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ABSTRACT 

Objective: To estimate national and international temporal trends in the sit-ups 

performance of children and adolescents, and to examine relationships between trends in 

sit-ups performance and trends in health-related and sociodemographic indicators. 

Methods: Data were obtained in three ways: (a) through a systematic electronic database 

search of studies reporting on temporal trends in the handgrip strength of apparently 

healthy 9–17 year-olds, (b) by pearling reference lists, topical systematic reviews and 

personal libraries, and (c) by examining large country-level fitness datasets suitable to 

temporal trends analysis. Sample-weighted temporal trends (expressed as percent and 

standardized trends) were estimated at the country-sex-age level using best-fitting 

regression models relating the year of testing to mean sit-ups performance. International 

and national trends were estimated by post-stratified population-weighted mean changes 

standardized to the year 2000. Pearson’s correlations were used to quantify relationships 

between linear trends in sit-ups performance and linear trends in health-related and 

sociodemographic indicators. 

Results: Trend data from 27 studies/datasets representing 9,939,289 children and 

adolescents representing 31 countries (25 high-, 5 upper-middle-, and 1 low-income 

countries) between 1964 and 2017 collectively showed a large improvement in mean sit-

ups performance of 38.4% (95%CI: 36.8 to 40.0) or 7.1% per decade (95%CI: 6.8 to 7.4).  

Large international improvements were experienced by all age and sex groups, with the 

rate of improvement slowing from 1964 to 2000, stabilizing near zero until 2010, before  



 xi 

declining thereafter. Trends differed in magnitude and direction between countries, with 

most experiencing improvements. Trends in vigorous physical activity levels were a 

strong positive correlate of trends in sit-ups performance.  

Conclusions: There has been a large international improvement in children’s sit-ups 

performance since 1967, which has progressively diminished in magnitude over time. Sit-

ups data are needed from children in low-income and middle-income countries in order to 

better monitor national and international trends in muscular fitness. 

 

PROSPERO registration number: CRD42013003657. 
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CHAPTER 1 

 

INTRODUCTION 

 

Muscular fitness is an important summative marker of good health.1–4 In childhood and 

adolescence, muscular fitness is meaningfully related with cardiometabolic disease risk, 

adiposity, bone health, mental health, and cognition,3,4 independent of cardiorespiratory 

fitness.5 Direct evidence indicates that low muscular fitness in adolescence is 

significantly associated with cardiometabolic disease risk,1,6,7 bone health,1 and all-cause 

mortality later in life.8,9 It is also a good predictor of youth sports and athletic 

performance.10 In adulthood, muscular fitness is significantly associated with all-cause 

and cardiovascular mortality,11–13 cancer, 11 stroke,12 diabetes,14 hypertension,14 

disability,15 falls risk,16 mental health,17 and overall quality of life.17 It is also an 

important marker of functional capacity in older adults18,19, which in turn is predictive of 

future disability and mortality.20,21 This health-related evidence supports the recent 

promotion of muscle- and bone-strengthening activities (in addition to aerobic activity) in 

national and international physical activity guidelines.22–25 

 

Muscular fitness is a multidimensional construct that reflects the ability of a muscle or 

muscle group to exert force maximally (strength), explosively (power), or without fatigue 

(endurance).26 While strength, power, and endurance represent separate components of 

muscular fitness, evidence indicates that muscular strength and power are strongly 

related.27 Muscular endurance on the other hand represents a unique component of 

muscular fitness. Because no single test exists to assess overall muscular endurance, 

numerous measures of local muscular endurance have been used in children and 
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adolescents, including the sit-ups, curl-ups and plank tests for abdominal/core endurance, 

and the push-ups, pull-ups and the bent/flexed arm hang for upper body endurance.28–30 

Many of these tests are practical, feasible and scalable for population surveillance, with 

the sit-ups test probably the most widely used test in schoolchildren.30 Several protocol 

variants exist, including the timed sit-ups (normally lasting 30 seconds to several 

minutes) and the sit-ups to exhaustion, both which have been performed with bent or 

straight legs using external or self-pacing. The sit-ups test demonstrates high test-retest 

reliability and low validity,31 the latter of which may be in part due to the problem of 

identifying appropriate criterion measures of abdominal/core endurance. It is safe and 

there is no evidence of adverse events associated with test administration.32 

 

Research into the relationship between muscular fitness and health has often failed to 

distinguish between separate components.33 Despite limited evidence linking muscular 

endurance to health, low muscular endurance (sit-ups performance) is significantly 

associated with mortality in Canadian adults13 and Japanese men34 independent of 

cardiorespiratory fitness, adiposity and other covariates.13 Theoretically, strong, fatigue-

resistant abdominal muscles should help maintain proper pelvic and lumbar position and 

support the thoracolumbar fascia during static and dynamic spinal flexion.35 Despite 

strong anatomical logic, evidence linking abdominal/core endurance with low back pain 

is uncertain.1,4,31 Nonetheless, the National Academy of Medicine (formerly called the 

Institute of Medicine) recommend that schools consider measures of abdominal/core 

endurance in addition to other field-based strength measures.29  
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Much of the evidence examining temporal trends in children’s physical fitness has 

focused on cardiorespiratory fitness,36–38 with little known about temporal trends in 

children’s muscular endurance. Reports on trends in children’s sit-ups performance have 

shown mixed results over recent decades, including declines in Brazil,39 Sweden,40 and 

the UK,41 improvements in Finland,42 New Zealand,43 Poland,44–46 and Turkey,47 and no 

meaningful change in Lithuania,48 and Norway.49 However, there has not yet been a 

comprehensive study to assess national and international trends in children’s sit-ups 

performance. The primary aim of this study therefore was to systematically analyze 

national and international temporal trends in the sit-ups performance of children and 

adolescents. The secondary aim was to examine relationships between trends in sit-ups 

performance and trends in health-related and sociodemographic indicators across 

countries. It was hypothesized that sit-ups performance had improved over time, and that 

country trends in health-related and sociodemographic indicators would be meaningfully 

associated with country trends in sit-ups performance. 
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CHAPTER 2 

METHODS 

2.1 Protocol and Registration 

The review protocol was prospectively registered with the International Prospective 

Register of Systematic Review (PROSPERO; registration number CRD42013003657). 

This review was conducted and reported in accordance with the Preferred Reporting 

Items for Systematic review and Meta-analysis Protocols (PRISMA-P) statement for 

reporting systematic reviews.50 

 

2.2 Eligibility Criteria 

One large systematic review of temporal trends in children’s muscular fitness (i.e., 

handgrip, standing broad jump, and sit-ups) was initially undertaken. For this study, 

studies were eligible if they explicitly reported on temporal trends in the abdominal 

endurance (operationalized as sit-ups performance). Candidate studies, including refereed 

journal articles and graduate research theses, were eligible if they reported on temporal 

trends in the sit-ups performance (using matched test protocols) of apparently healthy 

(free from known disease/injury) age- and sex-matched children and adolescents (aged 9–

17 years) across at least two time points spanning a minimum of five years. Temporal 

trends must have been reported as absolute, percent or standardized changes in means at 

the country-sex-age level, or as descriptive statistics (e.g., sample sizes, means and 

standard deviations) at the country-sex-age-year level in order to calculate temporal 

trends.  
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2.3 Information Sources 

A systematic literature search was conducted on 30th of October 2018 using Cumulative 

Nursing and Allied Health Literature (CINAHL), MEDLINE, and SPORTDiscus. There 

were no date or language restrictions. An academic librarian experienced in systematic 

literature searching assisted with the development of the search strategy. Additional 

studies were identified by pearling the reference lists of the included studies, topical 

systematic reviews, and the personal library of the principal advisor. Large country-level 

datasets comprising nationally representative fitness survey data suitable to temporal 

trends analysis were also considered.  

 

2.4 Search Strategy 

The electronic database search was limited to abstract, title, and keywords. Search terms 

within a group were combined with the Boolean OR and were searched in combination 

with other search groups connected by the Boolean AND. Proximity operators were used 

to search for root words. The first group of search terms identified the fitness measure 

(physical fitness OR muscular fitness OR muscular strength OR muscular endurance OR 

musculoskeletal fitness OR aerobic fitness OR, OR cardiovascular fitness OR 

cardiorespiratory fitness). The second group identified the population (child* OR youth 

OR young OR adolescen*). The third group identified the temporal trend (temporal OR 

secular OR trend*). The full search strategies for each database are shown in Supplement 

1. 
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2.5 Study Selection 

All database records were imported into RefWorks (v2.0; ProQuest LLC, Ann Arbor, MI, 

USA) and de-duplicated. At the first level, two researchers independently screened the 

titles and abstracts against inclusion criteria, with consensus required for further 

screening. At the second level, full text copies were obtained and independently screened 

by two researchers against inclusion criteria, with consensus required for final inclusion. 

If necessary, a third researcher resolved discrepancies if consensus was not reached. 

 

2.6 Data Collection Process 

Descriptive data were extracted into a spreadsheet by a single researcher using a 

standardized study-specific template38 and checked for accuracy by a second reviewer. If 

required, additional information was requested from the corresponding authors via email 

(e.g., to clarify published results or to avoid double counting data). 

 

2.7 Data Items 

The following study-specific descriptive data were extracted: title, country, years of 

testing, sex, age or age range, and test protocol. If available, the absolute (in kg), percent, 

and/or standardized changes in mean sit-ups performance (±95% confidence intervals 

[CIs]) were extracted; if not, then all sample sizes, means, and standard deviations for 

measured sit-ups performance were extracted in order to calculate temporal trends. 

 

 

 



 7 

2.8 Summary Measures and Synthesis of Results 

Temporal trends were analyzed at the country-sex-age level (e.g., 9-year-old Australian 

boys) using best-fitting sample-weighted linear or polynomial (quadratic or cubic) 

regression models relating the year of testing to mean sit-ups.38,51 Trends in mean sit-ups 

performance were expressed as (i.e., change in means expressed as a percentage of the 

overall mean) and as standardized effect sizes (ES) (i.e., change in means divided by the 

pooled standard deviation). To interpret the magnitude of change, ES of 0.2, 0.5, and 0.8 

were used as thresholds for small, moderate, and large, respectively, with ES<0.2 

considered to be negligible and ES≥0.2 considered to be meaningful. Positive trends 

indicated increases in mean sit-ups performance and negative trends indicated declines in 

mean sit-ups performance. 

 

International and national temporal trends (for boys, girls, children [9–12 year-olds], 

adolescents [13–17 year-olds] and all [9–17 year-old boys and girls]) were calculated 

using a post-stratified population-weighting procedure that has been described in detail 

elsewhere.38,51 Population estimates were standardized to the year 2000—a year common 

to most country-sex-age groups—using United Nations data.52 The post-stratification 

population-weighting procedure corrects for systematic bias associated with over- and 

under-sampling, and standardizes trends to underlying country-sex-age-specific 

demographics. Trends were graphically displayed using the iterative procedure described 

by Tomkinson and Olds.37 
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Relationships between linear temporal trends in sit-ups performance and linear temporal 

trends in health-related and sociodemographic indicators across countries were quantified 

using Pearson’s correlation coefficients, with 95% CIs estimated using Fisher’s z-

transformation. National trends for five health-related (children’s body mass index 

[BMI]53 and vigorous physical activity [VPA] levels54) and sociodemogrphic (Gini 

index,55 the Human Development Index [HDI],56 and urbanization57) indicators were 

analyzed using linear regression models as described above. Trends in these broad health-

related and sociodemographic indicators were examined because they were thought to be 

meaningfully related to trends in sit-ups performance and because it was possible to 

calculate temporal trends using the same criteria as for sit-ups performance across the 

majority of the included countries. To interpret the magnitude of correlation, ES of 0.1, 

0.3, 0.5, 0.7, and 0.9 were used as thresholds for weak, moderate, strong, very strong, and 

nearly perfect, respectively, with ES<0.1 considered to be negligible and ES≥0.1 

considered to be meaningful. 
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CHAPTER 3 

RESULTS 

A total of 1,416 unique records were identified through bibliographic database searching, 

with 28 retained after the first level of screening (title and abstract review) and eight 

retained after the second level of screening (full-text review) (Figure 1). These eight 

studies were combined with: (a) 14 additional studies that were identified from the 

principal advisor’s personal library and the reference lists of included articles and topical 

systematic reviews, and (b) five large country-level datasets comprising nationally 

representative sit-ups data suitable for temporal trends analysis, for a total of 27 included 

studies/datasets (Figure 1). 

 

Temporal trends in sit-ups performance were estimated from 9,939,289 children and 

adolescents aged 9–17 years from 31 countries (2,591 country-sex-age-year groups) 

between 1964 and 2017 (Table 1). Trends were available for 25 high-income, 5 upper-

middle-income, and 1 low-income countries (or 26 very high, four high, and one low 

human development countries),56,58 representing 6 continents, 32% of the world’s 

population,52 and 32% of the world’s land area.59 Trends were calculated for 369 country-

sex-age groups (children [aged 9–12 years]: 164; adolescents [aged 13–17 years]: 205; 

boys: 180; girls: 189), with a median sample size of 1,090 (range 43–379,294) across a 

median span of 18 years (range 6–35). Country trends were available for various sit-ups 

tests, including: the number of completed sit-ups in 30 seconds, 60 seconds, 180 seconds, 

and in total (without a time limit) (Table 1). 
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Figure. 1 PRISMA flow chart outlining the flow of studies through the review.  

 

There was a large international improvement in mean sit-ups performance between 1964 

and 2017 (change in means [95% CI]: 38.4% [36.8 to 40.0]; ES 1.09 [1.04 to 1.15]) 

(Figure 2). Similarly, large international improvements were observed for all age and sex 

groups: (a) children (change in means [95% CI]: 32.0% [29.9 to 34.2]; ES 0.86 [0.81 to 

0.91]), (b) adolescents (change in means [95% CI]: 45.2% [43.6 to 46.8]; ES 1.33 [1.27 

to 1.39), (c) boys (change in means [95% CI]: 24.9% [23.2 to 26.6]; ES 0.84 [0.78 to 

0.88]), and (d) girls (change in means [95% CI]: 44.5% [42.3 to 46.7]; ES 1.20 [1.14 to 

1.26]) (Figure 2). 
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Table 1. Summary of the included studies by country.  

Country Sex Age 

(years) 

Span of years Sample size Sampling 

strategy 

Sample 

base 

HDI Test protocol 

Australiaw1 F (48.6%) 
M (51.4%) 

9–15 1985–2000  8,504 P N/S/O 0.939 

(very high) 

SUP in 180s 

Belgiumw2 F (49.4%) 
M (50.6%) 

9–17 1990–2010 19,063 P/NP S 0.916 

(very high) 

SUP in 30s 

Brazilw3 F (42.7%) 
M (57.3%) 

12–17 2008–2014 6,923 NP N 0.759  

(high) 

SUP in 60s 

Bulgariaw4–w7 F (49.7%) 
M (50.3%) 

9–17 1980–1999 7,008 P N/O 0.813 

(very high) 

SUP in 30s 

Canadaw8,w9 F (47.9%) 
M (52.1%) 

9–17 1964–1988 14,638 P/NP N/O 0.926 

(very high) 

SUP in 60s 

Chinaw10–w17 F (100%) 9–17 1979–2014 674,130 P N 0.752 

(high) 

SUP in 60s 

Estoniaw2 F (53.0%) 
M (47.0%) 

11–17 1992–2002 6,207 P/NP S/O 0.871 

(very high) 

SUP in 30s 

Finalndw18 F (49.3%) 
M (50.7%) 

13–17 1976–2001 1,222 P N 0.920 

(very high) 

SUP in 30s 

Francew2 F (48.0%) 
M (52.0%) 

9,11–12 1984–2000 2,706 P/NP N/O 0.901 

(very high) 

SUP in 30s 

Greecew2 F (49.6%) 
M (50.4%) 

9–17 1990–2014 260,576 P/NP N/S/O 0.870 

(very high) 

SUP in 30s 

Hong Kongw19–w28 F (48.8%) 
M (51.2%) 

9–17 1999–2015 43,246 P N 0.933 

(very high) 

SUP in 60s 

Icelandw2 F (47.9%) 
M (52.1%) 

10–15 1985–1998 6,849 NP N/O 0.935 

(very high) 

SUP in 30s 

Israelw29 F (54.1%) 
M (45.9%) 

16–17 1970–1984 1,816 P S 0.903 

(very high) 

SUP in 30s 

Italyw2 F (48.5%) 
M (51.5%) 

10–17 1985–2008 14,706 P/NP S/O 0.880 

(very high) 

SUP in 30s 

Japanw30–w80 F (49.9%) 9–17 1999–2017 444,277 P N 0.909 SUP in 30s 



 12 

Country Sex Age 

(years) 

Span of years Sample size Sampling 

strategy 

Sample 

base 

HDI Test protocol 

M (50.1%) (very high) 

Lithuaniaw81 F (50.2%) 
M (49.8%) 

11–17 1992–2012 16,158 P N 0.858 

(very high) 

SUP in 30s 

Mozambiquew82 F (56.9%) 
M (43.1%) 

9–17 1992–2012 1,944 P O 0.437 

(low) 

SUP in 60s 

New Zealandw83 F (42.9%) 
M (57.1%) 

10–13 1991–2003 4,499 NP O 0.917 

(very high) 

SUP in 60s 

Norwayw84 F (49.5%) 
M (50.5%) 

15 1968–1997 2,224 P S 0.953 

(very high) 

SUP in total 

Polandw2,w85–w88 F (49.1%) 
M (50.9%) 

9–17 1979–2011 495,433 P/NP N/S/O 0.865 

(very high) 

SUP in 30s 

Republic of Koreaw89–w113 F (49.2%) 
M (50.8%) 

9–17 1979–2010 1,535,955 P N 0.903 

(very high) 

SUP in 60s 

Singaporew114 F (59.3%) 
M (40.7%) 

12–17 1980–1992 3,398 P N 0.932 

(very high) 

SUP in 60s 

Slovakiaw2 F (46.4%) 
M (53.6%) 

9–11 1993–2015 1,183 P/NP N/S/O 0.855 

(very high) 

SUP in 60s 

Sloveniaw115 F (50.0%) 
M (50.0%) 

9–17 1987–2012 467,306 P N 0.896 

(very high) 

SUP in 60s 

Spainw2 F (49.1%) 
M (50.9%) 

9–17 1984–2010 20,213 P/NP S/O 0.891 

(very high) 

SUP in 30s 

Swedenw116 F (49.0%) 
M (51.0%) 

16 1974–1995 980 P S 0.933 

(very high) 

SUP in total 

Switzerlandw2 F (51.8%) 
M (48.2%) 

11 1996–2005 535 P S/O 0.944 

(very high) 

SUP in 30s 

Taiwanw117 F (48.2%) 
M (51.8%) 

10–17 1997–2013 5,857,636 P N 0.907 

(very high) 

SUP in 60s 

Thailandw118 F (50.8%) 
M (49.2%) 

9–12 1990–2003 17,635 P N 0.755 

(high) 

SUP in 30s 

Turkeyw119 F (42.4%) 11–12 1983–2003 403 NP O 0.791 SUP in 30s 
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The international trends in sit-ups performance were not 

uniform over time, with the rate of improvement slowing from 

1964 to 2000, stabilizing near zero until 2010, before declining 

thereafter. The rate of improvement diminished from 16.4% in 

the 1960s and 1970s (95% CI: 15.4 to 17.4; ES: small), 11.1% 

in the 1980s (95% CI: 10.5 to 11.7; ES: small), to 4.3% in the 

1990s (95% CI: 3.9 to 4.7; ES: negligible), before stabilizing at 

−0.4% in the 2000s (95% CI: −0.8 to 0.0; ES: negligible) and 

declining at −4.1% in the 2010s (95% CI: −4.7 to −3.5; ES: 

negligible). This trend was consistent across different sex and 

age groups, except for boys in recent decades.  

 

 

 

 

 

 

 

Figure 2. National temporal trends in mean sit-ups between 1967 and 2017.  

Note: data were standardized to the year 2000=100%, with higher values (>100%) indicating better sit-ups 

performance and negative values (<100%) indicating poorer sit-ups performance; the solid lines represent 

the national changes in mean sit-ups performance, and the shaded areas represent the 95% CIs, with 

upward sloping lines indicating increases over time and downward sloping lines indicating declines over 

time; mean (95%CI) percent changes (per decade) are shown at the top of each panel. 
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Country trends ranged from a large improvement in sit-ups performance in Singapore 

(1980–1992) to a large decline in Switzerland (1996–2005), with trends typically 

negligible to small (28/31 or 90%) and positive (i.e., improvements) (20/31 or 65%) 

(Figure 3). While most country trends were approximately uniform (linear), several 

countries experienced non-uniform (curvilinear) trends evidenced by a slowing or 

stabilizing of the trend, or a shift in direction, near to the year 2000 (e.g., Belgium, China, 

Hong Kong, Japan, Poland, and Slovenia). 

 

There was a strong positive correlation between trends in sit-ups performance and trends 

in VPA (r [95%CI]: 0.51 [0.07 to 0.78]), indicating that countries (European countries 

only) with improvements in children’s VPA levels between 2002 and 2014 had the 

largest improvements in sit-ups performance (Table 2). Trends in HDI were a moderate 

positive correlate of trends in sit-ups performance, with trends in urbanization a moderate 

negative correlate. Trends in Gini index and BMI were weak and negligible positive 

correlates, respectively.



1
6
 

 F
ig

u
re

. 
3
 N

at
io

n
a
l 

te
m

p
o
ra

l 
tr

e
n
d
s 

in
 m

ea
n
 s

it
-u

p
s 

b
et

w
ee

n
 1

9
6
7
 a

n
d
 2

0
1
7
. 

 N
o
te

: 
d
at

a 
w

er
e 

st
an

d
ar

d
iz

ed
 t

o
 t

h
e 

y
ea

r 
2
0
0
0
=

1
0
0
%

, 
w

it
h
 h

ig
h

er
 v

al
u

es
 (

>
1
0
0
%

) 
in

d
ic

at
in

g
 b

et
te

r 
si

t-
u
p
s 

p
er

fo
rm

an
ce

 a
n
d
 n

eg
at

iv
e 

v
al

u
es

 (
<

1
0
0
%

) 
in

d
ic

at
in

g
 

p
o
o
re

r 
si

t-
u
p
s 

p
er

fo
rm

an
ce

; 
th

e 
so

li
d
 l

in
es

 r
ep

re
se

n
t 

th
e 

n
at

io
n
a
l 

ch
an

g
es

 i
n
 m

ea
n
 s

it
-u

p
s 

p
er

fo
rm

an
ce

, 
an

d
 t

h
e 

sh
ad

ed
 a

re
as

 r
ep

re
se

n
t 

th
e 

9
5

%
 C

Is
, 
w

it
h
 u

p
w

ar
d
 

sl
o
p
in

g
 l

in
es

 i
n
d
ic

at
in

g
 i

n
cr

ea
se

s 
o
v
er

 t
im

e 
an

d
 d

o
w

n
w

ar
d
 s

lo
p

in
g
 l

in
es

 i
n
d
ic

at
in

g
 d

ec
li

n
es

 o
v
er

 t
im

e;
 m

ea
n
 (

9
5
%

C
I)

 p
er

ce
n
t 

c
h
an

g
es

 (
p
er

 d
ec

ad
e)

 a
re

 s
h
o
w

n
 a

t 

th
e 

to
p
 o

f 
ea

ch
 p

an
el

. 



1
7
 

T
a
b

le
 2

. 
P

o
te

n
ti

a
l 
c
o
rr

e
la

te
s 

o
f 

th
e 

tr
e
n
d
s 

in
 t

h
e 

si
t-

u
p
s 

p
er

fo
rm

a
n
ce

 o
f 

c
h
il

d
re

n
 a

n
d
 a

d
o
le

sc
e
n
ts

. 

V
a
r
ia

b
le

 
D

a
ta

 s
o
u

r
c
e

 
D

e
sc

r
ip

ti
o

n
 

C
o
r
re

la
ti

o
n

 (
9
5

%
C

I)
 

H
ea

lt
h

 
 

 
 

B
o
d
y
 m

as
s 

in
d
ex

 (
B

M
I)

 
N

C
D

 R
is

C
5
3
 

T
re

n
d
 d

at
a 

av
ai

la
b
le

 f
o
r 

1
9
/1

9
 

(1
0
0
%

) 
co

u
n
tr

ie
s 

b
et

w
ee

n
 1

9
7
5
 

an
d
 2

0
1
6
. 

C
al

cu
la

te
d
 a

s 
th

e 
ch

a
n
g
e 

(p
er

 d
ec

a
d
e)

 i
n
 m

ea
n
 

co
u
n
tr

y
-l

ev
el

 B
M

I 
o
f 

b
o
y
s 

a
n

d
 g

ir
ls

 a
g
ed

 5
–

1
9
 y

ea
rs

 (
ag

e 
st

an
d
ar

d
iz

ed
).

 A
 p

o
si

ti
v
e 

ch
a
n
g
e 

in
d
ic

at
ed

 a
n
 i

n
cr

ea
se

 i
n
 m

ea
n
 B

M
I 

an
d
 a

 

n
eg

at
iv

e 
ch

an
g
e 

in
d
ic

at
ed

 a
 d

ec
li

n
e.

  

 
0
.0

6
 (

−
0
.3

1
 t

o
 0

.4
1
) 

V
ig

o
ro

u
s 

p
h
y
si

ca
l 

ac
ti

v
it

y
 (

V
P

A
) 

In
ch

le
y
 e

t 
al

.5
4
 

D
at

a 
o
ri

g
in

al
ly

 o
b
ta

in
ed

 f
ro

m
 

H
ea

lt
h
 B

eh
a
v
io

u
r 

in
 S

ch
o
o
l-

ag
ed

 C
h
il

d
re

n
 (

H
B

S
C

) 
W

o
rl

d
 

H
ea

lt
h
 O

rg
an

iz
at

io
n
 (

W
H

O
) 

co
ll

ab
o
ra

ti
v
e 

cr
o
ss

-n
at

io
n
al

 

st
u
d
y
. 

T
re

n
d
 d

at
a 

av
ai

la
b
le

 f
o
r 

1
0
 E

u
ro

p
ea

n
 c

o
u
n
tr

ie
s 

(1
0
/1

9
 

o
r 

5
3
%

 o
f 

al
l 

co
u
n
tr

ie
s)

 

b
et

w
ee

n
 2

0
0
2
 a

n
d
 2

0
1
4
. 

C
al

cu
la

te
d
 a

s 
th

e 
ch

a
n
g
e 

(p
er

 d
ec

a
d
e)

 i
n
 m

ea
n
 

co
u
n
tr

y
-l

ev
el

 p
er

ce
n
ta

g
e 

o
f 

b
o
y
s 

an
d
 g

ir
ls

 

ag
ed

 1
1

-,
 1

3
-,

 a
n
d
 1

5
-y

ea
rs

 o
ld

 t
h
at

 a
ch

ie
v
ed

 

V
P

A
 a

t 
le

as
t 

fo
u
r 

ti
m

es
 p

er
 w

ee
k
. 

A
 p

o
si

ti
v
e 

ch
an

g
e 

in
d
ic

at
ed

 a
n
 i

n
cr

ea
se

 i
n
 t

h
e 

m
ea

n
 

p
er

ce
n
ta

g
e 

o
f 

v
ig

o
ro

u
sl

y
 a

ct
iv

e 
ch

il
d
re

n
 a

n
d
 a

 

n
eg

at
iv

e 
ch

an
g
e 

in
d
ic

at
ed

 a
 d

ec
li

n
e.

  

 
0
.5

1
 (

0
.0

7
 t

o
 0

.7
8
) 

S
o
ci

o
d
em

o
g
ra

p
h
ic

 
 

 
 

G
in

i 
in

d
ex

 
W

o
rl

d
 B

an
k

5
5

 

T
re

n
d
 d

at
a 

av
ai

la
b
le

 f
o
r 

1
7
/1

9
 

(8
9
%

) 
co

u
n
tr

ie
s 

b
et

w
ee

n
 1

9
9
0
 

an
d
 2

0
1
7
. 

S
u

m
m

ar
iz

es
 t

h
e 

ch
an

g
e 

(p
er

 d
ec

ad
e)

 i
n
 t

h
e 

d
is

tr
ib

u
ti

o
n
 o

f 
in

co
m

e 
a
m

o
n
g
 i

n
d
iv

id
u
al

s 
in

 a
 

co
u
n
tr

y
 w

h
er

e 
0
 r

ep
re

se
n
ts

 p
er

fe
ct

 e
q

u
al

it
y
 

an
d
 1

0
0
 i

m
p
li

es
 p

er
fe

ct
 i

n
eq

u
al

it
y
. 

A
 p

o
si

ti
v
e 

ch
an

g
e 

in
d
ic

at
ed

 a
 t

re
n
d
 t

o
w

ar
d
s 

p
er

fe
ct

 

in
eq

u
al

it
y
 a

n
d
 a

 n
eg

at
iv

e 
ch

an
g
e 

a 
tr

en
d
 

to
w

ar
d
s 

p
er

fe
ct

 e
q

u
al

it
y
. 

0
.1

2
 (

−
0
.2

8
 t

o
 0

.4
8
) 

H
u
m

a
n
 d

ev
el

o
p
m

en
t 

in
d
ex

 (
H

D
I)

 
U

n
it

ed
 N

at
io

n
s5

6
 

C
al

cu
la

te
d
 a

s 
th

e 
ch

a
n
g
e 

(p
er

 d
ec

a
d
e)

 i
n
 m

ea
n
 

 
0
.3

5
 (

−
0
.0

1
 t

o
 0

.6
3
) 



1
8
 

T
re

n
d
 d

at
a 

av
ai

la
b
le

 f
o
r 

1
8
/1

9
 

(9
5
%

) 
co

u
n
tr

ie
s 

b
et

w
ee

n
 1

9
9
0
 

an
d
 2

0
1
7
. 

co
u
n
tr

y
-l

ev
el

 h
u
m

a
n
 d

ev
el

o
p
m

en
t 

(i
.e

.,
 

ac
h
ie

v
e
m

en
ts

 i
n
 h

ea
lt

h
, 

ed
u
ca

ti
o
n
 a

n
d
 

in
co

m
e)

. 
A

 p
o
si

ti
v
e 

ch
an

g
e 

in
d
ic

at
ed

 a
n
 

in
cr

ea
se

 i
n
 t

h
e 

m
ea

n
 h

u
m

a
n
 d

ev
el

o
p

m
en

t 
a
n
d
 

a 
n
eg

at
iv

e 
ch

a
n
g
e 

in
d
ic

at
ed

 a
 d

ec
li

n
e.

 

U
rb

an
iz

at
io

n
 

W
o
rl

d
 B

an
k

5
7
 

T
re

n
d
 d

at
a 

av
ai

la
b
le

 f
o
r 

1
9
/1

9
 

(1
0
0
%

) 
co

u
n
tr

ie
s 

b
et

w
ee

n
 1

9
6
7
 

an
d
 2

0
1
7
. 

C
al

cu
la

te
d
 a

s 
th

e 
ch

a
n
g
e 

(p
er

 d
ec

a
d
e)

 i
n
 t

h
e 

p
er

ce
n
ta

g
e 

o
f 

p
eo

p
le

 l
iv

in
g
 i

n
 u

rb
a
n
 a

re
as

. 
A

 

p
o
si

ti
v
e 

ch
an

g
e 

in
d
ic

at
ed

 a
n
 i

n
cr

ea
se

 i
n
 

u
rb

an
iz

at
io

n
 a

n
d
 a

 n
eg

at
iv

e 
ch

an
g
e 

in
d
ic

at
ed

 a
 

d
ec

li
n
e.

 

 
−

0
.3

2
 (

−
0
.6

1
 t

o
 0

.0
5
) 

    

 
 

 



19 

CHAPTER 4 

DISCUSSION 

Using data from 27 studies/datasets, this study estimated temporal trends in the sit-ups 

performance of 9,939,289 children and adolescents aged 9–17 years from 31 countries 

between 1964 and 2017 and found: (a) there was a large international improvement, with 

the rate of improvement slowing from 1964 to 2000, stabilizing near zero until 2010, and 

declining thereafter; (b) large international improvements were observed for all age and 

sex groups, with a shift from improvements to declines occurring in recent decades in all 

groups except boys; (c) while national trends varied in magnitude and direction, most 

typically showed improvements; and (d) national trends in sit-ups performance were 

strongly related to national trends in VPA.  

 

What is causing the apparent temporal trend in sit-ups performance? While numerous 

factors positively influence muscular endurance, including biological maturation,61 body 

size,4,62 and VPA,63 apart from trends in body size, trends in these factors have rarely 

been statistically controlled for in studies examining trends in sit-ups performance. 

Unfortunately in this study the effect of trends in these factors could not be statistically 

removed because trends in sit-ups performance were estimated from descriptive data and 

not raw data, making it impossible to determine the underlying causal factors. Despite a 

lack of agreement on criterion measures for muscular endurance, available data suggest 

that the sit-ups has low validity,31 suggesting that trends in sit-ups performance poorly 

reflect trends in true muscular endurance. Trends in sit-ups performance reflect trends in 

functional abdominal/core endurance capability, i.e., the ability of children and 
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adolescents to support their body weight and repeatedly contract the abdominals to flex 

the spine. 

 

Consider first trends in biological maturation. No study to date examining temporal 

trends in sit-ups performance has statistically controlled for trends in biological 

maturation. Westerstahl et al.64 reported that trends in a “maturity index” (not biological 

maturity, rather a score based on a child’s grade and enrolment in school physical 

education) did not contribute to declining sit-ups performance of Swedish 16-year-old 

boys and girls between 1974 and 1995. Saczuk et al.65 found that the trend towards earlier 

maturation in Polish girls between 1986 and 2006 coincided with improved sit-ups 

performance. While trends in biological maturation have varied over time and between 

countries, the potential impact of advancing maturation on trends in sit-ups performance 

can be estimated using 20th century trends, which indicate that the age of menarche has 

advanced by 0.3 years per decade and the age at which boysʼ voices break by 0.2 years 

per decade.66,67 Over the 53-year period between 1964 and 2017, these data suggest that 

biological maturation has advanced by 1.0 years in boys and 1.5 years in girls. 

Temporal increases in sit-ups performance would be expected based on maturational 

advances alone, because older children typically outperform younger children, 

presumably because of improved physical and neuromuscular maturation. Cross-sectional 

data from Tomkinson et al.30 indicate that sit-ups (no. in 30 s) performance improves with 

each year of age by 6% in boys and 3% in girls between the ages of 9 and 12, and by 

4% in boys and 1.5% in girls between the ages of 13 and 17. Between 1964 and 2017, 

sit-ups performance improved internationally by 32% in children and 45% in 
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adolescents. When corrected for trends in biological maturation, the underlying 

improvement in sit-ups performance is reduced to 26–27% in children (i.e., 32% minus 

6% in boys and 32% minus 1.5 × 3% in girls) and 41–43% in adolescents (i.e., 45% 

minus 4% in boys and 45% minus 1.5 × 1.5% in girls). While only an estimate, from this 

example it appears that trends in biological maturation explain only a small proportion of 

the trends in sit-performance. 

 

Several studies have reported that temporal trends in sit-ups performance were 

independent of trends in body size (i.e., height, mass, BMI).41,48,64,68 Other studies, while 

not statistically controlling for trends in body size, have found that trends in sit-ups 

performance have coincided with trends in BMI.42,43,47,69 International increases in 

childhood and adolescent BMI are well established,53 reflecting both increases in fat mass 

and fat-free mass.70 Mechanistically, increases in fat mass and fat-free mass will 

influence sit-ups performance in different ways: increased fat-free mass will increase the 

force generation capacity of the exercising muscles,71 while increased fat mass, which is 

largely metabolically inert, constitutes a “dead” load that will need to be overcome in 

order to repeatedly flex the spine. While this study found that sit-ups performance 

improved internationally from 1964 to 2000, before stabilizing for a decade and declining 

thereafter, it is possible that differential trends in fat mass and fat-free mass are involved, 

and that the recent decline in sit-ups performance reflects that children are now becoming 

fatter at the same BMI. There is some evidence for this from high-income countries, 

where trend data indicate a noticeable stabilization in BMI from the mid-1990s 

onwards.72 In contrast, there does not appear to have been a stabilization in skinfold 
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thicknesses, at least until 2004.70 In the same study, Olds70 showed there has been a shift 

towards central accumulation of body fat, which might hinder sit-ups performance. 

However, while BMI includes (but does not separate) both fat and fat-free mass 

components, this study found that trends in BMI were a negligible correlate of trends in 

sit-ups performance. 

 

Although no study examining temporal trends in sit-ups performance has statistically 

controlled for trends in physical activity, several studies have reported a temporal 

coincidence.41,42,73 Sandercock and Cohen41 reported that the decline in 10-year-old 

English children’s sit-ups performance between 2008 and 2014 coincided with a decline 

in self-reported physical activity. Huotari et al.42 reported that improved sit-ups 

performance of 13- to 16-year-old Finnish adolescents between 1976 and 2001 coincided 

with increased organized sport participation and leisure-time physical activity (≥2 times 

per week). Smpokos et al.73 found concurrent increases in sit-ups performance, moderate-

to-vigorous physical activity, and VPA in first grade children from Greece between 1992 

and 2007. These data support the findings from this study, which indicate that trends in 

VPA were strongly and positively associated with trends in sit-ups performance; meaning 

that countries with the largest increases in VPA experienced the largest improvements in 

sit-ups performance. Assuming this ecological correlation is causal, this temporal 

connection suggests that strategies aimed at increasing VPA levels in children and 

adolescents (e.g., VPA and muscle and bone strengthening activities as recommended in 

national and international physical activity guidelines22–25) might be a suitable population 

approach to improving abdominal/core endurance and hence sit-ups performance. It is 
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also possible that improvements in fundamental movement skills (e.g., locomotor, object-

control, resistance training) have improved neuromuscular facilitation of the 

abdominal/core muscles leading to a temporal increase in sit-ups performance.   

 

This study represents the most comprehensive analysis to date of national and 

international temporal trends in children’s muscular endurance. It used a systematic 

review approach, including only data on apparently healthy children and adolescents who 

were directly measured for abdominal/core endurance using the sit-ups test. It also used a 

detailed statistical approach previously adopted several other systematic reviews of trends 

in children’s fitness.10,36,37,38,51 The use of weighted regression and post-stratification 

population weighting meant that trends were adjusted for sampling bias and underlying 

demographics. Furthermore, a sensitivity analysis showed that the removal of countries 

with very large samples (n>400,000, e.g., China, Japan, Poland, Republic of Korea, 

Slovenia, and Taiwan, which collectively comprised 95% of all data points) (Table 1) had 

a negligible effect (ES<0.1) on the international trends, increasing confidence that the 

reported international trend in sit-ups performance was not meanigfully biased by these 

countries.  

 

So how do temporal trends in sit-ups performance compare to trends in other muscular 

fitness components? Data from Tomkinson,74 indicate there was a small improvement of 

0.3% per decade in the muscular power (operationalized as standing broad jump 

performance) of over 20 million children and adolescents (6–19 years) from 23 countries 

between 1958 and 2003. This improvement was not uniform over time however, with 
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standing broad jump performance improving until the mid-1980s and declining 

thereafter. Similarly, this study showed that children’s sit-ups performance improved 

until 2000 and plateaued for a decade before declining. While the magnitude of 

improvement was much larger for sit-ups than for standing broad jump, the temporal 

pattern was similar, albeit with the shift from improvements to declines occurring about 

20 years later for sit-ups.  

 

There are several limitations to this study. First, trends in sit-ups performance are largely 

representative of high- and upper-middle-income countries (30/31 or 97%), which limit 

the generalizability of the findings to low-income and middle-income countries that may 

be experiencing a physical activity transition.75 Second, although the international trends 

in sit-ups performance were estimated using tests that potentially imposed different 

physiological and psychosocial demands (see Table 1 for different test types), it could be 

that the trends (percent and standardized) for one test do not equate to the trends for 

another. Third, it is also possible that methodological drift occurred (e.g., differences in 

knee position and/or feet anchoring, repetition “bouncing”, subjective scoring, level of 

encouragement, diurnal variation), although the large number of included data points 

should have minimized these methodological issues. Fourth, sit-ups data were collected 

using different sampling strategies and sampling frames and were not always nationally 

representative, with trends estimated using state/provincial and community level data 

included as they provided the best available estimate of national trends when national 

level data were missing. Finally, temporal trends in mean sit-ups performance could be 

systematically biased if concurrent trends in skewness occurred. Because there is 
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evidence of temporal trends in both positive skew (i.e., an increase in the mean-median 

difference)42,43 and negative skew (i.e., a decrease in the mean-median difference)40 it is 

difficult to estimate the likely impact.  
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CHAPTER 5 

CONCLUSION 

This study found a large international improvement in the sit-ups performance of children 

and adolescents over the past half a century, with the rate of improvement slowing from 

1964 to 2000, stabilizing near zero until 2010, and declining thereafter. Large 

improvements were also found across all age and sex groups. National trends in sit-ups 

performance were strongly and positively associated with national trends in VPA, with 

the largest national improvements in sit-ups performance observed in countries with the 

largest increases in VPA. Because almost all countries reporting trends in sit-ups 

performance were high- and upper-middle-income, there is a important need for temporal 

data from low- and middle-income countries in order to monitor population trends in 

muscular fitness.  
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Supplementary Material 

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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