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Abstract 

Background:  Evidence on the effectiveness of Independent Supported Housing (ISH) for non-homeless people 
with severe mental illness primarily comes from observational cohort studies, which have high risk of bias due to 
confounding by time-invariant sample characteristics. The present study proposes an alternative study design known 
from pharmacology to overcome this bias and strengthen evidence.

Methods:  We conducted a retrospective mirror-image analysis with medical records of 144 ISH service users to 
assess the effectiveness of ISH in reducing the number and duration of hospitalisations. Outcomes occurring in equal 
periods before and during ISH utilisation were compared for every ISH user. Differences between the periods were 
tested with incidence rate ratios (IRR).

Results:  Included service users were on average 38.2 years old, female (54%) and predominately had an affective 
(28.5%) or a schizophrenic or psychotic (22.9%) disorder with ISH utilisation days ranging from 36–960. Fewer admis-
sions (IRR = 0.41, 95%-CI 0.27–0.64) and fewer person-days hospitalised (IRR = 0.38, 95%-CI 0.35–0.41) were observed 
during ISH utilisation compared to prior to their ISH utilisation. While the reduction in psychiatric admissions may be 
somewhat confounded by time-variant characteristics, the substantial reduction in hospitalised bed-bays represents 
at least partially an intervention effect.

Conclusions:  The mirror-image study design allowed for a cost-effective investigation of ISH effectiveness in reduc-
ing hospitalisation without confounding by time-invariant sample characteristics. We provide recommendations for 
the design’s application and suggest further research with larger samples.

Keywords:  Independent Supported Housing, Mirror-image study design, Severe mental illness, Psychiatric 
hospitalisations

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Background
Independent Supported Housing (ISH) interventions 
provide people with severe mental illness (SMI) with 
psychosocial support in their independent accommoda-
tion without the “treatment first” necessity to help them 
manage their mental illness and foster social inclusion 
and recovery. ISH interventions are considered evidence-
based in the support of homeless service users and show 
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promising results, especially regarding improvement of 
housing stability and reduction of psychiatric hospitali-
sations [1–4]. However, evidence on its effectiveness in 
supporting non-homeless persons is weak and the scarce 
results show mixed findings [2, 3, 5]. Moreover, the gen-
eral feasibility to conduct randomised controlled stud-
ies (RCT) on housing settings for non-homeless people 
is limited [6]. Aside from ethical difficulties in randomly 
allocating housing conditions, strong preferences of ser-
vice users for independent living [7] and high level of 
gatekeeping by staff [6] impede the conduction of ran-
domised studies [8]. Currently, there is only one single 
RCT on the effectiveness of ISH for non-homeless ser-
vice users, which was only feasible with limiting access to 
the intervention for study participants only [9].

Randomisation is considered as “gold-standard” for 
achieving balanced groups in intervention studies. 
Observational cohort studies, on the other hand, have 
high risk for self-selection bias due to non-random allo-
cation methods [10]. Non-random allocation such as 
referral by clinicians or self-selection to study conditions 
is often influenced by participants’ characteristics, which 
in turn may be linked with the treatment or the outcome 
under investigation [11]. As a consequence, sample char-
acteristics in non-randomised studies may systematically 
differ between study conditions and may confound the 
estimated treatment effects. There are several statistical 
attempts to control for multiple confounders in obser-
vational studies like regression adjustment [12] and pro-
pensity score methods [11]. Such statistical methods can 
mitigate the effect of confounding by adjusting for the 
observed sample characteristics. However, these meth-
ods cannot rule out confounding by non-measured char-
acteristics as randomisation methods would [13]. Thus, 
existing observational studies on the effects of ISH in the 
support of non-homeless people may be supplemented 
by alternative study designs to foster evidence with less 
biased results [14].

One such design could be the mirror-image design, 
which is a self-controlled study design known from phar-
macology. In mirror-image studies, outcomes occurring 
in a period before an index event (e.g., starting an inter-
vention) are compared with the outcomes occurring in 
a period of equal length after the index event [15]. The 
mirror-image design has several advantages that make it 
a valuable complement to observational cohort studies. 
Firstly, no time-invariant characteristics of the included 
subjects confound the findings because each subject acts 
as its own control, thus called self-controlled [16]. Sec-
ondly, the retrospective investigation of routinely col-
lected patient data allows for a cost-effective investigation 
of objective outcome variables (e.g., hospitalisations). 
Thirdly, with the use of routine data, no recruitment and 

participation of service users is required. Thus, no pos-
sible effects of a trial itself (allocation, assessments, etc.) 
may alter treatment delivery or bias the outcomes (e.g., 
no Hawthorne effect) [15, 17]. Additionally, it allows for 
inclusion of all eligible subjects in the analysis with no 
restriction to consenting participants, which improves 
representativeness [15]. This therefore allows for the con-
duction of effectiveness research on the intervention in a 
naturalistic setting and under real-world circumstances.

However, there are also design-inherent limitations. 
Time-varying aspects may confound results from mir-
ror-image studies. For example, a change in outcomes 
may represent the natural course of the illness instead 
of an intervention effect, and therefore, a regression 
toward the mean may bias the results [15, 18]. Because 
each subject’s outcome is compared before and after the 
start of an intervention, and because the start of a new 
treatment is never a random event but rather is initiated 
due to a specific, outcome-related cause (e.g., follow-up 
treatment after hospital discharge, illness exacerbation), 
it is important to account for time-varying aspects in 
the implementation and interpretation of mirror-image 
studies [15].

The present study aimed to apply the mirror-image 
design to study the effects of ISH in reducing the num-
ber and duration of hospitalisations in a sample of 
non-homeless ISH users with SMI while considering 
possible bias.

Methods
Study design
We conducted a retrospective mirror-image study with 
anonymised medical record data of ISH service users. 
The individual start date of ISH was defined as index. 
Number of events defined below (see outcomes vari-
ables) were compared between post-index (during inter-
vention) and pre-index (before intervention) periods of 
equal length.

Intervention
ISH is a community-based outreach housing rehabilita-
tion service provided since 2012 by the Centre for Psy-
chiatric Rehabilitation of the University Hospital of 
Psychiatry in Bern, Switzerland [19]. It follows the prin-
ciples of the “Housing First” approach [20] as it is inde-
pendent of service users’ therapy and care and is not 
transitional, but permanent and without time limitation. 
ISH addresses adult people with SMI and provides its 
users with psychosocial support in their independently 
rented accommodation. The main goals of the ISH inter-
vention is the social inclusion of its users, including fos-
tering their autonomy and personal recovery. According 
to the Simple Taxonomy for Supported Accommodation 
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(STAX-SA; [21]) the intervention classifies as a Type 4 
service as service users live in individual accommoda-
tions with no staff on-site and the intervention provides 
low to moderate support with no time-limitation.

Support services are provided up to 8  h per week by 
non-medical staff with nursing or social work training. 
An offsite residential coach supports the service users 
according to their needs in all aspects related to finding 
and keeping ones’ accommodations. This may include 
contacts with the landlord, social environment, admin-
istration, and cooperation with mental health services. 
Service users also have the option to consult an ISH psy-
chiatrist. The psychiatric, psychotherapeutic and medi-
cal treatment of service users takes place outside the ISH 
service by appropriate specialists.

Model fidelity of the ISH intervention was assessed in 
2019 as part of another study [9] using the MSSW model 
fidelity scale (Modelltreue-Skala Selbstbestimmtes Woh-
nen [Independent Supported Housing Fidelity Scale]; 
[22]). Fidelity was high with 141 out of a possible 155 
total sum score (m = 4.5) and subscale scores of m = 4.67 
(housing conditions), m = 4.5 (staff/team), m = 4.4 (sup-
port conditions), and m = 4.83 (inclusion orientation) out 
of a possible mean score of five.

Sample
From the medical records, we extracted every ISH utili-
sation period with start date between July 2nd 2016 and 
February 28th 2019. The start date was chosen because 
the patient medical records were retrospectively intro-
duced into the medical records system on July 1st 2016 
and therefore lack some information about ISH utilisa-
tion before this implementation. The end date was cho-
sen because an augmented Home Treatment/Crisis 
Resolution Treatment program was implemented in the 
ISH programme in March 2019. We included all ISH uti-
lisation periods within this time window, if it was the ser-
vice user’s first utilisation. If a service user had multiple 
ISH utilisations within this time window, we included the 
first utilisation period and excluded the latter. In addi-
tion, ISH utilisation periods of less than 30  days (all of 
them had a start date after January 2019) were excluded 
to increase the probability that included service users 
actually received support within the observation period. 
The included ISH utilisation periods are either limited by 
withdrawal from the program (case finalisation for any 
reasons) or by censoring on February 28th 2019 in case of 
ongoing ISH use.

The cantonal ethics committee of Berne, Switzerland 
reviewed the study and confirmed that approval of an 
institutional review board was not required (Req-2021–
00042, January 2021).

Measures and source of information
Outcome variables
Outcome data was retrieved from patient medical 
records of the psychiatric hospital. Outcome variables 
were extracted for each pre- and post-index mirror-
image period defined below (see statistical methods) 
and include the number of inpatient psychiatric admis-
sions and the length of inpatient psychiatric hospital 
stays, defined as the number of person-days hospitalised 
(including censored stays, e.g., with admission before a 
mirror-image period’s start).

Sample characteristics
The medical records were used to retrieve sample char-
acteristics and consist of service users’ demographic 
information: age (in years), sex (female, male), nationality 
(Swiss vs. non-Swiss), and civil status (single vs. married, 
divorced, widowed). Clinical information of the main 
psychiatric diagnosis category according to the ICD-10 
classification of mental and behavioural disorders [23] 
was also obtained.

Statistical methods
Sample characteristics and hospitalisation patterns are 
reported descriptively.

The primary analysis was a mirror-image analysis of 
the outcome measures defined above. Post-index out-
comes were compared with pre-index outcomes in each 
mirror-image period. The maximum period length for 
each service user was defined as the individual ISH uti-
lisation period as described above (see sample). In addi-
tion, we defined mirror-image periods of 90, 180, 270, 
and 365 days to assess the possible influence of the dif-
ferent utilisation period lengths. Service users could be 
included in several mirror-image periods if their utili-
sation period covered the entire period. The change of 
psychiatric hospitalisations from pre- to post-index was 
analysed by computing incidence rate ratios (IRR) with 
95% confidence intervals (95%-CI). In line with other 
self-controlled studies [24, 25], a simple analysis was con-
ducted that did not account for the fact that users were 
observed under two conditions (before and after ISH ini-
tiation). This approach was adopted to circumvent the 
issue of zero events i.e. in psychiatric admissions. This is 
a conservative approach that exaggerates the magnitude 
of standard errors [15].

We further conducted sensitivity analyses to address 
the potential of a regression towards the mean [14, 15, 
18], which could have led to an overestimation of ISH 
effects. Since this bias is assumed to be more strongly 
affected by pre-index outcomes occurring close to the 
index rather than by long-term outcomes [26], we reana-
lysed every mirror-image analysis after excluding all ISH 
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users who had a psychiatric admission within 90  days 
before index.

All statistical analyses were performed with R version 
4.0.3 [27] and the fmsb package for computing IRR [28]. 
Statistical significance was set at p < 0.05 for all analyses.

Results
Descriptive results
One hundred fifty-six ISH utilisation periods of 155 
service users were extracted. One service user utilised 
ISH twice within the eligible time window, and the lat-
ter utilisation period was excluded. Six utilisation peri-
ods were excluded because the service users had another 
ISH utilisation before July 2016. Five utilisation periods 
were excluded because the observation period was less 
than 30  days (all of them started in January 2019). The 
inclusion and exclusion process of ISH users’ utilisation 
periods, the procedure of the inclusion in the defined 
mirror-image periods and information on censoring sta-
tus in each mirror-image period are shown in the flow 
chart in Fig. 1.

The sample included utilisation periods of 144 ini-
tial ISH users aged between 17 and 64  years (m = 38.2, 
SD = 13.3) at the start date of ISH (Table 1). The majority 
of the service users were female (54%), single (82%), had 
an affective (28.5%) or a schizophrenic or psychotic dis-
order (22.9%) and were of Swiss nationality (96%).

The length of the included ISH utilisation periods var-
ied between 36 and 960  days with a mean duration of 
310.3 days (SD = 228.8; median = 266.5 days). In sum, the 
utilisation periods covered 44,690 person-days, or 122.4 
person-years. The utilisation periods of 86 (59.7%) ser-
vice users were coded up to February 28th 2019 (censored 
utilisation period), and 58 (40.3%) users stopped using 
ISH before this date (uncensored utilisation period). 
The uncensored utilisation periods ranged from 36 to 
788  days with a mean utilisation duration of 216.6  days 
(SD = 161.8; median = 159.5 days). Four of the 58 uncen-
sored ISH utilisations ended during a psychiatric hospi-
talisation (utilisation periods: 36, 51, 62, 171 days).

Mirror‑image analyses
Figure  2 presents the distribution of the psychiatric 
admissions and hospitalised person-days showing more 
hospitalisations per person and longer hospitalisation 
stays before ISH than after its implementation. Figure 3 
shows the proportion of hospital admissions within sepa-
rate 90-day intervals before and after ISH implementa-
tion. The proportion of admissions ranged from 6 to 20% 
and from 4 to 7.5% before and after ISH implementation, 
respectively. There were consistently fewer post-index 
hospitalisations than pre-index. The proportional num-
ber of admissions was highest within the 90-day interval 

from 181 to 270  days before ISH. A second increase in 
hospitalisations occurred close to the index. The risk of 
bias due to this second increase was considered in the 
sensitivity analyses, for which we excluded all the 24 ISH 
users who had at least one psychiatric admission within 
90 days before ISH.

The IRR of the mirror-image analyses are shown in 
Table 2. Results indicate significantly reduced incidences 
of psychiatric hospitalisations in both outcome measures 
and in all mirror-image periods. After ISH initiation, the 
incident rate of admission ranged from 0.36 (95%-CI: 
0.19–0.70) to 0.45 (95%-CI: 0.20–0.99) times the pre-
index admission rate across all mirror-image periods. 
Similarly, the IRR showed a reduction of person-days 
hospitalised after the index in the range of 0.19 (95%-
CI: 0.16–0.23) and 0.43 (95%-CI: 0.37–0.50) across all 
mirror-image periods. The sensitivity analyses resulted 
in substantially reduced effect sizes and larger confidence 
intervals and yielded non-significant results regard-
ing the number of inpatient psychiatric admissions. The 
reduction in hospitalised person-days was still significant 
with an IRR ranging from 0.13 (95%-CI: 0.09–0.20) to 
0.59 (95%-CI: 0.49–0.71) in all but the 365-day period.

Discussion
We conducted a mirror-image study on the effectiveness 
of ISH in reducing psychiatric hospitalisations of service 
users with SMI by comparing the number and duration of 
hospitalisations within equal periods during (post-index) 
vs. before (pre-index) their ISH utilisation. The results 
showed the included 144 ISH users were significantly 
less likely to utilise psychiatric hospitalisation treatment 
compared to prior to their ISH utilisation. This decline 
in hospitalisations during ISH utilisation occurred in 
both outcomes and in all analysis periods. However, after 
excluding those with a pre-index hospitalisation occur-
ring shortly before the ISH start in our sensitivity analy-
ses, the number of psychiatric admissions did not change 
significantly. Therefore, it is possible that functional 
improvements independent from the ISH intervention 
affected the decrease in psychiatric admissions, resulting 
in a regression towards the mean phenomenon instead of 
an intervention effect [15, 18, 26]. Nonetheless, the over-
all reduction in hospitalised bed-days was substantial and 
significant in every mirror-image period in the primary 
and in most periods of the sensitivity analyses, and indi-
vidual hospitalisation durations were shorter during ISH 
(Fig. 2).

In line with our results, we found one study that com-
pared periods of two years prior and during the initiation 
of a supported housing programme for non-homeless 
people with SMI in Australia [29]. This comparison 
showed both a reduction in the number of admissions 














