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Abstract
Background
National, regional and global scientific production and research capacity for physical activity - PA may contribute to improving public health PA policies and programs. There is an uneven distribution of research productivity by region and country income group, where countries with the highest burden of non-communicable diseases attributable to physical inactivity having low research productivity. A first step towards improving global research capacity is to objectively quantify patterns, trends, and gaps in PA research. This study describes national, regional and global trends and patterns of PA research from 1950 to 2019.

Methods
A systematic review using searches in PubMed, SCOPUS and ISI Web of Knowledge databases was conducted in August 2017 and updated between January and May 2020. The review was registered at the PROSPERO database number CRD42017070153. PA publications per 100,000 inhabitants per country was the main variable of interest. Descriptive and time-trend analyses were conducted in STATA version 16.0.

Results
The search retrieved 555,468 articles of which 75,756 were duplicates, leaving 479,712 eligible articles. After reviewing inclusion and exclusion criteria, 23,860 were eligible for data extraction. Eighty-one percent of countries (n = 176) had at least one PA publication. The overall worldwide publication rate in the PA field was 0.46 articles per 100,000 inhabitants. Europe had the highest rate (1.44 articles per 100,000 inhabitants) and South East Asia had the lowest (0.04 articles per 100,000 inhabitants). A more than a 50-fold difference in publications per 100,000 inhabitants was identified between high and low-income countries. The least productive and poorest regions have rates resembling previous decades of the most productive and the richest.

Conclusion
This study showed an increasing number of publications over the last 60 years with a growing number of disciplines and research methods over time. However, striking inequities were revealed and the knowledge gap across geographic regions and by country income groups was substantial over time. The need for regular global surveillance of PA research, particularly in countries with the largest data gaps is clear. A focus on the public health impact and global equity of research will be an important contribution to making the world more active.

Supplementary Information
The online version contains supplementary material available at https://​doi.​org/​10.​1186/​s12966-020-01071-x.
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Introduction
Scientific evidence on the multiple health benefits of regular physical activity across the lifespan has been documented over the last five decades [1–4]. Despite such mounting evidence, in 2016 the World Health Organization (WHO) estimated that the global prevalence of physical inactivity among adults was 27.5%. Overall, this prevalence has ranged between 23 and 32% during the last two decades with some variations. This is primarily a result of differences in measurement methods and/or cut-points for meeting recommendations, rather than significantly change in population prevalence over time [5]. The fact that one in four adults in the world do not meet physical activity recommendations makes physical inactivity one of the leading underlying causes and modifiable behavioral factors of preventable global morbidity and mortality [5].
Improving national, regional, and global scientific production and research capacity has been identified as a critical strategy for improving public health policies and programs for physical activity [6–9]. However, The 2012 and 2016 Lancet Physical Activity Series as well as The 2015 Global Observatory for Physical Activity – GoPA! [10] Country Cards and Almanac [10] documented unequal distributions of research productivity by region and country income level. Countries with the highest burden of preventable non-communicable diseases attributable to physical inactivity [11, 12] tended to have lower research productivity. A first step towards improving global research capacity is to better understand the trends in research publications in the field. To date, there have been few analyses objectively documenting the trends and patterns of global physical activity research [12]. The aim of this study was to describe national, regional and global trends and patterns of physical activity research from 1950 to 2019. Specifically, we identified themes of physical activity research by classifying publications into the following topics: 1) physical activity levels, trends and measurement, 2) determinants of physical activity, 3) health consequences of physical activity, 4) physical activity interventions, and 5) physical activity policy and practice.
Methods
Study design
A systematic review to estimate country-specific physical activity-related research was conducted in August 2017 and updated in January 2020. The databases used included PubMed, SCOPUS and ISI Web of Knowledge. Data extraction and review took place between August 2017 and November 2018 for the first search and between January and May 2020 for the update. This systematic review followed PRISMA guidelines [13] and was registered at the PROSPERO database with the number CRD42017070153 [14]. EndnoteX8 was used to manage country-specific reference libraries. This study was approved by the Research Ethics Committee of the Faculty of Physical Education (n° 522.064) at the Federal University of Pelotas, Brazil. CAAE n° 67,102,116.0.0000.5313.
Identification and classification of countries and country-specific general information
Starting with the World Bank [15] list of 215 countries [16], we divided the United Kingdom into England, Scotland, Wales and Northern Ireland, and we combined information from China and Taiwan as the Greater China Area. Our final list comprised 217 countries. Countries were grouped by region, following the World Health Organization [17] 2019 regional classification [18] (EURO - Europe; AFRO - Africa; PAHO - The Americas and the Caribbean; EMRO - Eastern Mediterranean; WPRO - Western Pacific; SEARO - South-East Asia) and country income level following the 2019 World Bank classification (HICs - high income countries, UMICs - upper middle income countries; LMICs - lower middle income countries; and LICs - low income countries) [16]. Population estimates by year were obtained from the World Bank [16] and national statistics sources in the case of England, Northern Ireland, Scotland and Wales [19–22].
Search terms and strategies
Search terms for “physical activity” (in title or abstract) and country name in English (anywhere in the title, abstract, text or affiliation) were used. ‘Physical activity’ terms included both those referring to physical movement, as well as those encompassing the concept of sedentary behaviours (sitting across all domains, including occupation, leisure, domestic and travel) different than TV viewing only. The ‘physical activity’ search terms used were as follows: physical activity OR physically active OR physical inactivity OR physically inactive OR fitness OR exercise* OR walk OR walking OR sedentary OR active transport* OR active transit OR active travel OR commute* OR active commuting OR bicycle OR bicycling OR bike OR biking OR active living OR active-living. All titles and abstracts identified in the search were screened by pairs of authors applying pre-established inclusion and exclusion criteria to select studies for a complete reading. Extraction was conducted by pairs of authors and in case of doubts regarding classification, a third author was consulted. References were managed and imported to Endnote X8 (see appendix supplementary appendix for a full list of search terms).
Inclusion and exclusion criteria
In this study the country was the main unit of analysis. Publications included in this study were those described in the titles and abstracts as physical activity studies, either observational studies or experimental/intervention studies (includes quasi-experimental). Reviews, meta-analyses, case reports, editorials, commentaries, conference abstracts, national plans, surveillance papers, discussions or letters to the editor were included if they appeared in the search and if the article included data on that specific country. The Lancet Series and multi country articles were counted as part of specific country’s productivity if local data were included. Therefore, a publication could be counted towards two or more countries’s productivity if local data was included. Studies on exercise physiology, on athletes or military populations were excluded. Dates of publication were restricted to 01/01/1950–31/12/2019. There were no age or study design restrictions. Articles written in English, Spanish and Portuguese were included. We also included publications written in another language, but with an English abstract which contained sufficient data required for extraction.
Characteristics of physical activity studies

	1.
Study design: (a) observational, (b) experimental/intervention. If observational study: (a) cross-sectional, (b) longitudinal, (c) case-control.

 

	2.
Age group: (a) general adult population > =18 years < 60 years, (b) children and adolescents < 18 years, (c) specific for older adult population > =60 years, (d) more than one age group; The age cut-points listed here were used as a rough guide and the specific age definition may differ by studies.

 

	3.
Physical activity study type: Studies were organized into one of the following five categories as previously described [12]: (a) physical activity levels, trends and measurement, (b) determinants of physical activity, (c) health consequences of physical activity, (d) physical activity interventions, and (e) physical activity policy and practice;

 

	4.
Study topic related to physical activity promotion (according to the Bangkok Declaration and the WHO SDGs report [23, 24]): (a) cardiovascular disease (e.g. hypertension, hypercholesterolemia, metabolic syndrome, diabetes); (b) cancer; (c) mental health and illness (e.g cognition, memory, attention, dementia, depression); (d) earth/environmental/atmospheric sciences (e.g. climate change, global warming); (e) Built and natural environment (Built and green spaces); (f) sedentary time; (g) population with disabilities (disability is an impairment that may be cognitive, developmental, intellectual, mental, physical, sensory, neurological, or some combination of these. ex: cerebral palsy and paraplegia, quadriplegia); (h) nutrition (e.g. obesity, BMI indices, nutrition assessment); (i) methods (e.g validation and measurement studies); (j) International policy documents and recommendations (e.g WHO Millennium and/or Sustainable development goals documents, Global Action Plan for Physical Activity –GAPPA, Bangkok declaration [17, 25]); (k) healthy lifestyle studies (physical activity within the context of other lifestyle risk factors), or (l) other;

 

	5.
Study included objective measurement of physical activity: yes or no

 

	6.
Study included multiple countries: yes or no

 




Country-level physical activity research indicators

	1.
Total number of articles per country from 1950 to 2019: Total publications per country, resulting from the final selection of articles for the systematic review.

 

	2.
Contribution of the country to physical activity research worldwide from 1950 to 2019: Estimated as the percentage of publications per country (total articles per country/ total of articles worldwide) *100.

 

	3.
Physical activity productivity indicator from 1950 to 2019 (main dependent variable): Total number of publications on physical activity per 100,000 inhabitants. Estimated for each country, world region and globally as an overall rate including all data from 1950 to 2019, and by decades 60’s, 70’s, 80’s, 90’s, 2000’s, 2010’s [26].
	a.
For example, the total number of articles in the 60’s decade was calculated as the sum of articles found each year during 1960–1969. The mean population in the 60’s was calculated as the sum of the population found each year from (1960–1969)/10.

 





 




Statistical analyses
Descriptive statistics were estimated. Trend analysis, Chi-square test and Fisher-Hayter pairwise comparisons test were conducted with physical activity productivity indicator by decade by World Bank income categories. Statistical analyses were performed in STATA version 16.0 software (Stata Corp. College Station, TX, USA).
Results
This systematic review collected information describing global, regional, and national trends and patterns of physical activity research from 1950 to 2019. The automated search strategy retrieved 555,468 articles of which 75,756 were duplicates, leaving 479,712 eligible articles. After reviewing inclusion and exclusion criteria 23,860 were selected for data extraction. Figure 1 shows the systematic review flowchart.
[image: ../images/12966_2020_1071_Fig1_HTML.png]
Fig. 1Systematic review flowchart


Where does physical activity research take place?
Of the 217 countries in the world, 176 (81.1%) had at least one physical activity publication between 1950 and 2019 (Table 1). The number of publications ranged from 1 to 6111 articles with a median of 13 articles. PAHO (48.4%) and EURO (34.8%) accounted for 83.2% of total global publications, WPRO 15%, AFRO, EMRO and SEARO approximately 2% each (Table 1). Most of the countries showed a marked increase in the number of publications in the last two decades (2000–2019) when compared to previous decades (1950–1990).
Table 1Physical activity research estimates by world region and income group


	 	Worldcountries *(n = 217)
	Countries withpublications(n = 176)
	Number of articles meeting theinclusion criteria (n = 23,860)
	Mean publication rate per100,000 inhabitants**
	Contribution tothe total (%)

	World region ***

	 Africa
	46
	32
	514
	0.09
	2.2

	 Eastern Mediterranean
	23
	21
	524
	0.13
	2.2

	 Europe
	62
	51
	8372
	1.44
	35.1

	 The Americas and the Caribbean
	44
	34
	10,321
	1.43
	43.3

	 South East Asia
	11
	10
	639
	0.04
	2.7

	 Western Pacific
	31
	28
	3490
	0.23
	14.6

	Income group ****+
	 	 	 	 	 
	 High income
	81
	65
	19,144
	1.88
	80.2

	 Upper middle income
	55
	47
	3534
	1.16
	14.8

	 Lower middle income
	46
	42
	915
	0.05
	3.8

	 Low income
	34
	22
	267
	0.06
	1.1


* Database search was conducted for the 217 world countries GoPA! list. Population, world region and income group classifications according to the World Bank. United Kingdom was divided in its 4 countries (England, Scotland, Wales and Northern Ireland)
**Regional and income group population was estimated as the sum of population average by decades from 1960 to 2019
+ Fisher-Hayter pairwise comparisons test and Chi square test for trend of publication rate by income level p < 0.005
***World Health Organization regions: Africa - AFRO; Eastern Mediterranean EMRO; Europe - EURO; The Americas and the Caribbean - PAHO; South East Asia - SEARO; Western Pacific - WPRO
****World Bank country income classification: High Income - HICs; Upper middle income - UMICs; Lower middle income - LMICs; Low income - LICs



High income countries produced 80% of the publications, upper middle income countries 15%, lower middle income countries 4% and low income countries 1% (Table 2). Productivity was less concentrated in the lower and middle income country categories. An inverse pattern was observed where the five most productive countries in the low income group accounted for more than 75% of the group’s publications, compared with 70% for the middle income group and 56% in the high income group. A more than 50-fold difference in publications was observed between the five most productive high income countries compared to the five most productive low income countries.
Table 2Average global share of physical activity research publications, 1950–2016


	Total number of physical activity publications (n = 23.860)

	Income group***
	Total publicationsper group
	Top 5 countries contributionto the total in %
	Group contributionto the total in %

	High income (65 countries)
	19,132
	 	 
	Top 5 countries
	10,851
	 	 
	Top 5/Total High income (%)
	56.72
	45.5
	80.2

	Upper middle income (47 countries)
	3546
	 	 
	Top 5
	2549
	 	 
	Top 5/Total UMI (%)
	71.88
	10.7
	14.9

	Lower middle income (42 countries)
	914
	 	 
	Top 5
	629
	 	 
	Top 5/Total LMI (%)
	68.82
	2.6
	3.8

	Low income (22 countries)
	268
	 	 
	Top 5
	204
	 	 
	Top 5/Total LI (%)
	76.12
	0.9
	1.1


****World Bank country income classification: High Income - HICs; Upper middle income - UMICs; Lower middle income - LMICs; Low income – LICs



Physical activity research publication rates
The overall worldwide publication rate for the period from 1950 through 2019 for physical activity and health is 0.46 articles per 100,000 inhabitants. The rate has increased as follows: 0.0005 in the 1960s, 0.0005 in the 1970s, 0.0045 in the 1980s, 0.0188 in the 1990s, 0.0872 in the 2000 decade and 0.2461 per 100,000 inhabitants in the 2010 decade. This represents an exponential growth with 700% increase by 1980, 3478% increase by 1990, 16,525% increase by 2000 and 46,843% increase by 2010. When comparing the rates between decades we observed a ten-fold increase from 1960 to 1980, four-fold increase from 1980 to 1990, five-fold increase from 1990 to 2000 and three-fold increase up to 2019 (data not shown in tables).
Country-specific publication rates per 100,000 inhabitants by decade varied widely from less than 0.004 to 16.3 articles per 100,000 inhabitants (supplementary appendix,  webtable 1). When comparing regions, it was observed that publication rates increased slowly before the 1990’s and more rapidly in the period between 2000 and 2010, particularly in Europe. SEARO and AFRO have steady patterns with similar rates of increase over time. EURO was the region with the highest publication rate (1.44 articles per 100,000 inhabitants) and SEARO had the lowest rate (0.04 articles per 100,000 inhabitants). Regional time trends show an increasing pattern for all regions. EURO and PAHO rates are greater in all decades when compared to the rest of the regions. The WPRO 2000–2010 trend resembles the PAHO 1990–2000 trend. EMRO and AFRO 1990–2010 trends resemble EURO and PAHO 1970–1990 trends (Figs. 2 and 3).
[image: ../images/12966_2020_1071_Fig2_HTML.png]
Fig. 2Publication rate per 100,000 inhabitants by region, 1950–2019

[image: ../images/12966_2020_1071_Fig3_HTML.png]
Fig. 3Worldwide time trends in physical activity research productivity, 1950–2019


PAHO was the most productive region in the world in absolute terms with more than ten thousand articles. Thirty-four out of the 44 countries in the region contributed at least one article. The United States (1st), Canada (2nd) and Brazil (4th) drive the region’s high publication rate and are all among the top five countries in total publications. The overall publication rate per 100,000 inhabitants was 1.43 articles per 100,000 inhabitants. It was one of the two regions with any publications before 1970 (Webtable 1 and Figs. 2 and 3). The United States is the leading country in scientific production for PA, contributing 6111 articles, 25.6%, of the total publications from 1950 to 2016. Brazil contributed 1200 articles, 5% of the total publications over the study period and was the only upper middle income country among the ten most productive nations.
EURO was the second most productive region in the world with more than eight thousand articles from 50 of the 62 countries in the region. The overall publication rate per 100,000 inhabitants was 1.44 articles per 100,000 inhabitants with a sharply increasing trend by decade. This region had several countries among the ten most productive nations for physical activity research: The Netherlands, Spain, Sweden, England, Germany and Finland.
WPRO was among the leaders in total publications with 3492 articles from 30 out of the 31 countries in the region. Australia was the third most productive country worldwide. The overall publication rate per 100,000 inhabitants was 0.23 articles per 100,000 inhabitants and the trend by decades of publication increased over time. China was one of the two upper middle income countries in the global top ten of publications.
In SEARO we observed the greatest inequalities between regional population and research output. Ten of the eleven countries in the region contributed published research (2.68% of the total global research publications from 1950 to 2019 from a region that comprises 26% of global population). Articles came predominantly from India (40%). The mean publication rate per 100,000 inhabitants was 0.04 articles per 100,000 inhabitants and the trend by decades for publication showed a slight increase in the 2000’s. Publication rates have been steady and low over time compared with regions with similar low productivity such as AFRO and EMRO.
The EMRO and AFRO regions had 0.13 and 0.09 articles per 100,000 inhabitants, respectively. Iran and South Africa were the most productive in their respective regions. Publication rates were constantly increasing over time for AFRO, when compared with EMRO that had fluctuating patterns. Countries with no published research in the field are listed in Webtable 1.
Publication rates by country income level showed that high income countries had the highest publication rates per 100,000 inhabitants, with an average of 9.28 articles per 100,000 inhabitants. In contrast, among upper middle, lower middle, and low income countries, the average number of publications per 100,000 inhabitants was less than 1. The Chi square test for trend was not significant p > 0.05., The Fisher-Hayter pairwise comparisons test for trend of publication rate by income level was significant p<0.005.
Figures 3 and 4 show the increase in the number of articles when comparing decades. High income countries achieved as a whole an increase of 5000+ articles between the 2000s and 2010s decades, compared to low income countries that achieved a maximum increase of 101–500 articles in the same period of time.
[image: ../images/12966_2020_1071_Fig4_HTML.png]
Fig. 4Publication rate per 100,000 inhabitants by decade of publication by study type by world regions


Types of physical activity publications
Overall, of the 23,860 articles, 82.5% were observational and 17.5% were intervention studies. Of the observational studies 83.9% were cross-sectional, 14.1% longitudinal and 2.0% case-control studies. Almost half (47.8%) publications included more than one age group, 26.32% publications focused on children and adolescents, 14.2% on adults and less than 10% on older adults.
The distribution by study type was: 32.5% prevalence measurements and trends, 31.7% health consequence, 23.2% correlates and determinants, 8.3% interventions and 3.9% policy studies. Approximately 17.3% of the studies reported using objective, device-based physical activity measures (e.g., accelerometers, pedometers). One out of ten studies 10.2% reported being part of a multicountry study (Table 3).
Table 3Physical activity research characteristics by world region and income classification, 1950–2016


	 	World regiona n(%)
	Income groupa n(%)

	 	Africa (AFRO)
	Eastern Mediterranean (EMRO)
	Europe (EURO)
	South East Asia (SEARO)
	The Americas and the Caribbean (PAHO)
	Western Pacific (WPRO)
	High Income (HI)
	Upper middle income (UMI)
	Lower middle income (LMI)
	Low income (LI)

	Total number of articles (n = 23,860)
	514
	524
	8370
	639
	10,321
	3492
	19,144
	3534
	915
	267

	Study design

	 Observational
	475 (92.4)
	447 (85.3)
	6866 (82.0)
	535 (83.7)
	8505 (82.4)
	2851 (81.6)
	15,649 (81.7)
	2987 (84.5)
	791 (86.5)
	252 (94.4)

	 Experimental
	39 (7.6)
	77 (14.7)
	1504 (18.0)
	104 (16.3)
	1816 (17.6)
	641 (18.4)
	3495 (18.3)
	547 (15.5)
	124 (13.6)
	15 (5.6)

	Study’s population age group

	 Adult population > =18 years < 60 years
	79 (15.4)
	117 (22.3)
	1203 (14.4)
	96 (15.0)
	1678 (16.3)
	370 (10.6)
	2717 (14.2)
	637 (18.0)
	157 (17.2)
	32 (12.0)

	 Children and adolescents < 18 years
	143 (27.8)
	119 (22.7)
	2509 (30.0)
	125 (19.6)
	2528 (24.5)
	857 (24.5)
	5146 (26.9)
	867 (24.5)
	209 (22.8)
	59 (22.1)

	 Specific for older adults population > =60 years
	15 (2.9)
	13 (2.5)
	809 (9.7)
	44 (6.9)
	885 (8.6)
	418 (12.0)
	1800 (9.4)
	339 (9.6)
	34 (3.7)
	11 (4.1)

	 More than one age group
	268 (52.1)
	262 (50.0)
	3660 (43.7)
	368 (57.6)
	5052 (49.0)
	1792 (51.3)
	9104 (47.6)
	1638 (46.4)
	499 (54.5)
	161 (60.3)

	 Studies including pregnant women
	10 (2.0)
	12 (2.3)
	152 (1.8)
	10 (1.6)
	206 (2.0)
	61 (1.8)
	352 (1.8)
	74 (2.1)
	21 (2.3)
	4 (1.5)

	Study type classification

	 Prevalence, measurement & trends
	232 (45.1)
	167 (31.9)
	3068 (36.7)
	186 (29.1)
	3316 (32.1)
	802 (23.0)
	6112 (31.9)
	1174 (33.2)
	357 (39.0)
	128 (47.9)

	 Correlates & determinants
	125 (24.3)
	147 (28.1)
	1337 (16.0)
	144 (22.5)
	2609 (25.3)
	1174 (33.6)
	4367 (22.8)
	910 (25.8)
	220 (24.0)
	39 (14.6)

	 Health consequences
	109 (21.2)
	158 (30.2)
	3033 (36.2)
	270 (42.3)
	3036 (29.4)
	1011 (29.0)
	6166 (32.2)
	1098 (31.1)
	266 (29.1)
	87 (32.6)

	 Interventions
	30 (5.8)
	38 (7.3)
	619 (7.4)
	23 (3.6)
	890 (8.6)
	399 (11.4)
	1724 (9.0)
	220 (6.2)
	46 (5.0)
	9 (3.4)

	 Policy
	18 (3.5)
	14 (2.7)
	313 (3.7)
	16 (2.5)
	470 (4.6)
	106 (3.0)
	775 (4.1)
	132 (3.7)
	26 (2.8)
	4 (1.5)

	Study topic

	 Cardiovascular disease
	82 (16.0)
	81 (15.5)
	1122 (13.4)
	130 (20.3)
	1221 (11.8)
	301 (8.6)
	2237 (11.7
	481 (13.6)
	164 (18.0)
	55 (20.6)

	 Cancer
	10 (2.0)
	18 (3.4)
	330 (3.9)
	15 (2.4)
	539 (5.2)
	128 (3.7)
	930 (4.9)
	80 (2.3)
	22 (2.4)
	8 (3.0)

	 Mental health and illness
	23 (4.5)
	16 (3.1)
	482 (5.8)
	47 (7.4)
	528 (5.1)
	219 (6.3)
	1079 (5.6)
	170 (4.8)
	42 (4.6)
	24 (9.0)

	 Earth/environmental/atmospheric sciences
	1 (0.2)
	3 (0.6)
	36 (0.4)
	1 (0.2)
	38 (0.4)
	17 (0.5)
	84 (0.4)
	11 (0.3)
	1 (0.1)
	0 (0.0)

	 Built and natural environment
	18 (3.5)
	24 (4.6)
	433 (5.2)
	24 (3.8)
	802 (7.8)
	346 (9.9)
	1370 (7.2)
	239 (6.8)
	34 (3.7)
	4 (1.5)

	 Sedentary time (different than TV time only)
	9 (1.8)
	10 (1.9)
	196 (2.3)
	14 (2.2)
	228 (2.2)
	78 (2.2)
	386 (2.0)
	131 (3.7)
	16 (1.8)
	2 (0.8)

	 Population with physical disabilities
	3 (0.6)
	3 (0.6)
	185 (2.2)
	3 (0.5)
	201 (2.0)
	39 (1.1)
	390 (2.0)
	41 (1.2)
	1 (0.1)
	2 (0.8)

	 Nutrition
	72 (14.0)
	59 (11.3)
	874 (10.4)
	46 (7.2)
	1029 (10.0)
	257 (7.4)
	1683 (8.8)
	521 (14.7)
	97 (10.6)
	36 (13.5)

	 Methods
	46 (9.0)
	15 (2.9)
	654 (7.8)
	24 (3.8)
	915 (8.9)
	400 (11.5)
	1734 (9.1)
	259 (7.3)
	54 (5.9)
	7 (2.6)

	 International policy documents and recommendations
	24 (4.7)
	14 (2.7)
	322 (3.9)
	16 (2.5)
	491 (4.8)
	135 (3.9)
	832 (4.4)
	141 (4.0)
	25 (2.7)
	4 (1.5)

	 Healthy lifestyle studies
	10 (2.0)
	42 (8.0)
	307 (3.7)
	26 (4.1)
	279 (2.7)
	151 (4.3)
	565 (3.0)
	205 (5.8)
	38 (4.2)
	7 (2.6)

	 Other
	216 (42.0)
	239 (45.6)
	3429 (41.0)
	293 (45.9)
	4050 (39.2)
	1421 (40.7)
	7854 (41.0)
	1255 (35.5)
	421 (46.0)
	118 (44.2)

	 Studies using physical activity objective measures
	72 (14.0)
	23 (4.4)
	1674 (20.0)
	39 (6.1)
	1752 (17.0)
	567 (16.2)
	3720 (19.4)
	310 (8.8)
	80 (8.7)
	17 (6.4)

	 Study including multiple countries
	111 (21.6)
	29 (5.5)
	1485 (17.7)
	77 (12.1)
	503 (4.9)
	218 (6.2)
	1856 (9.7)
	386 (10.9)
	156 (17.1)
	25 (9.4)


a Database search was conducted for the 217 world countries GoPA! list. Population, world region and income group classifications according to the World Bank. United Kingdom was divided in its 4 countries (England, Scotland, Wales and Northern Ireland)



The most common topics studied included physical activity and: 12.3% cardiovascular disease, 9.8% nutrition, 8.6% methods, 6.9% built and natural environment, 5.5% mental health and illness, 4.4% cancer, 4.2% international policy documents and recommendations and, 3.4% healthy lifestyles. The least studied topics were 2.2% sedentary time, 1.8% disabilities and 0.4% earth/environmental/atmospheric sciences (Data not shown in tables).
As presented in Fig. 4, EURO and PAHO are the regions that first conducted research in physical activity. Prevalence, correlates and determinants and health consequences studies are the most frequently conducted in all regions, supplementary appendix figures 1, 2. However, AFRO, SEARO and EMRO show an increased rate from the 1990s onward. The publication rates for the policy study type are the lowest and most homogeneous across all study type trends, meaning that policy was the least published area across all regions, supplementary appendix figures 4–8 show time trends according to study type.
Discussion
To our knowledge, this is the first systematic review of the trends and patterns of published research on physical activity since the inception of the field in 1950. Our analysis suggests several key findings: 1) The field of physical activity research has grown tremendously worldwide in the last 60 years with a 46,843% increase in publication rate and more than 80% of the world’s countries with at least one publication on physical activity since 1950; 2) The field of physical activity research has evolved over time to become much more diverse in study types, disciplines engaged in research, geographic areas where studies are conducted, research methodologies, and population groups included in the studies; 3) Large inequities exist across geographic regions, income groups and countries in physical activity research productivity; 4) The identified trends and patterns provide information for identifying research gaps and guiding actions to optimize conduct and translation of research into physical activity policy, promotion, and surveillance at the national, regional, and global levels.
The physical activity research growth pattern described in the literature is consistent with growing scientific productivity for most countries and disciplines over time [27–29]. Although the number of physical activity publications is a fraction of scientific publications in many other areas, supplementary appendix figure 9 shows that the pattern of exponential increase in physical activity research is similar to that for other healthy lifestyle research areas and also followed traditional disease oriented research (NCD, Cancer, CVD) patterns up until 1990 at which point physical activity and other “lifestyle” research began to grow at a much faster rate. A study conducted from 1981 to 1994 with publications from the Institute of Scientific Information, shows similar patterns in terms of the most productive countries in research. For example, the United States had a dominant position in research, accounting for 35% of published research followed by the United Kingdom, Japan, Canada, Germany, France, Italy, India, Australia and the Netherlands [27–29].
Physical activity research has developed over time including more diversity in study types, disciplines engaged in research, geographic areas where studies are conducted, research methodologies and population groups included in the studies. This could reflect a more mature research field evolving from a strong health science focus based in North American and Europe towards global and diverse studies. These findings are consistent with a recent network analysis of physical activity and health publications [26].
Despite this, in all regions and worldwide, 82.5% of the studies are observational (mostly cross-sectional), one third are about health consequences, and fewer than 5% are about physical activity policy, which is alarming. Such pattern of research outputs may reflect: 1) lack of appropriate funding and incentives to conduct more studies with more complex designs like longitudinal, intervention and policy studies and, 2) local capacity, expertise and training limitations that constrain the ability to gain funding to implement these types of studies [30, 31]. This persistent focus on research areas that already have enough evidence (e.g physical activity for physical health; and individual- and inter-personal level correlates and determinants and built environment correlates more recently) may be compromising much needed attention to other critical study areas where evidence is more scarce (e.g., intervention, policy) [31]. A possible explanation for this is that in countries where the field started, there was and continues to be more focus on linking physical activity to health outcomes as described by the systematic framework to classify phases of research on health promotion and disease prevention [32]. However, it is not necessary for countries that started conducting research decades later to conduct the same studies, not only because innovative and context-tailored studies are needed, but also because there is a need to conduct policy and intervention studies worldwide. In Latin America for example, most articles were published in recent decades with little research (beyond Brazil) on the health effects of physical activity and most studies related to built environment correlates and regional surveillance (many as part of multi-country studies). This is an example of scientific production building on cumulative knowledge produced in other regions without replicating the same evolutionary pattern of studies.
An uneven distribution of research productivity by region and country income group was found, with countries with the highest burden of deaths due to non-communicable diseases attributable to physical inactivity having low research productivity ( Supplementary appendix, webtable 1) [33]. There is a 50-fold difference in publications per 100,000 inhabitants between high and low-income countries, suggesting a substantial gap in the knowledge base between the most scientifically active countries and others [34, 35]. Ten percent of the world’s population lives in the five countries with the highest productivity contributing more than 47% of the research (United States, Canada, Australia, Brazil, Netherlands). While, 81.5% of countries had at least one physical activity and health publication, two WHO regions (PAHO (48.4%) and EURO (34.8%)) accounted for more than 78% of publications. In 2015, GoPA! showed similar patterns with HICs having the largest share of worldwide publications as of 2013 [12]. Even though UMICs and LICs increased their productivity, the gap between LICs and HICs was more than 50-fold. Publications are highly concentrated in few countries, leaving most of the world’s population without local scientific evidence. This scarcity of local evidence geographically overlaps with countries with the highest burden of non-communicable diseases, no periodic or active physical activity surveillance and no stand-alone physical activity policies [12, 30, 31]. Figure 5 shows the mismatch between world population and physical activity publications [36].
[image: ../images/12966_2020_1071_Fig5_HTML.png]
Fig. 5Mismatch between world population and physical activity scientific publications from 1950 to 2019 about here. Legend: Countries in this density equalizing map are resized according to the average population between 1950 and 2019 and the total number of physical activity articles between 1950 and 2019 according to the Gastner and Newman algorithm


Consistent with our findings, literature shows that scientific publications on health topics were disproportionately distributed and highly concentrated among the world’s richest countries [34, 37–42], altogether contributing to at least 70% of the scientific production [38]. This may be explained by these highly productive countries having both the largest economies in the world and more investment in research and development (R&D). A high investment in R&D can lead to more highly trained researchers, better research incentives and may translate into better knowledge production, increased availability of resources and capacity to build local research teams [43]. Webtable 1 shows the R&D investment by country.
Despite the high concentration of articles in few countries, we also found that more countries worldwide showed an increase in the number of publications in the last 2 decades. Figure 3 and appendix figure 3–8 show changes in research productivity by country and income group. For example, when comparing productivity in the 1950–1990 and 2000–2019 periods, Colombia, Poland and Brazil increased by 100 times their scientific output, followed by Saudi Arabia, Thailand, South Africa that increased it by at least 70 fold, and Portugal, Ireland and New Zealand that increased it by 50 fold. These findings may reflect an increase in local capacity and/or cross-country collaboration, both identified as important factors for enhancing research quality and productivity. Participation in large-scale international studies and consortia can boost scientific productivity and help build local capacity in the least developed countries [44, 45, 46].
The identified trends and patterns provide information for closing research gaps and guiding actions to optimize the translation of research into physical activity policy, promotion, and surveillance at the national, regional, and global levels. Physical activity surveillance, policy and research have been observed to be positively correlated, thus enhancing research may advance much needed public health policy and promotion in low and middle income countries [6]. The speed at which research has to grow in these settings to begin to close the gap with high-income countries is daunting. However, increasing collaboration with HIC researchers and global networks may be a feasible strategy for reaching better global research equity for PA. A greater understanding is needed of the structural determinants of the research inequalities found in this study and pathways for building local research capacity and knowledge translation. Future studies and research designs may include measures such as quality and impact evaluation of research, scalability, and knowledge translation that can contribute to a more complete understanding of research development in this field beyond simple research quantity. 
Limitations
Results should be interpreted with caution given the following limitations: 1) This review focused on publications that included a title or abstract in English, Spanish and Portuguese (the working group was fluent in Spanish and Portuguese as well as English). Given that most of the articles were in English, the potential for an English language bias exists. It has been observed that publishing scientific articles in a language other than English may be a barrier to retrieving them in systematic searches. This has been documented for publications in Russian, Japanese and Chinese [28, 29]. We may have under-reported publication productivity for countries in which publication is common in a language other than English, and may have over- reported the productivity of the Latin American region, Portugal and Spain, compared with the rest of the non-English speaking world. However, given the limited resources and the scope of the project (ten researchers), it was not possible for us to include all publications of any language; 2) The search only included indexed publications and it is possible that grey literature was missed, therefore we may have systematically underestimated the volume of policy research, which may be more likely than other research, to be published as grey literature; 3) Peer-reviewed publications are generally regarded as the most important metric for measuring research productivity, however, there are other metrics (e.g. Bibliometrics and Altmetrics, research grants, and publication of books and evidence-based guidelines among others) that we did not assess that might provide additional depth to the analyses.
Conclusion
This study estimated for the first time a total worldwide publication rate of 0.46 articles per 100,000 inhabitants with exponential growth from 1950 to the present. Despite most countries having at least one physical activity publication, the knowledge gap between geographic regions and by country income groups remains substantial. The least productive and poorest regions have productivity rates resembling those from previous decades in the richest and most productive countries, reflecting the heterogeneous evolution of the field of physical activity research. Focusing on the public health impact and global equity of research conducted in the coming years will be important for making all of the world more active.
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