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Abstract

Background: Cerebrovascular events, dementia, and cancer can contribute to physical disability with activities of daily living (ADL). It is 
unclear whether low-dose aspirin reduces this burden in aging populations. In a secondary analysis, we now examine aspirin’s effects on 
incident and persistent ADL disability within a primary prevention aspirin trial in community-dwelling older adults.
Methods: The ASPREE (ASPirin in Reducing Events in the Elderly) trial of daily 100 mg aspirin versus placebo recruited 19 114 healthy 
adults aged 70+ years (65+ years if U.S. minority) in Australia and the United States. Six basic ADLs were assessed every 6 months. Incident 
ADL disability was defined as inability or severe difficulty with ≥1 ADL; persistence was confirmed if the same ADL disability remained after 
6 months. Proportional hazards modeling compared time to incident or persistent ADL disability for aspirin versus placebo; death without 
prior disability was a competing risk.
Results: Over a median of 4.7 years, incident ADL disability was similar in those receiving aspirin (776/9525) and placebo (787/9589) with 
walking, bathing, dressing, and transferring the most commonly reported. Only 24% of incident ADL disability progressed to persistent. 
Persistent ADL disability was lower in the aspirin group (4.3 vs 5.3 events/1000 py; hazard ratio [HR] = 0.81, 95% confidence interval [CI]: 
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0.66–1.00), with bathing and dressing the most common ADL disabilities in both groups. Following persistent ADL disability, there were 
more deaths in the aspirin group (24 vs 12).
Discussion: Low-dose aspirin in initially healthy older people did not reduce the risk of incident ADL disability, although there was evidence 
of reduced persistent ADL disability.

Keywords:  Aspirin, Clinical trials, Functional performance, Physical function, Preventive health care

Prolongation of healthy active life as we age is everyone’s hope, and 
of equal importance is that this extended life should preserve one’s 
capacity to function independently. Mobility and basic activities of 
daily living are tasks necessary to maintain independent functioning 
(1,2). A  lot of difficulty with performing these activities, or an in-
ability to perform independently, marks a serious decline in func-
tional health, and foreshadows institutionalization and death (eg, 
(1)). Therefore, identification of interventions that can reduce or 
prevent disability, particularly in older persons, is a major public 
health goal.

Underlying causes of both death and disability in an aging popu-
lation include major cardiovascular and cerebrovascular disease 
events (such as myocardial infarction [MI], heart failure, and 
stroke), dementia, and cancer (3,4). An altered incidence of any 
(or all) of these might affect the overall risk–benefit balance of a 
preventive therapy intended to delay or prevent physical disability 
in this age group. Low-dose aspirin has been considered as a po-
tential candidate for exploration in this context due to prevention 
of atherothrombotic events and for targeting pro-inflammatory 
pathway activation (“inflammaging”) which has been proposed to 
contribute to these diseases of aging (5,6).

ASPirin in Reducing Events in the Elderly (ASPREE) was a pri-
mary prevention trial of daily low-dose aspirin in “healthy” older 
persons who, at baseline, did not have a life-limiting illness likely 
to result in death within 5 years (the original follow-up period of 
ASPREE) (7,8). ASPREE determined that aspirin did not extend 
disability-free survival, the primary endpoint which was a composite 
of death, dementia, or persistent physical disability (9). Persistent 
physical disability was assessed in the trial as a composite of self-
reported persistent activities of daily living (ADL) disability and ad-
judicated “admission to care” for those without ADL data (9). The 
present post hoc analysis evaluated whether aspirin prevented inci-
dent or persistent ADL disability in ASPREE participants.

Method

Study Design and Population
Recruitment into the ASPREE trial took place in Australia (16 
703)  and the United States (2411) between March 2010 and 
December 2014 (7,8). Eligible participants were community-
dwelling individuals aged 70 years or older, except for U.S. African 
American or Hispanic participants who were eligible if aged 
65 years or older. ASPREE was approved by multiple Institutional 
Review Boards in the United States and Australia, registered with 
International Standard Randomized Controlled Trial Number 
Register (ISRCTN83772183) and clinicaltrials.gov (NCT01038583) 
and undertaken in accordance with the Declaration of Helsinki. The 
aspirin versus placebo intervention was stopped for futility for the 
composite primary endpoint by the sponsor (National Institute 
on Aging, in consultation with the Data Safety and Monitoring 
Board) in June 2017, after a median of 4.7 years of follow-up. The 
ASPREE Protocol (10) is available at aspree.org and includes details 

of randomization, inclusion/exclusion criteria, study measurements, 
and assessments and sample size calculations for the primary and 
secondary endpoints of the trial.

ASPREE participants were free of documented evidence of car-
diovascular or cerebrovascular disease (CVD), dementia, and major 
physical disability at enrollment. Prior cancer or other illnesses 
were not an exclusion provided life expectancy was at least 5 years. 
Participants were excluded if they had any of the following: de-
mentia diagnosis or a Modified Mini-Mental State (3MS) examin-
ation (11) score ≤ 77; a lot of difficulty or an inability to perform 
independently any one of the 6 basic ADLs (12); a current or recur-
rent condition with a high risk of major bleeding; anemia (hemo-
globin level <12 g/dL for males, <11 g/dL for females); a history of 
a diagnosed CVD event (MI, congestive heart failure, angina pec-
toris ± nitrate use, stroke, transient ischemic attack, >50% carotid 
stenosis, or previous carotid endarterectomy or stenting, coronary 
artery angioplasty or stenting, coronary artery bypass grafting, or 
abdominal aortic aneurysm); a clinical diagnosis of atrial fibrilla-
tion; current continuous use of other anti-platelet drug or anticoagu-
lant; pill-taking compliance below 80% during the placebo run-in 
phase; or poorly controlled hypertension (systolic blood pressure ≥ 
180 mmHg or diastolic blood pressure ≥ 105 mmHg).

Participants were randomly assigned to receive 100 mg of enteric-
coated aspirin daily or matching placebo. Medication compliance 
was assessed by annual pill counts from returned bottles (73% for 
those assigned aspirin and 74% for those assigned placebo group 
throughout the trial) (9). Analysis was on an intention-to-treat basis, 
so participants who ceased study medication for any reason were 
encouraged to remain in the trial and attend study visits for clinical 
event and other data collection.

Participants’ demographic variables and health measures were 
assessed at baseline and at annual in-person visits which were sup-
plemented by 6-monthly telephone calls for additional information 
(8). Components of the primary and secondary endpoints were ad-
judicated by committees of clinical experts who were blinded to 
trial-group assignment. Details of the data collection schedules were 
previously described (7–9).

ADL Disability Assessment
At study enrollment, each participant was required to be able to per-
form every ADL independently but was permitted to have “a little” 
or “some” difficulty with each ADL. Persistent ADL disability was 
defined by confirmation after 6 months of the inability or a lot of 
difficulty with performance of one or more of 6 basic ADLs or that 
the participant required assistance to perform the ADL. Confirmation 
after 6 months of the same ADL disability was chosen to identify per-
sistent rather than transient disability as this was more likely to repre-
sent permanent disability and therefore longer term adverse outcomes.

The set of 6 ADLs used in ASPREE was derived from the ori-
ginal Katz items (2) as used in the Established Populations for 
Epidemiologic Study of the Elderly (EPESE) (13) and Lifestyle 
Interventions and Independence for Elders (LIFE) (14) studies. 
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The 6 ADLs include the following: walking across a room, 
bathing, dressing, transferring from a bed or chair, toileting, and 
eating. The following response options were offered: (i) no diffi-
culty, (ii) a little difficulty, (iii) some difficulty, (iv)] a lot of diffi-
culty, or (v) unable to perform. An additional question was asked 
for each ADL (regardless of the response to the parent question) 
about whether the participant usually requires assistance from an-
other person, or does not. A self-report of (iv) or (v) or requiring 
assistance to complete was deemed an ADL disability, whereas 
(ii) or (iii) was considered an ADL limitation. The instrument was 
administered by interview at baseline, at every annual study visit, 
and every intervening 6 months by phone. Although the ASPREE 
Protocol (10) allowed for a proxy to be permitted to answer the 
ADL questions on behalf of a participant who was unable to an-
swer due to illness or other reasons, operationally this did not 
happen because only participants’ self-reported ADLs were ac-
cepted, either in person or by phone.

As previously described (9), the original ASPREE physical dis-
ability endpoint was persistent loss of the same ADL and in 2016, 
the ASPREE Data Safety and Monitoring Board approved the ex-
pansion of the definition to include approval for “admission to 
permanent care” (nursing home placement or long-term care) in 
those cases where it was not possible to obtain confirmatory ADL 
information. Of the 412 persistent physical disability endpoints 
reported in the ASPREE primary outcome paper (9), there were 
39 participants (8.5%) who were approved for admission to care 
and whom the adjudicators considered had reached a persistent 
physical disability endpoint. The present analysis of aspirin and 
ADL disability does not include these participants and only con-
sidered those participants from whom ADL information could be 
collected.

Clinical Events Preceding ADL Disability
In an exploratory analysis, we describe the preceding health events 
identified through the ASPREE clinical trial, as endpoints or hos-
pitalizations, in an attempt to explain the transition from incident 
to persistent ADL loss and whether that was different with as-
pirin treatment. ASPREE’s adjudicated endpoints other than for 
disability (10) included major CVD events (fatal and nonfatal MI, 
fatal and nonfatal ischemic stroke, and hospitalization for heart 
failure), cancer (incident and metastatic, fatal, and nonfatal), de-
mentia, all-cause mortality, and major hemorrhage. Major hemor-
rhage was defined as hemorrhagic stroke, non-stroke intracranial 
bleeding, or extracranial clinically significant bleeding (defined as 
bleeding requiring transfusion, hospitalization or prolongation 
of hospitalization, or surgery; or bleeding causing death (15)). 
Gastrointestinal bleeding, intracranial (non-stroke) bleeding, and 
major bleeding at other sites were the major contributors (>80%) 
to clinically significant bleeding events (16). For deaths, adjudi-
cators examined the progression of the final illness or incident, 
and assigned an underlying cause of death, which was the single 
disease most likely to have initiated the trajectory toward death. 
Details of the adjudication criteria and processes for confirming 
trial endpoints were previously described (9,15–17). ASPREE 
also collected evidence of hospitalizations that were for reasons 
other than adjudicated endpoints and lasting for 24 hours or 
more (10). ASPREE did not collect supporting documentation on 
other major adverse health events such as chronic obstructive pul-
monary disease, infections, or osteoarthritis.

Statistical Analysis
Data reported here arise from version 3 of the ASPREE longitudinal 
dataset. Intention-to-treat analyses were used throughout. Time-
to-event for incident ADL disability was any ADL report of (iv) or 
(v) and for persistent ADL disability was taken as the first reported 
date of an ADL disability which was then confirmed approximately 
6 months later (±1 month).

A competing risk Cox proportional hazards model (PH) (18) was 
used to compare the aspirin and placebo groups regarding time-to-
event endpoints (19). In these analyses, individuals were censored at the 
time of death if they died without any prior ADL disability. This study 
focuses on a post hoc analysis of the persistent ADL disability, which 
was the main component of the ASPREE physical disability endpoint 
(9), with further exploratory analyses of incident ADL disability.

Prespecified subgroups, the same as those analyzed for the main 
ASPREE trial (19), included age, gender, race/ethnicity, country of 
recruitment, education (±12  years), smoking, cancer history, pre-
vious use of aspirin, diabetes mellitus, hypertension, body mass 
index, and Fried frailty phenotype (nonfrail, prefrail, or frail) (20). 
Non-prespecified subgroup analyses were also used to investigate the 
effect of aspirin versus placebo on disability and included chronic 
kidney disease, gait speed, grip strength, waist circumference, and 
any ADL difficulty at baseline.

Heterogeneity of treatment effect across subgroups was tested 
based on the subgroup–treatment interaction term in a Cox PH 
model, using a significance level of p ≤ .01 to account for the number 
of statistical analyses. PH assumptions were tested using Schoenfeld 
residuals; all p-values were found to be greater than .1, indicating 
satisfaction of the assumption for all endpoints. Cumulative inci-
dences were used to show event risk, based on competing-risks 
regression models, to account for competing risks of death, and 
stratified according to trial group.

Exploratory analysis of health events preceding ADL disability, 
including adjudicated ASPREE events or numbers of hospitaliza-
tions in the preceding 6 months, aimed to determine whether such 
events could explain any effect of aspirin. Additionally, we used an 
illness-death model (18) and restricted mean survival time (21) to 
assess the effect of aspirin on time to death following persistent ADL 
disability. The former is a special case of a multistate model where 
the disease progress can be described as a transition between three 
states: health, disease, and death (18).

Since most subgroup comparisons were prespecified (19), 
p-values are included. For all other post hoc and exploratory ana-
lyses, p-values are not reported.

Results

Study Participants
At study enrollment, there were no differences by treatment group 
for country, race/ethnicity, smoking, cancer history, diabetes mellitus, 
hypertension, chronic kidney disease, depression, and body mass 
index, as reported previously (9). In addition, there were no differ-
ences by treatment group for other participant characteristics rele-
vant to the development of physical disability, including body weight 
and waist circumference, gait speed and grip strength, frailty, and 
any difficulty with each ADL (Supplementary Table S1). Of those 
participants with any ADL limitation at baseline (70% in the aspirin 
group and 68% in the placebo group), most people reported “a little 
difficulty” with a single ADL (Supplementary Table S2).
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Incident ADL Disability and Treatment With Aspirin
Of the total number of participants who reported any incident ADL 
disability (1563; 20.6 events/1000 person-years), similar numbers 
were observed in the aspirin and placebo groups (776 vs 787). The 
types of incident ADL disabilities were also similar across treatment 
groups (Table 1). From most to least common incident ADL disabil-
ities were walking, bathing, transferring, or dressing (all 21%–24%), 
6% with toileting and 3% with eating (Table 1). Most participants 
(70%) described only one ADL disability, 18% reported disability in 
2 ADLs, and 12% reported disability in 3 or more ADLs at a time 
(Table 1). Aspirin did not affect the type or number of incident ADL 
disabilities (Table 1).

Persistent ADL Disability, Treatment With Aspirin 
and Subgroup Analysis
Of the 1563 participants with self-reported incident ADL disability, 
only 373 (24%) reported sustained or persistent ADL disability 
6 months later (Table 2). Rates of persistent ADL disability are given 
in Table 2 and cumulative incidences are shown in Figure 1. Aspirin 
treatment appeared to reduce the risk of persistent ADL disability 
compared with placebo (4.3 vs 5.3 events/1000 person-years, re-
spectively; hazard ratio [HR] = 0.81; 95% confidence interval [CI] 

0.66–1.00). There were no significant interactions between treat-
ment groups and any prespecified or non-prespecified subgroup 
for persistent ADL disability (Figure  2). Notably, one of the non-
prespecified subgroups was having ADL limitations at baseline or 
not (Supplementary Table S2; Figure 2).

Table 1. Incident ADL Disability (number and rate) by Type and 
Treatment Group

 
Aspirin 
(N = 9525)

Placebo 
(N = 9589)

Total 
(N = 19 114)

ADL disability, participants; N (%)
 No ADL disability 8749 

(91.8)
8802 
(91.7)

17 551 
(91.8)

  Any incident ADL 
disability

776 (8.1) 787 (8.2) 1563 (8.1)

 Rate/1000 
py

Rate/1000 
py

HR (95% 
CI)

Incident ADL disability 
rate

20.6 20.6 1.00 
(0.91–1.10)

Concurrent ADL 
disability; N (%)

   

 Single ADL 535 (68.9) 551 (70.0) 1085 (69.5)
 Two ADLs 151 (19.5) 130 (16.5)  281 (18.0)
 Three or more ADLs 90 (11.6) 106 (13.5) 196 (12.5)
Total 776 (100) 787 (100) 1562 (100)
Incident ADL disability 
by type; N (%)a 

   

  ADL 1 (walking 
across a room)

291 (24.5) 291 (23.9) 582 (24.2)

 ADL 2 (bathing) 274 (23.1) 289 (23.8) 563 (23.4)
 ADL 3 (dressing) 264 (22.3) 262 (21.5) 526 (21.9)
  ADL 4 (transferring 

from chair or bed)
255 (21.5) 258 (21.2) 513 (21.4)

 ADL 5 (toileting) 65 (5.5) 82 (6.7) 147 (6.1)
 ADL 6 (eating) 37 (3.1) 34 (2.8) 71 (3.0)
Total 1186 (100) 1216 (100) 2402 (100)

Notes: Incident ADL disability (at one time point) was observed to con-
vert in 24% of cases to persistent physical disability through confirmation 
6  months later of the same ADL disability. The order of ADL disability is 
from most common to the least. The same order is used in subsequent tables. 
ADL = Activities of daily living; CI = Confidence interval.

aN = number of participants with event; each participant could lose more 
than one ADL at the same time.

Table 2. Persistent ADL Disability by Type and Treatment Group

Aspirin 
(N = 9525)

Placebo 
(N = 9589)

Total 
(N = 19 114)

Persistent physical disability, participants N (%)
  No persistent ADL 

disability
9337 
(98.0)

9365 
(97.7)

18 702 
(97.8)

  Persistent ADL 
disabilitya

166 (1.7) 207 (2.2) 373 (2.0)

 Rate/1000 
py

Rate/1000 
py

HR (95% 
CI)

Persistent ADL disability 4.3 5.3 0.81 
(0.66–1.00)

Concurrent persistent 
ADL disabilitya 

   

 Single ADL 111 (66.9) 165 (79.7) 276 (74.0)
 Two ADLs 34 (20.5) 25 (12.1) 59 (15.8)
 Three or more ADLs  21 (12.7) 17 (8.2)  38 (10.2)
Total 166 (100) 207 (100) 373 (100)
Persistent ADL disability 
by type; N (%)a

   

  ADL 1 (walking 
across a room)

42 (16.3) 42 (14.7) 84 (15.5)

 ADL 2 (bathing) 87 (33.9) 100 (35.0) 187 (34.4)
 ADL 3 (dressing) 66 (25.7)  79 (27.6) 145 (26.7)
  ADL 4 (transferring 

from chair or bed)
48 (18.7)  47 (16.4) 95 (17.5)

 ADL 5 (toileting) 12 (4.7) 14 (4.9) 26 (4.8)
 ADL 6 (eating)  2 (0.8) 4 (1.4) 6 (1.1)
Total 257 (100) 286 (100) 543 (100)

Notes: ADL disability is defined as “a lot of difficulty,” “unable to perform” 
or needing assistance with the ADL. Data apply to the first occasion of any 
ADL disability that was subsequently confirmed as persistent. ADL = Activ-
ities of daily living; CI = Confidence interval.

aN = number of participants with event; each participant could lose more 
than one ADL at the same time.
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Figure 1. Cumulative incidence of persistent activities of daily living 
disability, by treatment group
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For participants with persistent ADL disability, this was predom-
inantly a single ADL (74%) with 16% of participants reporting a 
lot of difficulty (or unable to perform) 2 ADLs and 10% 3 or more 
ADLs (Table 2). The most common ADLs contributing to persistent 
disability were bathing (33%) and dressing (27%) with transferring 
and walking disability occurring in less than 20% of cases (Table 2). 
Disability in toileting (5%) or eating (1%) was much less common 
(Table 2). Aspirin treatment did not affect the types of ADL disability 
that persisted for 6 months (Table 2). Compared to the placebo group, 
more participants in the aspirin group reported multiple concomitant 
persistent ADL disability (20% vs 33%, respectively; Table 2).

Where possible, attempts were made to determine whether any 
incident ADL disability that occurred in the 6 months prior to June 
12, 2017, when the study intervention was stopped (9), were per-
sistent after 6  months. A  sensitivity analysis showed inclusion of 
these late confirmed ADL disabilities had little effect on the results 
reported above.

In a further exploratory analysis, persistent ADL disability was 
defined as any ADL disability that persisted for 6 months rather than 
only the same ADL. This resulted in an additional 110 participants 
with persistent ADL disability. Similar to aspirin’s effect with the 
stricter definition of persistence, there were fewer events in the as-
pirin group compared with the placebo group (229 [47%] vs 254 
[53%], respectively).

ASPREE Clinical Events Preceding Incident or 
Persistent ADL Disability
Prior to incident ADL disability, there were 261 participants (17%) 
who experienced an adjudicated ASPREE endpoint including 
MI, heart failure, stroke, dementia, cancer, or clinically significant 
bleeding (Table 3). Of these participants, 89% experienced 1 event, 
11% experienced 2 events, and 1 participant had 3 events. There 
was no difference between aspirin and placebo groups (Table  3). 
The most common ASPREE endpoint preceding incident ADL dis-
ability was cancer (45%), followed by CVD (31% comprised MI, 

stroke, and heart failure), dementia (20%), and clinically significant 
bleeding (17%).

Most participants with persistent ADL disability did not have a pre-
ceding ASPREE endpoint, though the proportion with a preceding event 
was higher (96 of 373; 26%) than prior to incident disability (Table 3). 
The majority (85%) of participants with an ASPREE endpoint prior to 
persistent ADL confirmation had one event and 15% experienced more 
than one event (Table 3). Prior to persistent ADL disability, 30% in the 
aspirin group and 23% in the placebo group experienced an ASPREE 
event (Table  3). Cardiovascular disease (40%), followed by cancer 
(31%) and dementia (28%) were the most common preceding events, 
with a similar event profile in the aspirin and placebo groups (Table 3).

In the 6 months prior to incident ADL disability, 23% of par-
ticipants were hospitalized (for reasons other than adjudicated 
ASPREE endpoints): The corresponding proportion for persistent 
ADL disability was 19% (Table 3). The majority of participants in 
each case (86%–92%) reported only 1 hospital stay (Supplementary 
Table S3). The same proportion of participants in the aspirin group 
and placebo group were admitted to hospital for reasons other than 
ASPREE endpoints (Table 3). There was a similar time since hospi-
talization before reaching an ADL disability in the aspirin and pla-
cebo groups (Supplementary Table S3).

Deaths After Persistent ADL Disability
Within the period of the ASPREE trial, 36 participants died fol-
lowing ADL disability. Of these, 24 were in the aspirin group and 12 
in the placebo group (HR = 2.58; 95% CI 1.29–5.16). This higher 
number of deaths in the aspirin group was across all causes of death 
except those attributed to CVD causes (Supplementary Table S4). 
In a post hoc analysis, and based on an illness death model (19), 
the restricted mean survival times were calculated for participants 
in the aspirin and placebo groups (Supplementary Table S5). The 
average disability-free time from randomization to persistent ADL 
disability was lower by 4.5–8 days across the ASPREE population of 
19 114 participants (Supplementary Table S5). The restricted mean 
survival times for those with persistent ADL disability to death were 
shorter in the aspirin group compared with placebo by 76, 132, and 
164 days at 5, 6, and 6.5 years, respectively (Supplementary Table 
S5).

Discussion

The primary results of the ASPREE trial found that low-dose aspirin 
had no significant effect on dementia and disability-free survival (9) 
in older community-dwelling people free of known CVD or other 
5-year life-limiting illness (7,8). Nor did aspirin significantly affect 
the ASPREE composite physical disability endpoint (9). This study 
extends those initial findings, investigating the effect of aspirin on 
incident and persistent ADL disability and on subgroups of poten-
tial relevance to the risk of persistent disability. Here, we report that 
incident ADL disability occurred at 20.6 events/1000 person-years. 
Notably, the majority of participants did not report ADL disability 
over the median 4.7 years of the trial and there was a low rate of 
conversion from incident to persistent ADL disability (24%). Low-
dose aspirin did not affect incident ADL disability but appeared to 
reduce persistent ADL disability (by 19%). This could not be ac-
counted for by fewer preceding CVD events or other major ASPREE 
clinical endpoints, or fewer hospitalizations. On the other hand, per-
sistent ADL disability was followed by twice as many deaths in the 
aspirin group compared with the placebo group.

Subgroup

Overall
Age group
− 65−74y
− 75−84y
− 85+y
Gender
− Male
− Female
Country
− Australia
− US
Ethnicity/Race
− White/Australia
− White/US
− Black
− Hispanic
Education
− < 12
− >= 12
Diabetes mellitus
− No
− Yes
Hypertension
− No
− Yes
Smoking
− Current
− Former
− Never
Previous aspirin use
− No
− Yes
BMI
− Underweight
− Normal
− Overweight
− Obese
Waist circumference
− <cutoff
− >=cutoff
CKD
− No
− Yes
Cancer history
− No
− Yes
Gait Speed
− <cutoff
− >=cutoff
Grip Strength
− <cutoff
− >=cutoff
Fried Frailty
− Not frail
− Pre−frail
− Frail
ADL: Any difficulty
− No
− Yes

No. of
Participants

19114

9569
8555

990

8332
10782

16703
2411

16361
1088

901
488

8636
10477

17069
2045

4919
14195

735
7799

10580

17018
2094

361
4603
8452
5609

7869
11036

13024
4740

15375
3660

3788
15193

3637
15112

11246
7447

421

17290
1824

Aspirin
events (rate

166(4.3)

49(2.6)
83(4.7)

34(17.0)

61(3.7)
105(4.8)

144(4.3)
22(4.2)

141(4.3)
12(4.4)
8(4.7)
4(4.3)

82(4.8)
84(3.9)

143(4.1)
23(5.9)

36(3.6)
130(4.6)

9(7.0)
73(4.6)
84(3.9)

148(4.4)
18(3.9)

5(6.5)
35(3.6)
57(3.3)
67(6.1)

56(3.4)
107(4.9)

99(3.7)
61(6.4)

126(4.0)
40(5.6)

94(13.2)
67(2.1)

66(8.8)
95(3.1)

41(1.8)
104(7.0)
21(26.2)

110(3.1)
56(16.1)

Placebo
[1000 pys])

207(5.3)

66(3.4)
104(5.9)
37(20.5)

93(5.5)
114(5.2)

179(5.3)
28(5.4)

178(5.4)
13(4.7)
12(7.3)

4(4.3)

122(7.0)
85(3.9)

170(4.8)
37(9.4)

48(4.8)
159(5.5)

8(5.6)
89(5.6)

110(5.1)

180(5.2)
27(5.9)

3(4.2)
27(2.9)
73(4.2)

102(9.1)

50(3.1)
153(6.8)

122(4.5)
73(7.5)

168(5.3)
38(5.2)

111(14.9)
92(2.9)

75(10.2)
125(4.0)

48(2.1)
137(9.1)
22(29.5)

125(3.5)
82(23.1)

Comparison
HR (95%CI)

0.81(0.66−1.00)

0.76(0.53−1.10)
0.80(0.60−1.07)
0.82(0.52−1.31)

0.67(0.49−0.93)
0.92(0.71−1.21)

0.82(0.66−1.02)
0.78(0.45−1.36)

0.80(0.64−1.00)
0.94(0.43−2.07)
0.64(0.26−1.57)
1.00(0.25−4.00)

0.68(0.52−0.90)
1.00(0.74−1.35)

0.85(0.68−1.06)
0.63(0.37−1.06)

0.76(0.49−1.17)
0.83(0.66−1.05)

1.23(0.47−3.18)
0.84(0.61−1.14)
0.76(0.57−1.01)

0.84(0.67−1.04)
0.65(0.36−1.19)

1.53(0.37−6.42)
1.27(0.77−2.10)
0.80(0.57−1.13)
0.67(0.49−0.91)

1.11(0.76−1.63)
0.72(0.56−0.92)

0.82(0.63−1.07)
0.86(0.62−1.22)

0.76(0.60−0.96)
1.08(0.69−1.68)

0.89(0.68−1.17)
0.73(0.53−1.00)

0.86(0.62−1.20)
0.78(0.59−1.01)

0.87(0.57−1.32)
0.77(0.60−0.99)
0.89(0.49−1.62)

0.89(0.69−1.15)
0.70(0.50−0.98)

Test for heterogeneity
p−value

0.97

0.13

0.87

0.92

0.07

0.30

0.70

0.58

0.45

0.15

0.06

0.83

0.17

0.35

0.63

0.83

0.28

0.33 0.50 0.75 1.0 1.33 2.0 3.0
Hazard ratio (HR)

Figure 2. Forest plot of aspirin effect on persistent activities of daily living 
disability in prespecified and non-prespecified subgroups.
is available within the online issue.
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Overall, the proportion of participants who progressed from in-
cident to persistent ADL disability was low. This suggests that much 
of the incident ADL disability was transient, possibly due to joint re-
placement or other recoverable illness or injury, since many neuro-
logical, circulatory, sensory, or arthritic conditions are likely to persist. 
The low conversion to persistence also suggests that incident ADL dis-
ability may not be the best surrogate for permanent physical disability.

There were nearly double the number of cancer endpoints than 
CVD or dementia events preceding incident ADL disability. For per-
sistent ADL disability, however, the preceding numbers were similar 
for cancer, CVD, and dementia endpoints. Perhaps, this difference 
reflects recovery from cancer treatment in some participants in the 
intervening 6 months between incident and persistent ADL loss.

Hospitalization-acquired disability has previously been reported 
as a leading cause of loss of independence in older persons (22,23), 
yet less than a quarter of ASPREE participants with ADL disability 
were hospitalized in the 6 months before the reported disability. In 
fact, less than half of all reported ADL disability, whether incident or 
persistent, was preceded by hospitalization or an ASPREE endpoint. 

Presumably most ADL cases were precipitated by nonhospitalizing 
events such as falls or chronic conditions (eg, respiratory or muscu-
loskeletal) that were not captured by our endpoint process.

What could be the explanation for aspirin reducing persistent ADL 
disability? The answer does not appear in the preceding endpoints 
or hospitalizations because they were no less common in the aspirin-
treated group. Indeed, preceding CVD events occurred in only a small 
proportion of those who developed persistent ADL disability (38 
events in 373 participants) with numbers similar in the aspirin and 
placebo groups. Could there be a common etiology behind this aspirin 
effect to delay the progress of other chronic illnesses? Inflammation is 
a factor underlying chronic diseases, influencing weakness and fatigue 
(5,6). It is plausible that any beneficial effect of aspirin extending time 
to persistent disability could be through suppressing chronic inflam-
mation, although 100 mg daily aspirin dose is yet to be shown suffi-
cient by such a mechanism in healthy older persons.

At baseline, the aspirin and placebo groups were well balanced 
with respect to all subgroups shown in Figure 2, including mild phys-
ical disability categories (“a little” or “some” ADL difficulty). Aspirin’s 

Table 3. ASPREE Adjudicated Endpoint Events (cancer, myocardial infarction, stroke, heart failure, clinically significant bleeding, and 
dementia) or Hospitalizations That Preceded Incident ADL Disability or Persistent ADL Disability, by Treatment Group

Incident ADL Disability

Number With Preceding ASPREE Eventsa; N
Aspirin  
776

Placebo  
787

Total  
1563

No preceding events 643 (82.9%) 659 (83.7%) 1302 (83.3%)
One or more 133 (17.1%) 128 (16.3%)  261 (16.7%)

-1 115 (86.5%) 115 (89.8%) 230 (88.1%)
-2 or more 18 (13.5%) 13 (10.2%) 31 (11.9%)

ASPREE event by typeb; N 133 128 261
Cancer 61 (45.9%) 57 (44.5%) 118 (45.2%)
Myocardial infarction 14 (10.5%) 10 (7.8%) 24 (9.2%)
Stroke 20 (15.0%) 19 (14.8%) 39 (14.9%)
Heart failure 8 (6.0%) 10 (7.8%) 18 (6.9%)
Clinically significant bleeding 19 (14.3%) 24 (18.8%) 43 (16.5%)
Dementia 30 (22.6%) 22 (17.2%) 52 (19.9%)

Any hospitalizations in previous 6 months 179 (23.1%) 183 (23.3%) 362 (23.2%)

Persistent ADL disability

Number with preceding ASPREE eventsa; N
Aspirin  
166

Placebo  
207

Total  
373

No preceding events 117 (70.5%) 160 (77.3%) 277 (74.3%)
One or more 49 (29.5%) 47 (22.7%) 96 (25.7%)

1 42 (85.7%) 40 (85.1%) 82 (85.4%)
2 or more 7 (14.3%) 7 (14.9%) 14 (14.6%)

ASPREE event by typeb; N 49 47 96
Cancer 16 (32.7%) 14 (29.8%) 30 (31.3%)
Myocardial infarction 5 (10.2%) 8 (17.0%) 13 (13.5%)
Stroke 7 (14.3%) 10 (21.3%) 17 (17.7%)
Heart failure 6 (12.2%) 2 (4.3%) 8 (8.3%)
Clinically significant bleeding 7 (14.3%) 10 (21.3%) 17 (17.7%)
Dementia 15 (30.6%) 12 (25.5%) 27 (28.1%)

Any hospitalizations in previous 6 months 31 (18.7%) 40 (19.3%) 71 (19.0%)

Note: N = number of participants; (%) = proportion of participants or proportion of events in participants. ADL = Activities of daily living.
aParticipants could have more than 1 preceding ASPREE adjudicated endpoint event, therefore (%) will not add to 100%. Stroke includes ischemic and hemor-

rhagic. bCancer, myocardial infarction, stroke, heart failure, dementia or major hemorrhage were adjudicated events in ASPREE. Hospitalizations for reasons other 
than ASPREE adjudicated events were reported from the 6 months prior to incident or persistent ADL disability.
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treatment effect was not different across subgroups. As originally de-
scribed by Katz (2) and many other studies since (eg, (22–25)), some 
ADL disabilities were more common than others. Walking, bathing, 
dressing, and transferring were similarly responsible (~21%–24%) for 
incident ADL disability with very few participants losing the ability 
to toilet (6%) or eat (3%) independently. By contrast, bathing (34%) 
and dressing (27%) were more common as persistent ADLs. These 
are physically complex tasks for which assistance may be needed but 
the participant could still live mostly independently and attend study 
visits to complete ADL assessments. Aspirin did not affect the ADL 
disability by type, whether incident or persistent.

The selection criteria for inclusion in ASPREE ensured that par-
ticipants had generally lower age-matched levels of major disease 
and disability than the general populations of the United States 
and Australia (8). In this cohort, the incidence of ADL disability 
(20.6/1000 person-years) was lower than in the Cardiovascular 
Health Study (27/1000 person-years) (24). Other cohorts such as the 
Rush Memory and Aging Study reported a higher incidence of ADL 
disability (~30% over ~3.5 years follow-up in those who survived 
this period), though many in that study would not have met the CVD 
exclusion criteria of ASPREE, so may have been at higher risk of in-
cident disability (25).

The risk of death following persistent ADL disability was low 
(0.5 and 0.9/1000 person-years for placebo and aspirin, respect-
ively). Nevertheless, the risk was nearly twice as high in the as-
pirin group as in the placebo group and was not associated with 
any single cause of death. This higher risk of death is consistent 
with the overall ASPREE findings which showed excess mortality 
risk with aspirin compared to placebo (17). A  possible factor 
contributing to this aspirin-related effect is the observation that 
higher numbers of participants in the aspirin group reported mul-
tiple ADL loss, which may reflect more extensive persistent phys-
ical disability.

Strengths of the ASPREE study include the size of the trial, par-
ticularly the large number of participants older than 70 years who 
began the study being independent with all ADLs, the low loss to 
follow up and confirmation of all ASPREE events with medical docu-
mentation and expert adjudication panels (8,9,15–17). Furthermore, 
the ADL questions were asked every 6 months alternately in person 
and by phone, maximizing the numbers of participants for whom 
there was regular ascertainment of ADLs throughout the trial.

Study limitations included the low number of persistent ADL dis-
ability cases, partly reflecting the overall health of the trial cohort 
at study enrollment (8), but also the limited length of the trial (me-
dian 4.7 years) (9). Even though many adverse health events were 
captured as ASPREE endpoints, morbidities such as musculoskel-
etal disorders and chronic respiratory conditions were not collected. 
What events may underlie the ADL disability cases, not preceded by 
ASPREE endpoints or hospitalizations, may be revealed by further 
analysis of self-reported health events, intervening illnesses or in-
juries (that have been shown to be associated with severe disability), 
reasons for hospitalizations, sociodemographic factors, mental 
health, and medication use (22,23,26–28). A further limitation is the 
exploratory, post hoc nature of these analyses resulting in the need 
for cautious interpretation.

Conclusion

Of the participants in the ASPREE clinical trial reporting incident 
ADL disability, only 24% progressed to persistent loss of the same 
ADL. Aspirin, at a dose of 100 mg/day for a median of 4.7 years, did 

not reduce the rate of incident ADL disability compared with the 
placebo group but there was some evidence of a reduction in per-
sistent physical disability. Of the small number of participants who 
died after persistent ADL disability, but within the timeframe of the 
trial, death was hastened in the aspirin group.

Supplementary Material

Supplementary data are available at The Journals of Gerontology, 
Series A: Biological Sciences and Medical Sciences online.
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