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Objective: The inter-individual variability in cognitive changes may be early indicators of

major health events. We aimed to determine whether late-life cognitive trajectories were

associated with incident dementia, persistent physical disability and all-cause mortality.

Methods: Data came from a cohort of older community-dwelling individuals aged

70 years or above in Australia and the United States. Global cognition, verbal fluency,

episodic memory and psychomotor speed were assessed regularly at up to seven waves

between 2010 and 2017. Dementia, disability in activities of daily living, and death were

adjudicated between 2017 and 2020. Latent classes of cognitive trajectories over seven

years were determined using group-based trajectory modeling. Multivariable logistic

regression was used for the prospective associations between cognitive trajectories and

these outcomes.

Results: Cognitive trajectories were defined for 16,174 participants (mean age: 78.9

years; 56.7% female) who were alive and without incident dementia or disability by 2017,

among which 14,655 participants were included in the association analysis. Between

three and five trajectory classes were identified depending on the cognitive test. Cognitive

trajectories were strongly associated with the risk of dementia. For example, compared

to those in the highest-functioning trajectory, the worst performers of episodic memory

had a 37-fold increased risk of dementia (95% CI: 17.23–82.64). The lowest trajectories

of both global cognition and episodic memory also predicted increased mortality risk

(OR: 1.80, 95% CI: 1.28–2.52; OR: 1.61, 95% CI: 1.09–2.36, respectively), while only

slow psychomotor speed was marginally associated with physical disability (OR: 2.39,

95% CI: 0.99–5.77).
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Conclusions: In older individuals, cognitive trajectories appear to be early indicators of

clinically relevant health outcomes. Systematic cognitive assessments as part of routine

geriatric evaluation may facilitate early identification and interventions for those individuals

at highest risk.

Keywords: aging, cognition, dementia, activities of daily living, death, longitudinal

INTRODUCTION

Maintaining good cognitive function is an important component
of healthy aging (1, 2). There is heterogeneity in late-life cognitive
aging across individuals, with distinct cognitive trajectories
observed in older populations (3). Gradual decline in cognitive
function at old age has been thought to be a ‘normal’ part of
the aging process (4). However, some individuals experience
more advanced cognitive decline dementia (5), while others
appear to sustain high cognitive function over time even with
advancing age (6).

A decline in global cognition and memory is associated with
an increased risk of brain atrophy and dementia (7, 8), and some
preliminary evidence suggests that worse cognitive trajectories
also predict the risk of other geriatric outcomes (3). For example,
one study observed that lower trajectories in global cognition
were associated with a higher burden of hospitalization (9),
and another two studies reported that declining global cognitive
trajectories increased the incidence risk of physical disability
and mortality (10, 11). However, most previous studies only
examined global cognition, often using the Mini-Mental State
Examination, which is a relatively crude measure (9, 12–15). It
is unknown whether changes in specific domains of cognitive
function are early indicators of important health outcomes.

This study aimed to investigate the relationship between
global and domain-specific trajectories of cognitive function,
and the incidence risk of dementia, persistent physical disability
and mortality. We also examined the association between
cognitive trajectories and a composite measure of these three
outcomes - disability-free survival that reflects a healthy lifespan.
Using data collected from a large cohort of older adults, the
findings disentangle the population heterogeneity of late-life
cognitive trajectories and demonstrate how these can be used as
an early marker for major health outcomes.

MATERIALS AND METHODS

Study Sample
Study participants came from the ASPREE (ASPirin in Reducing
Events in the Elderly) clinical trial – a randomized placebo-
controlled trial that investigated the long-term effects of daily
low-dose aspirin on health outcomes of older adults (16). A total
of 19,114 participants aged 65+ years (African American and
Hispanic/Latino) and 70+ years (Australian White, American
White and all other ethnicities) were recruited from Australia
and the United States between March 2010 and December
2014. At enrolment, eligible participants were required to be
without a diagnosis of dementia and scored over 77 in the

Modified Mini-Mental State Examination (3MS). Additionally,
participants were without any severe difficulty performing
any of the basic activities of daily living (ADL), established
cardiovascular diseases, or any life-threatening illness (17).

Assessment of Cognitive Function
Cognitive function was assessed at baseline and annually over
follow-up, at up to six waves. The battery included 1) 3MS for
global cognitive function (18), 2) single-letter (F) Controlled
Oral Word Association Test (COWAT-F) for verbal fluency
(19), 3) Hopkins Verbal Learning Test-Revised delayed recall
task (HVLT-R) for episodic memory (20), and 4) Symbol-Digit
Modalities Test (SDMT) for psychomotor speed (21). In addition,
an overall score was generated by adding up the z-scores of the
four cognitive tests (6, 22).

Ascertainment of Study Endpoints
The endpoints of this study included dementia, persistent
physical disability, all-causemortality and disability-free survival.
Dementia was adjudicated according to the criteria of the
Diagnostic and Statistical Manual of Mental Disorders, fourth
edition (23). This was done in conjunction with several
evaluations including Alzheimer’s Disease Assessment Scale–
Cognitive subscale (24), Color Trails (25), Lurian overlapping
figures (26), and the Alzheimer’s Disease Cooperative Study
Activities of Daily Living scale (27), as well as other relevant
information such as laboratory tests, neuroimaging tests, clinical
case notes and hospital medical records. Persistent physical
disability was defined as the inability to perform or severe
difficulty in performing one or more basic ADLs (28). Persistence
was determined as the loss of the same ADL for at least 6 months,
or adjudicated admission to nursing care facility due to physical
disability (17). Death was confirmed upon verification with at
least two independent sources (e.g., family or Primary Care
Partnerships report, or clinical record, or public death notice)
(17), with linkage to the National Death Index (17). Disability-
free survival, which is a composite endpoint analyzed as the
primary outcome in the ASPREE clinical trial, was defined as the
first occurrence of dementia or persistent physical disability or
all-cause mortality, whichever came first (29).

Statistical Analysis
Group-based trajectory modeling (GBTM) was used to identify
the latent classes of cognitive trajectory, for each cognitive test.
GBTM is an application of finite mixture modeling, which
captures the underlying subgroups based on the longitudinal
patterns of an indicator (30). The goodness of fit and model
adequacy was used to select the best model (30, 31) (details
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FIGURE 1 | Flow diagram of participants included in the analysis. *Incident dementia, persistent physical disability and all-cause mortality.

in Supplementary Material). Individuals were required to have
cognitive data at baseline and at one or more subsequent visits, to
be eligible for trajectory modeling.

To ensure temporality, cognitive trajectories were modeled
over the trial period (from March 2010 until June 2017), and
incident health outcomes were examined between June 2017 and
November 2020. As such, participants included in this analysis
needed to be alive at the end of the trial period, and without
dementia or physical disability.

Basic characteristics were presented as numbers and
proportions, and compared between subgroups using chi-
squared test. Multivariable logistic regression was used to analyze
the association between cognitive trajectories and subsequent
health outcomes, using the highest-functioning trajectory class
as the reference group. The models adjusted for self-reported
socio-demographic characteristics including age at the last
visit (continuous), gender (men, women), ethnicity (Australian
White, African American, Hispanic/Latino, US White, others)
and education (≤12 years, >12 years), as well as smoking status
(never, former, current), alcohol intake (never, former, current),
living situation (at home alone, at home with someone or in a
residential home), body mass index (underweight or normal,
overweight, obese), hypertension (no, yes - defined as being on
treatment for high BP or BP >140/90 mmHg), diabetes mellitus
(no, yes - defined as being on treatment for diabetes, or fasting
glucose≥126 mg/dL (≥7 mmol/L), or self-report), dyslipidemia

(no, yes - defined as taking cholesterol-lowering medications,
or serum cholesterol ≥212 mg/dL (≥5 mmol/L; Australia)
and≥240 mg/dL (≥6.2 mmol/L) or LDL >160 mg/dL (>4.1
mmol/L)), depression (no, yes - defined as a score of 8 or higher
in the 10-item Center for Epidemiological Studies-Depression
Scale), frailty index (continuous, constructed based on 67 health
deficits) (32), weak grip strength (no, yes - defined as grip
strength in the lowest 20% at baseline adjusted by gender and
BMI) (33), slow gait speed (no, yes - defined as gait speed in
the lowest 20% at baseline adjusted by gender and height) (33).
Grip strength and gait speed were not included in the models
for persistent physical disability, as they are closely related to
this dependent variable. The information of all covariates was
ascertained at baseline (gender, ethnicity and education) or the
last study visit when cognitive function was assessed.

All statistical analyses were conducted between September
2021 and February 2022, using Stata version 16.0 (Stata Corp.,
College Station, Texas, USA) and the ‘Proc Traj’ package, with
statistical significance set as a two-sided p-value <0.05.

RESULTS

Identification of Cognitive Trajectories
A total of 16,174 individuals were included in the trajectory
modeling (Figure 1). For most participants, data on all
cognitive tests were available at three or more timepoints
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FIGURE 2 | Trajectory plots of the composite score (A), and the raw scores of 3MS (B), COWAT-F (C), HVLT-R delayed recall (D) and SDMT (E) (N = 16,174). (1) the

x-axis denotes the year of cognitive assessment at baseline as well as 1, 3, 4, 5 and 6 years of follow-up; (2) the y-axis denotes the composite score and raw scores

of the four cognitive tests; (3) the percentages refer to the proportions of participants assigned into the corresponding classes. 3MS, Modified Mini-Mental State

Examination; COWAT-F, Controlled Oral Word Association Test-F; HVLT-R, Hopkins Verbal Learning Test–Revised (delayed recall); SDMT, Symbol Digit Modalities Test.

(Supplementary Tables 1–3). Between three and five trajectory
classes were identified depending on the cognitive test (Figure 2,
Supplementary Table 4).

The model identified five classes for the overall score, with
higher classes having higher baseline scores and less decline
(Figure 2A). For the 3MS test, three classes were identified
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(Figure 2B), including one class with the highest baseline and
least decline that accounted for most participants (64.1%).
The four classes identified for COWAT-F (Figure 2C) mainly
differed in baseline scores, but all improved over time with
varying degrees. Four classes were identified for HVLT-R delayed
recall (Figure 2D). The higher two trajectories with higher
baseline scores showed slight improvement, while the lower
two declined over time. In terms of SDMT, the five classes
were crudely parallel, and all showed minor decline at a similar
rate (Figure 2E).

Cognitive Trajectories and Associated
Health Outcomes
Of the 14,655 participants with complete covariate data and
who were alive and without dementia and physical disability
by June 2017, a total of 854 participants reached the endpoints
during the post-trial phase. This includes 265 incident cases of
dementia, 253 cases of incident physical disability and 568 deaths
(Figure 1). Compared to those included in the current analysis,
those excluded due to missing data were older, with fewer
years of education, and more likely to have chronic conditions
(Supplementary Table 5).

Table 1 shows the basic characteristics of participants
according to trajectory classes of the overall score. In general,
participants in lower-functioning classes were older, more likely
to be males, and with notably fewer years of education. They
were also more likely to live alone at home, be a current
smoker, and never drink alcohol, although the differences were
less marked. In addition, all comorbidities were more prevalent
in lower-functioning classes, except dyslipidemia which had an
opposite trend.

The fully adjusted associations of cognitive trajectories
with incident dementia and physical disability are shown in
Table 2. Compared to the individuals in the highest-functioning
trajectory, worse performers with lower baseline scores and/or
faster rates of decline showed higher dementia risk in all cognitive
tests, although this was less marked for COWAT-F. However,
only the lowest class - Low/Decline trajectory of SDMT showed
a marginally significant association with physical disability (OR:
2.39, 95% CI: 0.99–5.77, p= 0.05).

Results regarding death and the composite endpoint are
presented in Table 3. The association with increased mortality
risk was seen in worse performers of the overall score and the
3MS test, as well as the lowest class of HVLT-R delayed recall
– the Low/Decline trajectory (OR: 1.61, 95% CI: 1.09–2.36, p =

0.02). For the composite endpoint, associations were observed in
the trajectories of all cognitive tests, except COWAT-F.

The results from the minimally adjusted models
that only included age, gender, ethnicity and education
(Supplementary Tables 6, 7) are not materially different from
those produced by the fully adjusted models.

DISCUSSION

Among more than 16,000 community-dwelling older adults
initially without dementia or ADL physical disability, we found

that low cognitive performers had an increased risk of subsequent
geriatric outcomes, compared to those who maintained high
cognitive performance. The trajectories of all cognitive tests were
associated with incident dementia, but this was less marked
for verbal fluency. Death was predicted by low performance
in global cognition and episodic memory, while persistent
physical disability was only predicted by slow psychomotor
speed. These findings suggest that cognitive aging trajectories
reflect multiple aspects of health status in late life and could
be used as early indicators of risk for major health events,
beyond dementia.

Strengths of this study include the large sample size, as well as
repeated cognitive assessments that enabled trajectory modeling
across 6 years. More importantly, this is the first study to
our knowledge that examines the trajectory profiles of multiple
cognitive tests using a data-driven approach. This allows a robust
comparison across cognitive domains for their associations with
important geriatric outcomes and therefore helps to inform
targeted strategies for healthy aging. In addition, we visualized
the developmental patterns of cognitive changes on a timeframe
along with detailed trajectory statistics for each distinct subgroup,
which highlights the continuous and dynamic traits of cognitive
aging. This longitudinal approach shifts the focus from cognitive
function at a single point in time, to cognitive changes (i.e.,
maintenance, improvement, and decline) over a certain period.
In this way, the developmental patterns of the suboptimal
trajectories may help to inform when, to whom, and to what
extent preventative strategies should be implemented.

We observed an association between low or declining
cognitive trajectories in later life and incident dementia. This
is in line with well-established evidence that decline may
appear in various cognitive domains at the pre-clinical stage
of dementia, many years before the diagnosis (34, 35). One
study using a similar analytical approach also observed lower
levels of hippocampal volume and entorhinal cortical thickness,
as well as higher risk of dementia in those with declining
memory trajectories (7). Our results showed that trajectories
of global cognition, episodic memory and psychomotor speed
were all strongly predictive of incident dementia, with an
apparent dose-response relationship across the trajectory classes.
In contrast, the difference in dementia risk was less marked
in the trajectories of COWAT-F, with smaller effect sizes and
no dose-response relationship as was seen with other cognitive
tests. Interestingly, most participants showed improvements in
verbal fluency over time, including those in the lowest COWAT-F
trajectory, which possibly reflects practice effects. Indeed, verbal
abilities, especially vocabulary, have been known to remain stable
or gradually improve with age (4), and are less impacted by
the neuropathology of dementia than other cognitive abilities
(36). However, previous studies observed poorer verbal fluency
in dementia patients compared to the controls (37, 38). Also,
the lowest two trajectories of COWAT-F in this study predicted
higher dementia risk. Therefore, assessments of verbal abilities
may still add value to a comprehensive cognitive battery
in dementia screening and prediction, although COWAT-F
may be less reflective of brain aging than tests for other
cognitive domains.
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TABLE 1 | Basic characteristics of included participants at their last attended follow-up visit (n = 14,655).

Trajectory classes of the overall scorea No. (%)

Baseline characteristics High/Increase

(1,454, 9.9%)

Medium high/Increase

(4,558, 31.0%)

Medium/Stable

(4,682, 32.0%)

Medium low/Decline

(2,984, 20.4%)

Low/Decline

(977, 6.7%)

P-valueb

Age, years <0.001

65–69c 11 (0.8) 14 (0.6) 31 (0.7) 13 (0.4) 1 (0.1)

70–74 331 (22.1) 828 (18.2) 803 (17.2) 423 (14.2) 86 (8.8)

75–79 839 (57.7) 2,458 (53.9) 2,224 (47.5) 1,259 (42.2) 344 (35.2)

80–84 216 (15.0) 927 (20.3) 1,152 (24.6) 787 (26.4) 308 (31.5)

≥85 67 (4.6) 320 (7.0) 472 (10.1) 502 (16.8) 238 (24.4)

Gender <0.001

Men 381 (26.2) 1,609 (35.3) 2,244 (47.9) 1,603 (53.7) 609 (62.3)

Women 1,073 (73.8) 2,949 (64.7) 2,438 (52.1) 1,381 (46.3) 368 (37.7)

Ethnicity <0.001

Australian white 1,273 (87.6) 4,008 (87.9) 4,184 (89.4) 2,650 (88.8) 894 (91.5)

African American 16 (1.1) 103 (2.3) 165 (3.5) 124 (4.2) 35 (3.6)

Hispanic/Latino 21 (1.4) 70 (1.5) 98 (2.1) 88 (3.0) 22 (2.3)

US white 129 (8.9) 330 (7.2) 171 (3.7) 71 (2.4) 8 (0.8)

Otherd 15 (1.0) 47 (1.0) 64 (1.4) 51 (1.7) 18 (1.8)

Education, years <0.001

<12 417 (28.7) 2,052 (45.0) 2,884 (61.6) 2,171 (72.8) 799 (81.8)

≥12 1,037 (71.3) 2,506 (55.0) 1,798 (38.4) 813 (27.1) 178 (18.2)

Living situation 0.02

Alone at home 523 (36.0) 1,542 (33.8) 1,604 (34.3) 1,105 (37.0) 363 (37.2)

With someone 931 (64.0) 3,016 (66.2) 3,078 (65.7) 1,879 (63.0) 614 (62.9)

Smoking status <0.001

Current 28 (1.9) 74 (1.6) 126 (2.7) 92 (3.1) 35 (3.6)

Former 560 (38.5) 1,833 (40.2) 1,908 (40.8) 1,290 (43.2) 427 (43.7)

Never 866 (59.6) 2,651 (58.2) 2,648 (56.6) 1,602 (53.7) 515 (52.7)

Alcohol intake <0.001

Current-high risk 396 (27.2) 1,194 (26.2) 1,211 (25.9) 711 (23.8) 238 (24.4)

Current-low risk 742 (51.0) 2,138 (46.9) 2,118 (45.2) 1,202 (40.3) 365 (37.4)

Former 170 (11.7) 615 (13.5) 681 (14.6) 516 (17.3) 179 (18.3)

Never 146 (10.0) 611 (13.4) 672 (14.4) 555 (18.6) 195 (20.0)

Hypertensione
<0.001

Yes 1,002 (68.9) 3,358 (73.7) 3,656 (78.1) 2,389 (80.1) 782 (80.0)

No 452 (31.1) 1,200 (26.3) 1,026 (21.9) 595 (19.9) 195 (20.0)

Diabetes mellitusf <0.001

Yes 82 (5.6) 381 (8.4) 456 (9.7) 407 (13.6) 154 (15.8)

No 1,372 (94.4) 4,177 (91.6) 4,226 (90.3) 2,577 (86.4) 823 (84.3)

Dyslipidemiag
<0.001

Yes 1,010 (69.5) 3,028 (66.4) 3,031 (64.7) 1,843 (61.8) 604 (61.8)

No 444 (30.5) 1,530 (33.6) 1,651 (35.3) 1,141 (38.2) 373 (38.2)

Depressionh
<0.001

Yes 184 (12.6) 716 (15.7) 863 (18.4) 662 (22.2) 234 (24.0)

No 1,270 (87.4) 3,842 (84.3) 3,819 (81.6) 2,322 (77.8) 743 (76.0)

Weak grip strengthi
<0.001

Yes 238 (16.4) 930 (20.4) 1,276 (27.3) 995 (33.3) 409 (41.9)

No 1,216 (83.6) 3,628 (79.6) 3,406 (72.7) 1,989 (66.7) 568 (58.1)

Slow gait speedi
<0.001

Yes 170 (11.7) 892 (19.6) 1,281 (27.4) 1,065 (35.7) 442 (45.2)

No 1,284 (88.3) 3,666 (80.4) 3,401 (72.6) 1,919 (64.3) 535 (54.8)

(Continued)
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TABLE 1 | Continued

Trajectory classes of the overall scorea No. (%)

Baseline characteristics High/Increase

(1,454, 9.9%)

Medium high/Increase

(4,558, 31.0%)

Medium/Stable

(4,682, 32.0%)

Medium low/Decline

(2,984, 20.4%)

Low/Decline

(977, 6.7%)

P-valueb

Body mass indexj <0.001

Underweight/Normal 537 (36.9) 1,387 (30.4) 1,300 (27.8) 842 (28.2) 269 (27.5)

Overweight 606 (41.7) 1,993 (43.7) 2,090 (44.6) 1,318 (44.2) 448 (45.9)

Obese 311 (21.4) 1,178 (25.8) 1,292 (27.6) 824 (27.6) 260 (26.6)

Frailty indexk <0.001

Frail 119 (8.2) 512 (11.2) 680 (14.5) 544 (18.2) 213 (21.8)

Pre-frail 464 (31.9) 1,733 (38.0) 1,918 (41.0) 1,290 (43.2) 448 (45.9)

None-frail 871 (59.9) 2,313 (50.8) 2,084 (44.5) 1,150 (38.5) 316 (32.3)

aOverall score was defined as the sum of the z-scores of four cognitive tests including Modified Mini-Mental State Examination, Controlled Oral Word Association Test, Hopkins Verbal

Learning Test–Revised (delayed recall) and Symbol Digit Modalities Test.
bP-values are based on Pearson’s chi-squared test or Fisher’s exact test.
cOnly includes U.S. African American or Hispanic/Latino participants, who were eligible to enroll from 65 years or above (all other participants needed to be 70 years or above to

be recruited).
d“Other” was defined as any ethnical category with <100 participants, including Aboriginal/Torres Strait Islanders, American Indians, Native Hawaiian/Pacific Islander/Maori, Asian, more

than one race, and those whose ethnicity could not be determined (16).
eHypertension was defined as on treatment for high BP or BP >140/90 mmHg at study entry.
fDiabetes was defined from self-report or fasting glucose ≥126 mg/dL (≥7 mmol/L) or on treatment for diabetes.
gDyslipidemia was defined as those taking cholesterol-lowering medications or serum cholesterol ≥212 mg/dL (≥5 mmol/L; Australia) and ≥240 mg/dL (≥6.2 mmol/L; U.S.) or LDL >

160 mg/dL (>4.1 mmol/L).
hDepression was defined as CES-D-10 ≥8.
iWeak grip strength and slow gait speed were defined using the adapted Fried frailty criteria (33).
jOverweight was defined as body mass index ≥25 kg/m2 and obesity as body mass index ≥30 kg/m2.
kFrailty index (range: 0–1) was constructed by 67 deficits and categorized using the cut-off points of >0.21 for ‘frail’, and >0.10 and ≤0.21 for ‘pre-frail’ (32).

Although the interdependence between cognitive and physical
functioning has been documented (39), evidence regarding
how cognitive trajectories could predict future risk of physical
disability remains scarce. In a study of 754 community-dwelling
older adults with five trajectories of global cognition, the burden
of physical disability increased incrementally with the degree
of cognitive decline (9). We did not observe a significant
association between global cognitive trajectories and physical
disability, nor did we find an association in verbal fluency or
episodic memory. In the latter two cases, there was a non-
significant trend for increasing risk with worse trajectories. It
is worth noting that we focused on persistent dysfunction in
the same ADL item for over 6 months, which is more stringent
than incidental disability investigated in the study of Han and
colleagues (9). We did, however, find that the lowest trajectory
of psychomotor speed elevated the risk of physical disability by
over 2 folds. These results suggest that slowed psychomotor speed
may reflect underlying deficits of physical function, although
moderate slowing seems to be considerably prevalent in this
study. Psychomotor speed may be a central marker of cognitive
aging, as it is essential for successful execution of various
mental activities (40). This is corroborated by the evidence that
psychomotor speed is closely linked to memory and spatial
perception, as well as sensory and motor function (39, 41, 42),
which are all indispensable in basic daily activities. Therefore,
psychomotor speed may be a more sensitive indicator for the
future risk of physical disability than the other cognitive domains.

Prior investigation on the extent that cognitive trajectories
impact subsequent mortality risk is limited. Four studies found

increased mortality risk in those with greater decline in global
cognition (10, 11). However, two of these classified participants
based on thresholds (e.g., quintile) of cognitive change, which
may not adequately reflect the population variance, and the
other two were on specific population subgroups (15, 43). Our
findings align with previous studies regarding global cognition
and add new evidence about other cognitive domains. The worst
performers in global cognition and episodic memory showed
substantially higher risk of death, and weak associations were also
observed in the lower trajectories of psychomotor speed. This
suggests that low performance in these cognitive domains may
provide a multi-dimensional implication for the aging process,
beyond a reflection of neurodegeneration. Trajectories of verbal
fluency were not significantly associated with risk of death,
which is probably because phonemic fluency and vocabulary are
crystalized abilities that are generally acquired via prior learning
experiences and are relatively resilient to aging (4). However, we
cannot rule out the possibility that observable impairment in
verbal abilities may indicate severe disease in some cases.

Terminal decline usually begins several years before death, but
the reason remains contentious (44, 45). One explanation is that
cognitive decline may be a part of the biological compromise
caused by undiagnosed diseases preceding death (44). For
example, the decedents with underlying vascular conditions
are more likely to experience severe neurological deficits than
those without (46). Our findings suggest that cognitive decline
can be slow and steady after the age of 70 in the absence
of observable cognitive or ADLs dysfunction, even in those
at greater risk of impending death. However, their cognitive
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TABLE 2 | Fully adjusted a associations of cognitive trajectories with incident dementia and persistent physical disability (n = 14,655).

Dementiab Persistent physical disabilityc

OR (95% CI) P-value OR (95% CI) P-value

Overall scored (n, %)

High/Increase (1,454, 9.9%) Reference Reference

Medium high/Increase (4,558, 31.0%) 6.64 (0.89–49.74) 0.07 0.90 (0.48–1.69) 0.73

Medium/Stable (4,682, 32.0%) 22.47 (3.10–163.12) 0.002 1.30 (0.70–2.39) 0.41

Medium low/Decline (2,984, 20.4%) 58.76 (8.10–426.17) <0.001 1.49 (0.79–2.80) 0.22

Low/Decline (977, 6.7%) 172.29 (23.55–1260.50) <0.001 1.48 (0.72–3.02) 0.29

3MS (n, %)

High/Stable (9,573, 65.3%) Reference Reference

Medium/Stable (4,137, 28.2%) 3.42 (2.48–4.72) <0.001 1.28 (0.96–1.71) 0.09

Low/Decline (945, 6.5%) 13.61 (9.56–19.37) <0.001 1.02 (0.62–1.70) 0.93

COWAT-F (n, %)

High/Increase (785, 5.4%) Reference Reference

Medium high/Increase (3,905, 26.7%) 1.47 (0.62–3.45) 0.38 1.31 (0.63–2.74) 0.47

Medium low/Increase (6,554, 44.7%) 2.59 (1.13–5.91) 0.03 1.49 (0.73–3.04) 0.28

Low/Increase (3,411, 23.3%) 2.41 (1.03–5.63) 0.04 1.30 (0.62–2.73) 0.49

HVLT-R delayed recall (n, %)

High/Increase (3,414, 23.0%) Reference Reference

Medium high/Increase (5,665, 38.7%) 3.30 (1.47–7.42) 0.004 1.23 (0.83–1.82) 0.31

Medium low/Stable (4,320, 29.5%) 12.85 (5.94–27.83) <0.001 1.25 (0.83–1.88) 0.28

Low/Decline (1,256, 8.6%) 37.73 (17.23-82.64) <0.001 1.20 (0.72-2.02) 0.49

SDMT (n, %)

High/Decline (862, 5.9%) Reference Reference

Medium high/Decline (3,679, 25.1%) 4.28 (0.57–32.06) 0.16 1.01 (0.41–2.46) 0.99

Medium/Decline (4,868, 33.2%) 9.67 (1.33–70.03) 0.03 1.20 (0.51–2.83) 0.67

Medium low/Decline (3,760, 25.7%) 20.97 (2.90–151.43) 0.003 1.64 (0.70–3.86) 0.26

Low/Decline (1,486, 10.1%) 33.54 (4.59–245.09) 0.001 2.39 (0.99–5.77) 0.05

3MS, Modified Mini-Mental State Examination; COWAT-F, Controlled Oral Word Association Test-F; HVLT-R, Hopkins Verbal Learning Test–Revised (delayed recall); SDMT, Symbol Digit

Modalities Test; OR, odds ratio; CI, confidence interval.
aThe models adjusted for age (continuous), gender (men; women), ethnicity (Australian white; US white; Hispanic/Latino; Black; other), education (≤12 years; >12 years), smoking

status (never; former; current), alcohol intake (never; former; current), living situation (at home alone; at home with someone or in a residential home), body mass index (underweight or

normal; overweight; obese), hypertension (yes; no), diabetes (yes; no), dyslipidemia (yes; no), depression (yes; no), weak grip strength [yes; no, defined as grip strength in the lowest

20% at baseline adjusted by gender and body mass index (33), only for incident dementia], slow gait speed (yes; no, defined as gait speed in the lowest 20% at baseline adjusted by

gender and height, only for incident dementia), and frailty index [continuous (32)] at the last visit with available data.
bDementia was diagnosed according to the criteria of the Diagnostic and Statistical Manual of Mental Disorders, fourth edition (17).
cPersistent physical disability was defined as being unable to perform or having severe difficulty in performing at least one basic activity of daily living for at least 6 months (17).
dOverall score was defined as the sum of the z-scores of 3MS, COWAT-F, HVLT-R (delayed recall) and SDMT.

trajectories, especially in global cognition and episodic memory,
may already start to diverge from those of others several years
before death.

Our findings highlight the value of strategies to promote
cognitive function to help prevent geriatric diseases. To
date, several multidomain strategies have proved effective in
maintaining cognitive functioning for older individuals in real-
world settings. These strategies covered a wide range of domains
including but not limited to cognitive training, physical activity,
dietary modification and vascular health monitoring (47, 48).
In addition, regular interaction with professionals to adjust
and optimize cognitive strategies in a timely manner is also
essential (47, 49). Therefore, promotional strategies for cognitive
function in older age should be advocated broadly. Further,
the heterogeneity seen in cognitive aging also suggests the
importance of personalized strategies. The early identification
of those at risk of adverse outcomes based on their cognitive

performance provides an opportunity to formulate preventive
strategies at a pre-clinical stage. These should involve not only
cognitive training interventions chosen according to cognitive
trajectories, but also precision approaches specifically tailored
based on the risk profile, health status, and genetic architecture
of an individual with declining cognitive trajectories (50).

There are limitations to be acknowledged. First, the ASPREE
study only recruited generally healthy participants, and those
who died, developed dementia or ADL disability during the
trial period were further excluded from the current analysis (to
minimize reverse causation during the period when cognitive
trajectories were assessed). This likely resulted in a study
sample that is healthier than the general older population,
and the heterogeneity of cognitive aging may have been
underestimated with fewer classes. Therefore, the findings are
probably not entirely generalizable to the wider community.
Second, the trajectories showed cognitive changes within a
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TABLE 3 | Fully adjusted a associations of cognitive trajectories with incident all-cause mortality and the composite endpoint (n = 14,655).

All-cause mortalityb Composite endpointc

OR (95% CI) P-value OR (95% CI) P-value

Overall scored (n, %)

High/Increase (1,454, 9.9%) Reference Reference

Medium high/Increase (4,558, 31.0%) 1.56 (0.88–2.77) 0.13 1.44 (0.95–2.18) 0.08

Medium/Stable (4,682, 32.0%) 1.85 (1.04–3.27) 0.04 2.22 (1.48–3.33) <0.001

Medium low/Decline (2,984, 20.4%) 1.91 (1.06–3.44) 0.03 3.18 (2.10–4.80) <0.001

Low/Decline (977, 6.7%) 2.84 (1.52–5.30) 0.001 5.60 (3.61–8.68) <0.001

3MS (n, %)

High/Stable (9,573, 65.3%) Reference Reference

Medium/Stable (4,137, 28.2%) 1.37 (1.08–1.73) 0.008 1.74 (1.47–2.04) <0.001

Low/Decline (945, 6.5%) 1.80 (1.28–2.52) 0.001 3.26 (2.60–4.08) <0.001

COWAT-F (n, %)

High/Increase (785, 5.4%) Reference Reference

Medium high/Increase (3,905, 26.7%) 0.79 (0.48–1.31) 0.36 1.00 (0.69–1.49) 0.96

Medium low/Increase (6,554, 44.7%) 0.83 (0.51–1.34) 0.44 1.25 (0.86–1.82) 0.24

Low/Increase (3,411, 23.3%) 1.12 (0.68–1.84) 0.66 1.37 (0.93–2.02) 0.11

HVLT-R delayed recall (n, %)

High/Increase (3,414, 23.0%) Reference Reference

Medium high/Increase (5,665, 38.7%) 1.01 (0.73–1.39) 0.97 1.23 (0.97–1.57) 0.09

Medium low/Stable (4,320, 29.5%) 1.31 (0.95–1.81) 0.11 1.94 (1.53–2.46) <0.001

Low/Decline (1,256, 8.6%) 1.61 (1.09–2.36) 0.02 3.40 (2.59–4.45) <0.001

SDMT (n, %)

High/Decline (862, 5.9%) Reference Reference

Medium high/Decline (3,679, 25.1%) 0.88 (0.47–1.66) 0.70 1.16 (0.70–1.94) 0.56

Medium/Decline (4,868, 33.2%) 1.11 (0.60–2.03) 0.74 1.62 (0.99–2.65) 0.06

Medium low/Decline (3,760, 25.7%) 1.04 (0.56–1.94) 0.89 2.17 (1.32–3.55) 0.002

Low/Decline (1,486, 10.1%) 1.30 (0.68–2.48) 0.43 3.00 (1.80–5.00) <0.001

3MS, Modified Mini-Mental State Examination; COWAT-F, Controlled Oral Word Association Test-F; HVLT-R, Hopkins Verbal Learning Test–Revised (delayed recall); SDMT, Symbol Digit

Modalities Test; OR, odds ratio; CI, confidence interval.
aThe models adjusted for age (continuous), gender (men; women), ethnicity (Australian white; US white; Hispanic/Latino; Black; other), education (≤12 years; >12 years), smoking

status (never; former; current), alcohol intake (never; former; current), living situation (at home alone; at home with someone or in a residential home), body mass index (underweight or

normal; overweight; obese), hypertension (yes; no), diabetes (yes; no), dyslipidemia (yes; no), depression (yes; no), weak grip strength [yes; no, defined as grip strength in the lowest

20% at baseline adjusted by gender and body mass index (33)], slow gait speed [yes; no, defined as gait speed in the lowest 20% at baseline adjusted by gender and height (33)], and

frailty index [continuous (32)] at the last visit with complete data.
bDeath was confirmed with at least two independent sources (e.g., family, or clinical record, or public death notice) (17).
cComposite endpoint was defined as the first occurrence of death, or persistent physical disability, or dementia (17).
dOverall score was defined as the sum of the z-scores of 3MS, COWAT-F, HVLT-R (delayed recall) and SDMT.

specific timeframe, with most participants aged over 70 years. It
remains unclear how these outcomes are predicted by cognitive
trajectories over a longer period. Further investigation into this
area will help characterize cognitive aging beyond the current
timeframe and provide information for older adults from more
diverse age groups.

CONCLUSION

Late-life cognitive trajectories are associated with incident
geriatric outcomes, but these vary across cognitive domains.
Decline across all cognitive tests was associated with increased
risk of dementia. Global cognition and episodic memory
were associated with the risk of mortality, while only slow

psychomotor speed predicted incident physical disability. These
findings indicate that cognitive trajectories are an important
predictive marker for neurodegeneration, and the overall
health status in older individuals. Therefore, regular global
assessments covering multiple cognitive domains in either
community routine care or clinical practice may provide
important opportunities for early interventions to prevent major
health events.
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