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Abstract

The factorial structure of the Kessler Psychological Distress Scale 10-item (K10) and
6-item (K6) has been explored, with conflicting findings across studies. Bifactor model-
ling has been applied to the K10, but not to the K6, which is commonly used in clinical
and research settings; hence, exploring its dimensionality can demonstrate the utility of its
subscales. The aim was to determine, using confirmatory factor analyses (CFA), whether
the bifactor model of K6 is a suitable representation of psychological distress among a
community-dwelling sample of adults living with severe and persistent mental illness.
Randomised controlled trial participants (n=335) completed the K6 at baseline (median
score =9/24). CFA of the various models were conducted with diagonally weighted least
squares, mean and variance adjusted. The unidimensional model was rejected. The fit
statistics for the correlated model and the higher-order model were identical and demon-
strated comparative fit index and Tucker-Lewis index within range; however, the RMSEA
values were outside the target. In the correlated model, the correlation between the factors
was very high. The bifactor model had the best fit for the data. Inspection of the reliabil-
ity indices from the bifactor model showed that the way participants responded to the K6
items was far more influenced by a general psychological distress factor compared with
anxiety and depression factors. Tests of measurement invariance showed that participants
interpreted K6 items consistently between genders but not between younger vs older age
groups. Further research across larger, diverse populations should explore the suitability of
suggested instrument modifications.
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Background

Psychological distress is a state of being which is characterised by the presence of an
assortment of non-specific psychological and physical signs and symptoms (Dohrenwend
et al., 1980). High levels of psychological distress may be indicative of poor mental health
and are often associated with mental illnesses including anxiety and depressive disorders
(Dohrenwend et al., 1980; Viertio et al., 2021). A number of scales have been developed
to measure psychological distress, and such scales have been implemented in both point-
of-care and widespread epidemiological surveys (Kessler et al., 2002; Viertio et al., 2021).

The Kessler Psychological Distress Scale is widely used to measure psychological distress
among the general population, as well as among targeted patient populations. There are two
validated forms of the Kessler Psychological Distress Scale, namely the 10-item K10 and
the six-item K6 (Kessler et al., 2002). The K10 and K6 have been extensively evaluated
demonstrating their sound psychometric properties across a broad range of populations
(Bougie et al., 2016; Kessler et al., 2002; Sampasa-Kanyinga et al., 2018; Sunderland et al.,
2012; Umucu et al., 2021). The use of the Kessler scale is routinely recommended for
screening for the risk of non-specific psychological distress in primary care. The K6 is also
recommended for use as a secondary outcome measure in clinical studies, given its ability
to “sensitively measure the severity of non-specific distress in the range likely to be found in
clinical samples” (Kessler et al., 2002). The application of the six-item K6 is representative
of a recent trend whereby mental health researchers have tried to develop shorter versions
of validated measurement instruments in an attempt to reduce the time needed to complete
questionnaires and minimise survey burden (El-Den et al., 2018). Despite the brevity of the
K10 which is estimated to take less than 3 min to complete, the K6 is even briefer and is
estimated to take less than 2 min to complete (Kessler et al., 2002).

Dimensionality of the Kessler Psychological Distress Scales

In the original validation of K10 and K6 scales, psychometric evidence demonstrated,
using exploratory factor analyses and item response theory (IRT) models, that both scales
measured a unidimensional construct referred to as non-specific psychological distress
(Kessler et al., 2002). Since then, the K10 and K6 tools have undergone extensive psycho-
metric testing using confirmatory factor analyses (CFA). In two-dimensional factor ana-
Iytic models of K10 and K6, items probing anxiety and depression are modelled on two
separate factors. Therefore, the question has arisen as to whether these tools are measuring
general psychological distress which is distinct from feelings of depression and anxiety.
For example, a two-dimensional CFA model of K10 demonstrated better model fit com-
pared to the unidimensional model (Sunderland et al., 2012). With regard to K6 which is
the subject of this study, fit statistics generated with the two-dimensional CFA models are
superior to unidimensional models in a variety of study populations (Bessaha, 2015; Eas-
ton et al., 2017; Ko & Harrington, 2016). A better fit of the two-dimensional model lends
support to the notion that K10 measures depression and anxiety as discrete constructs, and
thus, the question of dimensionality remains important.

Defining the dimensionality of psychological distress may aid in the application of
measurement instruments when screening for and managing psychological distress. In the
context of the Kessler Psychological Distress Scales, exploring dimensionality can demon-
strate whether they are useful, not only as “overall, total screeners” (Lace et al., 2020), but
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potentially also for exploring the effect of the anxiety and depression subscales, in terms of
identifying each illness, specifically.

One approach for exploring whether this measure of psychological distress allows for
the existence of separate anxiety and depression factors is to specify a higher-order CFA
model. In a higher-order model, a psychological distress factor is specified to “cause” or
influence anxiety and depression factors. In a study by Peixoto et al. (2021), such a concep-
tualisation of the K10 had a slightly improved fit over the two-factor approach. However,
also in the study by Peixoto et al. (2021), another specification of K10, namely the bifactor
model, included a psychological distress factor and yielded a superior fit over other models.

Bifactor Models

Confirmatory factor analysis with bifactor modelling is an approach that is increasingly
being used to test the dimensionality of multidimensional constructs in psychological
research (Chen & Zhang, 2018). Comparative tests of competing models which include the
bifactor model can assist researchers in making decisions regarding dimensionality, par-
ticularly for instruments used in the clinical assessment of mental health. For example,
compared with other models, the bifactor model of the Hospital Anxiety and Depression
Scale (HADS) demonstrates superior fit among community samples (Iani et al., 2014),
as well as among specific populations such as patients living with fibromyalgia (Luciano
et al., 2014). Model fit is important; however, reliability indices, which are calculated from
factor loadings, further assist researchers in interpreting the degree of multidimensional-
ity (Rodriguez et al., 2016). Iani et al. (2014) extended the HADS investigation further
by reporting the reliability indices of the general factor, as well as the anxiety and depres-
sion factors arising from a bifactor model. The reliability indices of the general factor were
superior to the reliability indices of the anxiety and depression factors when the effect of
the general factor was partialled out. This leads to the conclusion that HADS provides a
superior measure of overall negative affect than a measure of specific anxiety and depres-
sion dimensions (Iani et al. (2014).

Recent comparative tests of competing models of the K10 demonstrate the suitability
and superiority of the bifactor model over other models among Australian youth (Smout,
2020). Furthermore, Smout (2020) also reported that the bifactor model demonstrated
invariance of the measurement model as a function of gender and age groups. Measurement
invariance implies that dimensionality remains constant between groups. In this regard, the
K10 instrument has the potential to be used in future studies that seek to compare levels of
general psychological distress with variations in these demographic characteristics.

The bifactor model has not been applied to the K6; therefore, the suitability of model-
ling psychological distress as a general factor with K6 has not been previously explored.
Therefore, the dimensionality of the K6 requires further exploration to determine whether
it is appropriate to score psychological distress and/or anxiety and depression separately.
Furthermore, it is yet to be known whether the dimensionality of the K6 remains constant
for different populations with different demographic characteristics.

The Current Study

Hence, the aim of the current study was to examine the factorial structure of the K6, using
CFA, including the bifactor model, among a sample of community-dwelling adults living with
severe and persistent mental illness (SPMI). Specifically, the objectives of this study were to:
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explore the dimensionality of the K6;

determine the extent to which the factorial structure of the most superior model is con-
sistent across groups with respect to gender, age and presence of self-reported moderate/
severe anxiety, moderate/severe depression and multiple mental illnesses.

Methods
Participant Recruitment

People living with SPMI and taking an antipsychotic or mood stabiliser medication on a regu-
lar basis were recruited through community pharmacies participating in the Bridging the Gap
Between Physical and Mental Illness (PharMIbridge) Randomised Controlled Trial (RCT)
between September 2020 and May 2021 (Wheeler et al., 2020). The PharMIbridge RCT
involved 51 randomised community pharmacies across Northern Sydney and Hunter New
England in New South Wales, the Australian Capital Territory, and Regional Victoria, Aus-
tralia. Further details relating to the PharMIbridge RCT are reported in the published protocol
(Wheeler et al., 2020).

Measurement Instrument and Data Collection

The K6 asks respondents to rate how they have been feeling over the past 30 days in response
to six items using a 5-point Likert scale: “none of the time” (0 points), “a little of the time”
(1 point), “some of the time” (2 points), “most of the time” (3 points) and “all of the time” (4
points). Scores are then summed to give a total score out of 24, with higher scores indicating
higher levels of psychological distress (Kessler et al., 2002). There is no universally accepted
“cut-off” score for determining clinical levels of psychological distress or the likely presence
of a mental illness. Previous studies have identified various cut-off points in different popula-
tions (Andersen et al., 2011; Cornelius et al., 2013; Kang et al., 2015; Sakurai et al., 2011).
In an Australian context where this study was conducted, the Australian Bureau of Statistics
states a value of 19 or above out of 30 (approximately 14—15 in the 24-point scoring sys-
tem used in the current study) to be indicative of probable mental illness (Australian Bureau
of Statistics, 2012). Upon their enrolment in the PharMIbridge RCT, consumer participants
completed a baseline survey comprised of multiple validated scales, including the K6, as well
as questions allowing for the collection of demographic data such as self-reported mental ill-
ness diagnoses. Cases with missing or incomplete responses to the baseline survey, at the time
of extracting the data for the current study, were excluded. Age and gender were captured
separately from pharmacy clinical practice software.

Data Analysis

Confirmatory Factor Analyses

CFA of the various models were conducted with diagonally weighted least squares mean
and variance adjusted (WLSMV) to manage the skewness and kurtosis which is evident

in ordinal data with 5 categories of responses (Foldnes & Gronneberg, 2021; Li, 2016).
Model fit was evaluated using the fit indices recommended by Schreiber (2008). The
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absolute fit was evaluated using the ¢?, root mean error of approximation (RMSEA) and
standardised root mean square residual (SRMR) which indicate how well the model fits the
observed data (Hooper et al., 2008). The target was for a non-significant ¢2, for RMSEA to
be <0.06 and for SRMR to be <0.08 (Schreiber, 2008, 2017), but since higher values can
be expected for RMSEA for models with low complexity (low degrees of freedom), higher
values may be tolerated (Kenny et al., 2015). Relative fit indices, including the compara-
tive fit index (CFI) and Tucker-Lewis index (TLI), were also reported (Hooper et al., 2008).
Target cut-off values were >0.95 for both CFI and TLI.

The present study explores the dimensionality of the K6 by specifying alternative mod-
els and comparing these with the original model. One potentially useful model for the K6
is a reflective unidimensional model, with all items loading onto a single factor. An alter-
native model is a correlated model with 4 items loading onto the depression subscale and 2
items loading onto the anxiety subscale. It should be noted that the 2-item anxiety subscale
requires that the loading of the two items be constrained to be equal because of the need
for model identification. A higher-order model in which each of the two dimensions was
specified to be indicators of a higher-order latent construct was also specified, and each of
the loadings on the depression and anxiety dimensions was specified to be equal. A bifactor
model was specified with an additional “general” factor, which influenced each item along
with depression and anxiety dimensions. The dimensions were specified orthogonally (not
correlated).

Reliability of Bifactor Scales

By apportioning the common variance of the general factor with dimensions, it is
possible to determine the extent to which participants’ responses to the K6 are mul-
tidimensional. For that purpose, the following reliability statistics were calculated:
explained common variance (ECV) of the “general” factor; the percentage of uncon-
taminated correlations (PUC) representing the percentage of covariance terms which
only reflect variance from the “general” factor. When ECV is high (>0.70) and PUC
is high (> 0.70), “the relative bias is slight and the common variance can be regarded
as essentially unidimensional” (Rodriguez et al., 2016). If the thresholds for PUC and/
or ECV are not reached, some degree of multidimensionality exists and the degree of
multidimensionality may be informed by internal consistency calculations of the “gen-
eral” and other factors. Omega is used for the “general” factor, and all items are used
to calculate this index of internal consistency. OmegaS is used for specific factors, and
only items loading on that factor are considered. Omega Hierarchical (OmegaH) rep-
resents the percentage of systematic variance in raw total scores that can be attributed
to the individual differences on the “general” factor, and evidence for unidimension-
ality is provided if OmegaH is high (>0.80) (Reise et al., 2013a, 2013b). OmegaHS
is calculated after partitioning out variability attributed to the “general” factor. Reise
et al., (2013a, 2013b) (p. 22) suggest that when PUC is lower than the thresholds, but
when ECV is reasonably high (>0.60) and OmegaH is high (>0.70), “the presence of
some multidimensionality is not severe enough to disqualify the interpretation of the
instrument as primarily unidimensional.” It is also important to consider potential bias
in parameter estimates arising from the use of a bifactor model compared with a uni-
dimensional model, and for this purpose, average relative parameter bias (ARPB) was
calculated. ARPB is the difference between an item’s loading on the unidimensional
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solution and its loading on the general factor (in the bifactor model), divided by its
loading on the general factor. When ARPB is less than 10-15%, bias is acceptable and
poses no concern to the interpretation of the bifactor model (Muthén et al., 1987).

Measurement Invariance

Tests of measurement invariance were performed on the best-fitting model of the K6.
To determine and report the extent to which the factorial structure was consistent
between groups, the guidance of Putnick and Bornstein (2016) was followed. It is rec-
ommended that, as a minimum, between-group comparisons reveal configural invari-
ance. Configural invariance indicates that the items load onto the latent constructs in
the same pattern, regardless of group. This is shown if the configural model is an over-
all good fit for the data (Putnick & Bornstein, 2016). For this purpose, the guidance
established for assessing overall fit using the statistical tests above was used. Putnick
and Bornstein (2016) suggest that if configural invariance is established, tests of met-
ric invariance may be performed. Metric invariance indicates that each item contrib-
utes to the latent construct to a similar degree across groups. That is, the loadings are
constrained to be equal across groups. However, when conducting tests of invariance
on ordinal data using WLSMYV, tests of metric invariance are not available when items
load onto more than one factor, as occurs in a bifactor model.

The next level of invariance is scalar invariance. Scalar invariance means that mean
differences in the latent constructs capture all mean differences in the shared variance of
the items. Scalar invariance is demonstrated with a non-significant y* difference test and
when ACFI<0.01, ARMSEA <0.015 and the ASRMR <0.015 (Putnick & Bornstein,
2016). The categories of variables to be tested in the current study included the age of
participants, which was divided into two age groups at the median. The other categories
of variables that were to be tested included gender (male or female) and self-reported
diagnosis (i.e. moderate/severe anxiety vs no moderate/severe anxiety, moderate/severe
depression vs no moderate/severe depression, and one vs multiple mental illnesses).

While the presence of other self-reported mental illnesses was captured, these will
not be reported in this study and tests of measurement invariance were only conducted
with variation in the number of self-reported mental illnesses and the presence of
self-reported depression or anxiety. The presence of self-reported anxiety and depres-
sion was selected in order to determine whether measurement invariance was present
among samples with variation in these specific conditions. Furthermore, it is not rec-
ommended to conduct measurement invariance on very unbalanced group sizes, as
would have been the case if modelling had been conducted on the presence of mental
illnesses with small sample sizes (Yoon & Lai, 2018).

Results
Demographic Characteristics

A total of 335 consenting participants completed the K6. As can be seen in Table 1,
participants had a mean age of 47.9 years (+13.0 years) and the majority were male
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(52.8%). Participants most commonly self-reported experiencing a moderate/severe
depressive disorder (56.1%), followed by a moderate/severe anxiety disorder (44.5%)
(Table 1). It was common for participants to self-report experiencing multiple illnesses,
whereby the majority of participants (60.3%) self-reported experiencing more than one
mental illness diagnosis, which may have included depression, anxiety and/or other
mental illnesses (e.g. schizophrenia, bipolar disorder). The details relating to other self-
reported mental illness diagnoses are beyond the scope of the current manuscript and
will be reported elsewhere.

Responses to the K6

The median [interquartile range (IQR)] of the total K6 score was 9 [9], ranging from
0 to 24. Table 2 presents a descriptive analysis of participants’ responses to the K6,
whereby the majority of participants answered “a little of the time” for item k1 pertain-
ing to sadness, “some of the time” for item k2 pertaining to nervousness, “some of the
time” for item k3 pertaining to restlessness, “none of the time” for item k4 pertaining to
hopelessness, “some of the time” for item k5 pertaining to effort and “none of the time”
for item k6 pertaining to worthlessness.

Confirmatory Factor Analyses

The suitability to perform CFA was deduced from the absence of multicollinearity in
the data from both samples. Analysis of the item correlation matrix showed no rela-
tionships > 0.90; therefore, multicollinearity was viewed as not problematic (Schreiber,

Table 1 Demographic

characteristics (n=335) Characteristics " %
Gender
Female 150 44.8
Male 177 52.8
Other or not specified 8 2.4
Age, years
Mean (SD) 47.9 (13.0)
Range 18.0-81.7
<45 136 40.6
>45 199 59.4
Number of self-reported mental illnesses
One 133 39.7
Two or more” 202 60.3
Self-reported mental illnesses**
Moderate/severe depression 188 56.1
Moderate/severe anxiety disorder 149 44.5

“Not restricted to moderate/severe depression or anxiety disorder
“Do not add up to 100%, as multiple responses allowed
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Table 2 Descriptive analysis of responses to the K6 (n=335)

Item code  Item wording: During the past Response n (%) Median score
30 days, often did you feel... out of 4 [IQR]
kl So sad nothing could cheer youup  None of the time (0): 88 (26.3%) 1[2]

A little of the time (1): 96 (28.7%)
Some of the time (2): 91 (27.2%)
Most of the time (3): 54 (16.1%)
All of the time (4): 6 (1.8%)
k2 Nervous None of the time (0): 48 (14.3%) 2 (2]
A little of the time (1): 90 (26.9%)
Some of the time (2): 108 (32.2%)
Most of the time (3): 67 (20.0%)
All of the time (4): 22 (6.6%)
k3 Restless or fidgety None of the time (0): 63 (18.8%) 2 (2]
A little of the time (1): 76 (22.7%)
Some of the time (2): 106 (31.6%)
Most of the time (3): 63 (18.8%)
All of the time (4): 27 (8.1%)
k4 Hopeless None of the time (0): 112 (33.4%) 1[2]
A little of the time (1): 65 (19.4%)
Some of the time (2): 79 (23.6%)
Most of the time (3): 55 (16.4%)
All of the time (4): 24 (7.2%)
k5 That everything was an effort None of the time (0): 59 (17.6%) 2[2]
A little of the time (1): 72 (21.5%)
Some of the time (2): 89 (26.6%)
Most of the time (3): 72 (21.5%)
All of the time (4): 43 (12.8%)
k6 Worthless None of the time (0): 115 (34.3%) 1[2]
A little of the time (1): 82 (24.5%)
Some of the time (2): 60 (17.9%)
Most of the time (3): 53 (15.8%)
All of the time (4): 25 (7.5%)

2008). The goodness-of-fit indices for each of the four specified models are presented in
Table 3.

While some of the fit statistics of the unidimensional model (Fig. 1) were within the tar-
get levels, the absolute fit =179, df=9 was significant (»p <0.001) and the RMSEA was
very high=0.238; hence, this model was rejected.

As expected, the fit statistics for the correlated factor model (Fig. 2) and the higher-
order model (Fig. 3) were practically identical.

Compared with the unidimensional model, the two factor (correlated and the higher
order) models had a much-improved fit. The absolute fit for these models *=28.0,
df =9 were, however, significant (p <0.001). The comparative fit indices (CFI and TLI)
were within range, but the RMSEA (0.079) was outside the target. It is not uncommon
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Table 3 Goodness-of-fit indices for K6 using different specifications (n=335)

Specification Chi-square df CFI TLI RMSEA SRMR
Single factor 179 9 <0.001 0.971 0.952 0.238 0.045
Two factor 28.0 9 <0.001 0.997 0.995 0.079 0.019
Higher order 28.0 9 <0.001 0.997 0.995 0.079 0.019
Bifactor 4.89 4 0.29 1.000 0.999 0.026 0.006
Target >0.05 >0.95 >0.95 <0.06 <0.08
k1
k2
873 (.017)
v
755 (.026)
711 (.029)
1.000 (.000)
935 (.011)
( Skl 1
13 (.022)
1907 (.013)
kS
ké6

Fig. 1 Unidimensional model of the K6 (n=335)

for the ¢? to be significant and RMSEA to be high in small models from samples > 300,
so the correlated and higher-order models should not necessarily be ignored. In the
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/ )
881 (.017)
k4
1.000 (.000) 942 (.011)
826 (.022)
T ks
911 (.013)
762 (.031) g
k2
1.000 (.000) 841 (.015)
841 (.015)
k3

Fig.2 Correlated factor model of the K6 (n=335)

correlated factor model, the correlation between the factors was positive and very high
(0.762). In order to specify the higher-order model, the unstandardized factor loadings
on the depression and anxiety factors were fixed to unity for reasons of identification.
For the higher-order model, standardised loadings on the depression and anxiety factors
were positive and very high, being 0.852 and 0.893, respectively. The much-improved
fit of the correlated (and/or higher order) model over the unidimensional model sup-
ports the hypothesis that the K6 has 2 dimensions. The very high associations between
the depression and anxiety factors and the theoretical understanding of the relationship
between these dimensions support the investigation of a bifactor model. The bifactor
model (Fig. 4) clearly had the best fit for the data, with a non-significant ¢* and all fit
statistics within the target range.
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K1
273 (.036) /

881 (.017)
/ _» K
1942 (.011)
826 (.022)
TN kS

853 (.021
(021) 911 (.013)
1.000 (.000)
k6
893 (.020)
841 (.015) 7 k2
841 (.015)
k3
202 (.036)

Fig. 3 Higher-order model of the K6 (n=335)

/ k1
350 (.127) \

prrary \.821 (.053)

1910 (.031)

-.020 (:216) k
304012 4)\ k5 [ 866 (.044)-1.000 (‘ooo)
344 (. Lo
\ 855 (.04/
B . —

.692 (.041
Kk
1528 (.044)
1.000 (.000)
1528 (.044)
—

Fig.4 Bifactor model of the K6 (n=335)

1.000 (.000)

1620 (.044)
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Reliability of Bifactor Scales

The summary statistics for the reliability of the bifactor scales are presented in Table 4.
The ECV value of the general factor was high (0.819), and the overall bias in parameter
estimates was low and acceptable (ARPB =7.5%). However, the PUC value (0.533) did not
exceed the threshold of > 0.7 for “essentially” unidimensionality (Rodriguez et al., 2016).
There was some evidence for unidimensionality since the OmegaH value of the general
factor scale (0.954) was very high, while the OmegaHS values for the depression and anxi-
ety subscales were very low (0.061 and 0.326, respectively).

Measurement Invariance

Since the bifactor model was accepted as the most appropriate model, measurement invari-
ance tests were conducted using this model, and the results are presented in Table 5. Each
of the categories had a similar sample size, whereby n> 100 for all groups. The test of
invariance for gender demonstrated configural invariance as all fit indices were within
the target range. However, while the test of scalar invariance was accepted since the X2
difference test was non-significant, it should be noted that the ARMSEA =0.038 and
ASRMR =0.017 were not within the range. The test of invariance for age (younger vs
older) did not demonstrate configural invariance (RMSEA =0.085). Exploration of the rea-
sons why the factor structure was non-invariant between groups was conducted by per-
forming the CFA for younger and older samples separately. The model fit was good for
the younger group, ¢>=3.97, df=4, p=0.41, CFI=1.000 and RMSEA =0.000. The model
fit was not satisfactory for the older group, ?=12.81, df=4, p=0.012, CFI1=0.996 and
RMSEA =0.123, and modification indices suggested a possible cross-loading between k2
and k6. All other tests of invariance between the self-reported presence of moderate/severe

Table 4 Summary reliability statistics of the bifactor model for the K6 (n=335)

Statistic Abbreviation Statistical
test result

Percentage uncontaminated correlations PUC 0.533

Explained common variance (general factor) ECV 0.819

Average relative parameter bias ARPB 7.5%
Internal consistency

General factor Omega' 0.954

OmegaH? 0.875

Ancxiety factor OmegaS' 0.946

OmegaHS? 0.061

Depression factor OmegaS! 0.831

OmegaHS? 0.326

!Omega is used for the general factor, and all items are used to calculate this index of internal consistency.
OmegasS is used for specific factors, and only items loading on that factor are considered

2OmegaHierarchical (OmegaH) reflects the proportion of variance in raw scores that can be attributed to the
individual differences in the general factor. OmegaHS reflects the proportion of variance of a subscale after
partitioning out variance attributed to the general factor
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depression or not, moderate/severe anxiety or not and multiple mental illnesses or not dem-
onstrated both configural and scalar invariance.

Discussion

This study reports the psychometric testing of the K6 in a population of community-dwell-
ing adults living with SPMI. Previous CFA studies with the K6 have demonstrated support
for both a unidimensional model and multidimensional models. Multidimensional mod-
els of the K6 have included anxiety and depression sub-dimensions. These models have
been specified as a correlated model, and a hierarchical model in which a higher-order
dimension of overall psychological distress “causes” these sub-dimensions. To the authors’
knowledge, this is the first study to report the results of bifactor analyses on the K6. Within
the sample tested in this study, the comparative fit statistics and the reliability statistics
indicate that the bifactor model of the K6 is the superior representation of psychological
distress. The implication is that when interpreting the K6 items, participants are predomi-
nantly influenced by overall psychological distress but also somewhat influenced by more
specific anxiety and depression sub-dimensions. These interpretations are consistent for
both males and females. These results are broadly consistent with recent analyses of the
K10, where bifactor models produced the best fit compared with other models (Peixoto
et al., 2021; Smout, 2020).

Overall, while the modelling provides evidence for a degree of multidimensionality,
the multidimensionality is not severe enough to disqualify the interpretation of the instru-
ment as primarily unidimensional (Reise et al., 2013a, 2013b). This has important impli-
cations for practice and research. The predominance of the general factor in a bifactor
model means that when used in practice, the calculation of a summative score of the K6
items, as per current practice, is likely to be a reasonable estimate of an individual’s level
of psychological distress. In structural equation modelling, the estimation of a K6 factor
score, calculated from loadings on the general factor, would provide sufficient informa-
tion for estimating overall psychological distress and would not lead to significant bias. In
designing analytical plans for estimating the relationship between psychological distress
and other variables, it is therefore recommended that a bifactor model of the K6 be cre-
ated and then causative paths (or correlations) be drawn between the general factor and
other variables. Representation of the K6 in this way allows for a predominance of effect
due to general distress, such as in a unidimensional model, but minimises error that may
have arisen through not accounting for the coexistence of the unique effects of the depres-
sion and anxiety factors. If a unidimensional model of the K6 had been applied to the data
from the present study, for example, in combination with other causative variables, it is
very likely that all models would have been rejected due to the high level of error inherent
within a unidimensional representation of the K6.

The presence of the depression and anxiety factors is needed to minimise error, but
also to represent the way psychological distress appears to influence how participants
respond to a measurement instrument. In the past, when the K6 has been modelled, an
error has been minimised through allowing for the correlation of depression and anxiety
factors or linking the factors through a causative hierarchical model. The hierarchical
models imply that overall psychological distress “causes” depression and anxiety fac-
tors which in turn “cause” the way an individual responds to an item. Regardless, the
representation of depression and anxiety subscales in such models would have meant
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that it was appropriate to calculate separate factor scores for anxiety and depression
factors and treat them separately in subsequent analyses. An example of the challenges
arising from such an approach is evident in a study by Ko and Harrington (2016) which
explored the relationship between psychological stress using K6 and suicide planning
and attempts, whereby the correlated model fit the data better than the unidimensional
model (no bifactor model was explored). Yet, when specified this way in a structural
equation model, the authors reported that the paths between the individual anxiety and
depression factors and the two behaviours lacked concurrent validity. That is, anxi-
ety and depression treated separately did not predict behaviour in an expected manner.
However, despite the fact that a unidimensional model of the K6 had significantly more
error than the correlated model, in a structural equation model, psychological distress
had predictable effects on both behaviours, namely, suicide planning and attempts (Ko
& Harrington, 2016). Key to the appropriateness of attempting a bifactor model in
that study was the observation of a high correlation between the two factors (0.848) in
the correlated model. As noted by the authors, correlations (above 0.85) approached
the threshold of failing tests of discriminant validity. In cases where the threshold is
approached, additional tests of discriminant validity are recommended (Carter, 2016).
An alternative to conducting further tests of discriminant validity when the correlations
between two or more factors are very high is to explore the appropriateness of a bifac-
tor model (Gibbons, 2014). In the current study, even though the observed correlation
of depression and anxiety factors in the correlated model was only 0.762, the bifactor
model was the most appropriate.

Through the application of rigorous tests of measurement invariance using the bifactor
representation of the K6, it was shown that, in this cohort, males and females interpret and
respond to the items in a consistent manner. This is in contrast to the results of measure-
ment invariance testing by age, whereby the least restrictive form, configural invariance,
was not evident. The bifactor model fits the data well for younger adults but not so well
for older adults. Inspection of the modification indices showed that in the older cohort,
items k2 (“nervous”) and k6 (“worthless”) share some otherwise unexplained positive
co-variation (across factors). Further investigation of this possibility is recommended in
future studies with different samples to determine whether this is an artefact or whether
older adults interpret these items differently to younger adults. All other tests of differences
between groups demonstrated scalar invariance. This suggests that the K6 could be suc-
cessfully modelled and scored with a bifactor structure regardless of gender, as well as the
presence of self-reported moderate/severe depression, moderate/severe anxiety or multiple
mental illnesses. Nonetheless, it should be noted that this invariance may have depended
on the presence of a broadly equivalent age distribution across these groups.

The specification of a bifactor model of the K6 is not without limitations. The primary
issue is that in any multidimensional representation of K6, there is a lack of identifica-
tion of the two-item anxiety subscale. It should be reinforced, therefore, that apart from
the unidimensional model, which was rejected due to poor fit, all other models constrain
items k2 and k3 to be equal. This is a very restrictive model, yet the model fit statistics
show this to be a reasonable representation of dimensionality. A possible solution to this
could be to create a modified K6 where one of the depression items in the present K6 is
substituted with a third item loading on the anxiety subscale, potentially derived from the
K10. This would generate a balance of depression and anxiety items. Alternatively, a sec-
ond option could be to retain the existing K6 and add an additional item from the K10 to
the anxiety subscale, creating a 7-item version of the scale. This approach avoids the need
to remove items from the existing K6 and would have a limited impact on brevity. Further

@ Springer



International Journal of Mental Health and Addiction (2024) 22:2210-2228 2225

sampling and analyses across diverse populations are required to explore the suitability of
these potential instrument modifications.

This study is the first to apply bifactor modelling to the K6, demonstrating the
suitability of this model in this population sample. However, findings should be
considered in the context of potential limitations. Given the low prevalence of SPMI in
the Australian adult population (in 2015, 1.1% were “estimated to be affected by a severe
and persistent mental illness that requires ongoing services” (Whiteford et al., 2016)),
the sample size in this study was relatively large. Nonetheless, it is important to note that
the study involved a convenience sample derived from a larger RCT, and the sample size
was determined by factors other than psychometric considerations, including pragmatic
convenience sampling. In general, CFA requires sample sizes of >200; however, many
factors influence sample size requirements and samples as small as 60 can be appropriate
for well-fitting and simple CFA models (Kyriazos, 2018). Good model fit and high factor
loadings (Bessaha, 2015; Easton et al., 2017; Ko & Harrington, 2016), consistent with
the current study, generally reduce sample size requirements, while the low number of
items loading on a single factor (on the 2-dimensional model) may increase sample size
requirements (Wolf et al., 2013). Therefore, the expected sample size of above 330 was
deemed to be adequate. Sample size requirements for tests of measurement invariance
were also considered suitable because group sizes were> 100 (Putnick & Bornstein,
2016). Nevertheless, further studies with a larger population and among other consumer
populations are needed to determine the generalizability of findings. Finally, this study
contributes to the literature by demonstrating the validity of the bifactor model of the K6
across gender and self-reported mental illness diagnoses, thereby paving the way for future
research in this area.
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