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Abstract

Purpose—Previous research has demonstrated that lower health-related quality of life (HRQoL)
is associated with higher morbidity and mortality, especially in-patient groups. The association of
HRQoL with all-cause mortality in community samples requires further investigation. This study
aimed to examine whether HRQoLf predicts all-cause mortality in older healthy community-
dwelling people from Australia and the United States (U.S.) enrolled in the Aspirin in Reducing
Events in the Elderly (ASPREE) trial. We also explored whether this association varies by gender
or country.

Method—A prospective cohort of 19,106 individuals aged 65-98 years, who were without a
dementia diagnosis or a known major life-limiting disease, and completed the 12-item short-form-
HRQoL at recruitment (2010-2014). They were followed until June 2017. Cox proportional-
hazard models were used to determine the association between the physical (PCS) and mental
component scores (MCS) of HRQoL and all-cause mortality, adjusting for sociodemographic
factors, health-related behaviours and clinical measures. Hazards ratios were estimated for every
10-unit increase in PCS or MCS.

Results—There were 1052 deaths over a median 4.7-years (interquartile range 3.6-5.7) of
follow-up, with 11.9 events per 1000 person-years. Higher PCS was associated with lower all-
cause mortality (HR 0.83, 95% CI 0.77, 0.89) in the entire sample, while higher MCS was
associated with lower mortality among U.S. participants only (HR 0.78, 95% CI 0.63, 0.95).
Gender differences in the association of either PCS or MCS with mortality were not observed.

Conclusion—Our large study provides evidence that HRQoL is inversely associated with all-
cause mortality among initially healthy older people.

Keywords

Health-related quality of life; 12-item short form SF-12; Mortality; Predictor; Prospective cohort;
Older people; Australia; United States

Introduction

Globally, the number of older people aged 65 years and over is increasing at a rate faster
than other age groups [1]. The global aging population is expected to double in size from
900 million in 2015 to approximately two billion in 2050 [2]. Such a dramatic increase in
the aging population has not come with a proportionate increase in healthy years lived for
older individuals [3]. Therefore, identifying older individuals most at risk of developing
more severe chronic diseases and premature deaths, and thus in greatest need of targeted
preventative interventions is important to reduce the associated economic burden [1].
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Health-related quality of life (HRQoL) is an individual’s self-perceived health status in
relation to the social, cultural and environmental context [4-6]. HRQoL assesses the impact
of health conditions on the daily lives of individuals and is useful in describing the life
experiences of older adults as it relates to their health [4, 5]. For this reason, HRQoL has
increasingly been used for assessing the quality of healthcare services, effectiveness of
interventions, and in cost-utility analyses as a supplement to objective clinical measures [7].
Indeed, it has been shown that lower self-reported HRQoL is associated with higher
morbidity and mortality in patients affected by chronic diseases such as cancer or heart
failure [8, 9]. Additionally, a systematic review of 47 studies concluded that higher HRQoL
as measured by the physical component score was associated with lower all-cause mortality
risk among the general population [10] which also aligns with the finding of a recent study
in middle-aged Swedish adults [11].

However, assessment of the association between HRQoL and all-cause mortality among
initially healthy older males and females is still limited. Additionally, in that review, less
than two thirds (28 studies) focused exclusively on older people aged 65 years and above
[10]. Among the studies conducted in older people, only eight studies had a very large
sample size (i.e. > 10,000 older people or national sample) [10] and the majority of these (n
=5) had a strong gender imbalance (i.e. < 4.2% representation of one gender) while others
had a very short follow-up period from 1 to 2.5 years [10]. Gender difference plays an
important role in the social consequences of illness and wellbeing including health-care
seeking behaviours and the availability of support by their family and society [12].
Furthermore, given that mortality risk varies by gender [13] and women often have lower
HRQoL than men [14], it is important to understand the association between HRQoL and
mortality by gender. However, the previous systematic review did not evaluate whether the
associations differed by gender [10]. Hence, the predictive power of HRQoL for adverse
health outcomes has not yet been adequately determined in the context of healthy
community-dwelling older people. Understanding such a relationship enables identification
of an individual’s risk of adverse health outcomes beyond the broad biochemical functioning
and morbidity assessed through traditional clinical measures. As such, this in turn could help
to increase the efficacy of disease prevention strategies and healthcare resources for older
people.

The aim of this study was to examine whether the physical (PCS) or mental component
scores (MCS) of HRQoL predict all-cause mortality among community-dwelling older
people and to determine whether these associations differ by gender. We used data from a
five-year clinical trial—ASPREE (Aspirin in Reducing Events in the Elderly) which was
conducted among relatively healthy older people in Australia and the United States (U.S.)
[15]. Since demographic, social, cultural and healthcare differences exist between Australia
and the U.S. [16], the current study also explored whether these associations differ between
countries.
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Methods

Study design and study population

The present study is a secondary data analysis of the prospective ASPREE cohort, which
was the first multicentre, randomized, double blinded, placebo-controlled trial on the effects
of low-dose aspirin for primary prevention of disability and dementia in older people [15].
The recruitment process was undertaken from March 2010 through December 2014. In
Australia, the recruitment was carried out mostly through general practice, and the U.S.
recruited through clinical trial and academic centres [15]. The ASPREE inclusion criteria
were initially healthy individuals aged = 70 years, or aged = 65 years for U.S. minority (i.e.
African American and Hispanic) groups [15]. Detailed descriptions of the exclusion criteria
have been reported previously [15]. In briefly, individuals were excluded if they had: (a) a
history of a diagnosed cardiovascular disease (CVD) (i.e. myocardial infarction, heart
failure, angina pectoris, or stroke, etc.), (b) a clinical diagnosis of atrial fibrillation, (c) a
systolic blood pressure = 180 mmHg and/or a diastolic blood pressure = 105 mmHg, (d) a
condition with high risk of major bleeding, (e) anaemia, (f) a diagnosis of dementia or a
Modified Mini-Mental State Examination (3MS) score < 77, (g) a serious illness likely to be
fatal within the next 5 years (as perceived by the recruiting general practitioner), or (h) if
they were unable to perform any one of the 6 Katz activities of daily activities (ADLS), or (i)
were current use of aspirin or other antiplatelet medication [15]. The trial included 19,114
relatively healthy participants aged 65-98 years, who were free of overt cardiovascular
diseases (CVD), atrial fibrillation, dementia, major physical disability, anaemia, high risk of
major bleeding, or serious illness likely to be fatal within the next 5 years [17]. Of the total
ASPREE sample, 16,703 (87%) were from Australia and 2411 (13%) were from the U.S.
[17]. ASPREE was approved by multiple Institutional Review Boards in Australia and the
u.s.

Determinant: health-related quality of life

HRQoL was assessed using the validated Medical Outcomes Study 12-item short form
(SF-12) (version-2) questionnaire [18]. The SF-12 is a shorter alternative to the 36-item
short form (SF-36) and it consists of 12 questions [19]. Therefore, the SF-12 only takes a
few minutes to complete and is commonly used in many epidemiological studies [19]. The
12 items of the SF-12 include eight domains: physical functioning, role limitation because of
physical health problems, bodily pain, general health, vitality (energy/fatigue), social
functioning, role limitation due to emotional problems, and mental health [19].

In this study we considered PCS and MCS, the two core subdomains of SF-12 as the
determinants. The PCS and MCS were generated using norm-based methods with a mean of
50 and standard deviation of 10 [19]. The PCS was calculated using a heavier weighting on
physical functioning, role-physical, bodily pain and general health domains whereas MCS
was derived using a heavier weighting on vitality, social functioning, role-emotional and
mental health domains [19]. Higher values of PCS and MCS indicate a better physical and
mental HRQoL respectively [19].
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Outcome: mortality

Covariates

All-cause mortality was defined as any cause of death that occurred in trial participants after
their enrolment in the study but before June 12, 2017, confirmed by two independent
sources. All-cause mortality included death due to cancer, CVD, haemorrhage (hemorrhage),
or other reasons. Death was identified during the course of trial regular activity (i.e. phone
calls to the participants’ residence quarterly and face-to-face visit annually), or notified by
the next of kin or a close contact during the trial. All deaths were confirmed by two
independent sources, such as family members, primary care physician or public death notice.
The lists of all Australian and U.S. participants who were lost to follow-up or withdrew were
verified with the relevant National Death Index in each country at the end of the trial [20].
Additionally, in Australia, the vital status was checked and verified on a weekly basis
through the Ryerson Index, a community-maintained on-line index of Australian death
notices [21].

Baseline variables were considered as covariates based on previous studies [10, 22, 23] and
whether they were associated with both HRQoL (either PCS or MCS) and mortality in the
study cohort. The baseline sociodemographic information, collected during face-to-face
interviews included age, gender, years of education, country of residence, living situation
(i.e. living at home alone or living with others) and race/ethnicity. The health-related
behaviours were smoking status, alcohol consumption and daily walking time. Participants
were queried as to their current smoking status and coded as (a) never, (b) former, or (c)
current. Alcohol intake in any day was analysed as (a) never/former, (b) current with 1-2
standard drinks, or (c) current with 3 + standard drinks. Physical capacity was the longest
amount of time walking outside home without any rest in the last 2 weeks was assessed and
defined as (a) none, (b) < 15 min, (c) 16-30 min, or (d) > 30 min). The clinical measures
collected using interviews and/or clinical examination included personal cancer history (yes/
no); hypertension (yes/no based on whether the participants were using treatment for high
blood pressure or whether the average of three blood pressure measurements was above the
normal range i.e. systolic blood pressure was = 140 mmHg or diastolic blood pressure was >
90 mmHg); diabetes mellitus (yes/no, based on the self-report of diabetes, fasting glucose =
126 mg/dL or on treatment for diabetes), and a measure of global cognition, the Modified
Mini-Mental State Examination (3MS) (continuous measure). Additionally, body mass index
(BMI) was calculated by dividing weight in kilograms by height in meters squared and then
analysed as (a) underweight (BMI: less than 18.5), (b) normal weight (BMI: 18.5 to 24.9),
(c) overweight (BMI: 25 to 29.9), or (d) obese (BMI: 30 or more) [24].

Statistical analysis

Chi-square test, #test and Wilcoxon rank-sum test were used to identify PCS, MCS,
sociodemographic, health-related behaviours and clinical measures differences by survival
status. From the lists of the sociodemographic factors, health-related behaviours and clinical
measures, it was assessed whether each variable was associated with both health-related
quality of life (HRQoL) (either PCS or MCS) and all-cause mortality, in order to include as
confounders in the adjusted models.
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Baseline PCS and MCS components of SF-12 were considered as a predictor of all-cause
mortality using Cox proportional-hazards regression. The hazards ratios were estimated for
every 10-unit increase in PCS/MCS.

The multivariable models adjusted for age, gender, education, living situation, smoking,
alcohol, longest amount of time walking outside home without any rest, cancer history,
hypertension, diabetes mellitus, BMI, and 3MS. The interaction terms between PCS/MCS
and gender (men and women) or country (Australia and the U.S.) were fitted in the
multivariable Cox models to test the heterogeneity of these associations (p-value for
interaction). Then, the multivariable Cox models were repeated with analyses stratified by
gender and country. In addition, for the purpose of comparison with previous studies,
PCS/MCS were also treated as categorical variables using four quartiles, with the lowest
quartile (worst HRQoL) as the referent category.

In addition, the sensitivity analyses were undertaken using the final models. First, to assess
the reverse causality, we repeated main analyses after excluding individuals who died or
censored in the first year of the study follow-up to ensure these early end points were not
affecting the observed associations. Secondly, we repeated main analyses with PCS and
MCS which were derived using Australian HRQoL population norms [25-27], as the
exposures. Thirdly, we repeated the main analyses with SF-6D index score as the exposure,
using preference-based algorithm provided by the University of Sheffield (under license)
[28].

For Cox proportional-hazards models, using the stset and stcox STATA commands, we
specified HRQoL administration at baseline as the enter (specifies the date when a subject
first comes under observation, meaning that any failures, were they to occur, would be
recorded in the data from this time point), mortality as the failure (specifies that mortality is
the outcome and at that date the participant stops being observed), and end of follow-up
(June 12, 2017) as the censored date. Analyses were performed in STATA statistical
software version 15.0 (StataCorpLP, College Station, Texas, the U.S.). A p-value of < 0.05
was used to determine statistical significance.

A total of 19,106 participants (99.96% of individuals enrolled in ASPREE) completed the
baseline SF-12. Over the 4.7-year median follow-up period (interquartile range 3.6-5.7),
there were 1052 deaths and the risk of death from any cause was 11.9 events per 1000-
person years. Of the total 1052 deaths, it included 522 (49.6%) cancer deaths, 203 (19.3%)
CVD deaths, 53 (5.0%) haemorrhage (hemorrhage) deaths, and 274 (26%) other causes of
death. Those who died during follow-up had lower PCS scores, and were more likely to be
older, male, living alone, have less education, be a current or former smoker and have more
comorbidities (Table 1).

Physical HRQoL and mortality

A 10-unit increase in PCS was associated with a 17% decreased risk of all-cause mortality
(Table 2). The all-cause mortality rate for individuals in the highest PCS quartile group was
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35% less than that of lowest quartile group (HR 0.65, 95% CI 0.53 to 0.78) (Supplementary
Table S1). There was an inverse dose—response association between PCS quartiles and death,
with higher PCS associated with lower mortality risk (Fig. 1). There was no heterogeneity of
the effects in the association between PCS and all-cause mortality according to country or
gender (p-values for interaction 0.38 and 0.13, respectively) (Table 2 and Supplementary
Table S3).

Mental HRQoL and mortality

No association was observed between MCS and all-cause mortality in the entire sample
(Table 3 and Fig. 2) and no evidence that the association varied by gender (p-value for
interaction 0.44; Supplementary Table S4). However, country appeared to modify the
association (p-value for interaction 0.06; Table 3). Among the U.S. participants, a 10-unit
increase in MCS was associated with a 22% decreased risk of all-cause mortality (Table 3
and Supplementary Fig. S1), and the all-cause mortality rate for individuals in the highest
MCS quartile was 47% less than that of lowest quartile group (HR 0.53, 95% CI 0.33 to
0.85) (Supplementary Table S2). Among Australian participants, there was no evidence of
an association between MCS and all-cause mortality (Table 3, Supplementary Table S2 and
Supplementary Fig. S2).

Our PCS and MCS finding did not change when we only adjusted for age, gender, education
and living status (Tables 2 and 3 and Supplementary Table S3 and S4).

The proportional hazards assumption was satisfied for our Cox models (p-values > 0.05).
Sensitivity analyses assessing reverse causality, Australian HRQoL population norms and
SF-6D were also consistent with our main findings (Supplementary Table S5-S7). In the
fully adjusted model, age, gender, education, living situation, smoking, alcohol, average
longest amount of time walking outside home without any rest (last 2 weeks), cancer history,
diabetes, BMI, and 3MS score were also associated with all-cause mortality (Supplementary
Table S8).

Discussion

The present study conducted in a large cohort of initially healthy, community-dwelling older
people reported an inverse dose-response association between HRQoL and all-cause
mortality. Over the 4.7-year median follow-up, higher PCS was associated with lower all-
cause mortality (17% decrease per 10-unit PCS increase), which did not differ by gender and
was similar within Australia and the U.S. Increasing MCS scores were associated with
reduced all-cause mortality only among the U.S. participants (22% decrease per 10-unit
MCS increase). The association between MCS and all-cause mortality did not vary by
gender.

The present finding substantiates the evidence of a recent systematic review demonstrating
that higher HRQoL was inversely associated with all-cause mortality [10]. Furthermore, our
PCS finding is aligned with previous studies reporting that higher PCS is a predictor of
reduced all-cause mortality in German, Spanish and Scottish population-based samples aged
20 years and over [29-31]. Among 4261 German community-dwelling adults aged 20-79
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years, the all-cause mortality rate for the highest PCS quartile group was 44% less than that
of lowest quartile group over an average follow-up of 9.7 years [29]. Similarly, among
Spanish and Scottish adults that spanned a broad age range of 20-65 years and above, the
all-cause mortality rate of the highest tertile or quintile group was 42—-64% less than that of
lowest group over an average 6.3-year and to 7.6-year follow-up respectively [30, 31].

Our MCS finding of U.S. individuals also supports the conclusions of previous studies
conducted in the U.S. and other countries. Among 2166 U.S. adults aged 65 years or more,
the highest quartile of SF-12 MCS had 60% lower mortality compared to the lowest quartile
over a 2.3-year follow-up [32]. Similarly, among the 7702 and 40,508 U.S. older
predominantly males veterans, every 10-unit increase in SF-36 MCS was associated with
17-28% decreased risk of all-cause mortality over 1-year follow-up [33, 34]. Moreover,
among the 17,777 UK and 4424 Taiwanese community-dwelling people aged 40 years and
older, a 10-unit increase in MCS was associated with 12% and 14% decreased risk of all-
cause mortality over an average 6.5-year and 3-year follow-up respectively [35, 36].
Noticeably, the magnitude of association from the present study is similar to those of prior
studies despite the different groups studied in terms of size, eligibility criteria and follow-up
period.

On the other hand, our finding among the Australian sample of no association between MCS
and all-cause mortality is in accordance with the conclusion of two previous Australian
studies, which were undertaken among 10,721 older women and 9979 adults aged 25 years
and above with 15-year and 7.4-year follow-up, respectively [37, 38]. Previous studies in
other countries have also observed no association, for example a study of 2373 Spanish older
people with 6-years follow-up [39]. The findings of our study, together with previous
evidence, suggest that PCS may be predictive of all-cause mortality across different
countries, while the association between MCS and all-cause mortality might be related to
specific sociodemographic and cultural factors, which may thus be country-dependent. Of
note, recruitment in Australia was aimed to be the general population, while recruitment in
the U.S. was aimed to be representative of minority ethnic groups [15]. Additionally, our
Australian sample was recruited mainly through general practice whereas the recruitment in
the U.S. was undertaken through clinical trial and academic centres [15]. To include
sufficient numbers from the U.S. minority ethnic group in ASPREE, the minimum age cut-
off of recruitment was lowered from 70 to 65 years [15]. Therefore, approximately one
fourth of our U.S. sample were individuals aged 65-69 years while our Australian sample
was aged 70 years and above [23]. In addition, our U.S. sample had a more ethnic mix with
larger proportions of specific ethnic groups, and had a higher education level than our
Australian sample [23]. These differences in ethnic groups, age and recruitment approach
likely contributes to the differences in MCS finding of two countries. However, the reason
for the association between MCS and all-cause mortality differing between the two countries
(i.e. Australia and the U.S.) in our study is unclear.

The concept of HRQoL focuses only on the health aspects of quality of life (QoL) [6]. QoL
is generally referred to a measure of wellbeing which reflects the positive aspects of an
individual’s life including life satisfaction, good health and a sense of meaning which cannot
be identified by laboratory tests [5, 6]. Therefore, higher HRQoL is likely associated with a
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positive attitude towards adopting a healthy lifestyle and seeking preventive measures. In
contrast, low HRQoL may reflect a negative attitude towards regular screening and
improving health which in turn may lead to the occurrences of chronic diseases conditions
and premature death [22]. In addition, the self-reported HRQoL reflects an individual’s
health perception in relation to health risks, health conditions, functional wellness and social
support [6]. Therefore, our finding of individuals with poor HRQoL at baseline being at a
greater risk of death over a median 4.7 years showed that HRQoL can be an indicator of
future adverse health outcomes and it could possibly help identify older individuals at high
risk prior to onset of clinical symptoms. Additional research is required to explore the
potential mechanisms by which HRQoL is associated with adverse health outcomes. In this
present study, we highlighted that HRQoL could subjectively inform clinicians about
physical limitations which may usually not be reported by the patient to the doctor or may
not be considered as relevant during the clinical assessment even if reported.

Limitations and strengths

The main limitation of this study is the unavailability of adjustment for dietary patterns,
which is known to be associated with quality of life [40] and mortality risk [41].
Furthermore, although our study participants were initially healthy and free of known life-
limiting illnesses, it is common to have health conditions in older age, which might impact
our present findings. While we adjusted for several clinical measures (cancer history,
hypertension, diabetes mellitus, BMI and 3MS), we did not have complete information on
other relevant health conditions [2] such as osteoarthritis, asthma, Parkinson’s disease,
pneumonia. Moreover, the analysis reported in this manuscript were based on data collected
during the ASPREE trial which ended after a median 4.7 years of follow-up. However, our
findings support the evidence of prior studies with 6-9 years follow-ups [29-31]. In
addition, since women and men are different in genetic, social selection, healthcare seeking
behaviours and social consequences of illness [12, 42], women tend to live longer and suffer
more morbidities in later life compared to men [42]. Therefore, it is more likely for women,
than men, to survive to 65 years and have more opportunities to be included in research
involving older individuals. There was no strong imbalance in the total sample (56%
women), but was more imbalanced in the U.S. sample (67% women). The SF-12 used in our
study is a self-reported subjective measure. Thus, the subjective nature of reporting is
inherent in the instrument itself. However, the SF-12 is a validated tool, and commonly used
for accessing HRQoL in many population-based studies [19].

Other strengths include a prospective cohort study design, a large sample of older initially
relatively healthy individuals aged 65-98 years with a median follow-up of 4.7 years and a
well-balanced sampling strategy in terms of age and gender. Hence, to the best of our
knowledge, this study is the largest and longest to investigate the association between either
PCS or MCS derived from SF-12 and all-cause mortality risk in community-dwelling older
people [10]. Moreover, our baseline HRQoL was assessed completely independently to the
outcome of all-cause mortality (i.e. baseline HRQoL assessment was completed before the
outcome), which was verified through a systematic verification procedure. Therefore, our
study is less likely to have differential measurement error which can lead to biased findings.
Additionally, in ASPREE, the data collection processes were undertaken by well-trained and
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skilled staff. Therefore, accounting for the reliable and valid data of sociodemographic
factors, health-related behaviours and some clinical measures based on medical records
rather than self-reporting in our adjusted Cox-proportional hazards models was another
strength of this study.

Clinical implications

Our sample of community-dwelling older people initially free of known major life-limiting
diseases is unique as it represents relatively healthy older individuals who will be
increasingly seen in primary health settings with an aging population. Our unique study
identified that even among relatively healthy older adults, higher physical HRQoL predicts
lower mortality risk. Therefore, incorporating the SF-12 HRQoL questionnaire into annual
health checklist by health practitioners or routine public health data collection would be
helpful to identify older individuals most at risk for premature death. In particular, our
results are consistent with the decision of the Australian Commission on Safety and Quality
in Health Care to incorporate the SF-12 into the routine collection of Patients Reported
Outcome Measures (PROMS) as a policy goal for the Australian health system [43].
Increasing mortality risk prediction among older people could permit greater screening and
clinical follow-up and potentially targeted interventions to reduce risk. This in turn would
reduce the economic burden associated with ill health, especially given the rapid growth in
the aging population.

Conclusion

The present finding from a prospective cohort study with a large sample of older people adds
to the evidence that higher HRQoL is associated with a decreased risk of all-cause mortality.
The predictive ability of MCS for all-cause mortality likely depends on sociodemographic
and cultural differences. Our results provide additional evidence to the capacity of SF-12 for
mortality risk prediction in the aging population. Further research is recommended to better
understand the mechanisms whereby self-reported HRQoL predicts mortality risk, and
potential mediating and moderating factors. Further investigations in this context will
provide valuable guidance for the clinical management of an aging population.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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