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ABSTRACT
Objective To explore the association of physical activity 
(PA) with musculoskeletal pain (MSK pain).
Design Cross- sectional study
Setting 14 countries (Argentina, Australia, Austria, Brazil, 
Chile, France, Germany, Italy, the Netherlands, Singapore, 
South Africa, Spain, Switzerland and the USA).
Participants Individuals aged 18 or older.
Primary and secondary outcome measures PA volumes 
were assessed with an adapted version of the Nordic 
Physical Activity Questionnaire- short. Prevalence of MSK 
pain was captured by means of a 20- item checklist of 
body locations. Based on the WHO recommendation 
on PA, participants were classified as non- compliers 
(0–150 min/week), compliers (150–300 min/week), 
double compliers (300–450 min/week), triple compliers 
(450–600 min/week), quadruple compliers (600–750 
min/week), quintuple compliers (750–900 min/week) and 
top compliers (more than 900 min/week). Multivariate 
logistic regression was used to obtain adjusted ORs of 
the association between PA and MSK pain for each body 
location, correcting for age, sex, employment status and 
depression risk.
Results A total of 13 741 participants completed the 
survey. Compared with non- compliers, compliers had 
smaller odds of MSK pain in one location (thoracic pain, 
OR 0.77, 95% CI 0.64 to 0.93). Double compliance was 
associated with reduced pain occurrence in six locations 
(elbow, OR 0.70, 95% CI 0.50 to 0.98; forearm, OR 0.63, 
95% CI 0.40 to 0.99; wrist, OR 0.74, 95% CI 0.57 to 0.98; 
hand, OR 0.57, 95% CI 0.40 to 0.79; fingers, OR 0.72, 
95% CI 0.52 to 0.99; abdomen, OR 0.61, 95% CI 0.41 to 
0.91). Triple to top compliance was also linked with lower 
odds of MSK pain (five locations in triple compliance, 
three in quadruple compliance, two in quintuple 
compliance, three in top compliance), but, at the same 
time, presented increased odds of MSK pain in some of 
the other locations.
Conclusion A dose of 300–450 min WHO- equivalent PA/
week was associated with lower odds of MSK pain in six 
body locations. On the other hand, excessive doses of PA 
were associated with higher odds of pain in certain body 
locations.

INTRODUCTION
Musculoskeletal pain (MSK pain) is a 
common condition that can have negative 
physical, psychological and social impacts.1 A 
summary of previous epidemiological studies 
conducted with diverse techniques and 
populations revealed that MSK pain affects 
between 13.5% and 47% of the general popu-
lation, with prevalence higher in women and 
increasing strongly with age.2 Musculoskeletal 
conditions contribute to disability, especially 
in older age groups.2 It has been reported 
that disability- adjusted life- years, which 
reflect the years of life lost due to premature 
mortality and years of life lived with disability, 
increased by 62% between 1990 and 2016 
around the world with 20% surge during the 
10- year interval from 2006 to 2016.3 Most 
of the increased burden has derived from 
disability due to increased ageing population 
affected by MSK conditions, and the burden 
of MSK disorders is expected to increase even 
more in the future.4

Achieving sufficient physical activity (PA) 
is associated with a variety of positive health 
outcomes such as substantial risk reduction 
in all- cause mortality5 as well as multiple 
chronic diseases including type 2 diabetes 

STRENGTHS AND LIMITATIONS OF THIS STUDY
 ⇒ This is the first large- scale analysis of associations 
between musculoskeletal pain (MSK pain) and phys-
ical activity (PA) considering multiple anatomical 
locations.

 ⇒ Large sample size enabled to investigate the asso-
ciations between different degrees of compliance to 
PA recommended by WHO and MSK pain.

 ⇒ Administration of the survey in 14 countries allowed 
participation of diverse populations.

 ⇒ Self- reported data may be subject to recall bias.
 ⇒ Cross- sectional observational design prohibits 
causal inference.
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and metabolic syndrome,6 cancer6 and cardiovascular 
disease.7 In the light of these positive impacts, WHO 
recommends 150–300 min of moderate- intensity PA, or 
75–150 min of vigorous- intensity PA or aerobic PA with 
some combination of moderate and vigorous intensities.8 
PA is also considered one of the most important strategies 
to prevent and manage MSK pain.9 However, compared 
with the available evidence on the association of PA with 
non- communicable disease, there seems to be a fewer 
number of studies on the topic of PA and MSK pain. 
Furthermore, it is still less clear whether the amounts 
recommended by WHO are sufficient to elicit benefits in 
terms of addressing MSK pain. The few available studies 
examining the relation of regular PA and MSK pain 
tended to focus on influence of PA for specific body loca-
tions or specific diagnoses such as low back pain, neck 
pain or osteoarthritis and found inconsistent results.10 
Other studies have evaluated the associations between PA 
and pain in occupational settings such as among physical 
therapists or teaching staff.11 12 Particularly, the inter-
play between the volume of PA and MSK pain within the 
general population has been less explored.

The purpose of this study was to explore the associa-
tion of total PA with presence of MSK pain in a variety 
of anatomical locations including both upper and lower 
extremities. We hypothesised that greater time spent in 
PA than WHO recommendation would be associated with 
the absence of MSK pain in more body regions, but that 
excess time performing PA might be associated with the 
presence of MSK pain in more body regions.

METHODS
Study design
This article presents an explorative analysis of prepan-
demic baseline data on PA and MSK pain assessed during 
the ASAP (Activity and Health during the SARS- CoV- 2 
Pandemic) survey. The survey was administered with 
results collected between 3 April 2020 and 9 May 2020, 
including participants from 14 countries (Argentina, 
Australia, Austria, Brazil, Chile, France, Germany, Italy, 
the Netherlands, Singapore, South Africa, Spain, Switzer-
land and the USA).13–16

Participants
Eligibility for participation in the ASAP survey was limited 
to individuals aged 18 or older living in participating 
countries. Recruitment was performed online using 
promotion by health- related organisations, mailing lists 
and social media advertising (eg, Facebook, Instagram, 
Twitter).

Questionnaire
To capture PA, the ASAP survey incorporated an adapted 
version of the Nordic Physical Activity Questionnaire- short 
(NPAQ- short). The instrument retrospectively assessed 
the amounts of moderate and combined moderate 
and vigorous activities (min/week) during leisure and 

occupational time. Moderate activities were defined as 
those that increase heart rate or breathing, and vigorous 
activities were defined as those that make heart racing, 
sweating and shortness of breath. The questionnaire 
asked how much time participants spent in total on both 
moderate and vigorous PA on a typical week, and the time 
spent in all activities with a minimal duration of 10 min was 
asked to be added and entered in the form. The NPAQ- 
short has been shown to be reliable (test–retest reliability: 
r=0.80–0.82) and valid for observing compliance with the 
WHO recommendations on PA.17 The questionnaire was 
available in seven different languages (Dutch, English, 
German, French, Italian, Brazilian- Portuguese, Spanish), 
and clarity and comprehensibility were validated by native 
speakers through forward and backward translation.

Prevalence of MSK pain was captured by means of 
binary responses (yes/no) to an adapted 20- item check-
list from a consensus statement on epidemiological 
injury reporting.18 Body locations were categorised as 
follows: neck/cervical spine, shoulder, upper arm, elbow, 
forearm, wrist, hand, fingers, thoracic spine, ribs, lower 
back, abdomen, pelvis/gluteal, hip, groin, thigh, knee, 
lower leg, ankle/Achilles tendon and foot/toe.

The English version of the ASAP survey can be found in 
online supplemental file 1).

Data processing and statistical analysis
Self- reported PA was categorised as multiples of compli-
ance with WHO guidelines which recommend 150–300 
min/week of moderate activity, 75–150 min/week of 
vigorous activity or any adequate combination of both.8 
We used the formula (minutes of moderate- to- vigorous PA – 
minutes of vigorous PA) + minutes of vigorous PA × 2 to clas-
sify participants as non- compliers (0–150 min/week), 
compliers (150–300 min/week), double compliers (300–
450 min/week), triple compliers (450–600 min/week), 
quadruple compliers (600–750 min/week), quintuple 
compliers (750–900 min/week) and top compliers (more 
than 900 min/week). In addition to the assessment of PA, 
participants were asked where they worked in multiple 
choices which also included a ‘no employment’ option, 
and the answers to this question were used to catego-
rise participants into being employed or not employed 
for our analysis. Also, the WHO Well- Being Index was 
used to capture depression risk as validated by previous 
research.19

For each body region, univariate binary logistic regres-
sion was conducted to calculate the unadjusted OR of the 
association between pain (dependent variable: yes/no) 
and PA. In a similar way, univariate binary logistic regres-
sion was then used to identify associations of pain (depen-
dent variable) and potential confounding variables (sex, 
age, employment status, depression risk). Finally, multi-
variate binary logistic regression was performed including 
these confounding variables (if relevant) to obtain the 
adjusted ORs and 95% CI of the association between 
the volume of PA and pain (dependent variable). As 
participants may have a strongly varying number of pain 
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locations and as the impact of pain on the individual may 
vary with the number of affected body regions, additional 
analyses, using the same procedures as described above 
(binary logistic regression corrected for confounders), 
were performed to obtain adjusted OR for pain in only 
one, at least 3, 5, or 10 body locations.

All data analyses were conducted using SPSS V.22 
(SPSS), and the significance level was set to α=0.05.

Patient and public involvement
Members of the target population without medical back-
ground were involved in the designing phase of the ASAP 
questionnaire. The questionnaire was face validated for each 
language with five non- academic individuals. Feedback on 
comprehension and clarity of the wording was used.

RESULTS
Valid datasets were identified for 13 741 participants (38±15 
years, minimum 18 and maximum 100, 59% females). The 
demographic data are summarised in table 1. A total of 2604 
individuals did not meet the WHO recommendation of PA 
while n=2735 belonged to 150–300 min group, n=1957 to 
300–450 min group, n=1749 to 450–600 min group, n=1066 
to 600–750 min group, n=849 to 750–900 min group and 
n=2781 to 900+ min group. Comprehensive results are 
summarised in tables 2 and 3.

Compared with inactive individuals, simple guideline 
compliance was associated with lower odds of suffering from 
MSK pain in one body location (thoracic pain, OR 0.77, 95% 
CI 0.64 to 0.93, table 1). Double compliance was associated 
with lower odds of suffering from MSK pain in six locations 
(elbow, OR 0.70, 95% CI 0.50 to 0.98; forearm, OR 0.63, 
95% CI 0.40 to 0.99; wrist, OR 0.74, 95% CI 0.7 to 0.98; hand, 
OR 0.57, 95% CI 0.40 to 0.79; fingers, OR 0.72, 95% CI 0.52 
to 0.99; abdomen, OR 0.61, 95% CI 0.41 to 0.91). Although 
higher amounts of PA were associated with lower odds of 
suffering from MSK pain in variable numbers of locations 
(five body locations in triple compliance, three in quadruple 
compliance, two in quintuple compliance and three in top 
compliance), they were also associated with higher odds 
of suffering from MSK pain in other locations. Specifically, 
triple compliance was associated with presence of MSK pain 
in thigh (OR 1.41, 95% CI 1.03 to 1.92), knee (OR 1.25, 95% 
CI 1.06 to 1.50) and ankle/Achilles tendon (OR 1.47, 95% 
CI 1.14 to 1.88). Quadruple compliance increased pain loca-
tions to four, quintuple compliance to six and top compli-
ance to seven.

Triple compliance was associated with lower odds to have 
a total of 5 or more (OR 0.75, 95% CI 0.60 to 0.95) or 10 
or more (OR 0.36, 95% CI 0.19 to 0.68) pain locations, 
and quadruple compliance was associated with lower odds 
to have 5 or more pain locations (OR 0.73, 95% CI 0.57 to 
0.93). However, quintuple and top compliances were associ-
ated with higher odds of having a minimum one pain loca-
tion (OR 1.28, 95% CI 1.10 to 1.51 and 1.30, 95% CI 1.16 to 
1.45, respectively). Ta
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DISCUSSION
The purpose of this study was to explore the relation 
between PA and MSK pain. Previous research focused 
on the impact of PA on specific locations of MSK pain 
(eg, low back and neck20) or certain occupational 
settings.11 12 Our large- scale multinational study is novel 
in that it identified the associations between different 
degrees of compliance to PA recommended by WHO and 
multiple body locations in the general population after 
adjusting for multiple cofounding factors including age, 
which is known to be positively associated with MSK pain 
prevalence.

Guideline compliance (150–300 min per week) was 
weakly associated with MSK pain, showing lower odds 
of having pain only in thoracic spine but higher odds in 
foot/toes. In contrast, double compliance (300–450 min 
per week) substantially increased the number of locations 
that were associated with lowers odds of MSK pain to six 
and thus seems to represent the optimal dose when PA 
is undertaken to prevent MSK. Finally, higher levels of 
PA (triple to top compliance) were associated with less 
odds of having pain in multiple upper body locations but 
paradoxically contributed to higher odds of having lower 
extremity pain. Notably, participating in 300–600 min 
of PA per week was associated with lower odds of having 
pain in upper extremities, neck and thoracic and lumbar 
spine. In contrast, participating in greater than 450 min 
of PA per week was associated with higher odds of having 
pain in the lower extremity.

Time spent in PA and pain in neck, back and upper extremity
A previous systematic review showed that there was 
limited evidence for no association between PA and neck 
pain.20 However, our study found that participating in PA 
between 450 and 900+ min was associated with lower odds 
of having pain in neck/cervical spine. Several epidemio-
logical studies have demonstrated that certain postures 
sustained for prolonged duration combined with seden-
tary lifestyle were associated with neck pain.21–23 There-
fore, increased PA levels may be helpful to consider in 
those at risk for neck pain.

Association between PA and thoracic spine has been 
less explored,24 but a recent observational study found 
that PA less than 150 min per week was associated with 
reduced thoracic mobility.25 Our findings build on 
previous research in that PA less than 150 min per week 
is also associated with higher odds of having pain in the 
thoracic spine.

While it is generally accepted that PA and exercise are 
beneficial in the management of acute and chronic low 
back pain, a previous systematic review could not iden-
tify either positive or negative relationship.26 One study 
suggested that the relationship between the level of activity 
and back pain might be explained by a U- shaped curve 
that suggests both low and excessive PA may increase the 
risk of low back pain.27 Our findings partly support this 
concept as PA of 450–750 min was associated with lower 

odds of low back pain while lower or higher PA than that 
range did not have significant association.

PA in the range of 300–600 min was also associated 
with lower odds of having pain in several locations in the 
upper extremity such as elbow, forearm, wrist, hand and 
fingers. PA exceeding 750 min was associated with higher 
odds of shoulder pain. The underlying mechanisms 
of how PA modulates pain are not completely under-
stood, but several pathways have been proposed. Animal 
study findings suggest regular PA may act on the central 
nervous system (CNS) and alter rate of pain hypersensi-
tivity, dysregulation of pain modulation and development 
of chronic pain.28–30 In humans, it has been proposed 
that PA may intervene excitability and inhibition in the 
CNS,31–33 and anti- inflammatory and antioxidant effects 
of regular PA might diminish the processes contributing 
to central sensitisation.34–36 Other proposed mechanisms 
in humans include the activation of opioid and serotonin 
pathways37 or involvement of endocannabinoid system38 
induced from regular PA which could exert analgesic 
effects. While further research is needed to elucidate how 
much and what type of PA can induce such changes to 
modulate pain, our results suggest that PA between 300 
and 600 min per week may be sufficient for spinal condi-
tions and upper extremity pain, with PA exceeding 750 
min associated with higher likelihood of shoulder pain.

Association of PA and lower extremity pain
The association of PA to lower extremity pain was 
different than what was observed for upper extremity and 
spine conditions. Our results suggest PA exceeding 450 
min was associated with higher odds of MSK pain in lower 
extremity. These findings may be partially explained by 
higher amounts of PA are likely to involve greater use of 
the lower extremity. In the USA, it has been reported that 
walking is the most popular form of exercise followed 
by biking, yard work, strength training, dancing and 
running, which are activities that commonly place phys-
ical demands through the lower extremity.39 Running is 
one of the most popular exercises in the world and has 
been shown to result in lower extremity pain in multiple 
anatomical locations with nearly all (94.7% of runners) 
reporting experience of pain at least once after running.40

We also observed that greater PA was associated with a 
higher number of sites of MSK pain in the lower extremity. 
A dose response was observed: 450–600 min was associ-
ated with pain in three anatomical regions, 600–750 min 
with pain in four anatomical regions, 750–900 min with 
five anatomical regions, and 900+ min with six anatom-
ical regions. The optimal PA level to reduce pain in 
those with existing musculoskeletal lower extremity pain 
is unknown. A prior study reported that a minimum of 
45 total moderate- vigorous min per week was sufficient 
to elicit improved or sustained high function with lower- 
extremity symptoms regardless of age, gender, body mass 
index or presence of knee osteoarthritis.41 Our findings 
of PA ranging from 150 to 450 min not increasing the 
odds of having pain in the lower extremities suggest this 
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range might be appropriate to be safe and promote other 
health benefits.

Clinical implication
While the WHO 2020 guidelines on PA recommend 
150–300 min of moderate- intensity PA, or 75–150 min of 
vigorous- intensity PA, or some equivalent combination 
of moderate- intensity and vigorous- intensity aerobic PA 
per week for optimal health outcomes,8 the current study 
suggests that more PA beyond the WHO recommenda-
tion may be necessary to decrease the odds of having pain 
particularly in the upper extremity. Our findings suggest 
a target of 300–450 min of PA per week could be optimal 
for preventing pain in the upper extremity without clear 
associated higher rate of lower extremity pain. Also, this 
range was associated with lower odds of having pain in 
multiple number of locations. Recognising concerns on 
higher prevalence of pain in low back, neck, and thoracic 
spine increased during the COVID- 19 pandemic,15 PA 
target of the higher target of 450 min of weekly exercise 
may be helpful in this population. Our results suggest 
exceeding 450 min of PA may not be advisable for those 
with increased concern for lower extremity pain. Further-
more, PA above 750 min was associated with having at 
least one pain location.

Limitation
While our findings derived from a large- scale multina-
tional study of participants, we do note potential limita-
tions. Self- report of PA and MSK pain are limited by 
reporting bias and inaccuracy including risk for over- 
reporting level of PA.42 43 The cross- sectional study design 
limits our understanding between PA and the aetiology of 
MSK pain. Also, we are limited in ability in discriminating 
the types of PA to report of MSK pain by anatomical loca-
tions. We were not able to distinguish or identify bilateral 
MSK pain from our questionnaire as well. Furthermore, 
because a separate analysis was run for each body region, 
there is a risk of multiple testing problem. Since our anal-
ysis was explorative in nature, further prospective cohort 
or interventional studies are needed to elucidate the best 
form and dose of PA to address MSK pain by anatomical 
location and specific musculoskeletal injury, and addi-
tionally investigate the role of MSK pain intensity instead 
of using a binary (yes/no) classification.

CONCLUSION
Our findings showed that PA time above the WHO recom-
mendations was associated with lower odds of having 
pain in multiple locations such as neck, thoracic spine, 
low back and in the upper extremities. Especially, under-
taking PA for 300–450 min per week was associated with 
reduced pain occurrence in six locations, elbow, forearm, 
wrist, hand, fingers and abdomen.

Author affiliations
1Department of Physical Medicine and Rehabilitation, Harvard Medical School, 
Boston, Massachusetts, USA

2Spaulding Rehabilitation Hospital, Charlestown, Massachusetts, USA
3Department of Sports Medicine and Exercise Physiology, Goethe University 
Frankfurt, Frankfurt am Main, Germany
4Institute of Interdisciplinary Exercise Science and Sports Medicine, MSH Medical 
School Hamburg, Hamburg, Germany
5Institute of Occupational Medicine, Social Medicine and Environmental Medicine, 
Goethe University Frankfurt, Frankfurt am Main, Germany
6Department of Movement Sciences, University of Klagenfurt, Klagenfurt am 
Wörthersee, Austria

Twitter Hye Chang Rhim @HCRhimMD

Acknowledgements The authors acknowledge the valuable help from the 
following authors with promoting ASAP survey for data collection (in alphabetical 
order): Benedict Tan, Bernhard Novak, Celso Ramiréz, Chiara Fossati, Christoph 
Heidt, Daniel E. Lieberman, David Jimenez- Pavon, Evert Verhagen, Fabio Pigozzi, 
Falk Richter, Fernando Laíño, Johannes Jaunig, Julian David Pillay, Luiz Carlos 
Hespanhol Junior, Marcela González- Gross, Matteo Sattler, Mireille van Poppel, 
Pascal Edouard, Steffen Willwacher.

Contributors HCR/AT: data collection, interpretation, drafting and critical revision 
of the manuscript, LM, KH, LV and DAG: data collection, critical revision of the 
manuscript, JW: conception/design, data collection, interpretation, critical revision 
of the manuscript. Guarantor: JW

Funding The authors have not declared a specific grant for this research from any 
funding agency in the public, commercial or not- for- profit sectors.

Competing interests None declared.

Patient and public involvement Patients and/or the public were involved in the 
design, or conduct, or reporting, or dissemination plans of this research. Refer to 
the Methods section for further details.

Patient consent for publication Not applicable.

Ethics approval This study was approved by the University of Queensland 
Health and Behavioural Sciences (2020000693), Ethical committee of the 
University of Graz (GZ. 39/62/63 ex 2019/20), Research Ethics Committee of 
Fundación Instituto Superior de Ciencias de la Salud (DEPINV CODE: 11/20), 
Research Ethics Committee of the Universidade Cidade de São Paulo (CAAE: 
30555320.0.0000.0008), Institutional Ethics Committee of the University of 
Santiago de Chile (no 123/2020), Saint- Etienne University Hospital Ethical 
Committee (IORG0007394; IRBN492020/CHUSTE), Ethics Committee of the Faculty 
of Psychology and Sports Sciences of Goethe University Frankfurt (no. 2020- 13), 
Comitato di Ateneo per la Ricerca, Università degli Studi di Roma 'Foro Italico' (CAR 
43/2020), Medical Ethical Committee of Amsterdam UMC (2020.192), Institutional 
Research Ethics Committee of Durban University of Technology (IREC 042/20), 
SingHealth Centralised Institutional Review Board (2020/2287), Cantonal Ethics 
Committee Northwest Switzerland (2020- 01058), Ethics Committee of Universidad 
Politécnica de Madrid (20200507- 1) and Partners Human Research Committee 
(2020P000963). Participants gave informed consent to participate in the study 
before taking part.

Provenance and peer review Not commissioned; externally peer reviewed.

Data availability statement Data are available on reasonable request.

Supplemental material This content has been supplied by the author(s). It 
has not been vetted by BMJ Publishing Group Limited (BMJ) and may not have 
been peer- reviewed. Any opinions or recommendations discussed are solely 
those of the author(s) and are not endorsed by BMJ. BMJ disclaims all liability 
and responsibility arising from any reliance placed on the content. Where the 
content includes any translated material, BMJ does not warrant the accuracy and 
reliability of the translations (including but not limited to local regulations, clinical 
guidelines, terminology, drug names and drug dosages), and is not responsible 
for any error and/or omissions arising from translation and adaptation or 
otherwise.

Open access This is an open access article distributed in accordance with the 
Creative Commons Attribution Non Commercial (CC BY- NC 4.0) license, which 
permits others to distribute, remix, adapt, build upon this work non- commercially, 
and license their derivative works on different terms, provided the original work is 
properly cited, appropriate credit is given, any changes made indicated, and the use 
is non- commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

ORCID iD
Hye Chang Rhim http://orcid.org/0000-0002-7986-6493

https://twitter.com/HCRhimMD
http://creativecommons.org/licenses/by-nc/4.0/
http://orcid.org/0000-0002-7986-6493


8 Rhim HC, et al. BMJ Open 2022;12:e059525. doi:10.1136/bmjopen-2021-059525

Open access 

 
REFERENCES
 1 Paananen M, Taimela S, Auvinen J, et al. Impact of self- reported 

musculoskeletal pain on health- related quality of life among young 
adults. Pain Med 2011;12:9–17.

 2 Cimmino MA, Ferrone C, Cutolo M. Epidemiology of chronic 
musculoskeletal pain. Best Pract Res Clin Rheumatol 
2011;25:173–83.

 3 GBD 2016 DALYs and HALE Collaborators. Global, regional, and 
national disability- adjusted life- years (DALYs) for 333 diseases and 
injuries and healthy life expectancy (HALE) for 195 countries and 
territories, 1990- 2016: a systematic analysis for the global burden of 
disease study 2016. Lancet 2017;390:1260–344.

 4 Smith E, Hoy DG, Cross M, et al. The global burden of other 
musculoskeletal disorders: estimates from the global burden of 
disease 2010 study. Ann Rheum Dis 2014;73:1462–9.

 5 Ekelund U, Tarp J, Steene- Johannessen J, et al. Dose- Response 
associations between accelerometry measured physical activity 
and sedentary time and all cause mortality: systematic review and 
harmonised meta- analysis. BMJ 2019;366:l4570.

 6 Lee I- M, Shiroma EJ, Lobelo F, et al. Effect of physical inactivity on 
major non- communicable diseases worldwide: an analysis of burden 
of disease and life expectancy. Lancet 2012;380:219–29.

 7 Kyu HH, Bachman VF, Alexander LT, et al. Physical activity and risk 
of breast cancer, colon cancer, diabetes, ischemic heart disease, 
and ischemic stroke events: systematic review and dose- response 
meta- analysis for the global burden of disease study 2013. BMJ 
2016;354:i3857.

 8 Bull FC, Al- Ansari SS, Biddle S. Guidelines on physical activity and 
sedentary behaviour. Br J Sports Med 2020;54:1451–62.

 9 Lin I, Wiles L, Waller R, et al. Patient- Centred care: the cornerstone 
for high- value musculoskeletal pain management. Br J Sports Med 
2020;54:1240–2.

 10 Geneen LJ, Moore RA, Clarke C, et al. Physical activity and exercise 
for chronic pain in adults: an overview of Cochrane reviews. 
Cochrane Database Syst Rev 2017;1:CD011279.

 11 Ezzatvar Y, Calatayud J, Andersen LL, et al. Are moderate 
and vigorous leisure- time physical activity associated with 
musculoskeletal pain? A cross- sectional study among 981 physical 
therapists. Am J Health Promot 2020;34:67–70.

 12 Tami AM, Bika Lele EC, Mekoulou Ndongo J, et al. Epidemiology of 
musculoskeletal disorders among the teaching staff of the University 
of Douala, Cameroon: association with physical activity practice. Int 
J Environ Res Public Health 2021;18:6004.

 13 Wilke J, Mohr L, Tenforde AS, et al. Activity and health during the 
SARS- CoV2 pandemic (ASAP): study protocol for a multi- national 
network trial. Front Med 2020;7:302.

 14 Wilke J, Mohr L, Tenforde AS, et al. Restrictercise! preferences 
regarding digital home training programs during confinements 
associated with the COVID- 19 pandemic. Int J Environ Res Public 
Health 2020;17:6515.

 15 Wilke J, Mohr L, Tenforde AS, et al. A pandemic within the 
pandemic? physical activity levels substantially decreased in 
countries affected by COVID- 19. Int J Environ Res Public Health 
2021;18:2235.

 16 Wilke J, Hollander K, Mohr L, et al. Drastic reductions in mental well- 
being observed globally during the COVID- 19 pandemic: results from 
the ASAP survey. Front Med 2021;8:246.

 17 Danquah IH, Petersen CB, Skov SS, et al. Validation of the NPAQ- 
short - a brief questionnaire to monitor physical activity and 
compliance with the WHO recommendations. BMC Public Health 
2018;18:1–10.

 18 Bahr R, Clarsen B, et al, International Olympic Committee 
Injury and Illness Epidemiology Consensus Group. International 
Olympic Committee consensus statement: methods for recording 
and reporting of epidemiological data on injury and illness in 
sports 2020 (including the STROBE extension for sports injury 
and illness surveillance (STROBE- SIIS)). Orthop J Sports Med 
2020;8:2325967120902908.

 19 Topp CW, Østergaard SD, Søndergaard S, et al. The WHO- 5 
well- being index: a systematic review of the literature. Psychother 
Psychosom 2015;84:167–76.

 20 Sitthipornvorakul E, Janwantanakul P, Purepong N, et al. The 
association between physical activity and neck and low back pain: a 
systematic review. Eur Spine J 2011;20:677–89.

 21 Ortiz- Hernández L, Tamez- González S, Martínez- Alcántara S, et al. 
Computer use increases the risk of musculoskeletal disorders among 
newspaper office workers. Arch Med Res 2003;34:331–42.

 22 Janwantanakul P, Pensri P, Jiamjarasrangsi W, et al. Associations 
between prevalence of self- reported musculoskeletal symptoms 
of the spine and biopsychosocial factors among office workers. J 
Occup Health 2009;51:114–22.

 23 Cagnie B, Danneels L, Van Tiggelen D, et al. Individual and work 
related risk factors for neck pain among office workers: a cross 
sectional study. Eur Spine J 2007;16:679–86.

 24 Briggs AM, Smith AJ, Straker LM, et al. Thoracic spine pain in the 
general population: prevalence, incidence and associated factors 
in children, adolescents and adults. A systematic review. BMC 
Musculoskelet Disord 2009;10:1–12.

 25 Heneghan NR, Baker G, Thomas K, et al. What is the effect of 
prolonged sitting and physical activity on thoracic spine mobility? an 
observational study of young adults in a UK university setting. BMJ 
Open 2018;8:e019371.

 26 Hendrick P, Milosavljevic S, Hale L, et al. The relationship between 
physical activity and low back pain outcomes: a systematic review of 
observational studies. Eur Spine J 2011;20:464–74.

 27 Heneweer H, Vanhees L, Picavet HSJ. Physical activity and low back 
pain: a U- shaped relation? Pain 2009;143:21–5.

 28 Bobinski F, Ferreira TAA, Córdova MM, et al. Role of brainstem 
serotonin in analgesia produced by low- intensity exercise 
on neuropathic pain after sciatic nerve injury in mice. Pain 
2015;156:2595–606.

 29 Sluka KA, O'Donnell JM, Danielson J, et al. Regular physical activity 
prevents development of chronic pain and activation of central 
neurons. J Appl Physiol 2013;114:725–33.

 30 Stagg NJ, Mata HP, Ibrahim MM, et al. Regular exercise reverses 
sensory hypersensitivity in a rat neuropathic pain model: role of 
endogenous opioids. Anesthesiology 2011;114:940–8.

 31 Geva N, Defrin R. Enhanced pain modulation among triathletes: 
a possible explanation for their exceptional capabilities. Pain 
2013;154:2317–23.

 32 Naugle KM, Ohlman T, Naugle KE, et al. Physical activity behavior 
predicts endogenous pain modulation in older adults. Pain 
2017;158:383–90.

 33 Naugle KM, Riley JL. Self- Reported physical activity predicts 
pain inhibitory and facilitatory function. Med Sci Sports Exerc 
2014;46:622–9.

 34 Radak Z, Chung HY, Koltai E, et al. Exercise, oxidative stress and 
hormesis. Ageing Res Rev 2008;7:34–42.

 35 Woods JA, Wilund KR, Martin SA, et al. Exercise, inflammation and 
aging. Aging Dis 2012;3:130.

 36 Dhondt E, Danneels L, Van Oosterwijck S, et al. The influence of 
physical activity on the nociceptive flexion reflex in healthy people. 
Eur J Pain 2021;25:774–89.

 37 Tour J, Löfgren M, Mannerkorpi K, et al. Gene- To- Gene interactions 
regulate endogenous pain modulation in fibromyalgia patients and 
healthy controls- antagonistic effects between opioid and serotonin- 
related genes. Pain 2017;158:1194–203.

 38 Tantimonaco M, Ceci R, Sabatini S, et al. Physical activity and 
the endocannabinoid system: an overview. Cell Mol Life Sci 
2014;71:2681–98.

 39 Ham SA, Kruger J, Tudor- Locke C. Participation by US adults in 
sports, exercise, and recreational physical activities. J Phys Act 
Health 2009;6:6–14.

 40 Rhim HC, Kim SJ, Jeon JS, et al. Prevalence and risk factors of 
running- related injuries in Korean non- elite runners: a cross- sectional 
survey study. J Sports Med Phys Fitness 2021;61:413–9.

 41 Dunlop DD, Song J, Lee J, et al. Physical activity minimum threshold 
predicting improved function in adults with Lower‐Extremity 
symptoms. Arthritis Care Res 2017;69:475–83.

 42 Valanou EM, Bamia C, Trichopoulou A. Methodology of physical- 
activity and energy- expenditure assessment: a review. J Public 
Health 2006;14:58–65.

 43 Schmier JK, Halpern MT. Patient recall and recall bias of health 
state and health status. Expert Rev Pharmacoecon Outcomes Res 
2004;4:159–63.

http://dx.doi.org/10.1111/j.1526-4637.2010.01029.x
http://dx.doi.org/10.1016/j.berh.2010.01.012
http://dx.doi.org/10.1016/S0140-6736(17)32130-X
http://dx.doi.org/10.1136/annrheumdis-2013-204680
http://dx.doi.org/10.1136/bmj.l4570
http://dx.doi.org/10.1016/S0140-6736(12)61031-9
http://dx.doi.org/10.1136/bmj.i3857
http://dx.doi.org/10.1136/bjsports-2020-102955
http://dx.doi.org/10.1136/bjsports-2019-101918
http://dx.doi.org/10.1002/14651858.CD011279.pub2
http://dx.doi.org/10.1177/0890117119870365
http://dx.doi.org/10.3390/ijerph18116004
http://dx.doi.org/10.3390/ijerph18116004
http://dx.doi.org/10.3389/fmed.2020.00302
http://dx.doi.org/10.3390/ijerph17186515
http://dx.doi.org/10.3390/ijerph17186515
http://dx.doi.org/10.3390/ijerph18052235
http://dx.doi.org/10.3389/fmed.2021.578959
http://dx.doi.org/10.1186/s12889-018-5538-y
http://dx.doi.org/10.1177/2325967120902908
http://dx.doi.org/10.1159/000376585
http://dx.doi.org/10.1159/000376585
http://dx.doi.org/10.1007/s00586-010-1630-4
http://dx.doi.org/10.1016/S0188-4409(03)00053-5
http://dx.doi.org/10.1539/joh.L8105
http://dx.doi.org/10.1539/joh.L8105
http://dx.doi.org/10.1007/s00586-006-0269-7
http://dx.doi.org/10.1186/1471-2474-10-77
http://dx.doi.org/10.1186/1471-2474-10-77
http://dx.doi.org/10.1136/bmjopen-2017-019371
http://dx.doi.org/10.1136/bmjopen-2017-019371
http://dx.doi.org/10.1007/s00586-010-1616-2
http://dx.doi.org/10.1016/j.pain.2008.12.033
http://dx.doi.org/10.1097/j.pain.0000000000000372
http://dx.doi.org/10.1152/japplphysiol.01317.2012
http://dx.doi.org/10.1097/ALN.0b013e318210f880
http://dx.doi.org/10.1016/j.pain.2013.06.031
http://dx.doi.org/10.1097/j.pain.0000000000000769
http://dx.doi.org/10.1249/MSS.0b013e3182a69cf1
http://dx.doi.org/10.1016/j.arr.2007.04.004
http://www.ncbi.nlm.nih.gov/pubmed/22500274
http://dx.doi.org/10.1002/ejp.1708
http://dx.doi.org/10.1097/j.pain.0000000000000896
http://dx.doi.org/10.1007/s00018-014-1575-6
http://dx.doi.org/10.1123/jpah.6.1.6
http://dx.doi.org/10.1123/jpah.6.1.6
http://dx.doi.org/10.23736/S0022-4707.20.11223-4
http://dx.doi.org/10.1002/acr.23181
http://dx.doi.org/10.1007/s10389-006-0021-0
http://dx.doi.org/10.1007/s10389-006-0021-0
http://dx.doi.org/10.1586/14737167.4.2.159

	Association between physical activity and musculoskeletal pain: an analysis of international data from the ASAP survey
	Abstract
	Introduction
	Methods
	Study design
	Participants
	Questionnaire
	Data processing and statistical analysis
	Patient and public involvement

	Results
	Discussion
	Time spent in PA and pain in neck, back and upper extremity
	Association of PA and lower extremity pain
	Clinical implication
	Limitation

	Conclusion
	
REFERENCES


