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“Football training is an 
effective combination 
of cardio, endurance 
and strength 
training, making it 
optimal for broad-
spectrum prevention 
and treatment of 
non-communicable 
diseases.”

“Football is a strong 
and important tool 
for global health 
promotion. It’s 
versatile, effective, fun 
and social, and it’s a 
global language.”

Professor Peter 
Krustrup 
University of Southern 
Denmark, 
Leader of the “Football is 
Medicine” platform

Supplementary Summary
Football as Medicine

The first pilot studies of “Football for Health” were initiated in 2003 by 
a research group in Denmark led by Peter Krustrup, professor of sport 
and health sciences. These included observational studies on movement 
patterns, exercise intensity and health benefits in football training for 
untrained young people, Old Boys club teams and the Danish national 
homeless team. Remarkable results led to the initiation of the first 
randomised controlled trials (RCTs) in 2006. This work kickstarted a long 
journey that established football as effective broad-spectrum prevention 
(see SJMSS Special Issue 2010) and as a treatment and rehabilitation 
strategy for a broad range of patient groups (see SJMSS Special Issue 
2014), leading to the creation of the “Football is Medicine” platform (see 
SJMSS Special Issue 2018).

The evidence for “Football is Medicine” is based on more than 175 peer-
reviewed articles published across 35 international scientific journals, 
including five special issues, and several textbooks demonstrating 
that football is a social, joyful, popular and health-enhancing activity. 
Due to its combination of aerobic high-intensity interval training (HIIT), 
endurance training and strength training, only 60 min of football twice 
a week can induce broad-spectrum fitness and health effects in various 
populations across the lifespan. This comprehensive work has evolved 
into the recognition of football as broad-spectrum medicine against non-
communicable diseases such as type 2 diabetes (T2D), hypertension, 
osteopenia and prostate cancer (Oja et al. 2015, Milanović et al. 2015, 
Milanović et al. 2019, Milanović et al. 2022), supporting the concept that 
“Football is Medicine – It is time for patients to play!” (Krustrup and Krustrup 
2018) and “Football is for All, Football is for Life, Football is Medicine” 
(Krustrup and Krustrup 2018).
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Introduction
Non-communicable diseases are responsible for 
74% of deaths worldwide (WHO 2022) headed by 
cardiovascular disease (CVD) and followed by cancer, 
diabetes and chronic respiratory diseases. Conditions 
like T2D, prediabetes, obesity and hypertension are 
modifiable drivers for the development of CVD (Laslett 
et al. 2012). The prevalence of obesity, prediabetes and 
T2D is escalating at an alarming rate worldwide (Shaw 
et al. 2009). Physical inactivity is considered the primary 
cause of most non-communicable diseases (Booth et 
al. 2012). As a consequence of physical inactivity, insulin 
secretion increases as insulin sensitivity falls. If insulin 
sensitivity declines further, insulin secretion cannot 
compensate for the reduced insulin sensitivity, resulting 
in the condition known as prediabetes. If left untreated, 
this progressive impairment in glucose regulation will 
lead to T2D (Jagannathan et al. 2017).

T2D is a systemic metabolic disease characterised 
by hyperglycaemia and abnormalities in glucose, fat 
and protein metabolism (Campbell 2009). Persistently 
high blood glucose levels cause vascular damage 
affecting the heart, eyes and kidneys, which can lead 
to chronic conditions such as CVD, blindness, kidney 
failure and lower-extremity amputations (Hayashino 
et al. 2014). T2D imposes a large economic burden on 
the healthcare system (American Diabetes Association 
2018), increased mortality and reduced quality of life 
(Baena-Díez et al. 2016). By managing risk factors for 
T2D and diabetes-related complications at an early 
timepoint, medical costs can be dramatically alleviated 
(Shrestha et al. 2018).

People with prediabetes or T2D usually face broad-
spectrum pathophysiological challenges, such as poor 
cardiovascular health, obesity, low muscle mass, low 
cardiorespiratory fitness (Flores-Le Roux et al. 2011), low 
skeletal muscle mitochondrial function (Wojtaszewski 
2009) and poor bone health (Kulkarni et al. 2017). This 
highlights the need for initiatives that induce broad-
spectrum health improvements beyond blood glucose 
management in the prediabetes and T2D population. It 
is acknowledged that physical activity has a protective 
effect on T2D (Booth et al. 2012, Knowler et al. 2002), 
and exercise has been demonstrated to induce 
remission of early T2D (Gregg et al. 2012). Exercise 
is now considered a cornerstone in the prevention 
and management of T2D, along with optimal dietary 

practice and pharmacological treatment (Balducci et 
al. 2014, Pedersen et al. 2015). Recently, a systematic 
review found that physical interventions are worth the 
investment for T2D control (Barbosa et al. 2022).
Low-to-moderate-intensity aerobic training, such 
as brisk walking, continuous running or cycling, 
in combination with strength training has been 
recommended for the prevention of cardiovascular 
and metabolic diseases (Pedersen et al. 2015). Recent 
studies have shown that training modalities such as 
high-intensity interval training induce larger effects on 
metabolic and cardiovascular fitness, and even positively 
affect musculoskeletal fitness (Nybo et al. 2010). 
However, adherence to exercise recommendations 
in type 2 diabetics is generally poor (Donahue et 
al. 2006). The primary perceived barriers for type 2 
diabetics taking up exercise regularly are age, excess 
body weight, negative perceived health and lack of 
opportunity to exercise locally (Forechi et al. 2018). 
Exercise initiatives supporting long-term adherence 
are therefore highly warranted in this population, and 
important motivational aspects for this population are 
reported as enjoyment of exercise, mental and physical 
health benefits, and social interactions (Lidegaard et al. 
2016).

“Football is Medicine” represents a joyful, group-based 
training type favouring long-term adherence to physical 
activity (Ottesen et al. 2010, Elbe et al. 2010, Nielsen 
et al. 2014). It is highly effective for inducing broad-
spectrum health effects targeting risk factors for non-
communicable diseases (Milanović et al. 2015, Milanović 
et al. 2019, Milanović et al. 2022). The “Football is 
Medicine” concept consists of motivational and inclusive 
training sessions encompassing warm-up activities 
with injury-preventing strength and balance exercises, 
followed by pair-based technical drills and small-sided 
games that are adjusted to the physical capacity of the 
participants (for inspiration, see the concept manuals 
“Football Fitness” and “Football for the Heart”). This 
type of football training has been tested in prediabetics 
(Skoradal, Weihe, et al. 2018, Forechi et al. 2018), type 2 
diabetics (Andersen, Schmidt, Thomassen, et al. 2014, 
de Sousa et al. 2014, Barbosa et al. 2020), hypertensive 
people (Mohr et al. 2014), elderly people (Helge et al. 
2014), females across the lifespan (Krustrup, Helge, et 
al. 2018) and sedentary healthy individuals (Krustrup, 
Aagaard, et al. 2010, Bangsbo et al. 2015). 
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Recreational football as an engaging, variable 
and intense activity 
Football is a very popular sport worldwide with the 
potential to engage subjects who would otherwise not 
be physically active (Pringle et al. 2014, Krustrup et al. 
2017).

When organising football according to the “Football 
is Medicine” concept, the activity appears to be 
engaging for a hard-to-reach population, resulting in 
moderate-to-high exercise intensity with the potential 
for remarkable health effects. The core structure of 
“Football is Medicine” dictates pair-based drills and 
football in small groups, which increases the individual 
involvement and facilitates social interactions. A sense 
of community, enjoyment of exercise and fairness are 
also promoted. This structure supports networking 
among the participants, promotes general well-being 
and develops social capital (Ottesen et al. 2010, Bruun 
et al. 2014, Nielsen et al. 2014). Interestingly, despite 
being a high-intensity activity, small-sided football is 
perceived as being less strenuous and having increased 
flow compared to individual sports such as running 
(Elbe et al. 2010, Krustrup, Hansen, Andersen, et al. 
2010). When it is fun, it is feels less hard and a well-
known barrier for compliance to taking the exercise 
pill is removed. Motivation, self-efficacy, enjoyment 
and social support are all important factors for active 
participation and long-term commitment. Introducing 
“Football is Medicine” can kickstart regular participation 
and long-term adherence for people with type 2 
diabetes.

“Football is Medicine” has proven to be an effective all-in 
one training method comprising endurance, aerobic 
high-intensity (HIIT) and strength training in participants 
irrespective of age, sex, socioeconomic background 
and skill level (Ottesen et al. 2010, Krustrup, Helge, 
et al. 2018, Krustrup, Aagaard, et al. 2010). Studies in 
prediabetics and type 2 diabetics participating in regular 
small-sided football training have demonstrated that 
this activity induces high cardiovascular loading, as 
confirmed by mean and peak heart rates of 80% and 
95% of HRmax (Skoradal, Weihe, et al. 2018, Andersen, 
Schmidt, Thomassen, et al. 2014, de Sousa et al. 2014) 
and 10-50% of total training time spent in the highest 
heart rate zone (above 90% of HRmax), as also observed 
in healthy untrained individuals (Randers, Nybo, et 
al. 2010), hypertensive people (Krustrup et al. 2013, 
Andersen et al. 2010) and prostate cancer patients (Uth 

et al. 2014). This physiological response to the training 
is achieved irrespective of age, sex, social status, skill 
level and prior experience of football (Randers, Nybo, et 
al. 2010, Randers et al. 2012), and importantly, despite 
the fragility of the patient groups, the training appears 
feasible and safe (Bjerre et al. 2019).

During intense muscle activity, the muscles produce 
lactic acid. Measuring lactate in the blood and in the 
muscles can be used to estimate the anaerobic energy 
turnover during physical activity. During recreational 
football training, we have observed large increases in 
blood lactate as well as increases in plasma ammonium, 
indicating intense activity periods, exemplified by 
increases from 2.1±0.3 to 8.2±1.3 mmol/L in type 2 
diabetic men playing football for 1 hour (Andersen, 
Schmidt, Thomassen, et al. 2014) and from 1.4±0.1 to 
6.0±0.7 mmol/L after 40 min of recreational football 
training in middle-aged people with type 2 diabetes 
(de Sousa et al. 2019). This is further supported by 
findings of increases in muscle lactate concentrations 
revealed by muscle biopsies showing that all muscle 
fibre types are recruited during small-sided football, as 
demonstrated by high glycogen utilisation in type I, type 
IIa and type IIx fibres (Krustrup, Christensen, et al. 2010, 
Randers, Nybo, et al. 2010).

Further analyses of motions measured by GPS and 
accelerometers have demonstrated that small-sided 
football constitutes multiple sprints, accelerations, 
decelerations, turns, shoots and jumps (Pedersen et al. 
2009, Randers, Nybo, et al. 2010, Krustrup, Christensen, 
et al. 2010) providing a high impact on muscles and 
bones. Total distance during a 1-hour football session 
in type 2 diabetic men was 4.7±0.2 km (Andersen, 
Schmidt, Thomassen, et al. 2014). Furthermore, despite 
a low total running distance (2.65 km) during a 45-min 
recreational football training session for elderly men 
with prostate cancer, the participants performed 194, 
296 and 100 accelerations, decelerations and running 
bouts, respectively, and, interestingly, the number 
of decelerations during training was also positively 
correlated with the overall training effects on bone 
mass (Uth et al. 2016) Together, these findings provide 
evidence that football training is an intense and versatile 
activity type with a high impact on muscles and bones, 
thereby providing variable stimuli for musculoskeletal 
fitness and health.

Given the above-mentioned activity profile, “Football 
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is Medicine” has proven to be a combination of 
endurance, strength and high-intensity interval 
training (HIIT), independently of skill level and sex, as 
described in the holistic “Football is Medicine” model 
(Krustrup and Krustrup 2018). This kind of all-in-one 

training regime stimulates multiple physiological areas, 
such as metabolic fitness, musculoskeletal fitness 
and cardiovascular fitness, providing the possibility of 
substantial broad-spectrum health effects (Milanović et 
al. 2015, Milanović et al. 2019, Milanović et al. 2022). 

Figure 1.
The holistic “Football is Medicine” model describing the training components of football training, the 
training-induced adaptations in fitness and health variables, the link between the training stimuli and 
cardiovascular, metabolic and musculoskeletal fitness, and the use of football training in the prevention, 
treatment and rehabilitation of non-communicable diseases, as well as the psychosocial elements of football 
training organised as per the Football Fitness concept with 1-hour sessions with a proper warm-up, pair-
based football exercises and 2v2-5v5 football drills with rules adapted to the participant group. This type of 
football training is organised so that it is for almost everybody, it is for life, results in few injuries compared 
to 11v11 match-play, and has positive long-term psychosocial training-induced effects and the possibility 
of creating adherence to an active lifestyle. Presented with permission, Krustrup and Krustrup, 2018, BJSM 
(Krustrup and Krustrup 2018).
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Remarkable broad-spectrum fitness and 
health effects
Physical inactivity increases the risk of conditions such 
as impaired glucose tolerance, hypertension, obesity, 
unhealthy blood lipid profiles, poor aerobic fitness 
and low muscle mass. These unhealthy conditions, 
independently or in combination, are risk factors for 
chronic diseases and premature death (Lee et al. 1999). 
However, these risk factors are modifiable and can be 
positively affected by exercising regularly with sufficient 
intensity and volume. 

When football is played twice a week for 60 minutes and 
organised as small-sided games (two to five players on 
each team), along with applied rules and no tournament 
structure, the physiological and psychological benefits 
are remarkable in people with prediabetes and 
T2D, as well as in many other clinical populations, 
such as people with hypertension, prostate cancer, 
breast cancer and osteopenia (Krustrup et al. 2020). 
Studies of 3-12 months of “Football is Medicine” have 
demonstrated how clinical benefits can be achieved 
in prediabetes and T2D, and the following provides an 
overview in relation to cardiovascular, metabolic and 
musculoskeletal health.

Effects on cardiovascular health
T2D is an independent risk factor for CVD and 
microvascular complications. Among people with T2D, 
the rate of CVD is about twice as high compared to 
healthy subjects (Sarwar et al. 2010, Coutinho et al. 
1999). Intensive glycaemic control has been proposed 
as an effective strategy to reduce the burden of CVD 
and microvascular complications in type 2 diabetics, 
however a lowering of fasting glucose or HbA1c may not 
reflect a decreased risk of complications (Boussageon 
et al. 2011). Type 2 diabetics tend to have poor aerobic 
fitness levels (de Sousa et al. 2014), endothelial 
dysfunction, decreased myocardial perfusion and 
impaired mitochondrial function entailing exercise 
impairment (Reusch et al. 2013). Remission of T2D has 
been associated with increased fitness levels after a 24-
week exercise period without concomitant weight loss, 
suggesting the remission was due to exercise and not 
just dietary changes (Ried-Larsen et al. 2019).

“Football is Medicine” involves high-intensity aerobic 
periods stimulating the heart and cardiovascular 
system. Compared to continuous running, for ~20% 
of total training the aerobic intensity is above 90% of 

HRmax, while during running the time spent above 90% 
of HRmax is only 1% (Krustrup, Nielsen, et al. 2009). 
Meta-analysis has revealed average increases of 3.5 
mL·min−1·kg−1 in aerobic fitness after 3-4 months of 
“Football is Medicine” training (Milanović et al. 2015). The 
improvement equates to 10.3%, sufficient to prevent 
the 5–10% decrease per decade related to physiological 
ageing (Hawkins et al. 2003). Improved aerobic 
fitness has also been found in type 2 diabetics and 
hypertensive people (Milanović et al. 2015). 48-65-year-
old Brazilians achieved improvements of 10% after 
40 min of football three times per week combined 
with a calorie-restricted diet (de Sousa et al. 2014). 
Similarly, 55–70-year-old Faroese men and women 
with prediabetes playing football and receiving dietary 
advice increased their aerobic fitness by 14% (Skoradal, 
Weihe, et al. 2018). Type 2 diabetics playing football for 
3-6 months increased their aerobic fitness, from 30.5 to 
34.1 mL·min−1·kg−1, as well as their endurance capacity 
(Schmidt et al. 2013). For type 2 diabetics who increase 
aerobic fitness by 5 mL·min−1·kg−1, it is estimated that 
reductions in CVD mortality of 39-70% can be achieved 
(Church et al. 2005).

In addition, indications of increased heart structure 
and function following football training have been 
demonstrated by changes in left ventricular dimensions, 
systolic and diastolic function, and amelioration of right 
ventricular function in men with T2D, hypertensive men, 
elderly men and untrained premenopausal women 
(Schmidt et al. 2013, Andersen, Schmidt, Thomassen, et 
al. 2014). The type 2 diabetics also achieved increases in 
muscular capillarisation, which may decrease peripheral 
vascular resistance, contributing to a lowering of blood 
pressure (Andersen, Schmidt, Thomassen, et al. 2014). 
Additionally, small-sided football is associated with a 
moderate decrease in resting heart rate of 4-12 bpm 
(Milanović et al. 2015). Improved myocardial structure 
and function, for example increased left and right 
ventricular systolic function, may reduce the risk of CVD 
and are highly relevant for people with T2D, however the 
long-term effects of football on cardiovascular morbidity 
and mortality await further research.

Lastly, following 12-16 weeks of recreational football 
organised as small-sided games, systolic blood pressure 
(SBP) was lowered by 7-9 mmHg and diastolic blood 
pressure (DBP) by 3-5 mmHg in normotensive men 
and women (Krustrup, Nielsen, et al. 2009, Krustrup, 
Aagaard, et al. 2010), which was maintained after 1 
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year despite a reduction in training frequency from 2.4 
to 1.3 times per week (Randers, Nielsen, et al. 2010). 
Further studies in hypertensive men and women 
showed reductions in blood pressure of around 
10 mmHg (SBP 10-13 mmHg and DBP 6-9 mmHg), 
representing a larger reduction in hypertensive patients 
than in normotensive individuals (Andersen et al. 2010, 
Andersen, Schmidt, Thomassen, et al. 2014, Krustrup 
et al. 2013, Knoepfli-Lenzin et al. 2010). Additionally, 
it was observed that middle-aged men with mild-
to-moderate hypertension performing 6 months of 
small-sided recreational football achieved a larger 
reduction in blood pressure (SBP: 13 mmHg; DBP: 8 
mmHg) compared to individuals receiving traditional 
physician-guided advice on a healthy diet and physical 
activity (SBP: 8 mmHg; DBP: 3 mmHg) (Krustrup et 
al. 2013). According to a meta-analysis, 12-16 weeks 
of recreational small-sided football can lead to 
reductions of 11/7 mmHg in middle-aged individuals 
with mild-to-moderate hypertension (Milanović et al. 
2019). In summary, these observations demonstrate 
that recreational small-sided football is effective for 
preventing the development of hypertension as well as 
representing a possible non-pharmacological treatment 
for hypertension. In conclusion, the high vascular 
loading from small-sided football markedly improves 
the cardiovascular health of prediabetics and type 2 
diabetics.

Effects on metabolic health 
Obesity is associated with cardiometabolic risk factors 
such as T2D, hypertension and dyslipidaemia (Swinburn 
et al. 2005) and related to insulin resistance, which play 
a central role in the relationship between metabolic 
syndrome and obesity (Alberti et al. 2005). In particular, 
abdominal fat and fat located around the organs seem 
to play a crucial role (Unger 2002, Montague et al. 
2000). The abnormalities in abdominal fat and blood 
lipids (high levels of TG and LDL cholesterol and low 
HDL cholesterol) are closely related to CVD (Mullugeta 
et al. 2012, Wiklund et al. 2008), and obesity is an 
important risk predictor for the incidence of prediabetes 
and T2D.

Remarkable changes in body fat (-3.4 kg) have 
been observed in people with T2D after short-
term interventions involving recreational football in 
combination with a calorie-restricted diet. Fat mass was 
reduced to the same extent as calorie-restricted diet 
alone (-3.7 kg) (de Sousa et al. 2014). Likewise, football 

in combination with dietary advice resulted in greater 
fat loss (-3.4 vs -2.1 kg) than professional dietary advice 
alone (Skoradal, Weihe, et al. 2018). Meta-analyses have 
revealed fat mass loss of around 1-3 kg after short-term 
football training (Milanović et al. 2019, Oja et al. 2015). 
Yet even larger reductions in fat mass (2.3 kg) have 
been observed in sedentary women playing recreational 
football, together with increased muscle mass (1.2 kg) 
(Mohr et al. 2014). Due to the association with CVD, such 
a decrease in fat mass is considered very favourable 
(Wiklund et al. 2008), especially since muscle mass is 
preserved, and in some cases even improved (Skoradal, 
Weihe, et al. 2018). The changes in fat mass may help 
to counteract the risk of developing obesity-related 
disorders such as T2D and CVD (Srikanthan et al. 2011, 
Bigaard et al. 2005, Booth et al. 2014), establishing 
the findings as clinically relevant. Overall, “Football is 
Medicine” induces fat mass loss and a more favourable 
body composition, which may positively impact insulin 
sensitivity and glycaemic control (Okita et al. 2013).
Ageing is associated with loss of muscle mass, with a 
decline of 3-8% per decade from the age of 30 years 
and an even more aggressive decline from the age of 
60 (Volpi et al. 2004), and muscle mass declines further 
with the presence of T2D (Pedersen et al. 2015). Low 
muscle mass negatively affects physical function (Brill et 
al. 2000) and is associated with a 2-4-fold higher risk of 
developing T2D (Srikanthan et al. 2011, Evans 1997). By 
increasing muscle mass, or at least preserving it, muscle 
insulin sensitivity may be improved, lowering the risk of 
T2D. 

As observed in prediabetics playing football in 
combination with dietary advice, mean muscle mass 
increased by ~1 kg compared to the group only 
receiving dietary advice. This increase in muscle mass 
potentially increases muscle glycogen storage capacity, 
providing more effective clearance of glucose from 
the blood. Similar increases in whole-body lean body 
mass have been reported after small-sided football 
played 2-3 times per week for 60 minutes in untrained 
younger, middle-aged and homeless men (1.1-1.7 kg) 
(Randers et al. 2012, Krustrup, Nielsen, et al. 2009, 
Krustrup, Christensen, et al. 2010) and untrained 
premenopausal women (1.2-1.4 kg) (Krustrup, Helge, et 
al. 2018, Mohr et al. 2014, Krustrup, Hansen, Andersen, 
et al. 2010). Even elderly (~67 years) patients with 
prostate cancer undergoing androgen deprivation 
therapy have gained 0.7 kg muscle mass (Uth et al. 
2014). These training-induced increases are believed to 
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be caused by the intermittent and impactful character 
of football, involving for example multiple changes 
of direction, eccentric muscle actions, decelerations, 
stops and jumps (Randers, Nybo, et al. 2010, Krustrup, 
Christensen, et al. 2010), due to large ground and 
muscle reaction forces (Kelley et al. 2012). 
One of the mechanisms improving insulin sensitivity is 
the exercise-induced increased expression of glucose 
transporters-4 (GLUT4) in the skeletal muscle increasing 
the muscular glucose uptake (Daugaard et al. 2001). 
Resistance training can improve muscular GLUT4 
content in type 2 diabetics (Holten et al. 2004), and 
recently Mohr and colleagues demonstrated that GLUT4 
expression was upregulated in sedentary women after 
3-4 months of football played three times per week, 
indicating that skeletal muscle glucose uptake capacity 
can be upregulated through football (Mohr et al. 2017). 
T2D is related to low skeletal muscle mitochondrial 
function (Wojtaszewski 2009), which also seems to be 
improved by football training (Bangsbo et al. 2009, 
Nordsborg et al. 2015). Overall, the need for insulin to 
mediate clearance of a given amount of glucose may be 
reduced in T2D patients by playing football. 

De Sousa et al. demonstrated improved blood 
glucose control in type 2 diabetics after a combination 
of football and calorie-restricted diet (de Sousa 
et al. 2014). Similarly, Skoradal and colleagues 
demonstrated a decline in fasting blood glucose, from 
6.2 to 5.8 mmol·L−1, in prediabetics playing football in 
combination with dietary advice. This lowering left the 
blood glucose levels below the threshold for impaired 
glucose control (Skoradal, Weihe, et al. 2018), indicating 
that football in combination with dietary advice may 
decrease the risk of diabetes progression (de Sousa 
et al. 2017). Another study revealed that 24 weeks 
of football training may positively affect glycaemic 
control (Andersen, Schmidt, Thomassen, et al. 2014). 
Fasting blood glucose decreased and HbA1c levels 
were lowered from 7.4 to 7.0% in the football group, 
whereas the control group remained unchanged at 
7.5%. The lowering in HbA1c occurred after 12 weeks 
and remained at this level for the following 12 weeks 
(Schmidt et al. 2013, Andersen, Schmidt, Thomassen, 
et al. 2014). A 1% absolute lowering in HbA1c has 
been associated with a 15-20% reduction in major CVD 
endpoints (Fonseca 2004).

Dyslipidaemia elevates the risk of atherosclerosis and 
coronary artery disease (Durstine et al. 2002), and 

it has been estimated that a 1% lowering of LDL will 
decrease the relative risk of coronary artery disease 
events by 1-3% (Booth et al. 2012, Leon et al.). “Football 
is Medicine” training has resulted in reductions in 
LDL cholesterol of 0.2-0.4 mM in type 2 diabetics 
(Andersen, Schmidt, Thomassen, et al. 2014) and 0.4 
mM (6%) in homeless men (Randers et al. 2012) and 
hypertensive women (Mohr et al. 2014). Furthermore, 
more pronounced alterations have been observed in 
Brazilian type 2 diabetics, with decreases in TG, LDL 
cholesterol and HDL/LDL cholesterol ratio, however 
these reductions were due to football in combination 
with a calorie-restricted diet (de Sousa et al. 2014). This 
is not a consistent finding, but it does suggest that 
football may induce a greater effect on blood lipids than 
aerobic exercise (Milanović et al. 2019). Exercise training 
rarely results in reduced LDL and total cholesterol 
levels unless there is a concomitant loss of body weight 
(Leon et al. , Durstine et al. 2002). Thus, decreases in 
LDL cholesterol of 6% were observed in homeless men 
even though total body weight remained unchanged 
(Randers et al. 2012).

Moreover, it has been shown that the combination 
of football and diet markedly decreases biomarkers 
of muscle catabolism and improves blood glucose 
regulation to an even greater extent than dietary 
changes alone (de Sousa et al. 2017). This important 
finding may help preserve lean body mass and 
prevent sarcopenic obesity, which are well-known 
complications in older individuals with T2D (de Sousa et 
al. 2019). Furthermore, it has been suggested that this 
combination may downregulate the expression of genes 
related to muscle atrophy and preserve the anabolic 
and anti-inflammatory gene IL-15. The revealed findings 
could explain the observed improvements in glucose 
regulations and lipid profile, both of which help to 
mitigate the occurrence of comorbidities in T2D patients 
(da Silva Soares et al. 2022).

Effects on musculoskeletal health
Poor bone health is characterised by decreased 
bone mineral density (BMD) and increased risk of 
bone fractures. The prevalence of osteoporosis 
and osteopenia is continuing to escalate with the 
increasingly elderly population (Reginster et al. 2006). 
Compared to healthy individuals, it seems that the T2D 
population suffers from more recurrent falls (Pijpers et 
al. 2012), more severe fall-related injuries (Richardson 
et al. 1995), higher risk of bone fractures (Van Hulten 
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et al. 2021, Poiana et al. 2019) and increased risk of 
hospitalisation (Yau et al. 2013). Various aspects of bone 
structure, bone density and skeletal integrity appear 
to be affected by poor glycaemic control (Starup-Linde 
2013). This is a frequently overlooked complication, and 
the deteriorated glycaemic control in this population 
makes them more prone to fractures than the healthy 
population (Nicodemus et al. 2001, Vestergaard 
2007). Improving bone health and preventing falls 
are therefore highly relevant for populations such as 
prediabetics and type 2 diabetics who have elevated risk 
of poor bone health (Kulkarni et al. 2017).

Bone health
Musculoskeletal high-impact and dynamic loading 
induced by exercise seems to be of great importance 
for bone development and maintenance of bone mass 
(Wolff et al. 1999). However, to induce the largest 
osteogenic response it seems crucial that the loading 
is multi-directional and at a high speed producing 
large bone strain (Kelley et al. 2012), and with sufficient 
volume and frequency (Weaver et al. 2016). Football has 
been shown to be an intermittent, high-intensity activity 
characterised by multiple turns, accelerations and 
decelerations, and jumps causing large ground reaction 
forces and high rates of force applications to the bones 
(Krustrup, Hansen, Andersen, et al. 2010), so it has an 
activity pattern with the potential to induce osteogenic 
effects.

Cross-sectional data have revealed that bone mineral 
density (BMD) of the proximal femur as well as total 
BMD were significantly higher in males (65-80 years) 
who had played lifelong football compared to age-
matched untrained men. Despite an age difference of 
47 years, older football players had significantly higher 
leg BMD than untrained young males (Hagman et al. 
2018). Interventions involving recreational football have 
demonstrated osteogenic effects improving bone health 
across adult ages in men and women with prediabetes 
(Skoradal, Helge, et al. 2018), prostate cancer patients 
(Uth et al. 2018), untrained healthy young women 
(Helge et al. 2010, Krustrup, Hansen, Andersen, et al. 
2010, Jackman et al. 2013), middle-aged women (Mohr 
et al. 2015) and elderly men (Helge et al. 2014). 

The marked osteogenic effects have been evidenced 
by changes in bone mineral content (BMC) and BMD 
detected through DEXA scans and alterations at the 
cellular levels in plasma bone turnover markers. Marked 

increases in bone formation markers (osteocalcin 
and P1NP) and/or a bone resorption marker (CTX) 
have been observed in homeless men (Randers et 
al. 2012), 45-year-old women (Mohr et al. 2015) and 
55-70-year-old prediabetics (Skoradal, Helge, et al. 
2018). The latter study revealed a marked increase in 
osteocalcin and P1NP in women who played football, 
whereas no changes were observed in a control group 
and a high-intensity non-weight-bearing intermittent 
swimming group. It should be mentioned that 73% 
of the 55-70-year old prediabetics had indications of 
osteopenia, however the participants were still able 
to conduct the training at moderate and high aerobic 
intensities in a safe manner, and the training induced 
detectable increased lower-limb BMD and BMC, as 
observed in other patient groups with fragile bones 
(Uth et al. 2016, Uth et al. 2014). Recreational football 
revealed a 2.5-3.9% increase in BMD in clinically relevant 
sites, such as the femur shaft, the trochanter and the 
femoral neck. Leg BMD and BMC increased 3.0% and 
2.2%, respectively. This was further supported by an 
increase of 23-56% in plasma bone turnover markers 
(Skoradal, Helge, et al. 2018). Increases in leg BMC (14 
g) and total BMC (26 g) have also been detectable after 
only 12 weeks of football (Uth et al. 2014). A recent 
meta-analysis revealed that twice-weekly football 
interventions of 12-44 weeks resulted in significant 
increases in lower-limb BMD (0.02-0.05 g/cm2) and 
total BMD (0.01-0.03 g/cm2). Overall, it was concluded 
that 12-64 weeks of exercise improves lower-limb 
BMD when compared to no-exercise controls, whereas 
improvements in total BMD seem to require a longer 
exercise duration (Milanović et al. 2022). In summary, 
“Football is Medicine” is effective for maintaining and 
improving bone health in clinical populations, untrained 
middle-aged and older men and women. The above-
mentioned training adaptations induced by football 
appear to be site-specific, with the largest effects on 
lower-limb BMD and BMC, possibly related to the odd 
and high-intensity musculoskeletal impact induced by 
the movement pattern of recreational football. These 
favourable changes in bone mineralisation and bone 
turnover may counteract the impairment of bone 
metabolism in patient groups with fragile bones, such 
as prediabetics and type 2 diabetics.

Functional performance and postural balance           
The T2D population mainly consists of elderly and 
sedentary people, and loss of lean body mass and 
functional capacity is related to ageing. The decline in 
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functional capacity is related to a decline in muscle fibre 
number and size, which leads to a decrease in muscle 
strength, power and rate of force development (Aagaard 
et al. 2010). Consequently, the ability to manage 
important activities of daily living, such as climbing stairs 
and rising from a chair, is diminished, reducing quality 
of life (Hawkins et al. 2003). Due to the increased risk 
of falling and decreased bone health in type 2 diabetics 
(Kulkarni et al. 2017), improvement in functional 
performance becomes a relevant adaptation to achieve 
in this population. 

In particular, the ability to rapidly develop muscle force 
is crucial for regaining balance when exposed to sudden 
postural perturbations. Cross-sectional data have 
provided evidence that the rate of force development 
and postural balance were superior in old men with 
lifelong football experience compared to inactive age-
matched men (Sundstrup et al. 2010). After 32 weeks of 
recreational football, improved jump performance, stair 
climbing and sit-to-stand have been observed in healthy 
elderly individuals (Andersen, Schmidt, Nielsen, et al. 
2014). Similarly, men with prostate cancer undergoing 

ADT achieved an improvement in knee extensor muscle 
strength and sit-to-stand performance, in combination 
with an increased lean body mass of 0.7 kg, and 
improved leg BMD and total hip BMD (Uth et al. 2014). 
Women treated for early breast cancer also improved 
leg muscle strength and postural balance after 1 year 
of training (Uth et al. 2021). Improved postural balance 
was not detected in prostate cancer patients (Uth et 
al. 2016) and elderly men (Andersen, Schmidt, Nielsen, 
et al. 2014), but has been found (39-46%) in homeless 
men (Randers et al. 2012) as well as in untrained 
young men and women (Krustrup, Christensen, et al. 
2009, Krustrup, Hansen, Randers, et al. 2010, Randers, 
Nielsen, et al. 2010). These marked effects on muscular 
function, postural balance and functional capacity after 
recreational football are all elements that may prevent 
the risk of falling and related bone fractures and 
hospitalisation, especially in fragile populations (Bjerre 
et al. 2019). Furthermore, these training adaptations 
can benefit patients during everyday life activities as well 
as during exercise supporting functional independence 
and quality of life (Sundstrup et al. 2010). 

Conclusion

Prediabetes, T2D and other non-communicable 
diseases have become a worldwide health threat.  
By targeting risk factors such as inactivity, 
obesity, high blood pressure, aerobic fitness, 
hyperglycaemia, loss of muscle mass and 
bone mineral content, the progressive health 
burden can be diminished. The broad-spectrum 
pathophysiological challenges associated with 
prediabetes and T2D call for feasible initiatives that 
are effective for inducing health improvements 
beyond blood glucose management. “Football is 
Medicine” represents a fun, group-based training 
method favouring long-term adherence to physical 
activity and with the potential to engage hard-
to-reach populations. The training method is 
applicable to all populations irrespective of age, sex, 
socioeconomic background and level of football skill. 
It has proven to be an all-in-one training method 

that is highly effective for targeting important 
risk factors across adult ages and patient groups. 
Through the high-intensity intermittent nature of 
the activity, the high vascular loading markedly 
improves cardiovascular and metabolic health, 
which could help to mitigate the occurrence of 
comorbidities in people with T2D. The high and odd 
impact of the musculoskeletal system seems to 
induce favourable changes in bone mineralisation 
and bone turnover markers, which may counteract 
the impairment of bone metabolism, highly relevant 
for the T2D population associated with poor bone 
health and increased risk of falling. In general, the 
observed training effects benefit people during 
activities of daily living and exercise supporting 
functional independence and quality of life. “Football 
as Medicine”. “Treatment as Fun”. “Football is fun – It 
is time for patients to play!”
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Perspectives

This summary demonstrates how the “Football is 
Medicine” concept can be used as an effective tool 
in the prevention and treatment of cardiovascular 
diseases, prediabetes, T2D and other non-
communicable diseases. “Football is Medicine” alters 
body composition, decreases blood pressure and 
resting heart rate, and positively impacts glycaemic 
control, insulin sensitivity and unhealthy lipid profile, 
while improving aerobic fitness, heart structure, 
heart function, physical function and bone health. 

Based on these findings, “Football is Medicine” could 
play an important role in global health promotion 

and in the prevention and treatment of prediabetes 
and T2D.

Given the low expense and widespread popularity of 
sport, “Football is Medicine” has the potential to be 
a strong vehicle for public health promotion. With 
proper competency development, the “Football is 
Medicine” strategy can be applied by health workers 
and policy-makers around the world. Thus, it has 
already been highlighted by WHO as a best-practice 
example of an evidence-based concept that can be 
used as part of the global action plan for physical 
activity 2018-2030 (GAPPA).
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