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ABSTRACT
Objective To quantify the associations between 
muscle- strengthening activities and the risk of non- 
communicable 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). J- 
shaped 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 L- 
shaped 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 phys-
ical activity guidelines recommend regular muscle- 
strengthening activities for adults.1–5 For example, 
the recent WHO guidelines recommend that adults 
should perform muscle- strengthening activities 

��� GD\V�ZHHN�4 Regular engagement in muscle- 
strengthening activities (eg, resistance training) 
LQFUHDVHV� RU� SUHVHUYHV� VNHOHWDO� PXVFOH� VWUHQJWK�3 
ZKLFK� KDV� EHHQ� VKRZQ� WR� EH� LQYHUVHO\� DVVRFLDWHG�
ZLWK�PRUWDOLW\6 7�DQG�WKH�ULVN�RI�QRQ��FRPPXQLFDEOH�
diseases (NCDs) such as cardiovascular disease 
(CVD) and cancer.7 Therefore, promoting muscle- 
strengthening activities may help in reducing the 
ULVN�RI�SUHPDWXUH�GHDWK�DQG�1&'V�
&RPSDUHG� ZLWK� DHURELF� DFWLYLWLHV�� PXVFOH��

strengthening activities have been less frequently 
investigated in terms of their influence on the 
prevention of premature death and NCDs. Saeid-
ifard et al� FRQGXFWHG� WKH� ILUVW� V\VWHPDWLF� UHYLHZ�
and meta- analysis of 11 published studies that 
focused on mortality.8 Although no clear associa-
WLRQ�ZDV�REVHUYHG�EHWZHHQ�UHVLVWDQFH�WUDLQLQJ�DQG�
mortality from CVD and cancer, resistance training 
ZDV�IRXQG�WR�EH�LQYHUVHO\�DVVRFLDWHG�ZLWK�DOO��FDXVH�
mortality.8 Moreover, a recent meta- analysis that 
IRFXVHG�RQ�FDQFHU�LQFLGHQFH�DQG�PRUWDOLW\�VKRZHG�
WKDW�PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�ZHUH�DVVRFLDWHG�
ZLWK�D�ORZHU�LQFLGHQFH�RI�NLGQH\�FDQFHU�9 Although 
these findings suggested a favourable influence of 
PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�RQ�WKH�ULVN�RI�1&'V�
DQG� PRUWDOLW\�� WKH� GRVH²UHVSRQVH� DVVRFLDWLRQ� ZDV�
not quantified. In some countries such as Japan,10 
a revision of the national physical activity guide-
OLQHV�LV�XQGHU�ZD\��DQG�WKHUH�LV�D�GHEDWH�UHJDUGLQJ�
ZKHWKHU�PXVFOH��VWUHQJWKHQLQJ� DFWLYLWLHV� VKRXOG� EH�
included in the guidelines. Existing physical activity 
JXLGHOLQHV� SULPDULO\� IRFXV� RQ� WKH�PXVFXORVNHOHWDO�
health benefits of muscle- strengthening activi-
ties.11–13 A systematic evaluation of the associations 
RI� PXVFOH��VWUHQJWKHQLQJ� DFWLYLWLHV� ZLWK� PRUWDOLW\�
DQG�1&'V�ZLOO�DLG�LQ�GHWHUPLQLQJ�ZKHWKHU�PXVFOH��
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. 
$� UHFHQW� QDUUDWLYH� UHYLHZ� VXJJHVWHG� WKH� H[LVWHQFH�
RI� GRVH²UHVSRQVH� DVVRFLDWLRQV� EHWZHHQ� PXVFOH��
strengthening activities and mortality and major 
NCDs.14 With the increasing number of relevant 
FRKRUW�VWXGLHV�� LW� LV�QRZ�SRVVLEOH�WR�V\VWHPDWLFDOO\�
XSGDWH� DQG� H[SDQG� RQ� SUHYLRXV� UHYLHZV� WKDW� GLG�
not directly provide the optimal dose of muscle- 
strengthening activities.
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:H�WKHUHIRUH�FRQGXFWHG�D�V\VWHPDWLF�UHYLHZ�DQG�PHWD��DQDO\VLV�
of prospective cohort studies on muscle- strengthening activities 
DQG� WKH� ULVN� RI�PRUWDOLW\� DQG�1&'V� DPRQJ� DGXOWV� DJHG�����
years. In addition to examining the health benefits of engaging 
LQ�PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�FRPSDUHG�ZLWK�WKH�DEVHQFH�RI�
muscle- strengthening activities independent of aerobic activities, 
ZH� TXDQWLILHG� WKH� GRVH²UHVSRQVH� DVVRFLDWLRQ� EHWZHHQ� PXVFOH��
strengthening activities and health outcomes. We also focused on 
the additional benefits of combined muscle- strengthening and 
aerobic activities for health outcomes.

METHODS
7KLV�V\VWHPDWLF�UHYLHZ�ZDV�SHUIRUPHG�IROORZLQJ�WKH�0226(15 
DQG�35,60$�����16�JXLGHOLQHV�DQG�ZDV�UHJLVWHUHG�D�SULRUL�LQ�WKH�
35263(52�GDWDEDVH��&5'�������������

Data sources and searches
$� V\VWHPDWLF� OLWHUDWXUH� VHDUFK� ZDV� FRQGXFWHG� LQ� 0('/,1(�
DQG�(PEDVH�IURP�WKH�LQFHSWLRQ�RI�WKH�GDWDEDVHV�WR����2FWREHU�
������7KH�VHDUFK�V\QWD[�ZDV�GHVLJQHG�E\�SURIHVVLRQDO�UHVHDUFK�
DJHQFLHV� �,QWHUQDWLRQDO� 0HGLFDO� ,QIRUPDWLRQ� &HQWUH�� 7RN\R��
-DSDQ� DQG� ,QIRUHVWD� &R� /WG�� 7RN\R�� -DSDQ�� ZLWK� LQSXW� IURP�
WZR� DXWKRUV� �+0�DQG�5.�� �VHH� RQOLQH� VXSSOHPHQWDO� WDEOH� ����
:H�IRFXVHG�RQ�WKH�OLWHUDWXUH�RQ�WKH�DVVRFLDWLRQ�EHWZHHQ�PXVFOH��
strengthening activities and health outcomes among adults 
DJHG�����\HDUV�ZLWKRXW�GLDJQRVHG�VHYHUH�KHDOWK�FRQGLWLRQV��HJ��
FDQFHU�RU�GLVDELOLW\��DW�EDVHOLQH��6WXGLHV�ZHUH�FRQVLGHUHG�HOLJLEOH�
LI� WKH\� ���� KDG� D� SURVSHFWLYH� REVHUYDWLRQDO� GHVLJQ�� ���� KDG� D�
PLQLPXP�IROORZ��XS�SHULRG�RI���\HDUV������H[DPLQHG�WKH�LQIOX-
ence of muscle- strengthening activities on the outcomes inde-
SHQGHQW�RI�DQG�LQ�FRPELQDWLRQ�ZLWK�DHURELF�DFWLYLWLHV��DQG�����
ZHUH� SXEOLVKHG� LQ� (QJOLVK��:H� LQFOXGHG� VWXGLHV� WKDW� XVHG� DQ\�
KHDOWK�RXWFRPHV�H[FHSW�IRU�WKRVH�WKDW�XVHG�D�VXUURJDWH�PDUNHU�
as an outcome.

Study selection
7R�VHOHFW�DUWLFOHV�IRU�IXOO��WH[W�UHDGLQJ��WZR�DXWKRUV��+0�DQG�5.��
independently screened the titles and abstracts using EndNote 
;���� �&ODULYDWH� $QDO\WLFV�� 3HQQV\OYDQLD�� 86$�� DQG� 0LFURVRIW�
([FHO� �0LFURVRIW� &RUSRUDWLRQ�� 5HGPRQG�� :DVKLQJWRQ�� 86$��
DIWHU� WKH� H[FOXVLRQ� RI� GXSOLFDWHV�� $UWLFOHV� ZLWK� DPELJXRXV�
HOLJLELOLW\�ZHUH� LQFOXGHG� LQ� WKH� IXOO��WH[W� UHDGLQJ� VWHS��7KH� WZR�
authors also independently performed full- text reading of each 
article and a hand- search of the reference lists in the selected 
DUWLFOHV��1R�DGGLWLRQDO�VWXGLHV�ZHUH�IRXQG��'LVDJUHHPHQWV�ZHUH�
resolved through discussion. An update of the primary search 
ZDV�FRQGXFWHG�LQ�-XQH������

Data extraction
7KUHH�DXWKRUV��+0��5.��DQG�7+��LQGHSHQGHQWO\�H[WUDFWHG�WKH�
IROORZLQJ�LQIRUPDWLRQ�IURP�HDFK�HOLJLEOH�VWXG\�DIWHU�GLYLGLQJ�WKH�
selected papers among them: first author, publication year, study 
location, cohort name, sex, age of participants, number of partic-
LSDQWV�DQG�SHUVRQ��\HDUV��\HDUV�RI�IROORZ��XS��QXPEHU�RI�GHDWKV��
cause of death, number of incident outcomes, subtype of incident 
outcome, assessment details for outcomes, assessment details for 
muscle- strengthening activities, covariates included in the anal-
yses, and effect estimates and 95% confidence intervals (CIs) of 
mortality or incidence of NCDs. If relevant information about 
WKH�DVVHVVPHQW�RI�RXWFRPHV�DQG�H[SRVXUHV�ZDV�PLVVLQJ�IURP�WKH�
HOLJLEOH�VWXGLHV��ZH�REWDLQHG�WKH�LQIRUPDWLRQ�IURP�RWKHU�VWXGLHV�
of the same cohort. The most adjusted effect estimates in the 
PDLQ�DQG�VHQVLWLYLW\�DQDO\VHV�ZHUH�H[WUDFWHG��)RU�HDFK�VWXG\��RQH�

RI�WKH�WKUHH�DXWKRUV�H[WUDFWHG�WKH�GDWD�DQG�WKH�UHPDLQLQJ�WZR�
DXWKRUV� FURVV��FKHFNHG� WKH� GDWD�� 'LVDJUHHPHQWV� ZHUH� UHVROYHG�
through deliberation to achieve consensus. Because most of the 
studies eligible for our meta- analyses reported hazard ratios, if 
RWKHU�HIIHFW�HVWLPDWHV�VXFK�DV�25V�ZHUH�UHSRUWHG��ZH�DVNHG�WKH�
corresponding authors to provide the hazard ratios.17 18 More-
RYHU��LI�LQIRUPDWLRQ�DERXW�WKH�HIIHFW�HVWLPDWH�ZDV�QRW�UHSRUWHG��
ZH� DVNHG� WKH� FRUUHVSRQGLQJ� DXWKRUV� WR� SURYLGH� WKH� KD]DUG�
ratios using a template.��²�� Three authors provided additional 
data.��� ��� �� When multiple articles involving the same cohort 
IRU�WKH�VDPH�RXWFRPH�ZHUH�LGHQWLILHG��RQO\�GDWD�IURP�WKH�PRVW�
UHFHQWO\�SXEOLVKHG�DUWLFOH�ZHUH�XVHG��,Q�DOO�VXFK�FDVHV��WKH�PRVW�
recently published articles had the largest number of cases in 
RXU�V\VWHPDWLF�UHYLHZ��:KHQ�WKH�SXEOLFDWLRQ�\HDU�ZDV�WKH�VDPH��
WKH�DUWLFOH�ZLWK�WKH�ODUJHVW�QXPEHU�RI�SDUWLFLSDQWV�DQG�FDVHV�ZDV�
included.

Quality assessment
7KH�TXDOLW\�RI�WKH�VWXGLHV�ZDV�DVVHVVHG�XVLQJ�D�PRGLILFDWLRQ�RI�
WKH�1HZFDVWOH²2WWDZD�6FDOH� �126�� IRU�4XDOLW\�$VVHVVPHQW�RI�
3URVSHFWLYH�&RKRUW�6WXGLHV��VHH�RQOLQH�VXSSOHPHQWDO�WDEOH������ 
We excluded the ‘representativeness of the exposed cohort’ item 
RI�WKH�RULJLQDO�126�EHFDXVH�RXU�TXDOLW\�DVVHVVPHQW�ZDV�SODQQHG�
to evaluate internal validity, not external validity. Therefore, 8 
VWDUV�LQ�WRWDO�ZHUH�DFKLHYDEOH��DQG�D�KLJKHU�VFRUH�LQGLFDWHG�KLJKHU�
VWXG\� TXDOLW\��+0�DQG�5.� LQGHSHQGHQWO\� DVVHVVHG� WKH� VWXGLHV�
and resolved any inconsistencies through discussion.

Data synthesis and analysis
$�PHWD��DQDO\VLV�ZDV�FRQGXFWHG� LI�DW� OHDVW� WZR�VWXGLHV�UHSRUWHG�
the effect estimate for the same outcome. Reported hazard 
UDWLRV�ZHUH�FRQVLGHUHG�HTXLYDOHQW�WR�UHODWLYH�ULVNV��55V���:KHQ�
RQO\�25V�ZHUH�DYDLODEOH�18� WKH\�ZHUH�FRQVLGHUHG�HTXLYDOHQW�WR�
RRs because the overall cumulative incidence of the outcome 
ZDV�UHODWLYHO\�ORZ����������$OWKRXJK�ZH�WULHG�WR�FRQYHUW�25V�
WR�55V��ZH�FRXOG�QRW�REWDLQ�DQ�DVVXPHG�FRQWURO�ULVN�IURP�WKH�
VWXG\�EHFDXVH�WKH�QXPEHU�RI�FDVHV�ZDV�QRW�SURYLGHG��:H�DVVHVVHG�
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 
PXVFOH��VWUHQJWKHQLQJ� DFWLYLWLHV� FRPSDUHG� ZLWK� QR� PXVFOH��
VWUHQJWKHQLQJ�DFWLYLWLHV�ZHUH�FRPELQHG�XVLQJ�WKH�UDQGRP��HIIHFWV�
PRGHO�RI�'HU6LPRQLDQ�DQG�/DLUG��� When the included studies 
KDG� WZR�RU�PRUH� H[SRVHG� JURXSV�� WKH� HIIHFW� HVWLPDWHV� DPRQJ�
WKH�H[SRVHG�JURXSV�ZHUH�V\QWKHVLVHG�WR�REWDLQ�D�SRROHG�HIIHFW�
HVWLPDWH� XVLQJ� D� IL[HG��HIIHFWV�PRGHO�ZLWK� WKH� LQYHUVH� YDULDQFH�
method.�����

We also conducted a dose–response meta- analysis to investi-
gate the influence of muscle- strengthening activities on health 
RXWFRPHV�XVLQJ�WKH�PHWKRG�GHVFULEHG�E\�*UHHQODQG�DQG�/RQJ-
QHFNHU�� and Orsini et al.���7KLV�PHWKRG�DOORZV�HVWLPDWLQJ�VWXG\��
specific linear trends (slopes) considering the covariance for each 
H[SRVXUH�FDWHJRU\�ZLWKLQ�HDFK�VWXG\�EHFDXVH�WKH\�DUH�FDOFXODWHG�
relative to a common reference group.����� The method requires 
data including distribution of cases, person- years and adjusted 
55�ZLWK�����&,�DFURVV� WKUHH�RU�PRUH�TXDQWLWDWLYH�FDWHJRULHV��
,I�RQO\�WKH�WRWDO�QXPEHU�RI�FDVHV�RU�SHUVRQ��\HDUV�ZDV�UHSRUWHG��
WKH�GLVWULEXWLRQ�RI�FDVHV�RU�SHUVRQ��\HDUV�ZDV�HVWLPDWHG�XVLQJ�WKH�
total number of cases and person- years and the RR according to 
the previous study.���,I�WKH�WRWDO�QXPEHU�RI�SHUVRQ��\HDUV�ZDV�QRW�
UHSRUWHG��ZH�DSSUR[LPDWHG�LW�E\�PXOWLSO\LQJ�WKH�WRWDO�QXPEHU�RI�
SDUWLFLSDQWV�E\�WKH�PHGLDQ�RU�PHDQ�RI�WKH�IROORZ��XS�SHULRG��7KH�
median or mean of the time of muscle- strengthening activities 
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ZLWKLQ�WKH�H[SRVXUH�FDWHJRULHV�ZDV�DVVLJQHG�WR�WKH�FRUUHVSRQGLQJ�
55��,I�WKHVH�ZHUH�QRW�UHSRUWHG��WKH�PLGSRLQW�EHWZHHQ�WKH�ORZHU�
DQG�XSSHU�OLPLWV�ZDV�FDOFXODWHG��)RU�RSHQ��HQGHG�FDWHJRULHV��ZH�
DVVXPHG�WKDW�WKH\�KDG�WKH�VDPH�ZLGWKV�DV�WKH�FORVHVW�FDWHJRU\��
:H�XVHG�¶QRQH·�DV�WKH�UHIHUHQFH�JURXS��DQG�WKHUH�ZDV�QR�VWXG\�
LQ�ZKLFK�WKH�UHIHUHQFH�FDWHJRU\�ZDV�QRW�WKH�ORZHVW�FDWHJRU\��7KH�
VWXG\��VSHFLILF� VORSHV� ZHUH� SRROHG� XVLQJ� WKH� 'HU6LPRQLDQ� DQG�
/DLUG�UDQGRP��HIIHFWV�PRGHO��� A potential non- linear association 
ZDV� DOVR� H[DPLQHG� XVLQJ� D� UHVWULFWHG� FXELF� VSOLQH�PRGHO�ZLWK�
WKUHH�NQRWV�DW� IL[HG�SHUFHQWLOHV� ����������DQG������RI� WLPH�
of the exposure.���1RQ��OLQHDULW\�ZDV�DVVHVVHG�E\�WHVWLQJ�WKH�QXOO�
K\SRWKHVLV�WKDW�WKH�FRHIILFLHQW�RI�WKH�VHFRQG�VSOLQH�ZDV�HTXDO�WR�
zero using a Wald test.��

The joint benefit of muscle- strengthening activities and aerobic 
DFWLYLWLHV�ZDV�DOVR�H[DPLQHG�XVLQJ�WKH�VWXGLHV�WKDW�UHSRUWHG�WKH�
effect estimates of both muscle- strengthening and aerobic activ-
ities. The categories of muscle- strengthening (eg, none vs any 
RU� ��� YV� ��� WLPHV�ZHHN�� DQG� DHURELF� DFWLYLW\� �HJ�� ����� YV�
�����PLQ�ZHHN�RU�ORZ�YV�KLJK��ZHUH�GHILQHG�RQ�WKH�EDVLV�RI�WKH�
included studies.
6WDWLVWLFDO�KHWHURJHQHLW\�EHWZHHQ�VWXGLHV�ZDV�H[DPLQHG�XVLQJ�

&RFKUDQH·V� 4� WHVW� DQG� ,� statistic. I�� VWDWLVWLF� ZLWK� YDOXHV� RI�
���������DQG�����FRUUHVSRQGHG� WR� ORZ��PRGHUDWH�DQG�KLJK�
level of heterogeneity, respectively.30 To examine the effect of 
individual studies on the pooled point estimate and 95% CI of 
HDFK� RXWFRPH�� ZH� SHUIRUPHG� D� VHQVLWLYLW\� DQDO\VLV� E\� VHULDOO\�
excluding each study and evaluated the corresponding changes 
in the effect estimate (leave- one- out analysis).
6XEJURXS� DQDO\VHV� ZHUH� SHUIRUPHG� DFFRUGLQJ� WR� VH[� �PHQ�

RQO\��ZRPHQ�RQO\��RU�PHQ�DQG�ZRPHQ���DJH��!���RU�����\HDUV���
H[SRVXUH�DVVHVVPHQW��SRVW�KRF��TXHVWLRQQDLUH�RU�LQWHUYLHZ��DQG�
126�TXDOLW\� VFRUH� �SRVW�KRF�����RU������+RZHYHU�� VXEJURXS�
DQDO\VHV�DFFRUGLQJ� WR�DJH�DQG�VH[�ZLWK�FDQFHU�DV� WKH�RXWFRPH�
ZHUH�QRW�SHUIRUPHG�RZLQJ�WR�LQVXIILFLHQW�GDWD�
3XEOLFDWLRQ�ELDV�ZDV�DVVHVVHG�E\�YLVXDOO\�LQVSHFWLQJ�WKH�IXQQHO�

plots of estimates against the SE of each study and by using 
Egger’s test of funnel plot asymmetry31 if the number of included 
VWXGLHV�ZDV�������

$OO� DQDO\VHV� ZHUH� SHUIRUPHG� XVLQJ� 6WDWD� ��� �6WDWD&RUS��
&ROOHJH�6WDWLRQ��7H[DV��86$���6WDWLVWLFDO� VLJQLILFDQFH�ZDV� VHW�DW�
S������

Grading the evidence
The Grading of Recommendations Assessment, Development 
DQG�(YDOXDWLRQ��*5$'(��DSSURDFK�ZDV�XVHG�WR�DVVHVV�WKH�RYHUDOO�
certainty of evidence for outcomes.33–38� 2QH� UHYLHZHU� �+0��
DVVHVVHG�WKH�FHUWDLQW\�RI�WKH�HYLGHQFH�ZKLOH�WZR�UHYLHZHUV��5.�
and TH) examined and revised the certainty of assessments as 
QHFHVVDU\��$�*5$'(�HYLGHQFH�SURILOH�ZDV�GHYHORSHG��VHH�RQOLQH�
supplemental table 3).39

RESULTS
Literature search
$� WRWDO� RI� ����� UHFRUGV� ZHUH� LGHQWLILHG� WKURXJK� V\VWHPDWLF�
VHDUFKHV�LQ�0('/,1(�DQG�(PEDVH�DIWHU�WKH�UHPRYDO�RI�GXSOL-
FDWHV��2I�WKHVH�����UHFRUGV�ZHUH�UHWULHYHG�IRU�IXOO��WH[W�UHYLHZ�DQG�
���VWXGLHV�ZHUH�HOLJLEOH�EDVHG�RQ�WKH�LQFOXVLRQ�FULWHULD���²�����²�� 
$PRQJ�WKHP��DOWKRXJK�D� WRWDO�RI����RXWFRPHV�ZHUH�UHSRUWHG��
only nine outcomes (all- cause mortality, CVD, total cancer, 
GLDEHWHV� DQG� VLWH��VSHFLILF� FDQFHUV� �FRORQ�� NLGQH\�� EODGGHU�� OXQJ�
DQG�SDQFUHDWLF�FDQFHUV���ZHUH�H[DPLQHG�LQ�WZR�RU�PRUH�VWXGLHV��
7KHUHIRUH�����RXWFRPHV�ZHUH�H[FOXGHG�IURP�RXU�PHWD��DQDO\VHV�
(see online supplemental table 4), resulting in the exclusion of 

three studies.��²�� Moreover, prostate cancer and lymphoma 
ZHUH� DOVR� H[FOXGHG� EHFDXVH� RI� GLVFUHSDQFLHV� LQ� WKH� GHILQLWLRQ�
of outcomes across the studies.45 50�2I�WKH�UHPDLQLQJ����VWXGLHV�
ZH� H[FOXGHG� HLJKW� EHFDXVH� RI� PXOWLSOH� SXEOLFDWLRQV� IURP� WKH�
same cohort (see online supplemental table 5).��²�� One study 
ZDV�IXUWKHU�H[FOXGHG�EHFDXVH�RI�LQVXIILFLHQW�LQIRUPDWLRQ�DERXW�
the effect estimate��� DQG� DQRWKHU� VWXG\�ZDV� H[FOXGHG� EHFDXVH�
the exposure could not be integrated.63�)LQDOO\�����VWXGLHV�ZHUH�
included in the meta- analysis (figure 1).��²�����²��

Study characteristics
The detailed characteristics of the studies included in the meta- 
analysis are presented in online supplemental table 6. The 
SXEOLFDWLRQ� \HDUV� UDQJHG� IURP� ����� WR� ������ 0RVW� VWXGLHV�
ZHUH�FRQGXFWHG�LQ�WKH�86$������������²���2WKHU�VWXGLHV�ZHUH�IURP�
England and Scotland,�� Australia17 and Japan.41 The number 
of participants varied considerably (from 3809 to 479 856). 
7KH�PD[LPXP� IROORZ��XS� GXUDWLRQ�ZDV� ����� \HDUV� �PHGLDQ��46 
7KH�DJH�RI�SDUWLFLSDQWV� UDQJHG� IURP���� WR������\HDUV��7ZHOYH�
VWXGLHV� LQFOXGHG� ERWK� PHQ� DQG� ZRPHQ���� ��� ��� ��� ��²��� ��� WZR�
studies included men only19 50�DQG�WKUHH�VWXGLHV�LQFOXGHG�ZRPHQ�
only.��� ��� ��� $GMXVWPHQW� IRU� FRQIRXQGHUV� YDULHG� ZLGHO\� DFURVV�
VWXGLHV��ZLWK�PRVW� VWXGLHV� DGMXVWLQJ� IRU� DJH��ERG\�PDVV� LQGH[��
DOFRKRO� LQWDNH� DQG� VPRNLQJ� VWDWXV�� ZKHUHDV� VHYHUDO� VWXGLHV�
DGMXVWHG� IRU� VH[�� UDFH�HWKQLFLW\�� GLHWDU\� KDELWV�� GLVHDVH� KLVWRU\�
and sociodemographic status. All studies considered aerobic 
or other types of physical activity. Thirteen studies used self- 
reporting methods to measure muscle- strengthening activi-
ties��²�����²���������DQG�WKUHH�VWXGLHV�XVHG�LQWHUYLHZ�PHWKRGV�47 49 51 
All studies focused on muscle- strengthening exercises such as 

Figure 1 Flowchart of the selection of studies included in the meta- 
analysis.

 on Septem
ber 13, 2022 by guest. Protected by copyright.

http://bjsm
.bm

j.com
/

Br J Sports M
ed: first published as 10.1136/bjsports-2021-105061 on 28 February 2022. D

ow
nloaded from

 

https://dx.doi.org/10.1136/bjsports-2021-105061
https://dx.doi.org/10.1136/bjsports-2021-105061
https://dx.doi.org/10.1136/bjsports-2021-105061
https://dx.doi.org/10.1136/bjsports-2021-105061
https://dx.doi.org/10.1136/bjsports-2021-105061
http://bjsm.bmj.com/


4 of 10 Momma H, et al. Br J Sports Med 2022;56:755–763. doi:10.1136/bjsports-2021-105061

Review

UHVLVWDQFH�VWUHQJWK�ZHLJKW�WUDLQLQJ�DQG�FDOOLVWKHQLFV��EXW�QRW�RQ�
muscle- strengthening activities such as carrying heavy loads and 
heavy gardening.

Risk of bias and certainty of evidence
,Q�WKH�ULVN�RI�ELDV�DVVHVVPHQW�XVLQJ�WKH�126��RQOLQH�VXSSOHPHQWDO�
WDEOH����� WKH� LQFOXGHG� VWXGLHV�ZHUH�DVVLJQHG��²�� VWDUV��)RU�DOO��
FDXVH�PRUWDOLW\��IRXU�VWXGLHV�ZHUH�DVVLJQHG���VWDUV��WKUHH�VWXGLHV�
ZHUH� DVVLJQHG��� VWDUV� DQG�RQH� VWXG\�ZDV� DVVLJQHG��� VWDUV��)RU�
&9'��IRXU�VWXGLHV�ZHUH�DVVLJQHG���RU���VWDUV�ZKHUHDV�RQH�VWXG\�
ZDV� DVVLJQHG� �� VWDUV�� )RU� WRWDO� FDQFHU�� IRXU� DQG� WKUHH� VWXGLHV�
ZHUH�DVVLJQHG���DQG���VWDUV��UHVSHFWLYHO\��ZKHUHDV�RQH�VWXG\�ZDV�
DVVLJQHG���VWDUV��)RU�GLDEHWHV��IRXU�VWXGLHV�ZHUH�DVVLJQHG���VWDUV�
DQG�RQH�VWXG\�ZDV�DVVLJQHG���VWDUV�

The overall certainty of the evidence for each outcome and 
LWV�GHWDLOV�DUH�VKRZQ�LQ�table 1 and online supplemental table 3. 
7KH�JUDGLQJ�RI�WKH�FHUWDLQW\�RI�WKH�HYLGHQFH�ZDV�JHQHUDOO\�YHU\�
ORZ��7KH�PDLQ�UHDVRQ�IRU�GRZQJUDGLQJ�WKH�HYLGHQFH�ZDV� LQGL-
UHFWQHVV�EHFDXVH�PRVW�RI�WKH�VWXGLHV�LQFOXGHG�LQ�WKLV�UHYLHZ�ZHUH�
FRQGXFWHG�LQ�WKH�86$�

All-cause mortality
6HYHQ� VWXGLHV�ZLWK� ��� ���� FDVHV� RI� DOO��FDXVH�PRUWDOLW\� DPRQJ�
��������SDUWLFLSDQWV�ZHUH� LQFOXGHG� LQ�WKH�WZR��JURXS�DQDO\VLV��
0XVFOH��VWUHQJWKHQLQJ� DFWLYLWLHV� ZHUH� DVVRFLDWHG� ZLWK� D� ����
ORZHU� ULVN� RI� DOO��FDXVH� PRUWDOLW\� �55� ������ ���� &,� ����� WR�
������S���������ILJXUH�����$OWKRXJK�WKH�KHWHURJHQHLW\�ZDV�KLJK�
(I� �������S���������WKH�DVVRFLDWLRQ�ZDV�LQ�WKH�VDPH�GLUHFWLRQ��
ZLWK�DQ�55�RI�������LQ�DOO�VWXGLHV��$�VLPLODU�UHVXOW�ZDV�REWDLQHG�
ZKHQ�6KHHKDQ·V�VWXG\�18�ZKLFK�SURYLGHG�25V��ZDV�H[FOXGHG��55�
����������&,������WR�������S���������VHH�RQOLQH�VXSSOHPHQWDO�
figure 1). Moreover, the exclusion of any other individual study 
did not substantially change this result, and the high heteroge-
QHLW\�ZDV�QRW�H[SODLQHG�E\�VH[��TXDOLW\�VFRUH�RU�H[SRVXUH�DVVHVV-
ment (see online supplemental figures 1- 4).
6L[� VWXGLHV� ZHUH� HOLJLEOH� IRU� WKH� GRVH²UHVSRQVH� DQDO\VLV� RI�

PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�SHU����PLQ�ZHHN� LQFUHDVH��ZLWK�
D�WRWDO�RI���������SDUWLFLSDQWV�DQG��������FDVHV��$OWKRXJK�WKHUH�
ZDV�QR�FOHDU�OLQHDU�DVVRFLDWLRQ��figure 3), a non- linear association 
ZDV�REVHUYHG��figure 4���7KH�ORZHVW�55��55�����������&,������
WR�������ZDV�REVHUYHG�DW����PLQ�ZHHN�RI�PXVFOH��VWUHQJWKHQLQJ�
DFWLYLWLHV��DQG�WKH�55�HVWLPDWH�IRU�XS�WR�DSSUR[LPDWHO\�����PLQ�
ZHHN�ZDV�������

Three studies examined the joint benefit of muscle- 
VWUHQJWKHQLQJ�DQG�DHURELF�DFWLYLWLHV�IRU�DOO��FDXVH�PRUWDOLW\��ZLWK�
a total of 581 194 participants and 68 637 cases. Combined 
PXVFOH��VWUHQJWKHQLQJ�DQG�DHURELF�DFWLYLWLHV��YV�QRQH��ZHUH�DVVR-
FLDWHG�ZLWK�D����� ORZHU� ULVN�RI�DOO��FDXVH�PRUWDOLW\� �55�������
95% CI 0.54 to 0.67; I�=59.3%) (figure 5).
7KH�RYHUDOO�TXDOLW\�RI�WKH�HYLGHQFH�RQ�DOO��FDXVH�PRUWDOLW\�ZDV�

UDWHG�DV�¶YHU\�ORZ·�

CVD
6HYHQ�VWXGLHV�ZLWK��������FDVHV�RI�&9'�DPRQJ���������SDUWLF-
LSDQWV�ZHUH� LQFOXGHG� LQ� WKH� WZR��JURXS� DQDO\VLV�� 7KUHH� VWXGLHV�
focused on CVD mortality or CVD morbidity,43 44 46� ZKHUHDV�
other studies focused on CVD mortality.����������������� Muscle- 
VWUHQJWKHQLQJ�DFWLYLWLHV�ZHUH�DVVRFLDWHG�ZLWK�D�����ORZHU�ULVN�RI�
&9'��55�����������&,������WR�������S ��������ZLWK�D�KLJK�OHYHO�
of heterogeneity (I� �������S ��������ILJXUH��). Although the 
KLJK�KHWHURJHQHLW\�ZDV�QRW�FRPSOHWHO\�H[SODLQHG�E\�WKH�TXDOLW\�
score and exposure assessment, the heterogeneity disappeared 
(I� ������ZKHQ�WKH�VWXG\�E\�/LX�et al44�ZDV�H[FOXGHG��RQOLQH� Ta
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VXSSOHPHQWDO�ILJXUH�����0RUHRYHU��D�VLPLODU�UHVXOW�ZDV�REWDLQHG�
ZKHQ�WKH�DQDO\VLV�ZDV�OLPLWHG�WR�&9'�PRUWDOLW\��RQOLQH�VXSSOH-
mental figure 5).
)LYH� VWXGLHV� ZHUH� HOLJLEOH� IRU� WKH� GRVH²UHVSRQVH� DQDO\VLV� RI�

PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�SHU����PLQ�ZHHN� LQFUHDVH��ZLWK�
D�WRWDO�RI���������SDUWLFLSDQWV�DQG��������FDVHV��$OWKRXJK�WKHUH�
ZDV�QR�FOHDU�OLQHDU�DVVRFLDWLRQ��figure 3), a non- linear association 
ZDV�REVHUYHG��figure 4���7KH�ORZHVW�55��55�����������&,������
WR�������ZDV�REVHUYHG�DW����PLQ�ZHHN�RI�PXVFOH��VWUHQJWKHQLQJ�
DFWLYLWLHV��DQG�WKH�55�HVWLPDWH�IRU�XS�WR�DSSUR[LPDWHO\�����PLQ�
ZHHN�ZDV�������

Three studies examined the joint benefit of muscle- 
VWUHQJWKHQLQJ� DQG� DHURELF� DFWLYLWLHV� IRU� &9'� PRUWDOLW\�� ZLWK�
D� WRWDO� RI� ���� ���� SDUWLFLSDQWV� DQG� ��� ���� FDVHV�� &RPELQHG�

PXVFOH��VWUHQJWKHQLQJ� DQG� DHURELF� DFWLYLWLHV� ZHUH� DVVRFLDWHG�
ZLWK�D�����ORZHU�ULVN�RI�&9'��55�����������&,������WR�������
I� ��������figure 5).
7KH�RYHUDOO�TXDOLW\�RI�WKH�HYLGHQFH�RQ�&9'�ZDV�UDWHG�DV�¶YHU\�

ORZ·�

Total cancer
6L[� VWXGLHV�ZLWK�������� FDVHV�RI� WRWDO� FDQFHU� DPRQJ���������
SDUWLFLSDQWV�ZHUH�LQFOXGHG�LQ�WKH�WZR��JURXS�DQDO\VLV��2QH�VWXG\�
focused on total cancer incidence,50�ZKHUHDV� WKH�RWKHU� VWXGLHV�
focused on total cancer mortality.��������²�� Muscle- strengthening 
DFWLYLWLHV�ZHUH�DVVRFLDWHG�ZLWK�D�����ORZHU�ULVN�RI�WRWDO�FDQFHU�
�55�����������&,������WR�������S ��������ZLWK�D�KLJK�OHYHO�RI�

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.

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.
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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 random- 
effects 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.
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heterogeneity (I� �������S���������ILJXUH��). The exclusion of 
any individual study did not substantially change this result, and 
WKH�KLJK�KHWHURJHQHLW\�ZDV�QRW� H[SODLQHG�E\� WKH�TXDOLW\� VFRUH�
or exposure assessment (online supplemental figures 1- 3). When 
WKH�DQDO\VLV�ZDV�OLPLWHG�WR�WRWDO�FDQFHU�PRUWDOLW\��LH��H[FOXGLQJ�
the study by Rezende et al50��� D� VLPLODU� UHVXOW� ZDV� REWDLQHG�
(online supplemental figure 1).
)RXU� VWXGLHV�ZHUH� HOLJLEOH� IRU� WKH� GRVH²UHVSRQVH� DQDO\VLV� RI�

PXVFOH��VWUHQJWKHQLQJ�H[HUFLVH�SHU����PLQ�ZHHN�LQFUHDVH��ZLWK�D�
WRWDO�RI���������SDUWLFLSDQWV�DQG��������FDVHV��$OWKRXJK�WKHUH�
ZDV�QR�OLQHDU�DVVRFLDWLRQ��figure 3���D�QRQ��OLQHDU�DVVRFLDWLRQ�ZDV�
observed (figure 4���7KH�ORZHVW�55��55�����������&,������WR�
������ ZDV� REVHUYHG� DW� ��� PLQ�ZHHN� RI� PXVFOH��VWUHQJWKHQLQJ�
DFWLYLWLHV�DQG�WKH�55�HVWLPDWH�IRU�XS�WR�DSSUR[LPDWHO\�����PLQ�
ZHHN�ZDV�������

Three studies examined the joint benefit of muscle- 
strengthening and aerobic activities for total cancer mortality, 
ZLWK�D�WRWDO�RI���������SDUWLFLSDQWV�DQG��������FDVHV��&RPELQHG�
PXVFOH��VWUHQJWKHQLQJ�DQG�DHURELF�DFWLYLWLHV�ZHUH�DVVRFLDWHG�ZLWK�
D�����ORZHU�ULVN�RI� WRWDO�FDQFHU�PRUWDOLW\� �55�����������&,�
0.53 to 0.98; I�=84.8%) (figure 5).
7KH�RYHUDOO�TXDOLW\�RI�WKH�HYLGHQFH�RQ�WRWDO�FDQFHU�ZDV�UDWHG�

DV�¶YHU\�ORZ·�

Diabetes
)LYH� VWXGLHV� ZLWK� ����� FDVHV� RI� GLDEHWHV� DPRQJ� ���� ����
SDUWLFLSDQWV�ZHUH� LQFOXGHG� LQ� WKH� WZR��JURXS� DQDO\VLV��0XVFOH��
VWUHQJWKHQLQJ�DFWLYLWLHV�ZHUH�DVVRFLDWHG�ZLWK�D�����ORZHU�LQFL-
GHQFH�RI�GLDEHWHV��55������������WR�������S���������ZLWK�D�ORZ�WR�
moderate level of heterogeneity (I�=35.8%; p=0.18) (ILJXUH��). 
7KH� KHWHURJHQHLW\� ZDV� VXEVWDQWLDOO\� UHGXFHG� �,� ������ ZKHQ�
WKH� VWXG\� E\� 0LHONH� et al17� ZLWK� ORZ� TXDOLW\� �126 ��� ZDV�
excluded (online supplemental figure 1). An inverse association 
ZDV�REWDLQHG�ZKHQ�WKH�DQDO\VLV�ZDV�OLPLWHG�WR�VWXGLHV�IRFXVHG�RQ�
ZRPHQ��WZR�VWXGLHV���RQOLQH�VXSSOHPHQWDO�ILJXUH����
7KUHH�VWXGLHV�ZHUH�HOLJLEOH�IRU�WKH�GRVH²UHVSRQVH�DQDO\VLV�RI�

PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�SHU����PLQ�ZHHN�LQFUHDVH��ZLWK�D�
WRWDO�RI���������SDUWLFLSDQWV�DQG������FDVHV��(DFK����PLQ�ZHHN�
LQFUHDVH�LQ�PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�ZDV�LQYHUVHO\�DVVRFL-
DWHG�ZLWK�WKH�ULVN�RI�GLDEHWHV��ZLWK�PRGHUDWH�HYLGHQFH�RI�KHWHUR-
geneity (RR 0.98; 95% CI 0.97 to 0.99; p=0.003; I�=58.7%; 
p=0.09) (figure 3��� 0RUHRYHU�� DQ� /��VKDSHG� UHODWLRQVKLS� ZDV�
IRXQG��DQG�WKH�ULVN�PDUNHGO\�GHFUHDVHG�XQWLO�XS�WR����PLQ�ZHHN�
of muscle- strengthening activities (figure 4).
7KH�RYHUDOO�TXDOLW\�RI�WKH�HYLGHQFH�RQ�GLDEHWHV�ZDV�UDWHG�DV�

¶ORZ·�

Site-specific cancers
7ZR�VWXGLHV�ZHUH�LQFOXGHG�LQ�WKH�WZR��JURXS�DQG�GRVH²UHVSRQVH�
DQDO\VHV�IRU�WKH�LQFLGHQFH�RI�VLWH��VSHFLILF�FDQFHUV��FRORQ��NLGQH\��
bladder, lung and pancreatic cancers).45 50 The total number of 
FDVHV�SDUWLFLSDQWV�ZDV��������������IRU�FRORQ�FDQFHU�����������
���� IRU� NLGQH\� FDQFHU�� ��������� ���� IRU� EODGGHU� FDQFHU��
�������������IRU�OXQJ�FDQFHU�DQG��������������IRU�SDQFUHDWLF�
FDQFHU��0XVFOH��VWUHQJWKHQLQJ� DFWLYLWLHV� ZHUH� DVVRFLDWHG�ZLWK� D�
����ORZHU�LQFLGHQFH�RI�OXQJ�FDQFHU��55�����������&,������WR�
0.98; p=0.01; I�=0.0%; p=0.69) (online supplemental figure 
����$�OLQHDU�DVVRFLDWLRQ�ZDV�REWDLQHG�IRU�OXQJ�FDQFHU��55�������
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 associ-
DWLRQ�ZDV�FRQILUPHG�LQ�WKH�WZR��JURXS��GRVH²UHVSRQVH�DQG�MRLQW�
analyses (figure 5 and online supplemental figures 6 and 7).

6HQVLWLYLW\� DQDO\VLV� DQG� DQ\� VXEJURXS� DQDO\VLV� ZHUH� QRW�
performed because of the small number of included studies.

The overall quality of the evidence on the incidence of each 
VLWH��VSHFLILF�FDQFHU�ZDV�UDWHG�DV�¶YHU\�ORZ·�

Publication bias
For all outcomes included in the meta- analysis, the test for funnel 
SORW�DV\PPHWU\�ZDV�QRW�SHUIRUPHG�EHFDXVH�RI�WKH�VPDOO�QXPEHU�
RI�LQFOXGHG�VWXGLHV��Q����

DISCUSSION
7KLV�V\VWHPDWLF�UHYLHZ�DQG�PHWD��DQDO\VLV�RI�FRKRUW�VWXGLHV�IRXQG�
WKDW� PXVFOH��VWUHQJWKHQLQJ� DFWLYLWLHV� ZHUH� LQYHUVHO\� DVVRFLDWHG�
ZLWK�WKH�ULVN�RI�&9'��WRWDO�FDQFHU��GLDEHWHV��OXQJ�FDQFHU�DQG�DOO��
cause mortality independent of aerobic activities among adults 
DJHG� ���� \HDUV� ZLWKRXW� VHYHUH� KHDOWK� FRQGLWLRQV�� 0RUHRYHU��
-��VKDSHG�DVVRFLDWLRQV�ZHUH�IRXQG�EHWZHHQ�PXVFOH��VWUHQJWKHQLQJ�
activities and all- cause mortality, CVD and total cancer, 
ZLWK� WKH� PD[LPXP� ULVN� UHGXFWLRQ� �DSSUR[LPDWHO\� ��²�����
DW� DSSUR[LPDWHO\� ��²��� PLQ�ZHHN� RI� PXVFOH��VWUHQJWKHQLQJ�
DFWLYLWLHV�� :H� DOVR� REVHUYHG� DQ� /��VKDSHG� DVVRFLDWLRQ� EHWZHHQ�
PXVFOH��VWUHQJWKHQLQJ� DFWLYLWLHV� DQG� GLDEHWHV�� VKRZLQJ� D� ODUJH�
ULVN� UHGXFWLRQ�EHIRUH����PLQ�ZHHN�� )LQDOO\�� FRPELQHG�PXVFOH��
VWUHQJWKHQLQJ� DQG� DHURELF� DFWLYLWLHV� �YV� QRQH�� ZHUH� DVVRFLDWHG�
ZLWK�D�ORZHU�ULVN�RI�DOO��FDXVH��&9'�DQG�WRWDO�FDQFHU�PRUWDOLW\�

Saeidifard et al reported that engaging in muscle- strengthening 
DFWLYLWLHV�ZDV�DVVRFLDWHG�ZLWK�D�ORZHU�ULVN�RI�DOO��FDXVH�PRUWDOLW\��
DOWKRXJK�WKHUH�ZDV�QR�FOHDU�DVVRFLDWLRQ�ZLWK�&9'�PRUWDOLW\�DQG�
total cancer mortality.8�0RUHRYHU��DQRWKHU�PHWD��DQDO\VLV�VKRZHG�
QR� FOHDU� DVVRFLDWLRQ�ZLWK� WRWDO� FDQFHU�PRUWDOLW\�9 Our system-
DWLF� UHYLHZ� XSGDWHG� WKH� OLWHUDWXUH� DQG� H[SDQGHG� RQ� SUHYLRXV�
studies,8 9� VKRZLQJ� WKDW� PXVFOH��VWUHQJWKHQLQJ� DFWLYLWLHV� ZHUH�
LQYHUVHO\�DVVRFLDWHG�ZLWK�WKH�ULVN�RI�&9'��WRWDO�FDQFHU�DQG�DOO��
FDXVH�PRUWDOLW\��:H�REWDLQHG� VLPLODU� UHVXOWV�ZKHQ� WKH� DQDO\VLV�
ZDV� OLPLWHG� WR� &9'� DQG� WRWDO� FDQFHU� PRUWDOLW\�� ,Q� DGGLWLRQ��
PXVFOH��VWUHQJWKHQLQJ� DFWLYLWLHV� ZHUH� DVVRFLDWHG� ZLWK� D� ORZHU�
LQFLGHQFH�RI�OXQJ�FDQFHU�LQ�RXU�UHYLHZ��DOWKRXJK�1DVFLPHQWR�et 
al�VKRZHG�DQ�LQYHUVH�DVVRFLDWLRQ�IRU�NLGQH\�FDQFHU��EXW�QRW�OXQJ�
FDQFHU��HYHQ�ZKHQ�WKH�VDPH�VWXGLHV�ZHUH�LQFOXGHG�9 The reason 
for this discrepancy may be derived from the extracted effect 
estimates. Nascimento et al extracted the effect estimate from 
WKH�KLJKHVW�FDWHJRU\�RI�PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�ZKHUHDV�
ZH�XVHG�SRROHG�HIIHFW�HVWLPDWHV�ZKHQ�WKH�LQFOXGHG�VWXGLHV�KDG�
WZR�RU�PRUH�H[SRVHG�JURXSV�
-RLQW� DQDO\VLV� EHWZHHQ� PXVFOH��VWUHQJWKHQLQJ� DQG� DHURELF�

DFWLYLWLHV�VKRZHG�WKDW�D�JUHDWHU�EHQHILW�IRU�DOO��FDXVH��&9'�DQG�
WRWDO� FDQFHU� PRUWDOLW\� ZDV� REWDLQHG� ZKHQ� WKHVH� WZR� W\SHV� RI�
DFWLYLWLHV�ZHUH�FRPELQHG��7KHVH�UHVXOWV�FRQILUP�WKH�ILQGLQJV�RI�
previous meta- analyses.8 9 Therefore, beyond aerobic activities, 
muscle- strengthening activities may provide additional benefits 
for preventing mortality.
2QH�RI�WKH�VWUHQJWKV�RI�WKLV�VWXG\�ZDV�WKH�TXDQWLILFDWLRQ�RI�WKH�

GRVH²UHVSRQVH�DVVRFLDWLRQ�EHWZHHQ�PXVFOH��VWUHQJWKHQLQJ�DFWLYL-
ties and health outcomes. Several previous cohort studies have 
UHSRUWHG�D�QRQ��OLQHDU�DVVRFLDWLRQ�EHWZHHQ�PXVFOH��VWUHQJWKHQLQJ�
activities and health outcomes.��²������)RU�H[DPSOH��.DPDGD�et al 
VKRZHG�D�TXDGUDWLF�DVVRFLDWLRQ�EHWZHHQ�VWUHQJWK�WUDLQLQJ�DQG�DOO��
FDXVH�DQG�&9'�PRUWDOLW\��DQG�WKH�ORZHVW�ULVN�RI�DOO��FDXVH�PRUWDOLW\�
ZDV� REVHUYHG� DW� ��� PLQ�ZHHN� RI� VWUHQJWK� WUDLQLQJ��� Further-
more, the abovementioned previous meta- analysis reported that 
SHUIRUPLQJ� UHVLVWDQFH� WUDLQLQJ� �²�� WLPHV�ZHHN� ZDV� DVVRFLDWHG�
ZLWK�D�ORZHU�DOO��FDXVH�PRUWDOLW\��EXW�LQFUHDVLQJ�WKH�YROXPH�WR�!��
WLPHV�ZHHN�ZDV�QRW�8 This result supports a potential non- linear 
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DVVRFLDWLRQ�EHWZHHQ�PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�DQG�DOO��FDXVH�
PRUWDOLW\�� ,Q�RXU� V\VWHPDWLF� UHYLHZ�� -��VKDSHG� DVVRFLDWLRQV�ZLWK�
WKH�PD[LPXP�ULVN�UHGXFWLRQ����²�����DW�DSSUR[LPDWHO\���²���
PLQ�ZHHN�RI�PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�ZHUH�REVHUYHG� IRU�
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 
WKH� ORQJLWXGLQDO� DVVRFLDWLRQ� EHWZHHQ� PXVFOH��VWUHQJWKHQLQJ�
DFWLYLWLHV� DQG� WKH� ULVN� RI� GLDEHWHV�� $OWKRXJK� WKH� SRWHQWLDO� RI�
PXVFOH��VWUHQJWKHQLQJ� DFWLYLWLHV� WR� UHGXFH� WKH� ULVN� RI� GLDEHWHV�
is supported by several biological mechanisms,64 65 many of 
WKH� SUHYLRXV� VWXGLHV� RQ� WKLV� WRSLF� ZHUH� OLPLWHG� WR� VKRUW��WHUP�
randomised controlled trials examining surrogates of diabetes.66 
2XU� ILQGLQJV� VKRZHG� WKDW�PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�ZHUH�
DVVRFLDWHG� ZLWK� D� ���� ORZHU� LQFLGHQFH� RI� GLDEHWHV�� ZLWK� WKH�
ULVN�RI�GLDEHWHV�VKDUSO\�GHFUHDVLQJ�XQWLO�XS�WR����PLQ�ZHHN�RI�
PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�IROORZHG�E\�D�JUDGXDO�GHFUHDVH��
Because muscle- strengthening activities increase or preserve 
VNHOHWDO� PXVFOH� PDVV�� ZKLFK� KDV� EHHQ� LGHQWLILHG� DV� WKH� PDMRU�
tissue in glucose metabolism, a clear dose–response association 
can be established.
2XU� V\VWHPDWLF� UHYLHZ� KDV� VRPH� OLPLWDWLRQV�� 7KH� ILUVW� DQG�

most important limitation is that the meta- analysis included 
only a small number of studies. The limited number of studies 
SUHFOXGHG� VRPH� H[DPLQDWLRQV�� )RU� H[DPSOH�� LW� GLG� QRW� DOORZ�
us to conduct some subgroup analyses to explain the hetero-
JHQHLW\�LQ�RXU�ILQGLQJV�DQG��HYHQ�ZKHQ�SHUIRUPHG��IHZ�VWXGLHV�
ZHUH�LQFOXGHG��0RUHRYHU��ZH�FRXOG�QRW�WHVW�IRU�SXEOLFDWLRQ�ELDV��
Therefore, the pooled estimates in this study might have been 
overestimated because of potential publication bias. Second, the 
included studies evaluated muscle- strengthening activities using 
D�VHOI��UHSRUWHG�TXHVWLRQQDLUH�RU�WKH�LQWHUYLHZ�PHWKRG��$OWKRXJK�
measures of muscle- strengthening activities have been reported 
to have higher reliability than those of aerobic activities,67 this 
may have contributed to the heterogeneity in our results. Indeed, 
WKH� KHWHURJHQHLWLHV� LQ� WKLV� UHYLHZ�ZHUH� SDUWLDOO\� H[SODLQHG� E\�
GLIIHUHQFHV�LQ�H[SRVXUH�DVVHVVPHQW��DOWKRXJK�RQO\�D�IHZ�VWXGLHV�
ZHUH� LQFOXGHG�� 7KLUG�� EHFDXVH� PRVW� RI� WKH� LQFOXGHG� VWXGLHV�
ZHUH�FRQGXFWHG�LQ�WKH�86$��WKH�JHQHUDOLVDELOLW\�RI�RXU�ILQGLQJV�
LV� OLPLWHG�� )RXUWK�� REVHUYDWLRQDO� VWXGLHV� ZHUH� LQFOXGHG� LQ� WKH�
PHWD��DQDO\VLV�DQG�ZHUH�WKXV�SRWHQWLDOO\�LQIOXHQFHG�E\�UHVLGXDO��
XQNQRZQ� DQG� XQPHDVXUHG� FRQIRXQGLQJ� IDFWRUV�� )LQDOO\�� RQO\�
WZR� GDWDEDVHV� ZHUH� VHDUFKHG�� DQG� WKHUHIRUH� VRPH� UHOHYDQW�
studies may have been missed.

Several physical activity guidelines recommend that adults 
SHUIRUP�PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�DW�OHDVW�WZLFH�D�ZHHN�1–5 
Although the recommendation is primarily based on the benefit 
IRU� PXVFXORVNHOHWDO� KHDOWK�11–13 these guidelines are partly 
supported by our results in terms of preventing premature 
GHDWK�DQG�1&'V��+RZHYHU��WKH�LQIOXHQFH�RI�D�KLJKHU�YROXPH�RI�
muscle- strengthening activities on health benefits is unclear. Our 
ILQGLQJV�VKRZHG�WKDW�WKH�PD[LPXP�ULVN�UHGXFWLRQ�IRU�DOO��FDXVH�
PRUWDOLW\��&9'�DQG�WRWDO�FDQFHU�ZDV�REWDLQHG�DW�DSSUR[LPDWHO\�
��²���PLQ�ZHHN�RI�PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV��DQG�WKH�55�
ZDV�ORZ�IRU�XS�WR�DSSUR[LPDWHO\����²����PLQ�ZHHN��*LYHQ�WKLV�
UHVXOW��WKH�FXUUHQW�UHFRPPHQGDWLRQ�RI�DW�OHDVW���GD\V�ZHHN�FRXOG�
be reasonable, although a higher volume may require caution. 
+RZHYHU�� RXU� ILQGLQJV� VKRXOG� EH� LQWHUSUHWHG� ZLWK� FDXWLRQ�
EHFDXVH�WKH�QXPEHU�RI�LQFOXGHG�VWXGLHV�ZDV�VPDOO�DQG�ZH�FRXOG�
not directly examine the frequency of muscle- strengthening activ-
LWLHV��/DUJH��VFDOH�VWXGLHV�DUH�QHHGHG�WR�H[DPLQH�WKH�KHDOWK�EHQH-
fits of high- volume muscle- strengthening activities. Moreover, 
attention should also be paid to evidence that most programmes 

SURYLGLQJ�EHQHILWV�IRU�PXVFXORVNHOHWDO�KHDOWK� LQ�HOGHUO\�SHRSOH�
DUH� SHUIRUPHG���� GD\V�ZHHN��� The longitudinal influence of 
muscle- strengthening activities on mortality and NCDs should 
EH�IXUWKHU�LQYHVWLJDWHG�ZLWK�D�IRFXV�RQ�WKH�HOGHUO\�SRSXODWLRQ�LQ�
future studies.

CONCLUSION
(QJDJLQJ�LQ�PXVFOH��VWUHQJWKHQLQJ�DFWLYLWLHV�ZDV�DVVRFLDWHG�ZLWK�
D�ORZHU�ULVN�RI�DOO��FDXVH�PRUWDOLW\�DQG�PDMRU�1&'V�VXFK�DV�&9'��
WRWDO�FDQFHU��GLDEHWHV�DQG� OXQJ�FDQFHU��+RZHYHU�� WKH� LQIOXHQFH�
of a higher volume of muscle- strengthening activities on all- 
cause 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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What is already known?

 ⇒ Physical activity guidelines recommend regular muscle- 
strengthening activities for adults, and this recommendation 
is primarily based on the benefits for musculoskeletal health.

 ⇒ Previous meta- analyses have shown that muscle- 
strengthening 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.

What are the new findings?

 ⇒ 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.
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