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Abstract

Introduction Australia’s population is steadily growing older, with older persons expected to make up over 20% of the
population by 2066. Ageing is strongly associated with a significant drop in cognitive ability, ranging from mild cognitive
impairment to severe cognitive impairment (dementia). This study examined the association between cognitive impairment
and health-related quality of life (HRQoL) in older Australians.

Methods Two waves of longitudinal data from the nationally representative Household, Income and Labour Dynamics in
Australia (HILDA) survey were utilised, with the age cut-off for older Australians defined as above 50. The final analysis
included 10,737 person-year observations from 6892 unique individuals between 2012 and 2016. This study utilised the
Backwards Digit Span (BDS) test and Symbol Digit Modalities test (SDMT) to assess cognitive function. HRQoL was meas-
ured using the physical and mental component summary scores of the SF-36 Health Survey (PCS and MCS). Additionally,
HRQoL was measured using health state utility values (SF-6D score). A longitudinal random-effects GLS regression model
was used to analyse the association between cognitive impairment and HRQoL.

Results This study found that approximately 89% of Australian adults aged 50 or older had no cognitive impairment, 10.16%
had moderate cognitive impairment, and 0.72% had severe cognitive impairment. This study also found that moderate and
severe cognitive impairment were both negatively associated with HRQoL. Older Australians with moderate cognitive
impairment scored worse on the PCS (f=—- 1.765, SE=0.317), MCS (p=- 1.612, SE=0.326), and SF-6D (f=- 0.024,
SE =0.004) than peers without cognitive impairment given other covariates reference categories remain constant. Older
adults experiencing severe cognitive had lower PCS (B=— 3.560, SE=1.103), and SF-6D (=— 0.034, SE=0.012) scores
compared to their counterparts with no cognitive impairment given other covariates reference categories remain constant.
Conclusion We found evidence that HRQoL is negatively associated with cognitive impairment. Our findings will be ben-
eficial for the future cost-effectiveness intervention targeted at reducing cognitive impairment since it provides information
on the disutility associated with moderate and severe cognitive impairment.
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Abbreviations PCS Physical component summary

EQ-5D  European Quality of Life Five Dimension MCS Mental component summary

HILDA Household, Income and Labour Dynamics in SF-6D Short-Form Six-Dimension
Australia SF-36 36-Item Short-Form Health Survey

HRQoL Health-related quality of life
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With increasing age, the susceptibility to age-associated
cognitive impairment increases [1]. Concerningly, the demo-
graphic profile of the world population is shifting towards
older age with improved life expectancy. As of 2020, older
Australians (aged > 65 years) comprised 16% of the total

The Australian Centre for Housing Research, The University Australian population and is projected to increase to 20.7%
of Adelaide, Adelaide, Australia

Faculty of Medicine, Centre for Health Services Research,
The University of Queensland, Brisbane, QLD, Australia

Faculty of Medicine, The University of Queensland,
Brisbane, QLD, Australia

@ Springer


http://orcid.org/0000-0001-8747-9891
http://crossmark.crossref.org/dialog/?doi=10.1007/s11136-023-03449-3&domain=pdf

2912

Quality of Life Research (2023) 32:2911-2924

by 2066 [2]. This unprecedented growth of population age-
ing presents significant challenges relating to healthcare,
independence, social, and community interaction among
the elderly.

Ageing is associated with cognitive impairment ranging
from mild impairment to dementia (severe impairment).
Such impairment is a major cause of dependency and dis-
ability in the elderly. The age at which cognitive abilities
decline is subject to debate [3—-6]. However, longitudinal data
has shown cognitive decline is evident at all ages between 45
and 70 years, with an accelerated decline in the oldest age
groups [7]. Amongst older Australians (aged > 65 years), the
estimated prevalence of cognitive impairment ranges from
7.7 to 33.3% [8, 9]. Globally, the prevalence of cognitive
impairment in those aged > 50 years, ranges from 5.1 to
41.0%, with a median prevalence of 19.0% [10]. It is esti-
mated that the prevalence of severe cognitive impairment
will be 82 million in 2030, and will rise to 152 million by
2050 [11, 12].

There is well-established literature on the vital role that
cognitive ability occupies in an individual’s daily function-
ing. Cognitive ability is defined as “the skills involved in
performing the tasks associated with perception, learning,
memory, understanding, awareness, reasoning, judgment,
intuition, and language” [13]. The degree of cognitive
impairment may range from mild deficits in memory, lan-
guage, executive functioning, or visuospatial capabilities
[14] to clinically significant deficits associated with other
pathologies, such as dementia and Alzheimer’s disease [15,
16]. Given the complex multitude of influences on cognitive
impairment, a multi-dimensional measure of health-related
outcomes is needed to assess health and well-being.

HRQoL is a multi-dimensional construct that encom-
passes physical, mental, emotional, and social functioning
[17]. It provides a broad summary of overall health status
by incorporating elements that have been shown to affect
health. Self-reported health outcomes can be measured
accurately using generic non-preference and preference-
based quality of life instruments, allowing for meaningful
comparisons between healthy and clinical populations [18].
However, it is argued that condition-specific preference-
based measurements may be more successful than a generic
preference-based measure of HRQoL because they are more
responsive to a particular health condition [19].

The association between cognitive impairment and
HRQoL has been previously investigated, yielding con-
flicting findings. Notably, a number of these studies were
undertaken in specific age groups and settings. Cognitive
impairment has been associated with lower HRQoL in the
Chinese (utilised EQ-5D) [20], Swedish (utilised EQ-5D)
[21], and Turkish (utilised CDC HRQOL-4) [22] elderly.
Other studies have shown similar findings in older adults
with ailments, such as Alzheimer’s disease (utilised Quality
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of Life—Alzheimer’s Disease Scale) [23], dementia (utilised
Qualidem) [24], and neurological disease [25]. Conversely,
other evidence suggests that HRQoL is not impacted by
cognitive impairment in nursing home residents (utilised
Nursing Home Vision-Targeted Health-Related Quality of
Life Questionnaire, VF-14, and the SF-36) [26], dementia
patients [27] or institutionalized older Canadians (utilised
EQ-5D-3L) [28]. One study of older Belgian adults found
that lower HRQoL (using Alzheimer's Disease Related Qual-
ity of Life) was associated with dementia, rather than mild
cognitive impairment (MCI) [29]. These inconsistent find-
ings may be attributed to the subjective nature of HRQoL,
instruments used, statistical methods and settings. Thus, a
reliable comparison of findings across studies is challeng-
ing. Further, research on the complex interaction between
degrees of cognitive impairment and HRQoL and how it
evolves over time is needed across a broader spectrum of
older age. This calls for further longitudinal research to elu-
cidate how cognitive impairment impacts HRQoL over time.

The unprecedented proportional population growth of the
elderly, in conjunction with the negative association between
cognitive impairment and HRQoL, will pose significant
logistical and financial healthcare challenges in the future.
It is thus paramount that further research be conducted into
developing medical treatments and funding preventative
public health measures to address the cognitive decline.
The current study will examine the association between
cognitive impairment and HRQoL among older Australians
(=50 years old) using longitudinal data from the Household,
Income and Labour Dynamics (HILDA) survey. Under-
standing the association between cognitive impairment
and HRQoL may assist in identifying effective measures to
support healthy ageing. It may also serve to optimize how
resources are distributed into conserving and/or relieving
cognitive impairment symptoms and subsequently, improv-
ing and maintaining HRQoL amongst the elderly.

Methods
Data and sample selection

This study sourced data from the Household, Income and
Labour Dynamics in Australia (HILDA) survey. The survey
collects annual data from a nationally representative cohort
of Australian adults and has been running since 2001. It fol-
lows over 17,000 Australian adults over the course of their
lifetimes and collects information on a variety of aspects of
daily life, including but not limited to: household and family
dynamics, labour and income statistics, education levels, and
health outcomes. A more thorough guide for understand-
ing HILDA data and documentation can be found elsewhere
[30].
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The data sourced for this study were extracted from
wave 12 (2012) and wave 16 (2016), as these were the only
waves where the survey collected information on cognitive
impairment. Wave 12 was considered the baseline and wave
16 was considered the follow-up. This study was limited
to older Australians, so only observations from those aged
50 years or above were included. Participants with miss-
ing data on the exposure variables (cognitive function test
outcomes) and the outcome variables (HRQoL outcomes)
were excluded. This resulted in a dataset of 10,737 person-
year observations from 6,892 unique individuals. The sam-
ple selection, including exclusion criteria and breakdown of
missing observations, is outlined in Fig. 1.

Dependent variables

The HILDA survey records HRQoL data through RAND
Corporation’s 36-Item Short Form Survey (SF-36). This
questionnaire consists of 36 generic and easily adminis-
tered questions that span 4 physical dimensions and 4 mental
dimensions of health [31]. Participant responses are scored
from O to 100 to represent the worst and best health status
for each specific dimension of health. The values of the 8
dimensions of health are then crystallized into two sum-
mary component scores: the physical component summary
(PCS) score and the mental component summary (MCS)
score. The PCS and MCS scores were calculated using the
recommended scoring algorithm for Australians [32] and
standardized using a linear z-score transformation with a
mean of 50 and a standard deviation (SD) of 10. The final

PCS and MCS scores in this analysis ranged from 6.04 to
72.14 and 4.36 to 72.79, respectively.

Notably, while the SF-36 is a fairly comprehensive meas-
ure of health status, it does not consider utility, which is
the measure of preference that an individual imparts onto a
particular health state. It equally values each health dimen-
sion regardless of how any individual HILDA participant
may prioritize aspects of their health. To rectify this, HILDA
also incorporates the SF-6D, a derivative of the SF-36 that
generate utilities and thus is more econometrically valuable
[33]. The SF-6D ranges from 0.29 to 1, where 1 represents
full health and 0.29 indicates worst health state.

Predicting variable

Cognitive ability amongst participants is reported by HILDA
through the use of previously established cognitive function
tests; they are easily administered and thus are compatible
with the face-to-face survey design employed by HILDA.
This study uses the Backwards Digit Span test (BDS) and
the Symbol Digit Modalities Test (SDMT) as the relevant
markers for cognitive function. These particular tests have
also seen previous use in identifying cognitive impairment
in multiple sclerosis patients [34, 35] and acutely hospital-
ized patients [36]. The BDS is a test wherein the partici-
pant is given a string of digits and is asked to repeat them
backwards [37]. The BDS assesses working memory and is
scored from O to 8. The SDMT is a test where the participant
pairs specific numbers with random geometric figures [38].
The SDMT assesses central processing and is scored from
0to 110.

Fig. 1 Participants flow into

the analytic sample and missing Total HILDA sample:
data 2 waves (wave 2 and 16)
Aged 50 years and over

Persons = 8,774
Observations = 14,847

A4

Reported data on HRQoL
Persons = 7,608
Observations = 12,306

Excluded (Due to missing observations)
Persons = 1,166
> Observations = 2,541

I

Reported data on cognitive impairment
Persons = 6,892
Observations = 10,737

Excluded (Due to missing observations)
Persons =716
Observations = 1,569

\4

\4

Final analytic sample
Persons = 6,892
Observations = 10,737
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For this study, previously developed criteria were used to
determine the threshold for cognitive impairment: partici-
pants who score > 1.0 standard deviations (SD) below the
mean on either the BDS or SDMT or both are considered to
have MCI, and participants who score > 1.5 SD below the
mean for both tests are considered to have severe cognitive
impairment [39]. This resulted in the cut-off for the BDS
being <3, and the cut-off for SDMT being <30, such that
any participant scoring at or below the cut-off for either test
is considered mildly cognitively impaired. Any participant
scoring <2 on the BDS and <24 on the SDMT tests will be
considered to have severe cognitive impairment.

Control variables
A set of socio-demographic and health-related characteris-

tics, along with health-related behaviours, were considered
as potential confounders for this study. The variables include

Table 1 Control variables list and description

age, gender, relationship status, highest education level com-
pleted, household annual disposable income, labour force
status, Indigenous status, region of residence, Body Mass
Index (BMI), disability, smoking status, alcohol consump-
tion, and physical activity. A categorical breakdown of these
variables is found in Table 1.

Analytic strategy

We constructed an unbalanced longitudinal data set consist-
ing of 10,737 person-year observations from 6,892 unique
individuals. The subsequent statistical analysis reported the
descriptive statistics using mean and standard deviation (SD)
for continuous variables, and percentages for categorical
variables. The dependent variables of this study are con-
tinuous and we fit a longitudinal random-effects regression
model to explain the relationship between cognitive impair-
ment and HRQoL. The use of random-effects regression

Variable Measure
Socio-demographic characteristics
Age 0=50-64 years
1=>65 years
Gender 0=Male
1 =Female

Relationship status

Highest education level completed

Household annual disposable income

Labour force status
Indigenous status

Health-related characteristics

Weight category

Long-term health condition or disability

Health-related behavioural characteristics
Smoking status

Alcohol consumption

Physical activity

0=Single (never married and not living with someone, separated, divorced, and widowed)
1 =Couple (married, and living with someone)

0=Year 12 and below (year 12, and <year 11)

1 =certificate courses (diploma, and certificate I1I/IV)

2 =university degrees (masters or doctorate, graduate diploma, and honours)
0=CQuintile 1 (poorest)

1 =Quintile 2 (poorer)

2=Quintile 3 (middle)

3 =Quintile 4 (richer)

4 =Quintile 5 (richest)

0=Employed

1 =Unemployed or not in the labour force (NLF)

0=Not of Indigenous origin

1 =Indigenous origin (Aboriginal, Torres Strait Islander, and/or both)

0=Underweight (BMI < 18.50)

1 =Healthy weight (BMI 18.50-24.99)
2=0verweight (BMI 25.00-29.99)
3=0bese (BMI>30)

0=No

1=Yes

0=Non-smoker (never smoked, and former smoker)

1 =Current smoker (smokes daily, smokes at least weekly, and smokes less often than weekly)

0=Non-drinker (never drunk, and ex-drinker)

1 =Current drinker (only rarely, 1-2 days, 2-3 days, 3—4 days, 5-6 days per week and every day)

0=Less than the recommended level (not at all, less than once, 1 to 2, and 3 times a week)
1 =Recommended level (>3 times a week and every day)

Note: 1. The study used a ‘modified OECD’ equivalence scale to measure equivalised household annual disposable income
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will help to identify the between-person differences in the
association between cognitive impairment and HRQoL. The
functional form of the panel random-effects regression is as
follows.

HRQoL; = a + p,C;, + ﬂX,-’, +u; t+ g (H

HRQoL denotes the outcome variables: two summary
measures (PCS and MCS), and health utility index (SF-6D)
derived from the SF-36 questionnaire. C indicates the main
variable of interests (cognitive impairment). X refers to the
vector of time invariant and time-varying control variables.
a is the model’s grand intercept, f is the model parameter
of interests to be estimated, and f’ indicates vector of co-
efficient. p represents individual-specific component that are
constant over time and eis the time and person-specific error
term that is presumed to have no correlation with the regres-
sors. The subscripts i and t in Eq. 1 represent individual and
time, respectively.

All models are adjusted by age, gender, relationship
status, highest education level completed, household
annual disposable income, labour force status, Indigenous
status, region of residence, BMI, disability status, smok-
ing status, alcohol consumption, and physical activity. A
p-value < 0.05 was considered significant, with p-values
of <0.01 and <0.001 also reported for greater evidence of
significance. The statistical analysis was performed using
Stata version 17.0 (Stata SE 17, College Station, TX: Stata-
Corp LLC, USA).

Results
Descriptive analyses

Table 2 summarizes the study population’s socio-demo-
graphic, health-related characteristics, and health-related
behaviours in the baseline wave (2012), final wave (2016),
and pooled waves (2012 to 2016). The pooled data showed
that 41% of participants were over 65 years old, slightly
more than half were female (53%), almost two-thirds were
in a relationship (65%), almost a quarter had completed a
university degree (24%), slightly more than half were unem-
ployed or retired (52%), nearly 2% identified Indigenous,
36% resided in a regional or remote area, 29% were obese,
42% have some form of disability, 13% were current smok-
ers, 81% were current drinkers, and one-third of the respond-
ent performed the recommended level of physical activity
(33%).

Table 3 summarizes the distribution of the exposure
variable (BDS and SDMT scores, cognitive impairment
level) and outcome variables (SF-36 domain scores, PCS
score, MCS score, SF-6D score) across the baseline, final,

and pooled across all waves. The outcome measures for the
pooled sample are as follows: the mean PCS score was 44.63
(SD=11.30), the mean MCS score was 50.51 (SD=10.10),
the mean SF-6D score was 0.74 (SD=0.13). The distribu-
tion for the exposure measures in the pooled samples are
as follows: the mean BDS score was 4.83 (SD=1.40), the
mean SDMT score was 42.63 (SD=11.88), 89% were not
cognitively impaired, 10.16% were moderately cognitively
impaired, 0.72% were severely cognitively impaired.

The distribution of the primary outcome measures for the
study population is shown in Fig. 2. The PCS scores ranged
from 6.0 to 72.1, and the MCS scores ranged from 4.4 to
72.8. Majority of participants had PCS and MCS scores
between 40 and 60, with a smaller percentage scoring below
40 and above 60, indicating a right-skewed distribution. The
SF-6D utility scores are right skewed similarly to the PCS
and MCS scores. The SF-6D scores range from 0.30 to 1,
with majority of participants scoring between 0.75 and 1.

Figure 3 shows the trend of PCS, MCS, and SF-6D scores
of the study population over the 4-year observation period
between 2012 and 2016, stratified by level of cognitive
impairment. The figure shows that the PCS (Panel A), and
SF-6D (Panel C) scores for those who were moderately or
severely cognitively impaired were much lower than those
with no cognitive impairment in all waves. For instance, the
mean PCS scores of adults with no cognitive impairment,
moderate cognitive impairment and severe cognitive impair-
ment are 45.51, 37.78, and 35.28, respectively in the final
wave (wave 16). Figure 3 also demonstrates that the decline
in SF-6D is more pronounced in those who are moderately
(0.670) and severely (0.666) cognitively impaired compared
to those who were not cognitively impaired (0.745) in wave
16. We observed that the MCS scores for those who were
moderately and severely cognitively impaired were lower
than those with no cognitive impairment (Panel B). The
mean MCS scores of adults with no cognitive impairment,
moderate cognitive impairment and severe cognitive impair-
ment are 50.56, 47.80, and 48.25, respectively in the final
wave (wave 16).

Regression models

Table 4 demonstrates the relationships between different
levels of cognitive impairment and the HRQoL outcome
measures (PCS, MCS, SF-6D) for this study. The regres-
sion coefficients of the cognitive impairment concern-
ing the PCS, MCS, and SF-6D are displayed in models 1
to 3. Model 1 shows that PCS scores of those who were
severely cognitively impaired scored over 3 unit points
(p=— 3.560) lower than normal, while PCS scores of
those with moderate cognitive impairment scored almost
2 unit points (f=— 1.765) lower than normal. Model
2 shows that MCS scores of those who were severely
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Table 2 Distribution of

the analytic sample (socio-
demographic and health-related
characteristics): Baseline, final

Variables

Baseline wave Final wave (2016)

(2012)
n % n % n %

Pooled sample
(2012 and 2016)

wave, and pooled data
Socio-demographic characteristics

Age
50-64 years
> 65 years
Gender
Male
Female
Relationship status
Single
Couple
Highest education level completed
Year 12 and below
Certificate courses
University degrees
Household annual disposable income
Quintile 1 (Poorest)
Quintile 2 (Poor)
Quintile 3 (Middle)
Quintile 4 (Richer)
Quintile 5 (Richest)
Labour force status
Employed
Unemployed or NLF
Indigenous status
Not of Indigenous origin
Indigenous origin
Region of residence
Major city
Regional or remote area
Health-related characteristics
BMI
Underweight
Healthy weight
Overweight
Obese
Disability
No
Yes
Health-related behaviours
Smoking status
Non-smoker
Current smoker
Alcohol consumption
Non—drinker
Current drinker
Physical Activity
Less than the recommended level
Recommended level

3,049 58.72 3,247 58.56 6,296 58.64
2,143 41.28 2,298 41.44 4,441 41.36

2,436 46.92 2,624 47.32 5,060 47.13
2,756 53.08 2,921 52.68 5,677 52.87

1,813 34.92 1,970 35.53 3,783 35.23
3,379 65.08 3,575 64.47 6,954 64.77

2,279 43.89 2,222 40.07 4,501 41.92
1,710 32.94 1,947 35.11 3,657 34.06
1,203 23.17 1,376 24.82 2,579 24.02

1,039 20.01 1,109 20 2,149 20.01
1,038 19.99 1,109 20 2,146 19.99
1,039 20.01 1,109 20 2,148 20.01
1,038 19.99 1,109 20 2,148 20.01
1,038 19.99 1,109 20 2,146 19.99

2,451 47.21 2,654 47.86 5,105 47.55
2,741 52.79 2,891 52.14 5,632 52.45

5,097 98.17 5,434 98.0 10,531 98.08
95 1.83 111 2.0 206 1.92

3,337 64.27 3,501 63.14 6,838 63.69
1,855 35.73 2,044 36.86 3,899 36.31

73 1.41 65 1.17 138 1.29
1,699 32.72 1,748 31.52 3,447 32.10
1,994 38.41 2,060 37.15 4,054 37.76
1,426 27.47 1,672 30.15 3,098 28.85

2,967 57.15 3,279 59.13 6,246 58.17
2,225 42.85 2,266 40.87 4,491 41.83
4,544 87.52 4,846 87.39 9,390 87.45

648 12.48 699 12.61 1,347 12.55

956 18.41 1,040 18.76 1,996 18.59
4,236 81.59 4,505 81.24 8,741 81.41

3,477 66.97 3,760 67.81 7,237 67.40
1,715 33.03 1,785 32.19 3,500 32.60

Note: 1. In the pooled waves, a total of 10,737 person-year observations were considered from 6892 unique

persons
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Table 3 Distribution of subjective health scores, test scores, and cognitive impairment: baseline, final wave and pooled data

Variables Baseline wave (2012) Final wave (2016) Pooled sample (2012 and
2016)
n Mean (SD) n Mean (SD) n Mean (SD)

SF-36 domain scores

Physical functioning 5,192 74.22 (25.12) 5,545 75.29 (24.77) 10,737 74.77 (24.94)

Role physical 5,192 68.51 (41.37) 5,545 68.73 (41.27) 10,737 68.63 (41.32)

Role emotional 5,192 81.43 (34.84) 5,545 81.54 (34.66) 10,737 81.48 (34.75)

Social functioning 5,192 80.99 (24.44) 5,545 80.29 (24.86) 10,737 80.63 (24.66)

Mental health 5,192 76.62 (16.79) 5,545 76.01 (17.21) 10,737 76.30 (17.01)

Vitality 5,192 60.53 (20.22) 5,545 59.90 (20.48) 10,737 60.20 (20.36)

Bodily pain 5,192 65.84 (24.79) 5,545 65.42 (24.82) 10,737 65.62 (24.80)

General health 5,192 63.97 (21.66) 5,545 63.68 (21.67) 10,737 63.82 (21.67)
SF-36 component summary scores

PCS 5,192 44.49 (11.34) 5,545 4475 (11.26) 10,737 44.63 (11.30)

MCS 5,192 50.74 (10.01) 5,545 50.30 (10.17) 10,737 50.51 (10.10)
Utility score

SF-6D 5,192 0.74 (0.13) 5,545 0.74 (0.12) 10,737 0.74 (0.13)
Backward Digit Span (BDS) test score 5,192 4.80 (1.40) 5,545 4.87 (1.40) 10,737 4.83 (1.40)
Symbol Digit Modalities Test (SDMT) score 5,192 42.02 (12.01) 5,545 43.20 (11.73) 10,737 42.63 (11.88)
Cognitive impairment, n (%)

No 4,559 87.81 5,010 90.35 9,569 89.12

Moderate 597 11.50 494 8.91 1,091 10.16

Severe 36 0.69 41 0.74 77 0.72

Note: 1. In the pooled waves, a total of 10,737 person-year observations were considered from 6892 unique persons

Fig.2 Distribution of PCS and &4
MCS scores and SF-6D utility
values <

Density

Density

20

Density
1

40 60 80 0 20 40 60 80
PCS score MCS score

T T
5 1
SF-6D score

cognitively impaired scored over 1 unit point (f=— 1.759)
lower than normal, but could not significantly demon-
strate this. Conversely, Model 2 demonstrates a significant
decrease in MCS scores compared to normal for those who

are moderately cognitively impaired, showing a decrease
of almost 2 unit points (f=— 1.612) lower than normal.
Finally, model 3 shows that SF-6D utility scores of those
who were severely cognitively impaired scored over 0.03
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Fig.3 Mean PCS, MCS, and SF-6D score by cognitive impairment

unit points (f=— 0.034) lower than normal, while SF-6D
utility scores of those with moderate cognitive impair-
ment scored over 0.02 unit points (f =— 0.024) lower than
normal.

Discussion

This study examined the association between cognitive
impairment with HRQoL in a sample of older Australians,
using data from the HILDA survey. The findings indicated
that majority of older Australians do not have cognitive
impairment (89%). However, 10% and 1% had moderate
and severe cognitive impairment, respectively. Similar
levels of cognitive impairment amongst older Australians
(aged > 65 years) have been documented elsewhere [8, 9].
We measured HRQoL by the generic non-preference
based measure (SF-36) and generic preference based meas-
ure (SF-6D). Generic tools have been criticised for not being
sensitive for cognition. However, our results indicate that
possibly SF-36 is a suitable tool for measuring change in
quality of life related to cognitive status. The study showed
strong evidence of an association between moderate and
severe cognitive impairment with lower HRQoL concern-
ing physical function (PCS) and the SF-6D. With regards
to mental function (MCS), there was a strong association
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between moderate cognitive impairment and lower HRQoL
after adjusting for confounding factors. A similar association
between cognitive impairment and low HRQoL has been
observed in older community-based participants from Aus-
tralia [40], the United States [40], Japan [41], China [20]
and Sweden [21]. Cognitive impairment has been associ-
ated with lower ratings of physical and mental components
of HRQoL [20, 21]. Amongst community-dwelling older
people, a 10-unit higher PCS and MCS score was associated
with a 12% and 6% decreased risk of cognitive impairment,
respectively [40]. Alternatively, no association was found
between cognitive impairment and HRQoL in a commu-
nity-dwelling sample of older adults [28]. However, this
was attributed to the use of EuroQOL (EQ-5D) to measure
HRQoL which does not contain a domain related to cogni-
tion, and thus may not be well associated with the cognitive
impairment screening measure (i.e., Montreal Cognitive
Assessment) used in the study [42, 43]. This issue has been
previously debated [44]. Furthermore, as demonstrated in
this study, severe cognitive impairment was associated with
lower HRQoL scores compared to mild cognitive impair-
ment in other studies [21, 29]. The concordance in commu-
nity-based findings across various samples and this study’s
findings add weight to the association between cognitive
impairment and HRQoL.
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Table 4 The association
between cognitive impairment
and the SF-36 component
summary scores and SF—6D
utility score, a longitudinal
random-effects analysis

Variables Model 1: PCS Model 2: MCS Model 3: SF-6D
P [SE] P [SE] P [SE]
Cognitive impairment
No (ref)
Moderate — 1.765%** — 1.612%** — 0.024***
[0.317] [0.326] [0.004]
Severe — 3.560%* - 1.759 — 0.034%*
[1.103] [1.289] [0.012]
Age
50-64 years (ref)
> 65 years — 1.707*** 3.604%%* 0.016%**
[0.225] [0.242] [0.003]
Gender
Male (ref)
Female — 0.629%* 0.004 — 0.007**
[0.196] [0.223] [0.002]
Relationship status
Single (ref)
Couple 0.680%** 1.205%** 0.016%**
[0.202] [0.231] [0.002]
Highest education level completed
Year 12 and below (ref)
Certificate courses 0.255 —0.101 —0.002
[0.228] [0.258] [0.003]
University degrees 0.9227%** -0.373 0.001
[0.253] [0.290] [0.003]
Household annual disposable income
Quintile 1 (Poorest) — 2.235%%* — 1.230%*** — 0.025%**
[0.301] [0.331] [0.004]
Quintile 2 (Poor) — 1.683*** —0.915%* — 0.019%**
[0.272] [0.300] [0.003]
Quintile 3 (Middle) — 0.899%** -0.312 — 0.008**
[0.246] [0.275] [0.003]
Quintile 4 (Richer) —0.428 —0.070 —0.003
[0.227] [0.258] [0.003]
Quintile 5 (Richest) (ref)
Labour force status
Employed (ref)
Unemployed or NLF — 2.7742% %% — 1.443%*% — 0.032%**
[0.223] [0.250] [0.003]
Indigenous status
Not of Indigenous origin (ref)
Indigenous origin 0.086 0.480 0.006
[0.701] [0.840] [0.009]
Region of residence
Major city (ref)
Regional or remote area — 0.679%** 0.435% —0.001
[0.199] [0.218] [0.002]
Smoking status
Non-smoker (ref)
Current smoker —0.505 — 2.171%%% — 0.016%**
[0.283] [0.335] [0.003]
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Table 4 (continued)

Variables Model 1: PCS Model 2: MCS Model 3: SF-6D
P [SE] P [SE] P [SE]
Alcohol consumption
Non—drinker (ref)
Current drinker 1.389%** 1.142%** 0.017%**
[0.259] [0.280] [0.003]
Physical Activity
Less than the recommended level (ref)
Recommended level 2.486%** 2.128%*%* 0.035%*%*%*
[0.177] [0.181] [0.002]
BMI
Underweight -0.710 — 2.772%* —0.021*
[0.762] [0.929] [0.009]
Healthy weight (ref)
Overweight — 0.900%** 0.013 — 0.007**
[0.202] [0.219] [0.002]
Obese — 3.342%%% —0.575* — 0.026%**
[0.241] [0.260] [0.003]
Disability
No (ref)
Yes — 9.051*** — 3.146%** — 0.085%**
[0.211] [0.208] [0.002]

Notes: 1. Robust standard errors are reported in square brackets

2. Abbreviations: ref = reference category, PCS = Physical Component Summary, MCS = Mental Compo-
nent Summary, SF-6D = Short-Form Six-Dimension health utility index

3. Significance level: ***p <0.001, **p<0.01, *p <0.05

Additionally, this study revealed differing strengths in
associations between the mental and physical components
of HRQoL with cognitive impairment. MCS and PCS scores
assess unique aspects of self-reported HRQoL, which may
account for differing associations with cognitive impairment.
The current study illustrated that cognitive impairment was
negatively associated with PCS and MCS, albeit the negative
association between severe cognitive impairment and lower
MCS scores was not statistically significant. In contrast, pre-
vious research on healthy older adults have shown differing
results on the mental and physical components of HRQoL.
A cross-sectional study on healthy older adults (aged 55 and
older) showed a negative association between the physical
component of HRQoL with age but a positive association
between the mental component of HRQoL with age [45].
This is in line with theoretical views that older adults may
maintain mental well-being despite objective health losses
given that they possess self-regulatory mechanisms [46].

A plausible reason for the association between cogni-
tive impairment and low HRQoL is the perception of poor
health. The deterioration of HRQoL amongst the cogni-
tively impaired elderly has been primarily attributed to loss
of autonomy, which affects the ability to complete basic
daily tasks independently [47, 48]. Cognitively impaired
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individuals may experience frustrations from the inability
to complete basic daily tasks independently [48]. Therefore,
individuals may experience heightened depression, anxiety,
and dysfunctional social interactions [49], which may fur-
ther deteriorate HRQoL. Prior studies have highlighted that
older adult with cognitive impairment has a higher likeli-
hood of reporting problems in HRQoL dimensions such as
pain/discomfort, and anxiety/depression [20, 50]. Thus, it
has been argued that an awareness of cognitive impairment
may lead to distress as a reaction to declining cognition in
elderly adults [50]. Independent of the severity of cognitive
impairment, older adults aware of a mild cognitive impair-
ment diagnosis and its prognosis had lower HRQoL, and
more difficulties with daily functioning than those who
were unaware [51]. Conversely, if individuals with cognitive
impairment do not perceive their functioning as impaired,
they may report a non-deteriorated HRQoL. Given that indi-
viduals assess their HRQoL by comparing their expectations
and experience, perceived functional limitations may lower
HRQoL [52]. Therefore, promoting practical coping strat-
egies could improve HRQoL among cognitively impaired
older adults. However, as cognitive impairment is associ-
ated with functional decline and multiple morbidities [53], it
may curtail compensatory mechanisms amongst cognitively
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impaired elderly to maintain good mental well-being in con-
trast to their healthier, community-dwelling counterparts.
This study adds to the existing evidence that cognitive
impairment is associated with low HRQoL in older adults.
The findings highlight the importance of sustaining the cog-
nitive ability to improve HRQoL in healthy ageing, particu-
larly for the physical component of HRQoL. This presents
a public health opportunity for policymakers to design and
implement strategies that will maintain cognitive function-
ing or relieve symptoms associated with cognitive decline.
It is hoped that such efforts may meaningfully improve
HRQoL and potentially prevent individuals from declining
further into severe cognitive impairment seen in dementia.
As cognitive decline is associated with functional impair-
ments, this may pose difficulties in fulfilling basic needs,
thus leading to poor physical and mental health. Specifically,
assisting cognitively impaired older adults with feelings of
loneliness, pain and improving the ability to undertake basic
activities of daily living may have important implications for
mental and physical HRQoL [54-56]. Therefore, promoting
purposeful care to address a broad range of modifiable risk
factors and encouraging protective factors may be key. These
include social engagement, cognitive and physical activity
and may serve as an effective strategy to maintain HRQoL
with advancing age [57-59]. Besides, there is evidence that
a patient empowerment model that considers the patient as
the prime member of the health team and care managers
who provide services to patients suggested by physicians in
the primary health care system is beneficial for improving
health outcomes for patients with heart failure and diabe-
tes [60]. Hence, introducing a patient empowerment model
might be helpful to reduce cognitive impairment among
older Australians. Moreover, the literature has highlighted
the importance of preventative measures in sustaining cog-
nitive function. Recent evidence illustrated that 21.7% of
MCI cases that deteriorated in dementia may have been pre-
ventable by targeting diet (8.7%), diabetes (1.5%) and neu-
ropsychiatric symptoms (11.5%) [61]. Furthermore, specific
lifestyle factors such as engaging in social and artistic activi-
ties during midlife and late were protective against cognitive
impairment at ages 85-89 [62]. This evidence reinforces the
need for further research to broadly understand health status
across multiple domains, and formulate preventative meas-
ures against cognitive deterioration. Thus, by understanding
the overall impact of cognitive impairment on HRQoL, cog-
nitive measures may be utilised as a pragmatic tool to iden-
tify those who may benefit from such preventative strategies.
A key contribution of this study is the suggested cut-
off scores to define cognitive impairment. To the authors’
knowledge, there is limited literature on appropriate cut-
off scores that define cognitive impairment using the BDS
and SDMT in older adults. BDS cut-off scores <4 have
been used as a threshold to define cognitive impairment in

older adults [36, 63, 64]. Previous research has suggested
SDMT cut-off scores between 24 and 40 to define cognitive
impairment. However, such research was based on highly
specific groups, particularly, those with multiple sclerosis
[34, 65-67]. The generated cut-off scores used in the current
study generally align with previous literature discussed pre-
viously. Nevertheless, the current study suggested a SDMT
cut-off score of <30, which lies in the range suggested by
previous studies as discussed. However, the BDS cut-off
score of <3 was more conservative than previous literature,
and thus may be less sensitive in capturing milder cognitive
impairment. Nevertheless, it is hoped that the suggested cut-
off scores for cognitive impairment in the current study may
contribute to the limited body of literature on optimal cut-
off scores for defining cognitive impairment in the elderly.
Much of the previous literature has focused on highly spe-
cific samples, yielding inconsistent findings on the associa-
tion between cognitive impairment and HRQoL. This may
be attributed to the heterogeneity in study samples, settings,
and methodology. Furthermore, to the authors’ knowledge,
majority of studies assessing the association between cog-
nitive impairment and HRQoL have been cross-sectional
in nature. Thus, no causative association could be firmly
established. By undertaking this longitudinal study in a
nationally representative cohort of older Australians, find-
ings on the impact of cognitive impairment on HRQoL may
be more generalisable to the normal ageing process and may
be applied to future research and policy endeavours.

Strength and weaknesses

A major strength of this study was its large, population-
based longitudinal nature, covering a wide spectrum of older
age (50 years and older). This study utilised 10,737 person-
year observations from 6892 unique individuals, using two
waves of the HILDA survey to examine the association
between cognitive impairment and HRQoL amongst older
Australians. Further, a variety of factors were controlled for,
and findings remained robust with adjustment. However,
given the design of the study, unmeasured and unknown
confounders could exist and impact the results.

The cognitive impairment measures (SDMT and BDS)
are also validated and have good utility in reflecting core
constructs of cognitive ageing and impairment. The use of
validated tools facilitates the comparison of this study’s
findings with previous research. A notable limitation of
this study was the data collection methods for HRQoL. As
HRQoL was self-reported, there is a risk of social desirabil-
ity bias, leading to an inflation of HRQoL scores. Secondly,
there is no consensus on clear cut-off scores for the SDMT
and BDS scales to define cognitive impairment. Therefore,
these measures are not diagnostic of cognitive impairment
and may not accurately capture a full spectrum of cognitive
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impairment that is clinically significant. Thirdly, chronic
conditions and pharmacological treatment are two crucial
confounding variables in the relationship between cogni-
tive impairment and HRQoL. Due to the unavailability of
chronic conditions and pharmacologic data, the authors can’t
include these confounding factors in the multivariate regres-
sion. Therefore, the estimated co-efficient could be underes-
timated or overestimated.

Conclusion

This study examines the association between cognitive
impairment and HRQoL in older Australian adults. We
found that those deemed mildly and severely cognitively
impaired had lower PCS, and SF-6D scores than those with
no cognitive impairment. Our findings might be helpful for
performing future economic evaluation aiming to reduce
cognitive impairment as the results revealed the disutility
associated with moderate and severe cognitive impairment.
Given that this study found a strong association between
mild cognitive impairment and the physical component,
but not the mental component of HRQoL, further research
may be needed to understand how these components may
be differentially affected by cognitive impairment across a
spectrum of old age. Such understanding may be leveraged
to promote targeted interventions that prevent or alleviate
symptoms of poor HRQoL in those with cognitive impair-
ment. Along similar lines, future studies could systemati-
cally evaluate specific elements of cognitive functioning
to better understand their relative impact on HRQoL. This
may assist in identifying preventative strategies to improve
specific cognitive functions to yield a greater degree of
improvement in HRQoL as adults enter older age.
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