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Objective: The inverse relationships between chronic disease multimorbidity and
health-related quality of life (HRQoL) have been well-documented in the literature.
However, the mechanism underlying this relationship remains largely unknown.
This is the first study to look into the potential role of functional limitation as a
mediator in the relationship between multimorbidity and HRQoL.

Methods: This study utilized three recent waves of nationally representative
longitudinal Household, Income, and Labor Dynamics in Australia (HILDA) surveys
from 2009 to 2017 (n = 6,814). A panel mediation analysis was performed to
assess the role of functional limitation as a mediator in the relationship between
multimorbidity and HRQoL. The natural direct effect (NDE), indirect effect (NIE),
marginal total effect (MTE), and percentage mediated were used to calculate the
levels of the mediation effect.

Results: This study found that functional limitation is a significant mediator in
the relationship between multimorbidity and HRQoL. In the logistic regression
analysis, the negative impact of multimorbidity on HRQoL was reduced after
functional limitation was included in the regression model. In the panel
mediation analysis, our results suggested that functional limitation mediated
~27.2% (p < 0.05) of the link between multimorbidity and the composite SF-36
score for HRQoL. Functional limitation also mediated the relationship between
the number of chronic conditions and HRQoL for each of the eight SF-36
dimensions, with a proportion mediated ranging from 18.4 to 28.8% (p < 0.05).
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Conclusion: Functional status has a significant impact on HRQoL in multimorbid
patients. Treatment should concentrate on interventions that improve patients’
functioning and mitigate the negative effects of multimorbidity.

chronic disease, multimorbidity, mediation, functional limitation, comorbidity

Introduction

Australians are living longer lives than ever before, but many
are dealing with multiple chronic diseases, resulting in a low health-
related quality of life (1-3). With an aging population and increased
risk factor exposure, the prevalence of multimorbidity, defined as
the coexistence of two or more long-term conditions, is expected to
rise further in Australia (4-7). Recent national studies in Australia
found that the prevalence of non-communicable diseases (NCDs)
was ~ 25% for those aged 50-54, and this percentage increased
to 50% for those aged 70 and above, based on only 12 self-
reported NCDs (8, 9). It is also worth noting that multimorbidity
is highly socioeconomically patterned in Australia, as it is in many
other high-income countries, with lower socioeconomic groups or
aboriginal groups having a higher prevalence of multimorbidity
(10). Multimorbidity imposes heavy costs on the patients, their
families, the healthcare system, and society as a whole (11-14).

Health-related quality of life (HRQoL) is an important health
outcome metric that assesses an individual’s subjective physical
and mental health. HRQoL, according to the WHO definition, is
frequently multifaceted, encompassing both physical and mental
health, and represents individuals’ wellbeing in the context of
their culture and values (15, 16). HRQoL is frequently assessed
in clinical settings and health surveys to track patient wellbeing
and progress toward national health goals (17-20). Poor HRQoL
is associated with increased healthcare utilization, suboptimal
treatment outcomes, and an increased risk of death (19, 21, 22).

Several studies, including high-level systematic reviews, have
suggested that multimorbidity reduces HRQoL (23-25). A number
of long-term health conditions were found to have a negative
impact on HRQoL after controlling for confounding variables (23,
25). Numerous studies have discovered a link between functional
limitation and poor HRQoL, with the risk of poor HRQoL
increasing as functional limitation increases (26-28). However, it
is unclear how much adjusting for functional limitation modifies
or reduces the relationship between multimorbidity and HRQoL.
Multimorbidity appears to be independently associated with poor
HRQoL in the majority of studies reported to date, even after
adjusting for functional limitation, though the magnitude of the
association appears to be less significant when functional limitation
is included in the models (23, 24, 28, 29). Similarly, multimorbidity
does not fully explain the link between functional limitation and
poor HRQoL.

Until now, the complex relationship between multimorbidity,
functional function, and HRQoL has received insufficient attention.
A mediation analysis is a statistical model that looks at the
relationships between two variables and how much they are
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mediated by a third variable (e.g., the mediator). In the current
epidemiological and public health literature, this methodology is
widely used to assess the mechanism by which disease affects
health outcomes. To address this important evidence gap in the
literature, this is the first longitudinal study to investigate the role of
functional limitation in the influence of multimorbidity on HRQoL
using three waves of nationally representative data in Australia.
This study looks specifically at the role of functional limitation as a
mediator in the relationship between multimorbidity and HRQoL
in a population-based sample of Australian adults.

Methods

Sample and data

This study utilized three waves of longitudinal data from Waves
9 (2009), 13 (2013), and 17 (2017) of the Household, Income,
and Labor Dynamics in Australia (HILDA) survey. The HILDA
survey is a nationally representative, household-based panel study
that collects information on the health, wellbeing, socioeconomics,
and labor market dynamics of Australian residents over the course
of their lives. Commenced in 2001, data were collected annually
through interviews with individuals aged 15 years and above from
the selected households. Wave 1 (2001) data were collected from
13,969 individuals, and a sample top-up of 4,009 individuals was
added in wave 11 (2011). A detailed description of the survey
objectives and methods is provided elsewhere (30). In this study,
respondents who participated in all three waves (Waves 9, 13, and
17) are included in the sample and dropped those with any missing
data on covariates, leaving 6,814 respondents.

HRQoL (outcome variable)

HILDA survey contains 36-item short questionnaires deriving
from SF-36 Health Survey, which is a widely used instrument for
assessing HRQoL. SF-36 includes eight dimensions of scale scores
ranging from 0 to 100 (a higher score indicates better health) that
measure physical and mental health: physical functioning (PF), role
physical (RF), bodily pain (BP), general health (GH), vitality (VT),
social functioning (SF), role emotional (RE), and mental health
(MH). The overall health status of the individual was based on
the overall SF-6D score, which is derived from the SF-36. Finally,
these scores were converted to binary variables with a threshold
of 25th percentile as 1 indicating poor health and 0 indicating
better health.
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TABLE 1 Sample characteristics from wave 17 (year 2017).

Number of
individual
respondents (%)
Total 6,814 (100)
Gender Male 3,168 (46.5)
Female 3,646 (53.5)
Age group 15-29 786 (11.5)
30-49 2,337 (34.3)
50-59 1,442 (21.2)
60+ 2,249 (33.0)
Marital status Married/defacto 4,901 (71.9)
Not married 1,913 (28.1)
Indigenous status Non-Indigenous 6,708 (98.4)
Indigenous 106 (1.6)
State New South Wales 1,912 (28.1)
Victoria 1,679 (24.6)
Queensland 1,524 (22.4)
South Australia 600 (8.8)
Western Australia 672 (9.9)
Tasmania 214 (3.1)
Northern Territory 56 (0.8)
Australian Capital 157 (2.3)
Territory
Locality Urban 5,831 (85.6)
Rural 983 (14.4)
SEIFA Highest 1,535 (22.5)
Second highest 1,464 (21.5)
Middle 1,352 (19.8)
Second lowest 1,321 (19.4)
Lowest 1,147 (16.8)
Number of chronic diseases None 3,760 (55.2)
1 1,747 (25.6)
2 814 (12.0)
3+ 493 (7.2)
Functional limitation No 5,405 (79.3)
Yes 1,409 (20.7)

Multimorbidity (exposure variable)

The physical conditions included in HILDA were as
follows:  arthritis/osteoporosis,  asthma, cancer, chronic
bronchitis/emphysema, type 1 diabetes, type 2 diabetes, heart
disease, high blood pressure/hypertension, and any other serious
circulatory condition, depression/anxiety, and “other mental
illnesses.” Respondents who answered affirmatively to the question
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“Have you been told by a doctor or nurse that you have any of these
conditions?” were defined as reporting a health condition. We
counted the number of self-reported health conditions to quantify
the number of physical conditions (0, 1, 2, 3, 4, etc).

Functional limitation (mediator)

The HILDA survey questionnaire inquired about respondents’
functional limitations. Respondents were classified as having
functional limitations if they answered yes to the following
question: “Do you have any long-term condition, impairment or
disability that restricts you in your everyday activities, and has
lasted or is likely to last, for 6 months or more?.”

Covariates

The covariates of this study are as follows: sex (men and
women), age group (18-29, 30-39, and 40-49), marital status
(married/cohabitating and single/separated/divorced/widowed),
geographical region of Australia by state (New South Wales,
South Australia,
Tasmania, Northern Territory, and Australian Capital Territory),

Victoria, Queensland, Western Australia,
and locality (urban and rural). Socioeconomic status was obtained
using the quintile of Socio-Economic Indexes for Areas (SEIFA)
relative to socioeconomic advantage/disadvantage (SEIFA = I:
lowest SES group; SEIFA = 5: highest SES group).

Statistical analysis

We adopted a panel mediation study design to explore the
role of functional limitations (2013) on the relationships between
multimorbidity and HRQoL using three waves of panel datasets.
We performed the analysis following the steps suggested by
Baron and Kenny, which consists of a series of panel data
regression analyses (31). We examined the relationship between
multimorbidity and HRQoL measures; the association between
functional limitation and multimorbidity; and the association
between HRQoL and multimorbidity and functional limitation.
Based on the results, we identified the set of associations that
meet the mediation criteria: (1) The multimorbidity is significantly
associated with the functional limitation; (2) multimorbidity is
significantly associated with HRQoL; (3) functional limitation is
significantly associated with the HRQoL; and (4) the association
between the multimorbidity and HRQoL is attenuated when the
mediator is included in the model. To confirm the mediation
effect, separate mediation models using the Stata paramed program
(32) were adopted for each selected HRQoL measure, including
each dimension of SF-36. The paramed command performs causal
mediation analysis using parametric regression models and is
based on a counterfactual approach. We further reported the
estimated natural direct effect (DE), natural indirect effect (IE),
and marginal total effect (TE) on the odds ratio scale. Percent
mediation was estimated as the ratio of natural logarithms of
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TABLE 2 Sample characteristics against outcome variables from wave 17.

Prevalence of

Mean number of

NCDs Disability (%)
Total 0.74 20.70 24.76
Gender Male 0.72 21.60 2235
Female 0.77 19.90 26.84
Age group 15-29 0.16 8.14 19.85
30-49 0.31 11.71 20.78
50-59 0.70 17.82 23.93
60+ 1.44 36.15 31.13
Marital status Married/defacto 0.71 19.10 21.06
Not married 0.85 24.80 34.20
Indigenous status Non-Indigenous 0.75 20.62 24.54
Indigenous 0.73 24.53 38.68
State New South Wales 0.78 21.53 23.93
Victoria 0.69 17.69 25.13
Queensland 0.75 21.11 25.18
South Australia 0.87 23.96 26.79
Western Australia 0.74 21.84 23.48
Tasmania 0.87 26.17 30.84
Northern territory 0.38 14.29 10.71
Australian capital territory 0.55 14.65 21.02
Locality Urban 0.74 20.10 25.11
Rural 0.78 24.00 22.66
SEIFA Highest 0.56 14.14 18.24
Second highest 0.65 17.35 19.81
Middle 0.74 20.71 25.00
Second lowest 0.84 21.65 28.77
Lowest 1.03 32.43 34.87

the difference between TE and DE divided by TE. Furthermore,
we examined the mediation effect of functional limitation across
different dimensions of HRQoL outcomes by performing the same
analysis on each HRQoL component. All estimates from mediation
analysis were bootstrapped with 500 replications to obtain bias-
corrected 95%CI.

All statistical analyses were performed using Stata 15 Corp.
The panel data mediation analysis was conducted using the Stata
paramed program, and a significance was set at 0.05. All statistical
models were adjusted for the covariates mentioned above.

Results

Table 1 presents the sample characteristics of this study. Of
6,814 participants, 53.5% were women, 71.9 were married/de facto,
and 85.6% were residing in urban areas. In total, 55.2% reported not
having any NCD, while 7.2% reported having three or more NCDs
and 20.7% of the sample reported disability.

Frontiersin Medicine

04

The participants characteristics against key indicators are
presented in Table 2. The mean number of NCDs was 0.74 for
the overall sample. The number of NCDs and the prevalence of
functional limitation were higher among the older age group and
those with lower socioeconomic status. Finally, the proportion of
low HRQoL showed a similar trend with functional limitation.
The prevalence of low HRQoL was 24.8% among the overall
sample. It was higher among people from the lower socioeconomic
area (34.9%). However, women showed a higher prevalence of
low HRQoL (26.8%), while men showed a higher prevalence of
disability (21.6%).

Table 3 shows the descriptive statistics of the HRQoL outcomes
(overall HRQoL as well as the eight individual dimensions). The
table also showed the univariate relationship among the number of
NCDs, functional limitation, and HRQoL outcomes. The analysis
found that having a higher number of NCDs was linked to poorer
HRQoL outcomes, as demonstrated by the lower scores on the
SE-6D (OR = 1.74, p < 0.05) and physical functioning (OR = 2.11,
p < 0.05) scales. Additionally, the second equation revealed a
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TABLE 3 Mediation analysis using the method by Baron and Kenny.

10.3389/fmed.2023.1151310

Equation 1 Equation 2 Equation 3 (include both number of NCDs and
functional limitation in the regression model)
Number of NCDs Number of NCDs Number of NCDs Functional limitation

Overall poor HRQoL 1.74 <0.001 1.52 <0.001 3.70 <0.001

By component of HRQoL

Physical functioning 2.11 <0.001 1.84 <0.001 4.51 <0.001

Role physical 1.74 <0.001 1.51 <0.001 3.85 <0.001
Bodily pain 1.74 <0.001 1.52 <0.001 3.93 <0.001
General health 2.08 <0.001 1.86 <0.001 3.36 <0.001
Vitality 1.64 <0.001 1.47 <0.001 2.75 <0.001
Social function 1.69 <0.001 1.48 <0.001 3.29 <0.001

Role emotion 1.53 <0.001 1.38 <0.001 2.41 <0.001
Mental health 1.45 <0.001 1.32 <0.001 2.25 <0.001
Functional limitation 1.94 <0.001

TABLE 4 Results from panel mediation analysis.

Direct effect

OR (95% Cl)

p-value

Indirect effect

OR (95% Cl)

% mediated
by disability

Total effect

p-value OR (95% Cl) p-value

Overall HRQoL 1.52 (1.42, 1.65) <0.01 1.17 (1.14, 1.21) <0.01 1.78 (1.65, 1.92) <0.01 274
By components of HRQoL

Physical functioning 1.84 (1.71, 2.00) <0.01 1.21(1.17, 1.25) <0.01 2.22(2.03,2.41) <0.01 235
Role physical 1.51 (1.40, 1.63) <0.01 1.18 (1.15,1.22) <0.01 1.78 (1.65, 1.93) <0.01 28.5
Bodily pain 1.52 (1.41, 1.62) <0.01 1.18 (1.15,1.22) <0.01 1.80 (1.67, 1.94) <0.01 28.8
General health 1.86 (1.72,2.01) <0.01 1.15(1.13,1.19) <0.01 2.14(1.97,2.33) <0.01 18.4
Vitality 1.47 (1.36, 1.58) <0.01 1.12 (1.10, 1.15) <0.01 1.65 (1.53, 1.78) <0.01 23.1
Social function 1.48 (1.37, 1.60) <0.01 1.15(1.12, 1.19) <0.01 1.71 (1.59, 1.84) <0.01 26.9
Role emotion 1.38 (1.29, 1.49) <0.01 1.10 (1.08, 1.13) <0.01 1.52(1.42, 1.64) <0.01 23.1
Mental health 1.32(1.24, 1.43) <0.01 1.09 (1.07, 1.12) <0.01 1.44 (1.35, 1.55) <0.01 239

significant correlation between the number of NCDs and functional
limitation (OR: 1.94, p < 0.05). The third equation, which included
both HRQoL measures and functional limitation in the model,
revealed that the number of NCDs and functional limitation were
both significantly associated with poor HRQoL outcomes. It is
important to note that when functional limitation is included in
the model, the magnitude of the effect between multimorbidity and
HRQoL decreases in all measures, indicating that the impact of the
number of NCDs on HRQoL outcomes was partially mediated by
functional limitation.

Overall SF-6D score

Table 4 and Figure 1 show DE, IE, and TE of functional
limitation on the overall SF-6D score and each dimension
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of SF-36. The number of NCDs was associated with lower
overall HRQoL scores (ORTE:1.78, 95%CIL: 1.65-1.92), with
27.2% mediated by functional limitation. The decomposition
of total effects indicated NDE
(ORPE: 152, 95%CL: 1.17,
95%CI: 1.14-1.21).

statistically
1.42-1.65)

significant

and IE (ORE:

Each HRQoL dimensions

We also investigated the role of functional limitation in each
dimension of the SF-36 separately. The most significant result
was observed for physical functioning (ORE: 2.22, 95%CI: 2.03-
2.41) and general health (ORTE: 2.14, 95%CI: 1.97, 2.33), the
associations of which were 23.9 and 18.4%, respectively, mediated
by functional limitation. Functional limitation showed the largest
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FIGURE 1
Direct, indirect, and total effect of multimorbidity on HRQoL.

mediation effect of the association between the number of NCDs
and role physical (28.7%). Consistent results were found in other
SF-36 domains (body pain: 28.2%, vitality: 22.6%, social function:
26.1%, role emotion: 22.8%, mental health: 23.6%).

Discussion

Principal findings and interpretation

This is the first study that uses a panel data study design
to investigate the role of functional limitation as a mediator in
the relationship between multimorbidity and health-related quality
of life in Australia. We found clear evidence that functional
limitation acts as a partial mediator on the relationships between
multimorbidity and the overall HRQoL score as well as each SF-6D
dimension, with the percentage of mediation ranging from 18
to 28%.

The possible explanation is that disabled older adults or those
with greater functional limitations have a negative impact on their
self-care ability, physiological activities, and social interaction, all
of which have a negative impact on their physical and mental
health, reducing HRQoL. Multimorbidity, functional limitation,
and disability all have a negative impact on HRQoL outcomes
(26, 28, 33, 34). Although it is widely assumed that multimorbidity
is associated with poorer HRQoL, the mechanisms through which
multimorbidity negatively affects HRQoL through functional
limitation or disability have not been thoroughly investigated. Our
findings show that functional limitation plays a role in mediating
the relationship between multimorbidity and HRQoL.

Frontiersin Medicine

Clinical implications

Multimorbidity has been found to have a negative impact on the
health-related quality of life of patients, partly due to its association
with functional decline. Therefore, managing functional limitations
effectively could help maintain the HRQoL of patients with
multimorbidity. This implies a need for a more comprehensive
approach to managing both conditions and recognizing their equal
importance, which could ultimately improve the overall wellbeing
of patients. In clinical practice, a thorough assessment of the various
types of functional limitations in patients with multimorbidity
could help guide appropriate preventive and supportive care, not
only to maintain HRQoL but also to prevent further decline in
function dependence.

Limitations

This study has several limitations, including the use of self-
reported measures which may be subject to recall and social
desirability bias. Although a well-validated questionnaire was used
to measure HRQoL, subjective measures may not fully capture the
objective reality of patients’ health status. Additionally, the study
is not causal and only identified associations between variables.
Although panel data was used, unobserved confounding variables
cannot be completely ruled out. Notably, important clinical factors
such as disease severity and duration of the illness were not
included in the study, which could have affected the relationship
between multimorbidity and HRQoL.

Furthermore, the mechanisms underlying the relationship
between multimorbidity and HRQoL are complex and may
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involve multiple mediators. While the current study focused
on function limitation as a mediator, other mediators such as
psychological distress or social isolation may also play vital roles.
Further research utilizing more comprehensive measures and
sophisticated statistical techniques, such as structural equation
modeling, may offer more insights into the mechanisms underlying
the relationship between multimorbidity and HRQoL.

Conclusion

This study contributes to the existing literature to understand
the mediating effect of functional limitation and disability
on the relationships between multimorbidity and HRQoL.
Our study highlights the importance of improving patients
functional ability and preventing disability for patients with
multimorbidity to improve their HRQoL. Therefore, healthcare
that improves the management of patients with multimorbidity
should include interventions that aim to encourage patients to
participate in physical activity and increase social participation.
Given the important mediating role, our study highlights that
functional limitation or disability might be considered an
intermediate outcome for evaluating interventions aimed at
managing multimorbidity.

Data availability statement

The study utilized HILDA survey in Australia, which can be
apply for access to the dataset through the following link: https://
melbourneinstitute.unimelb.edu.au/hilda.
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Appendix
HILDA

Wave 9 N=13,294

Wave 13 N=17,490

Wave 17 N=17,557
Removed samples with missing
data on any covariates
Wave 9 N=2,673
Wave 13 N=3,033
Wave 17 N=2,548

Wave 9 N=10,621

Wave 13 N=14,457

Wave 17 N=15,009 Removed samples who did not
participate any of 3 waves
Wave 9 N=3,807
Wave 13 N=7,643
Wave 17 N=8,195

Final sample
Panel data of 6,814 individuals
(N= 6,814 each wave)
FIGURE A1
Sample flowchart.
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