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ABSTRACT
Objectives The objective was to determine recent 
cross- sectional trends in health- related fitness (HRF) in 
secondary school students by studying the 13–14 years 
old age group repeatedly over 6 years, considering parallel 
national trends in physical education (PE).
Methods Height, weight, broad jump, grip strength, 
20 m shuttle run and throwing and catching skills were 
measured by the same research team using standardised 
techniques from 2014 to 2019. Trends in these HRF 
measures were assessed by linear regression, adjusting 
for school, sex and height. Interactions with fitness and 
body mass index (BMI) were tested. The number of PE 
lessons reported in the UK Annual School Workforce 
Census between 2010 and 2019 for all state- funded 
secondary schools was analysed.
Results Grip strength (B=−0.60, 95% CI −0.78 to 
–0.41), broad jump (B=−1.16, 95% CI −1.99 to –0.34), 
20 m shuttle run (B=−1.85, 95% CI −2.58 to –1.12) and 
throwing and catching skills (B=−0.12, 95% CI −0.15 to 
–0.08) declined significantly over the study period. There 
was a greater reduction in broad jump and grip strength 
in adolescents with low fitness and a greater reduction in 
fitness and motor competence in adolescents with normal 
BMI. These declines coincided with a 16% reduction 
nationally in secondary school PE between 2010 (333 800 
hours) and 2019 (280 725 hours).
Conclusion Adolescent HRF has declined in recent 
years, in parallel with PE lessons. Declines were observed 
across all young people and particularly those of low 
fitness and normal BMI. To reach the majority of young 
people, policy makers could increase PE in schools to 
increase activity and prevent worsening fitness and health 
in future generations.

INTRODUCTION
Muscle strength and cardiorespiratory fitness 
(CRF) are related to cardiovascular disease.1 
CRF and muscle strength can be modified 
through activities. Thus, the importance of 
achieving a physically active lifestyle that 
incorporates activity of a high enough inten-
sity in adolescence to improve CRF and muscle 
strength is critical for healthy development 
and the prevention of disease in later life.2 
The importance of other factors, including 

motor competence (MC) and fundamental 
sports skills during childhood and adoles-
cence, is emergent as determinants that 
relate to both initial engagement and longer 
term participation in physical activity (PA) 
and sport.3 Indeed, the relationship between 
MC and PA has been described as reciprocal 
in nature whereby MC and the individual’s 
perception of skill affect their ability and 
confidence to participate in PA.4 5 This may 
affect CRF and muscle strength.5 6 MC, muscle 
strength and cardiovascular fitness7 may be 
vital for achieving better cardiovascular and 
metabolic health, and for reducing the risk 
of non- communicable diseases such as hyper-
tension, diabetes and obesity in later life.8

School is a critical period whereby MC, 
sporting skills, strength, power and fitness 
are built in all young people.9 10 However 
more recently, as PA has been documented to 
decline with age,11 particularly when children 
transfer to secondary school,12 there is a need 
to systematically monitor muscle strength, 
CRF and MC in school- age students. To date, 
there is little information on these measures 
in secondary schoolchildren and a need to 
assess these alongside health markers in all 
school- age children.13

Most young people attend school by 
statute and limited evidence indicates that 

Key messages

What is already known
 ► Health- related fitness measures have been declining 
in primary schoolchildren.

What are the new findings
 ► Adolescent health and fitness measures have de-
creased from 2014 to 2019.

 ► Adolescents with low cardiorespiratory fitness (CRF) 
show a greater reduction in muscle strength and 
power compared with adolescents with high CRF.

 ► Normal- weight adolescents show a greater reduc-
tion in CRF and motor competence compared with 
overweight/obese adolescents.
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the majority of school- age students accumulate most 
activity within school physical education (PE), which 
also provides an opportunity for regular measurements 
of fitness and health.14 15 Therefore, schools are an 
important site both for achieving and monitoring, health 
and fitness profiles, given evidence of recent increases 
in adolescent obesity,16 associated childhood diseases of 
inactivity17–19 and the importance of PE to the activity 
profiles of most students. We set out to determine recent 
cross- sectional trends in fitness and health indicators for 
secondary school students and whether parallel national 
trends in PE lesson time could offer a possible explana-
tion.

MATERIALS AND METHODS
Data on height, weight, broad jump, grip strength, 20 m 
shuttle run and throwing and catching skills were collected 
by the same research team using standardised techniques 
in adolescents aged 13–14 years (UK Year 9) over 6 years 
from 2014 to 2019. A representative sample of three 
schools from the Oxfordshire region were contacted, 
covering a broad socioeconomic demographic, and 
were enrolled in the study, with formal consent from the 
head teacher. Measurements were carried out as part of 
enhanced PE lessons at the schools. These lessons formed 
part of the screening process to recruit participants into 
three clinical studies (Exploring the Impact and Feasi-
bility of a Pathway to Sport and Long- term Participation 
in Young People (EPIC; NCT02517333), The Rhythmic 
Motor Learning in Children with Developmental Coor-
dination Disorders (EPIC2; NCT03150784) and the 
Oxfordshire Sedentariness, Obesity and Cardiometa-
bolic Risk in Adolescents—A Trial of Exercise in Schools 
(OxSOCRATES; NCT04118543)). These studies involved 
public input at the design, conduct and dissemination 
stages.

Setting
Each school sent a comprehensive information sheet, 
prepared by the research team and reviewed by the 
relevant ethics board, to all parents. The schools were 
custodians of the data and the parents or guardians were 
asked by their school to complete a form if they objected 
to their child’s anonymised data being analysed by the 
research team (opt- out informed consent). The average 
opt- out across all three schools was <5%.

Participants
All students were enrolled in Year 9 at the start of the 
academic year of 2014 or each subsequent year until 
2019. Exclusion criteria consisted of any known medical 
conditions that could explain deficits in movement or 
the inability to participate in general PA. These included 
pathology in cognitive, neurological, musculoskeletal, 
behavioural or visual function. This was screened using a 
Physical Activity Readiness Questionnaire.20

Procedure
Data collection took place in each school’s sports hall 
during timetabled PE lessons. Each exercise measure 

was set up at individual stations and the students rotated 
between them in groups of 4–5. Each station was 
controlled by an experienced researcher from Oxford 
Brookes University, with each session supervised by two 
PE teachers from the school. Not all measurements were 
carried out at each time point. Data were not collected 
for the 20 m shuttle run, the ball catching task and grip 
strength in 2014. Furthermore, there were no broad 
jump data in 2018.

Measures
Height and weight were measured with a portable 
Harpenden Stadiometer (Holtain, Crymych, UK) and a 
SECA medical 770 digital floor scale (SECA, Hamburg, 
Germany), respectively. Participants were dressed in 
light sports clothing and were instructed to remove 
their shoes. Height and weight were used to calculate 
body mass index (BMI), which is presented as age and 
sex- independent z- scores (WHO).21 A battery of health- 
related fitness (HRF) measures was then assessed, 
including grip strength, broad jump, CRF and MC.

Grip strength was used as a proxy of total muscle 
strength as they are strongly correlated in adolescents.22 
The Takei TKK 5001 hand- held dynamometer (P&A 
Medical, Chorley, UK) was used to evaluate the highest 
grip strength from a maximum of three attempts. Each 
participant was instructed to squeeze the dynamometer 
as hard as possible, while they were in a standing posi-
tion with their elbow fully extended and their arm resting 
comfortably by their side.

Power was measured using the broad jump, as it has 
been strongly correlated with a one- repetition maximal 
leg extension test.23 Participants were instructed to stand 
with both feet behind a marked line and jump as far as 
possible, landing with their feet together. The longest 
jump out of two attempts was recorded.

CRF was measured using the 20 m shuttle run 
test.24 25 Participants were instructed to run back and 
forth between two markers that were 20 m apart. The time 
required to run between each marker became shorter as 
the test progressed, requiring participants to run faster. 
The participants were verbally encouraged to produce a 
maximal effort and were withdrawn from the test when 
they failed to reach the marker within the allotted time 
on three consecutive occasions, or they withdrew from 
the test themselves. The total number of shuttles that 
they achieved was recorded as their score.

Over the study period, two very similar throwing and 
catching tasks were used to assess upper limb MC. The 
first was the alternate hand ball toss.26 In this, each 
participant threw a tennis ball in an underarm action 
against a wall and attempted to catch it with the oppo-
site hand. The number of successful catches in 30 s 
was recorded. The second was the ‘catching with one 
hand’ measure from the Movement Assessment Battery 
for Children- 2 age band 3 (11–16 years).27 28 In this, 
each participant threw a tennis ball with one hand at 
a wall and attempted to catch it with the same hand. 
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The number of successful catches, out of 10 attempts 
for each hand, was recorded. Although these two 
assessments differ slightly in their difficulty, they are 
highly correlated. Therefore, their rank order would 
be expected to be similar or the same in most popu-
lations. On this basis, we converted each measure to 
their z- scores (SD score) so that rank order could be 
compared between these groups.

The total number of hours dedicated to teaching PE 
was collected from the UK Annual School Workforce 
Census.29 In this census, all state (UK)- funded secondary 
schools reported the total hours of PE lessons taught each 
year to students from year 7 to year 13 (11–17 years old).

Statistical analysis
Statistical analysis was performed using STATA (V.16.1, 
StataCorp, College Station, Texas). All data were found 
to be normally distributed on visual inspection of 
histogram plots. Little’s missing completely at random 
(MCAR) test was used to assess the missingness of the 
data.30 Independent t- tests were used to assess the differ-
ence in HRF measures between sexes. Linear regressions 
were performed to assess the temporal trends of each 
HRF measure. These relationships were also assessed 
for interactions with fitness and BMI z- score over time. 
Each model was adjusted for school31 and sex because 
school catchment areas differed by Index of Multiple 
Deprivation (IMD).32 Grip strength, broad jump and 
ball catching were all additionally adjusted for height to 
account for inherent advantages of greater physical size 
in these measures. CRF was split into low (30 shuttles), 
medium (50 shuttles) and high (70 shuttles) tertiles, and 
BMI categories were determined by WHO thresholds (<1 
z- score=normal weight, ≥1 to 2 z- scores=overweight and 
>2 z- scores=obese). Statistical significance was defined as 
p<0.05.

Patient and public involvement
Patients and/or the public were involved in the design, 
or conduct, or reporting, or dissemination plans of this 
research.

RESULTS
A total of 2651 participants took part in school screening 
assessments between September 2014 and December 
2019. A summary of HRF measures is given in table 1, 
showing the expected sex differences in height, strength, 
fitness and upper limb MC. There was a statistically signif-
icant difference in BMI z- scores between sexes, but the 
magnitude of this was clinically unimportant. All partic-
ipants had data on sex and 94% had complete data on 
height and weight. In 2014, only broad jump was assessed 
and was recorded for 84% of participants. In 2018, all 
HRF measures except broad jump were assessed and 
were available for 62% of participants that year. In other 
years, 80.4% of participants had complete HRF data sets. 
Some missing data were due to lesson time limitations. 
For all years except 2014 and 2018, we tested for data 
MCAR and showed that the missingness of data on sex 
(p=0.16), BMI (p=0.50) and fitness (p=0.17) was random.

Across the three schools, IMD ranged from the 1st to 
the 4th quintile and regression analyses were adjusted 
accordingly. Analyses were also adjusted for sex, given 
significant sex differences in HRF measures (table 1). 
Grip strength, broad jump and ball catching were addi-
tionally adjusted for height.

Figure 1 shows the total amount of time dedicated to 
PE lessons across all state- funded secondary schools in 
the UK from 2010 to 2019. In total, PE hours decreased 
by 53 075 (16%) from 333 800 in 2010 to 280 725 in 2019. 
We chose to report a wider temporal window than is 
encompassed by our HRF assessments, to better illustrate 
the overall trend and because declines in taught PE in 
earlier years may have impacted on our students before 
they reached Year 9.

Table 2 reports the linear trends of each HRF measure 
over time. Height and weight have increased significantly 
since 2014. There was no significant trend in BMI z- scores 
over the same period. Grip strength, broad jump and total 
shuttles reduced significantly with time. Thus, strength, 
power and CRF levels have all decreased in adolescents 
aged 13–14 years since 2014–2015 with a parallel increase 
in body weight and height but not in adiposity. Further-
more, upper limb MC has significantly decreased since 

Table 1 Summary characteristics

Girls Boys

n Mean±SD n Mean±SD P value

Weight (kg) 1113 54.9±12.0 1386 55.0±12.5 0.78

Height (cm) 1141 161.9±7.6 1392 166.0±9.2 <0.001

BMI z- score (WHO) 1111 0.3±1.2 1380 0.2±1.3 0.008

Grip strength (kg) 1144 24.4±5.4 1381 27.1±7.4 <0.001

Broad jump (cm) 1065 146.7±25.6 1305 168.2±28.6 <0.001

Total shuttles 1065 43.1±19.4 1251 62.3±26.2 <0.001

Ball catching (SDS) 947 −0.4±1 1148 0.4±0.9 <0.001

BMI, body mass index; n, sample size; SDS, SD score.
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2015. To illustrate these trends, the marginal means of 
each HRF measure are plotted by sex in figure 2.

The interactions between CRF and the trends of HRF 
measures are illustrated for three tertiles of CRF in 
figure 3. There were significant interactions for broad 
jump and grip strength, with the steeper declines in 
these measures for the low CRF segment of the popu-
lation compared with those with higher CRF. Figure 4 
shows the interactions between BMI and year for each 
HRF measure. There were significant interactions for 
CRF and MC, with steeper declines in these measures in 
the normal- weight segment of the population and no real 
change in those who were overweight or obese.

DISCUSSION
Over 6 years, from 2014 to 2019, we observed a declining 
trend in CRF, MC, muscle strength and power, alongside 
positive trends for weight and height, but not BMI, in 
UK adolescents. These changes in HRF measures coin-
cided with a reduction in PA through taught PE hours 
across UK secondary schools. Our findings are the first 

demonstration in adolescents that the declines in HRF 
measures that are similar to those that have been reported 
in younger children are also occurring in UK secondary 
schools and may in part be related to declining PE.13 33 34 

Figure 1 The total hours of taught physical education (PE) 
lessons for secondary school (11–17 years old) students from 
2010 to 2019.

Table 2 Trend analysis of linear regressions of health and fitness measures over time for adolescents aged 13–14 years

B coef St β coef 95% CI P value

Height (cm)* 0.65 0.11 0.40 to 0.89 <0.001

Weight (kg)* 0.56 0.07 0.21 to 0.91 0.002

BMI z- score (WHO)* 0.01 0.01 −0.03 to 0.04 0.78

Grip strength (kg)† −0.60 −0.12 −0.78 to −0.41 <0.001

Broad jump (cm)† −1.16 −0.06 −1.99 to −0.34 0.006

Total shuttles* −1.85 −0.10 −2.58 to −1.12 <0.001

Ball catching (SDS)† −0.12 −0.16 −0.15 to −0.08 <0.001

95% CI of the unstandardised beta coefficient.
*Adjusted for school and sex.
†Adjusted for school, sex and height.
B coef, unstandardised beta coefficient; BMI, body mass index; SDS, SD score; St β coef, standardised beta coefficient.

Figure 2 Estimated marginal means and 95% CIs of health- 
related fitness measures from 2014 to 2019. The solid blue 
lines and triangles represent boys and the red dashed lines 
and circles represent girls. BMI, body mass index; SDS, SD 
score.
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We demonstrate declines in MC, which have not been 
reported before, and which are likely to impact on future 
exercise habits and cardiorespiratory health in these year 
groups. Notably, we found that over this period, fitness 
and MC have been declining more in normal- weight 
young people than their overweight peers. This may 
be particularly important as their normal weight could 

mean that their declining health status is less likely to 
be detected. We also found that strength and power are 
declining more steeply in people with low CRF compared 
with those with higher CRF. One possible reason for this 
is that such individuals may not participate in sport or 
fitness- related activities outside of school and thus be 
entirely reliant on the structured exercise training that 
PE delivers. Considering that adolescent measures of 
cardiorespiratory and muscle fitness are strongly related 
to morbidity in adulthood,35 36 and are better predic-
tors than similar measures made earlier in life,37 our 
research reveals a worrying trend in HRF that may cause 
burgeoning health problems in future adult populations.

Low- grip strength and power in children and adoles-
cents are four times more likely to persist into adulthood 
compared with high strength and power.37 Previous 
evidence indicated that a reduction of 1 SD in childhood 
grip strength is associated with 34% greater incidence 
of pre- diabetes or type 2 diabetes in adulthood.38 Based 
on this, our finding of a 0.2 SD reduction in adolescent 
grip strength over the last 5 years might be expected to 
result in a 7% increase in pre- diabetes or type 2 diabetes 
in future adult populations. Given that the annual UK 
economic burden of these disorders was estimated at 
£11.7 billion in 2012 and is likely to have risen since,39 
this decline in adolescent HRF would correspond to at 
least £820 million greater costs per year in future popu-
lations if it is representative of a UK- wide change. This 
highlights an urgent need for regulated HRF moni-
toring in schools and political/educational interventions 
designed to reverse the trends illustrated here.

Acquiring muscle power in adolescence has also been 
shown to reduce the risk of adult metabolic syndrome.36 
Evidence from Fraser et al36 suggests adolescents with 
high muscle power have a lower relative risk (0.26) of 
acquiring metabolic syndrome in adulthood, compared 
with adolescents with low muscle power. Our current 
study reports a 0.3 SD decline in adolescent muscle 
power over the past 6 years and this, in combination 
with low muscle strength, may have an additive effect on 
future morbidity. Our current findings clearly highlight 
a need to assess children and adolescent muscle strength 
and power and to consistently monitor them over time.13

A number of different factors such as PA enjoyment, self- 
perceived MC and extracurricular factors such as access 
to supervised PA and exercise equipment may explain 
these reductions in fitness, MC and muscle strength and 
power.40 41 A number of studies have reported that very few 
children and adolescents are meeting the recommended 
guidelines for daily PA.42 Part of this inability to meet the 
guidelines may be as a result of reduced opportunities for 
young people to be physically active. We propose that one 
environment where all children and adolescents spend 
the majority of their time and have access to regular PA is 
school. Data suggest that school is where the majority of 
PA is performed by children and adolescents and that this 
is largely in PE lessons.15 These PE lessons provide young 
people with the opportunity for regular PA and provide 

Figure 3 Estimated marginal means and 95% CIs 
illustrating the interactions between fitness and year for 
three fitness tertiles: low fitness (blue circles with solid line), 
moderate fitness (green triangles with short dashes) and high 
fitness (orange squares with long dashes). BMI, body mass 
index; SDS, SD score.

Figure 4 Estimated marginal means and 95% CIs 
illustrating the interactions for body mass index (BMI) and 
year for three BMI categories: obese (orange squares with 
long dashes), overweight (green triangles with short dashes) 
and normal weight (blue circles with solid line). SDS, SD 
score.
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greater exposure to vigorous forms of PA, which yield 
better health outcomes compared with moderate forms 
of PA.14 Structured PE lessons may also train students 
better in MC and coordination skills that are important 
for engendering a desire to exercise outside of PE and 
thus have extended benefits. Our study is the first to 
report that the number of taught PE lessons has declined 
continuously and steeply over the past decade. Although 
our study was not designed to test the impact of PE lessons 
on HRF directly, it seems empirically unlikely that there 
would be no detrimental effects of declining exposure 
to PE, given the well- known benefits of exercise. These 
reductions in HRF measures may have been further exac-
erbated by a change in the type of PE lessons provided.43 
Evidence from the Fit to Study project indicated that very 
few students are performing any significant degree of PA 
within the PE lesson and the majority of lessons taught are 
ones in which the lowest levels of PA and exercise inten-
sity are recorded.43 This should lead to further research 
exploring, which PE lessons produce the highest amount 
of PA while allowing the students to learn the required 
fundamental movement skills.

Strengths and limitations
Our study has some notable strengths and limitations. 
The sample size was large and addressed whole- year 
groups at the same age over up to 6 years in schools 
that together represent a broad socioeconomic section 
of society. However, the samples were all drawn from a 
single county and may, therefore, not be representative 
of changes throughout the UK. The serial cross- sectional 
design does not address changes within the same cohort 
of students. This limited our ability to address whether 
some changes preceded others and might, therefore, 
be causal. However, this was not the intention of this 
study, which was designed to address serial cross- sectional 
trends in a public health context. The study also did not 
address exposure to PE or PA levels in or out of school 
in the individuals studied and cannot therefore directly 
address the possibility that declining CRF was caused by 
other declines in PAs. Nevertheless, we propose there is 
strong evidence that PE may be important for overall PA 
in this age group14 15 and flag the national evidence of 
declining exposure to PE.29

CONCLUSION
This study is the first to report declining CRF, MC, muscle 
strength and power in recent years in a relatively large 
and diverse sample of UK adolescents. This has coin-
cided with a drastic reduction in the number of taught 
PE lessons over the last decade. We also add evidence 
that muscle strength and power are declining quickest 
in adolescents with low fitness while CRF and MC are 
declining most in normal- weight adolescents. We suggest 
that a programme of monitoring should be a priority in 
all school- age children and adolescents and interventions 
could be swiftly established in schools, which focus on 
increasing PE lessons frequency and duration to reverse 

these adverse trends, thereby preventing expected, costly 
and serious adverse consequences for future population 
health.
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