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Introduction: This study aimed to systematically review and meta-analyze the relationship
between resistance training and all-cause, cardiovascular disease, and cancer mortality.

Methods: Systematic review and meta-analysis following PRISMA guidelines (International Pro-
spective Register of Systematic Reviews Registration Number CRD42019136654) was conducted.
MEDLINE (OVID), Embase, Emcare, SPORTDiscus, The Cochrane Library, and SCOPUS were
searched from inception to June 6, 2021. Included studies reported resistance training as the
exposure and all-cause mortality, cardiovascular disease‒specific mortality, and/or cancer-specific
mortality as outcome/s. Only studies conducted among nonclinical adult populations (aged ≥18
years) and written in English were included.

Results: A total of 10 studies were included in the meta-analyses. Compared with undertaking no
resistance training, undertaking any amount of resistance training reduced the risk of all-cause
mortality by 15% (RR of 6 studies=0.85; 95% CI=0.77, 0.93), cardiovascular disease mortality by
19% (RR of 4 studies=0.81; 95% CI=0.66, 1.00), and cancer mortality by 14% (RR of 5 studies=0.86;
95% CI=0.78, 0.95). A dose−response meta-analysis of 4 studies suggested a nonlinear relationship
between resistance training and the risk of all-cause mortality. A maximum risk reduction of 27%
was observed at around 60 minutes per week of resistance training (RR=0.74; 95% CI=0.64, 0.86).
Mortality risk reductions diminished at higher volumes.

Discussion: This systematic review and meta-analysis provides the strongest evidence to date that
resistance training is associated with reduced risk of all-cause, cardiovascular disease, and
cancer-specific mortality. More research is needed to determine whether any potential mortality
benefits gained from resistance training diminish at higher volumes.
Am J Prev Med 2022;63(2):277−285. © 2022 American Journal of Preventive Medicine. Published by Elsevier
Inc. All rights reserved.
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Cardiovascular diseases (CVDs) and cancers are
the leading cause of death globally, accounting
for an estimated 32% and 17% of all reported

deaths in 2019, respectively.1 Physical inactivity is a key
modifiable risk factor for the prevention and management
of CVD and cancer.2 At present, most epidemiologic evi-
dence on physical activity and health is based on studies
assessing the health benefits of moderate-to-vigorous
intensity physical activity (MVPA) (for example, walking,
cycling or running). In brief, regular engagement in
MVPA is recognized as a strong protective factor against
a wide range of health outcomes, including the risk of
CVD3 and some cancers4 as well as the risk of CVD mor-
tality, cancer mortality, and all-cause mortality.2

For optimal health and wellbeing, the 2020 WHO
physical activity guidelines recommend that adults take
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part in 150‒300 minutes of moderate-intensity physical
activity or 75‒150 minutes of vigorous physical activity
per week.5 The WHO physical activity guidelines also
recommended that adults participate in muscle-
strengthening activity at least 2 days per week.5 Resis-
tance training also referred to as strength- or weight-
training or muscle-strengthening activity is a common
activity/exercise mode that is performed with the pur-
pose of increasing muscle strength, endurance, and
power by specifically targeting the musculoskeletal sys-
tem.6 Systematic reviews and meta-analyses of con-
trolled exercise studies have shown that resistance
training is independently associated with a range of
cardiometabolic,7,8 musculoskeletal,9,10 and mental
health benefits.11,12 However, less is known about the
benefits of resistance training for reducing the risk of all-
cause mortality, CVD mortality, and cancer mortality,
particularly compared with the large body of epidemio-
logic evidence on the benefits of MVPA for these
outcomes.13

A systematic review of studies published up to 2018
by Saeidifard et al.14 found that performing any amount
of resistance training was associated with 21% lower all-
cause mortality than doing none (n=6 studies). The
review also found a 40% risk reduction in all-cause mor-
tality among those performing resistance training in
conjunction with MVPA compared with that among
those not performing either of these activities, and this
risk reduction was greater than was observed for per-
forming either of these activities alone. The results of the
review also provided some evidence that resistance train-
ing may be associated with risk reductions for CVD
mortality and cancer mortality, although the summary
estimates were limited because these were only based on
4 and 2 studies, respectively.14

Since the systematic review by Saeidifard and col-
leagues,14 several additional studies have reported on the
relationships between resistance training and all-cause,
CVD, and cancer mortality.15-17 As such, there is a need
for an updated systematic review to consolidate the
growing body of research on the association between
resistance training and mortality, particularly the evi-
dence for CVD mortality and cancer mortality, and to
better understand the dose−response relationship
between resistance training and mortality. Updated
research on the associations between resistance training
and mortality outcomes will provide information critical
to the development of future physical activity guidelines,
especially regarding the nature of the dose−response
relationship.
The aim of this systematic review and meta-analysis

was to examine the relationships between resistance
training and the risk of all-cause mortality, CVD
mortality, and cancer mortality among the general adult
population. This review also examined the dose
−response relationship between resistance training and
mortality outcomes and whether the joint association of
resistance training and MVPA confers greater mortality-
related benefit than either MVPA or resistance training
alone.
METHODS

Protocol and Search Strategy
This systematic review follows the PRISMA guidelines18 and was
registered with the International Prospective Register of System-
atic Reviews database (registration number CRD42019136654).
Initially, we planned to include cancer risk outcomes in addition
to mortality outcomes in this review. However, studies on cancer
risk outcomes were excluded after the data extraction phase
because of the publication of a review on those outcomes.19

With the aid of an academic librarian, a systematic search for
peer-reviewed articles published up to June 6, 2021 was conducted
using an amalgamation of keywords and Medical Subject Head-
ings‒controlled vocabulary in the following databases: MEDLINE
(OVID), Embase, Emcare, SPORTDiscus, The Cochrane Library,
and SCOPUS (Appendix Table 1, available online). The reference
lists of relevant systematic reviews and all included studies were
also screened. In addition, Google Scholar was used to conduct a
forward citation search of relevant systematic reviews and all
included studies.

Studies were considered eligible for inclusion if they investi-
gated and reported on exposure to resistance training and mortal-
ity within a healthy adult population of those aged ≥18 years and
were either an RCT or a cohort study. Studies that were conducted
in clinical populations (e.g., cancer survivors), nonhuman studies,
studies not published in English, editorials, reviews, commentar-
ies, conference abstracts, and letters were excluded.
Study Selection
All studies identified by the search were imported into Covidence
(Veritas Health Innovation, Melbourne, Australia), where dupli-
cates were removed before screening. A total of 3 investigators
(PS, TB, and KL) conducted the title and abstract screening inde-
pendently against the eligibility criteria. Any conflicts were
resolved by consensus between 2 investigators (PS and TB). Two
investigators (PS and TB) then reviewed the full text of eligible
studies against the eligibility criteria. Disagreements were resolved
by discussion and consensus between the same 2 investigators.
Where >1 published article had used the same or overlapping
data to investigate the same outcome, we only included the study
with the largest sample size.
Risk of Bias
The ‘Tool to Assess Risk of Bias in Cohort Studies’ was used to
assess the risk of bias in the cohort studies and was developed by
the CLARITY Group at McMaster University in 2013. The risk of
bias tool was used to assess the following: whether the exposed and
nonexposed cohorts were drawn from the same population, mea-
surement of the exposure; absence of the outcome at baseline;
matching and/or adjustment for relevant confounders;
www.ajpmonline.org
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measurement of confounders; measurement of the outcome; loss to
follow-up; and whether any cointerventions (i.e., coexposures) that
may influence the outcome are similar in the exposed and nonex-
posed groups.20 Researchers select from the range of response
options provided for each question, including Definitely yes (low
risk of bias), Probably yes, Probably no, and Definitely no (high risk
of bias). The appraisal was completed independently by 2 reviewers
(PS and TB), and any differences were resolved by consensus.
Data Extraction
Data extraction was performed for all studies that met the inclu-
sion criteria, using a predetermined data extraction pro forma in
Microsoft Excel (version 1811, Microsoft Cooperation 2018) by 1
investigator (PS). The extraction template was trialed in 1 study
by 1 investigator (PS); the other investigators (TB, KB, and KL)
revised the template, and all the 4 investigators came to an agree-
ment over the template used. The accuracy of the extracted data
was independently reviewed by a second investigator (TB), and
any disagreements or discrepancies were resolved by consensus.

The following general variables were extracted: author; year of
publication; country; data set; and study population characteristics
such as sample size, age, and sex. The details on exposure charac-
teristics included details on date, type, duration, intensity, and/or
frequency of resistance training and MVPA at baseline (and any
follow-ups if applicable). The outcome measures included the
date of the end of the follow-up, mean or median follow-up time,
total person-years of follow-up in different categories of the expo-
sure, all effect sizes (e.g., hazard ratios, ORs), and associated 95%
CIs related to the association between resistance training and the
risk of mortality (all-cause, CVD, cancer) and all effect sizes and
associated 95% CIs related to the joint association between resis-
tance training and MVPA with mortality risk.
Meta-Analysis
For all-cause, CVD, and cancer mortality outcomes with risk esti-
mates from 3 or more studies available, random-effects meta-analy-
ses were conducted to estimate the association between (1)
performing any amount of resistance training compared with per-
forming no resistance training and (2) the highest levels of resis-
tance training compared with the lowest levels of resistance training
reported (highest versus lowest) and the outcome. Statistical hetero-
geneity between studies was tested using the Cochrane’s Q-test and
quantified by the I

2

statistic. Forest plots were used to visually dis-
play the summary effect size and individual results of the studies
included in each meta-analysis. Publication bias was assessed with
Egger’s test and visual inspection of funnel plots.

A 1-stage random-effects dose‒response meta-analysis using
restricted cubic splines (with 3 knots placed at 10, 30, and 150
minutes, which roughly correspond with the 10th, 50th, and 90th
percentiles of the distribution of dose values from the included
studies) was performed to estimate the relationship between the
volume of resistance training (i.e., minutes per week) and all-cause
mortality and to investigate whether the dose−response relation-
ship was nonlinear. Where applicable, the midpoint of each cate-
gory of resistance training was used as the dose. If person-years
were not reported for each category of resistance training, it was
estimated by multiplying the number of persons in a specific
exposure group and the mean follow-up years of the total study
August 2022
population. Stata (version 16; StataCorp, College Station, TX) was
used for all analyses.

RESULTS

The initial search identified 6,702 studies. After removal of
duplicates (n=3,137) and initial title and abstract screen-
ing, 47 studies were included for full-text screening. Of
these 47 studies, we excluded 9 that were conducted on
clinical populations; 8 that did not have resistance training
as an exposure; 7 that did not include any of the outcomes
of interest; and 4 articles that were a review, editorial, or
letter. A total of 9 further studies were excluded because of
overlapping samples.21-29 A total of 10 studies met the
eligibility criteria for inclusion (Figure 1).15-17,30-36

Study Characteristics
The characteristics of the included studies are shown in
Appendix Table 3 (available online). All studies used a
prospective cohort design. All studies were conducted in
the U.S., except 1 study from the United Kingdom15 and
1 study from Australia.31 The length of follow-up ranged
from 7 to 17 years, and the age range of the total partici-
pants was 18‒85 years. A total of 8 of the studies
included males and females in their study population,
whereas 1 study only included females,30 and 1 study
only included males.31

A total of 7 of the 10 studies conducted 1 or more sen-
sitivity analyses. A total of 5 studies conducted sensitivity
analyses in which they excluded participants who died
within 12‒24 months of follow-up,16,30,32-34 whereas 4
studies conducted sensitivity analyses in which they
excluded those with previous CVD,17,32 a previous cancer
diagnoses,17,33 or chronic conditions.16 All the 7 studies
reported that the results from sensitivity analyses were
similar to the results from their main analyses.

Assessment and Prevalence of Resistance Training
Resistance training was measured with self-reported ques-
tionnaires in all the included studies. There was large het-
erogeneity in the questions used to measure resistance
training and the way resistance training was categorized
(Appendix Table 3, available online) and also the terminol-
ogy used to describe resistance training. For example, the
term resistance training was used in 1 study,32 weight lift-
ing was used in 3 studies,17,30,35 strength exercises was used
in 1 study,15 and muscle-strengthening activities or exer-
cises to strengthen the muscles was used in 5
studies.16,31,33,34,36 The proportion of participants reporting
any amount of resistance training ranged from 9% to 27%.

Risk of Bias
All the 10 included studies were found to have a higher
risk or very high risk of bias in the way the exposure



Figure 1. PRISMA flow diagram with details about the literature search, with the number of included and excluded studies at each
stage, and with reasons for exclusion.
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(resistance training) was measured because it was self-
reported, was measured at only a single point in time,
and/or did not report on the validity or reliability of the
specific question used to assess resistance training
(Appendix Table 2, available online). All other items on
the risk of bias assessments were rated as having a very
low or low risk of bias.
All-Cause Mortality
Performing any amount of resistance training versus
performing no resistance training lowered the risk of all-
cause mortality by 15% (Summary RR of 6 studies=0.85;
95% CI=0.77, 0.94; I2 =79.9%) (Table 1 and Figure 2).
This association was attenuated and not statistically sig-
nificant when comparing the highest level of resistance
training with the lowest level of resistance training (RR
of 7 studies=0.92; 95% CI=0.83, 1.01; I2 =57.6%) (Table 1
and Appendix Figure 1, available online).
A total of 4 studies reported the required informa-
tion to include in the dose−response meta-analysis of
the association between minutes per week of resistance
training and all-cause mortality.15,30,32,34 A nonlinear,
“U”-shaped relationship was observed in the analysis,
with the risk of mortality decreasing and a maximum
risk reduction of 26% observed at around 60 minutes
per week of resistance training (RR=0.74; 95%
CI=0.64, 0.86) (Figure 3 and Appendix Figures 2 and
3, available online). Mortality risk reductions dimin-
ished at higher volumes than 60 minutes per week of
resistance training.
The joint effect of both resistance training and MVPA

was analyzed in 3 studies.15,16,30 When compared with
mortality among those doing neither resistance training
nor MVPA, all-cause mortality was reduced by 18%
(RR=0.82; 95% CI=0.72, 0.93; I2=73.4%) (Table 1 and
Appendix Figure 4, available online) among those only
performing resistance training, by 25% (RR=0.75; 95%
www.ajpmonline.org



Table 1. Summary of Results From Meta-Analyses of Resistance Training and Mortality

Meta-analysis

All-cause mortality CVD mortality Cancer mortality

n I2, %
Summary, RR

(95% CI) n I2, %
Summary, RR

(95% CI) n I2, %
Summary, RR

(95% CI)

RT

Some versus none 6 79.9 0.85 (0.77, 0.94) 4 64.7 0.81 (0.61, 1.00) 5 62.8 0.86 (0.78, 0.95)

Highest versus lowest 7 57.6 0.92 (0.83, 1.01) 6 35.2 0.90 (0.79, 1.02) 6 46.8 0.87 (0.77, 0.99)

Joint association of RT and MVPA

No RT and no MVPA 3 ‒ 1.00 (ref) 3 ‒ 1.00 (ref) 3 ‒ 1.00 (ref)

RT only 3 73.4 0.82 (0.72, 0.93) 3 0 0.82 (0.74, 0.91) 3 11.1 0.84 (0.75, 0.94)

MVPA only 3 88.0 0.75 (0.67, 0.84) 3 65.2 0.71 (0.61, 0.81) 3 90.3 0.89 (0.72, 1.10)

RT and MVPA 3 57.5 0.60 (0.54, 0.66) 3 61.0 0.54 (0.41, 0.70) 3 84.8 0.72 (0.53, 0.98)

CVD, cardiovascular disease; I2, degree of heterogeneity; MVPA, moderate-to-vigorous physical activity; RT, resistance training.
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CI=0.67, 0.84; I2=88%) (Table 1) among those only per-
forming MVPA, and by 40% (RR=0.60; 95% CI=0.54,
0.66; I2=57.5%) (Table 1) among those performing both
resistance training and MVPA.
Figure 2. Meta-analysis of the associations between engaging in a
and the risk of all-cause, CVD, and cancer mortality.
CVD, cardiovascular disease.

August 2022
CVD Mortality
Performing any amount of resistance training versus
performing no resistance training lowered the risk of
CVD mortality by 19% (summary RR of 4 studies=0.81;
ny resistance training versus engaging in no resistance training



Figure 3. Dose−response meta-analysis of studies (n=4)
investigating the duration of resistance training and the risk of
all-cause mortality.
Note: The solid line represents the summary risk ratio, and the dashed
lines represent the 95% CIs.
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95% CI=0.66, 1.00; I2=64.7%) (Table 1 and Figure 2).
The association was attenuated and not statistically sig-
nificant when comparing the highest level of resistance
training with the lowest level of resistance training (RR
of 6 studies=0.90; 95% CI=0.79, 1.02; I2=35.2%) (Table 1
and Appendix Figure 1, available online).
The joint effect of resistance training and MVPA on

CVD mortality was analyzed among 3 studies.15,16,30

When compared with the risk of doing neither resistance
training nor MVPA, the risk of CVD mortality was
reduced by 18% by performing resistance training only
(RR=0.82; 95% CI=0.74, 0.91; I2=0%) (Table 1 and
Appendix Figure 5, available online), by 29% by per-
forming MVPA only (RR=0.71; 95% CI=0.61, 0.81;
I2=65.2%) (Table 1), and by 46% among those perform-
ing both resistance training and MVPA (RR=0.54; 95%
CI=0.41, 0.70; I2=61.0%) (Table 1).

Cancer Mortality
Performing any amount of resistance training versus per-
forming no resistance training lowered the risk of cancer
mortality by 14% (summary RR of 5 studies=0.86; 95%
CI=0.78, 0.95; I2=62.8%) (Table 1 and Figure 2). Simi-
larly, performing the highest level of resistance training
compared with performing the lowest level of resistance
training lowered the risk of cancer mortality by 13% (RR
of 6 studies=0.87; 95% CI=0.77, 0.99; I2=46.8%) (Table 1
and Appendix Figure 1, available online).
The joint effect of resistance training and MVPA on

cancer mortality was analyzed among 3 studies.15,16,30

When compared with the risk of performing neither
resistance training nor MVPA, the risk of cancer
mortality was reduced by 16% by performing resistance
training only (RR=0.84; 95% CI=0.75, 0.94; I2=11.1%)
(Table 1 and Appendix Figure 6, available online), and
no reduction in the risk of cancer mortality was observed
by performing MVPA only (RR=0.89; 95% CI=0.72,
1.10; I2=90.3%) (Table 1). However, cancer mortality
risk reduced by 28% among those performing both resis-
tance training and MVPA (RR=0.72; 95% CI=0.53, 0.98;
I2=84.8%) (Table 1).
Publication Bias
The results of Egger tests and visual inspection of funnel
plots indicated potential publication bias in the highest
versus lowest meta-analysis for CVD mortality. There
was no indication of potential publication bias in any of
the other meta-analyses reported earlier (data not
shown).
DISCUSSION

In this systematic review and meta-analysis of 10 studies,
resistance training was associated with a lower risk of all-
cause mortality, cancer mortality, and CVD mortality.
Compared with performing no resistance training, doing
any resistance training lowered the risk of all-cause mor-
tality by 15%, CVD mortality by 19%, and cancer mor-
tality by 14%. The results of our dose−response meta-
analysis suggested a possible “U”-shaped relationship
between the duration of resistance training and the risk
of all-cause mortality; however, because this analysis
only included 4 studies, it should be viewed with caution.
Our results also indicate that performing both resistance
training and MVPA was associated with the greatest
reduction in the risk of all-cause, cancer, and CVD mor-
tality than performing either physical activity mode
alone.
Consistent with the previous systematic review on this

topic14 our results indicate that resistance training is
associated with a reduced risk of all-cause mortality. By
including 9 new studies,15-17,31-36 our review builds on
previous research14 and provides the strongest evidence
to date that resistance training is also associated with a
reduced risk of CVD mortality and cancer-specific mor-
tality. Our results for cancer mortality are also consistent
with a more recently published review,19 which indicates
that resistance training is associated with a reduced risk
of cancer mortality.
Several different physiologic mechanisms could

explain why resistance training is a protective factor
against mortality. Clinical exercise studies have shown
that resistance training has favorable associations with
glucose and lipid metabolism,7 regulating insulin sensi-
tivity37 and blood pressure.38 Resistance training is also
www.ajpmonline.org
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associated with improving lean muscle mass and
strength39 and the reduction of visceral fat,40 all of which
are associated with a lower risk of mortality.41,42

A novel finding was that the results of our dose
−response meta-analysis showed a possible “U”-shaped
relationship between the duration of resistance training
and the risk of all-cause mortality. In particular, the larg-
est mortality risk reduction (33%) was observed at 60
minutes of resistance training per week, and greater vol-
umes than 60 minutes per week were associated with
smaller or no mortality risk reductions. Given the small
number of studies included, we urge caution in inter-
preting this finding. However, the results of the studies
to date indicate that any potential mortality benefits
gained by performing resistance training may diminish
at higher volumes of resistance training. Previous clinical
studies have shown that high volumes and intensity
resistance training may also result in adverse effects on
blood pressure, heart rate, and arterial compliance.43,44

More research is needed to better understand the dose
−response relationship between resistance training and
mortality.
Data from public health surveillance have shown that

almost 60% of U.S. adults report not engaging in any
resistance training activity at all; however, only 25% of
the adults report not engaging in any MVPA physical
activity.45 The discrepancy between the higher preva-
lence of MVPA activity and the prevalence of resistance
training suggests that more emphasis could be placed on
the health benefits of resistance training. Some of the
key challenges faced when starting resistance training
could be that, unlike MVPA, resistance training requires
basic training and information, such as the correct form
when doing squats, the muscles targeted by certain resis-
tance training exercises, etc.46 Another key factor for the
low prevalence of resistance training could be the lack of
resources or access to equipment (e.g., free weights,
resistance bands, gym membership, etc.).46 To address
some of these challenges, public health strategies will
need to focus on a multidisciplinary approach, which
may include easy and affordable access to physical
health/fitness instructors, affordable access to well-
equipped spaces to perform resistance training activities
(such as community gymnasium/fitness centers), and
promotion of alternative forms of resistance training
such as yoga and exercises that use one’s body weight
that can be performed at home.45

Limitations
One of the key limitations of the literature on resistance
training and the risk of mortality is the measurement of
resistance training. Resistance training was self-reported
in all the included studies, 8 of the 10 studies only had
August 2022
information about resistance training at a single point in
time, and no studies reported on the validity or reliabil-
ity of the item(s) used to measure resistance training
specifically. It is currently not clear how accurately peo-
ple can recall the time they spend performing resistance
training levels or whether they report time at the gym
rather than the exact duration of time spent engaged in
resistance training activities. The studies included in this
review also measured and reported the amount of resis-
tance training in numerous different ways: some studies
looked at resistance training in hours per week17,30,32

whereas others measured resistance training in the fre-
quency or number of sessions per week.32,33 This meant
that only 4 studies were included in the dose−response
meta-analysis for all-cause mortality and limited our
ability to conduct dose−response analyses for cancer
mortality and CVD mortality. The heterogeneity in mea-
surement of resistance training in the included studies is
consistent with a recent review that examined the way
resistance training exercise has been measured in public
health surveillance studies.47 More research is needed to
identify the best/most valid method to measure resis-
tance training to comprehensively understand the
dose−response association between resistance training
and mortality/other chronic disease outcomes. Because
few studies have stratified by age and sex, it is also not
clear whether the association between resistance training
and mortality risk may differ depending on these
important demographic factors.
CONCLUSIONS

This systematic review and meta-analysis provides the
strongest evidence to date that resistance training is
associated with a reduced risk of all-cause mortality,
CVD mortality, and cancer-specific mortality. These
results, combined with the low prevalence of resistance
training in the general population,48 indicate that more
emphasis could be placed on resistance training in health
promotion campaigns aimed at increasing physical
activity levels.
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