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with 95% confidence intervals (CIs) were estimated 
for cognitive outcomes. Relevant published stud-
ies were sought in MEDLINE, Embase and Web 
of Science from inception until October 2021 and 
pooled using random effects meta-analysis. During a 
median follow-up of 16.6 years, 229 dementia cases 
were recorded. Comparing extreme tertiles of HGS, 
the multivariable adjusted HR (95% CI) for demen-
tia, AD and vascular dementia was 0.77 (0.55–1.07), 
0.75 (0.52–1.10) and 0.49 (0.16–1.48), respectively. 
In a meta-analysis of 16 population-based prospec-
tive cohort studies (including the current study) 
comprising 180,920 participants, the pooled multi-
variable adjusted relative risks (95% CIs) comparing 
the top vs bottom thirds of HGS levels were as fol-
lows: 0.58 (0.52–0.65) for cognitive impairment; 0.37 
(0.07–1.85) for cognitive decline; 0.73 (0.62–0.86) 

Abstract  Handgrip strength (HGS), a measure 
of muscular strength, might be a risk indicator for 
cognitive functioning, but the evidence is not con-
sistent. Using a new prospective study and meta-
analysis of published observational cohort studies, 
we aimed to evaluate the prospective associations of 
HGS with poor cognitive outcomes including cog-
nitive impairment, dementia and Alzheimer’s dis-
ease (AD). Handgrip strength, measured using a 
Martin-Balloon-Vigorimeter, was assessed at base-
line in a population-based sample of 852 men and 
women with good cognitive function in the Kuopio 
Ischemic Heart Disease cohort. Hazard ratios (HRs) 
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for dementia; 0.68 (0.53–0.87) for AD; and 0.48 
(0.32–0.73) for vascular dementia. GRADE quality 
of evidence ranged from low to very low. Meta-anal-
ysis of aggregate prospective data suggests that HGS 
may be a risk indicator for poor cognitive outcomes 
such as cognitive impairment, dementia and AD. 
Systematic review registration: PROSPERO 2021: 
CRD42021237750.

Keywords  Handgrip strength · Cognitive 
impairment · Dementia · Alzheimer’s disease · 
Cohort study · Meta-analysis

Introduction

Cognitive impairment in older people is a transi-
tional state that leads to dementia [17, 70]. Though 
cognitive decline is related to the ageing process, it 
goes beyond age-related cognitive changes, but it is 
characterised by less severe impairment compared to 
dementia [58]. In addition to marked deterioration of 
cognitive functions, dementia may be characterised 
by loss of independence and weakness. It represents 
a growing global public health burden and represents 
one of the major challenges of the century. Alzhei-
mer’s disease (AD) is the most prevalent cause of 
dementia, with vascular dementia being the second 
most prevalent cause. Though ageing and the APOE 
gene represent the most well-known nonmodifiable 
risk factors for AD [20] and one-third of global AD 
cases globally are attributable to modifiable risk fac-
tors such as type 2 diabetes, hypertension, obesity, 
dyslipidemia, smoking, physical inactivity, smok-
ing and depression [67], its pathogenesis is still not 
fully understood. The identification of individuals at 
elevated risk of dementia constitutes a difficult under-
taking. There is therefore a need to identify easily 
measurable risk indicators that could aid in the early 
detection of poor cognitive functioning to implement 
intervention strategies.

The role of physical activity in improving health 
and reducing the risk of chronic disease outcomes 
such as vascular disease, diabetes and cancer is 
well known [42, 44, 48, 56]. The beneficial effects 
of physical activity on these outcomes have been 
reported to be modulated through its beneficial 
effects on risk factors such as body weight, glucose, 
blood pressure, lipid profiles and inflammation [41]. 

Physical activity has also been shown to promote 
brain plasticity and improve cognitive function [12]. 
Indeed, several studies have reported a decreased 
dementia risk with increased physical activity [23, 
57]. In a comprehensive evidence-based review con-
ducted by the American Academy of Neurology, it 
was concluded that exercise could be useful in slow-
ing down the clinical progression from mild cognitive 
impairment (MCI) to dementia [68]. Physical fitness, 
which has cardiorespiratory fitness (CRF) and mus-
cular fitness as its main components, is one of the 
strongest predictors of the future health status of an 
individual [2]. Muscular fitness also has muscular 
strength, muscular endurance and muscular power as 
its main components [2]. Cardiorespiratory fitness, an 
index of habitual aerobic physical activity [63], has 
also been consistently shown to be independently and 
inversely associated with the risk of several chronic 
disease outcomes including dementia [30, 47, 49, 
83]. Handgrip strength (HGS), a proxy for muscular 
strength [4, 5] and a measure of physical fitness, has 
been recognised as a strong risk indicator for adverse 
health outcomes. Several observational cohort studies 
have shown HGS to be independently associated with 
reduced risk of several chronic disease outcomes as 
well as all-cause mortality [36, 46, 53, 54]. A num-
ber of epidemiological studies have evaluated the 
associations of HGS with the risk of poor cognitive 
outcomes such as cognitive impairment or decline, 
dementia and AD, but the results have been divergent 
[9, 25, 31, 59, 78, 81]. Whereas some studies have 
reported some associations [25, 31, 59], other stud-
ies have demonstrated no evidence of an association 
[9, 78, 81]. A number of these studies have also been 
based on cross-sectional and case–control designs, 
which lack temporality [29, 62]. There is uncertainty 
as to whether HGS could be a risk indicator for poor 
cognitive outcomes.

Given that HGS is easy to measure and conveni-
ent to use, it will be of immense clinical benefit if 
it can be used to identify individuals or patients 
at high risk of these outcomes. In this context, we 
aimed to re-evaluate the nature and magnitude of the 
associations of HGS with cognitive outcomes such 
as cognitive impairment, dementia and AD, using 
two approaches. First, we evaluated the associations 
using a population-based cohort study of men and 
women from eastern Finland followed up for over 
two decades. Second, we performed pooled analysis 
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of available published prospective evidence on the 
association (including the new study), thereby offer-
ing the opportunity to assess the associations in a 
larger representative sample of participants.

Materials and methods

Prospective cohort methods

Study design and population

This study was reported in accordance with 
STROBE (STrengthening the Reporting of OBser-
vational studies in Epidemiology) guidelines for 
reporting observational studies in epidemiology 
(Electronic Supplementary Material 1). Study par-
ticipants for the cohort analysis utilised participants 
of the Kuopio Ischemic Heart Disease (KIHD) 
study, a population-based prospective cohort study 
designed in Kuopio, Finland, to investigate risk 
factors for vascular disease and other related out-
comes [72]. Details of participant recruitment and 
flow have been reported previously (Electronic 
Supplementary Material 2) [45]. Briefly, the initial 
KIHD cohort comprised a representative sample of 
men aged 42–61  years recruited from Kuopio city 
and surrounding rural communities in eastern Fin-
land. Re-examinations were conducted at 4  years, 
11  years and 20  years after study entry. At the 
11-year re-examinations, a randomly selected group 
of women aged 53–74 years was invited to join the 
initial cohort. Of this combined cohort, a subset of 
randomly selected participants had HGS assess-
ments, who were utilised for this analysis [35, 45]. 
The current analysis employed 852 men and women 
with non-missing information on HGS, relevant 
covariates and cognitive outcomes.

Ethics

The institutional review board of the University 
of Kuopio and Kuopio University Hospital, Kuo-
pio, Finland (licence number 143/97), approved the 
research protocol. All study procedures were con-
ducted according to the Declaration of Helsinki. All 
study participants provided written informed consent.

Assessment of HGS and relevant covariates

A handheld dynamometer was used to assess the 
HGS of the dominant hand for each participant (in 
kPa; Martin-Balloon-Vigorimeter; Gebrüder Martin, 
Tuttlingen, Germany). This involved two measure-
ments with the dynamometer calibrated at the begin-
ning of each test and there was a 1-min resting gap 
between both HGS measurements. The mean of both 
values was used for analysis [36, 43, 52, 54]. Detailed 
description of physical measurements, assessment of 
lifestyle characteristics and prevalent diseases, blood 
sample collection and measurement of blood-based 
markers have been previously described [35, 39]. 
Self-administered questionnaires were used to assess 
lifestyle characteristics such as smoking and alcohol 
consumption, baseline diseases and use of medica-
tion. Before blood collection, participants fasted 
overnight and abstained from drinking alcohol for at 
least 3 days and smoking for at least 12 h. Circulat-
ing lipids were measured enzymatically (Boehringer 
Mannheim, Mannheim, Germany) from fresh serum 
samples after combined ultracentrifugation and pre-
cipitation [38]. Serum high sensitivity C-reactive 
protein (hsCRP) measurements were made with an 
immunometric assay (Immulite High Sensitivity 
C-Reactive Protein Assay; DPC, Los Angeles, CA, 
USA). Prevalent hypertension was defined as a phy-
sician diagnosis of hypertension, systolic blood pres-
sure (SBP) ≥ 140  mmHg, diastolic blood pressure 
(DBP) ≥ 90  mmHg or use of antihypertensive medi-
cation. The energy expenditure of physical activity 
was assessed from a validated 12-month leisure-time 
physical activity questionnaire [51]. Body mass index 
(BMI) was calculated by dividing weight measured in 
kilogrammes by the square of height in metres.

Ascertainment of cognitive outcomes

Dementia and AD cases that occurred from study 
entry through 2018 were included. There were no 
losses to follow-up as all KIHD study participants are 
under continuous annual monitoring (using personal 
identification codes) for incident outcomes including 
dementia cases as well as deaths [50]. Data on cog-
nitive outcomes (dementia and AD) were ascertained 
from record linkage to the national computerised 
hospitalisation registry covering every specialised 
medical care hospitalisation and specialised medical 
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care visit in Finland. Patients were initially screened 
using cognition tests including the Mini-Mental 
State Examination at baseline examination and once 
after the study entry. Screen-positives were then fol-
lowed up for further testing. Those suspected of hav-
ing dementia were examined by neurologists and had 
neuropsychological testing and magnetic resonance 
imaging of the brain [37, 40, 55]. The diagnoses of 
dementia cases were coded according to the Interna-
tional Classification of Diseases codes.

Systematic review methods

Data sources and searches

We registered the systematic review in the PROS-
PERO prospective register of systematic reviews 
(CRD42021237750) and it was conducted in accord-
ance with a predefined protocol and PRISMA and 
MOOSE guidelines [61, 79] (Electronic Supplemen-
tary Materials 3-4). MEDLINE and Embase were 
searched from inception to 06 October 2021 with 
no language restrictions placed on language. The 
computer-based searches used a combination of key 
MeSH terms or free text relating to the exposure 
(“handgrip strength”, “muscular strength”) and out-
come (“cognitive impairment”, “cognitive decline”, 
“dementia”, “Alzheimer’s disease”). The detailed 
search strategy is reported in Electronic Supple-
mentary Material 5. One author (S. K. K.) initially 
screened titles and abstracts of retrieved citations to 
assess their potential for inclusion. The screening was 
conducted using Rayyan, a free online bibliographic 
tool that helps expedite the initial screening of 
abstracts and titles using a process of semi-automa-
tion while incorporating a high level of usability [64]. 
This was then followed by full-text evaluation. To 
identify studies missed by the initial search, the refer-
ence lists of relevant studies and review articles were 
manually scanned and the Web of Science “cited ref-
erence search” was employed.

Eligibility criteria

The protocol was pre-specified to include popu-
lation-based observational cohort (retrospective 
or prospective, case cohort or nested case–con-
trol) studies conducted in general populations, had 
at least one year of follow-up and examined the 

relationship of HGS with the risk of incident cog-
nitive outcomes such as cognitive impairment or 
decline, dementia or its subtypes in adult patients. 
The following studies were excluded: (i) case–con-
trol study designs and (ii) those in individuals with 
pre-existing cognitive impairment and dementia. 
To ensure consistency and enhance interpretation 
of the findings, we excluded studies that evaluated 
cognitive impairment as a continuous outcome, as 
these were reported on different scales.

Data extraction and risk of bias assessment

Using a pre-tested standardised data collection form, 
one author (S. K. K.) initially extracted relevant data 
from eligible studies and a second author (N. M. I.) 
independently checked the data with that in original 
articles. Data were extracted on (i) study and design 
characteristics (first author and year of publication, 
country of origin, year of enrolment, study design, 
sample size and follow-up); demographic character-
istics (age, sex); exposure (HGS tool and its assess-
ment) and outcomes (type of event, its ascertainment 
and number, the most fully adjusted relative risks 
(RRs), hazard ratios (HRs) or odds ratios (ORs) with 
corresponding 95% confidence interval [CIs] and 
covariates adjusted for). For multiple articles involv-
ing the same cohort, study selection was limited to a 
single set of most comprehensive results to avoid dou-
ble counting of study participants in the pooled analy-
sis. The key factor used for selection was the most up-
to-date and/or most comprehensively reported study.

The risk of bias within each observational study 
was assessed using the Cochrane Risk of Bias in Non-
randomised Studies–of Interventions (ROBINS-I) 
tool [77]. This tool assesses risk of bias for confound-
ing, participant selection, classification of interven-
tions, deviations from intended interventions, missing 
data, outcome measurements and selective reporting. 
Risk is quantified in each domain as low risk, mod-
erate risk, serious risk or critical risk, then an over-
all judgement of the risk of bias is provided for each 
study. We also used the Grading of Recommendations 
Assessment, Development and Evaluation (GRADE) 
approach to assess the quality of the body of evi-
dence, based on study limitations, inconsistency of 
effect, imprecision, indirectness and publication bias 
[24].
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Statistical analyses

Prospective cohort analyses

Using descriptive analyses, baseline characteristics 
were summarised as means (standard deviation, SD) or 
medians (interquartile range, IQR) for continuous vari-
ables and percentages for categorical variables. Hazard 
ratios (HRs) with 95% confidence intervals (CIs) for 
dementia, AD and vascular dementia were estimated 
using Cox proportional hazard models. Handgrip 
strength was modelled as a continuous (per stand-
ard deviation (SD) increase) and categorical (tertiles) 
exposure variable. Hazard ratios were adjusted for in 
two progressive models: (i) age and sex and (ii) plus 
BMI, smoking status, history of type 2 diabetes mel-
litus (T2DM), history of hypertension, prevalent CHD, 
total cholesterol, high-density lipoprotein cholesterol 
(HDL-C), physical activity and hsCRP.

Meta‑analysis

Relative risks with 95% CIs were used as the sum-
mary measures of association. To enable consistency 
and enhance pooling and interpretation of the results, 
reported study-specific risk estimates were converted 
to comparisons involving the top versus bottom ter-
tiles of HGS values using standard statistical meth-
ods [11, 22] described in previous reports [33, 34, 
36]. For comparisons that could not be transformed 
into extreme tertiles, the extreme groups (i.e. maxi-
mum versus minimal value of HGS) as provided by 
the reports were utilised for the analyses, as used in 
previous reports [36, 42, 44, 45]. This methodology 
is considered reliable as shown in a previous review, 
which showed that pooled estimates from transformed 
and untransformed data are qualitatively similar [10]. 
When the highest HGS was the referent, we con-
verted the reported risk estimate into its reciprocal. 
The RRs were pooled using random effects models to 
account for the effect of between-study heterogeneity 
[14]. The outcomes (cognitive impairment, cognitive 
decline, dementia, AD and vascular dementia) were 
pooled separately as reported by the studies. For stud-
ies that reported only AD or vascular dementia, these 
were also classified as dementia in a separate analysis. 
Statistical heterogeneity between studies was quanti-
fied using standard chi-square tests and the I2 statistic 
[28]. Several study-level characteristics were used to 

investigate the sources of heterogeneity using strati-
fied analysis and random effects meta-regression [80]. 
These included geographical location (Europe vs 
North America vs Asia), the average age at baseline 
(< 75 vs ≥ 75 years), the average duration of follow-
up (< 10 vs ≥ 10 years, based on evidence suggesting 
that physical activity tends to decline approximately 
a decade before dementia diagnosis [71]), HGS 
assessment method (Jamar dynamometer vs other), 
number of events (< 250 vs ≥ 250), degree of adjust-
ment (minimal adjustment ( +) vs adjustment for 
several established risk factors including comorbidi-
ties (+ +)) and overall risk of bias (moderate vs seri-
ous risk of bias). We assessed for small study effects 
using formal tests such as Begg’s funnel plots [3] and 
Egger’s regression symmetry test [16]. All statistical 
analyses were performed using Stata version MP 16 
(Stata Corp, College Station, Texas).

Results

Prospective cohort

Baseline characteristics

The baseline characteristics of study participants are 
reported in Table  1. The overall mean (SD) age of 
study participants at baseline was 69 (3) years, with 
47.4% being males. The mean (SD) baseline HGS 
was 76.2 (21.1) kPa. The prevalence of hyperten-
sion was 45.7% (389/852); of the 852 study partici-
pants, 277 (32.5%) had isolated systolic hypertension 
at study entry. During a median (IQR) follow-up of 
16.6 (10.4–19.1) years, 229 dementia cases (annual 
rate 18.51/1,000 person-years at risk; 95% CI: 16.26 
to 21.07) were recorded and these included 188 cases 
of AD and 22 cases of vascular dementia.

HGS and cognitive outcomes

The age- and sex-adjusted HR (95% CIs) for demen-
tia per 1 SD increase in HGS was 0.90 (0.77–1.06) 
which was minimally attenuated to 0.94 (0.80–1.09) 
on further adjustment for BMI, smoking status, his-
tory of T2DM, history of hypertension, prevalent 
CHD, total cholesterol, HDL-C, physical activity 
and hsCRP. Alternatively, comparing the top ver-
sus bottom tertile of HGS values, the corresponding 
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adjusted HRs (95% CIs) were 0.73 (0.53–1.02) and 
0.77 (0.55–1.07), respectively (Table  2). Comparing 
the top versus bottom third of HGS, the fully adjusted 
HRs (95% CIs) for AD and vascular dementia were 
0.75 (0.52–1.10) and 0.49 (0.16–1.48), respectively.

Systematic review and meta‑analysis

Study identification and selection

The study selection process is illustrated in Fig. 1. A 
total of 387 citations were retrieved from the search 
of the databases and manual reference screening of 
relevant articles. Following screening of titles and 
abstracts, 56 citations were selected for full text 
evaluation. Following detailed evaluation, 40 arti-
cles were excluded because: (i) outcome was not 
relevant (n = 21); (ii) exposure not relevant (n = 8); 
(iii) duplicate of an eligible study (n = 7); (iv) 
study design not relevant (n = 2); and (v) popula-
tion not relevant (n = 2). We identified a total of 16 

articles representing 15 unique prospective cohort 
studies [6–9, 15, 21, 25, 27, 31, 59, 66, 73, 75, 78, 
81, 82]. Including the current study, the pooled anal-
ysis comprised 16 unique studies involving 180,920 
participants.

Study characteristics and risk of bias

Table 3 summarises baseline characteristics of the eli-
gible studies that evaluated the associations between 
HGS and cognitive outcomes in general populations. 
Publication years ranged from 2007 to 2020 and all 
the studies were based on prospective cohort designs. 
The average age at baseline ranged from approxi-
mately 58.0 to 85.0  years, with a weighted mean 
of 59.8  years. All studies enrolled both males and 
females. Five studies were based in Asia (Israel, Japan 
and South Korea); five in North America (USA); five 
in Europe (Finland, Germany, Italy and the UK); and 
one in Africa (Tanzania). Average duration of follow-
up ranged from 2.0 to 25.0  years, with a weighted 
mean of 6.0 years. There was considerable variation 
in tools and methods of assessing HGS across stud-
ies; however, the Jamar handheld dynamometer was 
the most frequently used. Furthermore, most studies 
(n = 12) expressed HGS as kilogrammes. The most 
frequent cognitive outcomes evaluated by studies 
included cognitive impairment, cognitive decline, 
dementia and AD. Two studies reported on vascular 
dementia and one reported on the combined outcome 
of mild cognitive impairment and Alzheimer’s dis-
ease (MCI/AD). There was variation in the degree of 
covariate adjustment across studies, but most studies 
adjusted for conventional risk factors such as age, sex, 
education, physical activity, smoking, alcohol con-
sumption, and prevalent comorbidities. Eight studies 
were at moderate risk of bias (i.e., at low or moder-
ate risk of bias for all domains) and 8 studies were at 
serious risk of bias (i.e., were judged to be at serious 
risk of bias in at least one domain, but not at critical 
risk of bias in any domain) (Electronic Supplemen-
tary Material 6).

HGS and cognitive outcomes

In pooled analysis of 5 studies, the multivariable 
adjusted RR (95% CI) of cognitive impairment (2574 
cases) comparing the top versus bottom third of HGS 
values was 0.58 (0.52–0.65; I2 = 0%; 95% CI: 0, 79%; 

Table 1   Baseline participant characteristics

BMI body mass index, CHD coronary heart disease, CI con-
fidence interval, CRP C-reactive protein, DBP diastolic blood 
pressure, HDL-C high-density lipoprotein cholesterol, IQR 
interquartile range, LTPA leisure-time physical activity, SD 
standard deviation, SBP systolic blood pressure

Mean (SD), 
median (IQR) or 
n (%)

Handgrip strength (kPa) 76.2 (21.1)
Questionnaire/prevalent conditions
Age at survey (years) 69 (3)
Males 404 (47.4)
History of type 2 diabetes 81 (9.5)
Current smokers 81 (9.5)
History of hypertension 389 (45.7)
History of CHD 306 (35.9)
Physical measurements
BMI (kg/m2) 27.9 (4.3)
SBP (mmHg) 138 (18)
DBP (mmHg) 80 (9)
Energy expenditure of total LTPA (kcal/

day)
378 (226–652)

Blood-based markers
Total cholesterol (mmol/l) 5.44 (0.94)
HDL-C (mmol/l) 1.24 (0.32)
High-sensitivity CRP (mg/l) 1.59 (0.79–3.23)
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p < 0.001) (Fig. 2). The corresponding RR (95% CI) 
for cognitive decline (181 cases) in pooled analysis of 
2 studies was 0.37 (0.07–1.85).

The pooled multivariable adjusted RR (95% CI) 
comparing the top vs bottom thirds of HGS levels 
was 0.73 (0.62–0.86; I2 = 71%; 95% CI: 44, 85%; 
p < 0.001) for dementia (10 studies, 2748 cases) 
(Fig. 3). The corresponding RRs (95% CIs) were 0.68 
(0.53–0.87; I2 = 76%; 95% CI: 48, 88%; p < 0.001) for 
AD (7 studies, 1316 cases) and 0.48 (0.32–0.73) for 
vascular dementia (2 studies, 167 cases) (Fig.  4). A 
single study reported that HGS was not associated 
with the combined outcome of MCI/AD (126 cases) 
[73].

Subgroup analysis and assessment of publication bias

The inverse association between HGS and demen-
tia risk was consistent across several subgroups, 
except for significant evidence of effect modification 
by degree of adjustment (p-value for meta-regres-
sion = 0.005); the associations were stronger for mini-
mally adjusted studies than those adjusted for several 

established risk factors plus comorbidity studies 
(Electronic Supplementary Material 7). For the out-
come of dementia (n = 10 studies), Egger’s test for 
publication bias was significant (p = 0.008), consist-
ent with observed funnel plot asymmetry (Electronic 
Supplementary Material 8), suggesting that studies 
with less striking results were less likely to have been 
reported. Despite the concern that small studies with 
null results often tend not to be published, we found 
no clear evidence of such selective reporting when 
studies were grouped by size in meta-regression anal-
ysis (Electronic Supplementary Material 7). Duval 
and Tweedie’s trim-and-fill method, which was used 
to adjust for publication bias, imputed five additional 
studies (Electronic Supplementary Material 9). The 
pooled RR (95% CI) following adjustment for publi-
cation bias was 0.84 (0.68–1.04).

GRADE summary of findings

GRADE ratings for all cognitive outcomes 
were assessed and are reported in Electronic 

Table 2   Associations of handgrip strength with dementia, Alzheimer’s disease and vascular dementia in the KIHD prospective 
cohort

KIHD Kuopio Ischemic Heart Study, SD standard deviation
Model 1: Adjusted for age and sex
Model 2: Model 1 plus body mass index, smoking status, history of type 2 diabetes mellitus, history of hypertension, prevalent coro-
nary heart disease, total cholesterol, high-density lipoprotein cholesterol, physical activity and high sensitivity C-reactive protein

Handgrip strength (kPa) Events/total Model 1 Model 2

HR (95% CI) p-value HR (95% CI) p-value
Dementia
Per 1 SD increase 229/852 0.90 (0.77–1.06) .20 0.94 (0.80–1.09) .39
Tertile 1 (17–69) 84/286 1 [Reference] 1 [Reference]
Tertile 2 (70–81) 79/283 0.86 (0.63–1.17) .33 0.93 (0.68–1.27) .64
Tertile 3 (82–442) 66/283 0.73 (0.53–1.02) .07 0.77 (0.55–1.07) .12
Alzheimer’s disease
Per 1 SD increase 188/852 0.91 (0.76–1.08) .28 0.94 (0.80–1.11) .46
Tertile 1 (17–69) 68/286 1 [Reference] 1 [Reference]
Tertile 2 (70–81) 69/283 0.93 (0.67–1.31) .69 1.00 (0.71–1.41) .98
Tertile 3 (82–442) 51/283 0.72 (0.50–1.05) .09 0.75 (0.52–1.10) .14
Vascular dementia
Per 1 SD increase 22/852 0.58 (0.34–0.99) .05 0.65 (0.38–1.12) .12
Tertile 1 (17–69) 10/286 1 [Reference] 1 [Reference]
Tertile 2 (70–81) 7/283 0.62 (0.24–1.64) .34 0.73 (0.27–1.97) .54
Tertile 3 (82–442) 5/283 0.42 (0.14–1.24) .12 0.49 (0.16–1.48) .20
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Supplementary Material 10. GRADE quality of the 
evidence ranged from low to very low.

Discussion

Key findings

Handgrip strength is a powerful marker of age-
ing [60]. Though it is well established that ageing 
results in a decline in physical and cognitive abili-
ties, the evidence is uncertain as to whether HGS is 
a risk indicator for poor cognitive functioning. Evi-
dence on the associations of HGS with cognitive out-
comes have so far been conflicting. Our analysis of a 
new population-based prospective study of 852 older 
Finnish men and women with good cognitive function 
at baseline showed no significant evidence of associa-
tions between HGS and cognitive outcomes, which 

are likely due to the low event rates. On pooling 
evidence from 15 general population-based prospec-
tive cohort studies plus the current study, there was 
evidence of associations between increased levels of 
HGS and lower risk of cognitive impairment, demen-
tia, AD and vascular dementia. There was no evi-
dence of an association with cognitive decline, which 
was based on pooled analysis of only two studies. The 
association between HGS and dementia remained 
consistent across several relevant subgroups, except 
for evidence of effect modification by degree of 
adjustment; as expected, the association was stronger 
in studies that adjusted for fewer covariates. The qual-
ity of the evidence ranged from low to very low.

Comparison with previous work

In a narrative scoping review of 15 prospective 
studies cohort studies to determine the relationship 

Fig. 1   Study selection 
process

387 Potentially relevant citations identified

From MEDLINE, Embase, Web of Science 

and reference lists

331 excluded on the basis of title 

and/ or abstract

40 Articles excluded due to:

21 Outcome not relevant

8 Exposure not relevant

7 Duplicate of an eligible study

2 Study design not relevant

2 Population not relevant

16 Articles included, based on 15 

unique prospective cohort studies 

plus current study

56 Full-text articles retrieved for more 

detailed evaluation
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between HGS and cognitive decline over time, Fritz 
and colleagues [18] concluded that the reviewed 
studies provided strong support for measuring HGS 
to monitor the progression of patients with cogni-
tive decline. There was a call for the conduct of a 
systematic review to explore the longitudinal rela-
tionships between handgrip strength and cogni-
tive performance. Kobayashi-Cuya and colleagues 
[32] in their systematic review of 22 observational 
cross-sectional and longitudinal studies reported 
that HGS was associated with cognitive perfor-
mance; however, they acknowledged lack of clarity 
regarding which variable affected the other in the 
long-term. In another systematic review of 6 obser-
vational cross-sectional and longitudinal studies, 
the main observations were that although cogni-
tive function and HGS declined on average in later 
life, their declines were not necessarily associated 
[85]. In a narrative review of cross-sectional and 
longitudinal studies evaluating HGS and cognitive 
functioning, Shaughnessy and colleagues [74] con-
cluded that a relationship existed. Previous reviews 
on the association between HGS and poor cognitive 
functioning have relied on narrative synthesis of 
the existing data, inclusion of cross-sectional study 
designs and evaluation of few selected outcome 
measures such as cognitive function or decline. Our 
inclusion of only prospective cohort designs ena-
bled evaluation of the temporal associations. We 
were able to harmonise and pool the data, which 
enabled quantification of the nature and magnitude 
of the associations. We also included a wide range 
of adverse cognitive outcomes as reported by the 
included studies.

Mechanistic pathways underlying findings

Several potential mechanisms of action may under-
lie the protective effect of HGS on the risk of cog-
nitive impairment or dementia. Inflammation and 
oxidative stress are implicated in the pathogenesis 
of dementia [19, 84]; there is evidence suggest-
ing that the loss of skeletal muscle is associated 
with high levels of inflammatory markers such as 
interleukin-6 and CRP [1]. The skeletal muscle 
is recognised as a secretory organ; the cytokines 
and peptides (classified as myokines) produced by 
the skeletal muscle are dependent on contraction 
[65]. Hence, physical inactivity may lead to altered 

myokine response, which could be the underly-
ing mechanism between sedentary behaviour and 
chronic diseases such as dementia [65]. Myokines 
such as brain-derived neurotrophic factor and insu-
lin-like growth factor-1 have been reported to play 
a role in learning and neural plasticity [65]. Hand-
grip strength is an indicator of frailty [4], which 
is usually associated with fatigue, reduced muscle 
mass and high susceptibility to chronic diseases 
such as cardiovascular disease (CVD) and demen-
tia. Muscle weakness and loss is associated with 
vitamin D deficiency, which plays a role in the 
development of several chronic diseases, includ-
ing dementia [13]. Though the eligible studies did 
not include participants with pre-existing cogni-
tive dysfunction during study entry, it is still pos-
sible that these observational findings could be to 
reverse causality, i.e. dementia causing lower HGS. 
It is known that physical activity tends to decline in 
the early phases of dementia before clinical diagno-
sis [71], physical inactivity over time leads to loss 
of muscle mass and strength. Indeed, in a study to 
assess the bi-directional relationship between HGS 
and cognitive impairment, Kim and colleagues [31] 
collected repeated measures of HGS and cognitive 
function over a period of 8 years and showed a sig-
nificant bi-directional relationship between mus-
cular strength and cognitive function. Though it is 
likely that the null associations between HGS and 
cognitive outcomes in our primary cohort could be 
attributed to the low event rate, other likely rea-
sons for the heterogeneous results in prior studies 
and that of our primary cohort study could be due 
to differences in study design features and popula-
tion characteristics such as (i the follow-up dura-
tion; (ii age, sex, race or genetic background of 
participants; and (iii assessment of HGS and case 
definition of cognitive outcomes or a combination 
of all of these. Studies may have been affected by 
reverse causation bias, as evidence suggests physi-
cal activity declines in the early phases of dementia 
before clinical diagnosis [71]. Consistent with this 
observation, significant findings were demonstrated 
predominantly in studies which short-term follow-
up durations [6, 8, 66, 82] and null associations in 
long-term follow-up studies [9, 73] including our 
primary cohort. Furthermore, due to the phenom-
enon of regression dilution bias, longer-term fol-
low-up studies are commonly characterised by null 
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findings. Studies with elderly populations are more 
likely to be affected by reverse causation bias; 
many of the included studies that demonstrated 
significant associations between HGS and cogni-
tive outcomes were based in older participants [6, 
7, 27]. Whether sex could be an effect modifier of 
the association between HGS and dementia risk is 
uncertain, as no study has specifically evaluated 
this. One study assessed the associations of HGS 
with both cognitive decline and impairment in men 
and women separately and found no significant evi-
dence of associations in both genders [81].

Implications of findings

Findings of associations between elevated HGS and 
the decreased risk of poor cognitive outcomes may 
have important clinical implications, especially in the 

area of developing preventive strategies for cognitive 
dysfunction. Handgrip strength, a quick, easy-to-use 
and low-cost tool, could be used as a potential risk 
assessment tool to identify individuals at risk of cog-
nitive dysfunction, which could trigger the adoption 
of targeted lifestyle changes. We have recently shown 
that information on HGS augments the risk prediction 
of T2DM and CVD mortality beyond that of tradi-
tional risk factors in the general population [46, 53]. 
Formal risk prediction evaluations using large-scale 
prospective studies are urgently needed to demon-
strate if HGS can be potentially used as a risk assess-
ment tool for poor cognitive outcomes in general pop-
ulation settings. Apart from aerobic physical activity, 
activities such as resistance training which can be 
used to increase muscle strength should be widely 
encouraged. Though the evidence on the association 
between physical activity and the risk of dementia 
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Fig. 2   Association between handgrip strength and risk of 
cognitive impairment and decline. The summary estimates 
presented were calculated using random effects models; rela-

tive risks are reported comparing extreme tertiles of hand-
grip strength; CI, confidence interval (bars); HGS, handgrip 
strength; RR, relative risk
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is still inconclusive [41], there is overwhelming evi-
dence on the beneficial effects of physical activity on 
overall health.

Strengths and limitations

Other strengths in addition to those listed above 
include (i) use of a new population study which 
comprised a well-characterised cohort of men and 
women who were nationally representative in the 
age group considered; (ii) HGS was assessed using 
the Martin-Vigorimeter, which is known for its high 
reliability and accuracy, in assessing grip strength 
especially in the geriatric population [76]; (iii) the 
long and complete follow-up of the cohort; (iv) the 
novel approach of conducting a pooled analysis of 
previous cohort studies including the current study, 
to put the findings into wider context; and (v) our 

systematic review and meta-analysis involved the 
transformation of reported risk estimates to con-
sistent comparisons using standard methods (which 
enhanced the pooling process for easy interpreta-
tion); there was exploration for small study effects 
and for sources of heterogeneity using clinically 
relevant characteristics, and the assessment of the 
risk of bias and the quality of the evidence using 
well-established tools. We acknowledge some very 
important limitations which were inherent to the 
studies as well as the use of aggregate data, some 
of which could bias the study findings. We were 
unable to transform some of the risk estimates to 
extreme tertiles; hence, comparisons could only be 
made between the maximum versus minimum value 
of HGS. Nevertheless, we have shown in a previous 
review that pooled results from untransformed data 
of extreme categories are not very different from 
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Fig. 3   Association between handgrip strength and risk of 
dementia. The summary estimates presented were calculated 
using random effects models; relative risks are reported com-

paring extreme tertiles of handgrip strength; CI, confidence 
interval (bars); HGS, handgrip strength; RR, relative risk
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those based on transformed data [10]. The HGS 
assessment methods varied across studies; however, 
most studies used the Jamar handheld dynamom-
eter. Roberts and colleagues in their comprehen-
sive review of the measurement of grip strength in 
clinical and epidemiological studies demonstrated 
considerable variation in methods of assessing HGS 
and acknowledged the difficulties in making com-
parisons between studies [69]. Our subgroup analy-
sis showed no evidence of effect modification on the 
association by the type of HGS assessment method. 
Given that the percentage of people with dementia 
increases dramatically with age (3% of people age 
65–74, 17% of people age 75–84 and 32% of peo-
ple age 85 or older [26]), the potentially long but 
unclear latency period for dementia and the rela-
tively lower average age of participants and shorter 
follow-up durations of most of the studies included 

in the meta-analysis, there was a potential for 
under-reporting of dementia events, yielding lower 
incidence estimates of the outcomes. Sex-specific 
associations could not be evaluated as the included 
studies did not provide these results. We could not 
evaluate the impact of a uniform approach to sta-
tistical adjustment such as the model employed in 
our primary analysis, because the degree of adjust-
ment varied across studies. We could not evaluate 
the actual dose–response relationship of the asso-
ciation because of the heterogeneous nature of the 
HGS data. Finally, our associations could have been 
underestimated due to the potential for regression 
dilution bias, as HGS measurements used by stud-
ies were mostly baseline values and a number of 
studies had long follow-up durations (> 10  years). 
Despite these limitations, the findings suggest a 
potential role of utilising HGS measurements as an 
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Fig. 4   Associations between handgrip strength and risk of 
Alzheimer’s disease and vascular dementia. The summary esti-
mates presented were calculated using random effects models; 

relative risks are reported comparing extreme tertiles of hand-
grip strength; CI, confidence interval (bars); HGS, handgrip 
strength; RR, relative risk



2021GeroScience (2022) 44:2007–2024	

1 3
Vol.: (0123456789)

easily available clinical measure in the prevention 
of cognitive dysfunction and also warrant further 
investigation.

Conclusion

Handgrip strength was only modestly associated with 
risk of cognitive outcomes in the primary cohort anal-
ysis, which may be driven by the low event rate. Meta-
analysis of aggregate prospective data suggests that 
HGS may be a risk indicator for poor cognitive out-
comes such as cognitive impairment, dementia and 
AD.
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