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Objective: There is variability across individuals in cognitive aging. To
investigate the associations of several modifiable factors with high and low
cognitive performance.

Methods: Data came from 17,724 community-dwelling individuals
aged 65-98 years. Global cognition, verbal fluency, episodic memory,
and psychomotor speed were assessed over up to seven years.
Group-based multi-trajectory modeling identified distinct cognitive
trajectories. Structural equation modeling examined the direct/indirect
associations of social/behavioral factors and several chronic conditions with
cognitive trajectories.

Results: Seven trajectory subgroups were identified. In the structural
equation modeling we compared two subgroups-participants with the
highest (14.2%) and lowest (4.1%) cognitive performance with the average
subgroup. Lower education, never alcohol intake, and frailty directly predicted
increased risk of low performance, and decreased likelihood of high
performance. Hypertension (RR: 0.69, 95%Cl: 0.60-0.80), obesity (RR: 0.84,
95%Cl: 0.73-0.97), diabetes (RR: 0.69, 95%Cl: 0.56-0.86) and depression (RR:
0.68, 95%Cl: 0.54-0.85) only predicted lower likelihood of high cognitive
performance, while dyslipidemia was only associated with low performance
(RR: 1.30, 95%Cl: 1.07-1.57). Living alone predicted increased risk of
low cognitive performance and several comorbidities. Smoking did not
predict cognitive trajectories but was associated with increased risk of
diabetes, obesity and frailty. Findings were similar when examining the direct
associations between modifiable risk factors and all seven cognitive subgroups.

Conclusions: Although several modifiable factors were associated with high
performance, and reversely with low performance, this was not observed
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for obesity, hypertension and dyslipidemia. Further, health behaviors may
affect cognitive function indirectly, via geriatric conditions. This indicates that
strategies to promote healthy cognitive aging, may be distinct from those
targeting dementia prevention.

aging, cognitive function, behavior, social support, association, structural equation

modeling

Introduction

Cognitive changes commonly occur with aging, but there
is considerable variability between individuals (1). Most older
adults experience varying degrees of cognitive decline, which
in some cases may indicate incipient dementia (2). In contrast,
some individuals sustain a high level of cognitive function
even with advanced age (3). The diversity of late-life cognitive
trajectories delineates a spectrum with multiple subgroups
having heterogeneous patterns of cognitive aging including high
cognitive function over time, average cognitive aging, and low
cognitive performance (4, 5).

Evidence regarding modifiable factors related to cognitive
impairment is quite well established (2). For example, low
education, diabetes, depression, and physical inactivity are all
associated with increased risk of lower cognitive performance
(2). However, a knowledge gap remains regarding which
protective factors predict cognitive resistance with aging, as
preliminary evidence suggests that these may be different from
those predicting low cognitive performance (6, 7). An important
consideration, therefore, is to determine and differentiate the
potentially modifiable factors of high cognitive performance
and cognitive decline. This will provide novel evidence for not
only preventive interventions targeting cognitive decline and
dementia, but also promotional strategies for healthy cognitive
aging and resistance to cognitive decline.

The influence of some factors on late-life cognitive function
remains contentious. For example, previous research observed
the associations of hypertension and obesity in mid-life with
later dementia, but their effects on cognitive function in late
life appear to be much weaker and even opposite (8, 9). Also,
alcohol intake has been thought to be a risk factor for cognitive
impairment (2), while there is evidence suggesting that the
level of intake may an effect modifier (10). Therefore, further
research is needed to validate these associations. Moreover,
education may not only affect cognitive function directly (11)
but is also associated with health behaviors which in turn are risk
factors for cognitive decline (12). These potentially modifiable
factors, however, might further affect cognitive function via
comorbidities that are themselves associated with cognitive
impairment, such as cardiometabolic disorders, depression,
frailty and renal impairment (2, 11, 13, 14), and therefore could
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have both direct and indirect effects on cognitive function. A
better understanding of the complex relationships among these
factors and their associations with cognitive function may help
formulate social and behavioral interventions.

Using data collected from a cohort of community-dwelling
older adults in Australia and the United States, the aims of this
study are: (1) use a theoretical framework to investigate the
direct associations of modifiable factors with the maintenance
of high cognitive performance over time and cognitive
decline separately; (2) explore the indirect associations of
behavioral/social factors with cognitive function via potentially
mediating chronic comorbidities.

Materials and methods

Study sample

The data used in this study were obtained from the ASPREE
(ASPirin in Reducing Events in the Elderly) clinical trial, with
details published previously (15). In brief, ASPREE was a
randomized placebo-controlled trial to determine the long-term
effects of daily low-dose aspirin intake on the health outcomes
of older adults. Participants (n = 19,114) were adults aged 65+
years (Hispanics/Latino and African American) and 70+ years
(all other ethnicities) from Australia and the United States. In
Australia, participants were predominantly recruited through
general practice. In the United States, a range of community-
based methods of recruitment was carried out including
clinic-based mailing lists, electronic medical records and
media advertisements. At enrolment, participants were without
dementia (and with a Modified Mini-Mental State Examination
(3MS) score >77), and without established cardiovascular
disease, physical activity limitations, or any life-threatening
illness. Details of the inclusion and exclusion criteria of the
ASPREE clinical trial are presented in Supplementary material.

Cognitive assessment
Assessment of cognitive function was conducted by trained

and accredited staff at baseline, and then at years 1, 3, 4, 5, 6,
7 or close-out visit, covering a maximum of 7 years from 2010

frontiersin.org


https://doi.org/10.3389/fneur.2022.950644
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Wu et al.

to 2017 (16). The cognitive tests included the 3MS examination
for global cognitive function (17), single letter Controlled Oral
Word Association Test (COWAT-F) for verbal fluency (18),
Hopkins Verbal Learning Test-Revised (HVLT-R) delayed recall
task for episodic memory (19), and Symbol-Digit Modalities
Test (SDMT) for psychomotor speed (20).

Baseline characteristics

Information ~ on  self-reported  sociodemographic
characteristics included age, gender, ethnicity (Australian
White/US White/African American/Hispanic or Latino/Other),
and years of education) was obtained at baseline. Health
behaviors were also reported, including smoking status, alcohol
intake, and living alone. Height, body weight and blood pressure
were measured by physical examination. Blood and urinary
tests were conducted to measure total cholesterol, low-density
lipoprotein (LDL), fasting glucose, estimated glomerular
filtration rate (eGFR), and urinary albumin to creatinine ratio
(ACR). Chronic health conditions and current medications
used were also obtained via self-report and medical records. The
following comorbidities were considered: obesity, defined as
body mass index > 30 kg/m2; diabetes, defined from self-report
or fasting glucose > 126 mg/dL (>7 mmol/L) or on treatment
for diabetes; hypertension, defined as on treatment for high BP
or BP > 140/90 mmHg; dyslipidemia 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)
or LDL > 160 mg/dL (>4.1 mmol/L); chronic kidney disease
defined as eGFR < 60 ml/min/1.73 m? or ACR > 3 mg/mmol);
depressive symptoms were assessed using the 10-item Center
for Epidemiological Studies-Depression Scale (CES-D-10) as
a score of 8 or higher (21); and pre-frailty/frailty was assessed
using the modified Fried criteria (including being underweight,
weak grip strength, exhaustion, slow walking speed and low
physical activity) (22, 23).

Statistical analysis

Group-based multi-trajectory modeling was used to identify
latent classes of cognitive trajectories across the four cognitive
tests. Group-based trajectory modeling (GBTM) is a specialized
application of finite mixture modeling, which identifies a
mixture of heterogeneous clusters of individuals following
homogenous trajectories, based on the complex distribution
of the longitudinal sequence of an indicator (24). Group-
based multi-trajectory modeling is an extension of the
univariate GBTM. This technique jointly estimates the group-
based trajectories for multiple related indicators that evolve
simultaneously and analyses their connections by linking
probabilities (25). Longitudinal cognitive data collected at up
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to seven timepoints were used to define cognitive trajectories.
Participants included in trajectory modeling were required to
have data of the four cognitive tests at baseline and at least one
subsequent timepoint. The pre-specified model selection criteria
were summarized in Supplementary Table I. To compare
individuals according to their cognitive performance, we aimed
a priori to compare three subgroups of participants with
hierarchical cognitive performance-(1) high performers with
the highest intercepts and least declines for all cognitive tests;
(2) average performers; (3) low performers with the lowest
intercepts and lowest scores over follow-up or steepest slopes
across the four tests. If more than three classes were identified
as the optimal solution, the highest and the lowest classes
were both compared against the central class based on the
intercepts and slopes of the trajectories, permitting interpretable
comparison without compromising on model fit and model
precision. However, in such a case, sensitivity analyses including
all classes was also undertaken, to ensure robustness of findings.

We applied a structural equation model (SEM) based on a
theoretical framework (Figure 1) to analyze the associations of
potential modifiable factors with cognitive trajectory subgroups.
Direct associations are presented as solid arrows, and indirect
associations as dashed arrows. Each arrow represents either a
binary or a multinomial logit model, depending on the targeted
variable. All variables of modifiable factors were introduced into
the analysis at this stage. The path analysis of SEM allows the
examination of complex associations among a set of variables
including the direct and indirect associations of these variables
on the outcome given a set of assumptions (26). Therefore,
most variables were treated as both dependent and independent
variables, depending on the path. To simplify the analysis and
improve the interpretability, all variables of modifiable factors
were dichotomized. We examined the direct associations of
all potentially modifiable factors with cognitive performance
based on previous studies and available data in the ASPREE
study (2, 27). Prior evidence also suggested that educational
level can influence health behaviors, and health behaviors
could further affect the risk of a number of common geriatric
diseases (2, 11, 12). Therefore, the associations of education
with the three behavioral factors (smoking status, alcohol intake,
living alone) were also examined, as well as the associations
of living alone with smoking status and alcohol intake, and
the indirect associations of the three behavioral factors with
cognitive function via chronic conditions.

Although the focus of this study was to identify modifiable
factors, we adjusted for age, gender and ethnicity in the model,
given their established associations with cognitive function and
to remove confounding from these sources. Participants with
missing values in any of these variables were excluded. The
baseline characteristics of ASPREE participants were compared
between those who were included and those who were excluded
from the current analysis. Sensitivity analyses were conducted to
test the robustness of the findings, specifically: (a) by modeling

frontiersin.org


https://doi.org/10.3389/fneur.2022.950644
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org

Wu et al.

10.3389/fneur.2022.950644

Behavioral factors:
+ Smoking status
* Alcohol intake
« Living situation

Education |- ___________________ N

Chronic conditions:

« Hypertension

« Obesity

« Dyslipidemia

« Diabetes

« Pre-frailty/frailty

+ Depression

« Chronic kidney disease

Cognitive function
[

FIGURE 1

Theoretical framework of structural equation modeling, including paths sequentially from education to behavioral factors, chronic conditions
and cognitive function. Solid arrows refer to the direct associations and dashed arrows refer to the indirect associations with cognitive trajectory
subgroups. Age, gender and ethnicity were also included in the full model with arrows to all other variables (not shown).

high (class 1 vs. class 4) and low cognitive performance (class
7 vs. class 4) as separate constructs in the path analysis; (b)
by using multinomial logistic regression to ascertain the direct
associations of all variables, along with subgroup analyses within
participants of major ethnicities and across educational levels;
(c) by including all participants of trajectory modeling in the
path analysis. All statistical analyses were conducted using
Stata version 16.0 (Stata Corp., College Station, Texas, USA).
The ASPREE clinical trial was conducted according to the
guidelines of the International Conference on Harmonization
Good Clinical Practice. All participants offered written informed
consent. The current study was approved by the Monash
University Human Research Ethics Committee.

Results

After excluding individuals with incomplete cognitive data
at baseline or at all follow-up visits in any of the four tests,
17,724 participants were included in the trajectory modeling.
Compared to those excluded, these participants were more
likely to be male and current alcohol drinkers, while less likely
to live alone or be current smokers, and with lower prevalence
of chronic conditions (Supplementary Table 1). A total of seven
classes with hierarchically distinct cognitive performance were
identified
Based on their intercepts and slopes (Supplementary Table 3), a

(Supplementary Table 2; Supplementary Figure 1).
group of high performers with the highest trajectories across the
four cognitive tests (class 1, 14.2%), and low performers with the
lowest trajectories across the test (class 7, 4.1%), were identified.
These groups were compared with the medium class (class
4, 21.6%) representing average-performers in the structural
equation modeling (SEM) analysis.

The baseline characteristics of the study participants overall
and in the three subgroups being compared in the SEM
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analysis, is shown in Table I. Compared with the average
and low performers, the high performers were younger, more
likely to be females, US White, tertiary educated, and ever
(current or former) alcohol drinkers. Additionally, they were
less likely to live alone, be ever smokers, or have any of the
chronic comorbidities. However, there was a higher proportion
of individuals with dyslipidemia in the high-performer group
compared with the other two groups.

Figure 2 shows the results of the path model (Akaike’s
86363.57;
Criteria: 87040.47), with the indirect associations between the

Information  Criteria: Bayesian  Information
social/behavioral factors and the selected chronic comorbidities.
Education >12 years was associated with higher probability
of being an ever alcohol drinker. Living alone was not only
associated with an increased likelihood of smoking but increased
the risk of diabetes, pre-frailty/frailty and depression. However,
it was associated with a reduced risk of dyslipidemia. Similarly,
being an ever smoker was associated with an elevated risk
of diabetes, obesity and pre-frailty/frailty. In contrast, ever
alcohol intake decreased the risk of most chronic comorbidities
except dyslipidemia and depression. Full details of the indirect
associations are shown in Supplementary Table 4.

Table 2 details the direct associations of the modifiable
factors at baseline with cognitive trajectory subgroups from the
SEM. There was no direct association between either smoking
status or chronic kidney disease and cognitive trajectory
subgroups, however all other factors predicted either the high-
performer or the low-performer group, or both. In comparison
with the average performers, >12 years of education, and ever
alcohol intake predicted an increased likelihood of being a
high performer and decreased risk of being a low performer.
Conversely, pre-frailty/frailty predicted an increased risk of
being in the low-performer group and a decreased likelihood
of being in the high-performer group. However, six factors
had unidirectional associations. Living alone and dyslipidemia
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TABLE 1 Baseline characteristics of participants included in the study (N = 17,724).

10.3389/fneur.2022.950644

Subgroup (N, %)
Total High Average Low X2 test;
(17,724, 100%) performers performers performers P-value
(2,512, 14.2%) (3,835, 21.6%) (720, 4.1%)

Age, years <0.001
65-69* 483 (2.7) 66 (2.6) 115 (3.0) 13 (1.8)
65-74 9,945 (56.1) 1,890 (75.2) 1,863 (48.6) 229 (31.8)
75-84 6,658 (37.6) 542 (21.6) 1,699 (44.3) 377 (52.4)
>85 638 (3.6) 14 (0.6) 158 (4.2) 101 (14.0)

Gender <0.001
Men 7,764 (43.8) 745 (29.7) 1,846 (48.1) 396 (55.0)
Women 9,960 (56.2) 1,767 (70.3) 1,989 (51.9) 324 (45.0)

Ethnicity <0.001
AU White 15,249 (86.0) 2,116 (84.2) 3,349 (87.3) 606 (84.2)
US White 1,020 (5.8) 262 (10.4) 138 (3.6) 28(3.9)
African American 765 (4.3) 62 (2.5) 181 (4.7) 46 (6.4)
Hispanic/Latino 434 (2.5) 39 (1.6) 126 (3.3) 24 (3.3)
Others 256 (1.4) 33 (1.3) 41 (1.1) 16 (2.2)

Education, years <0.001
<12 7,974 (45.0) 596 (23.7) 2,106 (54.9) 438 (60.8)
>12 9,750 (55.0) 1,916 (76.3) 1,729 (45.1) 282 (39.2)

Living alone at home <0.001
Yes 5,732 (32.3) 768 (30.6) 1,261 (32.9) 292 (40.6)
No 11,992 (67.7) 1,744 (69.4) 2,574 (67.1) 428 (59.4)

Ever smoker 0.009
Yes 7,835 (44.2) 1,030 (41.0) 1,745 (45.5) 321 (44.6)
No 9,889 (55.8) 1,482 (59.0) 2,090 (54.5) 399 (55.4)

Ever alcohol intake <0.001
Yes 14,689 (82.9) 2,184 (86.9) 2,856 (81.8) 561 (77.9)
No 3,035 (17.1) 328 (13.1) 686 (17.9) 159 (22.1)

Hypertension <0.001
Yes 13,123 (74.0) 1,668 (66.4) 2,963 (77.3) 551 (76.5)
No 4,601 (26.0) 844 (33.6) 872 (22.7) 169 (23.5)

Dyslipidemia <0.001
Yes 11,585 (65.4) 1,737 (69.2) 2,448 (63.8) 472 (65.6)
No 6,139 (34.6) 775 (30.8) 1,387 (36.2) 248 (34.4)

Obesity <0.001
Yes 5,203 (29.5) 670 (26.8) 1,187 (31.1) 196 (27.4)
No 12,448 (70.5) 1,835 (73.2) 2,630 (68.9) 520 (72.6)

Diabetes <0.001
Yes 1,869 (10.5) 171 (6.8) 444 (11.6) 107 (14.9)
No 15,855 (89.5) 2,341 (93.2) 3,391 (88.4) 613 (85.1)

Pre-frailty/frailty <0.001
Yes 7,134 (40.3) 685 (27.3) 1,690 (44.1) 451 (62.4)
No 10,590 (59.7) 1,827 (72.7) 2,145 (55.9) 269 (37.4)

Depression <0.001
Yes 1,702 (9.6) 170 (6.8) 385(10.0) 96 (13.3)

(Continued)
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TABLE 1 Continued
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Subgroup (N, %)
Total High Average Low X2 test;
(17,724, 100%) performers performers performers P-value
(2,512, 14.2%) (3,835, 21.6%) (720, 4.1%)
No 16,019 (90.4) 2,342 (93.2) 3,449 (90.0) 624 (86.7)
Chronic Kidney disease <0.001
Yes 4,331 (26.2) 481 (20.4) 1,018 (28.3) 238 (35.4)
No 12,166 (73.8) 1,876 (79.6) 2,575 (71.7) 435 (64.6)

* Only 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). (1) hypertension was defined as on treatment for high BP or BP >140/90 mmHg at study entry; (2) dyslipidemia 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); (3) obesity was defined as body mass index >30;
(4) diabetes was defined from self-report or fasting glucose >126 mg/dL (=7 mmol/L) or on treatment for diabetes; (5) frailty was defined using the adapted Fried frailty criteria, including
being underweight, weak grip strength, exhaustion, slow walking speed and low physical activity, with pre-frail including anyone with 1 or 2 criteria and Frail as anyone with three or more

criteria (22); (6) depression was defined as CES-D-10 >8; (7) chronic kidney disease was defined as eGFR < 60 ml/min/1.73m2 or urinary albumin to creatinine ratio >3 mg/mmol.

Ever alcohol intake

Cognitive trajectory

[Everomotes <

FIGURE 2

subgroups

0.80

\

Chronic kidney disease

Relative risk ratios of path analysis for the indirect associations between modifiable factors and cognitive trajectory subgroups (N = 6,432). Solid
arrows and dashed arrows refer to the indirect and direct associations with cognitive trajectory subgroups, respectively. The relative risk ratios of
direct associations with cognitive trajectories are not shown here, but detailed in Table 2. Age, gender and ethnicity were also included in the full

model.

each only predicted an increased risk of low cognitive
performance but were not associated with less likelihood of
being a high performer, while diabetes and depression, and
in particular hypertension and obesity, predicted a decreased
likelihood of being a high performer, but were not associated
withlow cognitive performance. Findings were consistent when
multinomial logistic regression was used instead of structural

equation modeling.

Frontiersin Neurology

In sensitivity analyses, the path analyses modeling
high and low cognitive performance separately showed
no material difference in any of the direct or indirect
associations  (Supplementary Tables 5-7). The multinomial
logistic regression produced largely consistent results in terms
of the direct associations, although associations were slightly
attenuated in subgroup analyses (Supplementary Tables 8—
10). When all seven trajectory classes were included,
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TABLE 2 Direct association between modifiable factors and cognitive trajectory subgroups, with reference to average performers *(N = 6,432).

Highest performers Lowest performer
(n=2,298) (n=642)
Relative RR P-value Relative RR P-value
(95% CI) (95% CI)
Social/lifestyle factors
Education> 12 years 4.63 (4.07-5.29) <0.001 0.71 (0.59-0.85) <0.001
Living alone at home 0.89 (0.77-1.02) 0.09 1.26 (1.04-1.52) 0.02
Ever smoker 0.90 (0.79-1.03) 0.12 0.92 (0.76-1.11) 0.41
Ever alcohol intake 1.39 (1.17-1.66) <0.001 0.79 (0.63-0.99) 0.04
Chronic conditions
Hypertension 0.69 (0.60-0.80) <0.001 0.89 (0.72-1.10) 0.28
Dyslipidemia 1.06 (0.93-1.22) 0.36 1.30 (1.07-1.57) 0.007
Obesity 0.84 (0.73-0.97) 0.01 0.89 (0.73-1.09) 0.26
Diabetes 0.69 (0.56-0.86) 0.001 1.27 (0.98-1.64) 0.07
Pre-frailty/frailty 0.60 (0.52-0.68) <0.001 1.77 (1.47-2.14) <0.001
Depression 0.68 (0.54-0.85) 0.001 1.23 (0.94-1.60) 0.13
Chronic kidney disease 0.87 (0.75-1.01) 0.06 1.00 (0.83-1.21) 0.99

RR, risk ratio. * Compared to average performers (n = 3,492), and additionally adjusted for age, gender and ethnicity. (1) hypertension was defined as on treatment for high BP or BP >
140/90 mmHg at study entry; (2) dyslipidemia 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); (3) obesity was defined as body mass index >30; (4) diabetes was defined from self-report or fasting glucose >126 mg/dL (>7
mmol/L) or on treatment for diabetes; (5) frailty was defined using the adapted Fried frailty criteria, including being underweight, weak grip strength, exhaustion, slow walking speed and
low physical activity, with pre-frail including anyone with 1 or 2 criteria and Frail as anyone with three or more criteria (22); (6) depression was defined as CES-D-10 >8; (7) chronic
kidney disease was defined as eGFR < 60 ml/min/1.73 m2 or urinary albumin to creatinine ratio >3 mg/mmol.

very similar patterns of association were observed prevention of these chronic comorbidities may be suitable
(Supplementary Tables 11, 12). targets to protect late-life cognitive function.

Most chronic comorbidities in our framework were

associated with lower cognitive performance, consolidating

Discussion the existing evidence of the importance of cardiometabolic
health, non-frailty, renal function and mental health for
This is the first study to investigate the modifiable factors cognitive function (2, 13). The four cardiometabolic conditions—
for high and low cognitive performance separately, as well hypertension, diabetes, obesity and dyslipidemia-are well-
as the potential mediating roles of a number of behavioral known vascular risk factors of Alzheimer’s disease and
factors and chronic conditions in relation to cognitive function. cerebrovascular damage and often co-exist (28). It is worth
Compared with average performers, a number of modifiable noting that dyslipidemia predicted low cognitive performance
factors directly predicted both high cognitive performance, and in this study, although evidence about the association between
in the reverse direction, were protective against low cognitive late-life serum cholesterol and the risk of dementia is relatively
performance (the overall summary of findings is shown in weak (29). Our findings add to the current research that healthy
Supplementary Figure 2). The former included high education blood lipids may not additively benefit cognitive aging, but
and alcohol intake, as well as the absence of pre-frailty/frailty. once they become abnormal (serum cholesterol > 212 mg/dL
However, some other factors were specifically associated with or low-density lipoproteins > 160 mg/dL), may still negatively
one group only. The absence of hypertension and obesity affect cognitive function of older adults, even though may
predicted high cognitive performance only, while living alone not lead to a dementia diagnosis clinically. Other chronic
and dyslipidemia only predicted low cognitive performance. comorbidities might also interact with these cardiometabolic
This suggests that more targeted approaches may be needed conditions. For example, depression might increase the risk of
to promote high cognitive function as distinct from delaying vascular diseases, in addition to its direct effects on cognitive
cognitive decline. In addition, we also found that a number of function via neuroinflammation and hippocampal atrophy
chronic comorbidities might be plausible intermediates of the (30). Similarly, these cardiometabolic conditions are also
association between behavioral factors and cognitive function. common in frail older adults and patients with chronic kidney
These indicate that behavior modification, social support and disease (31, 32).
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Our study found that obesity and hypertension were
associated with a decreased likelihood of high cognitive
performance compared with stable performance, but neither was
associated with low cognitive performance. Although evidence
for mid-life obesity and hypertension as risk factors for cognitive
decline is strong (2, 33), the influence of these two conditions in
late life remains unclear (8, 34). The mixed results from previous
studies might be partially explained by reverse causation. Weight
loss is not uncommon in the early stages of dementia (35) and
frailty with malnutrition might precede cognitive impairment
(36). Indeed, some studies observed that weight loss and being
underweight were associated with cognitive decline in older
adults (37, 38). Blood pressure generally tends to increase with
age (39), which might help prevent low cerebral perfusion and
therefore protect neurons at old age (40). However, recent
evidence indicates that decreasing patterns of blood pressure
from mid-life to late life increased the risk of cognitive decline
(33). Despite being less understood, hypotension may be a
greater risk factor for cognitive decline, due to impaired
autoregulation (34).

However, despite obesity and hypertension not increasing
the risk of low cognitive performance among older adults
in this study, they were still negatively associated with high
cognitive performance. Obesity is a recognized risk factor for
many conditions with negative effects on late-life cognition,
such as diabetes and chronic kidney disease (41, 42), and
may itself be amenable to dietary and exercise intervention.
Similarly, sustained hypertension elevates the risk of various
cerebrovascular diseases which affect cognitive function (33),
and controlling blood pressure at a normal level in late life is
protective (43). Our results should be interpreted with caution
since the life-course patterns of BMI and blood pressure were
not available. However, given the results from this study, control
of body weight and blood pressure (44), are important goals to
maximize the cognitive function of older adults.

As hypothesized in our theoretical framework, three
behavioral factors examined-living status, alcohol intake and
smoking-were associated with the risk of several chronic
comorbidities examined, and both living status and alcohol
intake also directly predicted cognitive function. Despite
smoking being linked to inflammation and oxidative stress (45),
no direct effect on cognition was observed in this study. This is
in contrast to some previous research (46), although these prior
studies have not attempted to distinguish direct and indirect
associations. Smoking was associated with an increased risk of
obesity, diabetes and frailty in our study, all of which in turn,
were associated with cognitive function. Therefore, smoking
cessation should still be a target for dementia prevention. As for
alcohol intake, beneficial effects were shown in better cognitive
function and lower risk of multiple comorbidities. The benefits
of low-to-moderate alcohol intake to cognitive function was
observed in previous research (47). However, excess alcohol
intake has been shown to be adverse to cognitive function
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(2), so alcohol intake might be protective only at a low-to-
moderate level.

The strengths of this study include the large sample
size, longitudinal assessment of cognitive function, with the
majority of participants having three or more repeated cognitive
assessments (Supplementary Table 13), and the analysis of the
direct/indirect associations of a number of modifiable factors
with cognitive function. Also, we investigated the predictors
of high and low cognitive performance separately, providing
information for more precise interventions. More importantly,
we employed a group-based method that is data-driven
and hypothesis-free to identify inter-individual variability in
cognitive performance. Previous research has often partitioned
the population based on subjective classification criteria (e.g., <1
standard deviation cognitive changes) (4), making assumptions
about the degree of population heterogeneity a priori. Yet,
there is currently no well-established clinical threshold for
any of the four cognitive tests. Therefore, our joint modeling
approach enables the identification of a subgroup with the
highest performance across all cognitive tests, which aligns with
the aim of our study, to identify potential modifiable factors
associated with not only low cognitive trajectories but high
cognitive performer. However, there are several limitations.
First, the ASPREE study is comprised of a group of older
adults who were generally healthy at baseline. Therefore, the
results are not necessarily generalizable to all community-
dwelling older individuals and are likely to oversample higher
cognitive performance and underestimate the prevalence of
chronic conditions. However, the majority of the participants
were enrolled through partnership with primary care providers
across a wide range of areas, with varying socioeconomic and
health status. For example, 29% of the participants had obesity,
and 75% had hypertension at enrolment. This indicates that
the study sample is broadly representative of the general older
population. Second, the SEM was restricted to a subsample,
meaning the findings may be only applicable to individuals
following particular cognitive trajectories. Nevertheless, these
results remained largely unchanged in sensitivity analyses
involving the entire sample across the seven subgroups. Third,
we did not have data on physical activity and dietary patterns
for the entire cohort, which are two established risk factors
for cognitive function (2). Nevertheless, these were likely
to be partly reflected by obesity in the analysis. Fourth,
to facilitate comprehensive multivariable analysis but avoid
excessive path parameters in the model, all “exposure” variables
were dichotomized. This approach, however, does limit the
ability to investigate non-binary associations (48, 49). Fifth,
the theoretical framework simulates only one of the many
scenarios and all variables except for the cognitive trajectories,
were assessed cross-sectionally. The arrows between behavioral
factors and chronic conditions can be bidirectional with mutual
effects (e.g., smoking and depression), and possibly synergistic
and multiplicative.
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Conclusion

Maintaining healthy body weight, normal blood pressure
and blood glucose, as well as prevention and treatment of
depression may help maintain high cognitive function for
older adults. Prevention of dyslipidemia may be protective
against low cognitive performance and cognitive decline in
late life. Frailty prevention should also be advocated for
strategies of healthy cognitive aging. Smoking cessation, low-to-
moderate alcohol intake and proactive support for those living
alone may be beneficial for older adults, given the potential
direct and indirect effects these factors have on cognitive
function.
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