment or compliance
requirements [16]. Research suggests that this programming improves a variety of housing,
health, and social outcomes [15] [17] [18]. However, the impact of Housing First interventions
on body weight has not been assessed to date.

Housing First interventions are based on the premise that receiving access to stable housing
with client-driven supports assists individuals in stabilizing other aspects of their lives such as
mental health and substance use [16]. Theoretically, providing persons experiencing homeless-
ness with access to housing and treatment for mental illness could impact weight outcomes.
Access to housing offers participants the opportunity to purchase, store, and prepare food of
higher nutritional value, which may not necessarily be low in energy. In addition, making the
transition to stable housing may modify individual food intake as part of an entire life-style
modification., At Home /Chez Soi study participants all had serious mental illness [19] [20],
and engagement in treatment could lead to increased use of psychotropic medications which is
associated with weight gain and metabolic abnormalities [21] [22]. Additionally, changes in
drug and alcohol use can result in weight gain or weight loss. The direction of change in weight
status is associated with the type of substance, frequency of use, and gender [23] [24] [25]. The
literature to date do not present data on whether housing stability increases or decreases indi-
vidual energy intake through food consumption.

The At Home / Chez Soi intervention was designed to improve housing and social outcomes
and was not designed with the specific intent of normalizing weight. However, the intervention
was designed with the intent of stabilizing participants’ health outcomes and lives in general.
Therefore, we could hypothesize that weight outcomes could have been stabilized as a result of
participating in the intervention. To identify the impact of the Housing First intervention on
overweight and obesity, we used the anthropometric measurements of weight, height and waist
circumference in a sample of homeless individuals with mental illness from the Toronto site of
the At Home/Chez Soi randomized clinical trial. The objective of this paper is to address fol-
lowing research question: Does participation in the treatment arms of the At Home / Chez Soi
trial have an impact on BMI or waist circumference 24 months following initial enrollment in
the study?

Methods
The Toronto At Home/Chez Soi study consists of 575 participants who were placed into mod-
erate and high needs groups based on their scores on the Multnomah Community Ability
Scale, the Mini International Neuropsychiatry Interview, the presence of concurrent substance
use disorder, acute care utilization and legal involvement [12] [19]. Participants were then ran-
domized to receive Housing First with Assertive Community Treatment (ACT) support vs.
Treatment as Usual (TAU) (high needs) or Housing First with Intensive Case Management
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(ICM) vs. TAU (moderate needs). Adaptive randomization was employed. We used a com-
puter generated algorithm with a central database of participants to complete randomization.
The randomization is displayed in Fig 1. Participants in the TAU groups did not receive hous-
ing or supports but were provided with lists of resources of community supports which they
could choose to access.

Prior to randomization all participants were stratified into need levels based on the extent
of their disability and severity of psychiatric problems. To establish the need level of each par-
ticipant, the community functions, mental disorder diagnoses, comorbid conditions, prior hos-
pitalizations and incarcerations were examined as well as the results from the MINI and
Multnomah Community Ability Scale (MCAS). To be considered ‘high needs,’ participants

Fig 1. CONSORT Diagram. This figure displays the random assignment of participants to intervention and control groups based on need level and indicates
the number of individuals who had data for inclusion in this particular study.

doi:10.1371/journal.pone.0137069.g001
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had to have a score of less than 62 and have a MINI diagnosis of a psychotic disorder or bipolar
disorder, a prior hospitalization for mental illness at least 2 times in any one year over the last 5
years and either a co-morbid substance use or a recent arrest or incarceration. All other partici-
pants who did not meet these criteria were considered ‘moderate needs’. For additional infor-
mation, see Hwang et al. [19].

Intake coordinators assessed participants for eligibility and then conducted a screening
interview prior to placing their information in a centralized database for randomization. To be
eligible for participation, respondents were required to be at least 18 years of age, absolutely
homeless or precariously housed, have a serious mental disorder with or without a co-occur-
ring substance use problem, and not be presently enrolled in ICM or ACT. Our aim was to
recruit 560 participants to detect an effect size of 0.5 for those receiving ICM and ACT. This
required that we maintain 63 participants per treatment arm. The recruitment target mini-
mums were set at 100 participants per arm to account for probable attrition.

This study was approved by the Research Ethics Board of St. Michael’s Hospital in Toronto,
Ontario (#09–208). Written consent was collected for all study participants. The study was reg-
istered with the International Standard Randomized Control Trial Number Register
(ISRCTN42520374). The registration is listed at http://www.isrctn.com/ISRCTN42520374. In
order to protect participant anonymity, the data used in the following analyses are not publi-
cally available. Data access requests can be made by contacting Carol Adair at ceadair@ucal-
gary.ca.

Data Collection
The intake period was from October 2009 to June 2011. Participants completed baseline sur-
veys following randomization, and follow up surveys were conducted every 3 months. The sur-
veys collected every 3 months were done via-phone. These surveys collected information on
residential stability, service use and vocational activities. Participants were asked to report in
person to provide subjective accounts of physical and mental health and substance use every 6
months. These surveys were conducted in an institution if the participant was institutionalized,
at the Centre for Research on Inner City Health in Toronto, Ontario, or at the participants’
homes upon request. Physiological measures such as height, weight and waist circumference
were also performed every six months using a measuring tape and digital scale. The trial con-
cluded after all participants had completed their final interviews at the 24 month follow-up
period. Data collection ceased in 2013.

BMI andWaist Circumference Definition
Body weight was measured using a portable digital scale, and height was measured using a por-
table measuring stick. Weight and height were measured twice to the nearest 0.1 kg and 0.1cm,
respectively, and the mean of the two measures was used in the analysis. We calculated body
mass index (BMI) as weight in kilograms divided by height in meters squared (weight [kg] /
height [m2]). BMI was dichotomized into two categories: overweight and obese (BMI> 24.9)
and not overweight or obese (BMI< = 24.9) [26]. Similarly, waist circumference was also
dichotomized into two categories: overweight and obese (waist circumference> = 102cm for
men or 88cm for women) or not overweight or obese (waist circumference< 102cm for men
or 88cm for women) [26].

Potential Confounders
Baseline socio-demographic exposures included age, gender, ethnicity (ethnoracial or aborigi-
nal status) and duration of homeless. Self-rated health exposures such as the EQ5D were
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selected as well as self-reported substance use as potential confounders. Specific items of the
MCAS scale were used to investigate participants’ self-reported cooperation, medical compli-
ance and substance use. The Mini International Neuropsychiatric Interview (MINI) was used
at the screening interview to provide a current diagnosis of mental illness and/or substance or
alcohol use or dependence or dependence disorders [27].

Statistical Analysis
We first present the social and demographic characteristics at baseline, identifying those vari-
ables that differed between treatment and TAU groups. The sample was later examined for
these differences among those who had BMI and Waist Circumference at both time points.
Using the cut-offs previously listed, we examined the distribution of BMI andWaist Circum-
ference change for those whose changed from or to being overweight or obese. To determine
whether the BMI and Waist Circumference at 24 months after randomization was significantly
different from its baseline counter-part, an Analysis of Covariance (ANCOVA) was performed
to assess whether there was post-test difference in BMI, adjusting for participant’s BMI at base-
line. Variables found to be significantly different between the treatment and TAU groups at
baseline were entered into this model stratified by need level. To address issues surrounding
multiplicity, a p-value of p<0.01 was considered as significant.

Missing data in our sample was caused by participant refusal and loss to follow-up. An addi-
tional 14 pregnant, transgendered, and transsexual participants were excluded from the analy-
ses. In an effort to reduce the amount of missing data, height measurements were carried
forward to other time points to calculate BMI if only height data was missing (N = 12). We also
examined whether differences existed for participants with BMI and waist circumference data
at both time points (see S1 File) and for those who had missing BMI and waist circumference
data at one or both time points. All analyses were conducted using SAS 9.4.

Results
At baseline, there were 486 (84.52%) participants with height and weight measurements,
whereas at 24 months there were only 267 (46.34%) participants with this measurement (22 of
whom did not have a baseline height or weight). Similarly, at baseline 476 (82.78%) partici-
pants provided a waist circumference measurement whereas at 24 months, 261 (45.39) partici-
pants provided this measurement. For inclusion in the ANCOVA models, participants needed
data for BMI and Waist Circumference at both baseline and 24 months. Participants who were
diagnosed with a psychotic disorder or substance abuse were found to be more likely to have
these measures missing at both time points. We conducted analyses using data from the 245
(43.67%) participants with BMI measurements at both time points and the 239 (42.60%) par-
ticipants with waist circumference measurements at both time points.

Table 1 describes the distribution of participants by each need level group for those who
had BMI and waist circumference data at each time point. The average age of participants was
approximately 40, with males being the majority of both need level groups. The proportion of
participants who were classified as “ethnoracial” (not White) was higher among the moderate
needs group (64%) than the high needs group (44%). Mean time homeless ranged from 54.29
to 86.96 months. Moderate food insecurity was present with mean food insecurity scores rang-
ing from 4.36 to 4.62. High rates of substance and alcohol dependence were observed in both
the moderate and high needs groups. All participants met the criteria for a mental illness, with
major depressive episodes most common in the moderate needs group and psychotic disorders
most common in the high needs group.
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For the high needs groups, significant differences were observed for age and gender
(p = 0.04 and p = 0.02 respectively) with the intervention group having an approximate average
age of 38 and the treatment as usual group with an age of 41. Similarly, the intervention group
had a greater proportion of females (33%) compared to the treatment as usual (19%), whereas
there was a greater proportion of males in treatment as usual group (81%) than the interven-
tion (61%). For the moderate needs group, significant differences were observed for the overall
physical health and the medication compliance item of the MCAS questionnaire. Participants
in the intervention group reported a lower physical health score of 59 whereas those in the
treatment as usual group had an average of 67. Tests of association were also performed for the
sub-group of participants who had both measures at baseline and 24M for BMI andWaist Cir-
cumference to determine whether baseline differences were still present. The only difference
was for the moderate needs group with the EQ5D Physical Health Component (p = 0.0367)
among participants who had their Waist Circumference measured at both time points. Results
of these comparisons are provided as supporting information.

Obesity Characteristics
Categorical changes in BMI and waist circumference from baseline to 24 months are displayed
in Table 2 for our analytic sample. Approximately 12 (5%) participants were overweight or
obese at baseline but were not at 24 months, whereas 28 (11%) became overweight or obese at
24 months. The average change in BMI among participants who became obese was 4.43 ± 3.19
units with a maximum difference of ± 12.80 BMI units. The majority of participants (84%)
experienced no change in their BMI categorizations over the 24 month trial period.

Similar to the findings for BMI, the majority of participants (82.72%) experienced no cate-
gorical change in waist circumference. A higher proportion of participants (11.72%) went from
not overweight or obese to overweight or obese than those who moved to the not overweight or
obese category (5.56%). The waist circumference analysis shows a lower proportion of partici-
pants were classified as overweight or obese at some point in time (30.96%) as compared to
BMI (49.39%). These results are displayed in Table 2

Moderate Needs
In the moderate needs group, there was a non-significant treatment effect with an estimated
difference between groups of 0.00063 (p = 0.99) for BMI (Table 3). Therefore, the Housing
First with ICM intervention did not have an impact BMI. Both treatment groups experienced a
small (β = 0.87, p< .001), yet significant, increase in BMI from baseline to 24 months.

Similarly for waist circumference, there was a non-significant treatment difference (β =
1.01, p = 0.52) and a small (β = 0.81, p<0.001), yet significant, increase in waist circumference

Table 2. Changes in Overweight/Obesity status from Baseline to 24 Months.

Overweight/Obese Status BMI(N = 245) Waist Circumference (N = 239)

Baseline 24 Months N (%) N (%)

Not Overweight/Obese Not Overweight/Obese 96 (39.18) 137 (57.32)

Obese Obese 109 (44.49) 60 (25.10)

Not Overweight/Obese Overweight/Obese 28 (11.43) 28 (11.72)

Overweight/Obese Not Overweight/Obese 12 (4.90) 14 (5.86)

BMI was dichotomized into two categories: obese and overweight (BMI > 24.9) and not obese or overweight (BMI < = 24.9). BMI was calculated as weight

in kilograms divided by height in meters squared (weight (kg)/height (m2)).

doi:10.1371/journal.pone.0137069.t002
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from baseline to 24 months. Housing First with ICM had no significant impact on waist
circumference.

High Needs
For the high needs group, there was a non-significant treatment difference of 0.91 (p = 0.34)
for BMI (Table 3) and similar to the moderate needs group, there was a small significant differ-
ence in the BMI over the study period (β = 0.88, p =<0.001). The Housing First with ACT
intervention had no significant impact on BMI.

For the waist circumference, there was a non-significant treatment difference of 2.10
(p = 0.64). Both the intervention and control groups experienced a small, yet significant,
increase in waist circumference from baseline to 24 months (β = 0.61, p =< .001). Correspond-
ingly, the Housing First with ACT intervention did not significant impact on waist
circumference.

Discussion
The primary objective of At Home/Chez Soi was to measure whether or not a Housing First
intervention could be successful in stably housing participants while improving a variety of
health and social outcomes [19] [12]. Therefore, additional data were collected at the Toronto
study site to describe the basic health status of participants [20]. Analysis of the health status
data on weight at the baseline and the 24 month points illustrated a high prevalence of over-
weight and obesity status, determined by BMI and waist circumference, in study participants at
both time points.

As previously noted, home-based food preparation, the use of psychotropic drugs, and sub-
stance use all impact weight status [21] [22] [23] [24] [25]. We hypothesized that the interven-
tion could have a positive or negative impact on BMI and waist circumference. However, we
found no significant difference between those who had received stable housing and those who
had not, indicating that receiving housing and supports through the Housing First intervention
was not associated with significant changes in BMI or waist circumference.

Our findings confirms that extreme poverty, which persisted in both groups regardless of
housing status [20], also contributes to unhealthy weights [28] [29]. Although the literature on
homelessness and weight status is limited, there is a large amount of research that points to
high rates of food insecurity and nutritional inadequacy in homeless and low-income popula-
tions [30] [31] [32]. Food insufficiency is one of the factors associated with poor health out-
comes in the homeless population [5]. A study conducted in Toronto reveals that meal
programs supplied by charitable organizations are nutritionally inadequate and do not supply
adults with enough fruits, vegetables, or dairy products [33]. Decreased fruit and vegetable con-
sumption contributes to overweight and obesity [34]. Hot meal programs (e.g. soup kitchens,

Table 3. ANCOVAResults for Changes in Body Mass Index (BMI) andWaist Circumference from Baseline to 24 Months.

BMI Waist Circumference

Moderate Needs High Needs Moderate Needs High Needs

Independent Variables Β p-value Β p-value β p-value β p-value

Housing First (ref: Treatment as Usual) 0.00063 0.99 0.91 0.34 1.01 0.52 2.10 0.64

BMI/Waist Circumference at Baseline* 0.87 < .001 0.88 < .001 0.81 < .001 0.61 < .001

*For BMI model, BMI at Baseline was used as a predictor whereas for the Waist Circumference models the Waist circumference at baseline was used

doi:10.1371/journal.pone.0137069.t003
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meals provided at drop-in centres and shelters) are frequently accessed by individuals who
experience chronic homelessness, severe poverty, low-income, and shelter use.

Toronto is a service rich environment [20]. In other words, regardless of housing status, par-
ticipants are able to access a wide variety of programs which provide support for meeting basic
needs. Although housed, participants who received the intervention continued to be low-
income (Stergiopoulos et al., 2014 report). They may have continued to access hot meal pro-
grams and food banks, reserving their limited income to meet other basic needs and purchase
other consumables. Future research should investigate what sources of food were accessed by
this population both prior to and after receiving housing. In addition to food insecurity, per-
sons living in poverty also have limited access to recreational programs that promote exercise
and physical fitness [35]. Participation in physical exercise contributes to weight loss in over-
weight or obese persons [36]. Future work could analyze physical activity levels after receiving
access to housing.

As this was one of the first studies to investigate the impact of Housing First on BMI and
waist circumference, we were uncertain as to what the impact of the intervention would be
on weight measures. The absence of a treatment effect indicates that providing homeless per-
sons with stable housing and access to ICM and ACT treatments was not effective in reduc-
ing overweight and obesity in this population. This suggests the need to generate a better
understanding of what resources (e.g. nutritional supports and recreational programing) are
needed to assist Housing First participants with reaching and maintaining healthy weights.
The persistence of high overweight and obesity rates in both the treatment and control
groups suggests a need for policy and resource allocation to improve the quality of food pro-
vided to economically disadvantaged populations through hot meal programs and food
banks. Low-income, homeless, and formerly homeless persons may benefit from an increased
availability of low-barrier exercise and nutrition programs. Additionally, street outreach and
shelter provider agencies may better assist clients in obtaining health weights by hiring staff
nutritionists and recreation therapists. Increased general staff training on nutrition and exer-
cise may also benefit clients.

Missing data for BMI and waist circumference and data attrition were limitations in this
study. Fifty three participants had no BMI data at both baseline and 24 months and 263 par-
ticipants were missing data at either baseline or 24 months. For waist circumference, 63 par-
ticipants had no data at both baseline and 24 months and 259 had missing data at either
baseline or 24 months. However, those with missing data were not substantially different
from those for whom data were available. Additionally, significant differences were
accounted for; therefore, the findings from our study retain generalizability. Participant attri-
tion and non-response resulted in missing data. High attrition rates are common when con-
ducting longitudinal research with vulnerable populations [37]. Future researchers should
focus on recruiting and maintaining larger numbers of participants to increase the statistical
power of the models. Additionally, future research is needed to determine the factors that
influence participation in weight-related measures in populations experiencing extreme
marginalization.

Conclusion
The findings from this study indicate that Housing First interventions with both ICM and
ACT supports have no significant impact on BMI and waist circumference. As this is the first
study to investigate the impacts of Housing First on weight outcomes, additional research is
needed to determine which supports are necessary and could be included to improve weight
status in individuals who receive housing through Housing First interventions.

The Impact of Housing First on Body Mass Index andWaist Circumference

PLOS ONE | DOI:10.1371/journal.pone.0137069 September 29, 2015 9 / 12



Supporting Information
S1 CONSORT Checklist. Consort 2010: Checklist of Information to Include when Report-
ing a Randomised Trial.
(DOC)

S1 File. Adjusted Baseline Comparisons for participants with complete data for BMI
(N = 242) and Waist Circumference (N = 239) at Baseline and 24 Months.
(DOCX)

S1 Protocol. Study Protocol.
(DOCX)

Acknowledgments
We thank Jayne Barker, PhD (2008–11), Cameron Keller (2011–12), and Catharine Hume
(2012-present) (Mental Health Commission of Canada At Home/Chez Soi National Project
Leads), the National Research Team, the five site research teams, the Site Co-ordinators, and
the numerous service and housing providers, as well as persons with lived experience, who
have contributed to this project and the research. This research has been made possible
through a financial contribution from Health Canada. The views expressed herein solely repre-
sent the authors.

We would like to sincerely than Rosane Nisenbaum for her advice on the data analysis
procedures.

We also acknowledge the ACHIEVE Research Partnership: Actions for Health Equity Inter-
ventions Strategic Training Fellowship funded by the Canadian Institutes of Health Research.

Author Contributions
Conceived and designed the experiments: SH VKS PO. Performed the experiments: SH VKS
PO. Analyzed the data: JWM VM. Contributed reagents/materials/analysis tools: JWM VM
VKS. Wrote the paper: JWM VM VKS PO VS SH.

References
1. Frankish C, Hwang S, Quantz D. Homelessness and health in Canada—research lessons and priori-

ties. Canadian Journal of Public Health. 2005; 96: S23–S29. PMID: 16078553

2. Krieger J, Higgins D. Housing and health: Time again for public health action. American Journal of Pub-
lic Health. 2002; 92(5): 758–68. PMID: 11988443

3. O'Connell J, Roncarati J, Perri P, Reilly E, Kane C, Jones K, et al. Sleeping rough: Outcomes of a five-
year observational study of homeless persons living on the streets of Boston, 2000–2004. Journal of
General Internal Medicine. 2005; 20: 127–128.

4. Koh K, Hoy J, O'Connell J, Montgomery P. The hunger-obesity paradox: Obesity in the homeless. Jour-
nal of Urban Health. 2012; 89(6): 952–964. doi: 10.1007/s11524-012-9708-4 PMID: 22644329

5. Baggett T, Singer D, Rao S, O'Connell J, Bharel M, Rigotti N. Food insufficiency and health services uti-
lization in a national sample of homeless adults. Journal of General Internal Medicine. 2011; 26(6):
627–634. doi: 10.1007/s11606-011-1638-4 PMID: 21279455

6. Schwarz K, Garrett B, Hampsey J, Thompson D. High prevalence of overweight and obesity in home-
less Baltimore children and their caregivers: A pilot study. Medgenmed. 2007; 9(1): 48. PMID:
17435649

7. Tsai J, Rosenheck R. Obesity among chronically homeless adults: Is it a problem? Public Health
Reports. 2013; 128(1): 29–36. PMID: 23277657

8. Eyre H, Kahn R, Robertson R. Preventing cancer, cardiovascular disease, and diabetes: A common
agenda for the American cancer society, the American diabetes association, and the American heart
association. Diabetes Care. 2004; 27(7): 181–207.

The Impact of Housing First on Body Mass Index andWaist Circumference

PLOS ONE | DOI:10.1371/journal.pone.0137069 September 29, 2015 10 / 12

http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0137069.s001
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0137069.s002
http://www.plosone.org/article/fetchSingleRepresentation.action?uri=info:doi/10.1371/journal.pone.0137069.s003
http://www.ncbi.nlm.nih.gov/pubmed/16078553
http://www.ncbi.nlm.nih.gov/pubmed/11988443
http://dx.doi.org/10.1007/s11524-012-9708-4
http://www.ncbi.nlm.nih.gov/pubmed/22644329
http://dx.doi.org/10.1007/s11606-011-1638-4
http://www.ncbi.nlm.nih.gov/pubmed/21279455
http://www.ncbi.nlm.nih.gov/pubmed/17435649
http://www.ncbi.nlm.nih.gov/pubmed/23277657


9. Fontaine K, Redden D, Wang C, Westfall A, Allison D. (2003). Years of life lost due to obesity. JAMA:
The Journal of the American Medical Association, 289(2), 187–193. PMID: 12517229

10. Solomon C, Manson J, Rivlin R, Hennekens C, Leiter L. Obesity and mortality: A review of the epidemi-
ologic data. The American Journal of Clinical Nutrition. 1997; 66(4): 1044S–1050S. PMID: 9322585

11. Olson C. Nutrition and health outcomes associated with food insecurity and hunger. The Journal of
Nutrition. 1999; 129(2): 521S–524S.

12. Goering PN, Streiner DL, Adair C, Aubry T, Barker J, Distasio J, et al. The at Home/Chez Soi trial proto-
col: A pragmatic, multi-site, randomised controlled trial of a housing first intervention for homeless indi-
viduals with mental illness in five Canadian cities. BMJ Open. 2011; 1(2): e000323-2011-000323.

13. Padgett DK. There's no place like (a) home: Ontological security among persons with serious mental ill-
ness in the United States. Social Science & Medicine. 2007; 64(9): 1925–1936.

14. Tsemberis S, Gulcur L, Nakae M. Housing first, consumer choice, and harm reduction for homeless
individuals with a dual diagnosis. American Journal of Public Health. 2004; 94(4): 651–656. PMID:
15054020

15. Zerger S, Francombe K, Jeyaratnam J, Connelly J, Hwang S, O’Campo P, et al. The role and meaning
of interim housing in housing first programs for people experiencing homelessness and mental illness.
American Journal of Orthopsychiatry. 2004; 84(4): 431–437.

16. Hawk M, Davis D. The effects of a harm reduction housing program on the viral loads of homeless indi-
viduals living with HIV/AIDS. AIDS Care. 2012; 24(5): 577–582. doi: 10.1080/09540121.2011.630352
PMID: 22103666

17. Tsemberis S. Housing first: Ending homelessness, promoting recovery and reducing costs. In Ellen
Ingrid Gould, How to House the Homeless. 2010. New York: The Russell Sage Foundation. 2010; pp.
37–56.

18. Kirst M, Zerger S, Misir V, Stergiopoulos V, Hwang S. The impact of a housing first randomized con-
trolled trial on substance use problems among homeless individuals with mental illness. Drug and Alco-
hol Dependence. 2015; 146: 24–9. doi: 10.1016/j.drugalcdep.2014.10.019 PMID: 25465295

19. Hwang SW, Stergiopoulos V, O'Campo P, Gozdzik A. Ending homelessness among people with men-
tal illness: The at Home/Chez soi randomized trial of a housing first intervention in toronto. BMC Public
Health. 2012; 12: 787-2458-12-787.

20. Stergiopoulos V, O'Campo P, Hwang S, Gozdzik A, Jeyaratnam J, Misir V, et al. At Home/Chez Soi
project: Toronto site final report (Available: http://www.mentalhealthcommission.ca). 2014; Calgary,
AB: Mental Health Commission of Canada.

21. Fontaine K, Heo M, Harrigan E, Shear C, Lakshminarayanan M, Casey D, et al. (2001). Estimating the
consequences of anti-psychotic induced weight gain on health and mortality rate. Psychiatry Research.
2001; 101(3): 277–288. PMID: 11311931

22. WuR, Zhao J, Jin H, Shao P, Fang M, Guo X, et al. Lifestyle intervention and metformin for treatment of
antipsychotic-induced weight gain—A randomized controlled trial. JAMA: The Journal of the American
Medical Association. 2008; 299(2): 185–193. doi: 10.1001/jama.2007.56-b PMID: 18182600

23. Barry D, Petry N. Associations between body mass index and substance use disorders differ by gender:
Results from the national epidemiologic survey on alcohol and related conditions. Addictive Behaviors.
2009; 34(1): 51–60. doi: 10.1016/j.addbeh.2008.08.008 PMID: 18819756

24. Denoth F, Siciliano V, Iozzo P, Fortunato L, Molinaro S. The association between overweight and illegal
drug consumption in adolescents: Is there an underlying influence of the sociocultural environment?
PLOS One. 2011; 6(11): doi: 10.1371/journal.pone.0027358 PMID: 22110632

25. Mozaffarian D, Hao T, Rimm E, Willett W, Hu F. Changes in diet and lifestyle and long-term weight gain
in women and men. The New England Journal of Medicine. 2011; 364(25): 2392–2404. doi: 10.1056/
NEJMoa1014296 PMID: 21696306

26. Health Canada. Canadian guidelines for body weight classification in adults. (No. ISBN 0-662-33982-
7). 2003; Ottawa: ON: The Government of Canada.

27. Lecrubier Y, Sheehan D, Weiller E, Amorim P, Bonora I, Sheehan K, et al. The mini international neuro-
psychiatric interview (MINI). A short diagnostic structured interview: Reliability and validity according to
the CIDI. European Psychiatry. 1997; 12(5): 224–231.

28. Drewnowski A. Obesity and the food environment—dietary energy density and diet costs. American
Journal of Preventive Medicine. 2004; 27(3): 154–162. PMID: 15450626

29. Tanumihardjo S, Anderson C, Kaufer-Horwitz M, Bode L, Emenaker N, Haqq A, et al. Poverty, obesity,
and malnutrition: An international perspective recognizing the paradox. Journal of the American Dietetic
Association. 2007; 107(11): 1966–1972. PMID: 17964317

30. Jenkins M. An assessment of homeless families' diet and nutrition. Community Practitioner. 2014; 87
(4): 24–7. PMID: 24791454

The Impact of Housing First on Body Mass Index andWaist Circumference

PLOS ONE | DOI:10.1371/journal.pone.0137069 September 29, 2015 11 / 12

http://www.ncbi.nlm.nih.gov/pubmed/12517229
http://www.ncbi.nlm.nih.gov/pubmed/9322585
http://www.ncbi.nlm.nih.gov/pubmed/15054020
http://dx.doi.org/10.1080/09540121.2011.630352
http://www.ncbi.nlm.nih.gov/pubmed/22103666
http://dx.doi.org/10.1016/j.drugalcdep.2014.10.019
http://www.ncbi.nlm.nih.gov/pubmed/25465295
http://www.mentalhealthcommission.ca
http://www.ncbi.nlm.nih.gov/pubmed/11311931
http://dx.doi.org/10.1001/jama.2007.56-b
http://www.ncbi.nlm.nih.gov/pubmed/18182600
http://dx.doi.org/10.1016/j.addbeh.2008.08.008
http://www.ncbi.nlm.nih.gov/pubmed/18819756
http://dx.doi.org/10.1371/journal.pone.0027358
http://www.ncbi.nlm.nih.gov/pubmed/22110632
http://dx.doi.org/10.1056/NEJMoa1014296
http://dx.doi.org/10.1056/NEJMoa1014296
http://www.ncbi.nlm.nih.gov/pubmed/21696306
http://www.ncbi.nlm.nih.gov/pubmed/15450626
http://www.ncbi.nlm.nih.gov/pubmed/17964317
http://www.ncbi.nlm.nih.gov/pubmed/24791454


31. Smith C, Butterfass J, Richards R. Environment influences food access and resulting shopping and die-
tary behaviors among homeless Minnesotans living in food deserts. Agriculture and Human Values.
2010; 27(2): 141–161.

32. Wicks R, Trevena L, Quine S. Experiences of food insecurity among urban soup kitchen consumers:
Insights for improving nutrition and well-being. Journal of the American Dietetic Association. 2006; 106
(6): 921–924. PMID: 16720134

33. Tse C, Tarasuk V. Nutritional assessment of charitable meal programmes serving homeless people in
Toronto. Public Health Nutrition. 2008; 11(12): 1296–1305. doi: 10.1017/S1368980008002577 PMID:
18547445

34. Ledoux TA, Hingle MD, Baranowski T. Relationship of fruit and vegetable intake with adiposity: A sys-
tematic review. Obesity Reviews. 2011; 12(501): e143–e150.

35. Victor C. Health and lifestyles of homeless people: An analysis of the Northwest Thames regional
health authority survey of the "temporary" homeless population. Health Education Journal. 1993; 52
(2): 79–84.

36. Ross R, Dagnone D, Jones PJ, Smith H, Paddags A, Hudson R, et al. Reduction in obesity and related
comorbid conditions after diet-induced weight loss or exercise-induced weight loss in men. A random-
ized, controlled trial. Annals of Internal Medicine. 2000; 133(2): 92–103. PMID: 10896648

37. McKenzie M, Tulsky JP, Long HL, Chesney M, Moss A. Tracking and follow-up of marginalized popula-
tions: a review. J Health Care Poor Undeserved. 1999; 10(4): 409–429.

The Impact of Housing First on Body Mass Index andWaist Circumference

PLOS ONE | DOI:10.1371/journal.pone.0137069 September 29, 2015 12 / 12

http://www.ncbi.nlm.nih.gov/pubmed/16720134
http://dx.doi.org/10.1017/S1368980008002577
http://www.ncbi.nlm.nih.gov/pubmed/18547445
http://www.ncbi.nlm.nih.gov/pubmed/10896648

