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Abstract

Background: We assessed the cross-sectional association of physical function measures with 

cognition in the Kaiser Healthy Aging and Diverse Life Experiences (KHANDLE) Cohort.

Methods: Analyses included 1,369 participants (24% Asian, 26% Black, 18% Latino, 32% 

White). Grip strength was measured using a hand-held dynamometer (kilograms) and gait speed 

was measured over a 4-meter walk (seconds/meter). The Spanish and English Neuropsychological 

Assessment Scales (SENAS) was used to evaluate cognitive domains of executive function, 

semantic memory, and verbal episodic memory. Physical function measures (per standard 

deviation) were associated with cognitive test z-scores in linear regression models adjusted for 

demographic, behavioral, and clinical factors. Racial/ethnic differences were tested using 

interaction terms and stratification.

Results: Stronger grip was associated with better executive function [β=0.10(0.05, 0.15)], 

semantic memory [β=0.13(0.09, 0.18)] and verbal episodic memory [β=0.07(0.02, 0.13)] with no 

racial/ethnic differences. Faster gait was associated with better executive function [β=0.29(0.22, 

0.36)], semantic memory [β=0.23(0.16, 0.30)], and verbal episodic memory [β=0.20(0.13, 0.27)]; 

however, the association between gait speed and executive function varied by race/ethnicity with 

the strongest associations in Asians and Whites.
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Conclusion: Across race/ethnicity, grip strength and gait speed were associated with cognition 

with racial/ethnic differences in the association of gait speed and executive function.
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Introduction:

Among older adults, racial/ethnic minorities in the United States are more likely to 

experience declines in physical function associated with increased risk of disability and 

mortality compared to non-Latino Whites.1,2 Several studies have shown that there is often a 

decline in physical function prior to the onset of cognitive impairment.3 This is particularly 

salient to racial/ethnic minorities such as Black and Latino Americans who experience high 

rates of dementia compared to other racial/ethnic groups.4 As the U.S. population rapidly 

ages and becomes more diverse, understanding the relationship between measures of 

physical function and cognition has become more important for understanding how to 

maintain quality of life and possibly reduce the risk of cognitive decline and dementia 

among diverse populations of older adults.

Grip strength and gait speed are components of physical function that have been 

independently associated with cognitive decline, mild cognitive impairment (MCI), and 

dementia.5–14 Additionally, studies have found that among older adults, White Americans 

had stronger grip strength and faster gait speed than Latinos and Asians, while Black 

Americans had stronger grip strength, but slower gait speed than Whites.15–20 Despite 

evidence of racial/ethnic differences in these measures, to our knowledge, no studies have 

evaluated racial/ethnic differences in the associations of grip strength and gait speed with 

cognitive function.

Using the Kaiser Healthy Aging and Diverse Life Experiences (KHANDLE) Study, we 

aimed to evaluate racial/ethnic differences in the cross-sectional associations of grip strength 

and gait speed with cognition. We hypothesized that across racial/ethnic groups, greater grip 

strength or faster gait speed would be positively associated with cognitive function.

Methods:

The KHANDLE cohort includes community-dwelling older adults residing in the San 

Francisco Bay and Sacramento areas of California. KHANDLE aims to evaluate how race/

ethnicity and life course health and sociocultural factors influence late-life brain health and 

cognitive decline. Individuals eligible for KHANDLE were long-term members of Kaiser 

Permanente Northern California, an integrated healthcare delivery system, were age 65 years 

or older on January 1, 2017, spoke English or Spanish, and had previously participated in 

Kaiser Permanente multiphasic health checkup (MHC) exams between 1964-1973 or 

1977-1985. Stratified random sampling by race/ethnicity and educational attainment was 

used with the goal of recruiting approximately equal proportions of Asian, Black, Latino, 

and White participants as well as diversity in educational attainment. Exclusion criteria 

included electronic medical record diagnosis of dementia or other neurodegenerative disease 
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(frontotemporal dementia, Lewy body disease, Pick’s disease, Parkinson’s disease with 

dementia, Huntington’s disease) and presence of health conditions that would impede 

participation in study interviews (defined by hospice activity in the past 12 months, history 

of severe chronic obstructive pulmonary disease in the past 6 months, congestive heart 

failure hospitalizations in the past 6 months, and history of end stage renal disease or 

dialysis in the past 12 months). At wave 1 (2017 – 2018), 1,712 individuals were enrolled.

Grip strength and gait speed were assessed by trained interviewers. Grip strength was 

measured in kilograms (kg) using a Jamar Hydraulic Hand Dynamometer calibrated by B & 

L Engineering (Santa Ana, CA) and adjusted for each participant’s hand size. Three 

measures were taken from the participant’s dominant hand and the average used for analysis. 

Grip strength was analyzed continuously per gender-specific standard deviation (SD women 

= 5.7 kg; SD men = 8.6 kg). Gender-specific SD was used due to known differences in 

measures of physical performance.2,19 Gait speed was measured over a 4-meter walk. 

Participants were able to use a walking aid (e.g. cane, walker) if needed. The walk was 

performed twice at a pace similar to if the participant was “walking down the street to the 

store.” The average of the two walking times was used for analysis and assessed 

continuously per gender-specific standard deviation (SD women = 0.7 s/m; SD men = 0.5 

s/m).2,19

Three cognitive domains (verbal episodic memory, semantic memory, and executive 

function) were derived from the Spanish and English Neuropsychological Assessment 

Scales (SENAS). The SENAS is a battery of cognitive tests that has undergone extensive 

development using item response theory (IRT) methodology for valid comparisons of 

cognition and cognitive change across racial/ethnic and linguistically diverse groups. The 

SENAS was administered during wave 1 interviews in either English or Spanish, with 

language of administration determined by an algorithm that considered preferred language 

and everyday language usage in a variety of settings. IRT methods were used to derive a 

verbal episodic memory score from a multi-trial word-list-learning test. A semantic memory 

composite score was calculated from IRT based verbal (object-naming) and nonverbal 

(picture association) scores. An executive function composite score was calculated from IRT 

based component measures of category fluency, phonemic (letter) fluency, and working 

memory (digit-span backward, visual-span backward, list sorting). Details of the 

administration procedures, development, and psychometric characteristics have been 

described in detail elsewhere.21,22 Each domain was z-standardized using the mean and 

standard deviation from the full baseline sample.

Covariates obtained during the wave 1 interview were grouped into three sets. Our basic 

covariate set included age at interview in years (from the medical record and modeled 

linearly), self-reported gender (male/female), and race/ethnicity (Asian/Black/Latino/White). 

Our second covariate set included socioeconomic factors of education (less than high school/

high school/GED, some college/trade school/certificate, Bachelor’s degree, or graduate 

school) and family income (<$55,000/≥$55,000). The third covariate set included 

cardiovascular risk factors including physical activity, alcohol consumption (current drinker/

non-drinker), lifetime smoking (ever/never), and waist circumference (modeled linearly in 

centimeters). The physical activity questionnaire evaluated frequency of light and vigorous 
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leisure and sport activity in the past year, and responses were assigned scores on a Likert 

scale ranging from 0 (no physical activity) to 4 (daily or almost daily activity).23 Question 

scores were summed for a total range of 0-16 with a higher score indicating higher levels of 

physical activity and modeled linearly. Waist circumference was measured in centimeters 

(cm) with tape positioned in a horizontal plane across the narrowest part of the torso and 

taken while the participant stood, abdomen relaxed, with their feet together and arms at their 

sides.

Statistical Analysis:

We described means and prevalences of participant characteristics stratified by race/

ethnicity. Linear regression was used to assess cross-sectional associations of continuous 

measures of grip strength and gait speed with domain-specific cognition in separate models 

with multiple covariate adjustment.

First, we explored whether grip strength and gait speed were linearly associated with 

cognition. We plotted predicted domain-specific cognitive test z-scores based on grip 

strength and gait speed separately using spline models (with knots at the 5th, 35th, 65th, and 

95th percentiles) adjusted for age, gender, and race/ethnicity using Stata version 14.0 

(StataCorp, College Station, TX). We also tested quadratic terms for grip strength and gait 

speed. Due to a non-linear association between gait speed and cognition, we mean-centered 

gait speed and included a quadratic term in subsequent analyses.

Our primary analyses evaluated racial/ethnic differences in the associations of grip strength 

and gait speed (separately) with domain-specific cognition. These differences were assessed 

through a series of linear regression models in the overall sample, by testing race/

ethnicity*grip strength and race/ethnicity*gait speed interaction terms, and in race/ethnicity 

stratified models. To understand whether grip strength and gait speed related to one another, 

we ran regression models with both physical function measures in the model (including a 

quadratic term for gait speed) as well as tested a grip strength*gait speed interaction.

Linear regression Model 1 adjusted for age, gender, and race/ethnicity (not included in race/

ethnicity-stratified models). Model 2 adjusted for model 1 covariates plus education and 

income. Model 3 adjusted for model 2 covariates plus waist circumference, physical activity, 

alcohol consumption, and ever smoking. These analyses were completed using SAS 9.4 

(SAS Institute Inc., Cary, NC).

Results:

Participants were excluded from analyses if they were missing information on race/ethnicity 

(n=4), gender (n=0), grip strength (n=96), gait speed (n=236) or cognitive measures (n=7) 

for a final analytic sample of 1,369 individuals. The primary reason for missing grip strength 

was due to being physically unable, and the primary reason for missing gait speed was due 

to lack of space to complete the measurement. Of the 1,369 participants, 24% were Asian, 

26% were Black, 18% were Latino, and 32% were White (Table 1). Grip strength was 

greatest in Black participants (mean = 26.6 kg) followed by Whites (25.5 kg), Asians (24.3 

kg), and Latinos (23.9 kg) (p < 0.0001 with adjustment for age). Black participants also had 
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the slowest gait speed (1.4 s/m), followed by Asians (1.3 s/m), Latinos (1.3 s/m), and Whites 

(1.2 s/m) (p = 0.03 with adjustment for age).

Testing Non-Linear Associations:

We examined non-linear associations of grip strength and gait speed with cognition using 

restricted cubic splines with 4 knots (Figure 1). We found that the association between grip 

strength and cognition was positive and linear. The association between gait speed and 

cognition was negative and resembled a U-shaped curve. Due to this non-linear association, 

subsequent models included a quadratic term for gait speed and results for gait speed were 

interpreted incorporating the quadratic term.

Grip Strength:

A one SD greater grip strength was associated with a 0.10 (95% CI: 0.05, 0.15) higher z-

score in executive function (Table 2; Model 1). A one SD greater grip strength was also 

associated with better semantic memory [β: 0.13 (0.09, 0.18)] and verbal episodic memory 

[β: 0.07 (0.02, 0.13)]. Race/ethnicity*grip strength interaction terms were tested, and, 

although there were small differences in point estimates across racial/ethnic group, there 

were no statistically significant interactions for any of the three cognitive domains (Table 2).

Gait Speed:

Gait speed was significantly and curvilinearly associated with cognition across levels of 

adjustment for covariates (Table 3). In order to estimate the mean difference in cognition per 

standard deviation in gait speed, we mean-centered gait speed and incorporated the quadratic 

term into our beta estimates. Subsequent results differ slightly from those presented in Table 

3 due to the incorporation of this quadratic term. A gait speed one standard deviation greater 

than the mean was associated with a 0.29 (0.22, 0.36) higher z-score in executive function 

and a gait speed two standard deviations greater than the mean was associated with a 0.54 

(0.42, 0.67) higher executive function z-score after Model 1 adjustments. Increased gait 

speed was also associated with better semantic memory [+1 SD β: 0.23 (0.16, 0.30); +2 SD 

β: 0.43 (0.31, 0.56)] and verbal episodic memory [+1 SD β: 0.20 (0.13, 0.27); +2 SD β: 0.38 

(0.25, 0.51)]. We found significant interactions between race/ethnicity and gait speed in 

predicting executive function (Model 1 interaction p = 0.10; Model 2 p = 0.02; Model 3 p = 

0.02). In race/ethnicity stratified results, a gait speed one SD above the mean was associated 

with significantly better executive function across racial/ethnic groups after Model 1 

adjustments. By Model 3 adjustment, associations were attenuated for Black participants and 

non-significant for Latino participants while remaining significantly associated in Asians 

and Whites after taking into account the quadratic term.

Grip Strength and Gait Speed:

We tested grip strength and gait speed with cognition in the same model and found that the 

association between grip strength and cognition was attenuated and non-significant for 

executive function and verbal episodic memory, but it remained positively associated with 

semantic memory (Supplemental Table 1). The association between quadratic gait speed and 

cognition persisted with faster gait speed associated with better cognition in all three 
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domains (Supplemental Table 1). To determine whether measures of physical function 

interacted with each other on cognition, we tested a grip strength*gait speed interaction term 

and found no statistically significant interactions after adjustment for age, gender, and race/

ethnicity (executive function interaction p = 0.49; semantic memory interaction p = 0.42; 

verbal episodic memory interaction p = 0.60).

Discussion:

In this assessment of physical function and cognition in a diverse, community-dwelling 

cohort, we found stronger grip strength and faster gait speed were significantly associated 

with better cognition in domains of executive function, semantic memory, and verbal 

episodic memory. The level of difference in cognitive function associated with a SD greater 

grip strength was approximately equal to what would be expected in participants 2 years 

younger in age [(executive function β: 0.11 (0.10, 0.13), semantic memory β: 0.11 (0.09, 

0.12); verbal episodic memory β: 0.11 (0.10, 0.13)] after adjusting for gender and race/

ethnicity. For gait speed, the level of difference associated with a SD faster gait speed than 

the mean was closer to what would be expected in participants 4-6 years younger in age. 

There were some variations in the association of grip strength and cognition by race/

ethnicity, but interaction terms were non-significant. We did find statistically significant 

racial/ethnic differences in the association of gait speed with executive function after 

accounting for the non-linearity of gait speed. Associations were significant among Asian 

and White participants across multiple levels of covariate adjustment while associations 

among Black participants were attenuated and associations among Latinos become non-

significant. Overall, results suggest that grip strength and gait speed are correlated with late-

life cognition; the relationship of gait speed with cognition was non-linear and differed by 

race/ethnicity for executive function.

Our finding that Black participants had the strongest mean grip strength, followed by 

Whites, Asians, and Latinos is consistent with previous work.15–20 There is evidence that 

Black individuals maintain greater muscle mass and muscle quality than Whites with 

advancing age; though, this association is complicated by fat composition and prevalence of 

age-related comorbidities.24 Low socioeconomic status or being foreign-born has been 

associated with worse physical function among older adults in prior studies; this may 

explain the finding of weaker grip strength among Asians and Latinos in KHANDLE who 

were most likely to be among the 22% (n=305) of foreign born participants.16,20,24 

However, differences in baseline grip strength were not indicative of disparities in the 

association of grip strength with cognition. Despite these racial/ethnic differences, increased 

grip strength was associated with better cognition across all racial/ethnic groups and all 

cognitive domains. This finding is consistent with the literature and indicates that despite 

racial/ethnic differences in grip strength, this measure of physical function is independently 

associated with late-life cognition among diverse populations of older adults.7,8,11,12

White participants in KHANDLE had the fastest gait speed followed by Latino, Asian, and 

Black participants. Previous studies have primarily found that Whites have faster mean gait 

speed than other racial/ethnic groups15,16,18 These differences are thought to be related to 

higher prevalence of co-morbidities such as obesity, diabetes, and cardiovascular disease in 
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racial/ethnic minorities as well as influences of socioeconomic status.2,19,25 As with 

previous literature, we found that increased gait speed was positively and non-linearly 

associated with cognition.6,7,10,26,27 However, we noted that the association of gait speed 

with executive function significantly differed by racial/ethnic group. To our knowledge, no 

previous work has assessed racial/ethnic differences in the association of gait speed and 

cognition in a diverse cohort. Our findings are in agreement with existing literature that gait 

speed is an important indicator of physical function and associated with multiple cognitive 

domains.28 The racial/ethnic differences in the association of gait speed and executive 

function are particularly notable given the growing body of evidence suggesting gait changes 

are related to executive function deficits.28,29 Further research is needed to understand why 

there may be racial/ethnic differences in the association of gait speed with executive function 

and whether these differences persist in longitudinal assessments.

Our findings underscore the important relationship between physical function and cognitive 

function among older adults. Our analyses have several strengths including a large racially/

ethnically diverse cohort of community-dwelling older adults whose physical function and 

cognition were systematically measured to be able to assess racial/ethnic differences. 

Nevertheless, there were limitations. We were limited to a cross-sectional examination of the 

association of physical function and cognition. There is some evidence that the relationship 

between physical function and cognition may be bi-directional, and we are unable to 

determine temporality.3,29 Further, several of the covariates we included in our models relied 

on self-report, which may lead to issues of recall bias and measurement error. Another 

limitation was that we could not assess cognitive decline, only cognitive function at wave 1. 

While we found positive associations between greater grip strength and faster gait speed 

with cognition, we cannot determine whether those with weaker grip or slower gait are 

predisposed to pathologic cognitive decline or dementia, just that their cognition was worse 

compared to those with stronger grip and faster gait. However, evidence from the literature 

suggests these physical function measures are risk factors for subsequent MCI and dementia, 

though examination of potential racial/ethnic differences are still needed.7,11,26

There is clear evidence that grip strength and gait speed are related to late-life cognitive 

function, but our findings suggest there may be racial/ethnic differences in these 

associations, specifically gait speed and executive function, that require further examination. 

Efforts to retain physical function with advancing age, particularly among racial/ethnic 

minorities, may contribute to maintenance of cognitive function and reduction of health 

disparties.3 Future research is needed to examine whether there are racial/ethnic differences 

when assessing change in physical function over time as well as whether there are racial/

ethnic differences in the relationship of physical measures with cognitive decline and 

dementia.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Restricted cubic spline regression† for the association between grip strength and gait speed 

with cognition, KHANDLE

†Analyzed using 4 knots at the 5th, 35th, 65th, and 95th percentiles of grip strength and gait 

speed and adjusted for age, gender, and race/ethnicity

A. Association between grip strength and executive function z-score; B. Association 

between grip strength and semantic memory z-score; C. Association between grip strength 

and verbal episodic memory z-score; D. Association between gait speed and executive 

function z-score; E. Association between gait speed and semantic memory z-score; F. 
Association between gait speed and verbal episodic memory z-score
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