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Objectives: To assess the relationship between muscular strength measures and mortality in outpatient
populations with chronic diseases such as cancer, chronic obstructive pulmonary disease, renal disease,
and metabolic and vascular diseases, and in critically ill hospitalized patients.
Design: A systematic review and random-effects meta-analysis of prospective cohort studies was
performed.
Setting and participants: The databases Medline, Embase, Clinical Trial Register, and Cochrane Trial
Register were searched from inception until September 30, 2018. The systematic literature review
yielded 39 studies with a total of 39,852 participants.
Results: Lowest vs highest category of muscular strength revealed a statistically signiﬁcant increased risk
of all-cause mortality with a hazard ratio (HR) and 95% conﬁdence intervals (CI) of 1.80 (95% CI 1.54
e2.10). Lower muscular strength was associated with enhanced mortality in patients with cancer (HR
2.40; 95% CI 1.57e3.69), critical illness (HR 2.06; 95% CI 1.33e3.21), renal disease (HR 1.84; 95% CI 1.37
e2.47), metabolic and vascular diseases (HR 1.64; 95% CI 1.26e2.14), and chronic obstructive pulmonary
disease (HR 1.36; 95% CI 1.16e1.61). Conversely, a 5-kg higher level of muscular strength conferred a
reduced risk of overall mortality (HR 0.72; 95% CI 0.59e0.89) and was accompanied by a reduction in
mortality in patients with metabolic and vascular diseases (HR 0.52; 95% CI 0.29e0.91), critical illness
(HR 0.78; 95% CI 0.61e0.99), and renal disease (HR 0.82; 95% CI 0.73e0.91).
Conclusions and implications: Muscular strength is inversely associated with mortality risk in various
acute and chronic conditions. Future trials should focus on developing validated cut-points for diagnosing low muscular strength and their predictive value for hard end-points.
Ó 2019 AMDA e The Society for Post-Acute and Long-Term Care Medicine.

Muscular strength is a crucial component of physical ﬁtness with
an independent role in the prevention and treatment of almost all
chronic diseases and becomes vital at older ages.1 Skeletal muscle
wasting is the single most common disease process across a large
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spectrum of cachexia and in sarcopenia-associated disorders.2 In
clinical settings, low muscle mass contributes signiﬁcantly to several
negative outcomes across the healthcare continuum such as greater
postoperative complications, longer length of hospital stay, lower
physical function, poorer quality of life, and shorter survival.3
Furthermore, muscular strength and physical performance can substantially inﬂuence disability and comorbidities in older individuals
and, as a consequence, health burden and costs.4
Recently, 2 meta-analyses of prospective cohort studies have
shown that muscular strength was a predictor of all-cause mortality
and cardiovascular diseases in community-dwelling populations.5,6
Although grip strength as a component of frailty and marker of
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nutritional status has become a useful tool in clinical practice,7
muscular strength has not been recommended on risk assessment of
all-cause mortality in clinical guidelines. Indeed, muscular strength
may represent a potential new marker for identifying patients with
higher mortality risk but, even more importantly, permits the early
identiﬁcation of patients who may beneﬁt from interventions for
muscle anabolism.8 Thus far, no previous meta-analysis has evaluated
the relationship between different measurements of muscular
strength and mortality risk among individuals with acute and chronic
illness. Therefore, our goal was to systematically assess the quantitative associations between muscle strength measures and mortality in
outpatient populations with chronic diseases such as cancer, chronic
obstructive pulmonary disease (COPD), renal disease, and metabolic
and vascular diseases (cardiovascular disease, peripheral artery disease, type 2 diabetes mellitus, and liver disease), and in critically ill
hospitalized patients.
Methods
This systematic review and meta-analysis followed the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)9
(Supplementary Material).
Eligibility Criteria
Criteria for eligibility included (1) cohort and nested case-control
studies; (2) studies investigating the association between muscular
strength and mortality; and (3) studies reporting adjusted hazard
ratios (HR) with corresponding 95% conﬁdence intervals (CIs) or
providing sufﬁcient data to calculate HRs. Editorials, letters, conference abstracts, and studies published in languages other than English
were not included.
Systematic Literature Search
We searched Medline, Embase, Clinical Trial Register, and
Cochrane Trial Register for studies published in English that assessed
associations between muscular strength and mortality in clinical
populations. The search was last updated on September 30, 2018. The
following search terms were used: muscular strength, grip strength,
mortality, sarcopenia, survival, critical illness, and chronic diseases (ie,
cancer, chronic heart failure, chronic kidney disease, COPD, cardiovascular disease, hypertension, peripheral artery disease, and type 2
diabetes). In addition, a manual search was conducted based on the
reference lists of the selected publications.
Data Extraction
Data were extracted by B.S. and double-checked by K.V. For each
study, we extracted information regarding study characteristics,
exposure and outcome assessment, covariates for adjustment, and the
maximally adjusted HRs with their corresponding 95% CIs.
Statistical Analyses
Primary meta-analyses
Random-effects meta-analysis was used to calculate summary
risk estimates for overall and disease-speciﬁc mortality to compare
the lowest vs the highest level of muscular strength and for a 5-kg
higher level of muscular strength. We calculated the reciprocals of
the reported risk estimates and 95% CIs for studies that used the
opposite reference categories. If studies provided risk estimates for
both sexes combined and separated, we included risk estimates for
both sexes combined. We prioritized risk estimates for knee extension strength to grip strength and for knee extension strength to

knee ﬂexion strength. If risk estimates were provided for muscular
strength in both the left and the right hand or leg, we included risk
estimates for muscular strength in the right hand or leg, respectively.
We prioritized risk estimates for the lowest category of muscular
strength if studies provided more than 1 category. Risk estimates
that were provided in units other than per 5-kg increments (eg, per
1-kg difference, per 10-kg difference, or per unit decrease) were
converted into 5-kg increments using logarithmic and exponential
functions.
We tested for statistical heterogeneity between studies using the
Q- and I2-statistics10 and evaluated potential publication bias by visual
inspection of funnel plots and the Egger regression test11 and Begg
rank correlation test.12
Meta-regression Analyses
Random-effects meta-regression methods were used to
investigate whether the association between muscular strength
and all-cause mortality differed by geographic region (Europe,
North America, South America, Asia), disease condition (ie, cancer, COPD, renal disease, critical illness, metabolic and vascular
diseases), type of muscular strength assessment (grip strength,
knee extension strength, other), and whether the HRs were
adjusted for sex, body mass index (BMI), physical activity, or
smoking. Random-effects meta-regression was performed for
both low vs high levels of muscular strength and per 5-kg higher
muscular strength.
Sensitivity Analyses
We performed outlier and inﬂuence diagnostics including leaveone-out diagnostics to evaluate whether a particular study may
have strongly inﬂuenced the summary risk estimate.13
All statistical analyses were performed with R v 3.4.4 using the
package “metaphor.”14 P values of <.05 were considered statistically
signiﬁcant.
Results
Study Selection
The literature search yielded 1211 records identiﬁed in the
electronic databases. After exclusion of nonrelevant and duplicate
articles, 64 articles were reviewed in full. We excluded studies with
inappropriate outcome measurements (n ¼ 17) because they did
not assess muscular strength (n ¼ 5), or because they did not
provide HRs (n ¼ 3). In total, 39 studies including 39,852 participants were eligible for inclusion in the meta-analysis.15e53 Figure 1
shows the results of the literature search and study selection
process.
Study Characteristics
Table 1 describes the main characteristics of the 39 studies
included in the meta-analysis. All investigations were prospective
cohort studies. Studies were conducted in North America (n ¼ 15),
Europe (n ¼ 12), Asia (n ¼ 8), and South America (n ¼ 4). Of the 39
studies, 6 provided results for all-cause mortality in patients with
cancer (501 deaths among 1370 participants; data not available for 1
study),20 4 provided results for all-cause mortality in patients with
COPD (319 deaths among 1802 participants), 10 provided results for
all-cause mortality in patients with renal disease (659 deaths among
3111 participants), 9 in patients with critical illness (453 deaths
among 1878 participants), and 10 in patients with metabolic and
vascular diseases (3362 deaths among 31,691 participants). The
follow-up duration ranged from length of hospital stay (in days) to
18.3 years.
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Fig. 1. Flow diagram depicting the process of study selection for meta-analysis.

Low vs High Muscular Strength in Relation to All-Cause Mortality in
Patient Groups
Twenty-eight studies provided 29 risk estimates that were
included in the meta-analysis comparing the lowest with the highest
categories of muscular strength in relation to mortality. One study49
provided separate risk estimates for men and women. Therefore,
both risk estimates were included in our analysis. The majority
(n ¼ 20) of studies assessed muscular strength through grip strength.
Nine studies used knee extension strength (n ¼ 6) or other methods of
muscular strength assessment (n ¼ 3). Of 29 risk estimates, the vast
majority were adjusted for sex (n ¼ 22). Eleven risk estimates were
adjusted for BMI, 7 were adjusted for smoking, and 6 were adjusted
for physical activity.
Individuals who fell into the lowest vs the highest category of
muscular strength showed a statistically signiﬁcant increased risk of
all-cause mortality (HR 1.80; 95% CI 1.54e2.10) (Figure 2). Overall,
there was high heterogeneity (I2 ¼ 89%, P < .05). The lowest compared
with the highest categories of muscular strength were associated with
enhanced mortality in patients with cancer (HR 2.40; 95% CI
1.57e3.69), critical illness (HR 2.06; 95% CI 1.33e3.21), renal disease
(HR 1.84; 95% CI 1.37e2.47), metabolic and vascular diseases (HR 1.64;

95% CI 1.26e2.14), and COPD (HR 1.36; 95% CI 1.16e1.61). There was
low to moderate heterogeneity in the HRs for COPD (I2 ¼ 0%, P ¼ .62),
cancer (I2 ¼ 42%, P ¼ .12) and renal disease (I2 ¼ 64%, P < .05). Heterogeneity was high in the HRs for metabolic and vascular diseases
(I2 ¼ 75%, P < .05) and critical illness (I2 ¼ 88%, P < .05). The Egger
regression test (P  .05) and funnel plot (Supplementary Figure 1)
inspection suggested the presence of publication bias, whereas the
Begg correlation test did not (P ¼ .54).
Inﬂuence and outlier diagnostics did not yield any signiﬁcant results. Omission of 1 study at a time from the overall analysis did not
substantially alter the results.
Table 2 illustrates the results from random-effects meta-regression. Stratiﬁcation by geographic region, disease condition, type of
assessment of muscular strength, and adjustment for sex, BMI,
physical activity, or smoking showed no signiﬁcant differences in
HRs.
Per 5-kg Higher Muscular Strength in Relation to All-Cause
Mortality in Patient Groups
Fourteen studies provided 16 risk estimates that were included in
the meta-analysis of a 5-kg difference in muscular strength in relation

Study,
Year (Ref)

Cancer
Bosscher
et al, 201615
Cesari
et al, 201316
Kilgour
et al, 201317

Study Design

Sample Size
(Women, %)/Age, y
(Mean,
Median or Range)

Prospective
207 (51% women)1
cohort study with oncologic
emergencies/64.0
Prospective
200 women
cohort study with gynecological
cancer/73.5
Prospective
203 (43% women)
cohort study with advanced
cancer/64.3
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Table 1
Characteristics of Clinical Studies Included in the Meta-Analysis Stratiﬁed by Disease Condition
Follow-up, Number of Muscle
mo
Deaths
Strength
Test

Low vs
High Deﬁnition

Per Increment
Deﬁnition

4.2 kg vs 1.2 kg deviation
of the normative value

3

45

HGS

Age, sex

12

23

HGS

28.8

152

HGS

196

HGS

85

HGS

low vs reference values
(normal population)

Age, sex, cancer type,
treatment (radio/chemo),
medications, time from
diagnosis
Age, sex, race, education,
COPD, CVD, T2D,
mini-mental
state, smoking, cancer type
Age, sex, cancer
stage and type

HGS

<30.3 kg (M)/<19.3 kg (F)
vs higher values

Sex, cancer type,
treatment line

HGS

5th percentile of the normal
population vs higher values
lowest vs highest quartile

ADO index, BMI

per SD
(7.6 kg) difference
<10th vs 50th percentile

Prospective
429 (36% women)
cohort study with cancer/77.2

24

Mauricio
et al, 201619

Prospective
228 (56% women)
cohort study with GI cancer
and breast cancer/62.1
Prospective
103 (34% women)
cohort study with advanced
cancer/70.0

34.2

Prospective
cohort study
Prospective
cohort study
Prospective
cohort study
Prospective
cohort study

46.8

162

73.2

83

HGS, KES

24

38

HGS

per 5 kg difference

60

36

QMVC

per 10 % BMI
difference (7.4 kg)

60

95

HGS

<30 kg (M)/<20 kg (F) vs higher values

54

28

HGS

<30 kg (M)/<20 kg
(F) vs higher values

Kittiskulnam
Prospective
645 (41% women)
et al, 201727
cohort study on dialysis/56.7
Matos et al, 201428 Prospective
443 (38% women)
cohort study on dialysis/46.6

22.8

78

HGS

33.8

102

HGS

<26 kg (M)/<16 kg
(F) vs higher values
<28.3 kg (M)/<23.4 kg
(F) vs higher values

Matsuzawa
et al, 201429
Roshanravan
et al, 201330

Prospective
190 (53% women)
cohort study on dialysis/64.0
Prospective
385 (16% women)
cohort study with nondialysis
-dependent CKD/61.0

84

30

KES

36

50

HGS

Stenvinkel
et al, 200231

Prospective
206 (39% women)
cohort study with end-stage
renal disease/52.0

37

55

HGS

COPD
Burtin
et al, 201621
Mehrotra
et al, 201022
Puhan et al
201323
Swallow
et al, 200724
Renal disease
Isoyama
et al, 201425
Kim et al, 201726

998 (72% women)
with COPD/67.0
268 (43% women)
with COPD/70‒79
374 (43% women)
with COPD/67.3
162 (33% women)
with COPD/63.7

Prospective
330 (38% women)
cohort study on dialysis/53.0
Prospective
142 (43% women)
cohort study on dialysis/59.8

6

n/a

per 10 kg difference

<40 % vs 
40 % of median
lowest 20 %
(adjusted for sex
and BMI) vs
higher values

Age, BMI, mini-mental state,
quality of life, cancer stage

Age, sex, race, smoking,
comorbidities
Age, sex, dyspnea, FEV1,
medication
Age, BMI, FEV1, FFM, medication

Age, sex, T2D, CVD, cholesterol,
haemoglobin, GFR, CRP
Age, sex, BMI, albumin, dialysis
adequacy, dialysis vintage,
CRP, CVD, T2D
per SD
Age, sex, race, CAD, CHF,
(10,6 kg) difference T2D, albumin
Age, demographics, T2D, CHF,
CVD, PAD, cancer history,
dialysis adequacy/vintage,
weekly
erythropoietin dose, haemoglobin,
creatinine, MIS
Age, sex, BMI, dialysis vintage,
comorbidities, albumin, CRP
per 5 kg difference
Age, sex, race, BMI,
smoking, CAD, T2D, GFR

per 1 kg difference

Age, CVD, T2D
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Klepin
et al, 201018

Versteeg
et al, 201820

Adjustment for
Covariates

Vogt et al, 201632
Wang et al, 200533
Yoda et al, 201234
Critical illness/ICU
Ali et al, 200835

Prospective
265 (46% women)
cohort study on dialysis/58.0
Prospective
233 (48% women)
cohort study on dialysis/55.0
Prospective
272 (36% women)
cohort study on dialysis/57.2
Prospective
cohort study

136 (52% women)
in ICU/57.7

Dinglas
et al, 201736

Prospective
cohort study

Files et al, 201837

Prospective
cohort study
Prospective
cohort study

156 (46% women)
in ICU with ARDS
syndrome/47.0
575 (39% women)
in ICU/78.8
244 (41% women) in ICU/54‒75

Hermans
et al, 201438

low vs >22.5 kg
(M)/>7 kg (F)

53

HGS

30

78

HGS

77

90

HGS

<12.4 kg/kg ALM vs
12.4 kg/kg ALM

Age, dialysis vintage, T2D,
albumin, creatinine, urea, CRP
Age, sex, CVD, T2D, GFR,
hemoglobin, CRP, albumin
Age, sex, T2D, dialysis
vintage, albumin

2

17

<11 kg (M)/<7 kg (F)
vs higher values

Age, sex, ventilator days,
organ failure, illness severity

60

53

HGS
MRC
sum score
MRC
sum score

12

204

12

58

MRC
sum score

MRC <36 vs higher values

<11 kg (M)/<7 kg
(F) vs higher values

per 1 kg difference

MRC <48 vs higher values

HGS

Lee et al, 201239

Prospective
cohort study

107 (45% women)
in ICU/61.2

In-hospital

10

Wang
et al, 201740

Prospective
cohort study

In-hospital

29

Martin-Ponce
et al, 201441

Prospective
cohort study

In-hospital

41

HGS

<50th percentile
vs higher values

Purser
et al, 200642

Prospective
cohort study

113 (35% women)
in ICU with acute
respiratory failure/69.8
310 (49% women)
during
hospitalization/61‒99
155 (30% women)
frail older
adults with
severe CAD/77.0

HGS
MRC
sum score
QIS

6

20

HGS

<25 kg vs higher values

Xavier
et al, 201743

Prospective
cohort study

82 (37% women)
with acute kidney
injury/62.3

6

21

HGS

<10 kg vs higher values

1506 men with
hypertension/50.2

219.6

183

148 men with CHF/62.8

44.4

13

HGS

<32.2 kg vs higher values

316 (56% women)
frail and 100
(29% women)
nonfrail older
adults with CHF/80.0
1314 (20% women)
with CAD/64.7

12

93

HGS

lowest 20 % (adjusted for
sex and BMI)
vs higher values

Metabolic and
vascular diseases
Artero
Prospective
et al, 201144
cohort study
Izawa
et al, 200945
Vidan
et al, 201646

Prospective
cohort study
Prospective
cohort study

Kamiya
et al, 201547

Prospective
cohort study

60

per point difference
(not included)

Age, comorbidities, SOFA score

per 10 kg difference

Age, sex, race

per point difference
(not included)

Age, sex, APACHE II, BMI,
NRS, COPD, T2D, malignancy,
sepsis, preadmission dialysis,
illness severity, risk factors
during ICU (corticosteroids,
neuromuscular blocking agents,
BG, new infections)
Age, creatinine, INR, albumin,
APACHE II, hemoglobin, BG

per 1 kg/m2
difference in BMI

Age, sex, BMI, comorbidities,
APACHE II, laboratory data
Age, albumin, disease stress,
subjective nutrition score, ABI,
sepsis, cancer, comorbidities
Age, sex, race, treatment,
activities of daily living,
comorbidities, creatinine,
cognition, depression, systolic BP,
self-rated health, hematocrit
Age, sex, comorbidities, creatinine,
illness severity

Bench press
lowest vs highest tertile of
Leg press (1-RM) overall muscle strength

118
QIS
(þ63 CV)

lowest vs highest quartile
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13.4

Age, physical activity,
smoking, alcohol intake, BMI,
BP, cholesterol, CVD, T2D, CRF
Age, left ventricular ejection fraction,
CRF
Age, sex, comorbidities,
NT-proBNP, NYHA class

per 10 % BW
difference (6.8 kg)

Age, BMI, previous CHF,
stroke and/or transient
ischemic attack
þ for CV deaths: coronary
artery bypass grafting,
end-stage renal disease,
coronary artery multivessel disease
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Table 1 (continued )
Study,
Year (Ref)

McDermott
et al, 201248

Study Design

Sample Size
(Women, %)/Age, y
(Mean,
Median or Range)

Follow-up, Number of Muscle
mo
Deaths
Strength
Test

Low vs
High Deﬁnition

Per Increment
Deﬁnition

434 (46% women)
with PAD/75.0

47.6

103

HGS, KES

lowest vs
highest tertile

Singh et al, 201049 Prospective
cohort study

410 (40% women)
with PAD/>55

60

126

Isometric
KES, KFS

lowest vs
highest quartile

Celis-Morales
et al, 201750

Prospective
cohort study

13,373 (39% women)
with T2D
(UK Biobank)/59.1

58.8

569

HGS

lowest vs
highest tertile

Hamasaki
et al, 201751

Prospective
cohort study

1282 (45% women)
with T2D/63.8

28.8

20

HGS

per
1 kg difference

12,516 (35% women)
with IGT and T2D/63.6
292 (34% women)
with liver disease/61.0

74.4

1,913

HGS

61

HGS

per
1 kg difference
per
5 kg difference

Lopez-Jaramillo
Prospective
et al, 201452
cohort study
Wang et al, 201653 Prospective
cohort study

15

Age, sex, race, BMI, ABI,
smoking, physical activity,
comorbidities
Age, race, comorbidities,
smoking, physical activity,
BMI, ABI
Age, sex, race, deprivation
index, education, income,
month of recruitment,
duration of T2D, systolic BP,
hypertension, medication, lifestyle
(BMI, smoking, TV, PC screen time,
sleep duration, physical activity,
dietary intake)
Age, sex, BMI, smoking,
alcohol intake, physical
activity, GFR, HbA1c,
duration of T2D, medication
Age, BMI, waist circumference
hip circumference
Age, sex, race, BMI, liver disease
etiology, model for end-stage liver
disease-Na, hepatocellular carcinoma

1-RM, 1-repetition maximum; ABI, ankle brachial index; ADO, multidimensional disease index based on age, dyspnea symptoms and FEV1; ALM, arm lean mass; APACHE II, Acute Physiology and Chronic Health Evaluation;
ARDS, acute respiratory distress syndrome; BG, blood glucose; BP, blood pressure; BW, body weight; CAD, coronary artery disease; CHF, chronic heart failure; CKD, chronic kidney disease; CRF, cardiorespiratory ﬁtness; CRP, Creactive protein; CVD, cardiovascular disease; F, female; FEV1, forced expiratory volume in 1 second; FFM, fat-free mass; GFR, glomerular ﬁltration rate; GI, gastrointestinal; HbA1c, glycated hemoglobin A1c; HGS, hand grip
strength; ICU, intensive care unit; IGT, impaired glucose tolerance; INR, International Normalized Ratio; KES, knee extension strength; KFS, knee ﬂexion strength; M, male; MIS, malnutrition-inﬂammation score; MRC, Medical
Research Council scale for muscle strength; NRS, nutritional risk score; NT-proBNP, N terminal pro brain natriuretic peptide; PAD, peripheral artery disease; SD, standard deviation; SOFA, Sequential Organ Failure Assessment;
T2D, type 2 diabetes mellitus; QIS, quadriceps isometric strength; QMVC, quadriceps maximal voluntary contraction force.
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Prospective
cohort study

Adjustment for
Covariates
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Author, year (exposure, sex)

Hazard Ratio [95% CI]

Cancer
Mauricio et al., 2016 (HGS, FM)
Versteeg et al., 2018 (HGS, FM)
Kilgour et al., 2013 (HGS, FM)
Bosscher et al., 2016 (HGS, FM)
Summary HR (p = 0.0001; I2 = 42.2%)

1.73 [0.90, 3.32]
1.75 [1.02, 3.00]
3.20 [2.01, 5.10]
6.90 [1.62, 29.40]
2.40 [1.57, 3.69]

COPD
Mehrotra et al., 2010 (KES, FM)
Burtin et al., 2016 (HGS, FM)
Summary HR (p = 0.0002; I2 = 0.0%)

1.34 [1.12, 1.60]
1.50 [0.99, 2.27]
1.36 [1.16, 1.61]

Renal disease
Yoda et al., 2012 (HGS, FM)
Roshanravan et al., 2013 (HGS, FM)
Kittiskulnam et al., 2018 (HGS, FM)
Isoyama et al., 2014 (HGS, FM)
Vogt et al., 2016 (HGS, FM)
Matos et al., 2014 (HGS, FM)
Matsuzawa et al., 2014 (KES, FM)
Kim et al., 2017 (HGS, FM)
Summary HR (p = 0.0001; I2 = 64.4%)

1.18 [1.05, 1.32]
1.30 [0.71, 2.37]
1.68 [1.01, 2.79]
1.79 [1.09, 2.94]
2.04 [1.12, 3.70]
2.68 [1.52, 4.71]
2.73 [1.14, 6.52]
5.65 [1.99, 16.04]
1.84 [1.37, 2.47]

Critial illness/ICU
Lee et al., 2012 (HGS, FM)
Dinglas et al., 2017 (MRC, FM)
Xavier et al., 2017 (HGS, FM)
Purser et al., 2006 (HGS, FM)
Martin−Ponce et al., 2014 (HGS, FM)
Ali et al., 2008 (HGS, FM)
Hermans et al., 2014 (MRC, FM)
Summary HR (p = 0.0013; I2 = 87.8%)

1.00 [0.96, 1.04]
1.75 [1.01, 3.03]
1.82 [1.43, 2.31]
2.70 [0.73, 10.00]
2.74 [1.14, 6.58]
4.50 [1.22, 16.60]
4.27 [2.08, 8.75]
2.06 [1.33, 3.21]

Metabolic and vascular diseases
Singh et al., 2010 (KES , F)
Izawa et al., 2009 (HGS, M)
Vidan et al., 2016 (HGS, FM)
Artero et al., 2011 (MS , M)
McDermott et al., 2012 (KES, FM)
Celis−Morales et al., 2017 (HGS, FM)
Kamiya et al., 2015 (KES, FM)
Singh et al., 2010 (KES , M)
Summary HR (p = 0.0002; I2 = 75.2%)

0.81 [0.29, 2.30]
1.11 [1.03, 1.20]
1.46 [0.87, 2.46]
1.52 [1.04, 2.22]
1.96 [0.90, 4.26]
2.05 [1.65, 2.54]
2.63 [1.45, 4.76]
2.91 [1.30, 6.53]
1.64 [1.26, 2.14]

RE Model for All Studies (p = 0.0000; I2 = 88.85%)

1.80 [1.54, 2.10]

0.25

1

2

4

8

16

Hazard Ratio (log scale)
Fig. 2. Random-effects (RE) meta-analysis of adjusted HRs of low vs high muscular strength in relation to mortality. The black square and the respective line represent the HRs and
the corresponding 95% CI for each study. The diamonds represent the summary risk estimates for low vs high muscular strength and all-cause mortality in different patient groups.
I2, heterogeneity among studies. F ¼ females; FM ¼ females and males; HGS ¼ hand grip strength; ICU ¼ intensive care unit; KES ¼ knee extension strength; M ¼ males;
MRC ¼ Medical Research Council scale for muscle strength; MS ¼ muscle strength.

to all-cause mortality. Stenvinkel et al31 and Lopez-Jaramillo et al52
provided separate risk estimates for men and women. Therefore, we
included both risk estimates in our meta-analysis. The majority of
studies (n ¼ 11) assessed muscular strength through grip strength.
Whereas most risk estimates were not adjusted for physical activity
(n ¼ 15 out of 16 risk estimates) or smoking (n ¼ 13 out of 16 risk
estimates), 9 out of 16 risk estimates were adjusted for BMI, and
almost all (n ¼ 14) were sex adjusted.
A 5-kg higher level of muscular strength was associated with a
statistically signiﬁcant difference in total mortality (HR 0.72; 95% CI
0.59e0.89) (Figure 3). Overall, there was very high heterogeneity
(I2 ¼ 97%, P < .05). The association was most pronounced in patients

with metabolic and vascular diseases (HR 0.52; 95% CI 0.29e0.91),
followed by critically ill patients (HR 0.78; 95% CI 0.61e0.99) and
patients with renal disease (HR 0.82; 95% CI 0.73e0.91). In patients
with cancer and COPD, all-cause mortality was not statistically
signiﬁcantly associated with muscular strength. There was low to
moderate heterogeneity in the HRs for cancer (I2 ¼ 0%, P ¼ .60), renal
disease (I2 ¼ 32%, P ¼ .23), COPD (I2 ¼ 32%, P ¼ .23), and critical illness
(I2 ¼ 63%, P ¼ .09). Heterogeneity was high in the HR for metabolic and
vascular diseases (I2 ¼ 99%, P < .05). Whereas the Egger regression
test (P ¼ .89) and Begg rank correlation test (P ¼ .08) did not point
toward publication bias, visual inspection of the funnel plot
(Supplementary Figure 2) indicated some publication bias.
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Table 2
Pooled Risks of Low vs High Muscular Strength and per 5-kg Higher Levels of Muscular Strength in Relation to Mortality Stratiﬁed by Potential Effect Modifying Factors
Effect Modifying Factors

Overall
Region
Europe
North America
South America
Asia
Disease condition
Cancer
COPD
Renal disease
Critical illness/ICU
Metabolic and vascular diseases
Assessment of muscular strength
HGS
KES
Other (muscle strength, MRC)
Adjustment for sex
Yes
No
Adjustment for BMI
Yes
No
Adjustment for physical activity
Yes
No
Adjustment for smoking
Yes
No

Low vs High Muscular Strength

Per 5-kg Higher Muscular Strength

N

HR (95% CI)

I2 (%)

29

1.80 (1.54‒2.10)

89

8
12
4
5

1.97
1.65
1.92
1.92

(1.69‒2.29)
(1.28‒2.12)
(1.58‒2.34)
(1.10‒3.34)

0
81
0
97

4
2
8
7
8

2.40
1.36
1.84
2.06
1.64

(1.57‒3.69)
(1.16‒1.61)
(1.37‒2.47)
(1.33‒3.21)
(1.26‒2.14)

42
0
64
88
75

20
6
3

1.76 (1.46‒2.12)
1.84 (1.28‒2.64)
2.12 (1.18‒3.78)

92
51
72

22
7

1.77 (1.50‒2.09)
1.91 (1.31‒2.78)

79
80

11
18

2.02 (1.60‒2.56)
1.68 (1.39‒2.03)

46
92

6
23

1.57 (1.15‒2.15)
1.88 (1.57‒2.26)

80
86

7
22

1.61 (1.30‒2.01)
1.91 (1.57‒2.33)

49
92

P*

N

HR (95% CI)

I2 (%)

16

0.72 (0.59‒0.89)

97

5
7
0
4

0.86 (0.76‒0.98)
0.63 (0.40‒0.98)
‒
0.78 (0.70‒0.87)

57
99
‒
17

2
2
5
2
5

0.93
0.92
0.82
0.78
0.52

(0.78‒1.12)
(0.84‒1.00)
(0.73‒0.91)
(0.61‒0.99)
(0.29‒0.91)

0
32
32
63
99

13
3
0

0.70 (0.54‒0.90)
0.84 (0.71‒0.99)
‒

97
84
‒

14
2

0.70 (0.55‒0.88)
0.89 (0.79‒1.01)

96
78

9
7

0.65 (0.45‒0.94)
0.82 (0.77‒0.88)

99
0

1
15

0.70 (0.49‒1.00)
0.72 (0.58‒0.90)

NA
98

3
13

0.89 (0.79‒1.01)
0.70 (0.54‒0.89)

0
98

.6117

P*
.4558

.5864

.2435

.6183

.5976

.9262

.4583

.2122

.2779

.3671

.9485

.4108

.4781

HGS, hand grip strength; ICU, intensive care unit; KES, knee extension strength; MRC, Medical Research Council scale for muscle strength; n, number of risk estimates.
*P value for difference (from meta-regression).

Inﬂuence and outlier diagnostics did not yield any signiﬁcant results. Omission of 1 study at a time from the overall analysis did not
substantially alter the results.
The results of our meta-regression analyses showed no detectable
differences in pooled HRs by study region, disease condition, type of
assessment of muscular strength, and adjustments for sex, BMI,
physical activity, or smoking (Table 2).
Discussion
This meta-analysis was designed to investigate the role of different
measures of muscular strength on mortality risk in different patient
groups. We found evidence of associations between all measures of
muscular strength investigated and all-cause mortality. Our metaanalysis indicates that patients with lower levels of muscular
strength had a 1.8-fold increased risk of death compared with patients
with higher muscular strength. Conversely, a 5-kg higher level of
muscular strength was associated with a 28% difference in all-cause
mortality risk. The observed associations did not differ by study region, type of assessment of muscular strength, or disease condition,
and remained evident after controlling for sex, BMI, physical activity,
or smoking.
The importance of muscular strength in predicting survival has
been systematically assessed in community-dwelling healthy populations.5,6,54 Our population was unique in that it afforded us the
opportunity to assess persons with existing acute and chronic diseases. Our data demonstrate that muscular strength is a similar or
even more important marker of mortality risk in a clinical population.
Therefore, physicians should consider using muscular strength in
clinical settings to improve risk prediction, patient management and,
most importantly, patient health.
The biologic mechanisms underlying the beneﬁts of muscular
strength for mortality risk are still unclear but appear to be
multifactorial. First, muscular strength is strongly associated with

skeletal muscle mass, a major tissue responsible for blood glucose
disposal and an extensive reservoir of amino acids stored as protein.
A loss of protein stores resulting from aging or illness is linked to
metabolic dysregulation,55 increased systemic low-grade inﬂammation,56 immunosuppression,57 reduced tolerance to treatments,58 and, ultimately, reduced survival.3 Second, skeletal muscle
is directly related to the integrated function of numerous processes
that contribute to whole-body metabolism and crucial body functions.59 Thus, a low level of muscular strength may simply reﬂect
poor nutrition and health state. Indeed, loss of muscle mass is a
critical consequence of malnutrition, resulting in increased risk of
mortality in hospitalized patients.60 Third, decreasing muscular
strength represents a hallmark of the aging process and is likely
related to muscle mitochondrial dysfunction.61 According to the
concept of “coordinated de-adaptation,” the functional capacities of
the cardiovascular and respiratory systems will also decline when
mitochondrial volume decreases, for example, as a result of aging or
disease.62 However, it has been shown that chronological age per se
does not inﬂuence quality control in skeletal muscle, but rather that
BMI and cardiorespiratory ﬁtness play a dominant role in mitochondrial dysfunction in aging muscle.63 Although our metaanalysis was adjusted for BMI and physical activity, we were
unable to adjust for cardiorespiratory ﬁtness, which has been
shown to be an independent predictor of mortality in healthy and
diseased populations.64
For the assessment of muscular strength, we used the grip
strength, knee extension strength, and Medical Research Council
sum score in critically ill patients. Although the type of muscular
strength test did not inﬂuence observed associations in our metaanalysis, recent ﬁndings suggest that grip strength alone should
not be considered a proxy for overall muscular strength at both the
population and the individual level, rather, grip strength weakness
may be increasingly linked to knee extension strength weakness
in lower health status.65 Multiple muscular strength measures
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Author, year (exposure, sex)
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Hazard Ratio [95% CI]

Cancer
Cesari et al., 2013 (HGS, F)

1.02 [0.70, 1.49]

Klepin et al., 2010 (HGS, FM)

0.91 [0.74, 1.12]

Summary HR (p = 0.4645; I2 = 0.0%)

0.93 [0.78, 1.12]

COPD
Swallow et al., 2007 (KES, FM)

0.94 [0.89, 0.99]

Puhan et al., 2013 (HGS, FM)

0.84 [0.71, 1.00]

Summary HR (p = 0.0625; I2 = 31.9%)

0.92 [0.84, 1.00]

Renal disease
Roshanravan et al., 2013 (HGS, FM)

0.93 [0.79, 1.09]

Stenvinkel et al., 2002 (HGS, F)

0.86 [0.61, 1.22]

Kittiskulnam et al., 2018 (HGS, FM)

0.83 [0.71, 0.97]

Wang et al., 2005 (HGS, FM)

0.77 [0.62, 0.95]

Stenvinkel et al., 2002 (HGS, M)

0.69 [0.56, 0.85]

Summary HR (p = 0.0003; I2 = 32.4%)

0.82 [0.73, 0.91]

Critical illness/ICU
Files et al., 2018 (HGS, FM)

0.86 [0.75, 0.99]

Wang et al., 2017 (KES, FM)

0.67 [0.52, 0.87]

Summary HR (p = 0.0405; I2 = 63.2%)

0.78 [0.61, 0.99]

Metabolic and vascular diseases
Kamiya et al., 2015 (KES, FM)

0.83 [0.75, 0.92]

Wang et al., 2016 (HGS, FM)

0.74 [0.60, 0.92]

Hamasaki et al., 2017 (HGS, FM)

0.70 [0.49, 1.00]

Lopez−Jaramillo et al., 2014 (HGS, M)

0.50 [0.47, 0.53]

Lopez−Jaramillo et al., 2014 (HGS, F)

0.17 [0.14, 0.21]

Summary HR (p = 0.0224; I2 = 98.9%)

0.52 [0.29, 0.91]

RE Model for All Studies (p = 0.0020; I2 = 97.32%)

0.72 [0.59, 0.89]

0.12

0.5

1

2

Relative risk (log scale)
Fig. 3. Random-effects (RE) meta-analysis of adjusted hazard ratios (HR) of per 5-kg higher muscular strength in relation to mortality. The black square and the respective line
represent the HRs and the corresponding 95% CI for each study. The diamonds represent the summary risk estimates for a per 5-kg increase in muscular strength and all-cause
mortality in different patient groups. I2, heterogeneity among studies. F ¼ females; FM ¼ females and males; HGS ¼ hand grip strength; ICU ¼ intensive care unit; KES ¼ knee
extension strength; M ¼ males.

including lower and upper body limb muscles may be better predictors as the association between muscular strength and mortality
can change depending on sex and muscular group (eg, upper and
lower limb muscles) analyzed.66 However, considering that only
very few of the included studies tested knee extension strength,
which is also more difﬁcult to measure in a standardized and reliable way than grip strength, it remains questionable whether it is
worthwhile to measure both grip strength and knee extension
strength. Moreover, the new deﬁnition of sarcopenia focuses on low
grip strength (<27 kg for men and <16 kg for women) as the ﬁrst
deﬁning characteristic,67 whereas cut-points for knee extension
strength are not available at present. Indeed, the diagnosis of knee
extension strength weakness is rather arbitrary, and there is a
strong need for sex-speciﬁc threshold values for low muscular

strength based on normative data across the life course, as has been
reported recently for grip strength.68
Based on the results of our meta-analysis, not including muscular
strength in clinical assessments fails to provide an optimal approach
to stratifying patients according to mortality risk. Muscular strength
has concurrent and prognostic value.69 For example, grip strength is
not only related to health status but also provides useful information
regarding nutritional status, muscle mass, and physical function, and
is used for sarcopenia case-ﬁnding.67 Acute sarcopenia is usually
related to an acute illness and refers to acute loss of muscle mass and
function associated with hospitalization, whereas chronic sarcopenia
is associated with chronic and progressive conditions, and it increases
the risk of mortality. The implementation of simple physical tests that
may reliably evaluate the muscular strength state of the patient has
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value in any phase of illness, but particularly in advanced illness that
may invoke inﬂammatory processes (eg, cancer or chronic renal disease). Measures of muscular strength could eventually be combined
with measures of muscle quality such as phase angle to create a score
that would better predict clinical outcomes and mortality risk. For
example, phase angle was more accurate in predicting survival
compared with grip strength in one of our included studies in cancer
patients.19 This enables a more personalized approach for treatment,
which may help in enhancing the effectiveness and acceptability of
currently available therapies.
Our study has important strengths. This is the ﬁrst meta-analysis to
assess the relationship between muscular strength and mortality risk
in outpatient and hospitalized patients. We included a considerable
number of studies in our meta-analysis and were able to perform
important subgroup analyses according to disease conditions and
other potential effect-modifying factors. Limitations of the present
meta-analysis include the large heterogeneity across studies that
cannot be explained by subgroup analysis and meta-regression of
potential effect-modifying factors. However, stratiﬁcation by disease
condition revealed that heterogeneity was highest among patients
with metabolic and vascular diseases (I2 ¼ 98.9%) and critical illness
(I2 ¼ 63.2%), but was much lower in the subgroups of individuals with
cancer, COPD, or renal disease (I2 ¼ 0 to 32.4%). Heterogeneity may be
explained in part by differences in clinical status at baseline and
changes in treatment regimens during follow-up. Furthermore, the
included studies used different deﬁnitions of low vs high levels of
muscular strength, which further complicates interpretation. In
addition, variation in the distribution of confounders by disease entity
and potential residual confounding by unknown or unmeasured factors are also of concern. The associations observed could indeed be
proxies for undetected measures of disease severity or progression or
of other comorbid illnesses such as rheumatologic disease of
inﬂammaging.
Conclusions and Implications
In conclusion, muscular strength is inversely associated with
mortality risk in various acute and chronic conditions and should be
used in clinical settings to improve risk prediction and patient management. Even small differences in muscular strength levels may
affect mortality in several patient groups. To guide clinical practice,
future research should focus on developing validated cut-points for
diagnosing low muscular strength and their predictive value for hard
end-points, such as survival. Ultimately, clinical trials need to establish
whether routine implementation of muscular strength development
measures improves clinical outcomes in the secondary care setting. It
is of critical importance to empower healthcare professionals to understand and communicate the positive impact of muscular ﬁtness on
disease processes.
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