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Abstract

Background and purpose Our study assesses the association between cumulative handgrip strength and longitudi-
nal changes in cognitive function and daily functioning.

Methods Two comparative cohort studies were used, including the English Longitudinal Study of Ageing (ELSA)
and the Survey of Health, Ageing and Retirement in Europe (SHARE). Cumulative handgrip strength was calculated
using three repeated measurements of handgrip strength. Linear mixed regression models evaluated the association
between cumulative handgrip strength and longitudinal changes in cognitive function and daily functioning. Cox
regression models were performed to determine the association between cumulative handgrip strength and the risk
of cognitive and functional impairment.

Results Individuals with lower levels of cumulative handgrip strength had lower global cognition (8: -0.244; 95%
Cl:-0.317,-0.170 for ELSA and -0.359; -0.406, -0.311 for SHARE) and experienced a faster decline in cognitive function
over time (-0.025; -0.037, -0.013 for ELSA, and -0.019; -0.026, -0.013 in SHARE). We found lower levels of cumulative
handgrip strength were associated with lower daily functioning (8: 0.267; 95% Cl: 0.161, 0.374 for ELSA and 0.153;
0.079, 0.227 for SHARE), and a faster decline in daily functioning over time (0.105; 0.081, 0.129 for ELSA and 0.217;
0.195, 0.238 for SHARE). Furthermore, lower levels of cumulative handgrip strength were related to a higher risk

of cognitive and functional impairment.

Conclusions Our study suggested that lower levels of cumulative handgrip strength was related to an accelerated
decline in cognitive function and daily functioning. Persistently strengthening muscle strength should be emphasized
in preventing neurodegenerative disorders and disabilities.
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Text box 1. Contributions to the literature

>> Evidence on the association between cumulative handgrip strength,
cognitive function, and daily functioning remains limited.

>> Our study suggested that lower levels of cumulative handgrip
strength was related to an accelerated decline in cognitive function
and daily functioning.

>> Persistently strengthening muscle strength should be emphasized
in preventing neurodegenerative disorders and disabilities.

Background

With the surging growth of the aging population, the
number of adults who have dementia and functional dis-
ability is rising [1]. Globally, an estimated 50 million and
101 million older adults live with dementia and severe
functional disability; these numbers are projected to
increase to 150 million and 277 million by 2050, respec-
tively [1, 2], substantially raising the worldwide cost of
dementia and disability [3]. Preserving and enhancing
cognitive and functional abilities in later life is essential
for promoting healthy aging and alleviating the growing
social and economic burdens associated with dementia
and disability.

Handgrip strength is a convenient and well-established
measurement of muscle strength [4]. It serves as a criti-
cal indicator of frailty and is associated with cognitive
decline (or even dementia) [5] and functional disability
[6] in older adults. A meta-analysis of 15 longitudinal
cohort studies found that low handgrip strength was
associated with an increased risk of cognitive decline
and dementia [7]. Furthermore, declines in handgrip
strength are sensitive to the integrity of the nervous sys-
tem centers, particularly those mediating the control of
coordinated movement. Thus, deterioration in handgrip
strength could lead to functional disability [8], defined
as reliance on activities of daily living (ADLs) and/or
instrumental activities of daily living (IADLs). A recent
meta-analysis showed that low handgrip strength was
related to worsened ADLs (odds ratio [OR]: 1.51, 95%
CI:1.34, 1.70; 10 studies) and IADLs (OR: 1.59, 95% CI:
1.04, 2.41;4 studies) [6], respectively. Nevertheless, most
existing studies examining the relationship between
handgrip strength, cognitive function, and daily func-
tioning rely on single time-point measurements (usu-
ally baseline level). Given that the handgrip strength is
subject to dynamic change due to factors such as aging
and physical activity [9, 10], results based on a single
measurement might be unreliable. Cumulative expo-
sure of handgrip strength, calculated as the product
of the dose level and the exposure time using repeated
measurements, accounts for the dynamic change and
cumulative exposure effects of muscular strength
[11]. Previous studies have explored the association of
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cumulative handgrip strength and the risk of incident
diabetes [11] and cardiovascular disease [12]. However,
evidence on the association between cumulative hand-
grip strength, cognitive function, and daily functioning
remains limited.

To address this gap, we utilized data from the Eng-
lish Longitudinal Study of Aging (ELSA) and Survey
of Health, Ageing, and Retirement in Europe (SHARE)
to investigate 1) the associations between cumulative
handgrip strength and longitudinal changes in cognitive
function and daily functioning in adults aged 50 years or
older; 2) the associations between cumulative handgrip
strength and the risk of cognitive and functional impair-
ment in adults aged 50 years or older.

Methods

Study design and participants

Our study utilized data from ELSA and SHARE. Both
ELSA and SHARE are ongoing, biennial longitudinal
cohort studies that recruited participants aged 50 years
and older from English and several European countries,
respectively. Detailed descriptions of the study designs,
sampling procedures, and survey methods for ELSA [13]
and SHARE [14] have been published elsewhere. Briefly,
data were collected biennially by well-trained research-
ers, including questionnaires using face-to-face inter-
views, physical examinations, and biological specimens.
The London Multicenter Research Ethics Committee
approved ELSA, the Ethics Council of the Max Planck
Society, and the Ethics Committee of the University of
Mannheim approved SHARE. All participants provided
written informed consent.

The baseline for our study was defined as wave 2
(2004) in ELSA and wave 1 (2004) in SHARE. The
SHARE recruited 12 countries in wave 1 (the year
2004), including Austria, Germany, Sweden, Nether-
lands, Spain, Italy, France, Denmark, Greece, Switzer-
land, Belgium, and Israel, but two out of 12 countries
did not continuously measure handgrip strength from
wave 1 to wave 4 and thus were deleted from our anal-
ysis. To explore the association between cumulative
handgrip strength and longitudinal changes in cogni-
tive function and daily functioning, the study design is
illustrated in Fig. 1. Specifically, handgrip strength was
measured in waves 2, 4, and 6 in ELSA, and in waves
1, 2, and 4 in SHARE. Cumulative handgrip strength,
the primary exposure, was calculated over an eight-year
period in ELSA and a six-year period in SHARE. The
outcomes- longitudinal changes in cognitive function
and daily functioning-were estimated from wave 6 to
wave 9 in ELSA and wave 4 to wave 8 in SHARE. In our
study, we included 17,143 participants from the ELSA
and SHARE, and 6,122 participants were excluded due
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Fig. 1 The study designs. Abbreviations: ELSA, English Longitudinal Study of Aging; HGS, handgrip strength; SHARE, Survey of Health, Ageing,
and Retirement in Europe. Note: The ELSA did not collect the handgrip strength in wave 3 and wave 5, and SHARE did not collect the handgrip

strength in wave 3

to 1) lack of information regarding handgrip strength
from wave 2 to wave 6 in the ELSA or from wave 1 to wave 4
in the SHARE; 2) lack of information regarding cogni-
tive function and daily functioning at baseline; 3) had
a history of dementia and Alzheimer’s disease; 4) lack
of information regarding necessary covariates at base-
line; 5) loss to follow-up. Finally, we included 11,021
participants (3,239 from the ELSA and 7,782 from the
SHARE) to assess the association between cumulative
handgrip strength and temporal changes in cognitive
function and daily functioning (Supplementary Fig-
ure 1). Additionally, as the secondary outcomes, cog-
nitive function and daily functioning were analyzed
as categorical variables, referred to as cognitive and
functional impairments. For these analyses, 9,340 par-
ticipants (2,277 from ELSA and 7,063 from SHARE)
were included to examine the association between

cumulative handgrip strength and the risk of cognitive
and functional impairments.

Assessments of cumulative handgrip strength

In ELSA, the Smedley handheld dynamometer (Stoelting
Co., Wood Dale, IL, USA) was used to measure hand-
grip strength (kg) three times on each hand in waves 2,
4, and 6. In SHARE, the Smedley handheld dynamom-
eter (TTM, Tokyo, 100 kg) was used to measure hand-
grip strength twice on each hand in waves 1, 2, and 4. All
participants were asked to determine which hand was
their dominant hand before handgrip strength testing,
and starting with their dominant hand, participants were
asked to squeeze the handles with maximal effort. The
average of three (in ELSA) or two (in SHARE) measure-
ments of the dominant hand were used to assess hand-
grip strength [15]. Handgrip strength measurements
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from 3 visits (wave 2, wave 4, and wave 6) in ELSA and
three visits (wave 1, wave 2, and wave 4) in SHARE were
used to evaluate cumulative handgrip strength.

To obtain the cumulative handgrip strength over eight-
year period for ELSA and six-year period for SHARE, we
denoted X1, X2, and X3 as the handgrip strength meas-
ured at waves 2, 4, and 6 in ELSA and waves 1, 2, and 4
in SHARE; T1 and T2 as the time-lengths for waves 2—4
and 4—6 in ELSA and waves 1-2 and 2—4 in SHARE,
respectively. According to the trapezoid rule, the cumu-
lative handgrip strength was calculated as the area
under the curve for handgrip strength throughout the
exposure [11]:

X1+X2)*T1 (X2+X3)* T2
2 2

Since the time intervals for wave 2, wave 4, and wave
6 were approximately four years in ELSA, we assigned
T1 and T2 the value of “4 years” for analysis. Since the
time intervals for wave 1, wave 2, and wave 4 were 2 and
4 years in SHARE, we assigned T1 and T2 the values of “2
years” and “4 years” for analysis, respectively.

Assessment of cognitive function and daily functioning
We used the measurement of cognitive function avail-
able in both ELSA and SHARE at each wave, including
verbal memory and semantic fluency. Verbal memory
consisted of immediate and delayed recall of 10 randomly
unrelated nouns and was evaluated by summing up cor-
rectly recalled words. Semantic fluency was assessed by
asking participants to name as many animals as possible
within 1 minute. The validity and reliability of the verbal
memory and semantic fluency tests have been well-estab-
lished [16, 17]. For each domain, higher scores indicate
better cognition. Z-scores were calculated to allow direct
comparisons among cognitive tasks. We standardized
the cognitive scores for each test, and z-scores were
calculated by subtracting the mean scores at each wave
and dividing by the standard deviation (SD) of scores at
each wave. The mean of the z-scores of the two tests was
used to assess the global cognitive z-scores. Because the
semantic fluency for wave 6 in ELSA was not measured,
we used semantic fluency measured from wave 5 instead.
The activities of daily living (ADLs) and instrumental
ADL (IADLs) were used to assess daily functioning [18].
ADLs in ELSA and SHARE include tasks such as walk-
ing across a room, dressing, bathing and showering, eat-
ing, getting in or out of bed, and using the toilet. IADLs
include using the phone, taking medications, managing
money, shopping for groceries, and preparing meals in
ELSA, with additional tasks in SHARE, such as using a
map and doing house- or garden work for SHARE. We
assigned each item 0 (did not report any problems with
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the activity) or 1 (some difficulty with the activity). We
summed up all corresponding items as the total ADL and
IADL scores. The sum of total ADL and IADL scores was
used to assess the level of daily functioning. The score
ranges from O to 11 for ELSA and O to 13 for SHARE,
where higher scores indicate greater impairment in daily
functioning.

The primary outcome was longitudinal changes in
cognitive function and daily functioning. The second-
ary outcome was cognitive impairment and functional
impairment. According to previous studies, cognitive
impairment was defined as a score of 1.5 SDs lower than
the mean of the population stratified by educational
background [19]. Functional impairment was defined as
having limitations in one or more activities, including
ADLs and IADLs [20].

Assessment of covariates

Covariates included sociodemographic characteristics
(age, sex, marital status, and education level), health-
related lifestyle and behaviors (cigarette smoking, alcohol
drinking, and physical activity), and history of diseases
(hypertension, diabetes, stroke, heart disease, and can-
cer) at baseline. Sex was grouped as male and female.
Marital status was categorized as married, single, and
unknown. Education level was grouped into three
groups: low (including no qualification, level 1 national
vocational qualification (NVQ) or certificate of second-
ary education, NVQ2 or GCE O-level for the ELSA;
lower than upper secondary level of education for the
SHARE), high (including NVQ3 or GCE A-level, higher
qualification but below degree, and degree level or higher
or NVQ4/5 for the ELSA; higher than post-secondary
non-tertiary for the SHARE) and unknown. Cigarette
smoking was grouped as never smoking, former smok-
ing, and current smoking. Alcohol drinking was defined
as drinking alcohol at least once a week. Physical activity
was classified into three groups: sedentary behavior (mild
physical activity less than once a week), moderate physi-
cal activity (moderate physical activity more than once a
week), and vigorous physical activity (vigorous physical
activity more than once a week). BMI was calculated by
dividing weight in kilograms by height in meters squared
(kg/m?) and classified into normal weight (<25 kg/m?),
overweight (25-29.9 kg/m?), obesity (> 30 kg/m?), and
unknown. Hypertension was defined as SBP >140 mm
Hg or DBP > 90 mm Hg, a self-reported physician diag-
nosis of hypertension, or current use of anti-hypertensive
therapy. Diabetes was defined as an HbAlc level > 47.5
mmol/mol (6.5%), a self-reported physician diagnosis of
diabetes, or current use of anti-diabetes therapy. Stroke
was defined as self-reported doctor-diagnosed stroke.
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Heart disease was defined as self-reported doctor-diag-
nosed heart disease (including angina, congestive heart
failure, and myocardial infarction). Cancer was defined as
self-reported doctor-diagnosed cancer (Supplementary
Table 1).

Statistical analysis

Mean (Standard deviation, SD) and frequency (percent-
age) were used to summarize continuous and categori-
cal variables. The ANOVA (for continuous variables)
and Chi-square tests (for categorical variables) were per-
formed to compare the baseline characteristics across
individuals with different sex-specific quartiles of cumu-
lative handgrip strength. The details of sex-specific quar-
tiles of cumulative handgrip strength were represent in
Supplementary Table 2.

Given the repeated measurements of cognitive func-
tion and daily functioning, linear mixed models were
used to account for the within-participant correlation.
Linear mixed models were conducted to estimate the
coefficient and 95% Cls for the longitudinal association
between cumulative handgrip strength and longitudi-
nal changes in cognitive function and daily functioning.
The intercept and slope of time were fitted as random
effects at the participant level to address between-par-
ticipant differences at baseline and rates of cognitive
function and daily functioning changes. We added the
“time*cumulative handgrip strength” term to our mod-
els to assess the rates of change in cognitive function and
daily functioning over time across different quartiles of
cumulative handgrip strength (Supplementary Methods).
In addition, Cox regression models were conducted to
estimate hazard ratios (HRs) and 95% Cls for associations
between cumulative handgrip strength and risk of cogni-
tive impairment and functional impairment. Cumulative
handgrip strength was analyzed both as a continuous
variable (z-transformed for standardization) and as sex-
specific quartiles, with the highest quartile designated as
the reference group.

To understand the confounding effects of various
covariates, we adjusted for them in three models in a
stepwise manner. We adjusted for age and sex in Model 1;
additionally adjusted for marital status, education level,
physical activity, alcohol drinking, and cigarette smok-
ing in Model 2; and additionally adjusted for hyperten-
sion, diabetes, stroke, heart disease, cancer, and obesity
in Model 3. Linear trends in the longitudinal associations
(dose-response relationships) between cumulative hand-
grip strength and cognitive function and daily function-
ing decline were assessed by assigning the sex-specific
median cumulative handgrip strength for each cumula-
tive handgrip strength quartile and modeling it as a con-
tinuous variable.
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In the subgroup analyses, we stratified participants by
age (< 70 and > 70 years), sex (male and female), physi-
cal activity (sedentary behavior, moderate physical activ-
ity, and vigorous physical activity), and BMI <25 kg/m?,
25-29.9 kg/m?, and > 30 kg/m?). We added a product
term of the stratifying variable and cumulative handgrip
strength to the final models to examine potential effect
modifications by the stratifying variables using Wald
tests.

We performed three sensitivity analyses to confirm the
robustness of our results. Firstly, we evaluated the asso-
ciation between cumulative handgrip strength and the
subdomains of cognitive function and daily functioning.
Secondly, some studies have utilized the maximum hand-
grip strength value from multiple measurements, rather
than the average value, to assess handgrip strength. To
address this methodological variation, we repeated all
analyses using an alternative measurement approach:
the maximum handgrip strength value derived from
three measurements in ELSA and two measurements in
SHARE, both taken from the dominant hand. Thirdly, we
repeated all analyses among individuals with complete
data on cognitive function and daily functioning during
follow-up.

All analyses were performed using R version 4.2.1.
An a = 0.05 was chosen as the threshold for statistical
significance.

Results

Sample characteristics

A total of 11,021 participants (3,239 participants from
ELSA and 7,782 participants from SHARE) were included
in the analysis. In our study, the mean age was 69.41 (SD,
8.19) years, and 44.76% were men. 30.12 % had high
education level, 13.38% were current smokers, 57.09%
were drinkers, and 43.40% had vigorous physical activ-
ity (Table 1). Cumulative handgrip strength was lower in
those who were older, single, non-drinkers, non-smokers
(only for females), had low education level, engaged in
sedentary behavior, had BMI < 25kg/m?, or had a history
of hypertension, diabetes, stroke, heart disease (All P <
0.02; Supplementary Table 3). Detailed data for ELSA and
SHARE are provided in Supplementary Tables 4—5.

Association between cumulative handgrip strength

and cognitive function decline/cognitive impairment

As shown in Table 2, lower cumulative handgrip
strength was associated with an accelerated decline in
global cognitive function. Compared with the highest
quartile, participants in the lowest quartile of cumu-
lative handgrip strength exhibited significantly lower
global cognitive function (8: —0.244; 95% CI: —0.317,
—0.170 for ELSA and B: —0.359; 95% CI: —0.406, —0.311
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Table 1 The basic characteristics

Characteristic Total ELSA SHARE
(n=11,021) (n=3239) (n=7782)

Age, years, mean (SD) 69.41 (8.19) 7083 (7.26) 68.83(8.48)
Sex, male, n (%) 4933 (44.76) 1445 (44.61) 3488 (44.82)
Marital status, n (%)

Married 7618 (69.12) 2158 (66.63) 5460 (70.16)

Single 3248 (29.47) 1081 (33.37) 2167 (27.85)

Unknown 155 (1.41) 155 (1.99)
Education levels, n (%)

Low 7208 (65.40) 1490 (46.00) 5718 (73.48)

High 3320(30.12)  1310(40.44) 2010 (25.83)

Unknown 493 (4.47) 439 (13.55) 54 (0.69)
Cigarette Smoking, n (%)

Never smoking 5088 (46.17) 1178 (36.37) 3910 (50.24)

Former smoking 4458 (4045) 1790 (55.26) 2668 (34.28)

Current smoking 1475(13.38) 271 (837) 1204 (15.47)
Alcohol drinking, n (%)

No 4523 (41.04) 1236 (38.16) 3287 (42.24)

Yes 6292 (57.09) 1797 (5548) 4495 (57.76)

Unknown 206 (1.87) 206 (6.36)
Physical activity, n (%)

Sedentary behavior 1598 (14.50) 692 (21.36) 906 (11.64)

Moderate physical activity 4640 (42.10) 1592 (49.15) 3048 (39.17)

Vigorous physical activity 4783 (43.40) 955 (29.48) 3828 (49.19)
BMI, n (%)

< 25 kg/m? 3782 (3432) 819(2529) 2963 (38.08)

25-299 I<g/m2 4580 (41.56)  1340(41.37) 3240 (41.63)

> 30 kg/m? 2431(22.06) 973 (3004) 1458 (18.74)

Unknown 228 (2.07) 107 (3.30) 121 (1.55)
Hypertension, n (%) 4815 (43.69) 1862 (57.49) 2953 (37.95)
Diabetes, n (%) 1407 (12.77) 493 (1522) 914 (11.75)
Stroke, n (%) 360 (3.27) 164 (5.06) 196 (2.52)
Heart disease, n (%) 1218 (11.05)  358(11.05) 860 (11.05)
Cancer, n (%) 434 (3.94) 174 (5.37) 260 (3.34)

Abbreviations: BMI body mass index, ELSA English Longitudinal Study of Aging,
SD standard deviation, SHARE Survey of Health, Ageing, and Retirement in
Europe

for SHARE). Additionally, participants in the lowest
quartile of cumulative handgrip strength experienced
a faster decline in global cognitive function over time
(8: —=0.025 SD/y; 95% CI: —0.037, —0.013 for ELSA, and
B: —0.019 SD/y; 95% CI: —0.026, —0.013 in SHARE)
compared with those in the highest after controlling
for sociodemographic, lifestyle, and related-diseases
covariates. There were linear trends in associations
with accelerated global cognitive decline across quar-
tiles of cumulative handgrip strength in both ELSA and
SHARE (P for trend < 0.001). When cumulative hand-
grip strength was treated as a continuous variable, its
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decline was associated with an accelerated decline in
cognitive function (8: —0.008; 95% CI: —0.012, —0.004
for ELSA; —0.005; 95% CI: —0.007, —0.002 for SHARE;
Table 2). Similar results were observed in four countries
from the SHARE cohort (Table 2). No significant differ-
ences were observed after incremental adjustments for
sociodemographic and lifestyle covariates (Supplemen-
tary Table 6).

Using cognitive impairment as a secondary outcome,
participants in the lowest quartile of cumulative hand-
grip strength had higher odds of cognitive impairment
(HR: 1.60; 95% CI: 1.07, 2.39 for ELSA; HR: 2.85; 95% CI:
2.15, 3.77 for SHARE; Table 3). Consistent findings were
observed in five countries from SHARE (Table 3).

Sensitivity analyses confirmed the robustness of these
results. In the subdomains of cognitive function, par-
ticipants in the lowest quartile of cumulative handgrip
strength exhibited lower verbal memory in both ELSA
and SHARE. Additionally, verbal memory declined faster
in the lowest quartile compared to the highest quartile of
cumulative handgrip strength in SHARE (8: —0.020 SD/
year; 95% CI: —0.029, —0.012; Supplementary Table 7).
Similarly, semantic fluency declined faster in the low-
est quartile in both ELSA (5: —0.034 SD/year; 95% CI:
—0.050, —0.018) and SHARE (B: —0.017 SD/year; 95%
CI: —0.025, —0.009; Supplementary Table 8). The results
remained consistent when handgrip strength was meas-
ured as the maximum of several handgrip strength meas-
urements of the dominant hand (Supplementary Table 9),
or when we restricted our analyses to participants with
complete follow-up data (Supplementary Table 10). The
association between cumulative handgrip strength and
cognitive impairments remained similar after adjusting
for sociodemographic or/and lifestyle covariates (Supple-
mentary Table 11) or using maximum handgrip strength
measurements as the alternative measurement (Supple-
mentary Table 12).

Subgroup analyses revealed some heterogeneities, par-
ticularly by sex, with lower cumulative handgrip strength
having a stronger effect on cognitive function in females
(Supplementary Table 13—14).

Association between cumulative handgrip strength

and daily functioning decline/functional impairment
Participants in the lowest quartile of cumulative hand-
grip strength had lower daily functioning (5: 0.267; 95%
CI: 0.161, 0.374 for ELSA and 0.153; 95% CI: 0.079, 0.227
for SHARE), and experienced a faster decline in daily
functioning compared to those in the highest quartile (5:
0.105 point/y; 95% CI: 0.081, 0.129 for ELSA and 0.217
point/y; 95% CI: 0.195, 0.238 for SHARE) after control-
ling for sociodemographic, lifestyle, and related-dis-
eases covariates. There were linear trends in association
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Table 2 Association between cumulative handgrip strength and global cognitive decline (SD/year)
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Countries Cumulative handgrip strength, kg Cumulative handgrip strength-year, kg-y
Coef (95% Cl) P value Coef (95% Cl) P value
ELSA (UK)
Categorical variable
Quartile 4 Ref. Ref.
Quartile 3 —0.105 (-0.173,-0.038) 0.01 —0.008 (-0.020, 0.003) 017
Quartile 2 —0.178 (-0.248, —0.109) < 0.001 —0.015 (-0.027, —0.003) 0.01
Quartile 1 —0.244 (-0.317,-0.170) <0.001 —0.025 (-0.037,-0.013) <0.001
P for trend <0.001 - <0.001 -
Continuous variable
Per SD decline —0.153 (=0.192,-0.114) <0.001 —0.008 (-0.012, —0.004) <0.001
SHARE (All countries)
Categorical variable
Quartile 4 Ref. Ref.
Quartile 3 —0.074 (-0.117,-0.031) <0.001 —0.007 (-0.013,-0.001) 0.03
Quartile 2 —0.158 (=0.202, -0.114) <0.001 —0.015 (-0.021,-0.009) <0.001
Quartile 1 —0.359 (-0.406, —0.311) <0.001 —0.019 (-0.026, —0.013) < 0.001
P for trend < 0.001 - <0.001 -
Continuous variable
Per SD decline —0.239 (-0.264,-0.215) <0.001 —0.005 (-0.007, -0.002) <0.001
SHARE (Austria)
Categorical variable
Quartile 4 Ref. Ref.
Quartile 3 0.034 (—0.168, 0.235) 0.74 —0.003 (=0.036, 0.029) 0.84
Quartile 2 0.048 (—0.160, 0.255) 0.65 —0.018 (-0.051,0.015) 0.28
Quartile 1 0.018(=0.196, 0.233) 087 —0.043 (-0.076,-0.010) 0.01
P for trend 0.75 - 0.02 -
Continuous variable
Per SD decline -0.029 (-0.159, 0.100) 0.66 -0.009 (-0.021, 0.004) 0.16
SHARE (Belgium)
Categorical variable
Quartile 4 Ref. Ref.
Quartile 3 —0.084 (-0.183,0.015) 0.10 —0.004 (-0.018,0.010) 061
Quartile 2 —0.092 (-0.195,0.012) 0.08 —0.026 (-0.040, -0.011) < 0.001
Quartile 1 —0.196 (-0.309, —0.083) <0.001 —0.034 (-0.049,-0.019) <0.001
P for trend 0.01 - <0.001 -
Continuous variable
Per SD decline -0.143 (-0.202, -0.084) <0.001 -0.009 (-0.014,-0.004) <0.001
SHARE (Denmark)
Categorical variable
Quartile 4 Ref. Ref.
Quartile 3 -0.061 (-0.200, 0.078) 0.39 —0.002 (-0.022,0.019) 0.86
Quartile 2 0.014 (-0.130, 0.158) 0.85 —0.025 (-0.045, —0.004) 0.02
Quartile 1 -0.218 (-0.376,-0.061) 0.01 —0.044 (-0.066, —0.023) < 0.001
P for trend 0.07 - < 0.001 -
Continuous variable
Per SD decline -0.172 (-0.256, -0.089) < 0.001 -0.007 (-0.014,-0.001) 0.04

SHARE (France)
Categorical variable
Quartile 4

Ref.

Ref.
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Countries Cumulative handgrip strength, kg Cumulative handgrip strength-year, kg-y
Coef (95% Cl) P value Coef (95% Cl) P value
Quartile 3 0.066 (-0.066, 0.197) 033 —0.013 (-0.032, 0.006) 017
Quartile 2 -0.077 (-0.211, 0.056) 0.26 —0.009 (-0.029, 0.010) 0.34
Quartile 1 -0.136 (-0.283,0.011) 0.07 —0.027 (-0.048, —0.007) 0.01
P for trend 0.06 - 0.02 -
Continuous variable
Per SD decline -0.146 (-0.224, -0.068) <0.001 -0.007 (-0.014,-0.001) 0.04
SHARE (Germany)
Categorical variable
Quartile 4 Ref. Ref.
Quartile 3 -0.057 (-0.220, 0.106) 0.49 —0.012 (-0.036,0.012) 033
Quartile 2 -0.017 (-0.180, 0.147) 0.84 —0.010 (-0.033,0.013) 041
Quartile 1 -0.192 (-0.365,-0.018) 0.03 —0.024 (-0.048,0.001) 0.05
P for trend 0.10 - 0.07 -
Continuous variable
Per SD decline -0.148 (-0.252, -0.045) 0.01 0.001 (-0.009, 0.009) 0.99
SHARE (ltaly)
Categorical variable
Quartile 4 Ref. Ref.
Quartile 3 -0.020 (-0.141,0.101) 0.75 —0.017 (-0.038, 0.003) 0.10
Quartile 2 -0.092 (-0.215,0.031) 0.14 —0.008 (-0.028,0.012) 045
Quartile 1 -0.376 (-0.510,-0.242) <0.001 0.001 (-0.021,0.022) 098
P for trend <0.001 - 0.99 -
Continuous variable
Per SD decline -0.216 (-0.288,-0.145) <0.001 —0.003 (-0.011, 0.005) 049
SHARE (Netherlands)
Categorical variable
Quartile 4 Ref. Ref.
Quartile 3 -0.127 (-0.259, 0.005) 0.06 0.002 (—0.020, 0.025) 0.85
Quartile 2 -0.159 (-0.295,-0.023) 0.02 —0.007 (-0.030,0.016) 0.53
Quartile 1 -0.192 (-0.336, -0.048) 0.01 —0.030 (-0.053, —0.007) 0.01
P for trend 0.01 - 0.02 -
Continuous variable
Per SD decline -0.110(-0.188,-0.032) 0.01 -0.010(-0.018,-0.001) 0.02
SHARE (Spain)
Categorical variable
Quartile 4 Ref. Ref.
Quartile 3 0.008 (-0.129, 0.145) 091 —0.028 (—=0.051, —0.005) 0.02
Quartile 2 -0.228 (-0.370, -0.086) 0.01 —0.019 (-0.042, 0.005) 0.12
Quartile 1 -0.363 (-0.513,-0.214) <0.001 —0.028 (—-0.053, —0.004) 0.02
P for trend <0.001 - 0.03 -
Continuous variable
Per SD decline -0.308 (-0.387,-0.230) < 0.001 -0.005 (-0.014, 0.004) 0.30
SHARE (Sweden)
Categorical variable
Quartile 4 Ref. Ref.
Quartile 3 -0.056 (-0.174, 0.062) 036 —0.004 (-0.021,0.014) 0.68
Quartile 2 -0.022 (-0.143, 0.098) 0.72 —0.011 (=0.029, 0.006) 0.20
Quartile 1 -0.198 (-0.327,-0.070) 0.01 —0.006 (-0.024,0.012) 0.50
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Table 2 (continued)

Countries Cumulative handgrip strength, kg Cumulative handgrip strength-year, kg-y
Coef (95% Cl) P value Coef (95% Cl) P value
P for trend 0.02 - 0.33 -
Continuous variable
Per SD decline -0.119 (-0.190, -0.047) 0.01 -0.003 (-0.009, 0.004) 043
SHARE (Switzerland)
Categorical variable
Quartile 4 Ref. Ref.
Quartile 3 -0.133(-0.314,0.048) 0.15 —0.012 (-0.038,0.013) 033
Quartile 2 -0.117 (-0.303, 0.069) 022 —0.031 (=0.056, —0.006) 0.02
Quartile 1 -0.215 (-0.418,-0.012) 0.04 —0.037 (-0.064, -0.011) 0.01
P for trend 0.05 - 0.01 -
Continuous variable
Per SD decline -0.196 (-0.315,-0.078) 0.01 -0.014 (-0.025, -0.004) 0.08

Beta coefficients were estimated using a linear mixed model. All models were adjusted for age (continuous, years), sex (male and female), marital status (single,
married, and unknown), education level (low, high, and unknown), physical activity (sedentary behavior, moderate physical activity, vigorous physical activity, and
unknown), alcohol drinking (no, yes, and unknown), and cigarette smoking (never, former, and current), BMI (< 25 kg/m?, 25-29.9 kg/m?, >30 kg/m?, and unknown),
hypertension (yes or no), diabetes (yes or no), stroke (yes or no), heart disease (yes or no), and cancer (yes or no)

P values for trend were estimated by assigning the median cumulative handgrip strength value for each cumulative handgrip strength quartile and modeling it as a
continuous variable. Estimated of per SD decline as the beta coefficient for standardized cumulative handgrip strength using the z-score

Abbreviations: Cl confidence interval, Coef coefficient, ELSA English Longitudinal Study of Aging, SD standard deviation, SHARE Survey of Health, Ageing, and
Retirement in Europe

Table 3 Association between cumulative handgrip strength and risk of cognitive impairment

Countries Number Cumulative handgrip strength, kg-year, HR (95% Cl) P for trend®
Per SD decline® Quartile 4 Quartile 3 Quartile 2 Quartile 1

ELSA (UK) 2277 1.17(0.95, 1.45) 1.00 (Ref) 1.11(0.72,1.70) 1.29(0.86, 1.93) 1.60(1.07, 2.39) 0.02

SHARE (Europe)
All countries 7063 1.74(1.53,1.97) 1.00 (Ref.) 1(1.13,2.03) 2.15(1.63, 2.84) 2.85(2.15,3.77) < 0.001
Austria 348 0.96 (0.53,1.74) 1.00 (Ref) 0.72(0.23,2.29) 0.80(0.28,2.31) 0.95(0.32,2.79) 093
Belgium 1272 59(1.18,2.13) 1.00 (Ref.) 2.80(1.20, 6.50) 2.57(1.11,5.98) 5.20(2.27,11.90) < 0.001
Denmark 621 80(1.17,2.78) 1.00 (Ref.) 91 (0.81,4.48) 1.97(0.83,4.70) 3.71(1.56,8.84) 0.01
France 743 31(0.87,1.97) 1.00 (Ref.) 6(0.51,2.64) 1.83 (0.86, 3.90) 42 (0.64,3.14) 0.26
Germany 602 1(0.83, 2.09) 1.00 (Ref.) 88 (0.77,4.57) 1.28(0.52,3.15) 2.54(1.05,6.16) 0.08
Italy 821 204(1 39, 301) 1.00 (Ref.) 0.76 (0.30, 1.89) 1.79(0.83,3.87) 249(1.14,544) 0.01
Netherlands 810 05 (0.71,1.56) 1.00 (Ref.) 1.70(0.68, 4.29) 2.09 (0.86, 5.10) 49 (0.59, 3.76) 0.44
Spain 593 84 (1.17,2.89) 1.00 (Ref.) 1.09 (0.40, 2.97) 1.71(0.67,4.40) 2.25(0.87,5.83) 0.06
Sweden 880 11 (0.75,1.65) 1.00 (Ref.) 91(0.43,1.93) 1.62 (0.80, 3.28) 1(0.52,237) 045
Switzerland 372 231(1.22,4.34) 1.00 (Ref.) 1.73 (040, 7. 56) 2.24(0.56,8.99) 4.99(1.26,19.73) 0.01

HRs were estimated using a Cox regression model. All models were adjusted for age (continuous, years), sex (male and female), marital status (single, married, and
unknown), education level (low, high, and unknown), physical activity (sedentary behavior, moderate physical activity, vigorous physical activity, and unknown),
alcohol drinking (no, yes, and unknown), and cigarette smoking (never, former, and current), BMI (< 25 kg/m?, 25-29.9 kg/m?, > 30 kg/m?, and unknown),
hypertension (yes or no), diabetes (yes or no), stroke (yes or no), heart disease (yes or no), and cancer (yes or no)

Abbreviations: Cl confidence interval, ELSA English Longitudinal Study of Aging, HR hazard ratio, SD standard deviation, SHARE Survey of Health, Ageing, and
Retirement in Europe

2 Estimated as the HRs for standardized cumulative handgrip strength using the z-score

b pvalues for trend were estimated by assigning the median cumulative handgrip strength value for each cumulative handgrip strength quartile and modeling it as a
continuous variable

We deleted participants who were lack of information regarding education level as the cognitive impairment assessed based on educational background

Note: The combined samples from different countries do not equal the total sample size of all countries because cognitive impairment was defined based on different
populations from each country and all countries, resulting in slight differences in sample sizes
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Table 4 Association between cumulative handgrip strength and daily functioning decline (ADLs+IADLs; point/year)

Countries Cumulative handgrip strength, kg Cumulative handgrip strength-year, kg-y
Coef (95% Cl) P value Coef (95% Cl) P value
ELSA (UK)
Categorical variable
Quartile 4 Ref. Ref.
Quartile 3 0.013 (-0.084,0.110) 0.80 0.019 (-0.004, 0.042) 0.11
Quartile 2 —0.001 (=0.102, 0.099) 0.98 0.038(0.014,0.061) 0.01
Quartile 1 0.267 (0.161,0.374) <0.001 0.105 (0.081,0.129) <0.001
P for trend <0.001 - <0.001 -
Continuous variable
Per SD decline 0.255(0.198,0.312) <0.001 0.027 (0.019, 0.036) < 0.001
SHARE (All countries)
Categorical variable
Quartile 4 Ref. Ref.
Quartile 3 —0.056 (=0.121,0.010) 0.10 0.023 (0.002, 0.044) 0.03
Quartile 2 —0.076 (—=0.143,-0.008) 003 0.069 (0.048, 0.090) < 0.001
Quartile 1 0.153(0.079,0.227) < 0.001 0.217(0.195,0.238) <0.001
P for trend 0.01 - <0.001 -
Continuous variable
Per SD decline 0.191 (0.151,0.231) <0.001 0.053 (0.046, 0.061) < 0.001
SHARE (Austria)
Categorical variable
Quartile 4
Quartile 3 —0.082 (-0.331,0.168) 052 —0.033 (=0.126, 0.059) 048
Quartile 2 —0.088 (-0.347,0.171) 0.51 0.023 (-0.071,0.118) 0.63
Quartile 1 0.178 (—=0.093, 0.448) 0.20 0.138 (0.045,0.232) 0.01
P for trend 047 0.01
Continuous variable
Per SD decline 0.140 (-0.032,0.313) 011 0.025 (-0.010, 0.061) 0.17
SHARE (Belgium)
Categorical variable
Quartile 4
Quartile 3 —0.042 (-0.189, 0.105) 0.58 0.036 (—=0.018, 0.090) 0.19
Quartile 2 —0.079 (-0.234, 0.076) 032 0.118(0.064,0.172) < 0.001
Quartile 1 0.242 (0.071,0413) 0.01 0.323(0.268,0.378) <0.001
P for trend 0.08 < 0.001
Continuous variable
Per SD decline 0.240 (0.147,0.333) < 0.001 0.080 (0.060, 0.099) <0.001
SHARE (Denmark)
Categorical variable
Quartile 4
Quartile 3 —0.082 (—0.255, 0.090) 035 0.041 (=0.029,0.111) 0.25
Quartile 2 0.016 (-0.163, 0.196) 0.86 0.076 (0.006, 0.147) 003
Quartile 1 0.251 (0.051,0451) 0.01 0.194 (0.123, 0.266) < 0.001
P for trend 0.06 <0.001
Continuous variable
Per SD decline 0.272 (0.162,0.382) < 0.001 0.048 (0.025,0.071) < 0.001

SHARE (France)
Categorical variable
Quartile 4
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Countries Cumulative handgrip strength, kg Cumulative handgrip strength-year, kg-y
Coef (95% Cl) P value Coef (95% Cl) P value
Quartile 3 0.015(=0.183,0.213) 0.88 0.043 (-0.010, 0.096) 0.12
Quartile 2 0.031 (-0.171,0.233) 0.76 0.029 (—0.025, 0.083) 0.30
Quartile 1 0450 (0.225,0.676) < 0.001 0.198 (0.142,0.254) < 0.001
P for trend 0.01 <0.001
Continuous variable
Per SD decline 0421 (0.297,0.546) <0.001 0.045 (0.025, 0.065) < 0.001
SHARE (Germany)
Categorical variable
Quartile 4
Quartile 3 —0.182 (—0.427,0.062) 0.15 0.032 (—0.048,0.112) 043
Quartile 2 —0.313 (~0.558, —0.069) 0.01 0.015 (-0.062, 0.092) 0.70
Quartile 1 —0.196 (—=0.456, 0.065) 0.14 0.124 (0.044, 0.204) 0.01
P for trend 0.06 0.01
Continuous variable
Per SD decline 0.009 (-0.148, 0.166) 091 0.007 (—0.023, 0.037) 0.64
SHARE (Italy)
Categorical variable
Quartile 4
Quartile 3 —0.042 (-0.238,0.154) 067 0.026 (—0.032, 0.085) 0.38
Quartile 2 —0.036 (-0.235,0.164) 0.73 0.064 (0.006, 0.122) 0.03
Quartile 1 0.106 (—0.114, 0.325) 035 0.263 (0.204, 0.323) < 0.001
P for trend 0.52 <0.001
Continuous variable
Per SD decline 0.190 (0.068,0.311) 0.01 0.063 (0.040, 0.085) < 0.001
SHARE (Netherlands)
Categorical variable
Quartile 4
Quartile 3 —0.038 (-0.167,0.091) 057 0.019 (-0.025, 0.063) 0.40
Quartile 2 —0.036 (—0.169, 0.098) 0.60 0.027 (-0.018,0.072) 0.24
Quartile 1 0.074 (—0.068, 0.217) 031 0.099 (0.054, 0.144) <0.001
P for trend 049 <0.001
Continuous variable
Per SD decline 0.056 (—0.025, 0.136) 0.18 0.024 (0.007, 0.040) 0.01
SHARE (Spain)
Categorical variable
Quartile 4
Quartile 3 —0.166 (—=0.480, 0.148) 0.30 0.080 (—0.006, 0.165) 0.07
Quartile 2 —0.196 (-0.524,0.132) 0.24 0.195(0.107,0.283) < 0.001
Quartile 1 0.033 (-0.318,0.383) 0.86 0.384 (0.293,0.474) <0.001
P for trend 0.86 <0.001
Continuous variable
Per SD decline 0.211 (0.016, 0.406) 0.03 0.107 (0.071,0.143) < 0.001
SHARE (Sweden)
Categorical variable
Quartile 4
Quartile 3 —0.111 (-0.316, 0.094) 0.29 0.051 (-=0.001,0.104) 0.06
Quartile 2 —0.136 (—=0.344,0.072) 0.20 0.034 (—0.018, 0.087) 0.20
Quartile 1 0.049 (-0.171,0.268) 0.66 0.101 (0.048,0.154) < 0.001
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Countries Cumulative handgrip strength, kg Cumulative handgrip strength-year, kg-y
Coef (95% Cl) P value Coef (95% Cl) P value
P for trend 0.86 0.00
Continuous variable
Per SD decline 0.165 (0.049,0.281) 0.01 0.019 (0.001, 0.038) 0.04
SHARE (Switzerland)
Categorical variable
Quartile 4
Quartile 3 —0.004 (-0.168,0.161) 0.96 0.008 (—0.045,0.062) 0.76
Quartile 2 —0.134 (—0.303, 0.036) 012 0.079 (0.025,0.133) 0.01
Quartile 1 —0.006 (-0.195, 0.182) 0.95 0.163 (0.108,0.218) <0.001
P for trend 049 <0.001
Continuous variable
Per SD decline 0.034 (—0.079, 0.147) 0.56 0.064 (0.042, 0.085) < 0.001

Beta coefficients were estimated using a linear mixed model. All models were adjusted for age (continuous, years), sex (male and female), marital status (single,
married, and unknown), education level (low, high, and unknown), physical activity (sedentary behavior, moderate physical activity, vigorous physical activity, and
unknown), alcohol drinking (no, yes, and unknown), and cigarette smoking (never, former, and current), BMI (< 25 kg/m?, 25-29.9 kg/m?,> 30 kg/m?, and unknown),
hypertension (yes or no), diabetes (yes or no), stroke (yes or no), heart disease (yes or no), and cancer (yes or no)

P values for trend were estimated by assigning the median cumulative grip strength value for each cumulative grip strength quartile and modeling it as a continuous
variable; Estimated of per SD decline as the beta coefficient for standardized cumulative handgrip strength using the z-score

Abbreviations: ADL activities of daily living, C/ confidence interval, Coef coefficient, ELSA English Longitudinal Study of Aging, JADL instrumental activities of daily living,

SD standard deviation, SHARE Survey of Health, Ageing, and Retirement in Europe

with accelerated daily functioning decline across quar-
tiles of cumulative handgrip strength in both ELSA and
SHARE (P for trend < 0.001). Similar results were found
in all six countries from SHARE (Table 4). No signifi-
cant differences were observed after adjusting for soci-
odemographic and lifestyle covariates (Supplementary
Table 15). When treated as a continuous variable, declin-
ing cumulative handgrip strength was associated with
a faster decline in daily functioning (8: 0.027; 95% CI:
0.019, 0.036 for ELSA; j3: 0.053; 95% CI: 0.046, 0.061 for
SHARE; Table 4).

Using functional impairment as a secondary outcome,
participants in the lowest quartile of cumulative handgrip
strength had higher odds of functional impairment (HR:
1.51; 95% CI: 1.15, 2.00 for ELSA; 1.64; 95% CI: 1.41, 1.90
for SHARE; Table 5), compared with those in the high-
est quartile. Similar results were found when cumulative
handgrip strength was treated as a continuous variable
(Table 5).

Supplementary Tables 16—17 represent the association
between cumulative handgrip strength and subdomains
of daily functioning (ADLs and IADLs), with results
consistent with the main findings. Results remained
unchanged when handgrip strength was measured as
the maximum of several handgrip strength measure-
ments of the dominant hand (Supplementary Table 18),
or when analyses were restricted to participants who had
complete follow-up data (Supplementary Table 19). The

positive associations between declining cumulative hand-
grip strength and functional impairment persisted after
adjusting for sociodemographic and lifestyle covariates
(Supplementary Table 20) or using the maximum hand-
grip strength measurements as the alternative measure-
ment (Supplementary Table 21). In the sub-scores of
ADL and IADL, lower cumulative handgrip strength
was significantly associated with increased limitations
in dressing, bathing, eating, grocery shopping, and meal
preparation (Supplementary Table 22).

Subgroup analyses revealed some heterogeneities in the
associations between cumulative handgrip strength and
daily functioning, with stronger associations observed
among females, individuals with sedentary behavior,
and those with a BMI > 30 kg/m?, particularly in SHARE
(Supplementary Table 13—14).

Discussion

In our study, using the data from 11,021 participants
(7,782 participants from ELSA and 3,239 participants
from SHARE), we found that low levels of cumula-
tive handgrip strength were associated with accelerated
declines in cognitive function and daily functioning over
time, as well as a higher risk of cognitive and functional
impairment. Notably, the association between low levels
of cumulative handgrip strength and cognitive and func-
tional impairment was stronger in females than in males.
The association between cumulative handgrip strength
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Countries Number Cumulative handgrip strength, kg-year, HR (95% Cl) P for trend®
Per SD decline® Quartile 4 Quartile 3 Quartile 2 Quartile 1

ELSA (UK) 2277 1.34(1.15 1.56) 1.00 (Ref.) 1.12(0.85, 1.49) 1.23(0.93,1.62) 1.51(1.15, 2.00) 0.01

SHARE (Europe)
All countries 7,063 146 (1.34,1.58) 1.00 (Ref) 03 (0.88, 1.20) 1.14(0.98,1.33) 1.64 (1.41,1.90) < 0.001
Austria 348 1.06 (0.71,1.57) 1.00 (Ref) 0.53(0.27, 1.05) 0.64 (0.34, 1.21) 0.94(0.51, 1.75) 0.70
Belgium 1,272 1.35(1.11, 1.66) 1.00 (Ref) 00 (0.69, 143) 1.30(0.92, 1.84) 38(0.95,1.99) 0.07
Denmark 621 78 (1.26,2.53) 1.00 (Ref.) 0.97 (O 57,1.65) 1.29(0.76,2.18) (O 97,2.90) 0.07
France 743 1.30(1.00, 1.70) 1.00 (Ref.) 9(0.85,1.97) 1.19(0.77,1.84) 9(0.89,2.17) 0.18
Germany 602 1.23(0.90, 1.69) 1.00 (Ref.) 0.79 (O 45,1.40) 0.99 (0.58, 1 66) (O 70,2.07) 0.50
[taly 821 1.77 (1.43,2.20) 1.00 (Ref.) 1.19(0.76, 1.87) 1.60 (1.04,2.47) 2.36(1.53,3.63) <0.001
Netherlands 810 142 (1.04,1.94) 1.00 (Ref) 1.45(0.83, 2. 55) 1.22(0.69,2.17) 1.68 (0.95, 2.95) 0.11
Spain 593 49(1.18,1.88) 1.00 (Ref.) 0.97 (0.61, 1.55) 1.55(1.00, 2.39) 1.95 (1.24,3.06) 0.01
Sweden 880 146 (1.11,1.94) 1.00 (Ref) 1.00 (0.64, 1.57) 0.89(0.56,1.42) 1.52(0.96,2.41) 0.18
Switzerland 372 1.67 (1.06,2.62) 1.00 (Ref.) 1.06 (047, 235) 48(0.70,3.11) 1.85(0.86,4.02) 0.09

HRs were estimated using a Cox regression model. All models were adjusted for age (continuous, years), sex (male and female), marital status (single, married, and
unknown), education level (low, high, and unknown), physical activity (sedentary behavior, moderate physical activity, vigorous physical activity, and unknown),

alcohol drinking (no, yes, and unknown), and cigarette smoking (never, former, and current), BMI (< 25 kg/m?, 25-29.9 kg/m?, >

30 kg/m?, and unknown),

hypertension (yes or no), diabetes (yes or no), stroke (yes or no), heart disease (yes or no), and cancer (yes or no)

Abbreviations: Cl confidence interval, ELSA English Longitudinal Study of Aging, HR hazard ratio, SD standard deviation, SHARE Survey of Health, Ageing, and

Retirement in Europe

2 Estimated as the HRs for standardized cumulative grip strength using the z-score

b pvalues for trend were estimated by assigning the median cumulative handgrip strength value for each cumulative handgrip strength quartile and modeling it as a

continuous variable

Note: The combined samples from different countries do not equal the total sample size of all countries because cognitive impairment was defined based on different
populations from each country and all countries, resulting in slight differences in sample sizes

and an accelerated functional decline was stronger in
individuals with sedentary behaviors.

Our study revealed that cumulative handgrip strength
was lower among older adults, non-drinkers, non-smok-
ers (only in females), those with low education levels, and
individuals who engaged in sedentary behavior. These
findings are consistent with a systematic review indi-
cating that older adults (based on 20 studies) and those
not engaged in physical activities (based on five studies)
tended to have lower handgrip strength [21]. Similarly, a
study of 3,634 adults from the Korea National Health and
Nutrition Examination Survey also found that lower lev-
els of handgrip strength was associated with reduced
physical activity and lower education levels [22]. How-
ever, the associations between smoking status, alcohol
consumption, and handgrip strength remain inconsist-
ent. For example, a study of 7,649 Korean adults sug-
gested that current smokers had stronger mean handgrip
strength compared to ex-smokers and non-smokers, par-
ticularly among individuals aged over 60 years [23], In
contrast, a study of American adults found no significant
association between muscle strength and smoking status
[24]. Similarly, the role of alcohol consumption as either
a protective or risk factor for handgrip strength decline
remains debated [25, 26].

Relationships between handgrip strength and cogni-
tive function were widely reported in previous studies
[27]. A recent prospective cohort study of 340,212 par-
ticipants from UK Biobank showed that a 5 kg incre-
ment in absolute handgrip strength was associated with a
reduced risk of 14% in all-cause dementia (HR, 0.86; 95%
CI: 0.83, 0.88) [28]. However, most existing studies usu-
ally used a single time-point measurement of handgrip
strength, and did not account for the effects of cumula-
tive exposure for an individual to muscle strength on
cognition over time. Recently, a cohort study involving
6,696 participants from the Korean Longitudinal Study
of Aging (KLoSA) with multiple measurements of hand-
grip strength demonstrated that compared with the sta-
ble or increased handgrip strength group, the decreased
handgrip strength group showed a cognitive decline dur-
ing follow-up (B: —0.31; 95% CI: —0.41, —0.22 for men;
—0.27; 95% CI: —0.37, —0.16 for women) [29]. However,
this study was limited to Korean populations, which
restricts the generalizability of the results. Our study,
using the data from 11 countries (including the UK and
10 European countries), calculated cumulative handgrip
strength based on three repeated measurements of hand-
grip strength over 6-8 years and robustly demonstrated
that lower levels of cumulative handgrip strength was
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related to an accelerated decline in cognitive function
over time. Thus, our findings confirmed the predictive
value of the repeated handgrip strength measurements
for identifying people at a higher risk of cognitive decline.
When cognitive impairment was used as the outcome,
the findings consistently showed that exposure to lower
levels of cumulative handgrip strength was associated
with an increased risk of cognitive impairment. However,
disparities in this association were observed across coun-
tries. For instance, Austria showed a negative but statis-
tically insignificant association, while Belgium exhibited
a significantly positive association. These inconsistencies
may stem from differences in sample sizes and popula-
tion characteristics, underscoring the need for further
research to explore these heterogeneities in greater
depth.

Another important finding of our study was that poor
cumulative handgrip strength was strongly associated
with accelerated daily functioning decline and functional
impairment. Previous studies have investigated the effect
of handgrip strength on daily functioning, including
ADLs and IADLs, in different populations. For exam-
ple, a study of 18,391 Americans aged 50 years and over
found that lower handgrip strength was associated with
a 1.7-times increased risk of IADL disability (OR: 1.70,
95% CI: 1.57, 1.84) and was associated with a 2.26-times
increased risk of ADL disability (OR: 2.26, 95% CI: 2.03,
2.51), respectively [30]. The China Health and Retirement
Longitudinal Study (CHARLS) illustrated similar results
and found functional limitations mediated the relation-
ship between weak handgrip strength and cognitive func-
tion impairment [31]. Unlike previous studies that used
baseline handgrip strength, our study utilized multiple
repeated measurements of handgrip strength to explore
the longitudinal relationship between cumulative hand-
grip strength and daily functioning. Although there were
differences in the manners of handgrip strength measure-
ment (single time vs. multiple repeated times) between
our study and the previous studies, our results align
with the existing literature, confirming the credibility of
cumulative handgrip strength in identifying people at
high risk for functional disability. Furthermore, our study
found that lower levels of cumulative handgrip strength
was associated with a decline in each item of both ADLs
and IADLs. Specifically, abilities such as dressing, bath-
ing, eating, grocery shopping, and meal preparation were
notably affected. This pattern was consistently observed
across the ELSA and SHARE datasets, suggesting a
broad influence of handgrip strength on functional inde-
pendence. Similar findings have been reported among
American adults [32, 33]. Maintaining normal levels of
handgrip strength is essential for independent living and
self-care ability [34]. Handgrip strength could reflect the
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overall muscle strength due to its association with other
muscular tissues; declined handgrip strength would
restrict the ability of individuals to perform physical
activity, which necessitates overall muscle strength [35],
potentially impairing tasks demanding greater force gen-
eration, such as grocery shopping and meal preparation.
Additionally, reduced handgrip strength has been linked
to cognitive decline, which may further compromise per-
formance in autonomous living tasks—even those requir-
ing minimal muscular force output. Functional disability
is associated with a range of adverse outcomes, including
an increased risk of elder abuse, and mortality [36, 37].
Therefore, enhancing handgrip strength to reduce func-
tional disability is crucial for improving the overall health
and well-being of adults.

The subgroup analyses revealed that the associa-
tion between cumulative handgrip strength and cog-
nitive decline was stronger in females than males.
Similarly, a previous study [38] found a stronger rela-
tionship between low handgrip strength and mild cog-
nitive impairment in females than males. The previous
study showed that females experienced greater memory
decline relative to males, and APOE genotype influenced
the gender differences in neuropathology, which may
contribute to the observed disparities in progression of
cognitive decline [39]. A stronger association between
lower levels of cumulative handgrip strength and a
higher risk of functional impairment was also found in
females, which was in line with the result from a prospec-
tive study of China Health and Retirement Longitudinal
Study (CHARLS) [40]. Relatively high susceptibility to
decreases in muscle strength and mass in females might
partially explain these gender disparities [41]. Moreover,
cognition and physical function are strongly related; cog-
nitive decline may contribute to ADL and IADL disability
[30]. Our results found that there was a faster cognitive
decline in females than males, which may be another
plausible explanation for a stronger association between
handgrip strength and functional impairment among
females. Besides, the association between lower cumula-
tive handgrip strength and accelerated functional decline
was stronger in individuals with sedentary behaviors,
consistent with previous studies [42]. Aerobic resistance,
endurance, and physical flexibility have a mediating effect
on the correlation between sedentary behaviour and
functional disability including the decline in ADLs and
IADLs [43].

Though mechanisms underlying the association of
handgrip strength with cognitive function and daily
functioning were not fully understood, several poten-
tial pathological pathways have been suggested. First,
SPARC-related modular calcium-binding protein 1
(SMOC1) was significantly over-expressed in some
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plaque structures of patients with Alzheimer’s dis-
ease [44]. Simultaneously, increased expression levels
of SMOC1 with handgrip strength decline have been
observed [45], suggesting that SMOCI1 or its related
signaling pathways may play a role in the associations
mentioned above. Second, the association of handgrip
strength and cognitive function could result from dif-
ferences in brain structure. For example, great handgrip
strength contributed to increased grey matter volume
in the brain, resulting in better cognitive function [46].
Besides, low handgrip strength could accelerate the pro-
gression of cerebral white matter hyperintensity (WMH)
and thereby increase functional impairment [47]. Third,
weak handgrip strength was associated with insuffi-
cient serum folate concentrations [48], which has been
proposed as the risk factor for the onset of cognitive
function impairment and degenerative dementia [49].
Moreover, elevated homocysteine levels were associ-
ated with decreased handgrip strength [50] and cognitive
decline [51]. Fourth, in terms of the association between
handgrip strength and daily functioning, several shared
physiopathologic mechanisms, including inflammation
(elevated level of C-reactive protein) [52, 53], declined
hemoglobin level [54], oxidative stress [55], have been
proposed, as all of which may result in both declines in
handgrip strength and daily functioning.

The positive association between lower cumulative
handgrip strength and cognitive and functional impair-
ment suggested that handgrip strength could be used as
a routine screening tool for identifying people at signifi-
cant risk of dementia and functional disabilities due to
its simplicity and low cost. The multiple repeated meas-
urements of handgrip strength in our study further high-
lighted that dynamic assessments of handgrip strength
could be considered for screening individuals for poten-
tial neurological function disorders. Previous studies
observed that handgrip strength and muscle mass were
significantly ameliorated by exercise in older adults [56].
Maintaining handgrip strength at optimum levels or pre-
venting their declines achieved by physical activity could
be an effective strategy to prevent dementia and physical
dependence onset. Based on our subgroup analyses, asso-
ciations between handgrip strength and cognitive and
functional impairments were stronger among females,
suggesting that policymakers should acknowledge gen-
der differences when formulating policies and health
services.

Strengths and limitations

The first strength of this study is that we recruited 11,021
participants from two multi-nationally representative
longitudinal cohort studies that covered 11 countries
to provide robust evidence on the association between
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cumulative handgrip strength and long-term changes
in cognitive function and daily functioning. Second,
cumulative handgrip strength in this study was derived
from multiple repeated time-point measurements,
which allowed us to explore the cumulative exposure
effect of handgrip strength on cognitive function and
daily functioning trajectories. Nevertheless, we need to
acknowledge several limitations. Firstly, our study used
questionnaires to measure cognitive function and daily
functioning, which might not be sensitive enough to find
minor subclinical deficits. While the validity and reli-
ability of verbal memory and semantic fluency tests have
been well-established for estimating cognitive function,
more precise neuropsychological testing could provide
greater accuracy and should be incorporated in future
research. Secondly, although our study included several
essential covariates, some unmeasured confounding fac-
tors, such as nutrition, might have impacted this associa-
tion and were not included in the analyses due to data
limitations. Meanwhile, some covariates, such as physi-
cal activity and alcohol drinking, could not be quantita-
tively determined as the WHO recommended because
the data was unavailable, which may influence the results.
Thirdly, several individuals were excluded from this study
due to loss of follow-up and lack of necessary informa-
tion, which may lead to biased results. Fourthly, normal-
ized handgrip strength using absolute handgrip strength
divided by weight or BMI in our study was not calculated
due to the high missing values of weight or BMI, which
may influence the precision of the predictive value of
handgrip strength on cognition function and daily func-
tioning decline. Fifthly, our study was the lack of a formal
sample size calculation, which may affect the generaliz-
ability of the findings. However, the use of two multi-
nationally representative longitudinal cohort studies
with 11,021 participants mitigated this concern to some
extent.

Conclusions

Our study suggested that lower levels of cumulative
handgrip strength was related to an accelerated decline
in cognitive function and daily functioning and a higher
risk of incident cognitive and functional impairment.
Strengthening muscle strength should be emphasized in
preventing neurodegenerative disorders and disabilities
in elderly populations.
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