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Abstract

Introduction: This study investigated whether grip strength and gait speed predict
cognitive aging trajectories and examined potential sex-specific associations.
Methods: Community-dwelling older adults (n = 19,114) were followed for up to
7 years, with regular assessment of global function, episodic memory, psychomotor
speed, and executive function. Group-based multi-trajectory modeling identified joint
cognitive trajectories. Multinomial logistic regression examined the association of grip
strength and gait speed at baseline with cognitive trajectories.

Results: High performers (14.3%, n = 2298) and low performers (4.0%, n = 642) were
compared to the average performers (21.8%, n = 3492). Grip strength and gait speed
were positively associated with high performance and negatively with low perfor-
mance (P-values < 0.01). The association between grip strength and high performance
was stronger in women (interaction P < 0.001), while gait speed was a stronger
predictor of low performance in men (interaction P < 0.05).

Discussion: Grip strength and gait speed are associated with cognitive trajectories in

older age, but with sex differences.
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Highlights

* Thereis inter-individual variability in late-life cognitive trajectories.

* Grip strength and gait speed predicted cognitive trajectories in older age.

* However, sex-specific associations were identified.

* Inwomen, grip strength strongly predicted high, compared to average, trajectory.

* Inmen, gait speed was a stronger predictor of low cognitive performance trajectory.
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1 | INTRODUCTION

The preservation of mobility through adequate physical function is
critical for the maintenance of independence with aging.! Physical
function and mobility share biological processes with cognitive activ-
ities, such as neurological and musculoskeletal functioning.? Decline in
physical and cognitive function may co-occur in older individuals and
be risk factors for one another.3*

Grip strength and gait speed are key components of common frailty
assessments® and important determinants in maintaining mobility into
older age.®"8 Grip strength reflects upper limb strength,” while gait
speed indexes the movements using lower limbs, along with balance.*°
Although there are studies suggesting that grip strength and gait
speed are predictive of incident dementia,’*~14 it remains unclear to
what extent these two physical function measures are associated with
cognitive aging trajectories, and importantly, whether better physical
function is associated with higher cognitive performance.

Cognitive aging is not a uniform process with some individuals
demonstrating decline in their cognitive trajectories with age, while
others can remain stable.’> However, there is a clear knowledge
gap regarding the association of grip strength and gait speed with
individual variance in these trajectories. Moreover, body composi-
tion and physical function intrinsically vary by sex. For example, men
have higher muscle mass than women, with the difference being
most remarkable in the upper body.’® Considering the recognized
sex differences in performance of individual cognitive tasks,’” the
role of physical function in the process of cognitive aging may be
different between men and women. Therefore, further investigation
into whether sex modifies the association between physical function
measures and cognitive trajectories is needed.

Using a large cohort of community-dwelling older adults recruited
in Australia and the United States without major cognitive impairments
or any other severe illness at enrolment, this study aimed to investigate
the associations of grip strength and gait speed with cognitive trajec-
tories in later life, as well as the potential for effect modification by

sex.

2 | METHODS

2.1 | Study sample

The sample of this study was participants of the ASPREE (Aspirin in
Reducing Events in the Elderly) clinical trial.1®1? In brief, ASPREE was
a randomized placebo-controlled clinical trial that aimed to investi-
gate the effects of daily low-dose aspirin on community-dwelling older
adults. Recruited were 19,114 participants aged 65 years or above
(Hispanics/Latino and Black) and 70 years or above (all other ethno-
racial groups) from Australia and the United States. At baseline, all
participants were without dementia (and with a score >77 in the
Modified Mini-Mental State Examination [3MS]), major cardiovascu-
lar disease, severe difficulty in any basic activity of daily living (physical
disability), or any life-threatening illness.

RESEARCH IN CONTEXT

1. Systematic Review: A systematic review of the litera-
ture was conducted via MEDLINE and Embase. Findings
indicate the need for further investigation into the associ-
ation of physical function with cognitive trajectories with
aging, specifically cognitive decline and the maintenance
of high cognitive performance.

2. Interpretation: Results indicate that in older community-
dwelling individuals, grip strength and gait speed were
positively associated with the likelihood of high cognitive
trajectories, and negatively with the risk of low cognitive
trajectories. However, grip strength was a stronger pre-
dictor of high cognitive trajectories in women, while the
association of gait speed with low cognitive trajectories
was stronger in men.

3. Future Directions: The role of grip strength and gait
speed as potentially modifiable factors of cognitive aging
in older adult vary by sex. Further research with more
diverse cohorts is needed to validate these findings and
to understand the mechanisms underlying these sex dif-

ferences.

2.2 | Cognitive assessment

Cognitive assessment was conducted at baseline and annually over
follow-up. The cognitive battery included four tests: (1) 3MS (global
cognitive function),?° (2) single-letter Controlled Oral Word Associa-
tion Test (COWAT, phonemic fluency),2! (3) Hopkins Verbal Learning
Test-Revised (HVLT-R) delayed recall task (episodic memory),?2 and (4)
Symbol-Digit Modalities Test (SDMT, psychomotor speed).23

2.3 | Measurements of grip strength and gait speed
Grip strength and gait speed were measured at baseline and every 2
years over follow-up. Using a hand-held isometric dynamometer (Jay-
mar; JLW Instruments), grip strength was measured in kilograms on
both hands. Participants were required to be in a seated position with
their elbows vertically flexed to 90 degrees while being tested. The
test was conducted only after confirming the complete functionality of
each hand, and thus was not performed in the case of injury or pain.
Grip strength was measured with three trials for each participant; the
mean value from the self-reported dominant hand?* was used for the
analysis.

Gait speed was measured as the time spent in seconds to walk 3
meters (8 feet) on a flat level surface, at the speed of natural walking
pace from a standing start. A minimum of 1 meter spare space at the

end of the course was preserved for deceleration, so that the usual gait
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speed could be fully measured over the 3 meter distance. Gait speed
was measured in two trials and the mean was used in the analysis.

2.4 | Statistical analysis

Cognitive performance was defined by the trajectories of cognitive
function. We used group-based multi-trajectory modeling to identify
the joint trajectories across the four cognitive tests. Group-based tra-
jectory modeling is a semi-parametric approach that clusters those
with similar developmental trajectories of a variable, assigning individ-
uals into the most likely latent subgroups that produced the highest
posterior probabilities.?> Group-based multi-trajectory modeling, as
an extension of this approach, identifies these latent subgroups based
on trajectories of multiple indicators.2® Cognitive data collected at up
to seven waves (baseline and years 1, 3,4, 5, 6, 7 or closeout visit) were
used.?’ Eligible participants for trajectory modeling were required to
have participated in the cognitive assessments at baseline and at least
one subsequent wave. As reported previously,28 we aimed a priori to
compare three subgroups of participants with hierarchical cognitive
performance based on trajectory parameters for interpretable com-
parisons. This includes a subgroup of high performers with the highest
baseline levels and minimum decline across the four tests, and low per-
formers with the lowest trajectories across the tests, as well as the
subgroup of average performers with medium intercepts and rates of
decline as the reference group. If more than three subgroups were
identified by the trajectory models as the optimal statistical solution,
the highest and lowest subgroups were compared to the medium sub-
group, preventing compromise on the fit and precision of the model.
Fitted curves of grip strength and gait speed measured biannually for
up to 6 years were generated by cognitive trajectory subgroup.

Multinomial logistic regression was used to analyze the associations
of grip strength and gait speed at baseline with cognitive performance.
The subgroup of average performers was selected as the reference
group. Grip strength and gait speed were analyzed as continuous vari-
ablesin the primary analysis. However, given that grip strength and gait
speed are also important components of the Fried frailty phenotype
and the potential clinical utility of cut-offs,”> secondary analyses were
performed using quintiles of grip strength and gait speed, accounting
for sex and body mass index (BMI) or height, respectively (follow-
ing the standard procedure of Fried frailty;> Table S1 in supporting
information).

Two regression models that sequentially adjusted for a number of
potential confounders were performed. Model 1 adjusted for basic
sociodemographic characteristics including age (continuous), sex (men,
women), ethnicity (Australian White, US White, Black, Hispanic/Latino,
Other), and years of education (<12, 13-15, >16). Model 2 further
adjusted for living at home alone (yes, no), smoking status (never, for-
mer, current), alcohol intake (never, former, current), hypertension (yes,
no), diabetes mellitus (yes, no), depression (yes, no), BMI (continu-
ous), and height (continuous). Aspirin use was not adjusted for in the
models, as it was associated neither with dementia risk in the main

trial?2 nor with cognitive trajectory subgroups in the current study.

Disease Monitoring

Participants with incomplete data in any of the exposures or covariates
were excluded from the analyses.

Subgroup analyses by sex were performed by testing the interaction
terms between sex and each of grip strength and gait speed. We also
conducted a sensitivity analysis including all the seven cognitive trajec-
tory subgroups in the analysis. All statistical analyses were conducted
using Stata version 16.0 (Stata Corp. A) and its “Proc traj” package.
A two-sided P-value < 0.05 was considered statistical significance.
The ethics review board at each participating institution approved
the ASPREE study, and all participants offered written informed con-
sent. The current secondary analysis was approved by the Monash

University Human Research Ethics Committee.

3 | RESULTS

A total of 17,724 participants were included in the trajectory model-
ing and seven cognitive trajectory subgroups were identified (Figure
S1 in supporting information). The process of model selection and the
assessment of model adequacy are summarized in Table S2 in sup-
porting information. After excluding individuals with incomplete data
related to grip strength, gait speed, or covariates (n = 1706), a total of
16,018 participants remained. Individuals excluded were older, more
likely to be female, and with fewer years of education. They were also
more likely to be a current smoker, live alone at home, and have depres-
sion, but less likely to be current alcohol drinkers. In terms of physical
measurement, individuals excluded had weaker grip strength, slower
gait speed, and lower body height at baseline (Table S3 in supporting
information).

Based on the trajectory parameters, we selected a subgroup of high
performers with the highest intercepts and least decline in all the tests
(class 1, n = 2298, 14.3%), low performers with the lowest intercepts
and steepest slopes across the four tests (class 7, n = 642, 4.1%), as well
as a subgroup of average performers with medium trajectories (class
4, n = 3835, 21.8%; Figures S1 and S2 in supporting information). For
a solid comparison, classes 2, 3, 5, and 6 were not included in subse-
quent analyses, as the cognitive performance of these subgroups was
not hierarchical and thus not entirely comparable. For example, com-
pared to class 3, class 2 has a higher trajectory in 3MS, COWAT, and
HVLT-R but a lower trajectory in SDMT. Likewise, class 5 performed
better in 3MS, COWAT, and SDMT, but worse in HVLT-R compared to
class 6.

Table 1 summarizes the sociodemographic characteristics and
anthropometry as well as grip strength and gait speed at baseline,
according to these three cognitive performance subgroups. In gen-
eral, participants who were higher cognitive performers were younger,
more likely to be female, US White, and better educated. Faster gait
speed was seen in the high performers, and the strongest grip strength
in the average performers. In terms of lifestyle factors and chronic
conditions (Table S4 in supporting information), the high performers
were more likely to be current alcohol drinkers and less likely to live
alone at home or be a current smoker, and had a lower prevalence of

hypertension, diabetes, and depression.
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TABLE 1 Baseline characteristics of the participants included in the study (N = 16,018)
Overall High
(16,018, performers? Average performers? Low performers?
100%) (2298, 14.3%) (3492,21.8%) (642,4.0%) P-value®
N (%)
Sociodemographic
characteristics
Age, years <0.001
65-69¢ 459 (2.9) 64(2.8) 109 (3.1) 12(1.9)
65-74 8962 (56.0) 1725 (75.1) 1690 (48.4) 208 (32.4)
75-84 6031 (37.6) 498 (21.7) 1551 (44.4) 327(50.9)
85+ 566 (3.5) 11(0.5) 142 (4.1) 95(14.8)
Sex <0.001
Men 7042 (44.0) 680 (29.6) 1685 (48.3) 354 (55.1)
Women 8976 (56.0) 1618(70.4) 1807 (51.8) 288 (44.9)
Ethnicity <0.001
AU White 13,697 (85.5) 1925(83.8) 3031 (86.8) 538(83.8)
US White 979 (6.1) 252(11.0) 134(3.8) 28(4.3)
Black 718 (4.5) 60 (2.6) 173(4.9) 41(6.4)
Hispanic/Latino 397 (2.5) 33(1.4) 115(3.3) 22(3.4)
Other 227 (1.4) 28(1.2) 39(1.1) 13(2.0)
Education, years <0.001
<12 7146 (44.6) 540(23.5) 1906 (54.6) 387 (60.3)
13-15 4666 (29.1) 697 (30.3) 956 (27.4) 172(26.8)
>16 4206 (26.3) 1061 (46.2) 630(18.0) 83(12.9)
Mean (standard deviation)
Physical function
Grip strength, kg 26.2(9.8) 25.6(9.1) 26.3(9.9) 24.8 (9.5) <0.001
Gait speed, m/s 1.02(0.23) 1.10(0.21) 0.99(0.22) 0.91(0.24) <0.001
Anthropometry
Height, m 1.65 (0.09) 1.65 (0.09) 1.65 (0.10) 1.64(0.10) 0.06
BMI, kg/m? 28.1(4.7) 27.8(4.6) 28.4(4.8) 27.6(4.8) <0.001

2High performers refer to the participants with the highest intercepts and lowest rates of decline across the four cognitive tests, whereas low performers are
those with the lowest intercepts and fastest decline across the tests. The average performers are the participants of the central class with medium intercepts

and slopes.

bP-value for the comparison among the three groups (high, average, and low performers), chi-squared test for categorical variables and analysis of variance

for continuous variables.

€Only includes Black or Hispanic/Latino participants from the United States, who were eligible if they were 65+ years (other participants had to be 70 years

or above to be eligible).

Table 2 shows the association between grip strength and gait
speed at baseline and cognitive trajectory subgroups. Compared to the
average performers, higher grip strength and faster gait speed were
associated with an increased likelihood of being high performers; and
likewise, a lower risk of being low performers (all P-values < 0.01).
When they were analyzed as categorical variables, all associations with
high performers remained; however, only the lowest quintile of grip
strength and gait speed was significantly associated with low cogni-
tive performance (odds ratio [OR]: 1.73, 95% confidence interval [Cl]:
1.29-2.31; OR: 1.59,95% Cl: 1.18-2.15, respectively).

In the subgroup analysis by sex shown in Table 3, differences were
observed between men and women for the association of grip strength
with high compared to average performers (interaction P < 0.001).
Specifically, in women, grip strength (both as a continuous measure
and when categorized), was significantly associated with the likelihood
of being high performers, but no significant association was observed
in men. Gait speed was associated with high and low cognitive per-
formance in both sexes, but the association with the risk of being low
performers was stronger in men than women (interaction P = 0.04).

The results from the sensitivity analysis that considered all seven
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TABLE 2 Associations of grip strength and gait speed at baseline with cognitive trajectory subgroups (N = 6432)
Relative risk ratio (95% Cl)

High performers (n = 2298)?
Model 1¢ Model 2¢ Model 1¢ Model 2¢

Low performers (n = 642)?

Grip strength

Continuous, per 10 kg 1.34(1.21-1.48)** 1.32(1.19-1.46)** 0.73(0.63-0.83)** 0.75(0.65-0.86)**

Quintiles® (N, %)

Continuous, per m/5s

Quintiles® (N, %)

1.49 (1.40-1.59)**

1.44(1.35-1.53)**

0.77 (0.70-0.84)**

Q1 (highest) Reference Reference
Q2 0.81(0.68-0.96)* 0.83(0.69-0.99)* 0.93(0.67-1.29) 0.87(0.62-1.23)
Q3 0.79(0.66-0.94)** 0.78(0.65-0.94)** 1.15(0.84-1.57) 1.13(0.82-1.55)
Q4 0.60(0.50-0.72)** 0.61(0.51-0.74)** 1.26 (0.93-1.70) 1.16 (0.85-1.59)
Q5 (lowest) 0.56 (0.46-0.68)** 0.56 (0.46-0.69)* 1.73(1.29-2.31)** 1.59(1.18-2.15)**
P-trend" <0.001 <0.001 <0.001 <0.001

Gait speed

0.79(0.72-0.86)**

Q1 (highest) Reference Reference

Q2 0.72(0.61-0.85)** 0.74(0.62-0.89)** 1.24(0.89-1.72) 1.14(0.81-1.61)
Q3 0.56(0.47-0.67)** 0.55(0.46-0.66)** 1.25(0.91-1.71) 1.10(0.79-1.54)
Q4 0.49 (0.41-0.58)** 0.51(0.42-0.62)** 1.19(0.86-1.62) 1.10(0.79-1.52)
Q5 (lowest) 0.25(0.20-0.30)** 0.26(0.21-0.33)** 2.04(1.52-2.75)** 1.85(1.36-2.53)**
P-trend' <0.001 <0.001 <0.001 <0.001

2High performers refer to the participants with the highest intercepts and lowest rates of decline across the four cognitive tests, whereas low performers
are those with the lowest intercepts and fastest decline across the tests. The units of continuous variables of gait speed and grip strength were adjusted to 1
standard deviation.

bStratified by sex and BMI.

Stratified by sex and height.

dModel 1 adjusted for age (continuous), sex (men; women, only for continuous grip strength and gait speed), ethnicity (Australian White; US White; Black;
Hispanic/Latino; Other), education (<12; 13-15; >16).

¢Model 2 adjusted all the variables in model 1 and further adjusted for living at home alone (no; yes), smoking status (never; former; current), alcohol intake
(never; former; current), body mass index (continuous, only for continuous grip strength), height (continuous, only for continuous gait speed), hypertension

(no; yes), diabetes (no; yes), depression (no; yes).

fP-trend, test for linear trend.

*P-value between 0.01 and 0.05; **P-value < 0.01.
Abbreviations: BMI, body mass index; Cl, confidence interval.

cognitive trajectory subgroups were largely consistent with the main
findings (Table 4).

Figure 1 presents the fitted curves of grip strength and gait speed
across four time points, by the subgroup of cognitive trajectory. Men
had higher grip strength than women at each time point, but in both
sexes, decline in grip strength was consistently observed across all
three cognitive trajectory subgroups. The low performers had the
lowest baseline performance and the steepest slope, and the high
performers had the highest baseline and the lowest rate of decline.
Likewise, gait speed was higher in men than women at each time point,
but still declined over time in both sexes and in all three subgroups of
cognitive performance. Meanwhile, the baseline level also decreased,
and the rate of decline increased progressively from the high to low
cognitive performers.

4 | DISCUSSION

The results of this study showed that, compared to average cogni-
tive performers, higher baseline levels of grip strength and gait speed
were associated with an increased likelihood of being high perform-
ers, and a decreased risk of being low cognitive performers (“cognitive
decliners”). This indicates that grip strength and gait speed are not only
predictors of the risk of cognitive decline, and thus likely early indi-
cators of the risk of dementia, but also potential markers of healthy
cognitive aging. In particular, the association appeared to be stronger
in gait speed for both the continuous and categorical measures, with
larger effect sizes compared to grip strength. Also, echoing the Fried
phenotype that suggested the lowest quintile of grip strength and gait
speed as the cut-off in defining frailty (weakness and slowness),> both
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TABLE 3 Adjusted?® associations of grip strength and gait speed with cognitive trajectory subgroups by sex (N = 6432)
Relative risk ratio (95% ClI)
High performers (n = 2298)° Low performers (n = 642)°
Men Women Interaction Men Women Interaction
(N = 680) (N=1618) P-value® (N =354) (N =288) P-value®
Grip strength
Continuous per 1.14(0.99-1.31) 1.59(1.36-1.84)** <0.001 0.76 (0.64-0.90)** 0.78 (0.61-0.99)* 0.63
10 kg
Quintiles? (N, %)
Q1 (highest) Reference 0.10 Reference 0.20
Q2 1.13(0.83-1.55) 0.70(0.55-0.89)** 0.88(0.55-1.41) 0.85(0.51-1.39)
Q3 0.98(0.71-1.34) 0.70(0.55-0.89)** 1.15(0.74-1.80) 1.06 (0.66-1.70)
Q4 0.80(0.58-1.11) 0.52(0.41-0.67)** 0.99(0.63-1.55) 1.30(0.83-2.03)
Q5 (lowest) 0.77 (0.54-1.10) 0.49(0.38-0.64)** 1.69(1.11-2.58)* 1.27(0.81-1.99)
P-trend 0.04 <0.001 0.003 0.057
Gait speed
Continuous per m/5s  1.52(1.36-1.70)** 1.38(1.28-1.49)** 0.25 0.73(0.64-0.84)** 0.84(0.74-0.96)* 0.04
Quintiles® (N, %)
Q1 (highest) Reference 0.83 Reference 0.35
Q2 0.74(0.55-0.99)* 0.79 (0.62-0.99)* 1.42(0.87-2.32) 0.92(0.56-1.51)
Q3 0.50(0.37-0.69)** 0.58(0.46-0.74)** 1.45(0.90-2.34) 0.84(0.52-1.36)
Q4 0.52(0.37-0.73)** 0.49 (0.38-0.62)** 1.43(0.89-2.30) 0.83(0.52-1.33)
Q5 (lowest) 0.23(0.15-0.34)** 0.29 (0.22-0.39)** 2.21(1.40-3.49)** 1.61(1.05-2.49)*
P-trend® <0.001 <0.001 0.001 0.009

aThe models adjusted for age (continuous), ethnicity (AU White; US White; Black; Hispanic/Latino; Others), education (<12; 13-15; >16), living at home alone
(no; yes), smoking status (never; former; current), alcohol intake (never; former; current), body mass index (continuous, only for continuous grip strength),
height (continuous, only for continuous gait speed), hypertension (no; yes), diabetes (no; yes), depression (no; yes).

bHigh performers refer to the participants with the highest intercepts and lowest rates of decline across the four cognitive tests, whereas low performers
are those with the lowest intercepts and fastest decline across the tests. The units of continuous variables of gait speed and grip strength were adjusted to 1

standard deviation.

¢P-value for the interaction term between sex and grip strength/gait speed.
dStratified by sex and BMI.

€Stratified by sex and height.

fP-trend, test for linear trend.

*P-value between 0.01 and 0.05; **P-value < 0.01.

Abbreviations: BMI, body mass index; Cl, confidence interval.

markers showed a linear association with cognitive trajectories in our
study, with the participants whose grip strength and gait speed in the
lowest quintile having the highest risk of low cognitive performance. In
addition, the findings provide evidence of sex differences in the impact
of grip strength on cognitive trajectories. The association between
higher grip strength and high cognitive performance was seen only in
women. This suggests the potential benefit of sex-specific strategies to
help maintain good cognitive function with aging.

Consistent with our prior findings regarding the trajectories of
individual cognitive tests,?” most participants did not experience sub-
stantial decline in their scores, with the exception being psychomotor
speed where decline across all subgroups was observed. Instead,
improvements in verbal fluency and episodic memory were shown in
those showing higher-functioning trajectories. This is possibly a lim-
itation of the cognitive tests used for these two domains (COWAT

and HVLT-R delayed recall), which arises from practice after repetitive
assessments. Indeed, learning effects have been previously observed
in both tests.2?-31 This suggests that it may be necessary to regu-
larly change the letter used for COWAT or the word list of HVLT-R to
mitigate against learning effects, especially for a cohort of relatively
healthy individuals. On the other hand, it is also plausible that individ-
uals with high cognitive function were able to accumulate vocabulary
over time or familiarize a certain list of words, and subsequently gen-
erate personalized strategies to retrieve words from their vocabulary
storage and memory. In this case, healthy cognitive aging may be
characterized by improvements in certain cognitive domains, beyond
maintenance at stable levels.

As the first study investigating the concurrent trajectories of multi-
ple cognitive scores, our findings showed that cognitive performance
may be consistent across cognitive domains. Participants with good
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performance in the global cognitive assessment also showed high-
functioning trajectories in the other three tests, suggesting that cogni-
tive functioning is an integrated mental process. However, there was
still variability in the aging patterns across cognitive domains. For
example, in line with prior literature,3? verbal fluency appeared to be
resilient to aging. Although performance in this domain improved more
significantly in higher-functioning classes, it remained relatively sta-
ble over time even in those with substantial decline in global cognitive
function and episodic memory. In contrast, moderate decline in psy-
chomotor speed was shown in all classes at a similar pace, regardless
of the performance in other cognitive domains.

Our findings are in alignment with previous evidence regarding
the association between physical activity and brain aging,>® where all
forms of physical activity (i.e., aerobic exercise, resistance training)
were associated with better cognitive function in older individuals.3*
For older adults, grip strength and gait speed have been found to be
predictive of disability® and they are also used as components of the
Fried frailty phenotype.® Both are therefore important items in geri-
atric assessment. Grip strength primarily reflects the level of muscle
strength and bone mineral density that facilitate the physical actions

involving upper limbs and hands.? It is not directly related to the actions

that require the use of lower limb muscles, such as walking, and thus
does not necessarily reflect overall muscle strength or mobility.” Gait
speed, on the other hand, reflects walking ability and mobility that pri-
marily involves the actions of lower limbs. These two measures are thus
complementary aspects of an individual’s physical function.

These markers of physical function might also reflect overall health
status, as physical movements require the cooperation and integration
of multiple organs including the brain regions that control cogni-
tive and motor function.3> This is supported by previous studies
that consistently found that grip strength and gait speed predicted
the risk of many geriatric outcomes, including cognitive decline and
dementia.?314:36-38 To our knowledge, the Victoria Longitudinal Study
has been the only prior study that examined the associations of grip
strength and gait speed with cognitive aging trajectories using a sim-
ilar approach to ours, but in a smaller sample of 882 adults aged 53
to 95 years.38 They identified three trajectories of episodic memory, a
high and low trajectory group, and an average trajectory that included
nearly half of the participants. Aligning with our findings, both grip
strength and gait speed predicted low performance, but neither was
associated with the high trajectory subgroup. This may relate to the
limited power of that analysis (the current study had almost 10-fold
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16,018)

TABLE 4 Adjusted? associations of grip strength and gait speed with cognitive trajectory subgroups, with reference to class 4 (N

Gait speed, per m/5s (OR, 95% Cl)

Grip strength, per 10 kg (OR, 95% Cl)

Women

(n

Men

(n

Overall
(n

Women

(n

Men

(n

Overall

Trajectory
subgroup
Class 1°
Class 2

Diagnosis, Assessment

Disease Monitoring

8976,56%)

1.41(1.32-1.52)*

7042,44.0%)

1.49(1.36-1.64)**
1.27(1.17-1.38)**

16,018, 100%)
1.44(1.37-1.52)**

8976,56%)
1.60(1.39-1.84)**

7042,44.0%)

1.18 (1.04-1.35)*

16,018, 100%)
1.36(1.24-1.50)**

(n=

1.22(1.14-1.30)**
1.22(1.15-1.30)**

1.18(1.06-1.32)** 1.31(1.15-1.49)* 1.24(1.18-1.30)**
1.23(1.08-1.40)**

1.22(1.12-1.33)**

1.24(1.15-1.33)**

1.23(1.18-1.29)**

1.16 (1.05-1.28)**

1.17(1.08-1.27)**

Class 3

Reference

Reference

Reference

Reference

Reference

Reference

Class 4°¢
Class 5
Class 6
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1.07(0.97-1.19) 0.88(0.75-1.03) 1.06(1.00-1.12) * 1.02(0.95-1.11) 1.09(1.01-1.18)*

1.00(0.92-1.09)
0.86(0.79-0.94)*

0.80(0.68-0.95)** 0.82(0.78-0.87)** 0.84(0.77-0.91)** 0.80(0.74-0.87)**

0.88(0.79-0.98)*

0.74(0.63-0.87)** 0.80(0.63-1.02) 0.78(0.72-0.86)** 0.75(0.66-0.84)** 0.81(0.72-0.92)**

0.73(0.64-0.84)**

Class 7¢

Abbreviations: Cl, confidence interval; OR, odds ratio.

aThe model adjusted for age (continuous), ethnicity (AU White; US White; Black; Hispanic/Latino; Other), education (<12; 13-15; >16), living at home alone (no; yes), smoking status (never; former; current), alcohol

intake (never; former; current), body mass index (continuous), height (continuous), hypertension (no; yes), diabetes (no; yes), depression (no; yes).

bHigh performers: the participants with the highest intercepts and lowest rates of decline across the four cognitive tests.

¢Average performers: the participants of the central trajectory class with medium intercepts and slopes.

dLow performers: the participants with the lowest intercepts and fastest decline across the four tests.

*P-value between 0.01 and 0.05; **P-value < 0.01.

more participants with high performance), as well as their wider age
range and their focus on only a specific cognitive domain (episodic
memory). Therefore, the findings from our analyses still require further
validation in a large independent longitudinal cohort.

A well-established hypothesis was proposed by Christensen et al.
that there is a set of “common causes” of physical frailty or disabil-
ity and cognitive impairment.3? They concluded that the decline in
physical and cognitive function share similar underlying pathophysi-
ologic mechanisms, including changes in the central nervous system
(i.e., atrophy of white matter, gray matter, and hippocampus),240-42
degeneration in the functioning of relevant organs (i.e., bones, mus-
cles, tendons, lung, and heart), and expression of specific genetic
architecture.243 This hypothesis might also help explain the sex-
specific findings of our study: stronger grip strength predicted a higher
likelihood of being high cognitive performers in women but to a lesser
extent in men. The reason for these results remains unknown, but it is
plausible that the physiologic mechanisms underpinning the relation-
ship between grip strength and cognitive function differ between men
and women. Interestingly, it was observed that grip strength was more
strongly associated with some major geriatric outcomes in women,
such as depression and mortality.***> Although there seems to be
no current evidence suggesting any sex difference in the association
between grip strength and dementia risk or cognitive function,213 one
study involving more than 15,000 individuals observed stronger asso-
ciations of grip strength in women with fluid intelligence as well as
hippocampal volume and white matter hyperintensities.*® These find-
ings suggest that grip strength is a more sensitive marker/indicator
of cognitive function in females, which could also indicate greater
importance of maintaining muscle strength for older women.

On the other hand, men are known to have higher grip strength than
women across the lifespan,*”#¢ possibly due to intrinsically higher lev-
els of male hormones and stronger muscle strength.*? In addition to
intrinsic biological mechanisms, some sex-specific social factors might
also be involved. For example, lifetime occupation has been found to
be associated with both grip strength and cognitive function in older

adults,15:50-52

and historically there have been high levels of sex seg-
regation across industries and occupations. As such, muscle mass and
upper-body strength are generally high in men throughout their life-
time. This may make it harder for grip strength to differentiate varying
levels of cognitive performance in older men, unless the underlying
degeneration is severe enough to cause observable physical weakness
and cognitive decline. However, individuals with lower cognitive per-
formance still experienced a greater decline in grip strength over time,
regardless of sex. Therefore, further studies are needed to explore
the sex differences in the longitudinal associations of physical and
cognitive function.

There are a few limitations to be acknowledged. First, the ASPREE
study had a number of inclusion criteria based on the health status
of participants at recruitment, including no previous cardiovascular
events and life expectancy of more than 5 years, and the current sec-
ondary analysis further excluded approximately 9% of participants
due to missing values. The study sample used may be thus healthier

than the broader population, and with higher levels of grip strength
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and gait speed. Therefore, the results might not be generalizable to
all community-dwelling older individuals. Second, some common risk
factors of decline in physical and cognitive function, such as physi-
cal inactivity, were not included in the analysis. Therefore, residual
confounding may help explain, at least in part, the findings reported
here.

5 | CONCLUSION

Grip strength and gait speed are associated with cognitive trajectories
in later life; not only negatively associated with low cognitive perfor-
mance, but also positively associated with high performance. It remains
possible that personalized sex-specific strategies could be beneficial
for helping to maintain good cognitive function with aging, but further
work is needed to determine whether there are casual associations.
Further studies of diverse cohorts followed over long periods of time
with regular assessment of cognitive and physical function are needed,
tovalidate these findings and explore the possible reasons for these sex

differences.
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