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Abstract

Background Physical inactivity is a major global health concern and has been identified as a risk factor for cognitive impair-
ment. In Australia, the long-term relationship between physical activity and health-related quality of life (HRQoL) in indi-
viduals with cognitive impairment remains under researched. This study aims to address this knowledge gap by using data
from a population-based longitudinal study.

Methods We used data from two waves (wave 12 [2012] and wave 16 [2016]) of the Household, Income and Labour
Dynamics in Australia (HILDA) Survey. Our final analytic sample consisted of 1,168 person-year observations from 985
unique individuals. To investigate the association between physical activity and HRQoL, we employed random-effects Gen-
eralized Least Squares (GLS) model.

Results We found that participants engaging in physical activity, <1 to 3 times per week, showed significant positive asso-
ciations with the Physical Component Summary (PCS) score [f=4.41, Standard Error (SE)=0.68], Mental Component
Summary (MCS) score (3=2.55, SE=0.74), and SF-6D utility value (3=0.05, SE=0.007) compared to those who did
not perform any physical activity. Similarly, participants who engaged in physical activity more than three times per week
to every day had notably higher scores in PCS (3=7.28, SE=0.82), MCS (B=4.10, SE=0.84), and SF-6D utility values
(B=0.07, SE=0.009).

Conclusion There is clear evidence that performing physical activity is positively associated with improved HRQoL in
people with cognitive impairment. Our findings underscore the critical role of public health initiatives, such as health educa-
tion and community-based programs, in promoting physical activity to enhance the HRQoL of older Australians living with
cognitive impairment.
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is below normal, although they do not meet the criteria for
dementia [6, 7]. People with MCI possess a significantly ele-
vated risk of progressing to dementia relative to the general
population [8], with an annual progression rate estimated
between 10 and 15% [9, 10]. According to a recent meta-
analysis, approximately 15% of community-dwelling adults
aged 50 years and over are affected by MCI globally [11].
The estimated rate of cognitive impairment among Austra-
lians aged 65 years and older ranges from 7.7% to 33.3%
[12, 13]. While currently no curative treatments exist for
cognitive impairment related to dementia [14], non-pharma-
ceutical approaches remain a cornerstone of treatment for
older adults experiencing cognitive impairment [8]. Accord-
ing to the World Health Organization, non-pharmacological
interventions are recommended as the primary strategy for
managing dementia symptoms and improving the well-
being and quality of life of people living with dementia [15].

People with cognitive impairment have a higher propen-
sity for physically inactive lifestyle [16], which may sub-
sequently increase their risk of developing dementia [17]
and aggravate cognitive decline [18]. Moreover, chronic
illnesses along with physical inactivity can have a detri-
mental impact on people’s health and well-being, resulting
in decreased overall health, reduced physical performance,
and lower health-related quality of life (HRQoL) [19, 20].
HRQoL is a key component of assessing the health and
well-being of older adults, providing valuable insights into
their overall quality of life during the ageing process [21],
and can inform decisions about preventing and treating ill-
nesses [22].

Regular physical activity has many positive effects on
health, both physical and mental [23]. Existing evidence
based on cross-sectional [24-26] and longitudinal data [27,
28] have consistently demonstrated that people who engage
in recommended levels of physical activity have better
HRQoL compared to those who are less active, particularly
among older population. Additionally, a recent systematic
review emphasized that engaging in frequent physical activ-
ity can benefit older adults by enhancing their functional
mobility, independence, reducing anxiety, improving bal-
ance, and fostering better social interactions [29]. While
some longitudinal studies in Australia have shown a positive
relationship between physical activity and HRQoL, these
studies have primarily focused on the general population
[30] or older people with disabilities [31]. Existing research
suggests that physical activity is a strong protective factor
against cognitive decline and can have beneficial effects
on both cognitive and non-cognitive functions in people
with cognitive impairment and dementia [6, 14, 32]. For
instance, a meta-analysis of 18 randomized controlled tri-
als suggests that physical activity improved cognitive func-
tion and quality of life for individuals living with dementia
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[33]. The study also revealed a positive effect of physical
activity interventions on cognitive function across different
population groups [33]. The primary analysis showed a sub-
stantial positive effect with a standardized mean difference
(SMD) of 0.42 (95% CI: 0.23, 0.62). In individuals with
Alzheimer’s disease (AD), physical activity interventions
also demonstrated a beneficial effects (SMD=0.38, 95% CI.:
0.09, 0.66). A positive effect was also observed in a broader
group including individuals with AD or a non-AD dementia
diagnosis (SMD=0.47, 95% CI: 0.14, 0.80). These findings
consistently support the notion that physical activity inter-
ventions can have a positive impact on cognitive function in
individuals living with cognitive impairment and dementia.

Physical activity is an effective intervention for promot-
ing brain health in older adults, as it offers a low-cost and
low-risk approach to improve cognitive function [34]. Peo-
ple with disabilities often benefit more from exercise than
people without disabilities, especially for overall health and
well-being [33, 35]. According to the World Health Organ-
isation, older people may mitigate cognitive decline by
performing a minimum of 150 min of moderate-intensity
or 75 min of vigorous-intensity aerobic activity, along with
strength training per week [36]. Despite numerous efforts to
encourage physical activity among Australians, only 18%
of the adult population met the recommended guidelines in
2022 [37].

The beneficial effects of physical activity are well-estab-
lished, particularly in terms of preventing and managing
cognitive decline. However, the relationship between physi-
cal activity and HRQoL among older Australians with cog-
nitive impairment has not been thoroughly investigated. A
significant gap exists in Australian research regarding the
relationship between physical activity levels and HRQoL
specifically among older adults with cognitive impairment.
To address this gap, we explored the relationship between
physical activity and HRQoL using a nationally represen-
tative longitudinal data. Insights from this research could
inform evidence-based policies aimed at improving the
HRQoL of people with cognitive impairment.

Methods
Data source

Our empirical analyses utilized data from the Household,
Income, and Labour Dynamics in Australia (HILDA) Sur-
vey. Since 2001, the survey has been collecting yearly data
from a sample of Australians who are representative of
the whole country. The study monitors a cohort of almost
17,000 people over their life course, gathering data on a
range of topics including family and household dynamics,
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employment and earnings, educational attainment, and
health outcomes. The HILDA Survey used a mix of face-
to-face interviews and self-completion questionnaires to
obtain this information [38]. A comprehensive overview of
the HILDA dataset can be found elsewhere [39].

Study participants

Our analysis used data from two time points of the HILDA
Survey: the year 2012 (wave 12) and 2016 (wave 16). These
specific waves were chosen for the study because they are
the only waves within the dataset that include questions
specifically designed to assess cognitive impairment. The
HILDA survey assessed cognitive function of the survey
respondents using validated instruments, including the
Symbol Digit Modalities Test (SDMT) and the Backward
Digit Span Test (BDS). While the scores obtained from
the BDS and SDMT provide valuable insights into specific
cognitive domains (working memory and processing speed,
respectively), they may not fully capture the overall cogni-
tive profile of an individual. A limitation of these tests is the
lack of established cut-off scores, which may hinder accu-
rate diagnosis of cognitive impairment. More comprehen-
sive neuropsychological assessments, such as the Montreal
Cognitive Assessment (MoCA) [40], Mini-Mental Sta-
tus Examination (MMSE) [41], or Saint Louis University
Mental Status (SLUMS) examination [42], offer a nuanced
and reliable evaluation of cognitive function. Due to the
unavailability of data measured through these scales, we
utilized the BDS and SDMT to assess cognitive impairment
for this study. Evidence suggests that the BDS and SDMT
have been previously used to detect cognitive impairment,
particularly in people with multiple sclerosis [43, 44] and
hospitalized patients [45].

The BDS cognitive evaluation exam involves individuals
reciting a sequence of numbers in reverse order [45]. The
BDS evaluates the cognitive capacity of working memory
on a scale of 0 to 8. The SDMT is a cognitive assessment
tool that measures a person’s ability to process information
quickly and accurately. The SDMT requires participants
to match a list of numbers with corresponding geomet-
ric shapes as quickly and accurately as possible [46]. The
SDMT evaluates the cognitive function of the central brain
and provides scores that range from 0 to 110. The thresh-
old for identifying cognitive impairment in this study was
informed by an established criterion. Previous research has
categorized cognitive impairment based on standardized
thresholds: individuals scoring> 1.0 standard deviation (SD)
below the mean on either the BDS or SDMT (or both) are
classified as having mild cognitive impairment, while those
scoring>1.5 SD below the mean on both tests are identi-
fied as having severe cognitive impairment [47—49]. This

study consolidated mild and severe cognitive impairment
into a single category, focusing on cognitive impairment
as a unified construct. Cognitive impairment was therefore
defined as scoring>1 SD below the mean on both the BDS
and SDMT. This criterion aligns with empirical thresholds
reported in prior studies and supports the objectives of this
research. Accordingly, participants were considered cogni-
tively impaired if they scored <3 on the BDS and <30 on the
SDMT. Given that cognitive impairment primarily affects
older people, our study focused on Australians aged 50
years and over. Therefore, the inclusion criteria for people
in the sample were as follows: (i) being 50 years of age or
older; (ii) identified as living with cognitive impairment;
and (iii) having valid information on the outcome and key
factors of interest. Applying these inclusion criteria resulted
in an unbalanced panel of 1,168 yearly observations from
985 unique individuals. Figure 1 depicts the sample selec-
tion process and missing data analysis.

Outcome variable

The primary outcome variable in our study was HRQoL,
which we measured using the 36-item Short-Form Health
Survey (SF-36). The SF-36 is a widely used and reliable
instrument that assesses an individual’s physical and mental
health using a standardized questionnaire [50]. The ques-
tionnaire comprises 36 items that evaluate eight specific
health domains: physical functioning (PF), role physical
functioning (RP), role emotional functioning (RE), social
functioning (SF), mental health (MH), vitality (VT), bodily
pain (BP), and general health (GH). Each dimension of the
SF-36 has a theoretical range of 0 to 100, where 0 indicates
the worst possible health and 100 represents the best pos-
sible health. The SF-36 data generally yields two summary
measures: the physical-component summary (PCS) and the
mental-component summary (MCS) [51]. The PCS and
MCS were standardised by linear z-score transformations,
resulting in a mean of 50 and a standard deviation of 10.
The theoretical ranges of PCS and MCS scores are 4.54 to
76.09 and —1.21 to 76.19, respectively, with higher scores
indicating improved health [30].

In addition to the PCS and MCS, the SF-36 can also be
used to generate the SF-6D, a health-state utility index,
which is another internationally recognized measure of
HRQoL [52]. The SF-6D utility index is derived from a
subset of six subscales of the SF-36 (PF, RP, RE, SF, VT,
and BP), with a theoretical range from 0.29 (indicating poor
health) to 1 (representing optimal health) [52].
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Fig. 1 Participants’ flow in the
analytic sample and missing data
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(wave 12 and wave 16)
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Reported data on HRQoL

Observations = 1,168

Excluded (Due to missing observations)
Persons = 149
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Persons = 985

Final analytic sample

Observations = 1,168

Exposure variable

This study investigates the frequency of moderate-to-intense
physical activity. To assess this, the research relies on a self-
administrated question consistently employed across all
waves of the HILDA Survey. This question inquires: ‘In gen-
eral, how often do you participate in moderate or intensive
physical activity for at least 30 minutes? Moderate physical
activity will cause a slight increase in breathing and heart
rate such as brisk walking.” The participants’ replies were
categorised into six pre-determined categories: ‘not at all’,
‘less than once per week’, ‘1 or 2 times per week’, ‘3 times
per week’, ‘more than 3 times per week but not every day’,
and ‘every day’. We simplified the physical activity catego-
ries into three groups: ‘not at all,” ‘<1 to 3 times per week’
(by merging the groups ‘less than once per week’, ‘1 or 2
times per week’, and ‘3 times per week’), and ‘more than 3
times per week to everyday’ (by merging the groups ‘more
than 3 times per week but not every day’, and ‘every day’).
The categorization of physical activity in this study adheres
to the established criteria of the Australian National Physi-
cal Activity Guidelines for Adults [53], demonstrating close
concordance with the World Health Organization’s guide-
lines [54]. This methodological approach has been adopted
in prior empirical research utilizing the HILDA survey data
[31, 55].
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Covariates

We incorporated several individual-level socio-demo-
graphic, health-related behavioural characteristics, and
health-related characteristics as covariates. The socio-eco-
nomic and demographic characteristics analysed included:
age (50—64 years, and >65 years), gender (male, and
female), marital status (unpartnered and partnered), highest
level of education (year 12 and below, professional quali-
fications, and university qualifications), household yearly
disposable income (Quintile 1 [poorest], and Quintile 5
[richest]), participation in the labour force (employed, and
unemployed or not in the labour force), Indigenous origin
(non- Aboriginal or Torres Strait Islander, and Aboriginal
or Torres Strait Islander), geographic residency (major city,
and regional or remote area). Additionally, two health-
related behavioural characteristics that can impact health
outcomes were included: smoking habits (former smoker or
never smoked, and currently smoking), and alcohol drink-
ing (former drinker or never drunk, and active drinker). Fur-
thermore, Body Mass Index (underweight, healthy weight,
overweight, and obese) and disability status (no versus yes),
were considered as the proxy of participants’ health-related
characteristics.

Estimation strategy

We commence our analysis by calculating descriptive
statistics for the study sample. For categorical variables,
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frequencies and percentages are calculated to describe their
distribution. For continuous variables, means and standard
deviations are calculated to summarize their central ten-
dency and variability. These descriptive statistics are calcu-
lated separately for baseline, final wave, and pooled data to
provide an overview of the data across different time points.
We also present a summary of participants’ SF-36 compo-
nent summary scores, and SF-6D utility values according to
their physical activity levels.

The outcome variables (PCS, MCS, and SF-6D) used in
our study were measured on a continuous scale. Therefore,
we employed a longitudinal random-effects GLS regression
model to examine the relationship between physical activity
and HRQoL, allowing us to identify individual variations in
this association. Additionally, the random-effects structure
enables us to control for unobserved individual heterogene-
ity and potential confounders, thereby enhancing the reli-
ability of our findings.

The random-effects GLS regression can be expressed in
the following functional form:

HRQoL;;= a+ By PA;t+ BoZipt Wit €

HRQoL denotes the three outcome variables: PCS, MCS
and SF-6D. The level of physical activity, PA, is an expo-
sure variable. Z;; represents the vector consisting of time-
varying and time-invariant control variables. The model
parameter of interest to be estimated is denoted as [,
and f9 indicates the vector of coefficients while o is the
model’s grand intercept. The analysis considers two parts
of the error: individual-specific components, , that stays
the same over time, and time and person-specific error, 7;;
, which is assumed to be uncorrelated with the independent
variables.

Statistical significance was determined using a p-value
threshold of 0.05. Lower p-values (<0.01 and <0.001) were
reported to indicate stronger evidence of significance. Stata
version 17.0 (StataCorp LLC, College Station, TX: USA)
was employed for all statistical analyses.

Results

Table 1 displays the socio-economic, demographic, health-
related behavioural, and health-related characteristics of the
analytic sample at baseline, final wave, and pooled across
waves. In the pooled data, most participants were older
adults, with 79% aged 65 years or older, 48% were female,
and 53% were partnered. Among the study sample, 8% had
a university degree, about 16% were employed, just below
2% identified as Aboriginal and Torres Strait Islander, 57%
resided in major cities, 11% were smokers, 66% drank alco-
hol, 26% were obese, and 65% had a disability.

Table 2 displays the summary statistics of key variables,
including PCS, MCS, SF-6D utility value, eight dimensions
of the SF-36, and levels of physical activity among the study
participants. In the pooled data, the mean PCS, MCS, and
SF-6D values of the study participants were 37.86, 48.15
and 0.67, respectively. The mean score of the SF-36’s eight
dimensions were as follows: PF (56.47), RP (46.24), RE
(64.14), SF (69.44), MH (71.88), VT (54.27), BP (56.50),
and GH (54.46). Regarding physical activity, the pooled
data also showed that approximately 30% of the participants
do not perform in any physical activity, around 44% partici-
pated in moderate or intense physical activity<1 to 3 times
per week, and around 26% engaged in moderate or intense
physical activity more than 3 times per week to every day.

Figure 2 depicts the mean PCS scores, MCS scores, and
SF-6D utility value among older Australians with cogni-
tive impairment based on their physical activity levels.
The results show that those who were physically inactive
exhibited lower PCS, MCS, and SF-6D scores compared
to their counterparts. For instance, in wave 16, people who
never engaged in physical activity had the lowest scores
(PCS=30.69, MCS=44.79, SF-6D=0.61), followed by
those engaged in moderate or intense physical activity <1-3
times per week (PCS=38.95, MCS=48.19, SF-6D=0.68),
with the highest scores observed in those engaged in moder-
ate or intense physical activity more than 3 times per week
to every day (PCS=44.07, MCS=51.10, SF-6D=0.73).

Table 3 presents the results obtained from the random-
effects GLS regression models. We found that older Austra-
lians with cognitive impairment who engaged in moderate
or intense physical activity for at least 30 min had higher
PCS, MCS and SF-6D values compared to those who were
physically inactive. For example, model 1 demonstrated that
people who engaged in moderate or intense physical activ-
ity <1-3 times per week, and more than 3 times per week to
everyday had higher PCS scores 4.41 (B=4.41, SE=0.68)
and 7.28 (B=7.28, SE=0.82), respectively, compared to
those who were physically inactive. Similarly, model 2
revealed that those who engage in moderate or intense phys-
ical activity<1-3 times per week, and more than 3 times
per week to everyday had higher MCS scores 2.55 (B=2.55,
SE=0.74) and 4.10 (B=4.10, SE=0.84), respectively, rela-
tive to physically inactive people. Additionally, from model
3, we found that participants engaged in moderate or intense
physical activity<1-3 times per week, and more than 3
times per week to everyday had greater SF-6D utility values
0.05 (B=0.05, SE=0.007) and 0.07 (=0.07, SE=0.009),
respectively, in comparison to those who did not engage in
any physical activity.
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Table 1 Distribution of analytic sample (socio-economic and demographic, health-related behavioural characteristics, and health-related charac-
teristics: baseline, final, and pooled across all waves)

Variables Baseline Wave (2012) Final Wave (2016) Pooled data
(2012-2016)

n % n % n %
Socio-economic, and demographic characteristics
Age group
50—64 years 131 20.70 116 21.68 247 21.15
65 years and over 502 79.30 419 78.32 921 78.85
Gender
Male 325 51.34 286 53.46 611 52.31
Female 308 48.66 249 46.54 557 47.69
Marital status
Unpartnered 306 48.34 246 45.98 552 47.26
Partnered 327 51.66 289 54.02 616 52.74
Highest level of education
Year 12 and below 422 66.67 327 61.12 749 64.13
Professional qualifications 167 26.38 161 30.09 328 28.08
University qualifications 44 6.95 47 8.79 91 7.79
Household yearly disposable income (Quintile)
Quintile 1 (poorest) 168 26.54 66 12.34 234 20.03
Quintile 2 134 21.17 100 18.69 234 20.03
Quintile 3 94 14.85 139 25.98 233 19.95
Quintile 4 118 18.64 117 21.87 235 20.12
Quintile 5 (richest) 119 18.80 113 21.12 232 19.86
Participation in labour force
Employed 98 15.48 85 15.89 183 15.67
Unemployed or not in the labour force 535 84.52 450 84.11 985 84.33
Indigenous origin
Non-Aboriginal or Torres Strait Islander 624 98.58 524 97.94 1,148 98.29
Aboriginal or Torres Strait Islander 9 1.42 11 2.06 20 1.71
Geographic residency
Major cities 356 56.24 309 57.76 665 56.93
Regional/remote 277 43.76 226 42.24 503 43.07
Health-related behavioural characteristics
Smoking habits
Former smoker/never smoked 557 87.99 479 89.53 1,036 88.70
Currently smoking 76 12.01 56 10.47 132 11.30
Alcohol drinking
Former drinker or never drunk 195 30.81 199 37.20 394 33.73
Active drinker 438 69.19 336 62.80 774 66.27

Health-related characteristics
Body Mass Index (BMI)

Underweight 24 3.79 13 243 37 3.17
Healthy weight 225 35.55 178 33.27 403 34.50
Overweight 233 36.81 189 35.33 422 36.13
Obesity 151 23.85 155 28.97 306 26.20
Disability status

No 229 36.18 183 34.21 412 35.27
Yes 404 63.82 352 65.79 756 64.73

Notes (1) The pooled study comprised a total of 1,168 person-year observations from 985 distinct individuals. (2) The OECD-modified equiva-
lency scale was used to calculate the equivalised yearly household income, which was then divided into quintiles
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Table 2 Summary statistics: subjective health scores, and level of physical activity

Characteristics Baseline Wave (2012) Final Wave (2016) Pooled data (2012-2016)

n % /mean (SD) n % /mean (SD) n % /mean (SD)
SF-36 domain scores
Physical functioning 633 56.76 (29.27) 535 56.11 (29.88) 1,168 56.47 (29.54)
Role physical 633 46.87 (44.88) 535 45.48 (45.27) 1,168 46.24 (45.04)
Role emotional 633 64.01 (43.38) 535 64.30 (43.40) 1,168 64.14 (43.37)
Social functioning 633 70.97 (27.17) 535 67.64 (28.36) 1,168 69.44 (27.76)
Mental health 633 72.22 (18.43) 535 71.48 (17.80) 1,168 71.88 (18.14)
Vitality 633 54.80 (21.44) 535 53.64 (21.08) 1,168 54.27 (21.28)
Bodily pain 633 57.06 (26.37) 535 55.84 (26.75) 1,168 56.50 (26.54)
General health 633 55.31(23.72) 535 53.46 (22.85) 1,168 54.46 (23.33)
SF-36 component summary score
PCS 633 38.09 (11.91) 535 37.59 (12.11) 1,168 37.86 (12.00)
MCS 633 48.43 (10.67) 535 47.82 (10.57) 1,168 48.15 (10.62)
SF-6D utility value 633 0.67 (0.13) 535 0.68 (0.13) 1,168 0.67 (0.13)
Levels of physical activity
Not at all 184 29.07 170 31.78 354 30.31
<1 to 3 times per week 277 43.76 233 43.55 510 43.66
More than 3 times per week to everyday 172 27.17 132 24.67 304 26.03

Notes (1) The pooled study comprised a total of 1,168 person-year observations from 985 distinct individuals. (2) PCS=physical component
summary, MCS=mental component summary, and SF-6D =Short-Form Six-Dimension health utility index

Fig.2 Mean PCS, MCS, and 45 52
SF-6D utility values by the - — — — — — — — 2 o — — — — —
. L 20 511
status of level of physical g : g 50
activities. Note: 1. Abbreviation: j 407 P P I - _
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mary, MCS =mental component g 354 g
g 35
summary, and SF-6D =Short- s S 46
Form Six-Dimension health .\. > — o
e s 4 4 447
utility index 30 306 a1 :
2012 2016 2012 2016
Year Year
© 751
3 |l —————=
> 0.73 0.73
z
= > — — — - —— P
a 0o i
e
.65
=1
B 0\.
0.62
= .6 0.61
2012 2016
Year
—®— Notatall ——® —- <] to 3 timesa week — @— - >3 times to everyday

Robustness check

We also fitted random-effects generalised estimating equa-
tion (GEE) regression model as part of the sensitivity analy-
sis. The model initially reported in Table 3 was re-assessed
and presented in Appendix Table Al in the online supple-
mental material. The findings of the sensitivity analysis
closely matched the baseline values for all the factors of
interest. We found that older Australians with cognitive

impairment who engaged in moderate or intense physical
activity had higher PCS, MCS and SF-6D values compared
to those who were physically inactive. For example, partici-
pants engaged in moderate or intense physical activity for
more than 3 times per week to everyday had greater PCS
(B=7.46, SE=0.76), MCS (p=4.61, SE=0.81) and SF-6D
(B=0.08, SE=0.008) scores, in comparison to those who
did not engage in physical activity.
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Table 3 Abridged results from

random-effects GLS regression
models of HRQoL (MCS, PCS
and SF-6D), pooled analysis

Variables

Model 1 Model 2 Model 3

PCS MCS SF-6D

Coefficient (SE), P-value Coefficient (SE), P-value Coefficient
(SE), P-value

Levels of physical activity
Not at all (ref)
<1 to 3 times per week

More than 3 times per week to
everyday

4.41 (0.68), 0.001 2.55 (0.74), 0.001 0.05 (0.007),
0.001

7.28 (0.82), 0.001 4.10 (0.84), 0.001 0.07 (0.009),
0.001

Notes (1) The sample size is 985 individuals and 1,168 observations. (2) All models were adjusted for age,
gender, marital status, highest education level of education, household yearly disposable income, par-
ticipation in the labour force, Indigenous origin, geographic residency, smoking habits, alcohol drinking,
BMI and disability status. (3) PCS=physical component summary, MCS=mental component summary,
and SF-6D=Short-Form Six-Dimension health utility index. (4) Ref means reference category. (5) Cluster-
robust standard errors (SE) are reported in the parenthesis

Table 4 Abridged results from random-effects GLS regression models of HRQoL (MCS, PCS and SF-6D) by age

Variables Age (5064 years) Age (65 years and above)
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
PCS MCS SF-6D PCS MCS SF-6D
Coefficient (SE),  Coefficient (SE), Coefficient (SE), Coefficient (SE),  Coefficient (SE), Coeffi-
P-value P-value P-value P-value P-value cient (SE),
P-value
Levels of physical activity
Not at all (ref)
<1 to 3 times per week 3.62(1.69),0.03  1.18(1.77),0.50 0.04(0.01),0.03 4.36 (0.75),0.001 2.94 (0.82), 0.04 (0.008),
0.001 0.001
More than 3 times per week  6.67 (1.78), 0.001  3.09 (1.88), 0.10 0.06 (0.02), 0.01 7.41(0.91),0.001 4.51(0.96), 0.07 (0.011),
to everyday 0.001 0.001

Note (1) All models were adjusted for age, gender, marital status, highest education level of education, household yearly disposable income,
participation in the labour force, Indigenous origin, geographic residency, smoking habits, alcohol drinking, BMI and disability status. (2)
PCS=physical component summary, MCS=mental component summary, and SF-6D=Short-Form Six-Dimension health utility index. (3) Ref
means reference category. (4) Cluster-robust standard errors (SE) are reported in the parenthesis

Sensitivity analysis

We conducted a missing data analysis, as presented in
Appendix Table A2. With the exception of Indigenous ori-
gin, SF-6D utility score, and BMI, the proportion of miss-
ing observations for most variables was less than 5%. To
address the missing data, we applied the last value carry
forward imputation technique. After imputation, we applied
the random-effects GLS technique and compared the results
with the estimates obtained from the complete case analysis
(Table 3). The regression results from the imputed data were
consistent in direction with the baseline regression findings.
However, the magnitudes of the physical activity estimates
varied slightly across the HRQoL measures. For example,
participants engaged in moderate or intense physical activ-
ity for more than 3 times per week to everyday had greater
PCS (B=7.53, SE=0.79), MCS (B=3.97, SE=0.83) and
SF-6D (p=0.07, SE=0.009) scores, in comparison to those
who did not engage in physical activity. The imputed regres-
sion analysis results are detailed in Appendix Table A3.
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Heterogenous effect

To further explore the relationship between physical activ-
ity and HRQoL, we ran a series of random-effects General-
ized Least Squares (GLS) regression models. These models
were used to investigate how the association between physi-
cal activity and HRQoL might vary across different age and
gender subgroups within the study population. The results
indicated that, across both age groups (50-64 years and 65
years and older), people who participated in any form of
moderate or intense physical activity for at least 30 min had
significantly higher PCS, MCS, and SF-6D values com-
pared to those who were physically inactive (see Table 4).
For instance, among participants aged 65 years and over,
those engaging in moderate or intense physical activity
more than 3 times per week to everyday had significantly
higher scores in PCS (B=7.41, SE=0.91), MCS (B=4.51,
SE=0.96), and SF-6D (p=0.07, SE=0.011) compared to
those who did not engage in physical activity (Models 4,
5 and 6 in Table 4). Similarly, irrespective of gender, indi-
viduals participating in any moderate or intense physical
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Table 5 Abridged results from random-effects GLS regression models of HRQoL (MCS, PCS and SF-6D) by gender
Variables Male Female
Model 1 Model 2 Model 3 Model 4 Model 5 Model 6
PCS MCS SF-6D PCS MCS SF-6D
Coefficient (SE), Coefficient Coefficient Coefficient (SE), Coefficient Coefficient
P-value (SE), P-value (SE), P-value P-value (SE), P-value (SE), P-value
Levels of physical activity
Not at all (ref)
<1 to 3 times per week 3.02(0.97), 0.01 3.43 (1.06), 0.04 (0.01), 5.70 (0.95), 0.001 1.93 (0.98), 0.05 0.04 (0.01),
0.001 0.001 0.001
More than 3 times per week 6.90 (1.11),0.001  6.11 (1.09), 0.08 (0.01), 7.16 (1.21), 0.001 2.10(1.23), 0.08 0.05 (0.01),
to everyday 0.001 0.001 0.001

Note (1) All models were adjusted for age, gender, marital status, highest education level of education, household yearly disposable income,
participation in the labour force, Indigenous origin, geographic residency, smoking habits, alcohol drinking, BMI and disability status. (2)
PCS=physical component summary, MCS =mental component summary, and SF-6D = Short-Form Six-Dimension health utility index. (3) Ref
means reference category. (4) Cluster-robust standard errors (SE) are reported in the parenthesis

activity showed higher PCS, MCS, and SF-6D scores than
those who were inactive (see Table 5). For example, female
participants who engaged in moderate or intense physical
activity more than 3 times per week to daily had greater PCS
(B=7.16, SE=1.21), MCS ($=2.10, SE=1.23), and SF-6D
(B=0.05, SE=0.01) scores compared to their inactive coun-
terparts (Models 4, 5 and 6 in Table 5).

Discussion

Our research sought to evaluate the relationship between
physical activity and HRQoL among older Australians
living with cognitive impairment. We employed a mix of
preference-based (SF-6D) and non-preference (SF-36 com-
ponent summaries) measures to assess HRQoL. Our analy-
sis, utilizing random-effects Generalized Least Squares
(GLS) modelling, demonstrated that physical activity acts
as a protective factor for HRQoL. We discovered that older
Australians with cognitive impairment engaging in moder-
ate or intense physical activity for at least 30 min had sub-
stantially greater PCS, MCS, and SF-6D utility values than
their physically inactive counterparts.

Our results are consistent with earlier research conducted
across various countries among general populations (e.g.,
had no cognitive impairment) and found a positive asso-
ciation between physical activity and HRQoL [24-27]. An
carlier study also reported that consistent physical activity
levels, including gradual increases in activity frequency,
were linked to preserving or enhancing both physical and
mental HRQoL in community-dwelling older adults [28].
Furthermore, two Australian longitudinal studies provided
evidence that a higher frequency of moderate-to-vigorous
intense physical activity was linked to an improved HRQoL
[30, 31].

Our findings also align with one RCT study that demon-
strated the benefits of aerobic exercise training in reducing

the decline in HRQoL in older adults with mild cognitive
impairment [57]. However, another RCT study did not
find a significant positive effect of walking on quality of
life within a similar cohort [56]. The observed discrepan-
cies between our findings and those of prior studies may be
explained by variations in research design, physical activity
assessment methods, study populations, and the specific cri-
teria used to diagnose cognitive impairment.

The relationship between physical activity and HRQoL
may be explained by its positive effects on functional capac-
ity and physical health, which promote a greater sense of
independence and well-being [21]. These improvements are
likely to enhance the physical aspects of HRQoL. Moreover,
physical activity may benefit people with cognitive impair-
ment by improving sleep quality and reducing depressive
symptoms, thereby positively influencing HRQoL [57].
Additionally, physical activity may enhance HRQoL by
affecting mood-related brain chemicals, such as neurotrans-
mitters and endorphins [58, 59]. Regular physical activity
also improves physical fitness, functionality, and a sense of
control [26, 60, 61], and is associated with increased men-
tal stimulation and better psychological health [26]. Social
interaction may also be an important factor in explaining
the observed relationship between physical activity lev-
els and HRQoL. Many forms of physical activity, such
as group exercise classes, walking clubs, or team sports,
provide opportunities for social engagement, which has a
positive impact on mental health and psychological well-
being. Social interactions fostered through physical activity
can reduce feelings of isolation and loneliness, particularly
among individuals with cognitive impairment, thereby con-
tribute to the improvement of the mental aspects of HRQoL
[62, 63]. Furthermore, a history of regular physical activity
may have a protective influence on future physical activ-
ity levels, HRQoL, and cognitive impairment. Engaging
in physical activity throughout earlier life stages can have
long-term benefits. These benefits, likely stemming from
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the cumulative effects of improved muscle strength, car-
diovascular health, and neural plasticity, may contribute
to better physical and cognitive health in later years [64,
65]. This cumulative effect of early-life physical activity on
physical and cognitive health may create a virtuous cycle.
Improved physical and cognitive health can motivate con-
tinued engagement in physical activity, which in turn can
further enhance HRQoL and create a positive feedback loop
that supports overall well-being.

Strengths, limitations, and avenues for further
research

Our study’s strengths include its use of a comprehensive
longitudinal design. To the best of our knowledge, this is
the first observational study to examine the association
between physical activity and HRQoL among people with
cognitive impairment. The use of a validated instrument
to measure HRQoL and cognitive impairment ensures the
reliability of our findings. However, our study has some
limitations that need to be mentioned. Firstly, the HILDA
Survey’s physical activity frequency measure may not have
accurately captured the exact amount of time participants
spent on physical activities, which could affect the preci-
sion of our results. Secondly, the reliance on self-reported
data for physical activity and other covariates may intro-
duce potential biases. Social desirability bias, characterised
by the inclination of individuals to overstate their physical
activity levels or underreport health limitations, is a signifi-
cant concern. Recall bias, especially among older adults and
those with cognitive impairments, can also distort the accu-
racy of reported physical activity engagement and HRQoL
experiences. These biases may lead to either under- or over-
estimation of the true association between physical activ-
ity and HRQoL. Third, the absence of standardized cut-off
scores for the SDMT and BDS limits their ability to accu-
rately define and comprehensively assess the full range of
cognitive impairment. Furthermore, while these tests pro-
vide valuable insights into specific cognitive domains, they
may not adequately capture memory deficits, a core feature
of cognitive impairment and dementia. This limitation could
have potentially underestimated the prevalence of cognitive
impairment in this study. The inclusion of memory-focused
assessments, such as the Montreal Cognitive Assessment,
Mini-Mental State Examination, or Saint Louis Univer-
sity Mental Status test, could have provided a more tar-
geted approach and improved comparability with findings
from other studies. Finally, the analysis did not account for
potential confounding factors such as diet, stress levels,
and comorbid conditions. These factors can significantly
influence both physical activity levels and HRQoL. The
unavailability of data on these factors in the HILDA Survey
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represents a major limitation. By not accounting for these
factors, the study may not precisely estimated the relation-
ship between physical activity and HRQoL among people
with cognitive impairment. This may lead to confounding
bias, distorting the observed relationship between physical
activity and HRQoL due to the influence of these unob-
served variables. This could result in spurious associations.
Future research could explore the economic implications
of physical activity in people with cognitive impairment,
including cost savings, work productivity, and reduction
of overall health and economic burdens on the healthcare
system. These research would provide valuable insights for
policymakers and healthcare providers, guiding strategies
and investments in initiatives concerning physical activity.

Implications for policy and practice

The findings of this research can be directly utilized by
healthcare professionals who work with older adults with
cognitive impairment to develop and implement more effec-
tive health promotion interventions that emphasize the
importance of physical activity. In 2018, Australia became
one of the pioneering nations in developing national physi-
cal activity guidelines tailored to older adults with cogni-
tive impairment [66]. A narrative review further supported
these guidelines, providing evidence that the recommenda-
tions for older adults could be adapted to meet the needs
of individuals with cognitive impairment [67]. This con-
clusion was reached after comparing these guidelines with
similar Canadian guidelines. Evidence suggests that older
Australians today place a higher value on information and
advice from healthcare professionals compared to other
sources, highlighting their critical role in adopting recom-
mendations [67]. By offering tailored guidance and support,
healthcare professionals can assist individuals in achieving
the recommended physical activity levels, which can lead to
improved well-being. Our findings highlight the necessity
of including physical activity in comprehensive care plans
through bulk-billed GP services for older adults with cogni-
tive impairment.

Conclusions

Our research provides substantial evidence of the posi-
tive relationship between physical activity and HRQoL in
older people with cognitive impairment. Using longitudi-
nal data from the HILDA Survey, we found that engaging
in moderate to intense physical activity for at least 30 min
is associated with improved HRQoL. These results high-
light the significance of integrating physical activity into
holistic strategies for enhancing the general well-being of
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older Australians living with cognitive impairment. Health
education and promotion initiatives must be implemented
across all demographics to promote physical activity, espe-
cially amongst those with cognitive impairments. The
SF-6D utility values derived from our research may serve
as essential inputs for the forthcoming economic evaluation
of intervention concerning physical activity. Thereby, our
study findings will help policy makers to identify the cost-
effective interventions concerning physical activity aimed at
improving the health and well-being of older adults. Further
research is needed to investigate the enduring advantages of
physical activity on HRQoL in adults with cognitive impair-
ment and to create tailored therapy that encourage physical
activity.
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