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ARTICLE INFO ABSTRACT

Keywords: Objectives: Nowadays, the number of older people is increasing rapidly, both in absolute figures and as a pro-
Distress portion of the population, which makes the maintenance of psychological well-being among aging population
Older adults imperative. Neuropsychological distress may promote cognitive impairment and impact on the health of older
Ié::}?eory people, which makes accurate assessment of distress an important clinical and research issue. The Kessler Psy-

chological Distress Scale (K-10) is a widely used instrument used to measure individual distress. However, the
ability of K-10 to distinguish between enduring and dynamic distress symptoms, and the generalizability of its
scores, have not been investigated in older populations using appropriate methodology.

Method: Generalizability theory (G-theory) was applied to differentiate enduring and dynamic distress and
examine the reliability of K-10 in a sample of 201 adults (43% males) aged 70 to 90 years old who participated in
Sydney Memory and Ageing Study. The data were collected biennially over ten years.

Results: The K-10 scale showed strong reliability (Ga=0.81, Gr=0.89) in assessing enduring distress and its
assessment scores were generalizable across occasions and older adults. Most of distress symptoms represented
by K-10 items were enduring.

Limitations: Generalizability of these findings may be limited to older adults.

Conclusions: The K-10 appears more suitable to evaluate enduring distress in aging populations over time, which
is important for interventions targeting older adults’ mental health given its scores will likely capture enduring

Enduring and dynamic symptoms
Psychometric measurement

changes in neuropsychological health before and after interventions.

Psychological distress, characterized by intense emotional suffering
often associated with symptoms of depression and anxiety, is notably
present in older individuals, significantly affecting their cognitive
functions and overall well-being (Drapeau et al., 2012; Ridner et al.,
2004; Weissman et al., 2015; Patl and Santos, 2009; Doris et al., 2004;
Voyer et al., 2005). This distress can be transient or enduring, with the
latter being associated with severe health conditions and impaired life
satisfaction, emphasizing the necessity for precise differentiation and
timely interventions (Forrest et al., 2021; Miller et al., 2020; Medvedev
et al., 2017).

The rising global older adult population underscores an urgent need
for integrated health services focused on promoting psychological
health and well-being during aging (World Health Organization, 2022;
Australian Bureau of Statistics, 2022). However, the effective assess-
ment and treatment of psychological distress in older adults is often

hampered by underestimation of symptoms, partly due to societal stig-
matization and clinical misconceptions regarding the natural aging
process (Conner et al., 2010; Nurse Key, 2022; Moult et al., 2020).

To address this, the Kessler Psychological Distress Scale (K-10), a
widely recognized screening tool validated across diverse populations,
has played a critical role in identifying and evaluating levels of psy-
chological distress (Kessler et al., 2002; 2003; Brook et al., 2006; Easton
et al.,, 2017). This scale, with high accuracy in identifying affective
disorders and sound psychometric properties, offers a promising avenue
for detailed psychological assessment (Smout, 2019; Brooks et al.,
2006).

The K-10 has demonstrated remarkable validity, reflected in its ef-
ficacy in predicting symptoms of depression and anxiety across various
studies, showcasing its strong criterion and convergent validity (Lu
et al.,, 2014; McShane et al., 2016; Lace et al., 2019). Its reliability is
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underscored by substantial internal consistency across different versions
and acceptable temporal stability (Kessler et al., 2003; Arnaud et al.,
2010; Easton et al., 2017; Thelin et al., 2017; Merson et al., 2021).
However, current reliability assessments might overlook potential
measurement errors associated with individual items and their in-
teractions over time, pointing to limitations of existing research and
highlighting the necessity for a more nuanced approach to assessing the
K-10's reliability (Medvedev and Siegert 2022; Welsh et al., 2020).

G-theory, developed by Cronbach et al. (1963), offers a compre-
hensive approach to understanding reliability by considering various
sources of variability potentially affecting assessment scores. This theory
goes a step further than classical test theory by accounting for the
different sources of variance and their interactions, facilitating a deeper
understanding of the reliability of psychometric measurements (Vispoel
et al., 2018; Cronbach et al., 1963).

Applying G-theory to the assessment of K-10 promises a detailed
insight into the enduring and dynamic aspects of psychological distress,
delineating between state and trait characteristics captured by the tool
(Arterberry et al., 2014; Paterson et al., 2018; Medvedev and Siegert
2022). This analysis aids in understanding the tool’s capacity to differ-
entiate between transient and persistent symptoms of distress, which is
essential for accurate diagnosis and effective intervention planning
(Medvedev et al., 2017).

This study leverages G-theory to scrutinize the generalizability of K-
10 scores across different occasions, aiming to discern the enduring and
dynamic aspects of psychological distress in older adults using data from
the Sydney Memory and Ageing Study (MAS). The analysis follows a
two-step approach involving a G-study and a p-study, promising a
rigorous assessment of the K-10's efficacy while offering insights into
potential scale modifications to enhance the reliability and precision of
this essential psychometric tool (Shavelson et al., 1989; Medvedev et al.,
2021; Truong et al., 2020).

1. Method
1.1. Participants

In 2005, a comprehensive selection process was initiated to recruit
individuals aged between 70 and 90 years for the Sydney Memory and
Ageing Study (MAS; Sachdev et al., 2010). Initially, a substantial pool of
8914 community-dwelling seniors residing in the Eastern Suburbs of
Sydney, Australia, was identified using the electoral register. This stra-
tegic approach aimed to involve a diverse participant group and foster a
detailed exploration of memory and aging dynamics in the Sydney
populace. To maintain a stringent focus on the study’s objectives, the
research team imposed several prerequisites for participation. Prospec-
tive participants were required to have a proficient understanding of
English to facilitate seamless communication during psychometric as-
sessments and while responding to self-report questionnaires. Addi-
tionally, individuals willing to provide informed consent were
considered for further evaluation.

The exclusion parameters were delineated to omit individuals with a
previously documented dementia diagnosis, those suffering from sig-
nificant psychological or neurological disorders, or individuals battling
progressive malignancy. A critical facet of the selection process involved
assessing participants through the Mini-Mental Statement Examination
(MMSE,; Folstein et al., 1975). A predetermined cutoff score below 24 led
to the exclusion of several participants to ensure a homogeneous group
in terms of cognitive functioning. Moreover, individuals identified with
dementia at the onset of the study were not included in the research
cohort. Following a meticulous selection process governed by the
criteria outlined above, a cohort of 1037 individuals emerged as eligible
participants from the initial pool of 8914 potential candidates. This
robust methodology ensured the assembly of a participant group bearing
relevance and coherence with the study’s focal points, primed for
analytical pursuits exploring variations in K10 scores over time and
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across different items. For an enriched understanding of the recruitment
strategy and an overview of the baseline demographics, readers are
encouraged to refer to the detailed exposition presented in a previously
published work (Sachdev et al., 2010).

For the present study, participants were further excluded if they did
not have data at all five Waves (n = 201) of the study (i.e., baseline to 10-
eyar follow-up). The power analysis was conducted using G*power
software. The current sample (n = 201) was larger than the minimum
required sample size (n = 187) for repeated ANOVA over five times
necessary to achieve the power (1-4) of 0.95 to detect very small effect
size of 0.10 using conventional p-value of 0.05. Baseline demographics
characteristics for the full sample (n = 1037) and current sample (n =
201) are presented in Table 1. It can be seen that demographic charac-
teristics of the full sample and sub-sample are comparable to a high
degree including age, distress, proportion of males and females and
education levels. Although, there was a significant age difference be-
tween the full sample and the study sample, the mean difference was
merely 1.8 years and can be considered as negligible. The CONSORT
diagram in Fig.1 illustrates the number of participants who provided K-
10 data at each of the five occasions including those diagnosed with
dementia. The K-10 scale was not administrated at Wave 5 (8-year
follow-up), though it was available at Wave 6 (10-year follow-up); thus,
participants for the current sample were required to have K-10 data at
Waves 1, 2, 3, 4, and 6. All participants provided informed consent, and
ethical approval for the study was obtained from the University of New
South Wales Human Ethics Review Committee (HC 05,037, 089,382,
14,327).

2. Measures

The K-10 (Kessler et al., 2003) is a well validated scale used to
measure psychological distress. The scale includes ten questions
describing key symptoms of distress (e.g., did you feel so nervous that
nothing could calm you down?). In the current sample, the K-10
demonstrated strong internal consistency with both Cronbach’s Alpha
and McDonald’s Omega ranging from 0.81- 0.84 across all five assess-
ment occasions. For the K-10, participants respond to each question
using five response categories ranging from 1 to 5 (None of time =1, A
little of time=2, Some of the time=3, Most of the time=4, All the
time=5). The total score is calculated by summing individual item
scores. K-10 scores can be interpreted as follows (Kessler et al., 2003):
10-19 unlikely unwell, 20-24 prospectively to have a mild distress,
25-29 prospectively to have a moderate distress and 30-50 prospec-
tively to have a severe distress.

Table 1
Sample demographics including full sample and G-study sub-sample.
Demographic characteristics Original sample n G-study p-
=1037 sample value
n =201
Age: Mean (SD) 78.84 (4.84) 77.02 (4.39) <.01"
Sex
Male 465(44.8%) 86(43.0%) .59"
Female 572(55.2%) 115(57.0%)
Education 82"
Primary School 26 5
Incomplete High School 411 73
Completed High School 142 27
Incomplete Tertiary 35 11
Completed Tertiary 311 65
Incomplete High School + 57 10
Certificate/Diploma
Complete High School + 55 10
Certificate/Diploma
Distress K-10 scores: Mean (SD) 13.40 (3.62) 12.84(2.99) .05"
Note:
? t-test.
b x2_test.
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Baseline
n = 1037 healthy participants

Occasion 1 (Wave 1)
Completed K-10 n = 1008 (97.2%)
Diagnosis of Dementia n =0

Occasion 2 (Wave 2)
Completed K-10 1 = 858 (82.7%)
Diagnosis of Dementia n = 22

Occasion 3 (Wave 3)
Completed K-10 n = 609 (60.7%)
Diagnosis of Dementia n = 33

l

Occasion 4 (Wave 4)
Completed K-10 n =671 (64.7%)
Diagnosis of Dementia n = 59

I

Wave 5
Completed K-10 7 =0 (0%)

l

Wave 6/Occasion 5
Completed K-10 n =201 (19%)
Diagnosis of Dementia: n = 68

Excluded

(K-10 not administered)

Fig. 1. CONSORT diagram including the number of participants who
completed the K-10 at five Waves/Occasions respectively, and the number of
diagnosed with dementia at each occasion.

3. Data analyses

In addressing missing data in the K10 scores, which was below
0.01%, we utilized a person mean substitution method, separately
applying it for each wave to prevent any alteration in the temporal
patterns evident in the data. This method was chosen due to the negli-
gible amount of missing data, pertaining to between 1 and 5 individuals
across different waves, with none having more than 5 missing scores out
of 10. Importantly, supplementary analyses employing different strate-
gies for handling missing data affirmed the robustness of our results,
demonstrating no significant differences compared to the findings ach-
ieved through mean substitution. This strategy, thereby, assures the
reliability and validity of the outcomes presented, providing a firm
grounding for the analytical narrative drawn from the dataset (Huis-
man, 2000).

Descriptive data was analyzed using the IBM SPSS 28 software and
involved repeated measures ANOVA to compute and analyze the overall
distress scores over time. The reliability of the scale scores was
computed including internal consistency and test-retest. G-theory ana-
lyses were conducted by applying EduG6.1-e software (Swiss Society for
Research in Education Working Group, 2006). Both the G-study and
p-study investigated true variance of Person (P) as an object of assess-
ment with two crossed facets: by I (Item) and by O (occasion); this
equation can be represented as P x I x O (Cardinet et al., 2011).
Therefore, the generalizability of K-10 scores was examined across the
sample population (P) and occasions (O), which were defined as infinite
facets, and across I (Item) facets, which were fixed (Forrest et al., al.,
2021).

Fig. 2 is an illustration of the variance components: person (P), item
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o

Fig. 2. Illustration of variance (8%) sources and their interactions for person by
item by occasion measurement (P x I x O) design.

(D), occasion (O), and their interactions. Dynamic distress (i.e., their
state) depends on both a person’s predisposition to experience distress
(i.e., their trait) and current circumstances that may trigger distress, and
is commonly defined as variance due to an interaction between person
and occasion (P x O). The interaction between person and item (P x I)
indicates potential error variance due to different understandings of the
same questions by different people. The interaction between item and
occasion (I x O) represents the error variance of the assessment occa-
sions on how people understand scale items. The interaction among
person, item, and occasion (P x I x O) represents the overall error
associated with how a person responds to individual items and the in-
fluence of the occasion on that response. This complex interaction (P x I
x O) is represented by the Ven diagram below (Fig. 2).

G-theory was used to compute the relative G-coefficient (Gr), and
absolute G-coefficient (Ga), which reflect the overall reliability and
generalizability of the K-10 assessment scores in this sample. The
relative-coefficient only accounts for the variance related to the person
(Shavelson et al., 1989), such as the interaction between person and
occasions or person and item. The formulation of Gr according to Sha-
velson et al. (1989) is below:

2

%
Gr=— 2
6, +0;
where oﬁ represents the relative variance related to person defined

2 2
2 _ 2 2 2 . ; i : 2 _ %y %o
as o, = o,;+ 0, + 04; and error variance is defined as o5 = 2+ 2+

fr‘l‘;; where n; is number of scale items, n, = number of occassions. If
the Gr coefficient is >0.80, it describes a strong reliability of the scale in
measuring traits (Chalmers et al., 2021). Ga is similar to the Phi (®)
coefficient and Shavelson et al. (1989) formulated it as follows:

0.2

G,~ ®= P
2 2
o+ o3

Ga calculates both direct and indirect factors such as items and oc-
0_2
P

2 i . .
:‘;j +5 ,:), which influence the absolute

casions (o2A :%+§+%+%+
measurement (Cardinet et al., 2011). A good generalizability is
explained with Ga coefficient > 0.80 and values > 0.70 are considered
adequate (Chalmers et al., al.,2021). The sate component index (SCI)
and trait component index (TCI) were computed in the p-study to
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explain the dynamic and enduring components as developed by (Oleg
et al.,2017):

2 2

[ (3
SCl= 5 TC= 55
O + o, G + o,

The SCI = 0.50 suggests that dynamic and enduring components
have the same proportion; the SCI > 0.60 indicates a valid measure of
dynamic characteristics (P x O), and TCI > 0.60 shows a good validity of
trait measurement (Medvedev et al., al.,2017).

4. Results

The K-10 scores were distributed close to normal with the most
participants unlikely to be unwell (M = 12.84; SD=2.99; Table 3) and
remain well across 5 assessment occasions as illustrated in Fig. 3. There
were no significant differences between mean stress scores across the
first four occasions. However, there was a noticeable increase of stress
between occasions four and five, which was statistically significant as
indicated by repeated measures ANOVA (F (200, 1) =5.72, p = .001 and
subsequent post-hoc test (p = .005). This represents the overall occasion
effect on the full sample as reflected by variance attributed to (O)
occasion in G-theory. It should be noted that the statistically significant
increase of distress at occasion 5 was below the cut-off point for mild
distress.

4.1. G study

Table 2 includes variance components for P (person), O (occasion)
and I (item) and their interactions as estimated by the G-Study. As
shown, the P (person) variance explained 89.0% of the variances in the
data. Therefore, the K-10 scale demonstrated a high reliability (Ga =
0.81, Gr = 0.89) in terms of the generalizability of assessment scores
across the population and across occasions. The P (person) x O (occa-
sion) interaction indicates an individual state or dynamic aspect of stress
which comprised 10.5% of variance in that assessment scores and rep-
resents the largest source of error followed by O (occasion). The occa-
sion explained 8.5% of the variance and reflects significant increase of
the overall stress levels of the sample over time, which was only sig-
nificant between occasions 4 and 5.

Considering the uncertainty surrounding G coefficients is also
important, given the relatively modest sample size of the study. The
Gr=0.89; 95% CI [0.75,1.03] and Ga=0.81; 95% CI [0.63,0.99] reflect
the generalizability of the K-10 assessment scores with 95% confidence
intervals, which indicate the potential range within which the true G-
values may lie. This approach of emphasizing the confidence intervals
aims to confer a robust understanding of the findings while delineating
the associated uncertainty. It facilitates a deeper appreciation of the

15.00

14.00

13.00
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potential fluctuations in the coefficients, offering a window into the
variability that might be expected in a wider population, and hence
should be considered in interpreting the results.

4.2. D-study

The D-study investigated different components of the K-10 (e.g.
items) to optimize its reliability and to evaluate enduring and dynamic
components in individual distress symptoms. Table 3 shows variance
components for each individual item (representing a symptom)
including P (person), O (occasion), P x O (person-occasion interaction),
and TCI, which reflects a proportion of variance associated with
enduring patterns of distress relative to dynamic patterns of distress as
captured by the scale/item representing a symptom. The TCI scores
range from 0.55 to 0.79 which represents a higher proportion of trait
variance compared to state variance, meaning that all individual items
measure enduring distress symptoms to the larger extent. At the same
time, all G coefficients for individual items, with exception of item 5
“How often did you feel restless?”, were above 0.60, which consistently
reflects characteristics of enduring symptoms. To explore whether
modifications to the K-10 improved the reliability of the scale, we
removed items with the lowest TCI (i.e., items 5 & 6), both individually
and together, to determine whether the modified scale improved the
overall reliability of the K-10 compared to the original full-scale version.
Similarly, we examined whether the O (occasion) impacted on the re-
sults, by removing assessment occasions one at a time, though no
noticeable changes in G coefficients were observed.

5. Discussion

In this study, we applied G-theory analyses to explore the reliability
and generalizability of the K-10 scale, assessing the enduring and dy-
namic aspects of psychological distress in an aging population. We
corroborate previous work underscoring the K-10 scale’s validity and
reliability (Berle et al., 2010; Hobbs et al., 2018; Kessler et al., 2002;
Merson et al., 2021), presenting new insights into the distress symptoms’
dynamics in older adults. Our analyses demonstrated high generaliz-
ability of the K-10 assessment scores across populations and assessment
instances (Gr=0.89; Ga=0.81), asserting the scale efficacy in capturing
stable traits of psychological distress. Notably, the person variance
explained a substantial part of the total variance (81%), indicating the
K-10's ability to discern genuine individual differences in distress levels.
While respecting the potential uncertainties indicated by the confidence
intervals associated with the G coefficients, our findings remain sub-
stantial and contribute to the K-10 scale’s robust characterization.
Drawing attention to this uncertainty not only adheres to a rigorous
analytical practice but also fosters a balanced interpretation of the

s
e

Estimated Marginal Means

11.00

10.00

o
}_

3 4 5

Occasion

Fig. 3. Mean stress scores on five occasions including 95% confidence intervals.
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Table 2
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G-study results for the K-10 containing variance estimates including SE (standard errors), G-coefficients (Gr=relative and Ga=absolute) for P (Person) by I (Item) and

by O (Occasion) observation design.

Source of variance Differentiation variance Source of variance

Relative error variance

% relative Absolute error variance % absolute

P 0.038
..... I
..... o
..... PI
..... PO
..... 10
..... PIO

Sum of variances 0.038

Standard deviation 0.195

Gr
Ga

0.89; 95% CI [0.75,1.03]
0.81; 95% CI [0.63,0.99]

..... 89.0 81.0
..... (0.000) 0.0
..... 0.004 8.5
(0.000) 0.0 (0.000) 0.0
0.005 11.0 0.005 10.5
..... (0.000) 0.0
(0.000) 0.0 (0.000) 0.0
0.005 100% 0.009 100%

Relative SE: 0.070

Absolute SE: 0.094

Note: Grand mean =1.30; Absolute variance components in the last column on the right-hand side were computed out of 100%. Numbers in brackets indicate sta-

tistically negligible variance components.

Table 3

p-study results including variance components of P (Person), O (Occasion) and
interaction between Persons and Occasion (P x O), TCI (Trait Component Index)
and Generalizability Coefficient (Gr x Ga) for each item in the K10 scale.

No  Item content P [0} Px0O TCI Gr/a
1 How often did you feel tired 0.089 0.016 0.054 0.62 0.62/
out for no good reason? 0.56
2 How often did you feel 0.062 0.012 0.039 061 0.61/
nervous? 0.55
3 How often did you feel so 0.086 0.021 0.054 0.61 0.61/
nerves that nothing calm you 0.53
down?
4 Howe often did you feel 0.080 0.010 0.037 0.69 0.69/
hopeless? 0.63
5 How often did you feel 0.071  0.021 0.058 0.55 0.55/
restless? 0.47
6 How often did you feel so 0.055 0.010 0.036 0.60 0.60/
restless that nothing calms 0.54
you down?
7 How often did you feel 0.133 0.017 0.050 0.73 0.73/
depressed? 0.66
8 How often did you feel that 0.128  0.007 0.033 0.79 0.79/
everything was an effort? 0.76
9 How often did you feel sosad ~ 0.112  0.021  0.045 0.71  0.71/
that nothing could cheer you 0.63
up?
10  How often did you feel 0.107 0.007 0.036 0.75 0.75/
worthless? 0.71
Scale modifications
Removing Item 5 0.038 0.003 0.005 0.88 0.86/
0.80
Removing Item 6 0.040  0.004 0.005 0.89 0.86/
0.79
Removing Item 5 and 6 0.043 0.004 0.005 090 0.85/
0.79
Removing Occasion 1 0.037 0.004 0.005 0.87 0.87/
0.81
Removing Occasion 2 0.029 0.006 0.005 0.85 0.85/
0.72
Removing Occasion 3 0.037 0.007 0.007 0.84 0.84/
0.73
Removing Occasion 4 0.043 0.003 0.007 0.86 0.86/
0.81
Removing Occasion 5 0.044  0.005 0.007 0.87 0.87/
0.78

results, accommodating potential variations and promoting a trans-
parent, holistic evaluation of the data at hand. Thus, substantial person
variance suggests a predominant presence of enduring distress elements
captured by K-10, consistent with the earlier assessments of the scale’s
psychometric properties.

It is worth noting that distress in older populations can often be
challenging to detect due to various factors including a general tendency

among older adults to underreport psychological distress and the over-
lapping symptoms of distress with other aging-related health issues. This
reality might have influenced the minimal changes noted over time in
the study, where the true dynamics of psychological distress could
potentially be masked or understated. Recognizing this, it is essential to
approach the interpretation of our results with a nuanced understanding
that encompasses the complexity of distress manifestations in older in-
dividuals. Moreover, the substantial proportion of enduring distress
depicted in our findings might, to an extent, reflect the aforementioned
challenge in detecting nuanced shifts in distress levels over time in older
adults.

The D-study further elucidated the enduring nature of specific
symptoms like feelings of worthlessness and fatigue, spotlighting them
as potential focal points for intervention strategies, considering their
high Test-Criterion Index (TCI) values. Contrastingly, items reflecting
“restlessness” exhibited less enduring patterns, proposing a viable entry
point for early interventions. Moreover, our investigation aligns with
findings from studies on similar scales (Miller et al., 2021; Paterson
et al., 2018), affirming the prudence in retaining all original items to
maintain the scale’s reliability. In addition, we found no difference in
G-coefficients when removing one assessment occasion from the ana-
lyses at a time. This indicated that these results cannot be attributed to
specific effects of a particular occasion.

We also noticed a significant uptick in distress scores in the period
between the fourth and fifth occasions, possibly attributed to the
lengthier interval and age-related factors. This observation coincides
with Kumar et al. (2022) and Moult et al. (2020), highlighting a trend of
escalating distress with advancing age, albeit with a potential contri-
bution from a segment of individuals with dementia. Future in-
vestigations might delve deeper into this aspect, exploring the interplay
between psychological disorders and age-related distress dynamics.

5.1. Limitations and future directions

The study bears certain limitations, primarily emanating from the
restricted demographic representation, hinting at a necessity for
broader, more diverse samples to enhance the findings’ applicability
(Picket and Wilkinson, 2010). Additionally, the exclusion criteria, tar-
geting a population with relatively stable mental health histories,
potentially influenced the observed K-10 score stability, suggesting a
venue for future studies encompassing a wider demographic spectrum to
capture more nuanced distress patterns (Medvedev et al., 2017; Pater-
son et al., 2018).

6. Conclusions

To sum up, our research underscores the K-10 scale’s reliability in
gaging enduring psychological distress in older adults, showcasing its
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potential as a tool for evaluating intervention efficacy over time. Future
studies might consider shorter time intervals between assessments to
discern more precisely between dynamic and enduring distress patterns.
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