55

56

57

58

59

60

61

62

63

64

Temporal Trends in Children’s Handgrip Strength 29

United Nations, Department of Economic and Social Affairs, Population Division. World
population prospects 2019: data booklet (ST/ESA/SER.A/424). New York: United
Nations; 2019.

NCD Risk Factor Collaboration (NCD-RisC). Worldwide trends in body-mass index,
underweight, overweight, and obesity from 1975 to 2016: a pooled analysis of 2416
population-based measurement studies in 128.9 million children, adolescents, and adults.
Lancet. 2017;390(10113):2627-42.

Inchley J, Currie D, Jewell J. Adolescent obesity and related behaviours: trends and
inequalities in the WHO European region, 2002—-2014. Observations from the Health
Behaviour in School-aged Children (HBSC) WHO collaborative cross-national study.
Copenhagen: World Health Organization; 2017.

World Bank. GINI index (World Bank estimate).
https://data.worldbank.org/indicator/si.pov.gini. Accessed 27 Jun 2019.

United Nations Development Programme. Human development indices and indicators:
2018 statistical update. New York: United Nations Development Programme; 2018.
World Bank. Urban population growth (annual %).
https://data.worldbank.org/indicator/SP.URB.GROW. Accessed 27 Jun 2019.

Catley MJ, Tomkinson GR. Normative health-related fitness values for children: analysis
of 85347 test results on 9—17-year-old Australians since 1985. Br J Sports Med.
2013;47(2):98-108.

Malina RM. Secular changes in growth, maturation, and physical performance. Exerc Sport
SciRev. 1978;6:203-55.

Tomkinson GR, Carver KD, Atkinson F, Daniell ND, Lewis LK, Fitzgerald JS, et al.
European normative values for physical fitness in children and adolescents aged 9—-17
years: results from 2 779 165 Eurofit performances representing 30 countries. Br J Sports
Med. 2018;52(22):1445-56.

Dimitrova D. Fizicheska deesposobnost na podrastvashtite vuv vruska s vuzrastovite
promeni v telesnite razmeri I sustava na telesnata masa (Physical fitness of children and
adolescents in relation with age-specific changes in body composition). Doctoral

dissertation. Sofia: National Sports Academy; 2001.


https://data.worldbank.org/indicator/si.pov.gini.%20Accessed%2027%20Jun%202019
https://data.worldbank.org/indicator/SP.URB.GROW

65

66

67

68

69

70

71

72

73

Temporal Trends in Children’s Handgrip Strength 30

Slanchev P, Janev B, Genov F, Shterev P, Boev P, Sepetliev D, et al. Fizichesko razvitie,
fizicheska deesposobnost I nervo-psichichna reaktivnost na naselenieto na Bulgaria: III
Nacionalno izsledvane (1980—-1982) (Physical development, physical fitness and
neuropsychic reactivity of Bulgarian population: III National Project [1980—-1982]). Sofia:
Bulgarian Union for Physical Education and Sports; 1992.

Yanev B, Shterev P, Boev P, Genov F, Sepetliev D, Popov 1, et al. Fizichesko razvitie,
fizicheska deesposobnost I nervo-psichichna reaktivnost na naselenieto (Physical
development, physical fitness and neuropsychic reactivity of the Bulgarian people from
birth up to age 60). Sofia: Bulgarian Union for Physical Education and Sports; 1982.
Yanev B, Shterev P, Boev P, Semerdjieva R, Sepetliev D. Fizichesko razvitie I
deesposobnost na naselenieto na Bulgaria ot rajdaneto do 26 godini, tom I (Physical
development and fitness of Bulgarian people from the birth up to the age of 26, volume I).
Sofia: Bulgarian Academy of Sciences; 1965.

Fortier MD, Katzmarzyk PT, Malina RM, Bouchard C. Seven-year stability of physical
activity and musculoskeletal fitness in the Canadian population. Med Sci Sports Exerc.
2001;33(11):1905-111.

Silverman IW. The secular trend for grip strength in Canada and the United States. J Sports
Sci. 2011;29(6):599-606.

Silverman IW. Age as a moderator of the secular trend for grip strength in Canada and the
United States. Ann Hum Biol. 2015;42(3):199-209.

Tremblay MS, Shields M, Laviolette M, Craig CL, Janssen I, Connor Gorber S. Fitness of
Canadian children and youth: results from the 2007-2009 Canadian Health Measures
Survey. Health Rep. 2010;21(1):7-20.

Research Group of Physical Fitness and Health Research of Chinese School

Students. Reports on the Physical Fitness and Health Research of Chinese School Students
2000. Beijing: Higher Education Press; 2002.

Research Group of Physical Fitness and Health Research of Chinese School

Students. Reports on the Physical Fitness and Health Research of Chinese School Students
2005. Beijing: Higher Education Press; 2007.



74

75

76

77

78

79

80

Temporal Trends in Children’s Handgrip Strength 31

Research Group of Physical Fitness and Health Research of Chinese School

Students. Reports on the Physical Fitness and Health Research of Chinese School Students
2010. Beijing: Higher Education Press; 2012.

Research Group of Physical Fitness and Health Research of Chinese School

Students. Reports on the Physical Fitness and Health Research of Chinese School Students
2014. Beijing: Higher Education Press; 2016.

Education Bureau, Government of the Hong Kong Special Administrative Region.
Physical education—surveys on ‘physical fitness status of Hong Kong school pupils’.

Primary: 1999-2000. https://www.edb.gov.hk/en/curriculum-

development/kla/pe/references_resource/fitness-survey/index.html. Accessed 23 Sept

2018.

Education Bureau, Government of the Hong Kong Special Administrative Region.
Physical education—surveys on ‘physical fitness status of Hong Kong school pupils’.

Primary: 2003—-2004. https://www.edb.gov.hk/en/curriculum-

development/kla/pe/references_resource/fitness-survey/index.html. Accessed 23 Sept

2018.

Education Bureau, Government of the Hong Kong Special Administrative Region.
Physical education—surveys on ‘physical fitness status of Hong Kong school pupils’.

Primary: 2005-2006. https://www.edb.gov.hk/en/curriculum-

development/kla/pe/references_resource/fitness-survey/index.html. Accessed 23 Sept

2018.

Education Bureau, Government of the Hong Kong Special Administrative Region.
Physical education—surveys on ‘physical fitness status of Hong Kong school pupils’.

Primary: 2010-2011. https://www.edb.gov.hk/en/curriculum-

development/kla/pe/references_resource/fitness-survey/index.html. Accessed 23 Sept

2018.

Education Bureau, Government of the Hong Kong Special Administrative Region.
Physical education—surveys on ‘physical fitness status of Hong Kong school pupils’.

Primary: 2015-2016. https://www.edb.gov.hk/en/curriculum-

development/kla/pe/references_resource/fitness-survey/index.html. Accessed 23 Sept

2018.



https://www.edb.gov.hk/en/curriculum-development/kla/pe/references_resource/fitness-survey/index.html
https://www.edb.gov.hk/en/curriculum-development/kla/pe/references_resource/fitness-survey/index.html
https://www.edb.gov.hk/en/curriculum-development/kla/pe/references_resource/fitness-survey/index.html
https://www.edb.gov.hk/en/curriculum-development/kla/pe/references_resource/fitness-survey/index.html
https://www.edb.gov.hk/en/curriculum-development/kla/pe/references_resource/fitness-survey/index.html
https://www.edb.gov.hk/en/curriculum-development/kla/pe/references_resource/fitness-survey/index.html
https://www.edb.gov.hk/en/curriculum-development/kla/pe/references_resource/fitness-survey/index.html
https://www.edb.gov.hk/en/curriculum-development/kla/pe/references_resource/fitness-survey/index.html
https://www.edb.gov.hk/en/curriculum-development/kla/pe/references_resource/fitness-survey/index.html
https://www.edb.gov.hk/en/curriculum-development/kla/pe/references_resource/fitness-survey/index.html

81

82

&3

&4

&5

86

87

88

&9

90

Temporal Trends in Children’s Handgrip Strength 32

Ministry of Education, Culture, Sports, Science and Technology. Report book on the
survey of physical fitness and athletic ability. Tokyo: Ministry of Education, Culture,
Sports, Science and Technology; 1968.
Ministry of Education, Culture, Sports, Science and Technology. Report book on the
survey of physical fitness and athletic ability. Tokyo: Ministry of Education, Culture,
Sports, Science and Technology; 1969.
Ministry of Education, Culture, Sports, Science and Technology. Report book on the
survey of physical fitness and athletic ability. Tokyo: Ministry of Education, Culture,
Sports, Science and Technology; 1970.
Ministry of Education, Culture, Sports, Science and Technology. Report book on the
survey of physical fitness and athletic ability. Tokyo: Ministry of Education, Culture,
Sports, Science and Technology; 1971.
Ministry of Education, Culture, Sports, Science and Technology. Report book on the
survey of physical fitness and athletic ability. Tokyo: Ministry of Education, Culture,
Sports, Science and Technology; 1972.
Ministry of Education, Culture, Sports, Science and Technology. Report book on the
survey of physical fitness and athletic ability. Tokyo: Ministry of Education, Culture,
Sports, Science and Technology; 1973.
Ministry of Education, Culture, Sports, Science and Technology. Report book on the
survey of physical fitness and athletic ability. Tokyo: Ministry of Education, Culture,
Sports, Science and Technology; 1974.
Ministry of Education, Culture, Sports, Science and Technology. Report book on the
survey of physical fitness and athletic ability. Tokyo: Ministry of Education, Culture,
Sports, Science and Technology; 1975.
Ministry of Education, Culture, Sports, Science and Technology. Report book on the
survey of physical fitness and athletic ability. Tokyo: Ministry of Education, Culture,
Sports, Science and Technology; 1976.
Ministry of Education, Culture, Sports, Science and Technology. Report book on the
survey of physical fitness and athletic ability. Tokyo: Ministry of Education, Culture,
Sports, Science and Technology; 1977.



Temporal Trends in Children’s Handgrip Strength 37

131 Ministry of Education, Culture, Sports, Science and Technology. Report book on the
survey of physical fitness and athletic ability. Tokyo: Ministry of Education, Culture,
Sports, Science and Technology; 2018.

132 Malina RM, Reyes ME, Tan SK, Little BB. Secular change in muscular strength of
indigenous rural youth 6—17 years in Oaxaca, southern Mexico: 1968-2000. Ann Hum
Biol. 2010;37(2):168—84.

133 Dos Santos FK, Prista A, Gomes TN, et al. Secular trends in physical fitness of
Mozambican school-aged children and adolescents. Am J Hum Biol. 2015; 27(2):201-206.

134 Ignasiak Z, Stawinska T, Malina RM. Short term secular change in body size and physical
fitness of youth 7-15 years in Southwestern Poland: 2001-2002 and 2010-2011.
Anthropol Rev. 2016;79(3):311-29.

135 Przeweda R, Dobosz J. Growth and physical fitness of Polish youths in two successive
decades. J Sports Med Phys Fitness. 2003;43(4):465-74.

136 Saczuk J, Wasiluk A. Changes in the somatic and fitness variables in girls over two
decades. Biomed Hum Kinet. 2010;2(1):102-5.

137 Saczuk J, Wasiluk A, Zalech M. Generation changes over the period of 19862006 in the
physical fitness of boys aged 7—19 from eastern Poland at particular stages of education.
Biomed Hum Kinet. 2012;4:112-6.

138 Klanarong S. Socio-demographic distribution of health-related fitness of Thai children.
Doctoral dissertation. Adelaide, SA: University of South Australia; 2005.

139 Haslofca F, Kutlay E, Haslof¢a E. 11-12 yas Tiirk ¢cocuklarinin bazi fiziksel uygunluk
degerlerindeki otuz yillik degisimlerin incelenmesi (Analysis of three decade changes in
physical fitness characteristics of Turkish children aged between 11 and 12). Spor
Hekimligi Dergisi (Turk J Sports Med). 2017;52(4):137-45.

140 Sandercock GRH, Cohen DD. Temporal trends in muscular fitness of English 10-year-olds
1998-2014: an allometric approach. J Sci Med Sport. 2019;22(2):201-5.

141 Espenchade AS, Meleney HE. Motor performances of adolescent boys and girls of today in
comparison with those 24 years ago. Res Q. 1961;32(2):186-9.

142 Montpetit RR, Montoye HJ, Laeding, L. Grip strength of school children, Saginaw,
Michigan: 1899 and 1964. Res Q. 1967;38(2):231-40.



Temporal Trends in Children’s Handgrip Strength 41

Tables
Table 1. Summary of the included studies by country.
Country Sex Age Span of years Sample Sampling Sample HDI
(years) size strategy base
Australia® F (49.5%) 9-12 1985-1999 2912 P N/S/O 0.939
M (50.5%) (very high)
Belgium®* F (47.7%) 9-17 18352010 27,868 P/NP S/O 0.916
M (52.3%) (very high)
Bulgaria® ™’ F (50.7%) 9-17  1960-1999 28,058 P N/O 0.813
M (49.3%) (very high)
Canada®™"! F (49.7%) 9-17  1967-2009 6,884 P/NP N/O 0.926
M (50.3%) (very high)
China™*" F (49.9%) 9-17  2000-2014 656,162 P N 0.752
M (50.1%) (high)
Estonia® F (53.4%) 10-17  1992-2002 4,338 P/NP S/O 0.871
M (46.6%) (very high)
France® F (52.1%) 11,13,14  1985-2008 572 P/NP 0] 0.901
M (47.9%) (very high)
Greece® F (48.7%) 13-15  1990-2008 2,188 P/NP N/O 0.870
M (51.3%) (very high)
Hong Kong”®®  F (48.6%) 9-12 2000-2015 17,653 P N 0.933
M (51.4%) (very high)
Italy® F (50.9%) 12-16  1992-2008 5,643 P/NP S/O 0.880
M (49.1%) (very high)
Japan®' ! F (49.4%) 9-17 1967-2017 1,043,672 P N 0.909
M (50.6%) (very high)
Mexico'* F (49.8%) 9-17  1968-2000 2,463 NP O 0.774
M (50.2%) (high)
Mozambique'*®*  F (53.0%) 9-17  1992-2012 3,283 P O 0.437
M (47.0%) (low)
Poland®-'3+ 137 F (49.1%) 9-17 19792011 367,320 P/NP N/S/O 0.865
M (50.9%) (very high)
Spain® F (51.3%) 9-17  1984-2010 19,948 P/NP S/O 0.891
M (48.7%) (very high)
Thailand'*® F (51.0%) 9-12 1990-2003 15,235 P N 0.755
M (49.0%) (high)
Turkey'*’ F (30.8%) 11-12  1983-2013 1,195 NP 0 0.791
M (69.2%) (high)
UK 140 F (57.6%) 9-13,15,17 1981-2014 17,842 P/NP N/S/O 0.922
M (42.4%) (very high)
USAS70-141.142 F (46.8%) 9-17  1899-2009 7,153 NP S/O 0.924
M (53.2%) (very high)

Note: UK=United Kingdom; USA=United States of America, M=male; F=female; P=probability sampling (i.e.,
random selection); NP=non-probability sampling (i.e., non-random selection); N=national sampling;
S=state/provincial sampling; O=other sampling (i.e., city, local area, or school-level sampling); HDI=Human
Development Index (2017 estimate) with HDI values of 0.800, 0.700 and 0.550 used as thresholds for very high,
high and medium human development, respectively;*® Hong Kong is a special administrative region of the People's






Temporal Trends in Children’s Handgrip Strength 48

Figure 3.
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Supplementary Material

Article title: A systematic analysis of temporal trends in the handgrip strength of 2,216,320
children and adolescents between 1967 and 2017; Journal name: Sports Medicine; Author
names and affiliations: Faith L. Dooley (University of North Dakota), Tori Kaster (University
of North Dakota), John S. Fitzgerald (University of North Dakota), Tanis J. Walch (University of
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Tomkinson (University of North Dakota and University of South Australia); E-mail address of

the corresponding author: grant.tomkinson@und.edu.

Supplement 1. Search strategy for databases.

Search terms

(physical fitness OR muscular fitness OR muscular strength OR muscular endurance OR
musculoskeletal fitness OR aerobic fitness OR cardiovascular fitness OR cardiorespiratory
fitness) AND (child* OR youth OR young OR adolescen*) AND (temporal OR secular OR

trend*).

Databases
CINAHL (1991 to 30 October 2018): 208 studies identified.
MEDLINE (1974 to 30 October 2018): 793 studies identified.

SPORTDiscus (1956 to 30 October 2018): 415 studies identified.
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Supplement 2. Handgrip strength test protocols for the 22 included studies/datasets.

Web Country Which hand How was What was  How many Which Was the
reference(s) was used? handgrip the elbow trials were dynamometer dynamometer
strength position? allowed per  was used? adjusted for
calculated? hand? hand size?
61 Australia Both Average of Bent 1 Mechanical Yes
maxima
62 Belgium Right Maximum NA NA Mechanical NA
63 Belgium/Estonia/Fra  Dominant Maximum Straight 2 NA Yes
nce/Greece/Italy/Pol
and/Spain/UK
64—67 Bulgaria Right Maximum NA NA NA NA
68 Canada Both Sum of maxima Straight 2 Mechanical Yes
69 Canada/USA Both Sum of maxima  NA NA NA NA
70 Canada/USA Both Sum of maxima  NA NA NA NA
71 Canada Both Sum of maxima Straight 2 Mechanical Yes
7275 China Dominant Maximum Straight 2 Mechanical Yes
7680 Hong Kong Both Sum of maxima Straight 3 Mechanical Yes
81-131 Japan Both Average of Straight 2 Mechanical Yes
maxima

132 Mexico Both Sum of maxima~ NA 3 Mechanical Yes
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133 Mozambique Dominant Maximum Straight 2 Mechanical Yes
134 Poland Right Maximum NA 2 Hydraulic NA
135 Poland Dominant Maximum Straight 2 NA Yes
136 Poland Dominant Maximum Straight 3 NA Yes
137 Poland Dominant Maximum Straight 3 NA Yes
138 Thailand Dominant Maximum Straight 2 NA Yes
139 Turkey Dominant Maximum Straight 2 Mechanical Yes
140 UK Dominant Maximum NA 3 Mechanical Yes
141 USA Dominant Maximum Bent NA NA NA
142 USA Both Maximum Straight 2 Mechanical NA

Note: NA=Not available;*=temporal data were available for maximum of right hand, maximum of left hand, and sum of the maxima for both hands,
with trends estimated in this study using the sum of the maxima for both hands.



