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ABSTRACT
Objective To quantify the associations between
muscle-strengthening activities and the risk of noncommunicable diseases and mortality in adults
independent of aerobic activities.
Design Systematic review and meta-analysis of
prospective cohort studies.
Data sources MEDLINE and Embase were searched
from inception to June 2021 and the reference lists of all
related articles were reviewed.
Eligibility criteria for selecting studies Prospective
cohort studies that examined the association between
muscle-strengthening activities and health outcomes in
adults aged ≥18 years without severe health conditions.
Results Sixteen studies met the eligibility criteria.
Muscle-strengthening activities were associated with a
10–17% lower risk of all-cause mortality, cardiovascular
disease (CVD), total cancer, diabetes and lung cancer. No
association was found between muscle-strengthening
activities and the risk of some site-specific cancers
(colon, kidney, bladder and pancreatic cancers). Jshaped associations with the maximum risk reduction
(approximately 10–20%) at approximately 30–60 min/
week of muscle-strengthening activities were found for
all-cause mortality, CVD and total cancer, whereas an Lshaped association showing a large risk reduction at up
to 60 min/week of muscle-strengthening activities was
observed for diabetes. Combined muscle-strengthening
and aerobic activities (versus none) were associated with
a lower risk of all-cause, CVD and total cancer mortality.
Conclusion Muscle-strengthening activities were
inversely associated with the risk of all-cause mortality
and major non-communicable diseases including CVD,
total cancer, diabetes and lung cancer; however, the
influence of a higher volume of muscle-strengthening
activities on all-cause mortality, CVD and total cancer
is unclear when considering the observed J-shaped
associations.
Systematic review registration PROSPERO
CRD42020219808.

INTRODUCTION

Physical inactivity is a global public health
problem. Several national and international physical activity guidelines recommend regular musclestrengthening activities for adults.1–5 For example,
the recent WHO guidelines recommend that adults
should perform muscle-strengthening activities

,2 Takanori Honda

,3

4

Regular engagement in musclestrengthening activities (eg, resistance training)
3

67

diseases (NCDs) such as cardiovascular disease
(CVD) and cancer.7 Therefore, promoting musclestrengthening activities may help in reducing the

strengthening activities have been less frequently
investigated in terms of their influence on the
prevention of premature death and NCDs. Saeidifard et al
and meta-analysis of 11 published studies that
focused on mortality.8 Although no clear associamortality from CVD and cancer, resistance training
mortality.8 Moreover, a recent meta-analysis that
9
Although
these findings suggested a favourable influence of

not quantified. In some countries such as Japan,10
a revision of the national physical activity guide-

included in the guidelines. Existing physical activity
health benefits of muscle-strengthening activities.11–13 A systematic evaluation of the associations

strengthening activities need to be included in the
guidelines. In addition, investigating the dose–
response association is also necessary to determine
the amount of muscle-strengthening activities that
should be recommended for public health purposes.

strengthening activities and mortality and major
NCDs.14 With the increasing number of relevant

not directly provide the optimal dose of musclestrengthening activities.
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of prospective cohort studies on muscle-strengthening activities
years. In addition to examining the health benefits of engaging

through deliberation to achieve consensus. Because most of the
studies eligible for our meta-analyses reported hazard ratios, if

muscle-strengthening activities independent of aerobic activities,

corresponding authors to provide the hazard ratios.17 18 More-

strengthening activities and health outcomes. We also focused on
the additional benefits of combined muscle-strengthening and
aerobic activities for health outcomes.

ratios using a template.
Three authors provided additional
data.
When multiple articles involving the same cohort

METHODS

15

recently published articles had the largest number of cases in

16

included.

Data sources and searches

Quality assessment

We excluded the ‘representativeness of the exposed cohort’ item
to evaluate internal validity, not external validity. Therefore, 8
strengthening activities and health outcomes among adults
and resolved any inconsistencies through discussion.
ence of muscle-strengthening activities on the outcomes inde-

Data synthesis and analysis
the effect estimate for the same outcome. Reported hazard

as an outcome.

18

RRs because the overall cumulative incidence of the outcome

Study selection
independently screened the titles and abstracts using EndNote

the influence of the inclusion of this study by performing a
leave-one-out analysis. For the meta-analysis of the influence
of muscle-strengthening activities, the effect estimates for any

authors also independently performed full-text reading of each
article and a hand-search of the reference lists in the selected

When the included studies

resolved through discussion. An update of the primary search

Data extraction
selected papers among them: first author, publication year, study
location, cohort name, sex, age of participants, number of particcause of death, number of incident outcomes, subtype of incident
outcome, assessment details for outcomes, assessment details for
muscle-strengthening activities, covariates included in the analyses, and effect estimates and 95% confidence intervals (CIs) of
mortality or incidence of NCDs. If relevant information about

method.
We also conducted a dose–response meta-analysis to investigate the influence of muscle-strengthening activities on health
and Orsini et al.
specific linear trends (slopes) considering the covariance for each
relative to a common reference group.
The method requires
data including distribution of cases, person-years and adjusted

total number of cases and person-years and the RR according to
the previous study.

of the same cohort. The most adjusted effect estimates in the
median or mean of the time of muscle-strengthening activities
2 of 10
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A potential non-linear association
of the exposure.
zero using a Wald test.
The joint benefit of muscle-strengthening activities and aerobic
effect estimates of both muscle-strengthening and aerobic activities. The categories of muscle-strengthening (eg, none vs any
included studies.
statistic. I
level of heterogeneity, respectively.30 To examine the effect of
individual studies on the pooled point estimate and 95% CI of
excluding each study and evaluated the corresponding changes
in the effect estimate (leave-one-out analysis).
Figure 1
analysis.

Flowchart of the selection of studies included in the meta-

three studies.
plots of estimates against the SE of each study and by using
Egger’s test of funnel plot asymmetry31 if the number of included

Moreover, prostate cancer and lymphoma

of outcomes across the studies.45 50
same cohort (see online supplemental table 5).

One study

the effect estimate
the exposure could not be integrated.63
included in the meta-analysis (figure 1).

Grading the evidence

The Grading of Recommendations Assessment, Development

Study characteristics

The detailed characteristics of the studies included in the metaanalysis are presented in online supplemental table 6. The

33–38

certainty of evidence for outcomes.

and TH) examined and revised the certainty of assessments as
England and Scotland, Australia17 and Japan.41 The number
of participants varied considerably (from 3809 to 479 856).

supplemental table 3).39

46

RESULTS
Literature search
-

only nine outcomes (all-cause mortality, CVD, total cancer,

(see online supplemental table 4), resulting in the exclusion of
Momma H, et al. Br J Sports Med 2022;56:755–763. doi:10.1136/bjsports-2021-105061

studies included men only19 50
only.

and sociodemographic status. All studies considered aerobic
or other types of physical activity. Thirteen studies used selfreporting methods to measure muscle-strengthening activi47 49 51
ties
All studies focused on muscle-strengthening exercises such as
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figure 4
figure 3), a non-linear association

Three studies examined the joint benefit of muscle-

a total of 581 194 participants and 68 637 cases. Combined
-

95% CI 0.54 to 0.67; I =59.3%) (figure 5).

CVD

of heterogeneity (I

4 of 10

-

focused on CVD mortality or CVD morbidity,43 44 46
other studies focused on CVD mortality.
Muscle-

). Although the

score and exposure assessment, the heterogeneity disappeared
(I
et al44

7

6

5

2

2

2

2

2

CVD

Total cancer

Diabetes

Colon cancer

Kidney cancer

Bladder cancer

Lung cancer

Pancreatic cancer

1028/248 909

4075/248 909

2341/248 909

1063/248 909

2415/248 909

9548/202 486

21 253/540 543

16 056/257 888

42 133/263 058

1.12 (0.98 to 1.28)

0.90 (0.83 to 0.98)

0.94 (0.84 to 1.05)

0.88 (0.76 to 1.02)

0.96 (0.91 to 1.01)

0.83 (0.77 to 0.89)

0.88 (0.80 to 0.97)

0.83 (0.73 to 0.93)

0.85 (0.79 to 0.93)

0.11

0.01

0.27

0.08

0.09

<0.001

0.008

0.002

<0.001

0%,<0.84

0%,<0.69

19%,<0.27

0%,<0.52

0%,<0.35

36%, 0.18

76%,<0.001

73%,<0.001

83%,<0.001

*
: very low;
: low;
: moderate;
: high.
†A J-shaped association with the maximum risk reduction (17%) at 40 min/week.
‡A J-shaped association with the maximum risk reduction (18%) at 60 min/week.
§A J-shaped association with the maximum risk reduction (9%) at 30 min/week.
¶An L-shaped association with a large risk reduction up to 60 min/week.
CVD, cardiovascular diseases; GRADE, Grading of Recommendations Assessment, Development and Evaluation; RR, relative risk.

7

All-cause mortality

I2, p value

2

2

2

2

2

3

4

5

6

N

1028/248 909

4075/248 909

2341/248 909

1063/248 909

2415/248 909

7511/167 072

13 033/212 323

11 263/226 746

37 178/236 331

Cases/participants

1.004 (0.99 to 1.02)

0.99 (0.98 to 1.00)

0.98 (0.95 to 1.02)

0.98 (0.96 to 1.002)

0.998 (0.96 to 1.04)

0.98 (0.97 to 0.99)¶

0.99 (0.98 to 1.004)§

0.996 (0.99 to 1.003)‡

0.99 (0.98 to 1.00)†

RR (95% CI)

Dose–response meta-analysis (10 min/week increase)

18

P value

(I

RR (95% CI)

All-cause mortality

Cases/participants

-

N

0.65

0.045

0.34

0.08

0.91

0.003

0.15

0.26

0.05

P value

0%, 0.89

0%, 0.81

77%, 0.04

9%, 0.29

94%,<0.001

59%, 0.09

80%, 0.002

0%, 0.46

75%, 0.001

I2, p value

GRADE*

Risk of bias and certainty of evidence

Outcomes

The overall certainty of the evidence for each outcome and
table 1 and online supplemental table 3.

Two-group (no vs any muscle-strengthening activities) meta-analysis

Summary of the association between muscle-strengthening activities and health outcomes

figure 1). Moreover, the exclusion of any other individual study
did not substantially change this result, and the high heterogement (see online supplemental figures 1-4).

Table 1

muscle-strengthening activities such as carrying heavy loads and
heavy gardening.
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Figure 2 Two-group meta-analysis of the associations between no versus any muscle-strengthening activities and all-cause mortality,
cardiovascular disease (CVD), total cancer and diabetes. RR, relative risk.

I

mental figure 5).

figure 3), a non-linear association
figure 4

Three studies examined the joint benefit of muscle-

figure 5).

Total cancer
focused on total cancer incidence,50
focused on total cancer mortality.

Muscle-strengthening

Figure 3 Linear dose–response meta-analysis of the associations between muscle-strengthening activities (per 10 min/week increase) and all-cause
mortality, cardiovascular disease (CVD), total cancer and diabetes. RR, relative risk.
Momma H, et al. Br J Sports Med 2022;56:755–763. doi:10.1136/bjsports-2021-105061
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Figure 4 Non-linear dose–response meta-analysis of the associations between muscle-strengthening activities and all-cause mortality,
cardiovascular disease (CVD), total cancer and diabetes. Muscle-strengthening activities were modelled with restricted cubic splines in a randomeffects dose–response model. The black line indicates the spline model and dashed lines represent 95% confidence intervals. RR, relative risk.

Figure 5 Meta-analysis of the joint associations of muscle-strengthening and aerobic activities with all-cause mortality, cardiovascular disease
(CVD) mortality, total cancer mortality and colon cancer incidence. The definitions of groups for muscle-strengthening and aerobic activities were
based on the categories described in online supplemental table 6. RR, relative risk.
6 of 10
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heterogeneity (I
). The exclusion of
any individual study did not substantially change this result, and

performed because of the small number of included studies.
The overall quality of the evidence on the incidence of each

or exposure assessment (online supplemental figures 1-3). When
the study by Rezende et al50
(online supplemental figure 1).

Publication bias

For all outcomes included in the meta-analysis, the test for funnel

figure 3
observed (figure 4

DISCUSSION

Three studies examined the joint benefit of musclestrengthening and aerobic activities for total cancer mortality,

cause mortality independent of aerobic activities among adults
activities and all-cause mortality, CVD and total cancer,

0.53 to 0.98; I =84.8%) (figure 5).

Diabetes

Saeidifard et al reported that engaging in muscle-strengthening
-

moderate level of heterogeneity (I =35.8%; p=0.18) (

total cancer mortality.8

).

et al17
excluded (online supplemental figure 1). An inverse association

studies,8

9

Our system-

9

et
al

geneity (RR 0.98; 95% CI 0.97 to 0.99; p=0.003; I =58.7%;
p=0.09) (figure 3

9
The reason
for this discrepancy may be derived from the extracted effect
estimates. Nascimento et al extracted the effect estimate from

of muscle-strengthening activities (figure 4).

Site-specific cancers
bladder, lung and pancreatic cancers).45 50 The total number of

previous meta-analyses.8 9 Therefore, beyond aerobic activities,
muscle-strengthening activities may provide additional benefits
for preventing mortality.
ties and health outcomes. Several previous cohort studies have
activities and health outcomes.

et al

0.98; p=0.01; I =0.0%; p=0.69) (online supplemental figure
95% CI 0.98 to 1.00; p=0.045; I =0.0%; p=0.81) (online
supplemental figure 7). For other site-specific cancers, no associanalyses (figure 5 and online supplemental figures 6 and 7).
Momma H, et al. Br J Sports Med 2022;56:755–763. doi:10.1136/bjsports-2021-105061
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8

This result supports a potential non-linear
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What is already known?
⇒ Physical activity guidelines recommend regular muscle-

all-cause mortality, CVD and total cancer. These results suggest
that optimal doses of muscle-strengthening activities for the
prevention of all-cause death, CVD and total cancer may exist.
In addition, our study is the first to systematically evaluate

is supported by several biological mechanisms,64

65

many of

strengthening activities for adults, and this recommendation
is primarily based on the benefits for musculoskeletal health.
⇒ Previous meta-analyses have shown that musclestrengthening activities are associated with a decreased risk
of all-cause mortality and kidney cancer, although the dose–
response association is unknown.
⇒ Further studies are needed to update the literature and
expand on previous studies that did not provide evidence on
the optimal dose of muscle-strengthening activities.

randomised controlled trials examining surrogates of diabetes.66

What are the new findings?
Because muscle-strengthening activities increase or preserve
tissue in glucose metabolism, a clear dose–response association
can be established.
most important limitation is that the meta-analysis included
only a small number of studies. The limited number of studies
us to conduct some subgroup analyses to explain the heteroTherefore, the pooled estimates in this study might have been
overestimated because of potential publication bias. Second, the
included studies evaluated muscle-strengthening activities using
measures of muscle-strengthening activities have been reported
to have higher reliability than those of aerobic activities,67 this
may have contributed to the heterogeneity in our results. Indeed,

studies may have been missed.
Several physical activity guidelines recommend that adults
1–5

Although the recommendation is primarily based on the benefit
11–13
these guidelines are partly
supported by our results in terms of preventing premature
muscle-strengthening activities on health benefits is unclear. Our

be reasonable, although a higher volume may require caution.
not directly examine the frequency of muscle-strengthening activfits of high-volume muscle-strengthening activities. Moreover,
attention should also be paid to evidence that most programmes
8 of 10

⇒ Muscle-strengthening activities were associated with a

10–17% lower risk of CVD, total cancer, diabetes, lung cancer
and all-cause mortality independent of aerobic activities
among adults.
⇒ The maximum risk reduction for all-cause mortality, CVD and
total cancer was obtained at approximately 30–60 min/week
of muscle-strengthening activities, and the risk of diabetes
sharply decreased until 60 min/week of muscle-strengthening
activities, followed by a gradual decrease.

The longitudinal influence of
muscle-strengthening activities on mortality and NCDs should
future studies.

CONCLUSION

of a higher volume of muscle-strengthening activities on allcause mortality, CVD and total cancer is unclear, considering the
observed J-shaped associations. In addition, the combination of
muscle-strengthening and aerobic activities may provide a greater
benefit for reducing all-cause, CVD and total cancer mortality.
Given that the available data are limited, further studies—such
as studies focusing on a more diverse population—are needed to
increase the certainty of the evidence.
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