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Tables 

Table 1. Summary of the included studies by country.  

Country Sex Age 
(years) 

Span of years Sample 
size 

Sampling 
strategy 

Sample 
base 

HDI 

Australia61 F (49.5%) 
M (50.5%) 

9–12 1985–1999  2,912 P N/S/O 0.939 
(very high) 

Belgium62–63 F (47.7%) 
M (52.3%) 

9–17 1835–2010 27,868 P/NP S/O 0.916 
(very high) 

Bulgaria64–67 F (50.7%) 
M (49.3%) 

9–17 1960–1999 28,058 P N/O 0.813 
(very high) 

Canada68–71 F (49.7%) 
M (50.3%) 

9–17 1967–2009 6,884 P/NP N/O 0.926 
(very high) 

China72–75 F (49.9%) 
M (50.1%) 

9–17 2000–2014 656,162 P N 0.752 
(high) 

Estonia63 F (53.4%) 
M (46.6%) 

10–17 1992–2002 4,338 P/NP S/O 0.871 
(very high) 

France63 F (52.1%) 
M (47.9%) 

11,13,14 1985–2008 572 P/NP O 0.901 
(very high) 

Greece63 F (48.7%) 
M (51.3%) 

13–15 1990–2008 2,188 P/NP N/O 0.870 
(very high) 

Hong Kong76–80 F (48.6%) 
M (51.4%) 

9–12 2000–2015 17,653 P N 0.933 
(very high) 

Italy63 F (50.9%) 
M (49.1%) 

12–16 1992–2008 5,643 P/NP S/O 0.880 
(very high) 

Japan81–131 F (49.4%) 
M (50.6%) 

9–17 1967–2017 1,043,672 P N 0.909 
(very high) 

Mexico132 F (49.8%) 
M (50.2%) 

9–17 1968–2000 2,463 NP O 0.774 
(high) 

Mozambique133 F (53.0%) 
M (47.0%) 

9–17 1992–2012 3,283 P O 0.437 
(low) 

Poland63,134–137 F (49.1%) 
M (50.9%) 

9–17 1979–2011 367,320 P/NP N/S/O 0.865 
(very high) 

Spain63 F (51.3%) 
M (48.7%) 

9–17 1984–2010 19,948 P/NP S/O 0.891 
(very high) 

Thailand138 F (51.0%) 
M (49.0%) 

9–12 1990–2003 15,235 P N 0.755 
(high) 

Turkey139 F (30.8%) 
M (69.2%) 

11–12 1983–2013 1,195 NP O 0.791 
(high) 

UK63,140  F (57.6%) 
M (42.4%) 

9–13,15,17 1981–2014 17,842 P/NP N/S/O 0.922 
(very high) 

USA69,70,141,142  F (46.8%) 
M (53.2%) 

9–17 1899–2009 7,153 NP S/O 0.924 
(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;59 Hong Kong is a special administrative region of the People's 





Temporal Trends in Children’s Handgrip Strength 48 

 
 

  
Figure 3.  



Temporal Trends in Children’s Handgrip Strength 49 

 
 

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 

North Dakota), Madison Annandale (University of South Australia), Katia Ferrar (University of 

South Australia), Justin J. Lang (Public Health Agency of Canada and Children’s Hospital of 

Eastern Ontario Research Institute), Jordan J. Smith (University of Newcastle), and Grant R. 

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 
reference(s) 

Country Which hand 
was used? 

How was 
handgrip 
strength 
calculated? 

What was 
the elbow 
position? 

How many 
trials were 
allowed per 
hand? 

Which 
dynamometer 
was used? 

Was the 
dynamometer 
adjusted for 
hand size? 

61 Australia Both Average of 
maxima 

Bent 1 Mechanical Yes 

62 Belgium Right Maximum NA NA Mechanical NA 
63 Belgium/Estonia/Fra

nce/Greece/Italy/Pol
and/Spain/UK 

Dominant Maximum Straight 2 NA Yes 

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 
72–75 China Dominant Maximum Straight 2 Mechanical Yes 
76–80 Hong Kong Both Sum of maxima Straight 3 Mechanical Yes 
81–131 Japan Both Average of 

maxima 
Straight 2 Mechanical Yes 

132 Mexico Both Sum of maxima* NA 3 Mechanical Yes 

mailto:grant.tomkinson@und.edu
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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.  
 


