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Abstract

Background

Self-reported health measures are important indicators used by clinicians and researchers

for the evaluation of health interventions, outcome assessment of clinical studies, and iden-

tification of health needs to improve resource allocation. However, the application of self-

reported health measures relies on developing reliable and valid instruments that are suit-

able across diverse populations. The main objective of this study is to evaluate the construct

validity of the SF-12v.2, an instrument for measuring self-rated physical and mental health,

for homeless adults with mental illness. Various interventions have been aimed at improving

the health of homeless people with mental illness, and the development of valid instruments

to evaluate these interventions is imperative.

Study Design

Wemeasured self-rated mental and physical health from a quota sample of 575 homeless

people with mental illness using the SF-12v2, EQ-5D, Colorado Symptoms Index, and

physical/mental health visual analogue scales. We examined the construct validity of the

SF-12v2 through confirmatory factor analyses (CFA), and using ANOVA/correlation analy-

ses to compare the SF-12v2 to the other instruments to ascertain discriminant/convergent

validity.

Results

Our CFA showed that the measurement properties of the original SF-12v2 model had a

mediocre fit with our empirical data (χ2 = 193.6, df = 43, p < .0001, CFI = 0.85, NFI = 0.83,

RMSEA = 0.08). We demonstrate that changes based on theoretical rationale and previous

studies can significantly improve the model, achieving an excellent fit in our final model

(χ2 = 160.6, df = 48, p < .0001, CFI = 0.95, NFI = 0.95, RMSEA = 0.06). Our CFA results
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suggest that an alternative scoring method based on the new model may optimize health

status measurement of a homeless population. Despite these issues, convergent and dis-

criminant validity of the SF-12v2 (scored based on the original model) was supported

through multiple comparisons with other instruments.

Conclusion

Our study demonstrates for the first time that the SF-12v2 is generally appropriate as a mea-

sure of physical and mental health status for a homeless population with mental illness.

Introduction
Self-reported measures of health and wellbeing are important indicators for the purpose of
monitoring and assessing functional health at individual and population levels. This informa-
tion can be used by clinicians and researchers for the evaluation of health care [1], for assessing
the outcome of clinical studies, for identifying health needs to improve resource allocation, and
more generally for the comparison of health and wellbeing across different populations. How-
ever, the application of self-reported measures of health relies on the development of reliable
and valid instruments that are suitable across diverse populations. The Short Form 12 Survey–
version 2 (SF-12v2) [2], an abbreviated version of the Short Form 36 Survey [3], is an instru-
ment for measuring self-rated physical and mental health through a 12-item questionnaire. See
Table 1 for a full list of abbreviations used in this paper, and for information on the subscales

Table 1. Abbreviations and description of SF-12v2 subdomains and items.

Abbreviation Definition

Instruments

SF-12v2 Short Form 12 Survey version 2

EQ-5D Standardized instrument to measure health outcomes from EuroQol

CSI Colorado Symptoms Index, a measure of mental illness symptoms

VAS Visual Analogue Scale

Analysis terms

CFA Confirmatory Factor Analysis

CFI Comparative Fit Index (measure of model fit for CFA)

RMSEA Root Mean Square Error of Approximation (measure of model fit for CFA)

NFI Normed Fit Index (measure of model fit for CFA)

TFL Tucker-Lewis Index (measure of model fit for CFA)

PNFI Parsimony Normed Fit Index (measure of model fit for CFA)

SF-12v2 subdomains and items

PCS Physical Component Summary of the SF-12v2

MCS Mental Component Summary of the SF-12v2

PF Physical Functioning subscale (2 items measured: moderate activities, and climbing
several flights)

RP Role Physical subscale (2 items: accomplished less, limited in kind)

RE Role Emotional subscale (2 items: accomplished less, not careful)

GH General Health subscale (1 item: rating of general health)

MH Mental Health subscale (2 items: peaceful, downhearted/low)

SF Social Functioning subscale (1 item: frequency health problems interfered with socializing)

BP Bodily Pain subscale (1 item: pain interfere)

VT Vitality subscale (1 item: energy)

doi:10.1371/journal.pone.0148856.t001
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and corresponding items measured on the SF-12v2. The SF-12v2 has demonstrated reliability
and validity for measuring self-reported health status in the general population in the U.S. and
other countries [3–5], and for clinical subgroups such as patients with a history of stroke [6],
diabetes mellitus [7], and inflammatory-rheumatic disease [8]. Due to SF-12v2’s brevity, sim-
plicity, and ease-of administration, the instrument may be particularly useful for researchers
working with urban, hard-to-reach, and vulnerable populations. However, more work needs to
be done to establish the reliability and validity of the instrument specific to these particularly
vulnerable populations. The purpose of this study is to investigate the validity and reliability of
the SF-12 v.2 for an urban, multiethnic, homeless population with mental illness since no pre-
vious studies have validated the instrument for this population.

In the North American and international context, various interventions have been developed
and implemented with the aim of improving the health of homeless people with mental illness
[9]. The development of reliable and valid instruments to evaluate these interventions is impera-
tive. While the reliability and validity of SF-12 among people with severe mental illness has been
investigated [10], https://docs.google.com/document/d/1Of5gRHLko6Uq7wzXOvaQev9rZft1V-
20hfaZ_r3n75o/edit%20-%20heading=h.4d34og8 only one study has attempted to validate the
SF-12 for the homeless population [11]. This study used the previous version of the instrument
(i.e. SF-12, version 1), which contained different wording and questions than the most recent ver-
sion (v.2). https://docs.google.com/document/d/1Of5gRHLko6Uq7wzXOvaQev9rZft1V-
20hfaZ_r3n75o/edit-heading=h.4d34og8 In this United States (US) study, the author noted that
some SF-12 items might not be appropriate for very poor and unemployed populations. For
example, item content references daily activities such as “pushing a vacuum cleaner,” “bowling
(or playing golf)” and evaluating whether the pain interferes with “normal work (including both
work outside the home and housework).” The item content of SF-12 refers to the same daily
activities as the preceding version of the instrument. As activity patterns vary qualitatively and
quantitatively by socioeconomic class, the dearth of validity studies in homeless population is a
concern. Despite the problematic item content references, the study demonstrated that the SF-
12v1 differentiated between levels of severity of physical and mental health conditions and
detected variation in health status. The study, however, did not explore the construct validity of
the scale, was based on a small sample of homeless persons at a day shelter, and used the first ver-
sion of the instrument.

The homeless population is different from the general population due to high physical and
mental illness co-morbidity. People who are homeless are more likely to have poor mental
health [12, 13], higher rates of substance abuse [14], chronic medical conditions [15, 16] and
infectious diseases like tuberculosis, Hepatitis C, and HIV [17, 18], compared to the general
population. Due to the differences in health status and other characteristics between people
who are homeless and the general population, there is a critical need to explore the validity of
the SF-12v2 before recommending it as a reliable and validated measure for use with homeless
populations. The objective of this study is to address the existing knowledge gap by examining
the construct validity (i.e. factorial, convergent, and discriminant validity) of the SF-12v2 for
an urban, multiethnic, homeless population with mental illness (n = 574).

Methods

Data Collection
Data from this study is drawn from the At Home/Chez Soi project: a randomized controlled
trial of a Housing First intervention. The intervention is aimed at meeting the housing and ser-
vice needs of homeless people with mental illnesses, and details of this trial are described else-
where [19, 20].
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The target population is homeless adults with serious mental illness residing in Toronto,
Canada. To be eligible for the study, participants had to 1) be 18 years of age or older, 2) be
absolutely homeless (i.e., no fixed place to stay in the past 7 nights with little likelihood of find-
ing a place in the next month) or precariously housed (i.e., living in a rooming house or hotel/
motel as a primary residence AND have experienced 2 or more of episodes of being absolute
homeless OR one episode of being absolutely homeless of at least 4 weeks duration in the past
year, and 3) have a serious mental disorder. To establish the presence of a serious mental disor-
der, participants must have either had a history of recent psychiatric treatment, or were identi-
fied as having an eligible diagnosis identified by the DSM-IV criteria in the Mini International
Neuropsychiatric Interview 6.0 [21]. Eligible diagnoses included 1) major depressive episode,
2) manic or hypomanic episode, 3) mood disorder with psychotic features, 4) panic disorder,
5) post-traumatic stress disorder, and 6) psychotic disorder.

While At Home/Chez Soi involved the randomization of participants into housing first and
usual care study arms, the present paper analyzes the baseline data only, and participants from
both treatment and usual care group are included in all analyses. Participants were recruited
from October 2009 to June 2011 using a targeted recruitment and referral strategy. Referrals to
the study came from Toronto’s extensive network of service providers for homeless and men-
tally ill individuals. A core group of more than 80 shelters, drop-in centres, hospitals, outreach
programs, mental health services, and community health centers referred potential partici-
pants. In total, 1342 referrals were received from service providers, and 726 met the eligibility
criteria (616 excluded due to reasons such as not absolutely homeless, lack of legal status in
Canada, and being a current client of ACT or ICM treatment). At the screening interview, a
further 151 persons were excluded (see Table 2 for detailed breakdown of reasons for exclu-
sion). Targeted recruitment was used in the study to ensure representativeness of homeless
individuals from specific demographic groups, and recruitment quotas were set based on a
comprehensive 2006 census of homeless people [22]. Based on homeless census data, targeted
recruitment was undertaken to ensure that approximately 25% of participants were women
and approximately 40% of participants were from immigrant and ethno-racial groups. A quota
was also set to recruit about 75% of participants at shelters, 17% from people living on the
street, and 8% at health care facilities, prisons, and jails. A total of 575 individual (43% of all
referrals) met all eligibility requirements, provided written informed consent, and completed
screening and baseline interviews. The study was approved by the Research Ethics Board of
St. Michael’s Hospital in Toronto, Canada, and was registered with the International Standard
Randomized Control Trial Number Register (ISRCTN42520374).

Table 2. Reasons for exclusion at the screening interview (n = 151 excluded).

Reasons for exclusion N

Did not meet serious mental disorder criteria 59

Declined consent 54

Was not absolutely homeless or precariously housed 16

Unable to provide informed consent 4

Lack of space in the relevant quota group 5

Current client of ACT or ICM treatment 9

Incomplete referral 1

Declined participation 1

Withdrew 1

doi:10.1371/journal.pone.0148856.t002
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Measures
Generic self-rated mental and physical health from our sample were measured using the SF-
12v2, the EuroQOL five dimensions questionnaire (EQ-5D) [23, 24], physical and mental
health state visual analogue scales [25], and Colorado Symptoms Index (CSI) [26–29]. The lat-
ter two measures, described below, were used to assess the convergent and discriminant validity
of the SF-12v2.

The SF-12v2 consists of 12 items, which are categorized into eight domains (or subscales):
Bodily Pain (BP), General Health (GH), Vitality (VT), and Social Functioning (SF) with one
item each; and physical Functioning (PF), Mental Health (MH), Role Physical (RP), and Role
Emotional (RE) domains each with two items. To score the SF-12v2, we followed the method
proposed by the original authors [30]. The summary scores of the SF-12v2, Physical Compo-
nent Summary (PCS) and Mental Component Summary (MCS) scores, are calculated from z-
scores of the 8 subscales, and all scales contribute to the scorings of PCS and MCS, using
weights from principal component analysis on the SF-36 scales [31]. The norm-based scoring
used here produces scores with a mean of 50 and a standard deviation of 10 for the US popula-
tion; a higher score indicates better health [3, 32]. The EQ-5D is a self-administered standard-
ized measure of health status developed by the EuroQoL Group and provides a simple, generic
measure of health [23, 24]. It has five items measuring mobility, self-care, usual activities, pain/
discomfort and anxiety/depression, each at three levels from level 1, with no problems, to level
3, which indicates a debilitating limitation in daily life for the specific dimension of health. The
EQ-5D also features visual analog scales (EQ-5D VAS), on a 100-point scale from the “best
imaginable health state” (100) to the “worst imaginable health state” (0). The EQ-5D has been
shown to discriminate between severity subgroups of mental health patients and to capture
improvements in health over time [33]. Furthermore, the EQ-5D has also been shown to dis-
criminate chronic and mental disease status among the homeless population [34]. Two addi-
tional visual analogue scales, similar to the one found in EQ-5D, were also administered to
measure the respondents’ physical health state and mental health state respectively (i.e. VAS-
physical and VAS-mental). Previous studies have shown that single-item visual analogue scales
measuring mental health had a 77% agreement with the 15-item depression scale of the Profile
of Mood State [25], while visual analogue scale measuring physical health was 0.63 correlated
with the Health Utility Index (HUI), and had a 0.76 correlation with a five-point rating of self-
rated physical health [35]. These additional visual analogue scales were used to provide addi-
tional checks of construct validity in this study.

The Colorado Symptom Index (CSI) is a 14-item instrument that assesses the presence and
frequency of mental illness symptoms experienced within the past month. It has proven to be a
valid and reliable survey instrument for homeless individuals and those with mental health
issues [26–29]. Responses are provided using a 5-point likert scale ranging from 0 (not at all) to
4 (at least every day). The item scores are summed, and a higher score indicates a higher level
of symptoms.

Statistical Analyses
Construct validity of the SF-12v2 was examined through confirmatory factor analysis (CFA)
using structural equation modeling (SEM). CFA is a method used to test the hypothetical struc-
ture of a measure and to evaluate the fit of proposed measurement model for a given set of
empirical data [36]. The major advantage of SEM for conducting CFA is that the validity of the
expected factor structure can be evaluated by multiple goodness-of-fit indices [37]. Specifically,
the comparative fit index (CFI), root mean square error of approximation (RMSEA), normed
fit index (NFI), Tucker-Lewis index (TLI), and parsimony normed fit index (PNFI) were used
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for assessing the fit of the model to data [36]. The selection of cut-offs for the goodness-of-fit
statistics were based on previous literature, i.e. a) for CFI and NFI, values of 0.95 and above is
considered to represent a well-fitting model [38]; b) a RMSEA value of greater than 0.1 is con-
sidered to be poor fit, 0.08 to 0.1 is mediocre fit, and below 0.08 to be good/adequate fit [39]; c)
a TLI value of 0.95 and above is considered to represent a well-fitting model [36]; d) no specific
cut-offs are indicated for PNFI [40], but values closer to 1.00 represents a good fit and values
closer to zero indicates a poor fit. Mulaik et al [40] notes that it is possible to obtain PNFI in
the region of 0.5 even when the overall model fit is satisfactory.

In Ware et al’s [30] original model for the SF-12, the two-factor model most notably had
uncorrelated physical and mental health factors with all items allowed to freely contribute to
both factors in either a positive or negative way. Researchers have noted inconsistencies/prob-
lem in the instrument due to how all the items contribute to both factor. For example, Simon
et al’s study of 536 primary care patients initiating antidepressant treatment [41] found that
despite significant increases in Physical Fucntioning (PF), Role-Physical (RE), and the General
Health Perceptions subscales over time (5 to 16 points, 95% CI) due to the treatment effect, the
Physical Health Factor score remained unchanged due to the negative weighting of large posi-
tive changes (24–39 points, 95% CI) in Mental Health (MH), Social Functioning (SF), and the
Role Emotional (RE) subscales. Some researchers since then have typically forced the scales for
PF, RP, and BP to have zero loadings on the mental health factor, and simultaneously forced
the MN, RE, and SF scales to have zero loadings on the physical health factor [6–8, 31]. CFA
models now also commonly allow the physical and mental health factors to be correlated [6–8,
42, 43]. Evidence for allowing the mental and physical health factors to correlate come from
two studies that found substantially better goodness-of-fit in the two-factor correlated model
compared to models that forced the factors to be orthogonal [42, 43].

Based on these findings, we constructed our initial CFA model (model 1) based on Ware
et al [30] with a) uncorrelated physical and mental health factors, and b) where all 12 items
loaded onto both factors. For our model 2, we have correlated the mental and physical health
factors, and items are forced to have zero loadings on their opposing health factors (based on
specifications from previous studies [6–8]). In model 3, we build on model 2 by allowing corre-
lated residuals for items from the same subscales on the basis that a) similarity in the wording
of items that come from the same subscale, and b) these items would be expected to be more
closely correlated with each other than items from other subscales. Correlated residuals for
items from the same subscale have been used in two previous studies [8, 44]. Finally, in our last
model tested (model 4), we also allowed the general health item (i.e. in general, would you say
your health is: excellent, very good, good, fair, or poor) to load onto both the mental and physi-
cal health factor (rather than only physical health as in model 2 and 3).

Since the SF-12v2 items are measured with ordered-categorical responses, our CFAmodels
used the weighted least squares estimation technique [45] with 4,000 bootstrapped samples, 95%
CI, and significance tested with bias corrected confidence intervals for all factor loadings, intercepts,
and variance. Analysis of moment structures (AMOS) 21 was used to evaluate how well the
hypothesized models fit the observed data and to present the models statistically in diagram form.

To assess other components of construct validity, including convergent and discriminant
validity [46], the associations between the SF-12v2 composite scores and other measures of
participants’ physical and mental health were examined, including the EQ-5D, the Colorado
Symptoms Index (CSI), and the visual analogue scales. The following hypotheses were tested:

1. Respondents who reported any health problems on the EQ-5D (i.e., levels 2 or 3) would
have significantly more physical health and mental health problems as reported on the SF-
12v2 (i.e., lower PCS and MCS) compared to those with no reported health problems.

Construct Validity of the SF-12v2 for the Homeless Population
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2. The relationship between the SF-12v2 physical subscale (PCS) and the physical dimensions of
the EQ-5D (i.e., mobility, self-care, usual activity, and pain/discomfort), and between the SF-12
mental subscale (MCS) and the mental dimension of EQ-5D (i.e., anxiety/depression), would be
stronger (i.e., larger F-ratios) than between less comparable dimensions and composite scores.

3. Based on Cohen’s criteria [47], there would be a moderate to strong correlation (r� 0.4),
between the SF-12v2 physical subscale (PCS) and the visual analogue scale of physical health
(VAS-physical), and between the SF-12v2 mental subscale (MCS) and the visual analogue
scale of mental health (VAS-mental), and there would be a weak correlation (r� 0.3)
between PCS and VAS-mental, and between MCS and VAS-physical.

4. There would be a moderate to strong negative correlation (r� 0.4) between the MCS and
CSI, which measures severity of psychiatric symptomatology, and there would be a weak
negative correlation (r� 0.3) between the PCS and CSI.

5. The SF-12v2 items for a) limited in moderate activities and b) pain would have a significant
(p<0.05) linear trend with VAS-physical, and the SF-12v2 item for c) health problems interfer-
ing with social functioning would have a significant linear trend (p<0.05) with VAS-mental.

Hypothesis 1 deals with known-groups validity, which is one component of construct validity.
Hypotheses 1 and 2 (based on the relationships between the EQ-5D dimensions and SF-12v2
composite scores) were both analyzed using one-way analysis of variance (ANOVA). Hypotheses
3 and 4, (based on the relationships between SF-12v2 composite scores, CSI, and visual analogue
scales) were examined using Pearson’s correlations. For the examination of both hypotheses, sta-
tistical test of difference between two dependent correlations will be used to determine whether
the observed differences between the pairs of correlations are significant at the p<0.05 level [48].
For example, correlation between PCS and VAS-physical should be significantly different from
the correlation between PCS and VAS-mental (in hypothesis 3), and the correlation between
MCS and CSI should be significantly different from the correlation between PCS and CSI (in
hypothesis 4). For hypothesis 5, our motivation for testing these three SF-12v2 items was due to
their specific wording which might not be appropriate for a homeless, very poor, or unemployed
population. Specifically, the items, a) “limitations in moderate activities” references pushing a
vacuum cleaner, bowling, and playing golf, b) “pain” references limitations to housework and
employment-based work, and c) “social functioning” references visiting friends and family,
might not represent the everyday experiences of a poor homeless population due to the lack of a
home, stable employment, and financial barriers. Examination of hypothesis 5 uses ANOVA
contrast analysis to test for significant linear-trend between the aforementioned items and their
related visual analogue scales. Two-tailed probability values under 0.05 were considered to be sta-
tistically significant. All statistical analyses were completed using SPSS v.21.

Reliability
Cronbach's α coefficients were calculated to estimate the internal consistencies, or inter-item
reliability, among items from SF-12v2 overall, the PCS subscale, and the MCS subscale in this
study population. Based on the Nunnally criterion [49], Cronbach's α of .70 or greater was con-
sidered as a cut-off point for satisfactory internal consistency of the instrument.

Results
The developers of the SF-12v2 recommend that a score is calculated only when responses are
available for all items [50]. Thus, one person who did not answer all the SF-12v2 questions was
removed, resulting in an analyzable sample of 574.
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Table 3 summarizes the characteristics of participants for the sample overall, and displays
the means and standard deviations for PCS, MCS, CSI, VAS-physical, and VAS-mental health
scores cross-tabulated by socio-demographic characteristics. Study participants were 68.5%
male, 54.4% Canadian-born, 95.8% single, 30% had been homeless for 1 to 3 years, and 31.9%
were between the ages of 40–49 years old. Study participants were ethnically diverse with
58.7% who indicated one of the following ethnicities: Black (includes Black-African, Black-
Caribbean, and Black-Canadian), East Asian, Indian-Caribbean, Latin American, Middle East-
ern, South Asian, South-East Asian, and Mixed Ethnicity. This is not atypical given the high
proportion of ethno-racial individuals in the general population in Toronto, at 49% [51], and
previous studies have also indicated a high level of ethno-racial diversity in the Toronto home-
less population [20, 52].

One-way ANOVA was used to examine whether the mean health scores significantly varied
across the categories within each socio-demographic characteristic. The PCS significantly var-
ied across age groups and education levels (p<0.01), and the MCS significantly varied across
age groups and country of birth (p<0.05). As expected, physical health (PCS) was negatively
associated with age (p<0.01) and mental health (MCS) was best among older participants.
Contrary to our expectations, the length of homelessness was not significantly associated with
either MCS or PCS.

Construct Validity
According to the original theoretical model of the SF-12 [3], Model 1 included two latent
uncorrelated factors (PCS and MCS) each containing all 12 items presented in Fig 1. It has a χ2

of 193.6 (df = 43, p< .0001), with a CFI of 0.85, NFI of 0.83, and a RMSEA of 0.08 (95% C.I. =
0.07–0.09)–see Table 4. While both the CFI and NFI are below the preselected cut-off of 0.95
for a well-fitted model, the RMSEA value suggests that the model has a mediocre fit with the
data. Model 2 (Fig 2), which added a correlation between the PCS and MCS factors, also
showed an overall mediocre fit to the observed data (χ2 = 489.1, df = 53, p< .0001, CFI = 0.86,
NFI = 0.84, RMSEA = 0.12). A moderate positive correlation of .61 (p< .0001), was found
between PCS and MCS latent factors. While CFI and NFI remained similar for models 1 and 2,
there was a notable decline in the model fit as indicated by the RMSEA. Model 3 (Fig 3) was
specified with covariations between the error of the items that belong to the same subdomains
(i.e., PF, RF, RE, and MH) in addition to having correlated latent factors. The analysis revealed
that the model fit (χ2 = 204.3, df = 49, p< .0001, CFI = 0.95, NFI = 0.94, RMSEA = 0.07) was
significantly better than Model 2. The RMSEA of 0.07 for the Model 3 suggested that some
minor improvements in fit might still be possible, but overall an adequate to good fit was
observed. Despite the good fit suggested by the RMSEA point estimate, it is important to note
that the 95% CI of RMSEA (0.06–0.09) still includes values that are considered mediocre fit
(i.e.>0.08–0.1). While CFI has reached the 0.95 cut-off representing a well-fitted model, NFI
was just below the cut-off at 0.94, suggesting there may be room for improvement. In the final
model (model 4), the GH item was allowed to cross-load onto MCS. Model 4 (Fig 4) had an
excellent fit with the data (χ2 = 160.6, df = 48, p< .0001, CFI = 0.96, NFI = 0.95,
RMSEA = 0.06), and the fit was an improvement upon model 3. There was further improve-
ment in the point estimate of RMSEA from 0.07 to 0.06 (both defined as excellent fit); more
importantly, the upper bound of the 95% CI for RMSEA shifted from 0.09 to 0.07, which is still
considered to be excellent fit (i.e. RMSEA�0.08). We also see further improvements in CFI
and NFI, where both measures exceed the cut-off of 0.95 for a well-fitted model.

While there are minor improvements in CFI, NFI, and RMSEA for model 4 (compared to
model 3), we further investigated this using formal comparisons of the models. Since models 3
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Table 3. Sample Characteristics, and the mean and standard deviations of SF-12 v.2 physical subscale, SF-12 v.2 mental subscale, CSI score, EQ-
5D physical score, and EQ-5Dmental score by demographic groups (n = 574).

N (%) Missing N (%
of 574)

SF-12v2 Physical
Health (PCS)

SF-12v2 Mental
Health (MCS)

CSI Score
(mental)

VAS Physical
Health

VAS Mental
Health

Demographics Mean (SD)

Age 0 (0.0)

<30 138
(24.0)

49.9 (10.0) 34.7 (13.0) 39.9 (13.0) 66.0 (26.9) 58.9 (26.8)

30–39 133
(23.2)

47.4 (11.8) 33.9 (13.3) 41.4 (12.7) 62.1 (26.6) 50.4 (25.3)

40–49 183
(31.9)

45.0 (11.7) 34.0 (14.4) 41.1 (13.1) 62.4 (24.1) 55.0 (26.4)

�50 120
(20.9)

42.2 (12.2) 38.8 (14.4) 36.2 (14.3) 58.5 (27.1) 59.2 (31.0)

p-value for ANOVA .000 .013 .011 .393 .173

Gender 0 (0.0)

Female 170
(29.6)

45.8 (12.2) 35.1 (14.0) 37.5 (12.6) 61.3 (28.3) 55.1 (27.8)

Male 393
(68.5)

46.3 (11.6) 35.3 (13.9) 40.7 (13.4) 62.9 (25.1) 56.3 (27.0)

Transgender/transexual 11 (1.9) 45.4 (12.4) 32.7 (14.7) 44.2 (17.9) 68.8 (24.4) 48.7 (32.7)

p-value for ANOVA .877 .827 .024 .741 .756

Country of Birth 0 (0.0)

Canada 312
(54.4)

46.4 (11.6) 33.9 (14.0) 40.8 (13.4) 61.5 (26.4) 53.5 (26.4)

Other 262
(45.6)

45.9 (11.9) 36.6 (13.7) 38.8 (13.2) 63.8 (25.6) 58.5 (28.2)

p-value for ANOVA .613 .019 .081 .438 .102

Ethnic or cultural identity 0 (0.0)

Non Ethno-racial 209
(36.4)

46.2 (11.7) 33.7 (14.3) 40.5 (13.8) 61.7 (25.7) 51.8 (26.2)

Ethno-racial 337
(58.7)

46.3 (11.9) 36.0 (13.7) 39.3 (13.3) 63.4 (26.5) 58.2 (27.8)

Aboriginal 28 (4.9) 44.0 (10.5) 35.4 (13.1) 42.2 (10.3) 56.2 (21.5) 49.7 (23.9)

p-value for ANOVA .599 .177 .431 .592 .114

Marital status 3 (0.5)

Married/cohabiting with
partner

21 (3.7) 41.5 (14.0) 38.7 (15.9) 38.8 (15.3) 61.3 (30.6) 58.5 (30.6)

Single, divorced, widowed,
never married

550
(95.8)

46.3 (11.6) 35.0 (13.8) 39.9 (13.3) 62.6 (25.9) 55.7 (27.2)

p-value for ANOVA .063 .233 .711 .872 .740

Length of homelessness 13 (2.3)

<1 year 127
(22.1)

46.4 (12.4) 34.8 (13.9) 37.5 (12.5) 65.7 (27.0) 57.6 (27.7)

�1 to <3 years 138
(24.6)

47.3 (11.5) 35.5 (13.7) 39.4 (14.0) 65.5 (22.9) 56.3 (26.6)

�3 to <7 years 150
(26.3)

46.1 (12.0) 34.4 (13.8) 41.1 (13.5) 59.8 (26.9) 54.5 (28.4)

�7 years 146
(25.4)

44.5 (11.5) 35.2 (14.0) 41.6 (12.8) 56.7 (26.3) 52.7 (26.7)

p-value for ANOVA .244 .929 .065 .083 .709

Education history 2 (0.3)

(Continued)

Construct Validity of the SF-12v2 for the Homeless Population

PLOS ONE | DOI:10.1371/journal.pone.0148856 March 3, 2016 9 / 19



and 4 are nested models, we computed a chi-square test of difference to compare their relative
goodness of fit. A significant change in the chi-square would suggest a substantial improvement
in model fit. Comparison of model 3 (χ2 = 204.3) with model 4 (χ2 = 160.6), yields a difference in
χ2 value of 43.7, a difference of 1 degree of freedom, and a p-value of<0.0001, suggesting model
improvement. Akaike information criterion were also calculated for further model comparison
[38, 49]. There are no standard cut-off values for a well fitted model, as it is a comparative mea-
sure of fit where lower value indicates better model fit. AIC values for models 3 and 4 were
233.895 and 183.293 respectively, which also suggests model improvement. Based on this set of
evidence, Model 4 was selected as the best one of the group. Models 2, 3, and 4 showed a strong
bivariate correlation between PCS andMCS (Figs 2, 3 and 4). It is important to note the improve-
ment in the PNFI measure going from the uncorrelated factors model (model 1) to models with
correlated latent factors (models 2, 3, and 4), which suggests that correlated factors and forced
zero loadings have contributed to improved model parsimony.

Table 3. (Continued)

N (%) Missing N (%
of 574)

SF-12v2 Physical
Health (PCS)

SF-12v2 Mental
Health (MCS)

CSI Score
(mental)

VAS Physical
Health

VAS Mental
Health

<High school 278
(48.4)

45.2 (11.6) 35.3 (13.2) 40.5 (13.8) 57.0 (27.9) 53.7 (26.2)

Completed high school 108
(18.8)

49.4 (11.3) 34.1 (14.6) 39.9 (13.2) 70.1 (24.6) 60.5 (27.7)

Some post-secondary
school

186
(32.4)

45.6 (12.0) 35.6 (14.6) 38.9 (12.8) 65.4 (22.4) 56.0 (28.5)

p-value for ANOVA .005 .635 .451 .001 .240

doi:10.1371/journal.pone.0148856.t003

Fig 1. Standardized solution of the confirmatory factor analysis for the Model 1.GH1—General Health:
rating of general health; PF2—Physical Functioning: moderate activities; PF3—Physical Functioning:
climbing several flights of stairs; RP4—Role Functioning (Physical): accomplished less; RP5—Role
Functioning (Physical): limited in the kind work or other activities; RE6—Role Functioning (Emotional):
accomplished less (emotional problems); RE7—Role Functioning (Emotional): less carefully than usual; BP8
—Bodily Pain: pain interference; MH9—Mental Health: calm and peaceful; VT10—Vitality: energy; MH11—
Mental Health: downhearted and depressed; SF12—Social Functioning: health/emotional problems
interfered with activities.

doi:10.1371/journal.pone.0148856.g001
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While the chi-square statistic across all models described above were statistically significant,
which may be an indicator of poor model fit, the chi-square statistic may be unreliable because
it is influenced by having a large sample size or having more variables in the model (both con-
ditions producing larger chi-squares) [36]. For this reason, other goodness-of-fit tests have
been suggested (e.g. NFI, TFI, CFI, and RMSEA), and these are provided in our results.

Convergent and discriminant validity
Convergent and discriminant validity were evaluated by comparing SF-12v2 results to the EQ-
5D and CSI results. For the EQ-5D results, only five participants were at “level 3” (i.e., a debili-
tating limitation in daily life) for the mobility dimension and only three were level 3 for the
self-care dimension. Due to low cell sizes, these responses were collapsed with level 2 for the
mobility and self-care dimensions, respectively.

Table 4. Summary of fit statistics of the specified models (n = 574).

Fit indices χ2; df; p NFI TLI CFI PNFI RMSEA (95% CI)

Model 1 193.6; 43; .000 0.83 0.78 0.85 0.53 .08 (.07–.09)

Model 2 489.1; 53; .000 0.84 0.82 0.86 0.68 .12 (.11–.13)

Model 3 204.3; 49; .000 0.94 0.93 0.95 0.69 .07 (.06–.09)

Model 4 160.6; 48; .000 0.95 0.95 0.96 0.69 .06 (.06–.07)

NFI: Normed Fit Index; TLI: Tucker-Lewis Index; CFI: Comparative Fit Index; PNFI: Parsimony Normed Fit Index; RMSEA: Root Mean Square Error of

Approximation.

doi:10.1371/journal.pone.0148856.t004

Fig 2. Standardized solution of the confirmatory factor analysis for the Model 2.GH1—General Health:
rating of general health; PF2—Physical Functioning: moderate activities; PF3—Physical Functioning:
climbing several flights of stairs; RP4—Role Functioning (Physical): accomplished less; RP5—Role
Functioning (Physical): limited in the kind work or other activities; RE6—Role Functioning (Emotional):
accomplished less (emotional problems); RE7—Role Functioning (Emotional): less carefully than usual; BP8
—Bodily Pain: pain interference; MH9—Mental Health: calm and peaceful; VT10—Vitality: energy; MH11—
Mental Health: downhearted and depressed; SF12—Social Functioning: health/emotional problems
interfered with activities.

doi:10.1371/journal.pone.0148856.g002
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Fig 3. Standardized solution of the confirmatory factor analysis for the Model 3.GH1—General Health:
rating of general health; PF2—Physical Functioning: moderate activities; PF3—Physical Functioning:
climbing several flights of stairs; RP4—Role Functioning (Physical): accomplished less; RP5—Role
Functioning (Physical): limited in the kind work or other activities; RE6—Role Functioning (Emotional):
accomplished less (emotional problems); RE7—Role Functioning (Emotional): less carefully than usual; BP8
—Bodily Pain: pain interference; MH9—Mental Health: calm and peaceful; VT10—Vitality: energy; MH11—
Mental Health: downhearted and depressed; SF12—Social Functioning: health/emotional problems
interfered with activities.

doi:10.1371/journal.pone.0148856.g003

Fig 4. Standardized solution of the confirmatory factor analysis for the Model 4.GH1—General Health:
rating of general health; PF2—Physical Functioning: moderate activities; PF3—Physical Functioning:
climbing several flights of stairs; RP4—Role Functioning (Physical): accomplished less; RP5—Role
Functioning (Physical): limited in the kind work or other activities; RE6—Role Functioning (Emotional):
accomplished less (emotional problems); RE7—Role Functioning (Emotional): less carefully than usual; BP8
—Bodily Pain: pain interference; MH9—Mental Health: calm and peaceful; VT10—Vitality: energy; MH11—
Mental Health: downhearted and depressed; SF12—Social Functioning: health/emotional problems
interfered with activities.

doi:10.1371/journal.pone.0148856.g004
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With the exception of the association between mobility levels and MCS (Table 5), each of
the EQ-5D dimensions of health was significantly associated with PCS and MCS scores. With
respect to hypothesis 1, participants who reported any problems in the EQ-5D health dimen-
sions (i.e., levels 2 or 3) had significantly more self-reported physical health problems (lower
PCS scores) and more mental health problems (lower MCS scores) compared to those who
reported no problems (Table 5). However, the relationship between mobility and MCS was an
exception to this pattern. There was no significant difference in the mean mental health sub-
scores (MCS) between those with some mobility limitations and those without any mobility
limitations.

Hypothesis 2 was confirmed by one-way ANOVA (Table 5). The relationships between the
physical dimensions of the EQ-5D (i.e. mobility, self-care, usual activity, and pain/discomfort)
and PCS were stronger than each dimensions’ relationship to MCS, confirmed by larger F-
ratios. Also, as expected, the anxiety/depression EQ-5D dimension has a stronger association
to MCS than to PCS.

For hypothesis 3, we examined the associations between SF-12v2 sub-scores and the visual
analogue scales (VAS-physical and VAS-mental). PCS was positively correlated with VAS-
physical at r = 0.56 (p<0.001), and with VAS-mental at r = 0.31 (p<0.001). The SF-12 mental
sub-scale (MCS) was positively correlated with VAS-mental at r = 0.56 (p<0.001), and with
VAS-physical at r = 0.34 (p<0.001). Using the statistical test of difference between two depen-
dent correlations [48], we find that the both pairs of correlations (i.e. 0.56 vs. 0.31, and 0.34 vs.
0.56) are significantly different at the p<0.01 level. These correlations confirm hypothesis 3
that there would be moderate to strong correlations between matching scales (e.g. PCS and
VAS physical health), and weak correlations between scales that measure different dimensions
of health (e.g. PCS and VAS-mental health).

For hypothesis 4, CSI (lower scores represents fewer symptoms) was negatively associated
with SF-12v2 scores (lower scores represent more symptoms): r = -0.264 for PCS (p<0.001)
and r = -0.650 for MCS (p<0.001). The stronger correlation between MCS (mental subscale)
and CSI than between PCS (physical subscale) and CSI confirms hypothesis 4 and provides evi-
dence of convergent validity. Using the statistical test of difference between two dependent

Table 5. Mean (SD) SF-12v2 Composite Scores by EQ-5D Dimensions, and ANOVA results.

EQ-5D Dimensions Level n PCS F-ratio (p-value) Eta2 MCS F-ratio (p-value) Eta2

Mobility* 1 343 51.42 (9.39) 243.69 (.000) 29.88% 35.95 (14.61) 2.79 (.095) 0.00%

2 231 38.32 (10.50) 33.97 (12.73)

Self-care* 1 450 48.00 (11.20) 57.03 (.000) 9.07% 35.98 (14.08) 7.40 (.007) 1.28%

2 124 39.41 (11.30) 32.16 (12.86)

Usual activities 1 343 49.14 (10.54) 32.16 (.000) 10.12% 38.13 (13.97) 21.16 (.000) 6.86%

2 214 42.09 (11.98) 30.81 (12.43)

3 17 36.98 (12.83) 29.69 (14.73)

Pain/discomfort 1 236 53.50 (8.22) 139.82 (.000) 32.88% 38.19 (15.76) 11.23 (.000) 3.79%

2 240 43.32 (10.48) 33.81 (11.97)

3 98 35.37 (10.68) 31.13 (12.00)

Anxiety/depression 1 137 50.84 (8.94) 16.27 (.000) 5.39% 47.04 (13.02) 129.04 (.000) 31.13%

2 258 45.39 (11.89) 35.22 (11.18)

3 179 43.66 (12.48) 25.96 (10.89)

*There were n = 5 and n = 3 participants who were level 3 (i.e., a debilitating limitation in daily life) for the mobility and self-care dimensions, respectively.

Due to these low cell sizes, level 3 responses were collapsed with level 2 for the mobility and self-care dimensions.

doi:10.1371/journal.pone.0148856.t005
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correlations [48], we find that the two correlations (i.e. -0.26 vs. -0.65) are significantly differ-
ent at the p<0.01 level.

For hypothesis 5, SF-12v2 items for a) limitations to moderate activity and b) pain were com-
pared to VAS-physical, and SF-12v2 item for c) social functioning was compared to VAS-mental.
1-way ANOVA and contrast test for linear trend results are presented in Table 6. We see that for
all three items, the corresponding visual analogue scale increases/decreases systematically in the
expected direction (i.e. VAS-physical decreases with each level increase of limitations to moder-
ate activity and pain, and VAS-mental decreases with each level increase of social functioning
limitation), and the test of linear trend for all three items is significant at p<0.001.

Reliability
The Cronbach’s α for the SF-12v2 overall was 0.85, for the 6 items associated with physical sub-
scale was 0.79, and for the 6 items associated with mental subscale was 0.79. These results all
exceeded the Nunally threshold (i.e.>0.70) for internal consistency; however, these values
alone may not be enough to demonstrate an adequate level of internal consistency. The authors
of SF-12v2 recommend the analysis of test-retest reliability as a measure of internal consis-
tency; however, this information was not available to our study and is therefore a limitation in
this paper.

Discussion
The objective of this study was to examine the construct validity of the SF-12v2 in an urban,
multiethnic, homeless population with mental illness. The SEM analysis showed that the mea-
surement properties of the original SF-12v2 model proposed by Ware et al. [30] only had a
mediocre fit with our empirical data in the context of a two-factor measurement model with
uncorrelated latent factors where all 12 item were cross-loaded onto both factors (i.e. model 1).
Based on recent work on the factor structure of SF-12 described before, by adding in a) corre-
lated latent factors, b) specific forced zero-loadings, c) covariation of errors in the items from

Table 6. SF-12 items bymean visual analogue scale score, ANOVA, and test of linear trend results.

SF-12 items Mean VAS-physical (Std. error) N ANOVA F-ratio (p-value) Linear trend F-ratio (p-value)

Limitation to moderate activities 50.01 (.000) 97.82 (.000)

Yes, limited a lot 43.82 (3.82) 70

Yes, Limited a little 53.86 (2.65) 152

No, not limited 69.43 (1.49) 352

Pain interfere with work 30.88 (.000) 116.88 (.000)

Not at all 75.33 (1.87) 173

A little bit 64.80 (2.45) 114

Moderately 59.05 (2.99) 106

Quite a bit 55.74 (2.97) 110

Extremely 40.58 (4.10) 71

Mean VAS-mental (Std. error) N F-ratio (ANOVA p-value) Linear trend F-ratio (p-value)

Social functioning limitation 46.95 (.000) 186.14 (.000)

All of the time 38.76 (3.08) 104

Most of the time 44.93 (2.15) 138

Some of the time 59.44 (2.62) 148

A little of the time 67.26 (3.54) 62

None of the time 76.25 (3.05) 122

doi:10.1371/journal.pone.0148856.t006
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the same subscale, and d) cross-loading of the GH item, we demonstrate that the original
model for SF-12v2 can be significantly improved upon (i.e. model 4). Studies from the US and
several European countries indicate that the GH item/subscale may cross-load to both compo-
nents suggesting its mixed factor content [53, 54]. A strong correlation between the PCS and
MCS measures (in models 2, 3, and 4) implies that physical and mental health should not be
considered independently in the population of homeless people with mental illness. A strong
correlation between the PCS and MCS measures was also shown in previous studies with vari-
ous clinical populations [7, 8, 31]. This link between physical and mental health is not surpris-
ing, given that they share common risk factors. For example, sleep disorder is a core symptom
of depression [55] and a risk factor for type II diabetes and cardiovascular diseases [56]. In a
review of clinical populations [57], depressive symptoms is associated with increased poor
health habits (e.g. smoking, over eating, and sedentary lifestyle), and increased morbidity and
mortality from illnesses such as diabetes and heart disease. While these findings may have
implications for SF-12v2 scoring and lead to other research questions regarding scoring meth-
odology, e.g. comparing the validity of the standard scoring method verses scoring based on an
alternative factor structure, this is beyond the scope of our study and similar work has been
undertaken by other researchers [31]. We used the original scoring method to assess whether
the application of SF-12v2 based upon an orthogonal scoring method could be recommended
for a homeless population with mental illness, and also to maintain comparability with many
older studies. However, we should note that our CFA models contribute to the growing evi-
dence [6–8, 31, 42, 43] that suggests the scoring of SF-12v2 based on an oblique configuration
may yield greater fit with empirical data compared to the standard proposed scoring based on
an orthogonal configuration.

The convergent validity of the SF-12v2 scores was supported by moderate to strong associa-
tions between 1) the SF-12 physical health summary score (PCS) and the physical dimensions
of the EQ-5D (i.e. mobility, self-care, usual activity, and pain/discomfort); 2) the PCS and the
VAS-physical; 3) the SF-12 mental health summary score (MCS) and the VAS-mental health,
and 4) the MCS and CSI score for mental illness symptoms. Discriminant validity was demon-
strated through relatively weaker associations between the physical health scale of the SF-12v2
and mental scales of other measures and the mental health scale of the SF-12v2 and physical
health scales of other instruments.

Given that some wording on the SF-12v2 referred to household chores, recreation, and visit-
ing others (which may incur travel costs), we were concerned these items may not be appropri-
ate for a homeless population. However, item level tests show significant linear trend between
these items and their corresponding VAS (i.e. pain and moderate activities with the physical-
VAS, and social functioning with the mental-VAS). This is evidence to support the ability for
these items to predict physical and mental health in a homeless population with mental illness,
despite our initial trepidation with the item wording.

While it was expected that respondents who reported any health problems on the EQ-5D
would have significantly lower PCS and MCS scores for each dimension compared to those
with no reported health problems, this was not the case for MCS and mobility. There were no
significant differences in MCS scores across the 2 levels of mobility. These finding differed
from a previous comparative analysis of the SF-12 and the EQ-5D for a general population in
Canada [58], where both the PCS and MCS scores were consistently highest (i.e., better health
and mental health) for groups who reported no problems (i.e. level 1) for all EQ-5D dimen-
sions. However, as no previous comparisons between the SF-12 and EQ-5D exist for the
homeless population with mental illness, the observed discrepancy may reflect a systematic dif-
ference between the study’s target population and the general population. Further research is
needed to investigate this issue.
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One limitation of this study is that our investigation did not include calculations of test-
retest reliability, which is recommended by the authors’ of SF-12v2 [59]. While the SF-12v2
was re-administered in our randomized-controlled trial, the mean interval between the two
tests was 6 months, and significant life-changes may have occurred in that period given the
precarious nature of being homeless. Thus a decision was made to not calculate the test-retest
reliability since any changes may be a result of changes in life circumstances rather than an
indication of the extent that the instrument is able to produce stable and consistent results over
time.

Conclusions
While the results of this study generally support the construct validity of the SF-12v2 as a mea-
sure of generic physical and mental health status for an urban, multiethnic, homeless popula-
tion with mental illness, it is important to point out certain caveats. The factor structure of the
SF-12v2 original model (in the orthogonal configuration with 12 cross-loaded items) only had
a mediocre fit with our empirical data, and can be improved to an excellent fit by specifying a)
correlated latent factors, b) specific forced zero-loadings, c) covariation of errors in the items
from the same subscale, and d) cross-loading of the GH item. The mediocre fit of the original
model suggests that the standard scoring most commonly used may not be optimized to detect
the level of generic physical and mental health status, and alternative scoring strategies should
be considered to improve the performance of the SF-12v2 for homeless people with mental ill-
ness. Future research should examine the validity of the scores obtained through the standard
method verses scores based on an alternative factor structure (e.g. obtained through CFA) for
this population.

The SF-12 v.2 represents health status through a 12-item questionnaire, and its simplicity
and ease of administration make the instrument an ideal measure for researchers working with
urban, hard-to-reach, and vulnerable populations. Our study demonstrates for the first time
that the SF-12 v.2 is generally an appropriate instrument to measure functional health and
well-being of the homeless population with mental illness.
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