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Abstract

Objectives: Factors that are responsible for age-related neurological deterioration of non-

cognitive and cognitive processes may have a shared cause. We sought to examine the temporal, 

directional associations of handgrip strength and cognitive function in a national sample of aging 

Americans.

Design: Longitudinal-Panel.

Setting: Enhanced interviews that included physical, biological, and psychosocial measures were 

completed in person. Core interviews were often conducted over the telephone.

Participants: The analytic sample included 14,775 Americans aged at least 50-years that 

participated in at least two waves of the 2006–2016 waves of the Health and Retirement Study.

Measures: Handgrip strength was measured with a hand-held dynamometer. Participants were 

considered cognitively intact, mildly impaired, or severely impaired according to the Telephone 

Interview of Cognitive Status questionnaire. Separate lagged general estimating equations 

analyzed the directional associations of handgrip strength and cognitive function.

Results: The overall time to follow-up was 2.1±0.4 years. Every 5-kilogram higher handgrip 

strength was associated with 0.97 (95% confidence interval (CI): 0.93, 0.99) lower odds for both 
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future cognitive impairment and worse cognitive impairment. Those who were not-weak had 0.54 

(CI: 0.43, 0.69) lower odds for future cognitive impairment and 0.57 (CI: 0.46, 0.72) lower odds 

for future worse cognitive impairment. Conversely, any (β=−1.09; CI: −1.54, −0.64), mild (β=

−0.85; CI: −1.34, −0.36), and severe cognitive impairment (β=−2.34; CI: −3.25, −1.42) predicted 

decreased handgrip strength. Further, the presence of any, mild, and severe cognitive impairment 

was associated with 1.82 (CI: 1.48, 2.24), 1.65 (CI: 1.31, 2.08), and 2.53 (CI: 1.74, 3.67) greater 

odds for future weakness, respectively.

Conclusions/Implications: Strength capacity and cognitive function may parallel each other, 

whereby losses of functioning in one factor may forecast losses of functioning in the other. 

Handgrip strength could be used for assessing cognitive status in aging Americans and strength 

capacity should be monitored in those with cognitive impairment.

Brief Summary:

A longitudinal study of nearly 15,000 older Americans revealed that muscle strength and cognitive 

function tend to parallel each other, whereby losses of functioning in one factor often predicts 

losses of functioning in the other.
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INTRODUCTION

Factors that are responsible for age-related neurological deterioration of non-cognitive and 

cognitive processes may have a shared cause.1, 2 Muscle weakness, which is conveniently 

assessed with a hand-held dynamometer in aging adults,3 is associated with a variety of poor 

health outcomes including morbidity, functional limitations, and early mortality.4 Although 

age-related declines in muscle strength have been primarily attributed to physiological 

changes in the muscular system,5 emerging evidence suggests that weakness is more a 

product of diminished neural system functioning.6 For example, the amount of muscle force 

aging adults can produce during a grip force task is about half of what would be expected if 

the skeletal muscles were entirely activated by the nervous system, largely due to lower 

neuromuscular activation and motor unit recruitment.6, 7 Moreover, the cortical and 

subcortical regions of the brain that regulate hand dexterity are also linked to cognitive 

functions, which may explain why persons with a cognitive impairment have limited fine 

motor skills of the hands.8 Therefore, the same age-related neurodegeneration that 

contributes to decreased handgrip strength (HGS) may also be linked to cognitive 

impairment.

Several studies have investigated the association between HGS and cognitive function, but 

there has been debate regarding the direction of the association. For example, cross-sectional 

and longitudinal study designs have determined that increased HGS was associated with 

decreased risk for cognitive morbidity.9, 10 Conversely, others have found that poorer 

cognitive functioning was associated with decreased HGS.11, 12 Further, an analysis of 

adults aged at least 85-years revealed that better attention, memory, and processing speed 
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were all associated with significantly less decline in HGS over a four-year period; whereas, 

weakness was only associated with decline in global cognitive performance.13 The 

inconsistent findings for the direction of the association between HGS and cognitive 

function have led to recommendations for studies to examine the bidirectional association 

between HGS and cognitive function.14 However, the findings from such studies are also 

unclear. The rate of decline in HGS has been shown to be associated with cognitive deficits,
15 while other studies have not detected significant correlations between the rates of change 

in HGS and cognitive decline.16, 17

While low HGS and cognitive erosion are prevalent at older age,18, 19 incipient and 

accelerated declines in both HGS and cognitive function may occur at middle-age.20, 21 

Thus, there is growing urgency to develop and maintain effective policies and programs both 

in the United States and globally that address the projected increase of cognitive impairment 

in the rapidly growing older adult population.22 Helping to disentangle the direction of the 

association between HGS and cognitive function will help healthcare providers better 

interpret the meaning of assessments for weakness and cognitive morbidity, while also 

providing guidance for interventions aiming to preserve muscle strength and cognitive 

function during aging. Accordingly, we sought to examine the longitudinal, directional 

associations of HGS and cognitive function in a national sample of aging Americans.

METHODS

Participants

This study utilized data from 28,980 adults aged at least 50 years who completed interviews 

without a proxy from the 2006–2016 Health and Retirement Study (HRS). Publicly-

available HRS data files were joined with the RAND HRS dataset.23 The HRS is a continual 

longitudinal-panel study that monitors the health and financial status of aging Americans. 

Participants in the HRS were interviewed biennially and followed until mortality.24 

Additional details for the HRS are published elsewhere.25

Starting in the 2006 wave, detailed face-to-face interviews that included physical and 

biological measures were performed on half of the sample; whereas, the other half sample 

only executed the core interview. The half-samples alternated completion of the detailed 

face-to-face interviews to minimize participant burden. Interview response rates for the HRS 

have been >80% at each wave.24 Written informed consent was provided by HRS 

participants prior to entering the study and the University’s Behavioral Sciences Committee 

Institutional Review Board approved study protocols.

Measures

Handgrip Strength—HGS was measured with a Smedley spring-type hand-held 

dynamometer (Scandidact, Denmark). Interviewers explained HGS protocols and fit the 

dynamometer to the hand size of each participant before they completed a practice trial. 

Beginning on the non-dominant hand, participants squeezed the dynamometer with maximal 

effort while their arm was at their side and elbow flexed at 90-degrees, and then released the 
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muscle contractions. Each participant completed two HGS measurements, alternating 

between hands.

A 30-second break was allowed between measures if only a single hand could be used for 

testing. Those unable to stand or position their arm while grabbing the dynamometer could 

be seated and place their upper arm on a supporting object. Persons that had a surgical 

procedure, swelling, inflammation, extreme pain, or an injury in both hands did not engage 

in HGS assessments at baseline or follow-up. Participants that may not have been able to 

complete HGS assessments after baseline were only excluded from our analyses if they had 

not completed at least one follow-up measure. Those exceeding the highest possible value 

for HGS according to the HRS (>100.0 kilograms)23 and persons without HGS data were 

excluded (n=5,862).

Measurements of HGS were a part of the enhanced face-to-face interviews and were thereby 

measured at alternating waves. The wave in which HGS was first measured indicated when 

participants entered the study. More details about the HGS protocols are published 

elsewhere.26 The maximal HGS measurement from a single trial on either hand was 

included in the analyses. Gender-specific cut-points were used for determining weakness. 

Men and women with HGS <26-kilograms and <16-kilograms were considered as weak, 

respectively.27

Cognitive Function—Assessments of cognitive functioning were completed at each wave 

with the Telephone Interview of Cognitive Status, a validated screening tool from the Mini-

Mental State Examination that was designed for population-based studies.28 A 27-point 

composite scale was used for those under 65-years of age that included immediate and 

delayed word recall from a list of 10 words (0–20 points), serial sevens subtraction test 

starting with the number 100 (0–5 points), and counting backward for 10 consecutive 

numbers at maximal speed starting from the number 20 (0–2 points). Those with scores of 

7–11 were considered as having a mild cognitive impairment, participants with scores ≤6 

had a severe cognitive impairment, and persons with scores ≤11 were classified as having 

any cognitive impairment.29

Given that age is prominent risk factor for cognitive declines, a 35-point composite scale 

with three additional assessment items is recommended and was used for those aged at least 

65 years in our study.30 Additional assessments on the 35-point scale included object 

naming (0–2 points), date naming (0–4 points), and correctly identifying the current 

president and vice president of the United States (0–2 points). Those with scores between 8–

10 points were considered as having a mild cognitive impairment, participants with scores 

≤7 had a severe cognitive impairment, and persons with scores ≤10 were categorized as 

having any cognitive impairment.30 The age of a participant at each wave determined if they 

used the 27- or 35-point assessment.

Covariates—Participants self-reported their age, gender, race and ethnicity (Black, 

Hispanic, and White indicators), height, and body mass. Body mass index was calculated as 

body mass in kilograms divided by height in meter-squared and those with a body mass 

index ≥30 kilograms per meter-squared were considered obese. Obesity was included as a 
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covariate because body composition impacts muscle strength,31 and is influential for our 

associations.32, 33 Respondents also told interviewers their highest level of education 

completed at baseline and were classified as not graduating from high school, passing a high 

school equivalency test, high school graduate, completed some college, and college graduate 

or above.

Participants reported their total household income (limited to respondent + spouse income) 

at each wave and the continuous amount reported was included in the analyses. Morbidity 

was collected by self-reported healthcare provider diagnosed hypertension, diabetes, cancer, 

lung disease, heart condition, stroke, emotional or psychiatric problems, and arthritis or 

rheumatism. The number of affirmative morbid diagnoses were summed at each wave and 

included in the analyses. At each wave, respondents indicated if they engaged in any 

physical activity at least once a week. Social engagement was examined by three variables: 

1) volunteer activity at religious, educational, health-related or other organization for at least 

one hour in the past year, 2) weekly or greater contact with parents or in-laws, and 3) current 

employment status. Scores ranged from 0–3 with higher scores suggesting more social 

engagement.34 The continuous scores at each wave was included in the analyses.

The 8-item Center for the Epidemiologic Studies Depression (CES-D) scale was used for 

assessing depressive symptoms.35 Respondents told interviewers if they experienced any 

negative or positive emotions during the week before the interview date. Scores ranged from 

0–8, with higher values suggesting more depressive symptoms. Continuous scores at each 

wave were included in the analyses.

Respondents indicated if they drink alcohol, were current smokers, and if they had ever 

smoked more than 100 cigarettes in their lifetime at each wave. A single item for self-rated 

health was used. Participants reported their health as either “excellent”, “very good”, 

“good”, “fair”, or “poor” at each wave. Those with missing covariates were excluded 

(n=234).

Statistical Analysis

All analyses were conducted with SAS 9.4 software (SAS Institute; Cary, NC). Independent 

t-tests and chi-squared tests were used to determine differences in the descriptive 

characteristics of weak and not-weak participants for continuous and categorical variables, 

respectively.

The outcomes from the cognitive functioning assessments were categorized as ordinal data 

for evaluating worse cognitive functioning. A generalized estimating equation (GEE) with 

independent correlation structures analyzed the marginal longitudinal associations of HGS 

(continuous predictor) and future cognitive impairment (dichotomous outcome), while 

another GEE examined the association between HGS and future worse cognitive functioning 

(ordinal outcome; no cognitive impairment, mild cognitive impairment, severe cognitive 

impairment). Similarly, separate GEEs determined the population-averaged association of 

not being weak (dichotomous predictor) and future 1) cognitive impairment, and 2) worse 

cognitive functioning. Each of these models were adjusted for cognitive function score at 

wave (Telephone Interview of Cognitive Status), age, gender, race and ethnicity, education, 
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household income, alcohol consumption, physical activity participation, obesity, morbidity, 

depression score, social engagement, smoking status, self-rated health, and time.

The GEE models were also used to assess the marginal longitudinal association of cognitive 

impairment (dichotomous predictor) and future HGS (continuous outcome), and another 

GEE analyzed the association between worse cognitive impairment (categorical predictor) 

and future HGS. Further, distinct GEEs examined the association of 1) cognitive 

impairment, and 2) worst cognitive impairment with future weakness (dichotomous 

outcome). These models were also adjusted for HGS at wave, age, gender, race and 

ethnicity, education, household income, alcohol consumption, physical activity participation, 

obesity, morbidity, depression score, social engagement, smoking status, self-rated health, 

and time. The covariates in our GEE models were pre-specified by the investigators and 

analyses were shaped from another similar investigation.36

We chose to present our HGS and cognitive functioning variables differently (continuous, 

dichotomous, categorical) in each of our models to optimize the interpretability, robustness, 

and clinical meaningfulness of our findings.37 GEE models account for the temporal 

sequence of the data and the within-subject correlation. For all models, the outcome for the 

next wave participated was used, and the time between waves was adjusted for. Therefore, 

those who did not participate in at least two waves of the 2006–2016 waves of the HRS were 

excluded (n=8,109). More details about GEE models are published elsewhere.38

As an additional analysis, each of the GEE models for the directional association of HGS 

and cognitive function were stratified by gender and age (middle-aged: 50–64 years, older 

adults: ≥65 years). The results of these analyses were presented as an appendix because the 

gender and age stratified results were not part of our a priori purpose. An alpha level of 0.05 

was used for all analyses.

RESULTS

There were 14,775 participants included in the analyses and their descriptive characteristics 

are in Table 1. The overall time to follow-up was 2.1±0.4 years. Significant differences 

between the 14,189 (96.0%) not-weak and 586 (4.0%) weak participants existed for HGS, 

any cognitive impairment, and severe cognitive impairment (p<0.05). There were also 

significant differences between those who were not-weak and weak for nearly all of the 

other descriptive characteristics. Figure 1 shows a histogram of baseline HGS values by next 

ascertained cognitive function category, while Figure 2 portrays the next measured HGS 

values by baseline cognitive function category.

Figure 3 presents the results for the lagged associations between the HGS predictor variables 

and change in cognitive function. Every 5-kilogram higher HGS was associated with 0.97 

(95% confidence interval (CI): 0.93, 0.99) lower odds for future any cognitive impairment 

and future worse cognitive impairment. Those who were not-weak had 0.54 (CI: 0.43, 0.69) 

lower odds for future any cognitive impairment and 0.57 (CI: 0.46, 0.72) lower odds for 

future worse cognitive impairment.
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The lagged associations between the cognitive function predictor variables and change in 

each HGS outcome are in Figure 4. Any (β=−1.09; CI: −1.54, −0.64), mild (β=−0.85; CI: 

−1.34, −0.36), and severe cognitive impairment (β=−2.34; CI: −3.25, −1.42) predicted 

decreased HGS. Further, any, mild, and severe cognitive impairment predicted 1.82 (CI: 

1.48, 2.24), 1.65 (CI: 1.31, 2.08), and 2.53 (CI: 1.74, 3.67) greater odds for subsequent 

weakness, respectively.

The results of the additional analyses for bidirectional association between HGS and 

cognitive function by gender and age are in Appendix 1. Appendix 2 presents the results for 

the bidirectional association of HGS and cognitive function by gender and age. Some of the 

gender and age stratified models showed null results.

DISCUSSION

The principal results of this investigation in our overall sample suggest that every 5-kilogram 

higher HGS was associated with 3% decreased odds for future cognitive impairment and 

worsening cognitive impairment. Older Americans who were not-weak had 46% decreased 

odds for future cognitive impairment and 43% decreased odds for subsequent worse 

cognitive impairment. Conversely, cognitive impairment predicted a 1.09-kilogram decrease 

in HGS; whereas, mild and severe cognitive impairment predicted a 0.85- and 2.34-kilogram 

decrease in HGS, respectively. Further, any, mild, and severe cognitive impairment was 

associated with 82%, 65%, and 153% increased odds for subsequent weakness, respectively. 

These findings are in alignment with the “common cause hypothesis” which suggests that 

common factors are responsible for age-related deterioration of non-cognitive and cognitive 

processes.1, 2 Examining possible systematic pathways may help to explain this bidirectional 

association.

Age-related weakness is considered a lifelong process with multiple etiological factors, and 

compromised nervous system function is an important contributor in this process.39 Our 

findings for the association of higher HGS (and not being considered weak) and cognitive 

dysfunction may be explained by those in our investigation who may have engaged in 

muscle strengthening activities before entering the study such as physical activity. Regular 

participation in physical activity is important for preserving strength during aging,40 and is 

beneficial for brain health.41 For example, lifespan physical activity is a pronounced gene 

modulator that stimulates structural and functional changes in the brain that benefit cognitive 

functioning, and protects against neurodegeneration.41 Such neural system deficits may help 

to explain why fine motor skills and coordinated movement are deficient in those who are 

weaker and have cognitive morbidity.42

Although the presence of a cognitive impairment impacts memory and processing,22 aging 

adults with cognitive impairment may be more vulnerable to becoming physically frail.43 

Weakness best represents the beginning of the frailty phenotype.44 Neuronal degeneration at 

different levels of the nervous system drive cognitive deficits,45 and may also factor in 

diminished strength capacity. For example, those with a cognitive impairment may 

experience nervous system problems that will result in decreased muscle strength such as 

poor motor unit recruitment, low motor neuron firing, and reduced neuromuscular junction 
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activity.39 Our results are in agreement with those who also found that lower cognitive 

functioning was associated with decreased strength.11, 12 Healthcare providers that have 

diagnosed their patients with a cognitive impairment should monitor muscle strength to 

prevent health outcomes related to weakness.

Gender may factor into dementia risk and cognitive function.46 Our additional analyses 

evaluating the associations of HGS and cognitive functioning may have also indicated 

gender differences. These findings align with calls to action for giving detection, treatment, 

and care of dementia a gender focus.47 Healthcare providers should consider the role of 

gender for the associations of HGS and cognitive functioning.

Some limitations should be acknowledged. Measures of HGS were part of the enhanced 

face-to-face interviews and collected from participants at alternating waves. Although proxy 

respondents may have had poorer levels of cognitive functioning, they were excluded 

because their interviews had limited measures. Self-report information from participants 

may have been subject to biases. Participants were required to have at least two observations 

to be included in the analyses and those who died shortly after being interviewed may have 

had rapid declines in muscle strength and cognitive functioning after being interviewed by 

the HRS. Data for biological factors that may have influenced the results (e.g., 

Apolipoprotein E4) were not publicly available. Causal inferences should not be made from 

our findings and direction of causation remains unclear because we analyzed observational 

data for this investigation. However, common processes between HGS and cognitive 

function may exist such as neurodegeneration, shared risk factors, and biological pathways 

(e.g., chronic inflammation).

Conclusions and Implications

We found a bidirectional association between HGS and cognitive function in a national 

sample of aging Americans. These findings indicate that strength capacity and cognitive 

function may parallel each other, such that losses of functioning in one factor may predict 

losses of functioning in the other. Our interpretation of these findings is that the muscular 

and neural systems that link HGS and cognitive function share a common cause. Healthcare 

providers should utilize measures of HGS in clinical and epidemiological settings to predict 

cognitive impairment risk in their aging adult patients, and for monitoring strength capacity 

in those with a cognitive impairment. Targeted interventions for muscle strength and 

cognitive functioning should also consider implementing measures of HGS as an outcome.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Histogram of Current Handgrip Strength by Next Ascertained Cognitive Impairment 

Category.

Note: Overall mean time to follow-up was 2.1±0.4 years.
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Figure 2. 
Histogram of Next Handgrip Strength Measure by Current Cognitive Impairment Category.

Note: Overall mean time to follow-up was 2.1±0.4 years.
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Figure 3. 
Association between Handgrip Strength and Change in Cognitive Function.

Note: Overall mean time to follow-up was 2.1±0.4 years. The models were lagged and 

adjusted for current cognitive functioning score, age, gender, race and ethnicity, education, 

household income, alcohol consumption, physical activity participation, obesity, morbidity, 

depression score, social engagement, smoking status, self-rated health, and time. Each arrow 

represents a model. 95% CI=95% confidence interval; OR=odds ratio.
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Figure 4. 
Association between Cognitive Function and Change in Handgrip Strength.
†Reference: no cognitive impairment. ‡Reference: no cognitive impairment.

Note: Overall mean time to follow-up was 2.1±0.4 years. The models were lagged and 

adjusted for current handgrip strength, age, gender, race and ethnicity, education, household 

income, alcohol consumption, physical activity participation, obesity, morbidity, depression 

score, social engagement, smoking status, self-rated health, and time. Each arrow represents 

a model. 95% CI=95% confidence interval; OR=odds ratio.
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