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Abstract

Background: mixed evidence exists on the association between muscle strength and mortality in older adults, in particular
for cancer mortality.
Aim: to examine the dose–response association of objectively handgrip strength with all-cause and cancer mortality.
Study Design and Setting: data from consecutive waves from the Survey of Health, Ageing and Retirement in Europe
comprising 27 European countries and Israel were retrieved. Overall, 54,807 men (45.2%; 128,753 observations) and 66,576
women (54.8%; 159,591 observations) aged 64.0 (SD 9.6) and 63.9 (SD 10.2) years, respectively, were included. Cox
regression and Fine-Grey sub-distribution method were conducted.
Results: during the follow-up period (896,836 person-year), the fully adjusted model showed the lowest significant risk
estimates for the highest third of handgrip strength when compared with the first third (reference) in men (hazard ratio [HR],
0.41; 95% confidence interval [CI], 0.34–0.50) and women (HR, 0.38; 95% CI, 0.30–0.49) for all-cause mortality. We
identified a maximal threshold for reducing the risk of all-cause mortality for men (42 kg) and women (25 kg), as well as a
linear dose–response association in participants aged 65 or over. No robust association for cancer mortality was observed.
Conclusion: these results indicate an inverse dose–response association between incremental levels of handgrip and all-cause
mortality in older adults up to 42 kg for men and 25 kg for women, and a full linear association for participants aged 65 years
or over. These findings warrant preventive strategies for older adults with low levels of handgrip strength.

Keywords: ageing, longevity, longitudinal, physical exercise, physical activity, older people

Key Points

• Up to a threshold of 42 kg in men and 25 kg in women, increases in handgrip strength reduce the risk of all-cause mortality.
• Older participants showed an inverse linear dose–response relationship between handgrip strength and all-cause mortality.
• No consistent association was observed for cancer-specific mortality.
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Introduction

Handgrip strength is simple to assess, does not require spe-
cific environmental conditions, and the equipment involved
is inexpensive and portable. Handgrip strength is also con-
sidered a reliable biomarker in older adults [1]; previous
studies have reported declines in handgrip strength with
ageing at an annual rate of ∼1% after midlife, and higher
handgrip strength at midlife has been suggested to increase
resilience to ageing [2, 3]. A substantial loss of handgrip
strength may indicate both health deterioration and early
ageing leading to an increased risk of future disability and
morbidity, particularly among older adults [1, 4, 5].

There is evidence supporting an inverse association
between handgrip strength and all-cause mortality. A meta-
analysis with 2,000,000 participants found higher levels of
handgrip strength to be associated with lower risk of all-
cause mortality, irrespective of age and length of follow-up
[6]. Studies also show consistent associations of handgrip
strength with cardiovascular mortality [4, 7, 8]. Nonetheless,
the association of handgrip strength with cancer mortality
remains controversial [4, 7, 9–11]. A recent study involving
older Chinese adults showed that higher handgrip strength
was associated with lower risk of cancer mortality, although
this observation was only confirmed for lung and colorectal
cancer in men and breast cancer in women [9]. Other
studies found no association between handgrip strength and
cancer mortality [4, 11]. However, these studies were based
on single timepoint measurements of handgrip strength,
which could lead to serious bias of their estimates, and are
likely subjected to reverse causality. Therefore, studies with
repeated measures are sorely needed to prove the predictive
ability of handgrip strength for stratifying mortality risks
due to all causes and due to cancer.

This study aims to examine the association of handgrip
strength with all-cause and cancer mortality in a large rep-
resentative sample of older adults from 28 countries with
repeated measurements of handgrip. A secondary aim was
to determine the shape of the dose–response association
between grip strength and mortality.

Methods

Study design and population

This study included data from waves 1, 2, 4, 5, 6 and
7 from the Survey of Health, Ageing and Retirement in
Europe (SHARE), a biannual survey currently recruiting
individuals aged 50 or older from European countries and
Israel [12, 13]. We did not consider Wave 3 in the current
study because information on the exposure of interest (i.e.
handgrip strength) was not provided [14]. More details are
given in Supplementary Data, Appendix 1. Figure 1 shows
more descriptive details of the study sample. This study
received the approval of the Ethics Committee of Research
in Humans of the University of Valencia (registered code
1510464) and was reported according to Strengthening the
Reporting of Observational Studies in Epidemiology [15].

Handgrip strength was measured twice for each hand
using a handheld dynamometer (Smedley, S Dynamometer,
TTM, Tokyo, 100 kg). Participants were followed through-
out the study period to determine whether they were dead
or alive. In case of death, information regarding both date
and cause of death was obtained from a proxy interview with
a relative, a household member, a neighbour or any other
person close to the deceased participant using a standardised
end-of-life interview.

Based on a literature review on the topic [16–20],
we explored potential causal and confounding pathways
between handgrip and all-cause and specific-cancer mortality
using a directed acyclic graph (Supplementary Data Figure
S1). Further details on the study variables are provided in
Supplementary Data, Appendix 2.

Statistical analyses

We conducted all statistical analyses in Stata version 16.1
(StataCorp, Texas, USA). We used a Cox regression with
both time-varying exposure and covariates to estimate the
hazard ratios (HRs) for all-cause mortality. In addition, the
Fine-Grey subdistribution method accounting for compet-
ing risk (i.e. mortality due to other causes than cancer)
was used to estimate subhazard ratios (SHRs) for cancer-
specific mortality. Time-on-study in months was used as
the timescale. Handgrip strength was categorised into sex-
specific thirds based on handgrip strength values at study
entry and the lowest third served as reference.

We examined the proportional hazards assumption by
testing interactions with log(time) using stphplot command
and found no evidence of assumption violation. After assess-
ing interactions between handgrip and several covariates,
we detected a significant interaction concerning sex (chunk
test), thus we conducted all our analyses stratified by sex. Two
models were tested; a model with age at the time of the inter-
view as confounder (Model A) and a fully adjusted model
(Model B) that included age, country, education, body mass
index, alcohol and drug consumption as confounders. All the
analyses accounted for the survey design and were weighted
according to each country population. The results were
visualised as forest plots. In addition, we assessed the dose–
response associations of handgrip strength (modelled as a
continuous exposure) with all-cause and cancer-specific mor-
tality using restricted cubic splines to allow for potential
nonlinearity. For this analysis, we trimmed observations
<5% and greater than 95% of the distribution and prespec-
ified knots placed at the 10th, 50th (reference) and 90th
percentiles of the exposure distribution [21]. We assumed
linearity for values below the 10th percentile and for values
above the 90th percentile. Departure from linearity was
assessed by a Wald test examining the null hypothesis that
the coefficient of the second spline was equal to zero. Results
are reported as either HRs or SHRs ratios with 95% con-
fidence intervals (CIs) and levels of significance were set at
P < 0.05. Details on conducted sensitivity analyses are given
in Supplementary Data, Appendix 3.
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Associations of handgrip strength with all-cause and cancer mortality in older adults

Figure 1. Study profile.

Results

Demographics

The final sample included 54,807 men (45.2%; 128,753
observations) and 66,576 women (54.8%; 159,591 obser-
vations) with complete data on exposure and covariates of
interest. The mean age was 64.0 (SD 9.6) and 63.9 (SD
10.2) years at study entry for men and women, respec-
tively (Table 1). During a median (interquartile range) of
7.4 years of follow-up (2.7–8.0) and 896,836 person-year,
2,675 (4.5%) men and 2,091 (3.1%) women died due to
all-causes, whereas 731 (1.3%) women and 540 (0.8%) men
died due to cancer. Mean values of handgrip strength differed
between men [42.6 kg (SD 11.1)] and women [27.1 kg (SD
7.8)] (Table 1).

All-cause mortality

Results from the model adjusted for age only (Model A)
showed that higher levels of handgrip strength were asso-
ciated with a lower risk of all-cause mortality in men and
women (Figure 2). In men, the lowest risk was observed for
participants in the highest third of handgrip strength (HR,
0.39; 95% CI, 0.32–0.47) compared with participants in the
first third (i.e. reference). For women, a significant lower risk
of all-cause mortality was also observed for the highest third
of handgrip strength (HR, 0.36; 95% CI, 0.28–0.46).

The observed associations were consistent in the fully
adjusted model (Model B), and the lowest significant risk
estimates were also observed for the highest third of handgrip
strength when compared with the first third (reference) in
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Table 1. Characteristics of study participants at study entry by sex

Men = 54,807 (45.2%) Women = 66,576 (54.8%)
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
N = 121,383 n (%) Mean (SD) n (%) Mean

(SD)
Age (y) 64.0 (9.6) 63.9

(10.2)
Body mass index
Underweight (<18.5 kg/m2) 224 (0.4) 1,071 (1.6)
Normal (18.5– < 25 kg/m2) 16,890 (30.8) 26,341 (39.6)
Overweight (25– < 30 kg/m2) 26,452 (48.3) 24,457 (36.7)
Obese (≥30 kg/m2) 11,241 (20.5) 14,707 (22.1)
Education a

None 2,022 (3.7) 2,995 (4.5)
Preprimary 9,054 (16.5) 13,199 (19.8)
Primary 8,830 (16.1) 12,764 (19.2)
Lower secondary 19,778 (36.1) 21,484 (32.3)
Upper secondary 2,566 (4.7) 3,051 (4.6)
Postsecondary non-tertiary 11,818 (21.6) 12,470 (18.6)
First stage of tertiary 533 (1.0) 325 (0.5)
Second stage of tertiary 23 (0.0) 48 (0.1)
Other 183 (0.3) 240 (0.4)
Alcohol consumption
Almost every day 12,552 (22.9) 6,533 (9.8)
Five or 6 days a week 1,930 (3.5) 1,076 (1.6)
Three or 4 days a week 5,361 (9.8) 4,187 (6.3)
Once or twice a week 10,749 (19.5) 10,413 (15.6)
Once or twice a month 6,109 (11.2) 8,830 (13.3)
Less than once a month 3,831 (7.0) 7,551 (11.3)
Not at all in the last 6 months 14,275 (26.1) 27,986 (42.1)
Drug consumption
Any 17,977 (32.8) 17,843 (26.8)
None 36,830 (67.2) 48,733 (73.2)
Country
Austria 2,527 (4.6) 3,360 (5.1)
Belgium 4,118 (7.5) 4,713 (7.1)
Bulgaria 803 (1.5) 1,050 (1.6)
Croatia 9 (0.0) 7 (0.0)
Czech Republic 3,448 (6.3) 4,558 (6.8)
Denmark 2,552 (4.6) 2,850 (4.3)
Estonia 3,000 (5.5) 4,269 (6.4)
Finland 828 (1.5) 920 (1.4)
France 3,357 (6.1) 4,182 (6.2)
Germany 3,764 (6.7) 4,197 (6.2)
Greece 2,269 (4.1) 2,846 (4.3)
Hungary 1,238 (2.3) 1,603 (2.4)
Ireland 439 (0.8) 500 (0.8)
Israel 1,577 (2.9) 1,872 (2.8)
Italy 3,495 (6.4) 4,019 (6.0)
Latvia 588 (1.1) 983 (1.5)
Lithuania 667 (1.2) 1,172 (1.8)
Luxembourg 917 (1.7) 1,039 (1.6)
Malta 461 (0.8) 561 (0.8)
Netherlands 2,758 (5.0) 3,144 (4.7)
Poland 2,548 (4.7) 3,003 (4.5)
Portugal 881 (1.6) 1,060 (1.6)
Romania 858 (1.6) 1,118 (1.7)
Slovakia 929 (1.7) 1,034 (1.6)
Slovenia 2,220 (4.1) 2,768 (4.2)
Spain 3,711 (6.8) 4,233 (6.3)
Switzerland 1,994 (3.6) 2,328 (3.5)
Sweden 2,881 (5.3) 3,217 (4.8)
Handgrip strength (kg) 42.6 (11.1) 27.1 (7.8)

(Continued )
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Table 1. Continued
Men = 54,807 (45.2%) Women = 66,576 (54.8%)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Handgrip strength thirds
1 18,422 (33.6) 23,313 (35.0)
2 19,524 (35.6) 23,147 (34.8)
3 16,861 (30.8) 20,116 (30.2)
All-cause mortality
Yes 2,675 (4.5) 2,091 (3.1)
No 52,132 (95.5) 64,485 (96.9)
Cancer mortality
Yes 731 (1.3) 540 (0.8)
No 54,076 (98.7) 66,036 (99.2)
aBased on ISCED 1997 classification.

men (HR, 0.41; 95% CI, 0.34–0.50) and women (HR, 0.38;
95% CI, 0.30–0.49) (Figure 2).

The fully adjusted model using handgrip strength as a
continuous exposure (i.e. spline modelling) showed, in a
linear dose–response fashion, higher all-cause mortality risk
for both men and women with lower handgrip strength
values than the median (i.e. for values below 43 kg and
26 kg for men and women, respectively). However, we did
not detect significant associations with all-cause mortality in
participants with higher handgrip strength values than the
median in either men or women (Figure 3).

Cancer mortality

Men and women in the middle and highest third of handgrip
strength had a lower risk of cancer mortality compared
with participants in the first third (reference) in Model A
(Figure 2). Men categorised in the highest third of hand-
grip strength exhibited the lowest risk of cancer mortality
(SHR, 0.66; 95% CI, 0.48–0.91) when compared with
the reference group (i.e. lowest third). Among women, a
significantly lower risk of cancer mortality was also observed
for participants in the highest third of handgrip strength
(SHR, 0.49; 95% CI, 0.34–0.69).

The fully adjusted model (Model B) yielded consistent
results, and participants in the highest third of handgrip
strength had the lowest risk when compared with the lowest
third (reference) in men (SHR 0.67, 95% CI, 0.49–0.92)
and women (SHR 0.50; 95% CI, 0.35–0.71) (Figure 2).

We did not observe significant associations between hand-
grip strength and cancer mortality when using restricted
cubic spline models (Figure 4).

Information on results regarding sensitivity analyses are
provided in Supplementary Data, Appendix 4.

Discussion

The results of our study indicate the existence of a linear
inverse association between incremental levels of handgrip
and risk of all-cause mortality in older adults up to 42 kg for
men and 25 kg for women, and a full linear dose–response
association was observed for a subgroup of older men and

women (≥65 years) within specific handgrip strength ranges.
Interestingly, higher levels of handgrip strength were associ-
ated with a lower risk for all-cause mortality up to 42 kg
and 25 kg in men and women, respectively, but no minimal
or maximal threshold was identified for older individuals,
who showed an all-cause mortality risk reduction for each
kilogram increase of handgrip strength. The same upper
thresholds were also observed for overweight and obese
individuals together, although could not be fully confirmed
for a subgroup of underweight and normal body mass index
categories. These results shed light on the little-known dose–
response association between handgrip and all-cause mor-
tality in older adults, which has been mainly investigated
by categorising handgrip strength instead of using it as a
continuous variable [4, 22].

Unexpectedly, handgrip strength did not reduce cancer
mortality risk after robust analyses and linear dose–response
examination, which was observed in both men and women.
Similar to previous studies [4, 10], we could not confirm a
consistent association between handgrip strength and mor-
tality due to cancer.

Our results shed light into the ongoing discussions on the
utility of handgrip strength as an ageing biomarker and could
inform clinical guidelines to detect older men and women at
risk of premature mortality. Despite the differences between
men and women in relation to handgrip strength values,
we observed similar associations for both sexes concerning
all-cause and cancer mortality. Furthermore, comparable
trajectories were also observed in dose–response analyses
for the two examined outcomes among men and women,
which indicates the possibility of common pathways leading
to reducing all-cause mortality risk irrespective of base-
line handgrip strength levels. In contrast, prior research
observed stronger associations among older women than
those observed in men [22], a difference possibly attributed
to hormonal factors related to gaining in muscle strength
associated with women solely [23].

All-cause mortality

Our findings agree with observations from prior research
highlighting a higher risk of all-cause mortality among
Korean older men and women with low levels of handgrip
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Figure 2. Prospective associations between handgrip strength and mortality by sex. (A) All-cause mortality. (B) Cancer mortality
Model A adjusted for age. Model B Adjusted for age, education, country, body mass index, drug and alcohol consumption.

strength [4, 24]. Consistent results have also been observed
in older adults from Chile [25], Mexico [26], and Africa
[27]. Similar to prior research, this study also found
some sex differences in the magnitude of the association
between handgrip strength and all-cause mortality, with
men reducing more the risk with higher levels of handgrip
strength than women [10]. It is plausible that handgrip

strength may have a different role for mortality in men and
women [28, 29].

Unlike previous research [11], we did not find a minimal
threshold for the inverse association of handgrip strength
with mortality. This is important as it suggests that even low
levels of handgrip strength may result in higher longevity.
We also observed that our derived thresholds for maximal
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Figure 3. Dose–response association (Adjusted HRs and associated 95% confidence interval band) between handgrip strength (kg)
and all-cause mortality in men and women. Adjusted for Model B (age, education, country, body mass index, drug and alcohol
consumption) and exclusion of all-cause deaths of two first years of follow-up.

longevity gains with increasing handgrip strength are sim-
ilar than those reported as references for older European
adults [29]. Interestingly, our spline modelling revealed that
low levels of handgrip strength are a consistent risk factor,
whereas very high levels of handgrip strength may not pro-
vide additional protection to all-cause mortality compared
with having a moderate level of strength. Together, our study
supports the need for targeting older adults with low levels

of handgrip strength as a way to improve longevity of older
adults. The derived thresholds in this study could serve as
referent for target.

Cancer mortality

Consistent with previous studies [10, 11], this study did
not confirm an association between handgrip strength and
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Figure 4. Dose–response association (Adjusted SHRs and associated 95% confidence interval band) between handgrip strength
(kg) and cancer mortality in men and women. Adjusted for Model B (age, education, country, body mass index, drug and alcohol
consumption) and exclusion of cancer deaths of two first years of follow-up.

cancer mortality among older adults. By contrast, other stud-
ies have suggested a significant inverse association betweeen
handgrip strength and cancer mortality in both men and
women, although the magnitude of the observed association
was weak [7, 9]. Detailed examination of mortality due
to specific cancer-types has revealed different results. For
instance, although significant associations were observed for

colorectal, lung and breast cancers, this was not the case
for prostate cancer [7, 9]. The aetiology of different cancer
types may partly explain the different results across studies,
including ours [30]. Interestingly, a retrospective investiga-
tion with cancer patients observed a higher mortality risk
among participants with handgrip strength values below pre-
viously estimated cut-off points; and such observation was
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particularly relevant for breast cancer in women and for lung
and colorectal cancer in men [9]. Similarly, patients with
incurable cancer and very low levels of handgrip strength
have shown an increased mortality risk [31]. It is possi-
ble that higher levels of handgrip strength do not equally
reduce risk for all types of cancer, and that differences found
in other studies can also reflect different sample features
comprising either cancer patients or individuals without a
prior cancer diagnosis. Further investigation to disentangle
the role and pathways by which handgrip strength may
impact different types of cancer mortality is warranted.
For example, a previous study reported that higher hand-
grip strength levels were associated with lower inflamma-
tory markers [32]. Because inflammatory markers such as
C-reactive protein have been associated with both cancer
diagnoses and mortality [33–35], the association between
higher handgrip strength and lower specific cancer mortality
via reduction of such inflammatory marker seems plausible
and deserves exhaustive investigation.

Strengths and limitations

Key strengths of this study are the use of a large and represen-
tative sample from 28 countries with an objective measure
of handgrip strength. Another relevant strength is the use
of time-varying exposure, outcomes and covariates in our
modelling strategy, which reduces the possibility of bias of
our estimates. We also accounted for competing risks in
our estimations of cancer-specific mortality outcomes. Our
handgrip measurement allowed us to model the continu-
ous dose–response association between handgrip strength
and mortality outcomes, which is critical to inform clini-
cal practice (i.e. determination of relevant thresholds and
shape of the dose–response association). Such association
showed a significant linear dose–response fashion in older
adults (≥65 years) for both sexes, which may indicate that
gaining strength is particularly relevant to increase longevity
at older ages. Concerning body mass index, the identified
thresholds were also observed for overweight and obese
individuals together but did not remain as significant for
the subgroup comprising underweight and normal weight
categories. Importantly, we also took measures to minimise
the chance of reverse causation (i.e. lower handgrip strength
as result of the course of the disease) by removing all the
events that occurred during the first 2 years of follow-up.
Furthermore, substantial differences regarding median hand-
grip strength values in the overall trajectories between sur-
vivor and nonsurvivor participants strengthen our findings;
however, important fluctuations due to less participants with
longer follow-up periods make these estimations particularly
unstable in the final stages.

Our study should also be considered in light of several
limitations. First, due to the large number of participants
with missing values concerning smoking habits, fruit and
vegetable consumption, and physical inactivity, such vari-
ables were not included in the main analyses, which could
increase the likelihood of residual confounding. However,

additional analyses examining potential residual confound-
ing bias through E-values showed a broad margin for residual
confounding for the significant associations observed in such
analyses (Supplementary data Tables S2 and S3), which give
us confidence on our estimates. Also, the sensitivity analyses
performed in which we include these covariates did yield
similar estimates (Supplementary data Tables S4 and S5).
In addition, other health-related variables included in the
fully adjusted model such as alcohol consumption can be
representative of health habits [36, 37]. Also, participation
rate at baseline was moderate (56%), which may increase
the risk of selection bias. Nevertheless, this issue is compen-
sated through the use of refresher samples [13]. Similarly,
there is still a chance for some attrition bias which migh
hamper the accuracy of our estimations, but the average
retention rate in SHARE (81%) and refresher participants
considerably reduces such posibility [13]. Lastly, the use of
a proxy for assessing the outcome variable might lead to a
certain degree of loss of information and misclassification
in such variable. However, as prior research has observed
[38], a death proxy is a robust substitute to identify death in
adult populations when fact of death is not available, which
along with the high SHARE retention rate and the use of
refresher samples make the chance of both selection and
misclassification bias concerning death low. Our sensitiv-
ity analyses showed differences regarding handgrip strength
between eligible participants with missing and nonmissing
death cause, but these might be due to the age difference
(i.e. missing participants were older, which possibly explain
lower handgrip strength values) which, in turn, may also
indicate that older participants are more likely to lose death
cause information because of a reduced proxy network.
Nonetheless, we included a weight variable in the analyses,
which repairs both nonresponse and attrition.

Conclusion

There is a linear inverse association between incremental
levels of handgrip strength and risk of all-cause mortality in
older adults up to 42 kg for men and 25 kg for women.
Such linear association was observed for all-values within
a specific handgrip strength range among individuals aged
65 and over for both sexes. By contrast, there is no clear
association of handgrip strength with cancer mortality, but
future investigation considering different cancer types is
warranted.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Ageing online.
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