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Abstract

Aim This observational study explores how clinically relevant comorbidities affect health-related quality of life (HRQoL)
in individuals with psychological distress (PD), focusing on the number, types, and patterns of comorbidities to improve
patient care and outcomes.

Subject and methods We utilized unit record data for individuals with PD from the Household, Income, and Labor Dynamics
in Australia (HILDA) survey. HRQoL, expressed as the health state utility score (HSU), was assessed via the Short-Form
Six-Dimension (SF-6D) health survey derived from the 36-Item Short Form Survey (SF-36) and calculated using an Austral-
ian scoring algorithm. Multimorbidity was defined as the presence of two or more chronic conditions. A linear mixed model
(LMM) was used to assess the impact of comorbidities on HRQoL in individuals with PD, and additional LMM regressions
were performed to examine differences based on comorbidity type and pattern.

Results The final sample included 26,991 observations (mean age 40.75 years; 58.25% female). Among individuals with
PD, 31.36% had at least one comorbidity, with cardiovascular disease the most common (14.09%). The most prevalent
pattern was ‘cardiovascular + musculoskeletal’ (9.43%). Higher numbers of comorbidities significantly worsened HRQoL,
from —0.01 (95% CI —0.03, 0.01) for one comorbidity to —0.06 (95% CI —0.08, —0.03) for five comorbidities. Cancer had
the greatest impact (—0.02; 95% CI —0.03, —0.02), while patterns involving cardiovascular and cancer or metabolic with
multiple conditions reduced HSU by —0.03 (95% CI —0.05, —0.01) to —0.05 (95% CI —0.08, —0.02).

Conclusions The types and patterns of comorbidities significantly impact HRQoL, even with a consistent comorbidity count.
Early detection and treatment of these conditions can enhance HRQoL in individuals with PD.

Keywords Psychological distress - Health-related quality of life - Comorbidities - Health state utilities - Linear mixed
model
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Comorbidity, defined as the simultaneous presence of
two or more health conditions in an individual, significantly
affects health, healthcare use, and related costs (Zulman
et al. 2014), and has been found to be significantly associ-
ated with a decrease in overall quality of life (Butterly et al.
2023) and health-related quality of life (HRQoL) (Chen et al.
2015; Haagsma et al. 2011; Havens et al. 2017; Keramat
et al. 2024; Lo et al. 2021; Poblador-Plou et al. 2014; Shih
et al. 2006; Sundh et al. 2015; Zhao et al. 2022). Further-
more, treatments proven in clinical trials to enhance quality
of life are prescribed less frequently to people with multi-
morbidity than to those without comorbidities (Smith et al.
2018). The effective and resource-efficient long-term man-
agement of multimorbidity is among the most significant
health challenges confronting patients, healthcare providers,
and society (McPhail 2016).

People with PD are more likely to have comorbidities,
as previous studies have shown strong associations between
PD and many diseases, including arthritis (Shih et al. 2006),
cardiovascular disease (Garcia et al. 2024; Serrano Jr et al.
2011), epilepsy (Layne et al. 2009; Strine et al. 2005), diabe-
tes (Egede and Dismuke 2012; Schmitz et al. 2008), asthma
(Dunlop et al. 2004), and cancer (Banks et al. 2010), which
could correlate with a reduction in HRQoL, suggesting that
comorbidities should be taken into account when develop-
ing strategies to manage PD. However, the impact of overall
comorbidity burden on HRQoL in PD individuals remains
poorly understood.

To our knowledge, no study has examined the role of
comorbidities in determining the HRQoL of individuals with
PD. Previous studies focused on the role of comorbidities
in determining the HRQoL of individuals with other medi-
cal conditions, including pulmonary fibrosis (Zheng et al.
2023), arthritis (Havens et al. 2017), multiple sclerosis (Lo
et al. 2021; Warren et al. 2009), major depressive disor-
der (Mittal et al. 2006), chronic obstructive pulmonary dis-
ease (Huber et al. 2015), asthma (Chen et al. 2015), severe
chronic obstructive pulmonary disease (Sundh et al. 2015),
chronic medical conditions (Butterly et al. 2023), demen-
tia (Poblador-Plou et al. 2014), mental disorders (McGrath
et al. 2020), and coronary heart disease (Vynckier et al.
2023). This study aims to offer an overview of contempo-
rary changes in HRQoL concerning the comorbidity burden
among Australian adults with PD via longitudinal data from
a nationally representative survey—the Household, Income
and Labour Dynamics in Australia (HILDA).

This study is important for several reasons. First, clinical
practice guidelines often lack comprehensive coverage of
multiple concurrent conditions. Constructing care plans for
patients with multiple chronic conditions based on a sin-
gle-disease paradigm may be not only impractical but also
potentially harmful (Wyatt et al. 2014). Therefore, there is
potential for a major improvement in HRQoL through the
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prevention and optimal management of comorbidities. Sec-
ond, identifying comorbidity groups and individual comor-
bidities that have a substantial impact on HRQoL aids in
the targeting, prevention, and optimal treatment of individu-
als with PD. Third, neglecting to account for comorbidities
limits the applicability of the burden of disease concept in
multimorbid populations. The potential for overestimating
gains from healthcare interventions becomes significant
when a substantial number of patients contend with addi-
tional conditions (McPhail 2016). Finally, the incorporation
of patterns as potential predictors of the HRQoL of individu-
als with PD can be embedded into risk stratification tools
to increase their effectiveness, which may assist clinicians
in reducing the functional and social impact of the disease
by enhancing their assessment and clinical decision-making
processes (Soh et al. 2011).

Methods
Data source and sample selection

This study utilizes information gathered from the extensive
nationwide HILDA survey in Australia which commenced in
2001. This survey collects data on various aspects, including
family dynamics, health, financial status, income, employ-
ment trends, and education levels, from over 17,000 Aus-
tralians aged 15 or above. This information is collected
through a mix of face-to-face interviews and self-completed
questionnaire (SCQ) (Watson and Wooden 2021). HRQoL,
comorbidities, and PD were collected in the SCQ part,
achieving approximately 90% wave-on-wave response, com-
parable to other large longitudinal surveys in the USA and
Europe (Summerfield et al. 2011). A detailed description
of the HILDA survey sample design, survey response rates,
and attrition rates was published elsewhere (Summerfield
et al. 2023).

We used data from waves 9 (baseline), 13 (follow-up
T1), 17 (follow-up T2), and 21 (follow-up T3) (collected in
2009, 2013, 2017, and 2021, respectively) since informa-
tion on chronic diseases was only available in these waves.
Participants were included if they met the following criteria:
(i) aged 15 years and older; (ii) completed all four waves;
(iii) had valid information regarding chronic diseases and
outcome variable. These inclusion criteria yielded a panel
of 26,991 observations. Figure 1 describes the sample selec-
tion procedure.

Outcome variable
The primary outcome variable was HRQoL, a widely used

multidimensional concept for assessing an individual’s
health status, primarily encompassing physical and mental
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Entire HILDA cohort (wave 9, 13, 17, 21)

Observations=130,388

Having no psychological distress

Identified with psychological distress

Observations= 41,545

Observations=88,843

Data not available on chronic diseases

Reported data on chronic diseases

Observations= 33,782

Observations= 7,763

Missing observations= 6,791

Final analytical sample

Observations: 26,991

Fig. 1 Participant flow into the analytical sample and missing data

health. HRQoL is recognized as a vital core outcome in
research on comorbidity (Smith et al. 2018). HRQoL is
expressed as health state utilities (HSUs) derived from the
Short-Form Six-Dimension (SF-6D) health survey, a widely
utilized multi-attribute utility instrument (MAUI) derived
from the 36-Item Short Form Survey (SF-36). The SF-36
was administered across all waves of the HILDA survey.
The validity of the SF-36 data from the HILDA survey has
been tested and reported elsewhere (Kharroubi et al. 2007).
We valued HSUs using Norman et al.’s (2013) algorithm
developed for the Australian population. These weights vary
from 0.29 to 1.00, where 1.00 represents ‘full health’.

Measurement of comorbidities

Comorbidity was the main exposure variable in this study.
Self-reported data from participants were utilized to assess
the primary exposure variable based on the informa-
tion derived from the survey question asking participants
whether they had been ‘diagnosed with a serious illness’.
The participants were presented with a showcard contain-
ing a list of 11 conditions to choose from. These conditions
included hypertension, heart disease, type 1 diabetes, type
2 diabetes, chronic bronchitis/emphysema, cancer, asthma,
arthritis/osteoporosis, anxiety/depression, other mental

health conditions, and circulatory disease. Based on the
respondents’ answers regarding critical health conditions,
five types of comorbidities were derived: (1) metabolic
group (type 1 diabetes, type 2 diabetes); (2) cardiovascular
group (heart disease, hypertension, high blood pressure); (3)
respiratory group (asthma, chronic bronchitis, emphysema);
(4) musculoskeletal group (arthritis/osteoporosis); and (5)
cancer. Each participant’s total number of comorbidities was
computed to classify them into one of five groups: those
with 0, 1, 2, 3, 4 or more than 4 comorbidities.

Estimation strategy

The analysis commenced by summarizing the characteristics
of the study sample, employing frequencies, means, and/
or percentages. Student’s 7 tests and chi-squared tests were
used where appropriate to compare the differences in char-
acteristics, including age, sex, and number of comorbidi-
ties, between survey responders and nonresponders. In linear
regression models, baseline HRQoL was modelled while
accounting for factors including age, sex (compared with the
reference group of females), and number of comorbidities
(adjusted per additional comorbidity).

Our hypothesis posited that the presence of multimor-
bidity would have a detrimental effect on the HRQoL
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of individuals with PD. To test this hypothesis, we first
employed a linear mixed model (LMM) to explore the rela-
tionship between HRQoL and the number of comorbidities
among participants. Our model incorporates both fixed and
random effects to capture population-level patterns and indi-
vidual-specific variations. Fixed effects address consistent
trends across the population, while random effects account
for unique, individual deviations not explained by these
broader trends. This combined approach allows for a more
precise and comprehensive understanding of both shared and
individual influences on the outcome. Our data, like any
real-world longitudinal dataset, contained missing values
due to dropouts or non-responses. Linear mixed models are
particularly effective in handling such issues (Lee and Shang
2022) without requiring imputations (Gabrio et al. 2022) and
are effective in preventing false-positive associations caused
by the sample structure in studies involving humans (Kang
et al. 2010; Yu et al. 2006; Zhao et al. 2007). Furthermore,
LMMs can increase the power of the test at a reasonable
computational cost (Yang et al. 2014). We estimated the fol-
lowing three equations to analyse the effect of comorbidity
counts (Eq. 1), comorbidity types (Eq. 2), and comorbidity
patterns (Eq. 3) on HRQoL.

HRQoL;, = B, + p,CC;, + p3D; + +€;,, (1)
HRQoL;, = B, + p,CT,;, + p;D; + +¢;,, )
HRQoL;, = p + p,CP;, + B3D; + ¢, 3)

where HRQoL, the primary outcome variable, is the health-
related quality of life of individual i at multiple times ;
€;, represents unobservable determinants of HRQoL; CC,
CT, and CP represent comorbidity counts, types, and pat-
terns, respectively; and D encompasses the age and sex of
the respondent. The parameters of the model (the p values)
are commonly referred to as fixed effects. The error term in
all equations has two components,

€ =7+ 6 @

where y ~ i.i.d.(0, ‘75) is an individual-specific component
that captures time-invariant unobserved component factors,
and 5, ~ N(0,62) is an individual-specific time-varying
component of the error term which captures the impact of
other unobserved variables that can potentially affect the
HRQoL of the individual.

Initially, we assessed the association between HRQoL
and the total number of comorbidities, classifying partici-
pants into five groups according to their number of comor-
bidities: 0, 1, 2, 3, and 4 or more. We adjusted the models for
age and sex, refraining from overadjustment for other covari-
ates, as the LMM can overcome the effects of missing data
encountered in the analysis. Furthermore, these models are
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increasingly used to obtain longitudinal outcomes (Gabrio
et al. 2022), as they can be tailored according to data fea-
tures and their results are easily reproducible. Additionally,
the LMM can produce robust estimates from non-normally
distributed data, and this method has been found to work
well in small sample sizes (Verbeke et al. 1997). In LMMs,
parameter estimation is obtained by maximizing the likeli-
hood of the full data (Patterson and Thompson 1971), which
is analogous to classical linear models. Furthermore, tradi-
tional regression models may become implausible with a
large number of confounders and more difficult to interpret
when there are many covariates (Shi et al. 2024). It is a
myth that all the confounders can be statistically adjusted,
and overadjustment can potentially amplify bias and affect
precision (Brookhart et al. 2006; Pearl 2011; Sainani 2011).
Next, we compiled a comprehensive list of all potential
combinations of comorbidities, ranging from one to four
coexisting health conditions. Specifically, we identified five
options for one comorbidity, 10 options for two comorbidities,
10 options for three comorbidities, and five options for four
comorbidities (for the frequency distribution of comorbidity
combinations of individuals with PD and those without, see
supplementary material Table S1), implying that participants
with the same number of health conditions can differ greatly
in terms of their disease profiles. To ensure sufficient statisti-
cal power, all comorbidity combinations with a sample size of
less than 15 individuals were excluded from the analysis. Next,
we determined the frequency distribution of participants with
each unique combination. Given that participants with the same
comorbidity count may exhibit diverse comorbidity types or
combinations, we further investigated the nature and extent of
any such impacts. Our key aim was to evaluate whether indi-
viduals with alternative comorbidity types/combinations, but an
identical comorbidity count differed in terms of their HRQoL.
We therefore conducted separate LMM regressions for each
category (i.e., one, two, three, and four) of comorbidity combi-
nations to identify potential variations in HRQoL based on the
specific combination of diseases, even when the total comorbid-
ity count remained consistent across groups. All analyses were
performed using STATA for Windows (version 17.0).

Results

The demographic and health-related characteristics of the
participants included in this study are described in Table 1
(for further details on the frequencies by number of comor-
bidities in the full sample and PD group, see supplementary
material Table S2 and Table S3; for further details on the
frequencies by health condition in the PD group, see supple-
mentary material Table S4). The mean age of the respond-
ents with PD was 40.70 years. Most of the respondents
were in the 25-44-year age group (36.47%). Approximately
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Table 1 Demographic and health-related characteristics of partici-
pants with psychological distress and those without

No psychological Psychological P-value
distress group distress group
(K10 score 10-19) (K10 score
20-50)
Characteristics (n = 88,843) (n=126,991)
Average age (years) 46.84 40.75 < 0.01
Sex
Male % (n) 48.25 (42,865) 41.75 (11,269)
Female % (n) 51.75 (45,978) 58.25 (15,722) < 0.01
Age group (years), % (n)
15-24 14.48 (12,865) 23.79 (6422)
24-44 32.29 (28,684) 36.47 (9844)
45-64 32.81(29,147) 27.86 (7520)
65+ 20.43 (18,147) 11.87 (3205) <0.01
Number of comorbidities, % (1)
0 0.57 (502) 0.34 (93)
1 12.89 (11,448) 15.16 (4091)
2 5.45 (4842) 9.23 (2490)
3 1.8 (1599) 4.43 (1196)
>4 0.48 (427) 1.77 (479)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) < 0.01
Type of comorbidities
Metabolic (Me) group, % (n)
No 18.42 (16,361) 28.23 (7620)
Yes 2.86 (2540) 3.47 (936)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) < 0.01
Cardiovascular (Ca) group, % (n)
No 7.23 (6424) 17.61 (4754)
Yes 14.04 (12,477) 14.09 (3802)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) <0.01
Respiratory (Re) group, % (1)
No 15.94 (14,163) 22.16 (5981)
Yes 5.33 (4738) 9.54 (2575)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) <0.01
Musculoskeletal (Mu) group, % (1)
No 12.85(11,419) 22.27 (6012)
Yes 8.42 (7482) 9.43 (2544)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) <0.01
Cancer (Can), % (n)
No 20.9 (18,568) 27.8 (7503)
Yes 0.37 (333) 3.9 (1053)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) < 0.01
Comorbidity pattern
CaMu
No 12.85 (11,419) 22.27 (6012)
Yes 8.42 (7482) 9.43 (2544)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) < 0.01

Table 1 (continued)

No psychological Psychological P-value
distress group distress group
(K10 score 10-19) (K10 score
20-50)
Characteristics (n = 88,843) (n=126,991)
CaRe
No 19.24 (17,091) 27.88 (7525)
Yes 2.04 (1810) 3.82(1031)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) < 0.01
ReMu
No 19.87 (17,651) 28.81 (7776)
Yes 1.41 (1250) 2.89 (780)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) <0.01
MeCa
No 19.37 (17,209) 29.34 (7919)
Yes 1.9 (1692) 2.36 (637)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) < 0.01
MeMu
No 20.26 (18,002) 30.23 (8160)
Yes 1.01 (899) 1.47 (396)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) < 0.01
MeCaRe
No 20.98 (18,638) 30.98 (8362)
Yes 0.3 (263) 0.72 (194)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) < 0.01
MeReMu
No 21.07 (18,721) 31.18 (8417)
Yes 0.2 (180) 0.51 (139)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) < 0.01
CaReCan
No 21.25 (18,878) 31.17 (8414)
Yes 0.03 (23) 0.53 (142)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) <0.01
CaReMuCan
No 21.26 (18,885) 31.29 (8445)
Yes 0.02 (16) 041 (111)
Not asked 28.16 (25,017) 20.31 (5481)
Missing 50.57 (44,925) 47.99 (12,954) < 0.01

K10: Kessler psychological distress score. Me (metabolic); Ca (car-
diovascular); Re (respiratory); Mu (musculoskeletal); Can (cancer);
CaMu (cardiovascular + musculoskeletal); CaRe (cardiovascular
+respiratory); ReMu (respiratory + musculoskeletal); MeCaRe (met-
abolic +cardiovascular +respiratory); MeReMu (metabolic +res-
piratory +musculoskeletal); CaReCan (cardiovascular + respiratory
+cancer); CaReMuCan (cardiovascular + respiratory +musculoskel-
etal + cancer)
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31.36% of the respondents with PD had at least one
comorbidity, with cardiovascular being the most common
(14.09%). Among the comorbidity patterns, ‘cardiovascular
+ musculoskeletal” (CaMu) was the most prevalent (9.43%).

Table 2 shows the linear mixed model estimates of the
impact of the comorbidity count on the HSU. The adjusted
difference in the HSU between participants with zero and
one comorbidity was neither statistically significant nor clin-
ically meaningful. However, individuals with two comorbid-
ities experienced statistically significant and clinically mean-
ingful decreases in the HSU [—0.03 (95% CI —0.05, —0.01)]
compared with those without comorbidities. Compared with
those without any comorbidities, participants diagnosed with
three or more comorbidities presented the most significant
reduction in the mean HSU, with a decrease of —0.04 units
(95% CI —0.06, —0.02). This reduction is both clinically
significant and statistically noteworthy. Figure 2 shows the

consistent and significant decrease in the HSU as the number
of comorbidities increases to eight.

In Table 3, the age- and sex-adjusted LMM estimates of
the impact of different types and patterns of comorbidities
on the HSU under four schemes of comorbidities (one, two,
three, and four comorbidities) are provided. Overall, the
results revealed HSU differences across individuals with the
same number of comorbidities. Among the combinations of
two comorbidities, ‘cardiovascular + cancer’ was associated
with the largest reduction in the HSU [-0.03 (95% CI —0.05,
—0.01)]. Among the combinations of three and four comor-
bidities, ‘cardiovascular +respiratory +cancer’ and ‘cardio-
vascular +respiratory + musculoskeletal +cancer’ were asso-
ciated with the greatest reductions in the HSU [—0.05 (95%
CI —-0.08, —0.02) and —0.04 (95% CI —0.06, —0.02), respec-
tively]. The results were similar for the ‘metabolic + cardio-
vascular +musculoskeletal 4+ cancer’ pattern of comorbidities.

Table 2 Linear mixed model
estimates adjusted for age

Classification 1

Classification 2 Classification 3

and sex of the impact of Number of comorbidi-

Health state utilities

Health state utilities Health state utilities

Reference Reference

comorbidity counts on HRQoL ties
0 Reference
1 —0.01 (-0.03, 0.01)
2 —0.03 (—0.05, —0.01)
>3 —0.04 (—0.05, —0.01)
>4 —0.05 (-0.07, —0.03)
>5 —0.06 (—0.08, —0.03)
Age (years)
15-24 Reference
25-44 —-0.02 (-0.02, —0.02)
45-64 —0.06 (-0.06, —0.05)
64+ —-0.10 (-0.10, —0.09)
Sex
Male Reference
Female —-0.01 (-0.02, —0.01)
Constant 0.69 (0.67,0.71)

Fig.2 Linear mixed model

~0.03 (~0.05, —0.01)
—0.04 (—0.05, —0.01)
—0.05 (—0.07, —0.03)
—0.03 (—0.05, —0.01)

Reference

—0.02 (-0.02, —-0.02)
—0.06 (=0.06, —0.05)
—0.10 (-0.10, —0.09)

Reference
—-0.01 (=0.02, —0.01)
0.69 (0.67,0.71)

—0.03 (—0.05, —0.01)
—0.04 (—0.05, —0.01)
—0.05 (—0.07, —0.03)

Reference

—0.02 (-0.03, —=0.02)
—0.06 (—0.06, —0.05)
—0.10 (-0.10, —0.09)

Reference
—0.01 (-0.02, —0.01)
0.69 (0.67, 0.71)

Note: Bold values indicate statistically significant estimates (95% CI does not include the null value)

coefficients showing the asso- 0200

ciation between the number of 0,180
comorbidities and health state -0.160
utilities -0.140
-0.120
-0.100
-0.080
-0.060
-0.040

_(’%6

-0.069

-0.047
-(’)—-F‘A‘ ’_IL‘

Mean (95% CI HSUs)

-0.020 -?_»‘E‘S
0.000 .
0.020
0.040

0.060
0.080

Two Three Four Five Six Seven Eight

Number of Comorbidities
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Discussion

We report the impact of the number, type, and pattern of
comorbidities on HRQoL in individuals with PD in Aus-
tralia. This study significantly contributes to filling a sub-
stantial evidence gap by examining the role of comorbidities
in determining HRQoL in individuals with PD via longitudi-
nal data from the HILDA survey, a nationally representative
survey. Earlier studies focused mostly on the role of comor-
bidities in other medical conditions, whereas this study
focused on PD. Results revealed that the type and pattern
of comorbidities create differences in HRQoL even when
the number of comorbidities is the same. The knowledge
gained from this study is essential to enhancing patient care
and applying a more tailored approach in the management
of PD patients.

Our finding that 31.36% of the respondents with PD had
at least one comorbidity is consistent with national esti-
mates, highlighting that 47% of Australians experienced
at least one chronic condition in 2020-2021 (ABS 2022),
reinforcing the validity of the multimorbidity data in the
HILDA survey. Our main estimates derived from the LMM
showing the adverse impact of comorbidities on HRQoL
are consistent with previous findings (Keramat et al. 2024).
These findings not only are significant but also hold prac-
tical significance. Previous findings derived from broader
populations and other medical conditions showing an inverse
association between multimorbidity and HRQoL align with
the results of this study (Fortin et al. 2006; Hunger et al.
2011; Makovski et al. 2019), suggesting that our findings
can be confidently generalized to PD populations in other
geographic locations as well.

A significant decrease in HRQoL was observed in par-
ticipants as the comorbidity count increased to >4 comor-
bidities, with these individuals experiencing a clinically
significant reduction of up to 0.06 HSUs over 12 years
(2009-2021). We are not aware of any comparable study
on the impact of comorbidities on the HRQoL of individu-
als with PD. However, previous studies have assessed the
comorbidity burden in terms of HRQoL in other medical
conditions and reported the negative impact of comorbidities
on HRQoL with a disease-specific assessment of quality of
life (Barrios et al. 2013). For example, Zhao et al. (2022)
reported a negative impact of the comorbidity count on the
HRQoL of people with osteoarthritis, which is consistent
with the results of our study. Keramat et al. (2024) dem-
onstrated that the presence of multiple chronic conditions
was negatively associated with the HRQoL of Indigenous
Australians. TuSek-Bunc and Petek (2016) reported a lower
HRQoL in patients with coronary heart disease with multi-
ple comorbid chronic conditions. Comorbid conditions led to
low HRQoL scores in people with dementia (Poblador-Plou
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et al. 2014). An increase in the comorbidity score was asso-
ciated with a decrease in the HRQoL of people with asthma
(Chen et al. 2015). These comorbidity-related decreases in
HRQoL in different medical conditions may be because peo-
ple with severe comorbid conditions have more difficulties
with self-care, mobility, and managing their usual activities,
pain, and mood (Nelis et al. 2019).

The most prevalent comorbidity type was cardiovascular
conditions, whereas the most common comorbidity com-
bination associated with a lower HSU was ‘cardiovascular
+ musculoskeletal’. Similar findings were reported by Zhao
et al. (2022) when they studied the impact of comorbidi-
ties on patients with osteoarthritis. These findings may help
researchers conclude that non-cardiovascular and non-mus-
culoskeletal conditions might be comorbidities that offer
the greatest improvement in the HRQoL among individu-
als with PD when optimally managed and prevented. Our
findings also highlight the importance of accounting for
both the number and pattern of comorbidities when assess-
ing HRQoL in individuals with PD. However, some studies
have reported hypertension as the most frequent comorbid
condition (Nelis et al. 2019).

Additionally, our findings indicating that HRQoL among
individuals with PD with the same number of comorbidities
may differ over time are particularly noteworthy. Among
individuals with the same number of comorbidities, the
comorbidity combination ‘cardiovascular +cancer’ signifi-
cantly reduced HRQoL when compared with other combina-
tions, which is in line with the findings of previous studies.
For example, Zhao et al. (2022) reported the largest decline
in HRQoL among patients with osteoarthritis and cardio-
vascular conditions. Similarly, heart failure as a comorbid
condition was found to be a strong predictor of HRQoL in a
study by TuSek-Bunc and Petek (2016).

Defining meaningful thresholds of change in an out-
come measurement instrument is essential to ensuring that
observed differences accurately reflect patient-relevant
improvements (Klukowska et al. 2024). In this study, the
threshold for a minimum clinically important difference
(MCID) ranges from a 0.03- to 0.05-point reduction in
HSUs. This threshold is supported by several empirical stud-
ies examining the impact of various health conditions on
HRQoL across different populations using multi-attribute
utility instruments such as the SF-6D. For example, in a
study of an Indigenous population in Australia, MCIDs of
0.03 and 0.08 were used as a benchmark for a single and
multiple chronic conditions, respectively (Keramat et al.
2024). Similarly, an MCID of 0.05 was used as a reference
point for insomnia comorbidity in Australian adults (Le
et al. 2024). For the US population, a cutoff value of 0.03
was reported for obesity with comorbidities as an MCID
(Le and Delevry 2021). In a study examining the impact
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of comorbidities on HRQoL in patients with rheumatoid
arthritis, an MCID of 0.007 per additional comorbidity was
applied (Gaujoux-Viala et al. 2014).

Our study bridges an important evidence gap by exam-
ining the impact of number, type, and combinations of
comorbidities on HRQoL of individuals with PD in Aus-
tralia. Some combinations of comorbidities were more
influential in reducing HRQoL than other clusters requiring
urgent health interventions. Therefore, to improve HRQoL in
individuals with PD, tailored and more holistic approaches
are needed to better manage more impactful combinations
of comorbidities such as ‘cardiovascular 4 cancer’ in the
two-comorbidity group. Integrated screening and detection
programmes aimed at assessing the combined risk of cardio-
vascular and cancer along with targeted interventions such
as the establishment of specialized ‘cardiovascular + cancer’
outpatient clinics could be useful. Further, more resources
may be allocated to provide subsidized preventive care for
this high-risk cluster.

In the presence of comorbidity, patient care complex-
ity increases due to the more frequent and longer medical
appointments than those without multimorbidity (RACGP
2023), requiring coordination across various organs of the
health system. In Australia, the coordinated care for peo-
ple living with morbidity is supported by programmes such
as Medicare-subsidized chronic disease management ser-
vices, medication reviews, and the ‘MyMedicare’ model. In
2022-2023, 152,000 medication review services were pro-
vided (Services Australia 2023), and 4.1 million Australian
benefited from multidisciplinary care through a general prac-
titioner chronic disease management plan (AIHW 2024).
The state and tertiary governments could further enhance the
capacity and efficiency of these programmes by providing
additional funding and following voluntary patient registra-
tion model.

The key strength and innovation of this study is that it is
the first to provide age- and sex-adjusted estimates of the
burden of the number, type, and pattern of comorbidities
among Australian adults experiencing PD. Second, the anal-
yses utilized nationally representative longitudinal data with
a response rate on par with many international surveys and
with a sufficient number of respondents experiencing PD,
enabling the tracking of individuals over time and producing
estimates generalizable to other populations as well. Third,
our estimates are derived from an LMM, which has been
increasingly used to obtain longitudinal outcomes (Gabrio
et al. 2022), as this type of model can be tailored according
to data features, and the results are easily reproduced. These
models incorporate both fixed effects (the factors assumed to
have consistent impacts across patients) and random effects
(the factors expected to vary significantly between patients)
and are best suited to accommodate unbalanced data patterns

even when the missing values are not completely random
(Detry and Ma 2016).

Nonetheless, some limitations should be taken into
consideration. First, though our applied LMM accounts
for missing data, their efficacy in handling missingness in
exposure variable is not reliable. This may bias our results.
Second, the data lacked the granularity needed for a more
detailed refinement of the comorbidity measures, such as
incorporating information on disease awareness, disease
duration, and treatment adherence. Additionally, several
other comorbidities, such as chronic kidney disease and
neurological disorders, can affect HRQoL; however, these
conditions are not covered by the HILDA survey, which lim-
its the scope of our analysis and may not fully capture the
overall burden of comorbidities on HRQoL in individuals
with PD. Third, we acknowledge that our reliance on patient
self-reports of comorbidities may introduce misclassifica-
tion bias, as study participants may underreport or overre-
port their health conditions due to several factors including
personality traits, contextual information, beliefs, and event
reappraisal (Levine et al. 2001; Robinson and Clore 2002;
Safer et al. 2002). Recall bias is also a concern, as partici-
pants may have difficulty accurately recalling past events
(Ben-Zeev et al. 2009; Wirtz et al. 2003) such as the onset
or progression of certain health conditions. This is especially
relevant for mild or subclinical diseases, which may not have
been diagnosed or may not have exhibited prominent symp-
toms at the time of reporting (e.g., early-stage hypertension,
mild cognitive impairment, or subclinical diabetes). These
sources of bias may therefore have resulted in an underesti-
mation of the prevalence and impact of these health condi-
tions in our study. However, while self-reported data collec-
tion is subject to recall bias, it remains a common approach
for collecting data in medical research (Althubaiti 2016).
Furthermore, despite our relatively large sample size, some
higher-order comorbidities (e.g., ‘metabolic + respiratory
+ musculoskeletal +cancer’ and ‘metabolic + cardiovascu-
lar +respiratory + musculoskeletal + cancer’) were under-
represented, leading to inflated confidence intervals and
potentially unstable estimates, hence limiting the reliability
of our conclusions in such cases. Consequently, results from
comorbidity combinations with fewer than 30 participants
should be interpreted with caution. The HRQoL impacts of
comorbidities by PD severity were not assessed in this study
due to sample size constraints. However, future work will
address this when larger datasets and sample sizes are avail-
able. Moreover, we did not have data on disease severity or
duration, which limited our ability to account for the severity
or recency of diagnoses in our study. Even if such data had
been available, the aforementioned sample size constraints
would have hindered our ability to meaningfully assess these
aspects with the current dataset. To validate our findings
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and shed light on these issues, future studies with larger
sample sizes with granular information are needed. Finally,
the possibility of reverse causation and other possible biases
cannot be ruled out, although the LMM used here accounts
for various possible sources of confounding.

Conclusions

The relationships between HRQoL, measured as the
health state utility, and the number, type, and pattern of
comorbidities underscore the intricate nature of health sta-
tus. This study indicates that comorbidities significantly
increase the risk of poor health in individuals with psy-
chological distress, underscoring the need for enhanced
support and intervention in care provision and planning.
As individuals experience an increase in comorbidities,
their HRQoL often decreases. Thus, managing and pre-
venting comorbid conditions is crucial not only for physi-
cal well-being but also for overall life satisfaction. Age-
and sex-adjusted differences in HRQoL among individuals
with the same number of comorbidities add another layer
of complexity. These disparities highlight the multifac-
eted nature of health-related outcomes. Care providers
often concentrate on individual conditions, but this study
emphasizes the need for improved care planning and the
organization of care to address multiple conditions in an
integrated manner. To address morbidity effectively and
efficiently, PD healthcare should be integrated with physi-
cal healthcare. Prioritizing multimorbid intervention strat-
egies, rather than adhering to a single-disease approach,
should be a key objective in research and clinical practice
to increase the HRQoL of PD patients.
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