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Article

Introduction

Advanced age is associated with increased risk of limi-
tations in lower-body functioning, such as impaired bal-
ance and slow gait (Patel et al., 2014; Verghese et al., 
2006). Such limitations have been linked to poor health 
outcomes, including increased morbidity, disability, and 
mortality (Boyd et  al., 2005; Buchman et  al., 2009; 
Newman et al., 2006). The Short Physical Performance 
Battery (SPPB) is a commonly used instrument in popu-
lation-based and clinical studies that measures three 
aspects of lower body function: (1) repeated chair 
stands; (2) walking speed; and (3) balance tests. 
Although an SPPB summary score has been consistently 
associated with increased mortality (Pavasini et  al., 
2016), studies have shown that gait speed is the stron-
gest of the three measures for predicting poor health out-
comes (Veronese et al., 2018).

Reduced lower-body functioning is also a risk factor 
for cognitive decline (Buchman et al., 2007). In particu-
lar, slow gait has been consistently associated with 
increased cognitive decline (Buracchio et  al., 2010; 

Camicioli et  al., 1998; Mielke et  al., 2013). Based on 
this evidence, the motoric cognitive risk (MCR) syn-
drome, characterized by slow gait and observable cogni-
tive impairment, has been proposed as a low-cost 
method for identifying older adults who may be at an 
increased risk for cognitive impairment and dementia 
(Rosso et al., 2017; Verghese et al., 2013; 2015). Less 
research has considered other aspects of lower-body 
functioning that may be associated with cognitive 
decline, such as lower extremity muscle strength or bal-
ance (Veronese et al., 2016).

Gait speed, balance, and chair stands primarily mea-
sure functional mobility (Horak et  al., 2016), postural 
stability (Mesbah et al., 2017), and lower body strength 
(Jones et  al., 1999), respectively. While each clinical 
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parameter may assess a specific aspect of lower-body 
functioning, achieving a high performance on any one 
task requires adequate performance on the other mea-
sures. For example, being able to quickly walk 8 ft 
requires a person to have sufficient lower body strength 
to move themselves forward and be able to maintain 
their balance during each phase of the gait cycle (Mantel 
et al., 2019; Shubert et al., 2006).

The interdependence between the three measures has 
likely contributed to prior studies having used the SPPB 
summary score when examining the association between 
lower-body functioning and cognitive function. However, 
individual measures could contribute proportionally 
more or less to this association (i.e., strong associative 
relationship between one or two measures and cognitive 
decline drives the association for the SPPB summary 
score, despite other measures having no actual relation-
ship). Comparison of cognitive outcomes with respect to 
individual measures of lower-body function may identify 
more specific associations, which would be useful to 
guide clinical testing and assessment of older adults.

Our central hypothesis is the association between 
lower-body functioning and cognitive decline varies 
according to different measures of lower-body function-
ing. This hypothesis is based on evidence that pathologi-
cal changes to particular brain regions may reduce 
performance in specific lower body tasks before changes 
in cognition are observed (Ezzati et al., 2015; Macfarlane 
et al., 2015; Rosso et al., 2017; Sorond et al., 2015). For 
instance, a study of 175 older adults (mean age 73 years) 
that assessed ten brain regions found that right hippo-
campal volume was the only brain region associated 
with both a decline in gait speed over a 14-year period 
and cognitive impairment (Rosso et  al., 2017). 
Additionally, performance on the chair stands task was 
associated with white matter hyperintensities in the 
frontal and parietal lobes, whereas gait speed was asso-
ciated with hyperintensities in the temporal lobe and 
anterior white matter.

Hispanics are the largest older adult minority group in 
the U.S. (U.S. Census Bureau, 2012; West et al., 2014) 
and the majority of Hispanics are Mexican American 
(Flores et al., 2017). Older Hispanics are a high-risk pop-
ulation to develop physical and cognitive impairment 
due to the high prevalence of chronic health conditions, 
increased longevity, and socioeconomic disadvantages 
(Angel et  al., 2015; Kogan et  al., 2012; Ottenbacher 
et al., 2009). Additionally, many older Hispanics to have 
worked in physically demanding jobs as young and mid-
dle-aged adults (Flippen & Tienda, 2000; Missikpode 
et al., 2016), which can contribute to physical limitations 
later in life (Missikpode et  al., 2016). Finally, older 
Hispanics are less likely than non-Hispanic Whites to 
have completed a high school level of education (Ryan & 
Bauman, 2016). These education disparities can increase 
the risk for cognitive impairment among older Hispanics 
(Garcia et al., 2019; Meng & D’Arcy, 2012).

There is evidence for a bi-directional association 
between physical limitations and cognitive decline 
among older Mexican Americans. Physical frailty 
(Samper-Ternent et  al., 2009), weak grip strength 
(Alfaro-Acha et  al., 2006), and physical inactivity 
(Downer et al., 2016; Ottenbacher et al., 2014) have all 
been associated with worse cognitive outcomes among 
older Mexican Americans. Conversely, cognitive impair-
ment is a risk factor for physical frailty (Raji et al., 2010), 
disability (Raji et  al., 2004), and poor muscle strength 
(Raji et  al., 2005). Additionally, cognitive impairment 
has been associated with greater decline in lower-body 
functioning for older Mexican American (Raji et  al., 
2002). However, to our knowledge, no studies have 
examined the association between lower-body function-
ing and rate of cognitive decline in this population.

Therefore, the objective of the present study is to 
examine the relationship between lower-body function-
ing and rate of cognitive decline among older Mexican-
Americans. This analysis will test two hypotheses. First, 
greater severity of physical limitations as indicated by 
lower scores on the SPPB will be associated with greater 
cognitive decline. Second, among the measures of gait 
speed, balance, and chair stands included in the SPPB, 
slow gait will have the strongest association with cogni-
tive decline.

Methods

Participants

This analysis used data from the Hispanic Established 
Populations for the Epidemiologic Study of the Elderly 
(H-EPESE). The H-EPESE is a longitudinal study of 
community dwelling Mexican-Americans aged 65 and 
older living in the Southwestern United States (Bassford, 
1995; Markides et al., 1996). Details of the study design 
and participant recruitment have been described previ-
ously (Eschbach et al., 2004). Briefly, participants were 
identified by first selecting census tracts in counties 
where the Mexican American population comprised at 
least 6.6% of the total population. Next, census blocks 
were randomly selected to identify Mexican Americans 
aged 65 and older. A total of 3,050 participants were 
interviewed at the first observation wave in 1993–94. 
Participants have been interviewed approximately every 
2 to 3 years and the eighth observation wave was com-
pleted in 2012–13.

The H-EPESE sample was replenished at Wave 5 
(2004–05) with 902 new participants aged 75 and older. 
The new sample was selected using the same procedures 
as the original sample of 3050 participants. All 905 par-
ticipants in the new sample were 75 or older because this 
was the minimum age of the surviving participants who 
were recruited when the study began in 1993–94.

The selection of the study cohort was as follows. A 
total of 2,069 participants were interviewed at Wave 5 
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(hereafter “baseline”). We excluded participants who 
required a proxy to complete the baseline interview 
because these participants were not asked to complete 
the tasks for lower-body functioning. We then excluded 
participants who were missing the measure of cognitive 
function at baseline or were not interviewed at one or 
more follow-up waves. The final analytic sample 
included 1,489 participants. The demographic charac-
teristics, self-reported health conditions, and measures 
of lower-body functioning were derived from the base-
line observation. Measures for cognitive functioning 
were derived from the 2004–05, 2006–07, 2010–11, and 
2012–13 observation waves.

Measures

Cognition: Cognitive function was measured at each 
observation using the Mini-Mental State Examination 
(MMSE) (Folstein et  al., 1975). The MMSE assesses 
orientation to time (5 points) and place (5 points), atten-
tion (5 points), registration (3 points), recall (3 points) 
and language and praxis (9 points). Higher scores on the 
MMSE indicate better cognitive functioning. The 
MMSE is frequently used to assess the cognitive func-
tion of older adults in clinical and community settings, 
including for racially and ethnically diverse populations 
and older adults with low educational attainment 
(Arévalo et al., 2020). We analyzed the MMSE as a con-
tinuous outcome as opposed to classifying participants’ 
cognitive status at each observation wave. This approach 
was used because the MMSE has known limitations for 
being able to accurately identify older adults with mild-
to-moderate cognitive impairment (Mitchell, 2009), 
especially in populations with low educational attain-
ment (Borson et  al., 2005). H-EPESE participants can 
choose to receive an English or Spanish language ver-
sion of the MMSE. The level of difficulty for individual 
MMSE items can vary depending on if the assessment is 
done in English or Spanish (Jones, 2006), but the total 
scores are comparable (Morales et al., 2006).

Lower-body functioning: Three performance-based 
measures of lower-body functioning were used in the 
analysis, including a timed 8 ft walk, timed repeated 
chair stands, and standing balance tasks (Markides et al., 
2001; Panas et al., 2013). Consistent with prior research, 
performance on the 8 ft walk, chair stands, and balance 
tasks was categorized as unable, poor, moderate, good, 
and best (Panas et al., 2013). For the walking task, par-
ticipants were instructed to walk as fast as they were 
able for 8 ft. The shortest time of two trials was recorded. 
The repeated chair stand task required participants to 
stand from a sitting position with arms crossed for five 
repetitions. The time to complete the 8 ft walk or chair 
stand task was used to group participants into quartiles 
and scored as 1 point (poor), 2 points (moderate), 3 points 
(good), or 4 points (best). The standing balance test 
included three tasks: maintaining side-by-side, semi-
tandem, and tandem positions for 10 s. Participants were 

scored 1 point if they completed a side-by side stand but 
were unable to complete a semi-tandem stand (poor); 
2 points if they completed a semi-tandem stand but were 
unable to complete a full tandem stand for >2 s (moder-
ate); 3 points if they completed the full tandem stand for 
2.1 to 9.9 s (good); and 4 points if they completed a full 
tandem stand for 10 s (best/highest). Participants unable 
to complete a task were assigned a score of 0 points for 
that task (unable to do). An overall lower-body function-
ing score was calculated by summing the scores from 
the three measures (range 0–12 points). Participants who 
were unable to do all three measures were given a value 
of 0. The remaining participants were categorized 
according to the distribution of the total score in the 
sample: 1 to 4 points (poor); 5 to 8 points (moderate); 
and 9 to 12 points (highest).

Covariates: Demographic characteristics included 
age, sex, years of education, marital status, and nativity 
(born in the U.S. or born in Mexico) were collected at 
baseline. Marital status was dichotomized according to 
being currently married (yes/no). Health characteristics 
included self-reported measures for diabetes, hyperten-
sion, arthritis, hip fracture, heart disease, stroke, 
Parkinson’s disease, and Alzheimer’s disease. A comor-
bidity index was calculated by summing the number of 
health conditions the participant reported (range 0–8).

Measures for hearing impairment, vision impair-
ment, and high depressive symptoms were also con-
trolled for in the analyses. Hearing was assessed by 
asking participants if he/she can usually hear (with or 
without a hearing aid) and understand what a person 
says without seeing their face if that person is in a quiet 
room and talks in a normal voice. Participants who 
responded no or yes with a hearing aid were classified 
as hearing impaired. Vision was assessed by asking par-
ticipants if he/she can see well enough (with or without 
classes/contact lenses) to recognize a friend or a family 
member from across the street, across the room, or when 
at an arm’s length away. Participants who responded no 
to any of the three distances were classified as visually 
impaired. High depressive symptoms were defined as 
scoring 16 points or higher on the Center for 
Epidemiologic Studies Depression scale (Radloff, 
1977).

Statistical analysis

The relationship between lower-body functioning at 
baseline and change in cognitive functioning was exam-
ined using linear mixed effects regression models. The 
8 ft walk, chair stands, balance, and summary score were 
examined separately for a total of four regression mod-
els. The highest performing category for each task was 
treated as the reference category. Time was measured as 
the number of years since baseline. We assessed if 
poorer lower-body functioning was associated with 
greater cognitive decline over time by including an 
interaction term of lower-body functioning by time in 
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each regression model. All tests of statistical signifi-
cance were two sided with significance level, 0.05. 
Analyses were performed with SAS version 9.4 (SAS 
Institute, Inc., Cary, NC).

Results

Sample Characteristics

Descriptive characteristics are presented in Table 1. The 
mean age was 81.1 years and the mean years of 

education was 5.0. The majority of the sample was 
female, not married, and born in the U.S. The percentage 
of participants who were unable to perform the 8 ft walk, 
chair stands, and balance tasks were 17.9%, 24.3%, and 
33.3%, respectively.

Lower-Body Function and Cognition

For easier interpretation, we present the results of the lin-
ear mixed effects regression model for each physical per-
formance task as the average adjusted MMSE score at 
each observation wave (Table 2). We also provide a 
visual representation of the interaction between each 
measure of lower-body function and time in Figure 1. 
The parameter estimates from the linear mixed effects 
regression models are presented in Supplementary Table 
S1. Pairwise comparisons for the estimated mean MMSE 
scores and performance in each task at every observation 
wave are presented in Supplementary Table S2.

Chair stands: Participants who were unable to per-
form the chair standing task had significantly lower 
cognitive functioning at baseline (mean MMSE score 
of 20.6, 95% confidence interval [CI]:19.9, 21.3) than 
participants in the highest performing quartile (mean 
MMSE score of 23.4, 95% CI:22.8, 24.0). These par-
ticipants also exhibited significantly greater cogni-
tively decline relative to those who scored 3 points 
(good). Being unable to do the chair stands was asso-
ciated with an annual mean MMSE decline of 
0.69 points, respectively, whereas performing in the 
good category was associated with a mean decline of 
0.36 points. Participants who were classified as poor, 
moderate, or good performers did not have signifi-
cantly different cognitive functioning at baseline and 
had similar rates of cognitive decline compared to the 
best performers.

Eight-foot walk: Participants who were unable to 
complete the 8 ft walk or were poor performers had sig-
nificantly lower cognitive functioning at baseline (mean 
MMSE score 20.4 and 21.1, respectively) and showed 
faster cognitive decline compared to the highest per-
forming (best) participants. Being unable to do or poorly 
performing the 8 ft walk was associated with an annual 
mean MMSE decline of 0.62 and 0.52 points, respec-
tively, whereas performing in the best category was 
associated with a mean decline of 0.26 points. Moderate 
performers did not have significantly different cognitive 
functioning at baseline compared to the highest per-
formers but did exhibit faster cognitive decline (moder-
ate performers annually declined by 0.21 points more 
than the best performers, on average). Good and moder-
ate performers showed more rapid cognitive decline 
than the highest performers (good performers annually 
declined by an average of 0.20 points more than the best 
performers).

Balance: Participants who were unable to do the bal-
ance task or could only complete the side-by-side task 
had significantly lower cognitive functioning at baseline 
compared to participants who could perform the 

Table 1.  Baseline Characteristics of the Study Cohort 
(N = 1,489).

Variables n Value

Age, mean (SD) 1,489 81.2 (4.7)
Years of education, mean (SD) 1,489 5.0 (4.0)
Gender, n (%)
  Male 1,489 533 (37.1)
  Female 936 (62.9)
Marital status, n (%)
  Married 1,486 651 (43.8)
  Not married 835 (56.2)
Nativity, n (%)
  Mexico born 1,489 657 (44.1)
  US born 832 (55.9)
Hearing impairment, n (%)
  No 1,485 1,127 (75.9)
  Yes 358 (24.1)
Visual difficulty, n (%)
  No 1,489 1,302 (87.4)
  Yes 187 (12.6)
Depression, n (%)
  No 1,467 1,224 (83.4)
  Yes 243 (16.6)
Comorbidity index, mean (SD) 1,489 1.9 (1.2)
Physical functions, n (%)
Chair stands Unable to do 1,364 332 (24.3)

Poor 259 (19.0)
Moderate 208 (15.2)
Good 209 (15.3)
Best 356 (26.1)

Walking speed Unable to do 1,413 253 (17.9)
Poor 161 (11.4)
Moderate 342 (24.2)
Good 453 (32.1)
Best 204 (14.4)

Balancing Unable to do 1,432 477 (33.3)
Poor 125 (8.7)
Moderate 149 (10.4)
Good 192 (13.4)
Best 489 (34.1)

SPPB Score Unable to do 1,461 223 (15.3)
1 to 4 275 (18.8)
5 to 8 518 (35.5)
9 to 12 445 (30.5)

Baseline MMSE score, mean (SD) 1,489 21.9 (6.4)

Note. SPPB = Short Physical Performance Battery; MMSE = Mini-
Mental State Examination; SD = standard deviation.
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full-tandem task. Participants who could complete the 
semi-tandem or tandem tasks had lower cognitive func-
tion than those who could perform the full-tandem, how-
ever these differences were not statistically significant. 
The differences in cognitive function between the four 
groups remained consistent over time and the balance by 
time interaction term was not statistically significant. 
However, as indicated by comparable mean MMSE 
scores (Table 2), ability to perform either the tandem or 
full-tandem task likely captures similar participants. 
Similarly, performing the side-by-side task was compa-
rable to being unable to do the balance task.

Overall lower-body function: As expected, partici-
pants who scored 0, 1 to 4, and 5 to 8 points all had sig-
nificantly lower cognitive functioning at baseline 
compared to participants who scored 9 to 12 points. 
Only participants who had a score 0 points had signifi-
cantly greater cognitive decline compared to partici-
pants who scored between 9 and 12 points.

Discussion

Findings from this longitudinal study indicate that a 
relatively simple three-task battery of lower-body func-
tion was significantly associated with decline in cogni-
tive functioning over a 9-year period among older 
Mexican-Americans.

Participants who were unable to do or were poor per-
formers on any task had significantly lower cognitive 
functioning compared to the best performers, supporting 
our hypothesis. Participants with the highest SPPB 
scores (9–12) had significantly higher cognitive func-
tion compared to all other groups. While performance 
on balance testing was associated with lower cognitive 
function, we found no significant difference in rate of 
cognitive decline. Prior studies have similarly demon-
strated the association between poor balance and low 
cognitive function (Gujord Tangen et al., 2014), although 
one study has reported that abnormal balance predicts 
cognitive decline over 2 years in older adults with 
Alzheimer’s (Rolland et al., 2009). However, it has been 
demonstrated that only the one-leg stand can signifi-
cantly discriminate between functional levels (Curb 
et al., 2006).

Interestingly, results from our balance task indicate a 
high degree of similarity between the tandem and full-
tandem performers, indicating that these two categories 
may be associated with similar patterns of cognition 
over 9 years. A similar pattern was observed for the side-
by-side performers and those unable to do the balance 
task. While clinical measurement of performance-based 
tasks is one of the most reliable methods for ascertaining 
physical function, previous studies have found that a 
composite measure of survey data with objective 

Table 2.  The Conditional Effect of Time on Cognitive Function for Performance in Each Lower-Body Function Tasks and the 
Estimated Mean of Mini-Mental State Examination (MMSE) Scores over 9 Years.

Physical 
functions

Annual change (95% 
CI)

Estimated mean MMSE scoresa (95% CI)

Baseline 3rd-year follow-up 6th-year follow-up 9th-year follow-up

Chair stands
  Unable to do −0.69 (–0.82, –0.55) 20.6 (19.9, 21.3) 18.5 (17.9, 19.2) 16.5 (15.7, 17.3) 14.4 (13.3, 15.5)
  Poor −0.36 (–0.48, –0.24) 22.8 (22.1, 23.6) 21.7 (21.1, 22.4) 20.7 (19.9, 21.4) 19.6 (18.6, 20.5)
  Moderate −0.42 (–0.56, –0.28) 23.0 (22.2, 23.9) 21.8 (21.0, 22.5) 20.5 (19.7, 21.3) 19.2 (18.1, 20.3)
  Good −0.36 (–0.50, –0.23) 22.6 (21.8, 23.5) 21.6 (20.8, 22.3) 20.5 (19.7, 21.3) 19.4 (18.3, 20.4)
  Best −0.53 (–0.64, –0.42) 23.4 (22.8, 24.0) 21.8 (21.3, 22.3) 20.2 (19.6, 20.8) 18.6 (17.7, 19.4)
Walking speed
  Unable to do −0.62 (–0.77, –0.47) 20.4 (19.6, 21.2) 18.5 (17.8, 19.2) 16.7 (15.8, 17.5) 14.8 (13.6, 16.0)
  Poor −0.52 (–0.70, –0.34) 21.1 (20.1, 22.0) 19.5 (18.7, 20.3) 17.9 (16.9, 18.9) 16.4 (15.0, 17.8)
  Moderate −0.47 (–0.58, –0.35) 23.0 (22.4, 23.7) 21.6 (21.0, 22.2) 20.2 (19.5, 20.9) 18.8 (17.9, 19.7)
  Good −0.46 (–0.56, –0.37) 23.5 (22.9, 24.1) 22.1 (21.6, 22.6) 20.7 (20.2, 21.3) 19.3 (18.6, 20.1)
  Best −0.26 (–0.39, –0.12) 22.4 (21.6, 23.3) 21.7 (20.9, 22.4) 20.9 (20.1, 21.7) 20.1 (19.0, 21.2)
Balancing
  Unable to do −0.53 (–0.63, –0.42) 21.4 (20.8, 22.0) 19.8 (19.3, 20.3) 18.2 (17.6, 18.8) 16.6 (15.8, 17.5)
  Poor −0.48 (–0.68, –0.27) 21.4 (20.3, 22.5) 20.0 (19.0, 20.9) 18.6 (17.4, 19.7) 17.1 (15.5, 18.7)
  Moderate −0.54 (–0.71, –0.37) 22.5 (21.6, 23.5) 20.9 (20.1, 21.8) 19.3 (18.3, 20.3) 17.6 (16.3, 19.0)
  Good −0.35 (–0.49, –0.20) 22.9 (22.0, 23.8) 21.8 (21.1, 22.6) 20.8 (19.9, 21.7) 19.8 (18.6, 20.9)
  Best −0.41 (–0.50, –0.32) 23.4 (22.8, 24.0) 22.2 (21.7, 22.6) 20.9 (20.4, 21.4) 19.7 (18.9, 20.4)
SPPB score
  Unable to do −0.62 (–0.79, –0.46) 20.1 (19.2, 21.0) 18.3 (17.5, 19.0) 16.4 (15.4, 17.4) 14.5 (13.2, 15.8)
  1 to 4 −0.52 (–0.66, –0.39) 21.2 (20.5, 22.0) 19.6 (19.0, 20.3) 18.1 (17.3, 18.9) 16.5 (15.4, 17.6)
  5 to 8 −0.44 (–0.53, –0.35) 22.7 (22.2, 23.2) 21.4 (20.9, 21.8) 20.0 (19.5, 20.6) 18.7 (18.0, 19.4)
  9 to 12 −0.40 (–0.50, –0.31) 23.7 (23.1, 24.2) 22.4 (21.9, 22.9) 21.2 (20.7, 21.8) 20.0 (19.3, 20.8)

Note. CI = confidence interval.
aEstimated mean MMSE scores were adjusted for baseline demographic and health characteristics shown on Table 1.
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clinical measures enables greater discrimination of 
physical function among the highest and poorest per-
formers (Kasper et al., 2017). Application of survey data 
to our study may refine the associations observed here 
by further delineating individuals among the highest and 
lowest scoring groups of the balance task.

Importantly, faster rates of cognitive decline were 
observed for those unable to do the chair stands or gait 
speed task, as well as those who poorly performed in the 
gait speed task. These findings suggest that these two 
measures may be useful for identifying individuals with 
the greatest risk for cognitive decline. Gait speed may be 
particularly indicative of cognition over the next few 

years, as we observed a linear relationship between time 
to complete the 8ft walk and annual decline in MMSE 
score. Similar findings have been observed in younger 
older-adult (aged 60 years or older) populations (Alfaro-
Acha et al., 2007) and non-Hispanic white older adults 
(Rosso et al., 2017; Verghese et al., 2013).

Our findings underscore the value of lower-body 
physical capacity, and declining gait speed in particular, 
as an early indicator of future cognitive decline. While 
our analysis was unable to identify causal factors, others 
have begun to shed light on potential mediators of the 
relationship between physical limitations and cognitive 
decline. For instance, decline in gait speed over 14 years 

Figure 1.  Cognitive functioning over time based on physical performance measurements. (a–d) Plots represent interactions 
between estimated mean Mini-Mental State Exam (MMSE) score and three performance-based measures of lower body 
function, as well as a composite physical function score, the Short Physical Performance Battery (SPPB).
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predicted later cognitive impairment in initially healthy 
older adults, and this was partially attributable to 
decreased right hippocampal volume (Rosso et  al., 
2017). Similarly, striatal shape and volume abnormali-
ties of the caudate nucleus, a brain region involved in 
motor and non-motor functions, have been associated 
with poor performance in the SPPB gait and balance 
tasks (Macfarlane et  al., 2015). Others have hypothe-
sized that the link between decline in both cognition and 
motor ability may be through age-associated increases 
in pro-inflammatory cytokines (“inflammaging”) causing 
adverse structural and functional changes in the central 
nervous system (CNS), namely reduced dopaminergic 
function (Rutherford et al., 2016). As dopamine is a neu-
rotransmitter required for the execution of stable motor 
actions, as well as healthy cognitive processing, it may 
thus reasonably mediate the relationship between lower-
body function and cognitive decline as observed in our 
study. Taken together, these findings support the theory 
that shared neuropathologic processes may manifest as 
the heterogeneous presentations seen in cognitive frailty 
or MCR syndrome.

Physical limitations may be an early marker of cogni-
tive decline or dementia and can feasibly be measured in 
a clinical setting. Measuring these three parameters of 
lower-body function requires no special equipment, 
takes little time (<20 min), and can be conducted by any 
trained health professional, providing an ideal screening 
tool for any setting including low-income environments. 
High-risk individuals can be targeted for clinical inter-
ventions to improve physical function, which may be 
effective for slowing cognitive decline and delaying 
dementia onset. In particular, interventions focusing on 
lower-body strength may be most effective based on our 
finding that accelerated cognitive decline was observed 
in individuals with the lowest scores on the gait speed 
and chair stands tasks.

Our analyses revealed that, on average, even partici-
pants with high lower-body functioning experienced 
cognitive decline. However, person-level changes in 
cognitive functioning are highly variable (Wilson et al., 
2002). Most older adults decline over a prolonged period 
of time, but this overall decline can include periods in 
which a person improves in cognitive functioning 
(Boyle et al., 2013). A prior study that used data from 
the H-EPESE identified three sub-trajectories of cogni-
tive functioning over time (Downer et  al., 2017). 
Approximately 31% of participants maintained high 
global cognition, wherein the average MMSE score 
changed from 27 points to just 26.2 points over the 
8-year period. Future research using data from more 
extensive cognitive batteries should consider sub-trajec-
tories of cognitive decline to determine if older Mexican-
Americans with superior lower-body function show 
improvement in cognitive functioning or are able to 
maintain a high level of cognitive functioning over a 
long period of time.

Our study has several limitations. First, cognitive 
function was measured using only the MMSE. The 
MMSE can underestimate the cognitive functioning of 
Hispanic older adults and those with low education 
(Ramirez et al., 2006). The MMSE also has well-known 
limitations for detecting cognitive decline (Spencer 
et al., 2013) and mild-to-moderate cognitive impairment 
(Mitchell, 2009), especially for Hispanic older adults 
(Franco-Marina et al., 2010) and older adults with low 
education (Jones & Gallo, 2002) or impaired cognition 
(Tombaugh & McIntyre, 1992). Additionally, we were 
unable to examine specific cognitive domains that may 
be negatively affected by physical limitations, such as 
executive functioning (Daly et al., 2015). Measures of 
executive functioning in the MMSE include spelling 
world backward and item naming. However, individual 
MMSE items have been shown to be culturally biased 
(Ramirez et al., 2006) and to have varying levels of dif-
ficulty depending on if the assessment is done in English 
or Spanish (Jones, 2006). Thus, results based on indi-
vidual items of the MMSE may be biased (Morales 
et al., 2006). In light of these limitations, it is important 
to replicate our findings using data from ethnically and 
racially diverse cohorts that include neuropsychological 
batteries that assess multiple cognitive domains.

A second limitation is that health conditions were 
based on self-report alone, which may have led to under-
reporting of conditions and undiagnosed conditions may 
be missed. Third, participants who experience the most 
severe cognitive decline may have been observed only 
at baseline due to poor health preventing subsequent 
observation. Due to the requirement that participants be 
observed in at least one follow-up (2,069 interviewed at 
baseline, 1,489 in final analytic sample), the analytic 
sample may have been skewed toward a population with 
a healthier profile than the background population. Also, 
participants who required a proxy or who could not 
complete the physical functioning items had to be 
excluded, potentially limiting the generalizability of our 
findings to all Mexican-Americans aged 75 and older in 
the southwestern United States. Finally, we used mea-
sures of lower-body functioning that were collected at a 
single time point. Prior research indicates that while it is 
more common for older adults to experience increasing 
frailty and physical decline, many older adults can 
improve in physical functioning (Gill, 2014; Gill et al., 
2006). Future research that investigates changes in 
lower-body functioning may reveal temporal relation-
ships between limitations in lower-body functioning and 
cognitive impairment.

Conclusion

In summary, this study provided evidence for an association 
between simple clinical tests of lower-body function and 
cognitive decline over 9 years in older Mexican-Americans. 
While there is substantial literature demonstrating the 
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relationship between gait speed and cognitive decline, 
we show reduced lower-body strength is associated with 
cognitive decline in Mexican-Americans. While our 
results do not provide evidence for a causal relationship 
between lower-body functioning and cognitive decline, 
this association suggests that those with impaired perfor-
mance on gait speed or chair standing tasks may be at 
especially high-risk for cognitive decline. These physical 
limitations can feasibly be measured in any clinical  
setting, including low-resource or rural environments. 
Continued research is necessary to confirm these find-
ings in other Hispanic populations, as well as to deter-
mine the efficacy of interventions that target physical 
limitations for preventing accelerated cognitive decline 
in high-risk individuals.
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