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Abstract

Background: The Short Form Health Survey (SF-12v2) is an increasingly popular measure of health-related quality
of life (HRQoL) in Singapore. In order to examine whether the SF-12v2 was appropriate for use in the population, the
factor structure and validity of the English, Mandarin, and Malay versions were assessed in a representative sample of
the general population of Singapore.

Methods: 6126 respondents were recruited for the Singapore Mental Health Study 2016 (SMHS 2016), a cross-sec-
tional and population-based survey. Confirmatory factor analyses (CFA) were conducted to examine the fit of a two-
factor model for the SF-12v2 within a representative sample and amongst the different language (English, Mandarin,
Malay) subgroups. Multiple-group CFAs (MGCFA) were conducted to test measurement invariance across the different
languages, ethnicities, and chronic illnesses subgroups. CFA-generated latent factor scores (FSCORE command in
MPIlus) were also compared with the composite scores derived from the developer’s scoring method via correlations.
Sociodemographic correlates of the latent physical and mental health scores were explored.

Results: CFA results within the full sample supported a two-factor model (RMSEA =0.044; CFI=0.991; TLI=0.988;
SRMR =0.044) in which physical functioning, role physical, bodily pain and general health items loaded onto a latent
physical health factor, while role emotional, mental health, social functioning, and vitality items loaded onto a latent
mental health factor. Physical and mental health factors were allowed to correlate, unlike the developer's orthogonal
scoring method. All standardized loadings were high and statistically significant. Both factors had high internal con-
sistency. CFA within subsamples of English, Mandarin, and Malay languages indicated similar findings. MGCFA results
indicate that measurement invariance held across the different languages, ethnicities, and those with and without
chronic illnesses.

Conclusion: The present study identified a two-factor (physical and mental health) structure within the general
population and amongst the three different languages and demonstrated the measurement invariance of SF-12v2
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across different subgroups. Findings indicate that algorithm-derived PCS and MCS should be interpreted with caution
as they may result in inaccurate conclusions regarding the relationships between HRQolL and its correlates. Future
studies using the SF-12v2 within the general population of Singapore should consider utilizing the factor structure
put forth in the present study to obtain more appropriate estimates of HRQoL.

Keywords: SF-12v2, Cross-sectional, Singapore population, Validity, Measurement invariance

Background

Self-reported measures of health-related quality of life
(HRQoL) are important for clinicians and researchers to
monitor and assess health outcomes at the individual and
population levels [3]. They also allow public health poli-
cymakers and planners to determine physical and men-
tal health status across different demographic groups,
evaluate the effectiveness of healthcare, determine the
burden of preventable diseases, injuries, and disabili-
ties, and identify areas for resource allocation. The Short
Form Health Survey-version 2 (SF-12v2) is one example
of a HRQoL measure that assesses physical and mental
health. Developed from a subset of the original SF-36
scale, the SF-12v2 provides a shorter alternative for
researchers to reduce burden of completion in large pop-
ulation health surveys that also replicates the summary
scores of the SF-36 [54]. The scoring method provided by
its developers was based on principle component analy-
sis (PCA) with orthogonal factor rotations and allows
for the 12-items to produce two summary scores: Physi-
cal Component Summary (PCS) and Mental Component
Summary (MCS). This scoring method assumes that
these two summary measures are uncorrelated, and that
every item contributes some variance to both the PCS
and MCS. However, Vilagut et al. [52] state that this scor-
ing method may not optimize the information contained
within the items. Similarly, Jakobsson et al. [19] also cau-
tioned against using the scoring algorithm as it assumes
that physical and mental health are uncorrelated, which
can result in misleading conclusions. Although Ware and
Koskinski (2001) state that ‘results based on summary
measures should be thoroughly compared with the SF-36
profile before drawing conclusions; this recommendation
is not possible if the SF-36 was not utilized. The crux of
the issue is that a shorter and simpler battery of questions
that provides the same information can reduce time and
energy spent by both respondents and interviewers, and
decrease the chances of missing data (due to the smaller
number of questions needed to be answered) [39], and
therefore researchers may still opt to utilize the SF-12v2
instead of the SF-36.

Singapore is a multi-ethnic Southeast Asian country of
approximately 4 million residents (citizens and perma-
nent residents) comprising 74.4% Chinese, 13.4% Malays,
and 9.0% Indians, and other ethnic groups (3.2%) [5]. The

SF-12v2 has been utilized for research within Singapore
amongst different populations and samples: patients
with peritoneal dialysis [14, 58], arthritis [17], mental ill-
ness [51], substance and alcohol use disorders [26, 59],
older adults [57], and the general population [28, 47]. It
appears that the usage of the SF-12v2 within Singapore
will continue to increase, and hence there is a need to
examine its factor structure within the general popula-
tion. Researchers in other countries have examined the
factor structure of the SF-12v2 via exploratory factor
analysis or confirmatory factor analysis (CFA) in general
and patient populations [4, 19, 21, 22, 37, 41]. Although
some support the usage of the SF-12v2 composite scores
[21, 37], the factor structures appear to differ across dif-
ferent studies (i.e. item loadings and residuals). In con-
trast, researchers have also put forth evidence that the
interpretation of the composite scores may be limited in
different language versions [19, 22]. The factor structure
of the SF-12v2 within the general population and multi-
ethnic groups has yet to be established within Singapore.
A study by Tan et al. [47] replicated the method by which
the developers generated the SF-12v2, and suggested
that five items of the SF-12v2 should be modified and
replaced due to cultural and language issues faced by Sin-
gaporean respondents.

In order to make valid comparisons between groups
of different characteristics, the measurement model of
a health instrument should be invariant (equal across
groups), indicating that these characteristics that are
unrelated to the measured construct do not affect the
item scores [13]. Essentially, examining the measure-
ment invariance of the SF-12v2 allows researchers to
assess whether the questionnaire measures latent vari-
ables in the same manner for respondents, or meas-
ures them differently for different subpopulations [32].
This is an important step in assessing the psychometric
properties of an instrument as it allows a researcher to
assess whether the observed differences in scores are
contaminated by artifacts of measurement or a lack of
measurement invariance [10]. An instrument with poor
measurement invariance may cause incorrect interpreta-
tions regarding findings from different groups. A grow-
ing number of studies have assessed measurement
invariance of the SF-12v2 across different demographic
groups. For example, Galenkamp et al. [12] examined
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measurement invariance of the SF-12v2 in a multi-ethnic
cohort study in Amsterdam, across age, gender, educa-
tion levels, and ethnic groups. Similarly, a recent study by
Ursenbach et al. [50] explored its measurement invari-
ance across gender and rural/remote dwelling groups
within a sample of caregivers of patients with cognitive
concerns. Although there are other methods for assessing
measurement invariance (e.g. item response theory, mul-
tiple indicator multiple cause modelling), multiple-group
confirmatory factor analyses (CFA) has been the method
of choice due to it being an extension of CFA, and the
ability to conduct it with ordinal/categorical data [38].

The aims of the present study are fourfold: i) to exam-
ine the factor structure of the SF-12v2 within the general
population of Singapore by employing a series of CFAs
in a representative sample, and amongst the three dif-
ferent language groups (English, Mandarin, and Malay),
ii) to assess measurement invariance across the different
language, ethnic (Chinese, Malay, Indian, Others) and
chronic physical condition (none, at least one) groups
via MGCFA; iii) to compare the latent mental and physi-
cal health factor scores generated from the most opti-
mal CFA solution (via FSCORE option in MPLUS) with
algorithm-derived SF-12v2 composite scores via correla-
tions and determine how closely both sets of scores were
correlated with each other, and iv) to explore the sociode-
mographic correlates of the CFA-derived latent factor
scores.

Methods

Study procedure and participants

The present dataset was obtained from the Singapore
Mental Health Study 2016 (SMHS 2016); [45], a popula-
tion based, cross-sectional epidemiological study of resi-
dents in Singapore aged 18 years and above. The SMHS
2016 dataset was based upon a national population reg-
istry database of all citizens and permanent residents
within Singapore. The sample was randomly selected
via disproportionate stratified sampling design accord-
ing to ethnicity (Chinese, Malay, Indian, Others), and age
groups (18-34, 35-49, 50—64, 65 and above). The study
oversampled certain minority populations, such as resi-
dents aged 65 and above, and those of Malay and Indian
ethnicities to ensure sufficient sample size and to improve
the reliability of the parameter estimates for these popu-
lation subgroups. Selected residents in the database were
sent notification letters followed by a personal home
visit by a trained interviewer from a survey research
company to obtain their agreement to participate in the
study. Face-to-face interviews were conducted in either
English, Mandarin, or Malay (the language the respond-
ent was most comfortable with) with those who agreed
to participate. Residents who were incapable of doing an
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interview due to severe physical or mental conditions,
language barriers, institutionalization or hospitalization
at the time of survey, were living outside of the country,
and were unable to be contacted due to incomplete or
incorrect addresses, were excluded from the survey. A
total number of 6126 respondents were interviewed, with
a response rate of 69.5%.

Measures

The Short Form Health Survey version 2 (SF-12v2) is
a 12-item questionnaire that was developed from the
36-item Short Form Health Survey (SF-36), which is a
widely used self-report instrument to assess HRQoL
amongst patient populations [54]. Similar to the SF-36,
the SF-12v2 is a shorter alternative and covers eight sub-
domains: general health (GH), physical functioning (PF),
role physical (RP), bodily pain (BP), vitality (VT), social
functioning (SF), role emotional (RE), and mental health
(MH). Items and their respective codes can be found in
Table 3. The 12-items that comprise these subdomains
are weighted and summarized into two composite sum-
mary scores using a scoring algorithm provided by its
developers—a physical component summary score
(PCS) and a mental component summary score (MCS)
which reflect physical and emotional health-related QOL
respectively. Based on the theoretical test model, the GH,
PF, RP, and BP primarily comprise the PCS, while the
RE, MH, VT, and SF subdomains primarily comprise the
MCS [37, 41]. Both summary scores range from 0 to 100,
with higher scores indicating better HRQoL. The SF-12v2
in the present study was administered in three languages
(English, Mandarin, and Malay) that were licensed and
translated by the developers. The SF-12v2 was admin-
istered via computer-assisted personal interviewing, in
which respondents answered questions posed to them
via interviewers in their preferred language, and their
answers were recorded onto an electronic device. Prior
to the commencement of data collection, cognitive inter-
views and pre-testing were conducted with lay members
of the general public in each of the specified languages
in order to assess whether the different versions were
understood in the manner intended and to identify items
that were misinterpreted. These cognitive interviews
indicated that the language versions of SF-12v2 were
appropriate for use in the population.

Information regarding the chronic physical conditions
of the PWD was collected using a chronic conditions
checklist [1]. Respondents were asked whether they had
any of the following chronic physical conditions: asthma;
diabetes mellitus; hypertension or high blood pressure;
chronic pain (arthritis or rheumatism, back problems
including disc or spine problem, migraine headaches);
cancer; cardiovascular disorders (stroke or major
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paralysis, heart attack, coronary heart disease, angina,
congestive heart failure or other heart disease); ulcer,
chronic inflamed bowel disease, enteritis or colitis; thy-
roid disease, neurological conditions, and chronic lung
disease. Responses to the checklist were then grouped
into two groups: “no chronic physical conditions’, “at
least one chronic physical condition”.

Respondents were asked to rate their perceived overall
physical and mental health via two questions: (i) “How
would you rate your overall physical health” and (ii) “How
would you rate your overall mental health” Each item was
scored on a 5-point Likert scale (1 =excellent, 5=poor),
with higher scores indicating poorer health.

Sociodemographic information such as age, gender,
and ethnicity were also collected.

Statistical analysis

Analysis in the present study were conducted with MPlus
version 8.2 and Stata version 15. All factor analyses and
regression analyses apart from CFAs conducted within
the English, Mandarin, and Malay language subsamples
were weighted using survey weights to account for com-
plex survey design.

Confirmatory factor analyses: factor structure

CFA was utilized to evaluate the factor structure of the
SF-12v2 amongst a nationally representative sample of
Singapore. As the 12-items of the SF-12v2 were meas-
ured on an ordinal scale, a weighted-least-squares with
mean- and variance-adjusted (WLSMYV option in MPlus)
estimation was used to model the polychoric correla-
tion matrix. The following fit indices were utilized to
compare the overall model fit and complexities of the
models: (i) root mean square error of approximation
(RMSEA), (ii) comparative fit index (CFI), (iii) Tucker-
Lewis index (TLI), (iv) Standardized Root Mean Square
Residual (SRMR). Both CFI and TLI values range from 0
to 1, with higher values representing better fit. CFI values
above 0.95 and TLI values above 0.90 are considered to
be of excellent fit [23]. With regards to RMSEA, values
below 0.08 indicate moderate fit, while values of 0.05 or
less indicate close fit to the observed data [18]. Standard-
ized root mean squared residual (SRMR) values were also
evaluated, which indicates acceptable fit when values are
smaller than 0.08, and good fit when values are smaller
than 0.05 [18, 23].

For the full sample, three measurement models
were tested using complex survey data (STRATA and
WEIGHT options in MPlus) to investigate the factor
structure of the SF-12v2. First, a unidimensional model
(Model 1) in which all items were specified to load onto
a single latent factor. Second, a two-factor model (Model
2) based upon the measurement models suggested in
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Okonkwo et al. [37] and Shah et al. [41] within which the
RP, PE, BP and GH items loaded onto a latent physical
health factor, while the RE, VT, MH, and SF items were
loaded onto a mental health factor. Thirdly, a two-factor
model (Model 3) that was similar to that of Model 2, the
difference being that the following residuals of items
were allowed to correlate: (i) PFO2 and PF04, (ii) RP02
and RPO03, (iii) REO2 and RE03, (iv) MHO3 and VT02,
and (v) MHO3 and MHO04. CFAs in previous studies on
the SF-12v2 have allowed for these correlated residu-
als [8, 30, 31, 37, 41, 55]. In both Models 2 and 3, the
latent physical and mental factors were allowed to cor-
relate. Nested model comparisons were conducted to
examine the incremental fit of Model 2 over Model 1,
and Model 3 over Model 2. Chi-square difference tests
(DIFFTEST option in MPlus) with the WLSMV estima-
tion was utilized to examine the statistical significance of
any improvements in fit between the models. After com-
paring the fit indices and results from the nested model
comparisons, the best fitting model was chosen. Internal
consistency was evaluated using composite reliability val-
ues for the best fitting model for the full sample, where
the acceptable level was set at 0.70 [15].

In order to determine whether the factor structure was
consistent across different languages and had accept-
able fit to proceed with a further MGCFA, a subgroup
analysis was conducted. The full sample was split into
three subsamples based on the language the survey was
conducted in: English, Mandarin, and Malay. In each
subsample, Models 2 and 3 were estimated without any
sampling weights. Fit indices and factor solutions of the
two models in each subsample were compared with Chi-
square difference tests (DIFFTEST option in Mplus).

Multiple-group confirmatory factor analyses: measurement
invariance

In order to examine measurement invariance (i.e.
whether relationships between responses to items and
latent constructs were the same across groups), a multi-
ple group CFA was conducted across the three languages
(English, Mandarin, Malay), and four ethnic groups
(Chinese, Malay, Indian, Others), and chronic physi-
cal conditions (None, At least one) using complex sur-
vey data. A series of nested multiple-group CFA models
with increasing parameter constraints were conducted
to test for three hierarchic levels of measurement invari-
ance as per recommendations of extant literature [13,
38]. Firstly, configural invariance was examined in a
model where the factorial structure was invariant across
groups with no equality constraints imposed, relying on
common model fit indices. This assesses whether clus-
tering of items and their respective factors do not vary
across groups. Secondly, metric invariance was tested by
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fitting models where factor loadings on respective items
were constrained to be equal across groups. This exam-
ines whether the magnitude of relationships between
items and factors are equivalent across groups. Third,
scalar invariance was tested by additionally constraining
thresholds to be equal across groups, in order to exam-
ine whether item thresholds were comparable across
groups. Extant literature has recommended the use of
two metrics by which to evaluative model fit: change in
CFI (A CFI) and RMSEA (A RMSEA). These are obtained
by comparing the fit indices between more and less con-
strained models. Following the recommendations of
Rutkowski and Svetina [40] for MGCFA with categori-
cal indicators, a measure can be considered invariant at a
particular level if the A CFI does not decrease by >0.004,
ARMSEA does not increase by>0.05 for metric invari-
ance and>0.01 for scalar invariance. For the MGCFA
examining measurement invariance across language
groups only, item MHO04 was subsumed into four catego-
ries: “All/Most of the time”, “Some of the time”, “A little
of the time” and “None of the time”. This was because no
respondents in the Mandarin language group endorsed
“All of the time” to this item which led to an error when
running the MGCFA on MPlus. Items were not trans-
formed for the other MGCFAs.

Correlation: comparing latent factor scores

with algorithm-generated composite scores

Using the FSCORE command within MPlus physical and
mental health latent factor scores were generated for sub-
sequent analyses. This method of obtaining factor scores
over merely summing scores on respective items allows
for the adjustment for measurement error and therefore
provides better power and measurement reliability [23].
Items GHO1, BP02, MHO03, and VT02 were not reversed
in the CFA model and were thus unreversed in the cal-
culation of latent factor scores. Pearson correlations were
then calculated between the physical and mental health
latent factor scores, and the SF-12v2 algorithm-generated
composite scores in order to determine whether the algo-
rithm-generated scores closely resembled the latent fac-
tor scores.

Linear regression: sociodemographic correlates of physical
and mental health factor scores

Two linear regressions were conducted to explore the
associations between sociodemographic factors, per-
ceived overall physical health, perceived overall mental
health and the latent physical and mental factor scores.
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Results

Sociodemographic characteristics of the sample

A total of 6126 respondents participated in the study.
Weighted and unweighted frequencies regarding soci-
odemographic information of the sample are displayed
in Table 1. Based on weighted frequencies, 50.4% were
female, and 75.7% were of Chinese ethnicity. 75.6% com-
pleted the survey in the English language, while 21.2%
completed the survey in Mandarin, and 3.1% completed
the survey in Malay. Seven (0.11%) participants did not
complete the SF-12v2 and were thus excluded from
analyses. 6 cases (2 English and 4 Malay language) had
missing data on the SF-12v2 and were further excluded
listwise from the analyses. 71.7%, 78.7%, 97.7%, and
94.2% of participants from the Chinese, Malay, Indian,
and Other ethnicity groups respectively, chose English
language for the study.

Confirmatory factor analysis of the full sample

Fit indices for each solution for the full sample and lan-
guage subsamples, as well as DIFFTESTs and change in
fit indices when comparing the models are displayed in
Table 2. The CFA results indicated that Model 1, with all
items loading onto a single latent factor, had a poor over-
all fit to the observed data. Comparatively, Model 2 pro-
vided a decent fit, with the nested comparison revealing
that Model 2 fit significantly better than Model 1. How-
ever, the SRMR and RMSEA values indicate that some
improvements in fit might still be possible. On the other
hand, fit indices of Model 3 indicated excellent fit to the
observed, with nested comparison displaying a signifi-
cantly better fit than compared to Model 2. The standard-
ized factor loadings of Model 3 are presented in Table 3.
The physical and mental health latent factors had high
internal consistency, with composite reliability values of
0.91 and 0.85 respectively.

Confirmatory factor analysis of subgroups by language
The CFA results in the English language subsample
revealed that Model 2 had poor fit to the observed data.
Comparatively, Model 3 had a significantly better fit. In
the Mandarin language subsample, Model 2 was poor in
its ability to represent the data. Based on the nested com-
parison, Model 3 provided a significantly better repre-
sentation of the data. For the Malay language subsample,
Model 2 provided a poor fit to the data as indicated by a
high RMSEA value. Model 3 had a significantly better fit
based on the nested comparison. The standardized load-
ings of Model 3 for each language subsample is displayed
in Table 3.
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Table 1 Sociodemographic characteristics of the sample (n=6126), and crosstabulation of language by ethnicity

Variable Category n Unweighted % Weighted %
Age 1810 34 1707 279 304
35t049 1496 24.4 29.6
50 to 64 1626 265 269
65 and above 1297 212 13.1
Gender Male 3068 50.1 49.6
Female 3058 499 504
Ethnicity Chinese 1782 29.1 757
Malay 1990 325 12.5
Indian 1844 30.1 8.7
Others 510 83 3.1
Language English 4916 80.3 756
Mandarin 557 9.1 212
Malay 646 10.6 3.1
Missing® 7 0.1 0.1
Chronic Physical Conditions None 2552 41.7 46.1
At least one 3562 582 53.7
Missing 12 0.2 0.1
Language, n (weighted %)
English Mandarin Malay Missing
Ethnicity
Chinese 1230 (71.7%) 546 (27.9%) 4(0.2%) 2(0.1%)
Malay 1420 (78.7%) 0 566 (21.2%) 4 (0.1%)
Indian 1782 (97.7%) 0 61 (2.2%) 1(0.04%)
Others 484 (94.2%) 11 (2.6%) 15(3.2%) 0

? Participants in this group did not answer any of the questions on the SF-12v2

Multiple-group confirmatory factor analyses

across language, ethnicity, and chronic condition groups
The factorial structure of Model 3 derived from the
CFA analyses was used to examine measurement invari-
ance across language, ethnicity, and chronic conditions
groups. Results of the model indices for measurement
invariance across these groups are displayed in Table 2,
along with information on the ACFI and ARMSEA when
comparing the configural, metric, and scalar models.
MGCFA demonstrated good data fit for configural invar-
iance across the language, ethnicity and chronic condi-
tions groups, indicating that Model 3 was confirmed
within these subgroups. Furthermore, the addition of
constraints for equal factor loadings (metric invariance)
and item thresholds (scalar invariance) did not result in
poorer model fit as ACFI and ARMSEA did not exceed
their respective thresholds. The findings confirmed con-
figural, metric, and scalar invariance for Model 3.

Correlations between latent factors and component scores
Latent factor scores were generated based upon Model
3 conducted within the full sample. Pearson correlations

were conducted between the latent factor scores and
component scores, with coefficients displayed in Table 4.
The physical health latent score was highly correlated
with the algorithm-scored PCS (r=0.77, p<0.001) and
weakly correlated with MCS (r=0.39, p<0.001). The
mental health latent score was highly correlated with
MCS score (r=0.71, p<0.001) and moderately correlated
with PCS (r=0.52,p <0.001). While the PCS and MCS
scores were weakly correlated as expected due to the
nature of the orthogonal factor structure employed by
its developers, interestingly, this correlation was negative
(r=-0.09, p<0.001). As opposed to the PCS and MCS,
the physical health and mental health latent factors were
strongly correlated with each other (r=0.90, p <0.001).

Correlates of CFA-derived physical and mental health
latent scores

Results of the weighted regression analyses examin-
ing the correlates of physical and mental health latent
scores are presented in Additional file 1. Results indi-
cate that compared to those aged 18 to 34, respondents
who were aged 35 to 49 had higher physical health latent
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Table 3 Standardized factor loadings for the final two factor model (Model 3) for the SF-12v2 amongst total sample,

and subsamples based on questionnaire language

SF-12v2 items Total sample

Subsamples split by language

(n=6113?)
English (n=4914%) Mandarin (n=5572) Malay (n =642%)
Estimate Estimate Estimate Estimate
Latent physical factor
General health (GHOT1) —0.54 —0.58 — 064 —0.55
Limited in moderate activities (PF02) 0.78 0.77 0.73 0.85
Limited in climbing several stairs (PF04) 0.73 0.73 0.68 0.83
Accomplished less due to physical health (RP02) 093 093 093 0.94
Limited in kind of work (RP03) 0.94 0.95 0.90 0.96
Pain interfered with work (BP02) —0.74 —0.73 —0.73 — 081
Latent mental factor
Accomplished less due to emotional problems (RE02) 0.89 0.90 0.91 0.88
Worked less carefully (RE03) 0.89 0.90 0.89 0.88
Felt calm and peaceful (MHO3) — 042 — 047 —0.38 — 049
Have a lot of energy (VT02) —0.56 —0.59 —0.56 —0.65
Felt downhearted and depressed (MHO4) 0.55 0.59 0.45 0.59
Physical/emotional health problems interfered with 0.83 0.84 0.83 0.83
social activities (SF02)
Latent factor correlation
Latent physical factor with latent mental factor 0.80 0.81 085 0.86
Correlated residuals
PFO2 with PF0O4 0.70 0.66 0.66 0.64
RPO2 with RPO3 0.57 0.53 0.57 047
REO2 with REO3 0.75 0.71 0.80 0.89
MHO3 with VT02 0.60 0.59 0.59 046
MHO3 with MH04 — 032 —032 — 034 —0.36

@ After accounting for missing/incomplete data

Table 4 Unweighted correlations between physical and mental health latent factors and SF-12v2 composite scores

Physical health latent

Mental health latent factor Physical component score Mental

factor component
score
Physical health latent factor 1.00
Mental health latent factor 0.90 1.00
Physical component score 0.77 0.52 1.00
Mental component score 0.39 0.71 —0.09 1.00

All pairwise correlations were statistically significant

factor scores (B=0.08, 95% CI: 0.02, 0.14, p =0.01), while
those who were aged 65 and above had lower physical
health latent factor scores (B= — 0.30, 95% CI: — 0.38,
— 0.22, p<0.001). However, there was no significant
difference in scores between those aged 18 to 34 and
those aged 50 to 64 (p=0.921). Pairwise comparisons
also indicated that those aged 65 and above had poorer
physical health than those aged 35 to 49 (B=— 0.38, 95%
CI: — 0.46, — 0.31, p<0.001), and those aged 50 to 64

(B=— 0.31, 95% CI: — 0.39, — 0.23, p<0.001). Females
also had lower physical health latent factor scores (B=—
0.10, 95% CI. — 0.15, — 0.05, p<0.001) than males.
Compared to those of Chinese ethnicity, individuals of
Indian (B=-— 0.10, 95% CI: — 0.15, — 0.05 p<0.001)
and Malay (B=— 0.05, 95% CI: — 0.09, — 0.001, p =
0.047) ethnicit had lower physical health latent factor
scores. Pairwise comparison indicated that Indians had
poorer physical health than Malays (B=— 0.05, 95% CI
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: — 0.10, — 0.003, p=0.04). Results also indicated that
both poorer perceived overall physical health (B=— 0.27,
95% CI: — 0.30, — 0.23 , p<0.001) and poorer perceived
overall mental health (B=— 0.14, 95% CI: — 0.18, — 0.11,
p<0.001) were associated with lower physical health
latent factor scores.

Results revealed that compared to those aged 18 to 34,
individuals aged 35 to 49 (B = 0.18, 95% CI: 0.12, 0.24,
p < 0.001) and 50 to 64 (B = 0.18, 95% CI: 0.12, 0.25, p
< 0.001) had higher mental health latent factors scores.
However, there was no difference between those aged 18
to 34 and those aged 65 and above (p=0.28). Females
were also associated with poorer mental health latent fac-
tor scores (B=— 0.09, 95% CI: — 0.14, — 0.04 , p<0.001).
Compared to those of Chinese ethnicity, Indians had
poorer mental health latent factor scores (B= — 0.06,
95% CI: — 0.10, — 0.01, p=0.02). Poorer perceived over-
all physical health (B=— 0.19, 95% CI: — 0.23, — 0.16,
p<0.001) and poorer perceived overall mental health
(B=—0.20, 95% CIL: — 0.23, — 0.16, p<0.001) were both
associated with lower mental health latent factor scores.

Discussion

Factor structure of the SF-12v2: correlated physical

and mental health factors

The present study is the first to examine the factor struc-
ture of the SF-12v2 within the Singapore resident popu-
lation. Extant literature has identified some limitations
in the scoring algorithm for the SF-12v2. One such limi-
tation appears to arise from the orthogonal rotation uti-
lized in its development, in which summary scores are
forced to be uncorrelated, and this methodology has
been criticized within literature for both the SF-12v2
[7, 19] and SF-36 [46, 49]. Another limitation of the PCS
and MCS is the assumption that all items contribute to
both composite scores and are either positively or nega-
tively weighted. In essence, this means that higher raw
scores on items regarding physical health not only con-
tribute to higher PCS scores, but influence MCS scores
negatively [19]. Due to these negative weights and the
orthogonal factor analysis they are derived from, the cur-
rent algorithm-generated scores may be counterintui-
tive of the underlying raw scores and may present issues
during interpretation [7, 9, 35]. This issue was observed
in the current study as well. Although weak, it appears
that there was a significant negative correlation (— 0.09)
between the algorithm-based composite scores within
the present sample, and this finding therefore questions
the validity of the SF-12v2 summary measures. Further-
more, Maurischat et al. [30] posited that both physi-
cal and mental health measured by the SF-12v2 appear
to not be independent, as the responses on items are
influenced by similar wordings on the questions. Other
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researchers in the field of HRQoL have also suggested
that both physical and mental health are not independent
of one another [29, 36]. This assumption is similarly sup-
ported in the present study, which found a strong inter-
correlation between the latent factors in the final model
(0.90), providing further evidence that both constructs
are strongly and positively related, and is counter to the
algorithm-based scores which were weakly and negatively
correlated. The validity of the factor structure within
the present study was tested by examining models by
Shah et al. [41], Okonkwo et al. [37], and Noor and Aziz
[34], and did not allow for items to cross load on fac-
tors, but allowed for covariance between factors. Based
on the excellent fit of final model in the present data, it
is strongly suggested that allowing for the covariance
between the latent factors would be an improved method
of handling data for the SF-12v2 within the Singaporean
population over the standard scoring algorithms.

Some studies have utilized high correlations between
the physical and mental latent factors derived from a
CFA and the composite scores as evidence to support
to use of the SF-12v2. For example, Okonkwo et al. [37]
found that the physical and latent factors had correlations
of 0.97 and 0.96 with their respective composite scores.
Similarly, Shah et al. [41] found almost perfect correla-
tions between the latent factors and their composite
scores. However, this was not the case with the current
study. Although the association was strong (0.71-0.77),
the latent factor scores were neither perfectly nor close to
perfectly correlated with the composite scores, therefore
providing evidence that the composite scores do not ade-
quately reflect the scores generated from the final CFA
model.

The results of the CFAs within the different language
subgroups also demonstrated that the final model was
a good fit in both the English and Mandarin language
groups and lends further evidence that the original scor-
ing algorithm may not be valid within the Singaporean
population. In studies conducted elsewhere, the factor
structure of the Mandarin and Malay versions corrobo-
rated the present results. For example, a CFA conducted
by Su and Wang [44] on a Mandarin version of the SF-
12v2 with 1000 older adults in China, was similar to the
final model in the present study. Another study utilizing a
similar model, using the Malay version of the SF-12v2 in
a sample of 108 post-partum mothers in Malaysia found
an acceptable fit.

Measurement invariance of the final model

across language, ethnicity, and chronic conditions
Research on cross-cultural perceptions of health has
identified that cultural beliefs or expectations may
lead to differences in the interpretation of items on a
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questionnaire [24]. In a Singapore-based study, Tan
et al. [47] posited that the item MHO04 “During the past
4 weeks, have you felt downhearted and depressed” was
inappropriate for measuring mental health among Singa-
poreans due to it being a taboo topic for fear of discrimi-
nation. The present study disagrees with the suggestions
of Tan et al. [47] to replace items, since the results of the
MGCFA demonstrated that measurement invariance of
the final model held across the different language ver-
sions, as well as the ethnic and chronic conditions sub-
groups. Furthermore, the present study also found a
good fit of the final model across the different language
versions, as well moderate to high loadings of the items
amongst the full sample and across languages. These
results indicate that the items of the SF-12v2 are inter-
preted in the same way across groups, and the underly-
ing factor structure of Model 3 is measured in the same
manner across respondents and subpopulations. There-
fore, the different language versions are appropriate for
use within the Singaporean population. To date, no other
studies appear to have examined measurement invari-
ance of the SF-12v2 within the Singaporean population
across the different language versions. It would be pru-
dent for future studies to replicate the present method-
ology within representative samples and subgroups, in
order to further examine the validity of the SF-12v2.

The present study suggests that US-based norms
should not be utilized when scoring the SF-12. For exam-
ple, researchers in Hong Kong developed population
norms for the Chinese version of the SF-12v2 due to the
difference from US population in scores on physical func-
tioning and vitality [25]. Similarly, studies in New Zea-
land [11] and the Netherlands [33], have established their
own population based norms for the SF-12v2. Applying
US norm weights will result in different emphasis being
placed upon items, and due to cultural differences in the
perception of health, will result in inaccurate estimates
of the underlying raw scores. Norms and weights for the
SF-36 have been already established within the Singapo-
rean population by Sow et al. [43], which was used by Tan
et al. [47] to develop the Singapore version of the SF-12v2
(SG-12). However, given that both the weights and devel-
opment of the SG-12 were not based upon a factor analy-
sis within the Singaporean population, and instead upon
the traditional scoring method in which the two factors
were forced to be uncorrelated, the authors of the present
study argue against its usage. Therefore, the present study
suggests that future studies using the SF-12v2 within the
Singaporean population should avoid using the tradi-
tional scoring method and instead conduct a CFA to gen-
erate latent factor scores.
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Correlates of physical and mental health

within the singaporean population

As expected, poorer health on the items examining
overall physical and mental health were associated with
lower scores on the physical and mental health latent
factor scores. Women were found to have poorer scores
on both physical and mental health. Both physical and
mental HRQoL were poorer in Indian participants than
Chinese. Leow et al. [27] also had similar findings, in
that Indian participants had poorer health scores than
Chinese participants, but only on the PCS. On the other
hand, Thumboo et al. [48] found that Indians had poorer
scores on the SF-36 PCS, and also poorer mental health
on subscales of the SF-36 MCS. The nation-wide and
cross-sectional SMHS 2016 revealed that Indians were
1.3 times more likely than Chinese to have any mental ill-
ness [45]. Furthermore, earlier local research has found
that Indians in Singapore were found to be at higher risk
of cardiovascular risk factors [2] and diabetes (Singapore
Health Promotion [42]. It is plausible that these physical
and mental health risks may explain lower physical and
mental health amongst this ethnic group. Findings also
indicate that Malays had poorer physical health than Chi-
nese. These results suggest that Indians and Malays are
vulnerable ethnic groups that may require further sup-
port in terms of health outcomes.

The older adult group (i.e. above 65 years) appeared to
have poorer physical health than those aged 18 to 34. Per-
haps this may be explained by the presence of chronic ill-
nesses, which tends to increase with age [6], which affect
perceptions of physical HRQoL. With regards to mental
health, participants in the age groups of 34 to 49 and 50
to 64 had better mental HRQoL than those aged 18 to 34.
The role of socioeconomic status on health has been well-
established [56]. It may be possible that these groups are
more financially established, have higher incomes, and
have more access to health services to prevent and treat
illnesses. On the other hand, there was no significant dif-
ference between the older adult group and those younger
than 34 years on the mental health score. This lack of a
difference in mental health score may indicate that both
groups have similarly poorer mental health. In the case of
the older adult group, it is plausible that they have lower
energy and are more susceptible to fatigue due to chronic
health conditions, and thus had lower mental health
latent scores. A recent paper by Subramaniam et al. [45]
found that compared to other age groups, those within
age 18 to 34 had the highest lifetime prevalence of mental
disorders, which may indicate why this group had poorer
scores on the mental health factor.
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Strengths, limitations and avenues for future research

A strength of the present study is that the sample is
nationally representative, and the results are therefore
generalizable to the Singapore resident population. Fur-
thermore, the sample size is more than adequate for
factor analytic procedures, even for the MGCFAs per-
formed. It would also be interesting for future studies to
examine the sensitivity and specificity of the CFA-gener-
ated factor scores and obtain optimal cut-off points for
the detection of certain disorders [52]. Alternative scor-
ing methods such as the RAND-12 yields physical and
mental summary scores based upon oblique factor scores
[16]. This approach further differs from the traditional
scoring method in that it not only does not apply negative
weights, but also, only uses the scores that are presumed
to represent their respective summary measures. Stud-
ies have suggested that the RAND-12 method appears to
perform better than the original SF-12v2 scoring method
at identifying differences in health in certain clinical pop-
ulations [20, 35] due to its oblique factor scores. How-
ever, this method uses US population norms established
in 1998. It would be interesting for a follow-up study to
examine how the RAND-12 scoring method fairs in com-
parison to the traditional SF-12v2 scoring method, and
latent factor scores derived from a CFA.

Conclusion

In conclusion, the present study identified a two-factor
(physical and mental health) factor structure in a rep-
resentative sample and amongst the three different lan-
guages. This study also demonstrated the measurement
invariance of SF-12v2 across different languages, ethnici-
ties, and amongst those with or without chronic physical
conditions in Singapore. The orthogonal scoring algo-
rithm put forth by the developers assumes that physical
and mental health are independent of each other, and
this has been criticized in extant literature. Findings of
the present study indicate that the algorithm-derived
PCS and MCS should be interpreted with caution as they
may result in inaccurate conclusions regarding the rela-
tionships between HRQoL and its correlates. Therefore,
future studies using the SF-12v2 within the general popu-
lation of Singapore should consider utilizing the factor
structure put forth in the present study to obtain more
appropriate estimates of physical and mental health.
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