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Association of a healthy lifestyle i

with mortality in older people
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Abstract

Background Unhealthy lifestyle behaviours such as smoking, high alcohol consumption, poor diet or low physical
activity are associated with morbidity and mortality. Public health guidelines provide recommendations for adher-
ence to these four factors, however, their relationship to the health of older people is less certain.

Methods The study involved 11,340 Australian participants (median age 7.39 [Interquartile Range (IQR) 71.7, 77.3])
from the ASPirin in Reducing Events in the Elderly study, followed for a median of 6.8 years (IQR: 5.7, 7.9). We investi-
gated whether a point-based lifestyle score based on adherence to guidelines for a healthy diet, physical activity, non-
smoking and moderate alcohol consumption was associated with subsequent all-cause and cause-specific mortality.

Results In multivariable adjusted models, compared to those in the unfavourable lifestyle group, individuals

in the moderate lifestyle group (Hazard Ratio (HR) 0.73 [95% Cl 0.61, 0.88]) and favourable lifestyle group (HR 0.68 [95%
C1 0.56, 0.83]) had lower risk of all-cause mortality. A similar pattern was observed for cardiovascular related mortal-

ity and non-cancer/non-cardiovascular related mortality. There was no association of lifestyle with cancer-related
mortality.

Conclusions In a large cohort of initially healthy older people, reported adherence to a healthy lifestyle is associated
with reduced risk of all-cause and cause-specific mortality. Adherence to all four lifestyle factors resulted in the strong-
est protection.
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Introduction

Common unhealthy lifestyle behaviours, such as smoking
[1], high alcohol consumption [2], poor dietary patterns
[3] or low physical activity [4], have each been associated
with mortality in middle to older-aged adults [5]. As a
result, public health authorities in various countries have
provided recommendations related to these behaviours
in order to preserve good health. However, it is less cer-
tain whether reported adherence to these recommenda-
tions is associated with appreciable benefit among older
people [6].

Previous studies have suggested that a combination of
healthy lifestyle behaviours is associated with the strong-
est improvement in healthy longevity [7] and reduced
risk of future mortality [8]. A meta-analysis of 15 stud-
ies including 531,804 participants from the United States,
Europe, China and Japan (mean follow-up 13.24 years)
reported that up to 66% of deaths could be attributable
to a combination of unhealthy lifestyle characteristics
including smoking, high alcohol consumption, physical
inactivity and a poor diet [8—11].

Currently, the studies underpinning health guidelines
and lifestyle recommendations for the wider popula-
tion are mainly derived from middle-aged cohorts (>40
to<60+5 years at baseline). The few studies focussing
exclusively on older people (i.e.>70+5 years) have lim-
ited sample-sizes and/or focussed exclusively on all-cause
mortality while not reporting the relationship to cause
specific mortality [10, 12, 13]. Clarifying the relation-
ship between adherence and advice concerning lifestyle
behaviours and mortality may help prioritise preventive
advice and policy recommendations among progressively
aging populations.

The Aspirin in Reducing Events in the Elderly
(ASPREE) study, a cohort of initially healthy older people,
is uniquely suited to investigate whether a combination
of current healthy lifestyle behaviours in community-
dwelling older people is associated with a prolonged life
span and reduced cause specific mortality [14].

Methods

Study population and trial design

This analysis is based on data from Australian par-
ticipants in the ASPREE (n=16,703), and ASPREE trial
sub-sets: the ASPREE-eXTension (ASPREE-XT) study
(n=14,849) [14-16] and the ASPREE Longitudinal Study
of Older Persons (ALSOP) sub-study (n=14,892) [17].
ASPREE was a large, randomised, double-blind, pla-
cebo-controlled trial investigating the efficacy of 100 mg
of aspirin on disability free survival in healthy men and
women who were 70 years of age or older. Details of
ASPREE and the primary results of the study have been
published previously [14—16]. Briefly, all participants
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were required to be in good health, with no prior cardio-
vascular disease events, dementia or major physical dis-
ability and expected to survive for at least five years at
the time of enrolment. All participants provided written
informed consent.

Following completion of the ASPREE clinical trial
(2010 — June 2017), the ASPREE-XT observation follow-
up period commenced (ongoing). Data in this analysis
includes that collected up to the participants’ second
annual ASPREE-XT visit (2020). Baseline was defined by
the completion date of the ASPREE baseline question-
naire which took place between March 2010 to Decem-
ber 2014. ASPREE and ASPREE-XT were approved by
the local ethics committees and is registered on clinical-
trials.gov on 24/12/2009 (NCT01038583).

The ALSOP sub-study is a longitudinal cohort study
involving approximately 90% of the Australian partici-
pants in ASPREE and ASPREE-XT. Details of the ALSOP
study methodology and baseline characteristics have
been published elsewhere [17]. Participation involved
voluntary completion of a set of medical and social ques-
tionnaires, administered within three to six months (May
2010 — March 2015) of ASPREE study enrolment, and
again after three years of ASPREE participation.

Lifestyle score

The lifestyle score was constructed based on four modi-
fiable lifestyle factors (alcohol consumption, smoking
status, physical activity and diet) known to be associated
with chronic disease onset [10, 18—22]. The score was cre-
ated by allocating one-point for adherence to each of the
4 lifestyle behaviours defined on the basis of national and
international recommendations (Table S1). The lifestyle
score ranged from O to 4, with higher scores indicating
higher adherence to healthy lifestyle recommendations.
The lifestyle score was also subsequently categorised in
3 groups, as unfavourable (lifestyle score <1), moderate
(lifestyle score =2), and favourable (lifestyle score > 3).

Assessment of lifestyle factors

Full details of the assessment of the lifestyle factors and
classification is described in detail in Table S1. Briefly,
baseline smoking status was categorised as either cur-
rent or no current smoking (including former smokers).
A previous study using ASPREE data found that moder-
ate alcohol consumption was associated with a reduced
risk of CVD and all-cause mortality when compared to
those reporting low/none or high levels, as reported pre-
viously [2, 23]. In the current analyses, participants were
therefore categorised as either having moderate alcohol
consumption or not. Cut-off’s were defined by those
reporting between 51-100 g of alcohol per week (approx-
imating to an average of 0.7 to 1.4 standard Australian
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alcoholic beverages a day) at baseline, synonymous to
previous cut-offs [23] and cut-offs informed by current
NHMRC guidelines of “no more than 10 standard drinks
a week or no more than 4 standard drinks on any one
day” [24]. Current NHMRC guidelines also state “the
less you drink, the lower your risk of harm from alcohol’,
hence, we acknowledge that cut-offs for alcohol con-
sumption used here do not strictly align with the current
guidelines. For physical activity, the World Health Organ-
ization (WHO) and Australian government guidelines
for adults aged>65 years recommend at least 30 min
of moderate activity at least five days per week [25, 26].
Therefore, participants were categorised into either
engaging in ‘no or light activity’; or ‘moderate or vigorous
activity’ based on their questionnaire responses at base-
line. Dietary data was not available at baseline; therefore,
year-three diet was utilised instead. This was assessed by
a 49-item simple food frequency questionnaire, covering
major food groups. Consumption was assessed over five
predefined categories of responses ranging from “never/
rarely” to “every day or several times a day” A healthy
diet was based on the consumption of at least four of
seven commonly eaten food groups, following recom-
mendations on dietary priorities for cardiometabolic
health [27], and previously used elsewhere [21].

Outcomes

Methodological details on the ascertainment of all-cause
and categorisation of cause-specific mortality have been
published [15, 16] and further detail is provided in Table
S2. Briefly, all deaths and underlying cause were adjudi-
cated by clinicians masked to treatment allocation and
confirmed by review of at least two independent sources
such as family report, clinical record or public death
notice, and via a final cross check through linkage with
the National Death Indices. The primary outcome was
all-cause mortality. Secondary outcomes included can-
cer-related mortality, CVD-related mortality (including
stroke, coronary and cardiovascular related death) and
non-CVD/non-cancer mortality (the latter referred to as
‘other’ mortality).

Statistical analyses
Participants were included in the current analysis if they
had completed both baseline and year-three ALSOP
questionnaires (Fig. 1). Baseline characteristics were
reported using descriptive statistics and stratified by the
lifestyle score categories (unfavourable, moderate, favour-
able). Comparison of baseline characteristics across cat-
egories was made using the x* test, analysis of variance
(ANOVA) or Kruskal-Wallis test, as appropriate.

Cox proportional hazards models were used to esti-
mate hazard ratios (HRs) and 95% confidence intervals
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(CIs) for the association between the lifestyle score and
all-cause and cause-specific HRs for each of cancer,
CVD and ‘Other’ mortality. Competing risk Kaplan—
Meier curves were plotted to illustrate the cumulative
effect of lifestyle categories on all-cause and cause-spe-
cific mortality. Analyses were adjusted for age (continu-
ous), sex (male/female), aspirin treatment allocation
(100 mg enteric coated aspirin/placebo) (model 1), edu-
cation (> 12-years/ < 12-years), living status (alone/with
others), and socioeconomic status (IRSAD deciles, con-
tinuous) (model 2). Full details on the ascertainment
of these study measurements have been described in
detail previously [14, 17].

To investigate whether a priori selected factors modi-
fied the association between the lifestyle score and all-
cause mortality, we performed analyses stratified by
median age (>74/<74 years), sex (male/female), edu-
cation (> 12-years/ < 12-years), Body Mass Index (BMI)
(>25 vs<25 kg/m?), baseline diagnosis of type-2 dia-
betes (yes/no) and baseline diagnosis of hypertension
(yes/no) and aspirin treatment allocation. Interaction
was tested by including a cross-product term along
with the main effect terms in the models. In explora-
tory analyses, we investigated the association between
the individual lifestyle factors with all-cause and cause-
specific mortality and combinations of individual life-
style factors with all-cause mortality.

In sensitivity analyses we explored alternative defi-
nitions of adherence to the lifestyle factors to assess
whether significant differences in associations with
all-cause mortality would result. For example, there is
debate over whether the ‘protective’ effect of moderate
alcohol consumption is real or spurious due to residual
confounding [28]. Therefore, we created an alternative
variable, allocating participants to either moderate/
low/never vs high. This variable was associated with
all-cause mortality alone and as part of the lifestyle
score. Second, we excluded former alcohol consumers
and former smokers (who quit < 15-years ago), who may
have stopped due to various health reasons, possibly
introducing bias from reverse causality. Third, owing
to the need to use the ‘year 3’ diet questionnaire in the
principal analysis, in sensitivity analyses we tested the
association between the same lifestyle score, but now
including year-three smoking, alcohol, physical activity
and diet, again with all-cause mortality. Finally, as 1,122
participants were excluded due to missing or incor-
rectly completed physical activity data, we compared
differences in key characteristics (age, sex, education,
BMI, T2D, hypertension, aspirin treatment alloca-
tion, living status, socioeconomic status and frailty),
between these individuals and those included in the
final study sample.
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19,114
ASPREE participants
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2,411 excluded
US ASPREE participants excluded due to not completing
ALSOP at baseline: 2,411

l

16,703
Australian ASPREE participants

3,807 excluded

Participants not invited to take part in ALSOP: 264
Participants who did not return ALSOP baseline social
questionnaire: 3,543

12,896
participants who completed the
ALSOP baseline social
questionnaire

304 excluded

Participants who did not return ALSOP year 3 medical
questionnaire (diet data not available): 304

12,592
participants who completed the
ALSOP year 3 medical
questionnaire

1,252

excluded

Missing physical activity data only: 1,122

Missing > 3 diet variables only: 107

Missing both physical activity and > 3 diet variables: 22
Missing alcohol data: 1

11,340
participants with all lifestyle
variables

Fig. 1 Flow of participant inclusion

Statistical analyses were conducted using Stata (version
17; College Station, TX: StataCorp LLC). A two-sided
p-value of <0.05 was considered statistically significant.
The proportional hazards assumption was assessed and
met using log—log Kaplan—Meier survival plots.

Results

A total of 11,340 Australian participants were included
in the current analysis, and followed for a median of
6.8 years (IQR: 5.7, 7.9) years. At study entry, the median
age was 739 (IQR 71.7-77.3) years and 54.2% were
female. A total of 702 (6.2%) participants died during the
follow-up period.

Baseline characteristics

Baseline characteristics of included participants accord-
ing to the lifestyle score categories as well as by all-cause
mortality are shown in Table 1 and Table S3, respectively.

Overall, 20.4% of participants adhered to one or no life-
style factors (unfavourable lifestyle), 44.2% of participants
adhered to two lifestyle factors (moderate lifestyle) and
35.3% adhered to three or four lifestyle factors (favour-
able lifestyle). There was a significantly higher proportion
of younger participants, females, those living with oth-
ers and those with a higher education in the favourable
lifestyle group. When compared to the overall ASPREE
cohort there were a higher proportion of those who
were frail, reporting depressive symptoms and on statins
(Table S3).

A higher proportion of individuals with vascular
risk factors (i.e. hypertension, diabetes, dyslipidae-
mia), who were on antihypertensives and statins, who
were pre-frail/frail, with depressive symptoms and/or
higher BMI, waist circumference and systolic blood
pressure were in the unfavourable lifestyle group.
There were no differences across lifestyle groups
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Table 1 Baseline characteristics of the study population according to lifestyle score categories
Characteristics Overall cohort Lifestyle Score Categories p-value
(n=11,340)
Unfavourable Moderate Favourable
(n=2,317) (n=5,017) (n=4,006)
Age (years), median (IQR) 73.9(71.7-77.3) 74.5(71.9-784) 74.0(71.7-77 4) 734 (71.5-76.6) <0.001
Male sex, n (%) 5,190 (45.8%) 938 (40.5%) 2,428 (48.4%) 1,824 (45.5%) <0.001
Living alone, n (%) 3,468 (30.6%) 786 (33.9%) 1,530 (30.5%) 52 (28.8%) <0.001
<12 years of education, n (%) 5,380 (47.4%) 1,225 (52.9%) 2,510 (50.0%) 1,645 (41.1%) <0.001
IRSAD decile, median (IQR) 6 (4-9) 6 (3-9) 6 (4-9) 7 (4-9) <0.001
Aspirin allocation, n (%) 5,647 (49.8%) 1,131 (48.8%) 2,519 (50.2%) 1,997 (49.9%) 0.537
Medical history, n (%)
Diabetes 1,040 (9.2%) 292 (12.6%) 459 (9.2%) 289 (7.2%) <0.001
Hypertension 8,392 (74.0%) 1,867 (80.6%) 3,723 (74.2%) 2,802 (70.0%) <0.001
Dyslipidaemia 7,648 (67.4%) 1,579 (68.2%) 3,418 (68.1%) 2,651 (66.2%) 0.104
Pre-frailty 3,870 (34.1%) 1,010 (43.6%) 1,715 (34.2%) 1,145 (28.6%) <0.001
Frailty 144 (1.3%) 64 (2.8%) 57 (1.1%) 23 (0.6%) <0.001
Depressive symptoms 972 (8.6%) 271 (11.7%) 404 (8.1%) 297 (7.4%) <0.001
Prescribed medications, n (%)
Statins 3,408 (30.1%) 804 (34.7%) 1,537 (30.6%) 1,067 (26.6%) <0.001
Antihypertensives 5,821 (51.3%) 1,397 (60.3%) 2,566 (51.2%) 1,858 (46.4%) <0.001
Physical Examination
BMI kg/m?, mean (SD) 279 (4.5) 29.2(5.0) 279 (43) 27.2(4.0) <0.001
Waist Circumference (cm), mean (SD) 96.8 (12.4) 100.0 (13.2) 96.9(12.1) 949 (11.9) <0.001
Systolic BP (mm Hg), mean (SD) 1396 (16.2) 140.6 (16.3) 139.6 (16.2) 1389 (16.2) <0.001
Diastolic BP (mm Hg), mean (SD) 77.3(9.8) 77.6(10.1) 77.2(9.9) 77.1(9.6) 0.221
Pathology
HDL (mmol/L), mean (SD) 1.6 (0.5) 1.5(04) 1.6 (0.5) 1.6 (0.5) 0.002
Non-HDL (mmol/L), mean (SD) 3.7(09) 3.7(1.0) 3.7(09) 3.7(0.9) 0.121
Creatinine (umol/L), mean (SD) 79.7 (19.0) 804 (20.8) 80.4 (18.5) 784 (18.3) <0.001
eGFR (mL/min/1.73m?), median (IQR) 74.3 (64.0-84.2) 73.2(61.3-83.5) 73.8 (63.6-84.0) 754 (65.6-84.9) <0.001
Healthy lifestyle factors, n (%)
No current smoking 11,050 (97.4%) 2,106 (90.9%) 4,945 (98.6%) 3,999 (99.9%) <0.001
Regular physical activity 7,591 (66.9%) 106 (4.6%) 3,719 (74.1%) 3,766 (94.0%) <0.001
Healthy diet 3,779 (33.3%) 16 (0.7%) 916 (18.3%) 2,847 (71.1%) <0.001
Moderate alcohol consumption 2,525 (22.3%) 17 (0.7%) 454 (9.1%) 2,054 (51.3%) <0.001

Abbreviations: n sample size, IQR Interquartile range, SD Standard deviation, cm centimetres, mmol/L millimoles per litre, umol/L micromoles per litre, mL/min milliliter
per minute, eGRF estimated glomerular filtration rate, IRSAD Index of Relative Socio-economic Advantage and Disadvantage (area-level socioeconomic status; higher
score =less disadvantage), BMI Body Mass Index, BP Blood pressure

Missing observations: IRSAD, 24 (0.21%); BMI, 52 (0.46%); Waist circumference, 101 (0.89%); HDL, 288 (2.54%); Non-HDL, 288 (2.54%); Creatinine, 332 (2.93%); eGFR, 332

(2.54%)

based on aspirin treatment allocation. Description
and prevalence of the lifestyle factors in the popula-
tion are shown in Table S1. With regard to adherence
to healthy lifestyle factors, 97.5% reported no current
smoking, 22.3% reported moderate alcohol consump-
tion, 33.3% met the ‘healthy diet’ criteria and 66.9% of
participants reported engagement in weekly moderate/
vigorous physical activity.

Association between lifestyle and mortality

Rates of all-cause mortality and cause-specific mortality
are shown in Tables 2, 3 and Fig. 2. For all-cause mortal-
ity, compared to participants with no or one healthy life-
style factors, the multivariable adjusted HRs were 0.73
(95% CI 0.61, 0.88) for two factors, 0.70 (95% CI 0.57,
0.86) for three factors, and 0.56 (95% CI 0.37, 0.86) for
four factors, p-trend<0.0001 (Table 2; Fig. 2A). When
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Table 2 Hazard ratios of all-cause mortality according to healthy lifestyle score
Hazard Ratio (95% Cl)’
N 11,340 No. Event Incident rate per 1000 Model 1 Model 2
py
Healthy lifestyle score
Oor1 2317 205 13.22 1 [Reference] 1 [Reference]
2 5017 299 8.89 0.73(0.61,0.87) 0.73 (0.61,0.88)
3 3,358 173 7.69 0.68 (0.56, 0.84) 0.70(0.57,0.86)
4 648 25 5.69 0.53(0.35,0.81) 0.56 (0.37,0.86)
Per 1-point increase 0.82(0.75,0.90) 0.84 (0.76,0.92)
Healthy lifestyle score categories
Unfavourable (< 1) 2317 205 13.22 1 [Reference] 1 [Reference]
Moderate (2) 5017 299 8.89 0.73(0.61,0.87) 0.73(0.61,0.88)
Favourable (= 3) 4,006 198 7.36 0.66 (0.54, 0.80) 0.68 (0.56, 0.83)

p-value for trend

0.001

0.001

#Model 1 adjusted for age, sex and aspirin treatment allocation; Model 2 adjusted for model 1 plus living status, education, socioeconomic status

Table 3 Hazard ratios of cause specific mortality according to healthy lifestyle score

Hazard Ratio (95% Cl)?
Healthy lifestyle score N 11,340 No. Event Incident rate per 1000 Model 1 Model 2
categories py
Cancer mortality®
Unfavourable (< 1) 2,317 80 5.16 1 [Reference] 1 [Reference]
Moderate (2) 5017 151 4.49 0.91(0.69,1.19) 0.92 (0.70, 1.20)
Favourable (= 3) 4,006 106 394 0.86 (0.64,1.15) 0.87(0.65,1.17)
p-value for trend 0.30 037
Cardiovascular mortality®
Unfavourable (< 1) 2317 62 400 1 [Reference] 1 [Reference]
Moderate (2) 5017 69 2.05 0.58 (0.41,0.81) 0.58 (0.42,0.83)
Favourable (> 3) 4,006 44 1.64 0.51(0.35,0.75) 0.55(0.37,0.81)
p-value for trend 0.001 0.002
‘Other’ mortality®
Unfavourable (< 1) 2317 63 406 1 [Reference] 1 [Reference]
Moderate (2) 5017 78 232 0.63 (0.45,0.88) 0.63 (0.45,0.89)
Favourable (=3) 4,006 48 1.79 0.54(0.37,0.79) 0.55(0.38,0.81)

p-value for trend

0.002

0.002

2 Model 1 adjusted for age, sex and aspirin treatment allocation; Model 2 adjusted for model 1 plus living status, education, socioeconomic status

b per one-point increase in lifestyle score, the full-adjusted HR for Cancer mortality was 0.91 (95% Cl 0.80, 1.04), p=0.17
¢ Per one-point increase in lifestyle score, the full-adjusted HR for CVD mortality is 0.75 (95% Cl 0.62, 0.91), p=0.004

9 Per one-point increase in lifestyle score, the full-adjusted HR for ‘Other’ mortality was 0.78 (95% Cl 0.65, 0.94), p=0.01

evaluated as a continuous variable, each additional life-
style factor was associated with a 16% lower risk of all-
cause mortality (HR for a one-point increase: 0.84 [95%
CI 0.76, 0.92]). A similar association was observed for
CVD-related (Table 3, Fig. 2B) and ‘Other’ mortality
(Table 3, Fig. 2C).

The same dose-response association was observed
when the lifestyle scores were divided into three

categories as shown in Table 2, Fig. 2A (all-cause mor-
tality) and Table 3, Fig. 2B-C (cause-specific mortal-
ity). In multivariable adjusted models, compared with
those in the unfavourable lifestyle group, individuals in
the moderate lifestyle group had a 27% lower risk of all-
cause mortality [HR 0.73 (95% CI 0.61, 0.88]), and indi-
viduals in the favourable lifestyle group had a 32% lower
risk of all-cause mortality (HR 0.68 [95% CI 0.56, 0.83]),
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Fig. 2 Cumulative Incidence of all-cause and cause specific mortality by lifestyle categories. Shown is the cumulative incidence of death due to any
cause and death according to major underlying causes (cancer, cardiovascular disease and ‘other’non-CVD/non-cancer cause). For each cause

of death, the cumulative incidence was based on a competing-risks model, stratified by lifestyle categories, with the remaining causes of death

as competing events. Abbreviations: Unfav., unfavourable lifestyle category; Mod., moderate lifestyle category; Fav, favourable lifestyle category.
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p-trend<0.001 (Table 2; Fig. 2A). In absolute terms,
among 1000 individuals in the unfavourable lifestyle
group, 39 more deaths occurred during the median fol-
low-up period of 6.8 years compared with the favourable
lifestyle group.

With regard to risk of CVD and ‘Other’ mortality, the
same dose—response association was observed, with
larger effect size for CVD mortality (Table 3; Fig. 2B-C).
There was no association between lifestyle groups and
cancer-related mortality (Table 3; Fig. 2D).

Additional analyses
Additional analyses of specific lifestyle characteristics are
presented in Tables S4-S7. Each individual lifestyle factor

was associated with a lower risk of all-cause mortality,
CVD mortality, cancer mortality and ‘Other’ mortality.
Specifically, effect sizes of each lifestyle factor on risk of
all-cause mortality were highest and statistically signifi-
cant for smoking status (HR 0.42 [95% CI 0.30, 0.59]) and
physical activity (HR 0.84 [95% CI 0.72, 0.98]), with non-
significant trends for alcohol consumption (HR 0.92 [95%
CI 0.62, 1.37]) and diet (HR 0.90 [95% CI 0.76, 1.06]).
Similar trends were observed for cause-specific mortality.

Further analyses according to different combinations
of two, three and four healthy lifestyle factors prevalent
in at least 2% of the population compared to no or one
healthy lifestyle factors are shown in Table S8. None of
the observed associations were as protective of all-cause
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mortality as the combination of 4 factors (HR 0.57 [95%
C10.37, 0.86]).

Table S9 shows results of the stratified analyses by
selected health, demographic and anthropometric factors
on the association between the lifestyle score categories
and all-cause mortality. No statistically significant dif-
ferences were observed in the associations between the
healthy lifestyle score categories and all-cause mortality
by age, sex, education, BMI, diabetes, hypertension and
aspirin treatment.

Sensitivity analyses

Results from the various sensitivity analyses are pre-
sented in the Tables $10-S13, and page 14 of the supple-
ment. Briefly, excluding former smokers/drinkers (Table
$10), the alternative categorisation of alcohol consump-
tion (supplement p 14) and the alternative lifestyle score
(Table S11 and S13) did not alter the results for all-cause
mortality Multivariable adjusted HRs on the association
between the year-three lifestyle score categories and risk
of all-cause mortality remained equivalent (Table S13).
There were no differences in characteristics between
those with missing physical activity data (n=1,122) and
the included sample (not reported).

Discussion

In this cohort of 11,340 community dwelling healthy
older Australians, we examined the association between
a healthy lifestyle score and all-cause mortality, cancer-
related mortality, CVD-related mortality and ‘other’
causes over a median follow-up time of 6.8 years (IQR:
5.7, 7.9). We found that a healthy lifestyle score at base-
line, comprising of four common and potentially modi-
fiable lifestyle factors (non-smoking, moderate alcohol
consumption, a healthy dietary pattern and physical
activity) was associated with prolonged lifespan in a
dose-response relationship, such that each additional
lifestyle factor was associated with a 16% lower risk of
all-cause mortality, 25% lower risk of CVD mortality
and 22% lower risk of ‘Other’ mortality. The current data
found no association between lifestyle groups and can-
cer-related mortality.

This is one of the largest and most comprehensive stud-
ies, conducted exclusively within community dwelling older
people, reporting the association between a lifestyle com-
posite score based on adherence to international health
behaviour recommendations and all-cause plus cause-spe-
cific mortality. The results are largely in agreement with
previous reports investigating different combinations of
healthy lifestyle characteristics. A similar study of older Chi-
nese people (n=11,224, aged 65-90 years) reported that,
compared to those without any unhealthy factors, those
who had a high BMI, poor sleep, unhealthy diet, no physical
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activity, consumed alcohol and currently smoked were 1.34
(95% CI 1.02, 1.76) times more likely to die from any cause
over a ten-year follow-up period [13]. Another 18-year
follow-up study of Swedish older adults (75+years of age;
n=1,810) reported a median additional survival of 5.4 years
among those who had a healthy BMI, never smoked or
drank alcohol, engaged in leisure activities and moderate
levels of physical activity versus those who did not [12]. “The
healthy aging: a longitudinal study in Europe” (HALE) study
(n=1,507) reported that 70 to 90-year-old community-
dwelling people who did not smoke, consumed a Mediter-
ranean diet, reported moderate alcohol consumption and
was physically active had a 50% lower rate of all-cause and
cause-specific mortality over 10-years, including CVD and
cancer-related mortality [10]. Similar protective effects of
a composite lifestyle score, typically including at least diet,
physical activity, smoking and alcohol, have been reported
among middle-aged cohorts from different counties includ-
ing Japan [29], China [11], United States of America (USA)
[9], Australia [30] and the United Kingdom (UK) [31].

Results reported here and previously, provide com-
pelling evidence to suggest that individuals reporting a
healthy lifestyle in older age have a significantly reduced
risk of earlier mortality. The results also demonstrate that
current international recommendations for moderate
physical activity, no smoking, a healthy dietary pattern and
moderate alcohol consumption may still provide a useful
predictor of longevity among this older aged cohort.

We found no relationship between a healthy lifestyle on
risk of overall cancer-related death, which is contrary to
findings previously reported in the HALE study as well as
among studies of younger cohorts [10]. Nonetheless, the
HALE study was conducted via survey only and among a
demographic born up to 40-years earlier than ASPREE par-
ticipants. It is possible that the lack of a broader link with
cancer reflects the very small percentage of current smok-
ers in ASPREE. Should a larger proportion of ASPREE
participants be current smokers, we may observe a larger
effect size on the association between the lifestyle score
and cancer-related mortality. A longer follow-up time, or
considering earlier smoking behaviour, could also reveal
stronger effects of lifestyle on cancer-related mortality.

Some methodological points may impact the conclu-
sions of this study. In order to construct the healthy
lifestyle score, we dichotomised each lifestyle fac-
tor according to pre-defined cut-off points. Different
threshold values may have resulted in different risk
estimates, being especially relevant to cause specific
mortality. Indeed, one study reported an association
between vigorous physical activity and reduced risk of
cancer related death, whereas, moderate activity was
associated with CVD related death [32]. Nonetheless,
the choice of cut-off was largely based on national and
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international public health recommendations [24-27].
In sensitivity analyses we trialled different cut-offs and
multi-levels in association with all-cause mortality but
the results remained largely unchanged (Tables S11,
S12 and supplement p 14). The approach of designat-
ing compliance versus non-compliance allows a simple
objective classification to assess the health impact of
lifestyle and can inform a clear public health message.
Future modifications of this approach may involve dif-
ferential weighting of the health impact of each lifestyle
measure, considering both mid-life and later-life behav-
iour while exploring alternative risk cut-off’s for cause
specific mortality.

Our categorisation of moderate alcohol consumption
was only partly based on the NHMRC guidelines stating
no more than 10 standard drinks per week and no more
than 4 standard drinks in one day. The guidelines also
state that “the less you drink, the lower your risk of harm
for alcohol” We acknowledge our score does not fully
encompass those falling within the current recommen-
dations (i.e. we have categorised those reporting low/no
consumption as higher risk). Nonetheless, the score is
informed by recent data indicating a ‘U’ shaped associa-
tion between alcohol consumption and mortality in older
adults, as also reported within ASPREE.

Owing to the absence of baseline dietary data, we uti-
lised year-three dietary data as an alternative replace-
ment within the baseline lifestyle score. It is not certain
whether dietary behavior had significantly changed over
this three-year period. Dietary changes can occur in older
people due to factors such as oral health, income, marital
status, medication or change of residence [33]. None-
theless, as healthy lifestyle habits are characteristic of a
person’s way of living, and given ASPREE is an especially
healthy cohort, majority of participants were unlikely to
show a substantial change in general dietary habits over
a three-year period [34]. Furthermore, the year-three
lifestyle score was associated with all-cause and cause-
specific mortality with similar effect size to associations
between baseline lifestyle and mortality, sanctioning this
assumption.

Finally, given we do not have detailed information
about mid-life lifestyle behaviour in the ASPREE cohort,
we cannot confirm whether observed mortality risks
are determined by behaviour earlier in life. Healthy life-
style behaviours in older age may reflect a long-standing
approach to healthy living which, in turn, may be driving
these observations. Our results still, however, highlight
the relevance of identifying healthy lifestyle factors as
predictors of likely future mortality, even among already
healthy older people.
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Strengths and limitations

There are several strengths of our study. ASPREE is a
well characterised, large and contemporary cohort of
older people who had reached age 70-years or more in
relatively good health [17]. Furthermore, rigorous meth-
ods for the ascertainment of cause-specific mortality
ensured highly accurate endpoints. The investigation of
not only all-cause but cause-specific mortality is a further
strength.

There are also several potential limitations. First, the
ASPREE cohort is comprised of initially healthy volun-
teers for a clinical trial who are more likely to be atten-
tive to maintaining a healthy lifestyle, hence, is likely to
represent a healthier sample of older people compared
with the general population. Second, the cohort is largely
Caucasian, educated and drawn from communities with
access to universal healthcare as reflected by the exten-
sive use of preventive medications including statins (in
30%) and antihypertensive agents (in 51%). Therefore,
our results may not be applicable among other socioeco-
nomic and ethnic groups as well as among those residing
in lower- to middle-income countries.

Third, due to the progressive nature of noncommunica-
ble disease leading to death, with declining function often
preceding and possibly influencing lifestyle behaviour, we
cannot rule out reverse causality as a partial explanation
for these observations.

Fourth, the use of subjective measures will incur some
risk of self-reporting bias and a onetime assessment may
not accurately represent one’s habitual lifestyle. Fifth, the
questions used to measure physical activity did not pro-
vide in-depth detail on duration and frequency (i.e. how
many times per week and for how long). This informa-
tion may be especially relevant when investigating cause-
specific mortality [32]. Although it is beyond the scope
of the current study, differential risk thresholds for cause-
specific mortality warrants further evaluation.

Finally, although potential confounders were consid-
ered in multivariable analyses, residual confounding
cannot be ruled out. Furthermore, other unmeasured
lifestyle and environmental factors may also play a role
in determining risk of death. Nonetheless, demonstrating
that these four common lifestyle behaviors are associated
with prolongation of an individual’s lifespan remains an
important public health message.

Conclusion

In a well-characterised population of healthy older
people, moderate exercise, a healthy dietary pattern,
moderate alcohol consumption and non-smoking was
associated with 44% reduced risk of all-cause mortality,
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when compared to those complying to <1 healthy life-
style factor. Previous multi-lifestyle interventions among
healthy older people has proven beneficial in reducing
risk for CVD and cognitive decline [35-37], whereas
evidence from single domain lifestyle interventions are
less convincing [38]. Furthermore, these studies, plus
others [39], suggest that simple and effective methods
for lifestyle modification may be possible among older
people. Our findings suggest the likely value of engag-
ing or continuing to engage in multiple healthy lifestyle
behaviours in older age and may encourage further
multi-lifestyle interventions at both the population level
as well as on an individual level.
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