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Abstract

Objectives:  Grip strength and cognitive function reflect upper body muscle strength and mental capacities. Cross-sectional research has 
suggested that in old age these two processes are moderately to highly associated, and that an underlying common cause drives this association. 
Our aim was to synthesize and evaluate longitudinal research addressing whether changes in grip strength are associated with changes in 
cognitive function in healthy older adults.
Methods:  We systematically reviewed English-language research investigating the longitudinal association between repeated measures of grip 
strength and of cognitive function in community-dwelling older adults to evaluate the extent to which the two indices decline concurrently. We 
used four search engines: Embase, PsychINFO, PubMed, and Web of Science.
Results:  Of 459 unique citations, 6 met our full criteria: 4 studies reported a longitudinal association between rates of change in grip strength 
and cognitive function in older adults, 2 of which reported the magnitudes of these associations as ranging from low to moderate; 2 studies 
reported significant cross-sectional but not longitudinal associations among rates of change. All studies concluded that cognitive function and 
grip strength declined, on average, with increasing age, although with little to no evidence for longitudinal associations among rates of change.
Conclusions:  Future research is urged to expand the study of physical and cognitive associations in old age using a within-person and multi-
study integrative approach to evaluate the reliability of longitudinal results with greater emphasis on the magnitude of this association.
Systematic review registration number:   CRD42016038544.

Keywords: Grip strength, Cognitive function, Longitudinal, Systematic review.

As the aging process intensifies and starts to accelerate, individual 
differences in cognitive and physical function become more salient, 
with rates of change in cognitive and physical function potentially 
becoming more associated in older age (1).

Physical function, or strength, is indicative of overall health 
and has also been found, at cross-section, to be consistently associ-
ated with cognitive abilities. One of the main indicators of upper 
body muscle strength is grip strength. Being sensitive to age-related 
changes and changes in biological function, grip strength is not only 
an indicator of muscle strength but also of biological vitality (2). 

Grip strength is a commonly used measure of frailty in older adults 
that has been associated with morbidity, mortality, poor health, and 
loss of independence amongst other unfavorable outcomes (3). Grip 
strength has also been associated with cognitive aging, with and 
without cognitive impairment (4–7).

Most attempts to explain the association between physical and 
cognitive function fall into three categories: physical function directly 
affects changes in cognition (1,8); cognitive function directly affects 
changes in physical function (9); a third factor conjointly impacts both 
(6,7). The last explanation is possibly the most popular. The “common 
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cause” (7) is predicated on the supposed existence of an underlying 
mechanism that drives the association between physical and cogni-
tive function and their apparent simultaneous decline (7). Biological 
effects within the central nervous system, such as white matter integ-
rity (4), and genetic influences, such as telomere length (10), have 
been proposed as possible underlying mechanisms. However, despite 
this tantalizing explanation, support for the common cause hypoth-
esis stems mainly from between-person differences in cross-sectional 
designs (see Cloustan and colleagues (5) and Hofer and colleagues 
(11)), and rarely from within-person changes in longitudinal studies 
(5). Some studies have further suggested that this association may just 
be artefactual (12). Salthouse and colleagues (12) showed that con-
trolling for between-person differences in age attenuated the associ-
ation between physical and cognitive variables. Furthermore, when 
age was statistically adjusted, the association became nonsignificant or 
was greatly reduced. Given the number of confounds associated with 
cross-sectional designs for evaluating age-related associations (13,14), 
this is not to say that a relationship does not exist but that it is impos-
sible to determine whether actual longitudinal associations in rates of 
within-person change exist from cross-sectional data alone.

Although there are some baseline versus baseline studies (15–18), 
and quite a few baseline versus changes studies (8,17–27), only a 
few studies have evaluated associations among rates of change 
(1,4,10,28–30). Change versus change studies provide evidence 
of whether, and the extent to which, these components change 
together over time and the magnitude of this association. As Hofer 
and Piccinin (31) argued, longitudinal studies are necessary to thor-
oughly examine multivariate associations among outcomes asso-
ciated with the aging process. However, only a few studies, with 
differing methodologies, have examined the longitudinal association 
between changes in both grip strength and cognition. The rationale 
for this systematic review was to evaluate studies of simultaneous 
within-person change in cognition and grip strength. Thus, studies 
that report multivariate associations among rates of change are the 
focus of our systematic review.

Although our study has some overlap with the one presented 
by Clouston and colleagues (5), in our article, we systematically 
reviewed longitudinal studies that investigated the association 
between repeated measures of grip strength and of cognitive func-
tion in community-dwelling older adults to evaluate the extent to 
which these two indices decline concurrently. Initially, we aimed to 
include only studies that had at least two waves of follow-up follow-
ing a baseline assessment (ie, three occasion’s total); however, due 
to a paucity of longitudinal reports in this area, we also included 
studies with only one follow-up assessment. Our focus was on the 
longitudinal association between individual differences in rate of 
change in both grip strength and cognitive function, in contrast to 
the association between grip and cognition at baseline (intercept). 
Our objectives were to outline the overall similarities and inconsist-
encies in the methodological and analytic approaches, as well as the 
reported findings across studies. We also discuss the limitations of 
the included studies, and provide suggestions for future research. 
To our knowledge, this is the first systematic review of the litera-
ture specifically addressing the longitudinal association between grip 
strength and cognitive function in older adults.

Methods

Protocol and Literature Search
We followed the protocol from the Preferred Reporting Items for 
Systematic Review and Meta-Analyses (PRISMA) Statement (32). 

We performed a comprehensive literature search on the association 
between grip strength and cognitive function in longitudinal aging 
studies using Embase, PubMed, Web of Science, and PsychINFO. 
We performed three searches in: December 2015, May 2016, and 
April 2017. April 2017 is the publication date up to which all articles 
were included. We did not use date restrictions since we expected the 
majority of the reports to be from around the year 2000 onwards. 
The search strategy focused on three elements: grip strength, cog-
nitive function, and older community-dwelling populations. The 
comprehensive list of search terms used in this review is included in 
Supplementary Appendix A.

Inclusion/Exclusion Criteria
In line with our rationale for the systematic review, studies were 
included that:

1) � Used individual level data from ages 40 and older in commu-
nity-dwelling samples;

2) � Used objective measurements of both grip strength and cogni-
tive function;

3) � Analyzed longitudinal data (ie, two or more measurement occa-
sions) on grip strength and cognition;

4) � Reported original research in English;

Studies were excluded if:

1)  They did not meet the above criteria;
2)  They were intervention studies or trials.

Study Selection and Data Extraction
Two authors (A.R.Z.  and A.R.) followed a common data collec-
tion instrument to independently review and extract information 
from each study. First, the authors screened the titles of 459 unique 
citations, and identified 26 candidate citations for detailed scrutiny 
based on title/abstract. The authors then reviewed the full text of 
the 26 citations, extracting basic eligibility information and study 
characteristics such as measurement of grip strength and cognitive 
function, waves of data collection, sample characteristics, and out-
come measures. Since this systematic review focused on changes 
in cognition and grip strength in relation to each other over time, 
studies reporting baseline effects on within person change were not 
reviewed. Six citations (1,4,10,28–30) met full eligibility criteria. 
These studies were determined to be sufficiently methodologically 
rigorous (33). Of the excluded studies (n = 20), 13 modeled the asso-
ciation between baseline performance on one variable and within 
person change in another variable (9,18,19,21,26,27,34–41); only 
one addressed grip strength in relation to physical disability (42); 
one used grip strength as part of a “biological vitality” component 
(2); one applied latent growth modeling to study the slope of grip 
strength within and across cognitive change groups (43), one was 
a poster (44), and three were review articles on (i) the relation-
ship between physical and cognitive function (5), (ii) a life course 
approach to physical function (45), and (iii) a life course approach 
to healthy aging and frailty (46). Figure 1 illustrates a summary of 
the study selection.

Results

Systematic Review of Longitudinal Studies
Study and sample characteristics
Six citations derived from four different longitudinal studies met the 
full systematic review inclusion criteria: Christensen and colleagues 
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(4); Christensen and colleagues (30); Deary and colleagues (10); 
MacDonald and colleagues (28); Ritchie and colleagues (29); and 
Sternäng and colleagues (1). Table 1 provides more information on 
the demographic characteristics and measures of these studies.

Overall, the samples had relatively moderate numbers of par-
ticipants, ranging from 207 in the Lothian Birth Cohort 1921 [LBC 
1921 (10)] to 1,043 in the Victoria Longitudinal Study (VLS). The 
majority of participants were female in all studies, with a mean age 
spanning 65 in the Swedish Adoption/Twin Study of Aging [SATSA 
(1)] to 79 in the LBC1921 (10). Three reports were from two lon-
gitudinal studies based in Europe (1,10,29); two reports were from 
one longitudinal study in Australia (4,30), and one was from Canada 
(28). Average years of formal education were only reported in two 
studies: participants in the VLS had a mean of 15 years of education 
(28), while the CLS sample mean was 12 years (4).

Follow-up ranged from two waves (4) to six waves (1,28). In 
the LBC1921 (10), 550 individuals participated at baseline, 319 at 
Wave 2, and 206 at Wave 3; while in the LBC 1936 (29) 1,091 indi-
viduals participated at baseline, 866 returned at a second wave, and 
679 returned for a third wave. The VLS (28) had 1,043 participants 
at baseline, but included no information regarding follow-up. In 
SATSA (1), the authors used six waves of data representing infor-
mation over up to 20 years of follow up; a total of 708 participants 
had at least one follow up on grip strength and had no dementia. 
In Christensen and colleagues (30), 780 (of 897) CLS participants 
had complete cognitive data at Wave 1, 483 participants had com-
plete data and 599 had partial data at Wave 2, and 294 participants 
had complete data while 367 had partial data at Wave 3. Finally, in 
Christensen and colleagues (4), of 897 CLS participants, only 426 
participants had data on the full cognitive battery and grip strength 

across the two available waves. Participants with dementia were 
excluded in four studies (1,10,28,29); in Christensen and colleagues’ 
participants were not screened for cognitive impairment (4,30).

Each report used one type of grip strength instrument: three 
used the Smedley hand dynamometer (4,28,30), one the Jamar 
Hydraulic dynamometer (10); one the North Coast Hydraulic Hand 
Dynamometer (29); and one the Collins handgrip dynamometer (1). 
Although each study applied slightly different procedures to collect 
grip strength data, the differences were minor. All studies measured grip 
strength in kilograms, and four used the best score out of a number of 
trials; Deary and colleagues (10) and Ritchie and colleagues (29), used 
the best of three from the dominant hand, MacDonald and colleagues 
(28) used the best of two from the dominant hand, and Sternäng and 
colleagues (1) used best of six (three on each hand). Christensen and 
colleagues (4,30) applied four trials; it seems that they used the mean 
score; however, it was not clear whether they applied the mean of all 
four trials or just the mean of the two dominant hand trials.

All but one study (10) included multiple measures of cognition: 
Deary and colleagues (10) used the Raven’s Standard Progressive 
Matrices since their objective was to study reasoning in associa-
tion with grip strength. The other studies included multiple cogni-
tive tests that were classified into various cognitive constructs that 
included memory (1,4,28,30), reaction time and processing speed 
(1,4,29,30), crystallized IQ (4,28,29), general intelligence (29), fluid 
intelligence (gf) (28–30), and spatial and verbal ability (1). Despite 
the focus on similar domains, different tests were employed in each 
study (detailed in Table 1).

Analytic approaches
Each of the six reports used a different analytic method. 
Supplementary Table 1 provides a summary of the statistical meth-
ods, specific data adjustments, and main results of each study, while 
Table 2 provides a summary of the main finding of each paper, that 
is, the longitudinal association between change in grip strength 
and change in cognitive function. The two most common ana-
lytic approaches were growth curve models and latent modeling 
techniques.

Christensen and colleagues (4) examined whether changes in 
sensory disability, reaction time, and grip strength were associated 
with changes in memory and crystallized IQ. They used repeated 
measures ANOVA to examine within subject changes in cognition 
and grip strength over 3.5 years. Participants were stratified by age 
group (<75, 76–79, 80–84, ≥85) at their second wave to examine age 
trends. The authors then applied latent change models [ie, models 
estimating latent change scores (47)] to examine strength of the asso-
ciations between grip strength and both memory and crystallized IQ 
using latent factors for memory at time 1, memory at time 2, crystal-
lized IQ at time 1, crystallized IQ at time 2, change in memory, and 
change in crystallized IQ in relation to grip strength and change in 
grip strength. Age and sex were adjusted for in all analyses.

Christensen and colleagues (30) used growth curve models to 
examine initial level and rate of change using memory, speed, reac-
tion time, grip strength, and sensory disability across three waves of 
follow-up. The authors adjusted for age, sex, education, the National 
Adult Reading Test, and APOE.

Sternäng and colleagues (1) ran growth curve models based on 
six waves of follow-up, with grip strength as a time-varying covari-
ate and cognitive function as the outcome. Age was treated as a basis 
of the models; the authors applied a linear 2-spline model with age 
65 as the turning point. This model was then reversed so that the 
various cognitive domains were the covariates, and grip strength the 

Figure 1.  Flow diagram of articles selected for the systematic review on the 
longitudinal association between grip strength and cognitive function in 
community-dwelling population samples aged ≥40.
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outcome. Sex was adjusted for in all models. The authors also tested 
mediation and moderator models using covariates of height, socio-
economic status (SES), smoking, and chronic disease.

Similar to Sternäng and colleagues (1), MacDonald and col-
leagues (28) used linear mixed models of chronological time in study, 
and including biological time indices as time co-varying covariates. 
They first examined whether within person cognitive function and 
grip strength displayed significant longitudinal changes. All analyses 
were adjusted for sex and age.

Ritchie and colleagues (29) used bivariate latent growth curve 
models to estimate the correlation between changes in grip strength 
and changes in fluid ability (ie, slope–slope correlation) in addition 
to intercept–intercept, and intercept–slope correlations. All analyses 
were adjusted for childhood IQ, sex, and age at the time of testing.

Deary and colleagues (10) used a bivariate latent growth curve 
model with Raven’s Standard progressive matrices and grip strength 
as outcome variables measured on three occasions, at ages 79, 83, 
and 87, to find out whether a reciprocal association exists among 
intercepts and slopes of grip and cognition. Covariates included 
childhood IQ, sex, height, self-reported mood state, the highest occu-
pation-based SES, smoking status, units of alcohol consumed per 
week, history of cardiovascular disease, hypertension, and/or dia-
betes. Models were not adjusted for age since all participants were 
born in the same year.

Summary of results
Longitudinally, all studies reported declines in average levels of both 
grip strength and cognitive function with increasing age.

All six studies first analyzed the association between grip strength 
and cognition at baseline. Deary and colleagues (10) reported a sig-
nificant association between baseline (age 79) grip strength and rea-
soning as determined by scores on the Raven’s Standard Progressive 
Matrices; they continued to find this association at subsequent 
waves, that is, at ages 83 and 87 at cross-section; however, when 
they studied decline, the slopes of reasoning and the slopes of grip 
strength were not significantly correlated. Similarly, Ritchie and col-
leagues (29) reported significant correlations between baseline grip 
strength and baseline fluid intelligence, as well as significant cor-
relations between these two functions at waves 2 and 3. A  cross-
sectional association was not found between grip strength and 
memory, as measured by Word Recognition, Recall of Three Items, 
and Address Recall in Christensen and colleagues (4). However, in 
their subsequent study (31), they found significant associations at 

baseline between grip strength and Memory, Simple Reaction Task 
(SRT), and Symbol Letter Modalities Test (SMLT). Sternäng and col-
leagues reported an association between grip strength at baseline 
and verbal and spatial ability, but not with processing speed and 
memory at age 65.

Three studies (4,10,29) looked at whether grip strength inter-
cept predicts decline in cognitive function; Deary and colleagues (10) 
and Ritchie and colleagues (29) further investigated whether cogni-
tion intercept predicted decline in grip strength. In both Deary and 
colleagues (10) and Ritchie and colleagues (29) neither intercept of 
grip nor of cognition reliably predicted the slope of the other. In 
Christensen and colleagues (4), grip strength intercept did not pre-
dict future changes in memory performance or crystallized IQ.

Sternäng and colleagues (1) compared two models in two direc-
tions: “grip strength to cognition” and “cognition to grip strength.” 
They found a better model fit for the predictive direction “cogni-
tion to grip strength,” however, the association for memory was not 
significant, and the authors focused on the alternative direction (ie, 
“grip strength to cognition”). In their models, grip strength slope 
did not predict decline in cognition in any of the domains before age 
65; however, it was associated with all four domains (verbal ability, 
spatial ability, processing speed, and memory) after age 65. Similarly, 
Sternäng and colleagues (1) reported that slope of grip strength pre-
dicted decline in verbal ability, spatial ability, processing speed, and 
memory for individuals over the age of 65 but not for those under 
age 65. Although the authors mentioned that results indicated a 
small but stable relationship between decreasing grip strength and 
decreasing cognitive performance after 65 years of age, they did not 
report the magnitude of these associations.

The most common reported finding was that grip strength 
and cognitive function “changed together over time” (30) “moved 
together” (4), “travelled together” (28), or “declined in parallel” 
(10). However, in both Deary and colleagues (10) and Ritchie and 
colleagues (29), slope of cognition and slope of grip strength were 
not significantly correlated, even though grip and cognition were 
associated at cross-section with every wave (ie, cognition at Wave 
1 by grip strength at Wave 1, cognition at Wave 2 by grip strength 
at Wave 2, and cognition at Wave 3 by grip strength at Wave 3). 
Christensen and colleagues’ (4) two-wave change in cognition across 
waves was associated with two-wave change in grip strength, and 
this association held with more follow-up data (31). In both stud-
ies, Christensen and colleagues (4,30) reported that the associations 
between change in grip strength and change in cognitive performance 

Table 2.  Brief Summary of Analytic Methods and Main Results of Studies Included in the Systematic Review of Longitudinal Associations 
Between Change in Grip Strength and Changes in Cognitive Function

First Author, Year Statistical Method Main Result

Christensen, 2000 (4) Repeated measures ANOVA and 
latent change models

Changes in grip strength, processing speed, and memory “moved together.” 
Correlations among changes between grip strength and cognitive function ranged from 
0.23 to 0.45 in magnitude.

Christensen, 2004 (30) Latent growth models, growth 
curve analysis

Changes in grip strength and changes in cognitive function were present, ranging from 
r = .31 for Memory, r = .45 for SLMT, and r = .47 for SRT in magnitude.

Deary, 2011 (10) Bivariate growth curve model Changes in grip strength and changes in reasoning measures did not correlate.
MacDonald, 2011 (28) Multi-level linear mixed growth 

models and time co-variation 
models

Decline in cognitive function shared significant time-varying associations with declines 
in grip strength.

Sternäng, 2015 (1) Latent class analysis; linear and 
quadratic growth curve models and 
time co-variation models

Grip strength across time did not predict any cognitive decline before age 65; however, 
it predicted cognitive decline in all cognitive domains for over age 65 (p < .05).

Ritchie, 2016 (29) Multivariate growth curve modeling Changes in grip strength were not correlated with changes in cognitive function.
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were low to moderate in magnitude, ranging from 0.31 to 0.47 (30) 
and from 0.23 to 0.45 (4).

MacDonald and colleagues (28) used time-varying covariates to 
evaluate whether change in cognition is systematically associated 
with change in grip strength. They reported that decline in all cog-
nitive measures studied, including fluid reasoning, episodic memory, 
semantic memory, and crystallized ability shared significant time-
varying associations with grip strength; however, they did not report 
the magnitude of the association. Upon entering grip strength in the 
model, the developmental time effect was reduced for each of the 
cognitive tests.

In summary, when compared to baseline associations, changes 
in grip strength and changes in cognitive function are not consistent 
across studies. Since longitudinal change is the aim of our systematic 
review, we discuss those in more detail below.

Discussion

In this review, we systematically presented the results of literature 
that used longitudinal data to examine the relationship between 
change in cognitive function and change in grip strength in older 
adults. Although we started with a large pool of studies, most 
reported cross-sectional associations or baseline associations with 
change, with only a few meeting the inclusion criteria.

Although all reports suggested that cognitive function and grip 
strength declined together, results were mixed. Deary and colleagues 
(10) reported that although cognitive function (reasoning) and grip 
strength were associated at every wave of testing, individual differ-
ences in rate of change were not associated, which does not support 
the common-cause hypothesis. Similarly, Ritchie and colleagues 
(29) failed to find associations between declines in cognitive func-
tion and declines in grip strength. Deary and colleagues (16) and 
Ritchie and colleagues (29) were the only studies that focused solely 
on showing the difference between grip and cognition both declin-
ing on average, exhibiting associations among between-person dif-
ferences at each wave, while being unassociated in terms of rates of 
change over time. Christensen and colleagues (4), on the other hand, 
reported that the slopes of cognition (speed and memory) and grip 
strength were correlated over time; however, this analysis included 
only two waves of data, relied on age as the time metric, and 
accounted for age differences at baseline by dividing participants 
into four groups (≤75, 76–79, 80–84, ≥85). Sternäng and colleagues 
(1) reported an association between grip strength changes and 
changes in verbal ability, spatial ability, processing speed, and mem-
ory, but only in individuals older than 65 years; none of these asso-
ciations were significant in those under 65, implying that something 
more underlying and widespread, such as life changes, retirement, 
or accelerated aging, takes place during the later time period that is 
not present before. MacDonald and colleagues (28) also found that 
poor grip strength and cognitive function in the domains of execu-
tive function, episodic memory, semantic memory, and crystallized 
ability were associated longitudinally. However, participants’ age 
in this sample ranged from 55 to 85, which contradicts Sternäng 
and colleagues (1) on an age-specific association. Sternäng and col-
leagues’ (1) results were also contradicted by Deary and colleagues 
(10), where all participants in the LBC1921 data set are over the 
age of 79 and by Ritchie and colleagues (29), where all participants 
in the LBC1936 are over the age of 70. However, individuals aged 
79+ years may have truncated variances in the cognitive and grip 
strength slopes (10), and this single-age sample does not contain 
the cross-sectional age differences that may be responsible for the 

associations reported in some studies (1,37). These studies also used 
very different cognitive tests.

While Deary and colleagues (10) only evaluated reasoning 
(Raven’s Progressive Matrices), Ritchie and colleagues (29) included 
measures of Matrix Reasoning, Block Design, Digit Span Backwards, 
and Letter-Number Sequencing as indicators of “fluid” cognition, 
and Inspection Time to measure processing speed; Sternäng and col-
leagues (1) included verbal ability, spatial ability, processing speed, 
and memory. The two other studies with similar results to Sternäng 
and colleagues (1) focused on similar cognitive domains: Christensen 
and colleagues (4) considered memory, speed of processing, and crys-
tallized IQ, while MacDonald and colleagues (28) studied fluid rea-
soning, episodic memory, semantic memory, and crystallized ability. 
Neither included the Raven’s Progressive Matrices to study reason-
ing in association with grip strength. Although this suggests that the 
association between grip strength and cognition is domain-specific, 
it seems unlikely that grip strength is associated with most cognitive 
domains but not with reasoning. Different measures of fluid cogni-
tion are not substantially different and it is improbable that physical 
strength would be associated with some but not all measures of fluid 
cognitive ability.

Christensen and colleagues (4) suggest that, rather than one sin-
gle common cause, several processes, such as white matter changes 
and telomere shortening, may operate together. They also suggest 
that associations such as between grip strength and processing speed 
may reflect specific motor skills rather than anything more underly-
ing. Other authors propose central nervous system changes, white 
matter integrity, and processes operating at the cellular level as pos-
sible mechanisms (1,6). Deary and colleagues (10) do not exclude 
the possibility of shared genetic influence as a potential mechanism 
for the correlations at cross-section. Sternäng and colleagues (1) fur-
ther state that they would not exclude the possibility of grip strength 
influencing cognition or vice-versa, or possibly a combination of fac-
tors. Another possibility, more applicable in the context of incipient 
dementia, is that reduced understanding of the test instructions for 
the physical function measure may introduce an association between 
changes in physical and cognitive function.

Lastly, these studies differed in number of participants, rates of 
attrition, and follow-ups. The LBC1921 sample was the smallest but 
had two follow-ups (no longitudinal association) (10); the LBC1936 
was larger at baseline with 1,091 participants and also had two 
follow-ups (also no longitudinal association) (29). Christensen and 
colleagues used the same study (the CLS) for two different reports, 
the first (4) had only one follow-up (and despite this, they reported 
a longitudinal association), and the second (48) had two follow-
ups and a larger number of participants (n = 887), and associations 
over time were also reported. MacDonald and colleagues (28) and 
Sternäng and colleagues (1), each had five waves of follow-up with 
larger sample sizes and wider age-ranges (both reported significant 
associations) with MacDonald and colleagues reporting time-vary-
ing associations and Sternäng and colleagues reporting significant 
associations only in age 65+ age group; they also had the largest 
number of participants, which may have affected the power of the 
study and thus the results.
Two separate noteworthy studies
In our search, we also came across two studies (43,49) that did 
not meet the criteria of our systematic review because one was an 
intervention study (43) and the other investigated grip strength 
and cognitive function in relation to mortality (49). However, we 
briefly mention them here because they report on longitudinal cogni-
tive change and grip strength. In the first, Lin and colleagues (43) 
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estimated a mixture model to derive trajectory groups of cognitive 
change in speed of processing tasks; their objective was to study 
group differences as opposed to individual level associations. They 
applied bivariate latent class analysis to jointly model lab-based 
(Useful Field of View) and real world-based (Road Sign Test, and 
timed Instrumental Activities of Daily Living) speed of processing 
tasks to identify trajectory groups. They identified four distinct 
groups displaying different trajectories of speed of processing. 
Compared with participants in the stable groups (Class 4, reference 
group), participants in the very poor (Class 1), poor (Class 2), and 
moderately declining (Class 3) groups also declined in grip strength 
at 2.15, 1.22, and 0.57 units per visit. Although these results do not 
directly provide an estimate of the association between grip strength 
and cognition, they do support the possible existence of one, with 
poorer cognitive groups showing greater declines in grip strength. 
In the second study, Praetorius Björk and colleagues (49) applied 
bivariate growth curve models using linear and quadratic change to 
investigate whether cognitive function and grip strength decline con-
jointly before death. Praetorius Björk and colleagues (49) reported 
baseline associations between all six cognitive domains (semantic 
memory, episodic memory, spatial ability, motor and perceptual 
speed, short-term memory, and working memory) and grip strength. 
The authors (49) also reported that association between rates of 
change in cognition and grip strength was stronger before death (as 
opposed to chronological age).

Limitations, Clinical Implications, and Future Work
Outcome level
A minor limitation of our systematic review is that we included a 
study with only one follow-up (5), permitting computation of a dif-
ference score and not model-based longitudinal change. However, 
this study’s results were consistent with results from other included 
studies (1,28). Another limitation is that we only considered studies 
in English; it is possible that we may have missed studies in other 
languages.

Study level
A general criticism of the literature that applies here too is that 
any association that is treated the same, that is, without estimating 
its magnitude, permits statements stating presence of associations 
even when these associations are quite weak. For example, a cor-
relation coefficient of .23 is different from a correlation coefficient 
of .74, and should not be treated the same. If such estimates are not 
reported, the interpretation of any association remains challenging.

Clinical implications
Hand grip strength is a marker of biological aging; it is a simple 
measurement that is correlated with total body muscle strength, abil-
ity to carry out activities of daily living, quality of life, subsequent 
frailty, and has been demonstrated to be a sensitive indicator of dis-
ability, morbidity, and mortality in older adults (35). Studying poten-
tial causal influences of developmental change, and which reflect the 
integrity of underlying biological processes, such as grip strength, 
and that consequently affect or are affected by brain structural and 
cognitive changes may help in further understanding underlying 
pathways that become manifested clinically.

Implications for future research
Grip strength is an indicator of biological function that reflects the 
functional capacity of underlying pathways, declines with age, is 

objectively measured, defines fitness and health conditions, and is 
associated with specific outcomes (28). Other markers, such as lung 
function and gait velocity, also reflect physical capacity. Alternative 
time-metrics, such as time-to-death (49), or even time-to-dementia, 
may be worth exploring and may give more insightful results than 
the ones that we currently present. We also urge future research to 
pay particular attention to the types of cognitive measures used. 
Future work should explore all possibilities that include bidirec-
tional associations and underlying third factors that drive these 
associations. With state of the art methods in studying the brain, 
research should also incorporate potential causal markers of devel-
opmental change that reflect underlying biological and cognitive 
processes that affect or are affected by structural and functional 
changes in the brain. We lastly offer one methodological sugges-
tion for future work. A wide variety of techniques can be used to 
analyze whether, and how, these processes are related, and each of 
these methods may answer somewhat different questions and pro-
vide somewhat different answers. Researchers should consider the 
sensitivity of the questions they are interested in answering to these 
different methods. Whichever method researchers pursue in future 
research, we strongly suggest collaboration across studies to use 
and build on approaches of coordinated multi-study integrative 
analysis, and to achieve comparable cross-study results. We realize 
that this method may be time-consuming; however, it is a rigorous, 
powerful, and worthwhile method to study specific associations 
across independent longitudinal cohort studies, particularly when 
identical measures are not available. Existing examples of these 
include the Integrative Analysis of the Longitudinal Studies of Aging 
and Dementia (IALSA) network (31), the Healthy Aging Across the 
Lifecourse (HALCyon) research programme (50) and the Cohort 
Studies of Memory in an International Consortium (COSMIC) 
(51) to name a few. Such consortiums harmonize datasets and have 
results simultaneously available within one large, though not neces-
sarily pooled, study. Although these networks may address similar 
research questions, they offer different perspectives, for example, a 
general cognitive aging perspective (IALSA), a life course perspec-
tive (HALCyon) or a pathological (eg, dementia onset) perspective 
(COSMIC). This approach fulfills the National Institutes of Health 
requirements for rigor and reproducibility, as well as facilitates 
measurement harmonization in an effort to replicate longitudinal 
research using similar analyses and methodological approaches 
(48). Other innovative methods such as home-based assessments 
(52) or more recent approaches, such as intensive repeated-meas-
ures designs (53) may further offer a glimpse into day-to-day life, 
including, for example, whether poor grip strength is associated 
with more variable cognitive function throughout several assess-
ments during the course of one day. In combination, results from 
such different methods would offer a more complete picture, which 
may address longstanding research gaps on the physical (specific-
ally, grip strength in this study) and cognitive association.

Conclusion

The main conclusion derived from this systematic review is that 
despite the different analytic techniques and inconsistencies across 
results, all studies concluded that although cognitive function and 
grip strength decline on average in later life, their declines are not 
necessarily associated. In order to further examine the conclusions 
from the studies described in this article, and build a stronger body 
of evidence, a rigorous evaluation of multiple studies using a coordi-
nated modeling approach should be undertaken.
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Series A: Biological Sciences and Medical Sciences online.
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