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TaggedPAbstract

Background: While the association between handgrip strength and all-cause mortality is more

deeply explored, no previous studies have been specifically focused on handgrip strength and

respiratory disease mortality. The purpose of the study was to investigate the association

between handgrip strength and respiratory disease mortality in a large representative sample.

Methods: Individuals aged 50 or over from 27 European countries and Israel participated in this

longitudinal study. Data on handgrip strength and all-cause and respiratory disease mortality

were retrieved from the Survey of Health, Ageing and Retirement in Europe (SHARE) waves 1, 2,

4, 5, 6 and 7. We estimated the sub hazard ratios (SHRs) for respiratory disease mortality using a

Fine-Gray sub-distribution method with both time-varying exposure and covariates and mortality

due to other causes as competing risk. Furthermore, we assessed dose�response associations of

handgrip strength (modelled as a continuous exposure) with respiratory disease mortality using

restricted cubic splines and estimated hazard ratios (HRs).

Results: We included 60,883 men and 74,904 women with a mean age of 63.6 (SD 9.7) years at

study entry. During a median (interquartile range) of 7.4 years of follow-up 565 (0.4%) partici-

pants died due to respiratory diseases. The increase of 1 single kg of handgrip strength showed a

6% incidence reduction on respiratory disease mortality (SHR, 0.94; 95%CI, 0.92-0.96) after

adjusting for potential confounders. Furthermore, each kg increase of handgrip strength reduced

respiratory disease mortality risk in a dose-response fashion and a significant threshold for values

of 41 kg (HR, 0.49; 95%CI, 0.26-0.92) and higher was identified.
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TaggedEndTaggedPConclusions: Higher handgrip strength is associated with lower mortality due to respiratory dis-

ease. Intervention studies are needed to determine whether strength training in respiratory dis-

ease patients can prevent premature mortality.

© 2022 Sociedade Portuguesa de Pneumologia. Published by Elsevier España, S.L.U. This is an

open access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/). TaggedEnd

TaggedH1Introduction TaggedEnd

TaggedPRespiratory disease is the third main cause of mortality

worldwide and the incidence keeps increasing on both dis-

ability adjusted life years (DALYs) and mortality.1�3 The

most common respiratory diseases that are the leading

cause of mortality are chronic respiratory diseases (CRD),

including Chronic Obstructive Pulmonary Disease (COPD) as

the most prevalent, followed by asthma.2,3 For instance, in

2017, the estimated deaths due to CRD were 3.91 million,

which composed 7% of all deaths worldwide.3 Therefore,

respiratory diseases are a major issue in public health that

needs to be tackled. TaggedEnd
TaggedPSkeletal muscle dysfunction appears with aging4 and is

common and exacerbated in CRD.5,6 This dysfunction has a

great negative impact on physical performance, leading to

disability,7 and importantly, is related to increased mortality

risk.5,8 However, among health care providers, a lack of

awareness regarding the critical role of skeletal muscle

dysfunction still prevails.5,9 An easy-to-use and objective

tool to evaluate whether skeletal muscle dysfunction

occurs, is measuring handgrip strength. Apart from being an

indicator of overall muscle strength,10�12 handgrip strength

has been widely used as a biomarker of health status as well

as to predict mortality.12,13TaggedEnd
TaggedPWhile the association between handgrip strength and all-

cause mortality is more deeply explored,13�15 no previous

studies have been specifically focused on handgrip strength

and respiratory disease mortality, and thus its relationship

remains unclear. For instance, a cohort study among 502293

participants from the UK investigating all-cause mortality as

well as disease specific mortality reported that lower handgrip

strength was related to higher all-cause mortality as well as to

cause-specific mortality from respiratory diseases.14 However,

previous data from the Prospective Urban Rural Epidemiology

(PURE) study,15 where an association between handgrip

strength and all-cause mortality was found, no significant

association between handgrip strength and hospital admission

due to respiratory disease was revealed. In addition, a recent

meta-analysis could not determine causality between disease-

specific mortality, including respiratory diseases, and handgrip

strength.13 Notably, none of the previous studies mentioned

above included a sample involving a large number of European

countries. Since differences in cultural, environmental and

lifestyle factors might influence the results,14 new studies

with more representative data from this specific continent are

needed. Furthermore, understanding the potential causal and

confounding pathways between handgrip strength and respira-

tory disease mortality in a large representative sample of sub-

jects could help to clarify the potential role of this measure as

a clinical tool for mortality risk estimation of respiratory dis-

ease. Because higher levels of handgrip strength might relate

to both chronic respiratory diseases such as chronic obstruc-

tive pulmonary disease (COPD) and acute respiratory diseases

TaggedEndTaggedPsuch as pneumonia,16,17 a potential joint effect of handgrip

strength could be considered. The main objective of this study

was to investigate the association between handgrip strength

and respiratory disease mortality using only adults free from

prior or current known respiratory disease. We hypothesised

that higher handgrip strength was prospectively associated

with reduced respiratory disease mortality risk.TaggedEnd

TaggedH1Material and methods TaggedEnd

TaggedH2Population TaggedEnd

TaggedPThe present 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 recruiting individuals

aged 50 or older residing in 27 European countries and

Israel.18,19 We did not consider wave 3 in the current study

because data on the exposure of interest (i.e., handgrip

strength) was not available for that wave. Representative-

ness of SHARE waves is assured using a multi-stage stratified

sampling design in which countries are divided into different

strata according to their geographical area. Municipalities

or zip codes within these strata served as primary sampling

units.20 Data collection was conducted through home com-

puter-assisted personal interviews and measures from Feb-

ruary 2004 to January 2019. SHARE data were collected

using ex-ante harmonised interviews, and new respondents

were added in each wave to compensate for the attrition

bias due to losses.20 Only participants aged 50 years or older

and that were free from any current or prior known chronic

or acute respiratory disease were included in the current

study (n=135 787). Missing values in any study variable from

included participants were estimated using multiple imputa-

tion (35%). Fig. 1 shows more descriptive details of the study

sample. The present study received the approval of the

Ethics Committee of Research in Humans of the University of

Valencia (1510464) and was reported according to Strength-

ening the Reporting of Observational Studies in Epidemiology

(STROBE).21TaggedEndTaggedEnd TaggedFigure

Fig. 1 Study profile. TaggedEnd
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TaggedH2Handgrip strength (exposure) TaggedEnd

TaggedPHandgrip strength was measured twice for each hand using a

handheld dynamometer (Smedley, S Dynamometer, TTM,

Tokyo, 100 kg). Following the SHARE protocol, participants

were instructed to set their elbow in a 90° angle flexion

while either standing or sitting, keeping a neutral wrist posi-

tion, and upper arm vertically set against the trunk. Meas-

ures were taken in participants� homes at the time of

conducting the survey. The same trained interviewers that

conducted the in-person home computer-assisted personal

interviews assisted with the handgrip strength measurement

and verbally encouraged participants with standardised

instructions to squeeze the dynamometer with maximum

effort for a few seconds. Handgrip strength was defined as

the maximum value of either hand. TaggedEnd

TaggedH2All-cause and respiratory disease mortality
(outcome) TaggedEnd

TaggedPParticipants were followed throughout the study period to

determine whether they were dead or alive. In case of

death, information regarding both date and cause of death

was retrieved from a proxy interview. A standardized end-

of-life interview conducted with proxy-respondents ex post

served to ascertain the cause of death. Less than 1% of the

eligible participants had missing values on cause of death,

which was due to either refusal of the proxy to disclose such

information or lack of information. More information on

mortality cause has been provided elsewhere.19 For specific

causes of mortality, the interviewers asked the following

question: “What was the main cause of respondent’s

death?” Possible answers comprised cancer, heart attack,

stroke, other cardiovascular disease related illnesses (heart

failure and arrhythmia), respiratory, digestive, or severe

infectious disease, and other causes. For the purpose of this

study, participants were categorised into 0 (alive), 1 (death

due to respiratory disease), and 2 (death due to other

causes). TaggedEnd

TaggedH2Covariates TaggedEnd

TaggedPBased on literature,22,23 we explored potential causal and

confounding pathways using a directed acyclic graph (eFig.

1). Please see Appendix A for covariates explanation. TaggedEnd

TaggedH2Statistical analyses TaggedEnd

TaggedPWe conducted all statistical analyses in Stata version 16.1

(StataCorp, Texas, USA). We used a Fine-Gray sub-distribu-

tion method model with both time-varying exposure and

covariates to estimate the subhazard ratios (SHRs) for respi-

ratory disease mortality, which accounted for competing

risk (i.e., mortality due to other causes). Time-on-study in

months was used as the timescale. TaggedEnd
TaggedPWe examined the proportional hazards assumption by test-

ing interactions with log(time) using stphplot command and

found no evidence of assumption violation. After assessing

interactions between handgrip strength and all the covariates,

no significant interaction was detected. Two models were

tested; a model including gender and age at the time of the

interview as confounder (Model A) and a fully adjusted model

TaggedEndTaggedP(Model B) that included covariates of Model A plus country,

education, body mass index, smoking, and physical inactivity

as confounders. All the analyses accounted for the survey

design and were weighted according to each country popula-

tion. The results were visualized as forest plots. In addition,

we assessed the dose�response associations of handgrip

strength (modelled as a continuous exposure) with respiratory

disease mortality using restricted cubic splines to allow for

potential non�linearity and obtained hazard ratios (HRs). For

this analysis, we trimmed observations less than 5% and

greater than 95% of the distribution and pre-specified knots

placed at the 5th, 25th, 50th, 5th, and 95th percentiles of the

exposure distribution.24We assumed linearity for values below

the 5th percentile and for values above the 95th percentile.

Departure from linearity was assessed by a Wald test examin-

ing the null hypothesis that the coefficient of the fifth spline

was equal to zero. Results are reported as either SHRs or HRs

with 95% CIs and levels of significance were set at p < 0.05.

Sensitivity (eFigs. 2, 3) and robustness analyses (eFig. 4) were

conducted and are explained at Appendix B.TaggedEnd

TaggedH1Results TaggedEnd

TaggedH2DemographicsTaggedEnd

TaggedPThe final sample included 60,883 (44.8%) men and 74,904

(55.2%) women with a mean age of 63.6 (SD 9.7) years at

study entry (Table 1). During a median (interquartile range)

of 7.4 years of follow-up (5.7-12.8) and 1 013 089 person-

year, 565 (0.4%) participants died due to respiratory dis-

eases. TaggedEnd
TaggedPResults from the model adjusted for sex and age only

(Model A) showed that one single increase of a handgrip

strength kilogram showed an incidence reduction of respira-

tory disease mortality of 6% at any time (SHR, 0.94; 95% CI,

0.92-0.96) (Fig. 2). The observed associations were consis-

tent in the fully adjusted model (Model B), which displayed

a respiratory disease mortality incidence reduction of 5%

(SHR, 0.94; 95% CI, 0.92-0.96) (Fig. 2).TaggedEnd
TaggedPAnalyses using spline modelling showed a linear dose-

response fashion with a respiratory disease mortality risk

reduction for each kg increase of handgrip strength and a

significant threshold for values of 41kg and higher (SHR,

0.49; 95% CI, 0.26-0.92) (Fig. 3).TaggedEnd

TaggedH2Additional sensitivity analyses TaggedEnd

TaggedPResults of sensitivity analyses excluding deaths occurring

within the first two years of follow-up did not substantially

differ from those of the main analysis (eFig. 2). However,

spline modelling using the fully adjusted model (Model B)

exhibited slight variations of the dose-response linear pat-

terns (eFig. 3). TaggedEnd

TaggedH1Discussion TaggedEnd

TaggedPIn this large-scale study including 135 787 subjects, each one

kg increase of handgrip strength was prospectively associated

with a substantial respiratory disease mortality reduction.TaggedEnd
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TaggedPOur result endorses previous findings, where higher hand-

grip strength was inversely related to mortality.13�15 However,

despite the association found between all-cause mortality and

handgrip strength, in a large-scale longitudinal study con-

ducted in 17 countries, no association between handgrip

strength and hospital admission due to respiratory disease was

found.15 Nevertheless, hospital admission is the result of acute

respiratory deterioration, and since the underlying mechanism

of CRD differs from that of an acute exacerbation5,25 a differ-

ent effect on skeletal muscle dysfunction could be expected,

which could have caused the difference in findings. In addi-

tion, the median follow-up time at the aforementioned study

was merely four years whereas in our study, the median follow

up was 7.4 years. Because skeletal muscle dysfunction is more

extensive as the disease progresses,5,26 this might explain the

controversial results. The meta-analysis by Lee showing an

inverse association of handgrip strength with all-cause mortal-

ity,13 included one study that did specifically investigate the

association between handgrip strength and respiratory dis-

ease.27 This is a 24-year follow-up study from the UK, where a

negative association was found between handgrip strength

and respiratory disease mortality. However, after adjusting for

potential confounders (height, smoking, social class, physical

activity, diagnosed disease at baseline, calorie intake,

reported weight loss, and the measures of body composition)

the association was not statistically significant. Since that

study included only participants from the UK and as there are

differences in cultural and environmental factors other than

adjusted for, like the use of alcohol or diet preferences,28,29

this might explain the difference in the results. Interestingly,

in a more recent meta-analysis investigating the association

between handgrip strength and mortality, morbidity and

health related quality of life in patients with COPD, a small to

moderate association between handgrip strength and mortal-

ity was found,30 however within the included studies contrast-

ing evidence was present. For instance, authors of a

longitudinal cohort study claimed that they could not confirm

associations between handgrip strength and respiratory dis-

ease mortality that are previously found in cross-sectional

studies.31 However, this longitudinal study only included 194

patients with COPD that were followed-up and it has been

shown that the disease progression and the procedure of skel-

etal muscle dysfunction within COPD patients are very

variable.5,32 A possible mechanism explaining the variability

of skeletal muscle dysfunction in patients with COPD is that

there are three different domains in which muscle dysfunction

is present: a clinical/functional domain, a metabolic domain,

and an anatomical domain, and all of these domains can get

dysfunctional in an independent way and therefore cause a

variable and unique manifestation of skeletal muscle

dysfunction.5,32 The most common CRD that is the leading

cause of mortality is COPD,2,3 and therefore causing a high

variability of skeletal muscle dysfunction in our group of par-

ticipants. Nevertheless, our longitudinal study includes a large

heterogeneous population and may therefore capture the high

variability of muscle dysfunction within the participants.TaggedEnd
TaggedPWe found a linear association for respiratory disease mor-

tality risk reduction and an increase of handgrip strength,

indicating higher muscle strength levels are consistently

associated with lower respiratory disease mortality risk. In

fact, we found that an increase of 1 kilogram of handgrip

strength was associated with a respiratory disease mortality

TaggedEnd Table 1 Characteristics of participants at study entry.

N = 135 787 n (%) Mean (SD)

Age (y) 63.6 (9.7)

Sex

Men 60883 (44.8)

Women 74904 (55.2)

Body Mass Index (kg/m2)

Underweight (<18.5

kg/m2)

1806 (1.3)

Normal (18.5-<25 kg/

m2)

47471 (35.0)

Overweight (25-<30

kg/m2)

56365 (41.5)

Obese (�30 kg/m2) 30145 (22.2)

Educationa

None 6138 (4.5)

Primary 25745 (19.0)

Lower secondary 24102 (17.7)

Upper secondary 46195 (34.0)

Post-secondary non-

tertiary

5988 (4.4)

First stage of tertiary 26696 (19.7)

Second stage of

tertiary

923 (0.7)

Current smoking habit

No 97196 (71.6)

Yes 38591 (28.4)

Physical inactivity

No 114876 (84.6)

Yes 20911 (15.4)

Country

Austria 6225 (4.6)

Belgium 9583 (7.1)

Bulgaria 1942 (1.4)

Croatia 2851 (2.1)

Cyprus 1200 (0.9)

Czech Republic 8410 (6.2)

Denmark 5682 (4.2)

Estonia 7666 (5.6)

Finland 1974 (1.4)

France 8106 (6.0)

Germany 8596 (6.3)

Greece 6411 (4.7)

Hungary 3045 (2.2)

Ireland 1005 (0.7)

Israel 3907 (2.9)

Italy 8364 (6.2)

Latvia 1685 (1.2)

Lithuania 1987 (1.5)

Luxembourg 2116 (1.6)

Malta 1241 (0.9)

Netherlands 6341 (4.7)

Poland 6188 (4.5)

Portugal 2143 (1.6)

Romania 2055 (1.5)

Slovakia 1966 (1.5)

Slovenia 5382 (4.0)

Spain 8656 (6.4)

Switzerland 4507 (3.3)

Sweden 6543 (4.8)

Handgrip strength (kg) 31.8 (12.0)

a Based on ISCED 1997 classification.
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TaggedEndTaggedPreduction of 5%. It is likely that handgrip strength is simply a

proxy measures of overall muscle strength. Thus, a training

program aiming to improve overall strength levels might be

beneficial for patients with respiratory disease. We suggest

that by training and increasing handgrip strength we can

intercept the clinical/functional domain as a mechanisms

accounting for skeletal muscle dysfunction seen for patients

with respiratory disease.5 The clinical/functional domain is

about the endurance and strength of the muscle, and this

can be improved by training.33 However, this should be

tested in large-scale randomized trials before any firm rec-

ommendations can be provided. TaggedEnd
TaggedPAlthough several validated tests assess the systemic

involvement of CRDs and therefore obtain a reasonable mea-

surement of muscle dysfunction,34 the handgrip measure-

ment offers some advantages, particularly because it is easy

to perform, is low cost, and requires very little equipment.

In addition, it can be used in contexts in which patients can-

not walk or make significant physical effort, such as in the

6 min walk test or have difficulty performing strength

manoeuvres (e.g., knee flexors or extensors).35 TaggedEnd
TaggedPThe key strengths of the present study are the use of a

large and representative sample from 28 countries with an

objective measure of handgrip strength. Another critical

TaggedEndTaggedPstrength is the use of time-varying handgrip strength and

covariates in our modelling strategy, which reduces the pos-

sibility of bias of our estimates, which also accounted for

competing risks of mortality due to other causes). Further-

more, repetitive measures of handgrip strength served to

model the continuous dose-response association of handgrip

strength with respiratory disease mortality, which is critical

to identifying both thresholds and shape of the dose-

response association. Furthermore, 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 within the first 2 years

of follow up. On the other hand, there are several limita-

tions to be considered in the present study. First, due to the

number of participants with missing values concerning time-

varying covariates, we imputed a substantial number of val-

ues, which might lead to some measuring bias, although

complete case analyses scarcely differed from the main

analyses. Second, due to the low number of events, the esti-

mates for the fully adjusted model (Model B) are consider-

ably unstable for sensitivity analyses regarding dose-

response associations. Third, the participation rate at base-

line was moderate (56%), which possibly increased the risk

of selection bias. However, such losses are compensated

through the use of refresher samples.19 Also, there is the

chance of some attrition bias which might hamper the accu-

racy of our estimations, but the average retention rate in

SHARE (81%) importantly reduces such possibility.19 For this

reason, we included a weight variable in the analyses to

compensate both non-response and attrition. Fourth, the

use of a proxy relative for assessing respiratory disease mor-

tality might lead to a certain degree of misclassification in

that variable. Although prior research has observed that a

relative proxy is a robust substitute to identify death status

in adult populations when information on death is not avail-

able,36 information on specific mortality cause may be sub-

ject to a higher risk of misclassification bias. Fifth, because

individuals with other prior or current chronic respiratory

disease conditions other than COPD could not be identified,

several of the mortality outcomes of the present studies

might be more related to other prior critical chronic respira-

tory conditions such as asthma instead of lower handgrip

strength.2 Lastly, because the prior or current COPD condi-

tion is self-reported, certain degree of measurement bias

concerning this variable is still plausible TaggedEnd

TaggedEnd TaggedFigure

Fig. 2 Prospective associations between handgrip strength (kg) and respiratory disease mortality. Crude model (Model A), adjusted

for age and sex. Adjusted model (Model B), adjusted for age, sex, education, country, body mass index, physical inactivity, and smok-

ing. TaggedEnd

TaggedEnd TaggedFigure

Fig. 3 Dose�response association (Adjusted hazard ratios and

associated 95% confidence interval band) for complete cases

between handgrip strength (kg) and respiratory disease mortal-

ity. Adjusted for Model A (age and sex) hr, hazard ratio; lb, lower

boundary; ub, upper boundary.TaggedEnd
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TaggedH1Conclusions TaggedEnd

TaggedPLower handgrip strength is associated with higher mortality

due to respiratory disease. Improving handgrip strength by

one single kilogram in patients with respiratory disease,

could potentially reduce their mortality by 5%. TaggedEnd
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