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Abstract

Background Soccer is the most popular sport worldwide,

with a long history and currently more than 500 million

active participants, of whom 300 million are registered

football club members. On the basis of scientific findings

showing positive fitness and health effects of recreational

soccer, FIFA (Fédération Internationale de Football Asso-

ciation) introduced the slogan ‘‘Playing football for 45 min

twice a week—best prevention of non-communicable dis-

eases’’ in 2010.

Objective The objective of this paper was to perform a

systematic review and meta-analysis of the literature to

determine the effects of recreational soccer on maximal

oxygen uptake ( _VO2 max).

Methods Six electronic databases (MEDLINE, PubMed,

SPORTDiscus, Web of Science, CINAHL and Google

Scholar) were searched for original research articles. A

manual search was performed to cover the areas of recre-

ational soccer, recreational physical activity, recreational

small-sided games and _VO2 max using the following key

terms, either singly or in combination: recreational small-

sided games, recreational football, recreational soccer,

street football, street soccer, effect, maximal oxygen

uptake, peak oxygen uptake, cardiorespiratory fitness,
_VO2 max. The inclusion criteria were divided into four

sections: type of study, type of participants, type of inter-

ventions and type of outcome measures. Probabilistic

magnitude-based inferences for meta-analysed effects were

based on standardised thresholds for small, moderate and

large changes (0.2, 0.6 and 1.2, respectively) derived from

between-subject standard deviations for baseline fitness.

Results Seventeen studies met the inclusion criteria and

were included in the systematic review and meta-analysis.

Mean differences showed that _VO2 max increased by

3.51 mL/kg/min (95 % CI 3.07–4.15) over a recreational

soccer training programme in comparison with other

training models. The meta-analysed effects of recreational

soccer on _VO2 max compared with the controls of no

exercise, continuous running and strength training were

most likely largely beneficial [effect size (ES) = 1.46;

95 % confidence interval (CI) 0.91, 2.01; I2 = 88.35 %],

most likely moderately beneficial (ES = 0.68; 95 % CI

0.06, 1.29; I2 = 69.13 %) and most likely moderately

beneficial (ES = 1.08; 95 % CI -0.25, 2.42;

I2 = 71.06 %), respectively. In men and women, the meta-

analysed effect was most likely largely beneficial for men

(ES = 1.22) and most likely moderately beneficial for

women (ES = 0.96) compared with the controls. After

12 weeks of recreational soccer with an intensity of 78–

84 % maximal heart rate (HRmax), healthy untrained men

improved their _VO2 max by 8–13 %, while untrained elderly

participants improved their _VO2 max by 15–18 %. Soccer

training for 12–70 weeks in healthy women resulted in an
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improvement in _VO2 max of 5–16 %. Significant improve-

ments in _VO2 max have been observed in patients with

diabetes mellitus, hypertension and prostate cancer.

Conclusion Recreational soccer produces large improve-

ments in _VO2 max compared to strength training and no

exercise, regardless of the age, sex and health status of the

participants. Furthermore, recreational soccer is better than

continuous endurance running, albeit the additional effect

is moderate. This kind of physical activity has great

potential for enhancing aerobic fitness, and for preventing

and treating non-communicable diseases, and is ideal for

addressing lack of motivation, a key component in physical

(in)activity.

Key Points

Recreational soccer is a highly motivating and social

activity which produces larger improvements in

maximal oxygen uptake ( _VO2 max) than continuous

moderate-intensity endurance running, strength

training and no-exercise.

_VO2 max increases by an average of 3.51 mL/kg/min

during a recreational soccer training programme in

comparison with other training types.

Recreational soccer is suitable for _VO2 max

improvement in healthy young and middle-aged

people, untrained men and women with mild to

moderate hypertension, patients with type 2 diabetes

mellitus, untrained elderly people and men with

prostate cancer.

1 Introduction

Physical inactivity, a major public health problem in both

developing and developed countries, is recognised as a

global epidemic. The modern sedentary lifestyle contributes

to diseases such as hypertension, overweight and hypergly-

caemia, which decrease cardiovascular and respiratory

functions and reduce functionalmovement ability [1]. On the

other hand, optimal and regular physical exercise is recom-

mended as part of the prevention and treatment of many

diseases [2]. Regular physical activity is also effective for

maintaining or increasing functional capacity [3], while

regular exercise may be a crucial factor in healthy aging [4].

It is well-known that physiological aging causes a decrease

of 5–10 % in maximal oxygen uptake ( _VO2 max) per decade

[5], and it can impair an independent lifestyle throughout the

lifespan [4] if no physical activity is performed. Allender

et al. [6] reported that the main barriers to participation in

physical activity include high cost, poor access to facilities,

and lack of time and motivation.

Soccer is the most popular game in the world

(*500 million players worldwide, of whom 300 million

are registered football club members) and is associated

with positive motivational and social factors, while at the

same time contributing to the maintenance of an active

lifestyle [7, 8]. It is surprising that up until 2009 all pub-

lished scientific research articles dealt with elite, sub-elite

and amateur soccer players, while recreational soccer and

its effect on health-related physical fitness were not rep-

resented in the scientific literature, despite the global

popularity. However, between 2006 and 2009 a group of

Danish researchers conducted several randomised con-

trolled training studies to investigate the effects of recre-

ational soccer on the prevention and treatment of non-

communicable diseases across the lifespan. Their global

research finding was the prevention of risk factors for non-

communicable diseases [8], the maintenance of a physi-

cally active lifestyle [7], and the development of positive

motivational and social factors [8] in both sexes, regardless

of health status. Krustrup et al. [7] concluded that recre-

ational soccer is an effective physical activity for both

children and adults, including the elderly, regardless of

their physical activity level, health status and lifestyle.

Based on the scientific research, FIFA (Fédération Inter-

nationale de Football Association) subsequently introduced

the slogan ‘‘Playing football for 45 min twice a week—

best prevention of non-communicable diseases’’.

The main characteristic of recreational soccer is varied

movement patterns, with *900 intermittent activity chan-

ges per session [7], including high-intensity runs, stop-and-

go actions, jumps, sprints, turns and other sport-specific

actions such as tackles, dribbles, passes and shots. This kind

of physical activity has positive effects on the metabolic and

cardiovascular systems as well as on body composition

fitness for patients with type 2 diabetes mellitus (T2DM) [3,

9]. As observed in a few recent studies [1, 4], elderly people

with no prior soccer experience can use recreational soccer

to reboot health fitness, physical capacity and heart func-

tion. Some studies provide valid information that playing

soccer is effective for treating hypertension in middle-aged

men [2, 10, 11] and can increase lean body mass in prostate

cancer patients undergoing anti-androgen therapy [12]. The

benefits of recreational soccer in untrained people are

reflected in improved health profile and physical capacity

[13] and enhanced cardiovascular fitness and muscular

adaptation performance [14–16]. Krustrup et al. [17] have

shown that recreational soccer is as effective as continuous

running for _VO2 max improvements, assuming a similar

number of training hours. Further, in contrast to comparable
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running groups, _VO2 max continues to increase after

4 weeks, indicating that soccer maintains the stimuli for

cardiovascular and respiratory adaptations throughout the

entire training period [17].

It is therefore not surprising that recent meta-analyses

have confirmed that high-intensity interval training (HIIT)

[18], sprint interval training [19, 20] and continuous

endurance running [21–23] provide adequate stimuli for

improving _VO2 max in healthy people. Also, there have

been several meta-analysis papers confirming that high-

intensity training, continuous-exercise endurance running

and strength training help to improve _VO2 max in patient

populations with lifestyle-induced cardiometabolic disease

[24], hypertension [25], T2DM [26] and obesity [27].

Based on what is known about the potential benefits of

recreational soccer, Krustrup et al. [17] published a topical

review aimed at describing the effects of regular recre-

ational soccer training on cardiorespiratory fitness, meta-

bolic fitness and musculo-skeletal fitness. To the best of the

authors’ knowledge, there has been no systematic review

and meta-analysis to determine the effect of recreational

soccer on _VO2 max regardless of age, sex and training status

in both healthy and patient populations. Furthermore, no

meta-analysis has compared the effect of recreational

soccer with more conventional and previously confirmed

training models such as running or strength training.

Consequently, the purpose of the present paper was to (1)

systematically review the results of the published scientific

papers concerning the effects of recreational soccer on

physical fitness; (2) use meta-analysis to provide estimates

of the effect of recreational soccer on _VO2 max in men and

women; and (3) assess the efficacy of recreational soccer in

comparison with a no-exercise (control) group, endurance

running and strength training. We hypothesised that the

combined use of a large number of different training

components in recreational soccer produces significant

improvements in _VO2 max.

2 Methods

2.1 Search Strategy and Study Selection

Electronic database searches were performed in MEDLINE,

PubMed, SPORTDiscus, Web of Science, CINAHL and

Google Scholar using all available records up to 10 October

2014. Google Scholar alerts were set up in January 2012 to

identify potential papers with the following key terms:

recreational soccer, recreational football and street soccer.

Apart from the Google Scholar alerts, a manual search was

performed covering the areas of recreational soccer, recre-

ational physical activity, recreational small-sided games

and _VO2 max using the following key terms, either singly or

in combination: recreational small-sided games, recre-

ational football, recreational soccer, street soccer, street

football, effect, maximal oxygen uptake, peak oxygen

uptake, cardiorespiratory fitness, _VO2 max. Reference lists

from retrieved manuscripts were also examined for any

other potentially eligible papers.

The literature search, identification, screening, quality

assessment and data extraction were conducted indepen-

dently by two reviewers (ZM and GS). To identify relevant

papers, all titles were initially screened by the reviewers

during the electronic searches to exclude manuscripts that

were beyond the scope of this meta-analysis. The initial

screening process identified 501 potentially eligible papers.

Papers that were clearly not relevant were removed from

the database list before abstracts were assessed using pre-

determined inclusion and exclusion criteria. The process of

the study selection is shown in Fig. 1. The full texts of the

remaining papers that met the inclusion criteria were

included in the ongoing procedure and reviewed by the two

reviewers to reach a final decision on inclusion in the meta-

analysis. Disagreements between the reviewers were

resolved by consensus or arbitration through a third

reviewer (NČ). The full papers, including reviews, were

then retrieved and, if not available, the corresponding

author was contacted by mail. This systematic review and

meta-analysis was undertaken in accordance with the Pre-

ferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) Statement [28].

2.2 Inclusion Criteria

2.2.1 Type of Study

Longitudinal design-evaluating interventions, randomised

controlled trials and matched controlled trials written in

English were reviewed, while non-randomised, uncon-

trolled and cross-section studies were excluded from fur-

ther analysis. No publication data or publication status

restrictions were imposed.

2.2.2 Type of Participants

Sedentary/untrained, recreational non-athletes, including

patients, of either sex and of any age and health status were

included. No inclusion criteria for the participants’ baseline

fitness level were applied.

2.2.3 Type of Interventions

Training programmes had to last at least 2 weeks, with

participants allocated to a recreational soccer group, a
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continuous endurance running group, a strength training

group or a no-exercise (control) group. Studies incorporat-

ing diet were included if the diet was used by all participants

in all groups. Number of training sessions per week and

training intensity were not used as inclusion criteria.

2.2.4 Type of Outcome Measures

The primary outcome measure for the meta-analysis was
_VO2 max.

2.3 Exclusion Criteria

The exclusion criteria were as follows: (1) non-randomised

studies; (2) studies written in languages other than English;

(3) studies without a control group or without two exercise

groups; (4) duplicate publications; (5) studies with training

programmes lasting less than 2 weeks; and (6) studies

where the results were graphically presented without the

relevant data necessary for meta-analysis.

2.4 Data Extraction

The Cochrane Consumers and Communication Review

Group’s data extraction standardised protocol was used to

extract (1) study characteristics, including author(s), title

and year of publication; (2) participant information such as

sample size, age, health status and sex; (3) description of

the training intervention, including types of exercise,

intensity, duration and frequency; and (4) study outcomes,

including health-related physical fitness components for

systematic review and _VO2 max values in mL/kg/min for

meta-analysis (Table 1). When needed, pre- and post-
_VO2 max values were converted from absolute (L/min) to

relative (mL/kg/min) values. In most of the studies, mean

and standard deviation (SD) pre and post values were

reported, while correlation was not reported. Accordingly,

in these instances the correlation value was set at 0.5, as

used previously by Bacon et al. [18]. Data extraction was

undertaken by ZM, while GS checked the extracted data

for accuracy and completeness. Disagreements were
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resolved by consensus or by NČ. The reviewers were not

blinded to authors, institutions or manuscript journals.

2.5 Assessment of Risk of Bias

Risk of bias was evaluated according to the PRISMA

recommendation [29]. Two independent reviewers assessed

the risk of bias. Agreement between the two reviewers was

assessed using k statistics for full-text screening and rating

of relevance and risk of bias. In the event of disagreement

about the risk of bias, the third reviewer checked the data

and took the final decision on it. The k agreement rate

between reviewers was k = 0.94.

2.6 Statistical Analysis

The standardised mean differences and 95 % confidence

intervals (CIs) were calculated for the included studies. The

I2 measure of inconsistency was used to examine between-

study variability, with values greater than 50 % considered

indicative of high heterogeneity [30]. This statistic,

expressed as a percentage between 0 and 100 %, can be

interpreted as the percentage of heterogeneity in the system

or, basically, the amount of total variation accounted for by

the between-studies variance [31]. Publication bias was

assessed by examining asymmetry of funnel plots using

Egger’s test, and P\ 0.10 was considered a significant

publication bias. Pooled estimates of the effect of recre-

ational soccer on _VO2 max, using effect size (ES), were

obtained using random effects models. Probabilistic mag-

nitude-based inferences for meta-analysed effects were

based on standardised thresholds for small, moderate and

large changes (0.2, 0.6 and 1.2, respectively) derived from

between-subject SDs for baseline fitness [32]. All statistical

analyses were conducted using Comprehensive Meta-

analysis software, version 2 (Biostat Inc., Englewood, NJ,

USA). P\ 0.05 was considered statistically significant.

3 Results

3.1 Study Selection

A total of 501 relevant studies was identified through

database searching, and on the basis of their references an

additional 14 articles were selected. After removal of

duplicates, 319 studies remained. Based on a screening of

the title and abstract, 273 articles were dismissed (196

excluded after title analysis; 77 excluded after abstract

analysis). The full text of the 46 remaining papers was

examined in more detail. Each study was read and coded

for study characteristics, participant information,

description of the training intervention and study outcomes.

According to the eligibility criteria, 29 studies did not meet

the inclusion criteria, while 17 studies that met the inclu-

sion criteria were included in the systematic review and

meta-analysis.

3.2 Study Characteristics

All the studies that met the inclusion criteria were ran-

domised controlled trials published in English between

January 2009 and December 2014. The overall sample size

was 380 participants, of whom 189 were female and 191

male. Eleven studies [1–4, 10–16] recruited male partici-

pants, five studies [33–37] recruited female participants

and one study [9] recruited participants of both sexes. The

age of the participants ranged from 19 to 76 years. Six

studies investigated the effects of recreational soccer in

healthy men [1, 4, 13–16], two in elderly men [1, 4] and

five in healthy untrained women [33–37]. The remaining

six studies investigated the effects of recreational soccer in

patients with T2DM [3, 9], hypertension [2, 10, 11] and

prostate cancer [12]. The training programmes lasted from

12 to 70 weeks, with specific durations of 12 [9–13, 15, 16,

37], 16 [4, 34, 35], 24 [3] 26 [2], 40 [33], 52 [1], 64 [14]

and 70 weeks [36]. Small-sided games (3 vs. 3, 5 vs. 5 and

7 vs. 7) were the most frequent form of exercise during the

interventions. One study [14] had a follow-up period of

52 weeks with training frequency reduced to 1.3 sessions

per week. The most common training frequency was two to

three sessions per week, with average subject participation

of 1.3–2.8 training sessions per week. Soccer training

sessions in each study lasted 40–60 min. Training intensity

had average values of 78–84 % maximal heart rate

(HRmax), with the most common average intensity 82 %

HRmax. The fraction of total training time in the highest

aerobic intensity zone, above 90 % HRmax, varied from 12

to 30 %. Several of these studies used additional moni-

toring tools to describe locomotor activity and metabolic

demands during training related to the effects on metabolic

and musculoskeletal fitness [14], but these are not men-

tioned in the present manuscript dealing with effects on
_VO2 max.

3.3 Study Outcomes

All of the studies that were included had enough data to

calculate mean differences, ES and 95 % CIs. The statis-

tically significant (P\ 0.001) heterogeneity of the anal-

ysed studies was observed (I2 = 77.03 %), and for further

analysis a random effect model was used. Differences in

mean values showed that a recreational soccer training

programme increased _VO2 max by 3.51 mL/kg/min (95 %
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CI 3.07, 4.15; P\ 0.001) in comparison with other training

models. The meta-analysed effect on _VO2 max of recre-

ational soccer compared to controls was most likely largely

beneficial (ES = 1.10; 95 % CI 0.73, 1.50; P\ 0.001).

When the results were analysed separately for men and

women, the meta-analysed effect of recreational soccer on
_VO2 max was most likely largely beneficial in men

(ES = 1.22; 95 % CI 0.76, 1.69; I2 = 76.55 %; Fig. 2) and

most likely moderately beneficial in women (ES = 0.96;

95 % CI 0.34, 1.57; I2 = 90.72 %; Fig. 3) compared to all

other investigated training regimens.

The meta-analysed effects of recreational soccer on
_VO2 max, when compared to different controls such as no

exercise (Fig. 4), continuous running (Fig. 5) and strength

training, were most likely largely beneficial (ES = 1.46;

95 % CI 0.91, 2.01; I2 = 88.35 %), most likely moderately

beneficial (ES = 0.68; 95 % CI 0.06, 1.30; I2 = 69.13 %)

and most likely moderately beneficial (ES = 1.08; 95 %

CI -0.25, 2.42; I2 = 71.06 %), respectively. All studies

investigating the influence of recreational soccer compared

with a control group that did not have any kind of training

programme showed ES favouring recreational soccer,

ranging from 0.23 to 4.71. Ten of these studies [3, 4, 9, 10,

13, 14, 16, 34–36] showed a statistically significant effect

(P\ 0.05) for recreational soccer. The highest ES, most

likely largely beneficial (4.71; 95 % CI 3.42, 6.01), was

observed in healthy untrained women who had two ses-

sions per week (average intensity 83 % HRmax) and played

5 vs. 5, 7 vs. 7 and 9 vs. 9 matches over a period of

16 weeks [34]. The smallest ES was observed in a study

[37] where the participants were healthy female hospital

employees who performed two to three sessions per week

lasting 60 min. In comparison with continuous running

training, six studies [13, 16, 34–36] favoured recreational

soccer, while only one study [11] showed that continuous

running is better for _VO2 max improvements, though the ES

for this study was unclear (ES -0.32; 95 % CI -1.04,

0.40). Finally, when compared to strength training, both

studies [1, 4] favoured recreational soccer, but only

Andersen et al. [4] showed statistically significant differ-

ences (P\ 0.001).

The Egger’s test was performed to provide statistical

evidence of funnel plot asymmetry. The results indicated

publication bias for the performed analysis (P\ 0.10)

(Fig. 6).

4 Discussion

The main finding of this meta-analysis is that recreational

soccer is effective for improving cardiorespiratory fitness

and clearly produced better improvements in maximal

aerobic capability than the other compared training pro-

grammes. The effect is likely to be largely beneficial in

comparison with no exercise (ES = 1.46), while a mod-

erate effect is observed compared with continuous endur-

ance running (ES = 0.68) and strength training

(ES = 1.08). Overall improvement equates to 3.51 mL/kg/

min or a 10.3 % increase in _VO2 max after short- to med-

ium-term recreational soccer training. Those results are

similar to those of previous meta-analyses [19, 20] that

investigated the effects of HIIT versus no-exercise con-

trols. Using similar inclusion criteria to the mentioned

reviews, we observed a moderate effect on _VO2 max

Fig. 2 Forest plot of the effect

sizes and 95 % confidence

intervals (CIs) of the changes in

maximal oxygen uptake after

soccer training in men. Std diff

standardised difference
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improvements after recreational soccer training in com-

parison to continuous endurance running, while Gist et al.

[20] and Milanović et al. [38] reported a trivial to small

effect when comparing HIIT and continuous endurance

running. However, we have not directly compared HIIT

and recreational soccer so we cannot conclude that recre-

ational soccer is better than HIIT, but our assumptions are

based on results observed in similar meta-analyses.

Krustrup et al. [13] reported that recreational soccer and

endurance running produce similar increases in _VO2 max

during the initial phase of training (first 4 weeks), namely 7

and 6 %, respectively. However, a further increase during

the next 8 weeks was observed only in the recreational

soccer group (6 %), while the stimulus of factors affecting
_VO2 max during the running training was not large enough

for additional increases [39, 40]. One of the reasons for the

bigger improvements in the soccer group is the marked and

frequent change in exercise intensity when playing soccer,

despite the fact that average heart rate was the same in the

soccer and running groups. Usually during recreational

soccer, *20 % of the total training time comprises activ-

ities with intensity above 90 % HRmax, compared with only

Fig. 3 Forest plot of the effect

sizes and 95 % confidence

intervals (CIs) of the changes in

maximal oxygen uptake in

women. Std diff standardised

difference

Fig. 4 Forest plot of the effect

sizes and 95 % confidence

intervals (CIs) of the changes in

maximal oxygen uptake. CG no-

exercise group, SG soccer

group, Std diff standardised

difference
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123



1 % for the continuous running group [13]. Similarly,

previous meta-analysis [38] showed that HIIT is superior to

continuous endurance running for _VO2 max improvements.

Thus, it is likely that high-intensity periods make recre-

ational soccer training superior to continuous running in

terms of producing improvements in _VO2 max [13]. Unfor-

tunately, no studies to date have directly compared recre-

ational soccer and HIIT alone or a combination of high-

and low-intensity training with the same training volume,

so future investigations are warranted to compare the

magnitude of improvements with these training methods.

Despite the fact that during recreational soccer heart rate

is above 90 % HRmax for *20 % of the time [13, 41], the

rate of perceived exertion is lower than continuous running

and much lower than interval training. Furthermore, psy-

chological analysis showed that recreational soccer players

did not express resistance to training and developed social

interaction to a greater extent than the running group [13,

42]. Also, recreational soccer players were highly moti-

vated to play during the study period as well as to continue

playing after finishing the study [41, 42]. This observation

was confirmed in follow-up studies of male participants

Fig. 5 Forest plot of the effect

sizes and 95 % confidence

intervals (CIs) of the changes in

maximal oxygen uptake by the

type of control group.

RG running group, SG soccer

group, Std diff standardised

difference, STG strength

training group, ZG zumba group
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Fig. 6 Funnel plot of

standardised difference in mean

effect size versus standard error.

Std diff standardised difference
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[43, 44]. This is of major importance because lack of

motivation is one of the key reasons for physical inactivity

[6]. It seems that recreational soccer could be a promising

type of physical activity for overcoming barriers such as

cost efficiency, time efficiency, access to facilities and

motivation. Furthermore, lack of time is the most common

reason for inactivity and sedentary behaviour in people in

both developing and developed countries [45]. In all the

studies analysed in this meta-analysis, the training fre-

quency for recreational soccer ranged from two to three

sessions per week, but _VO2 max improvement (*11 %) was

similar, or in some cases superior, to training programmes

following the American College of Sports Medicine

(ACSM) recommendation of five training sessions per

week. Accordingly, it seems as if recreational soccer is also

time efficient. Randers et al. [14] observed that _VO2 max

increased markedly as a result of 1-h recreational soccer

training sessions with a training frequency of two to three

sessions per week over an initial 12 weeks, and that

improvements in _VO2 max and other markers of aerobic

fitness could be maintained when the training frequency

was decreased from 2.4 ± 0.5 sessions per week in the first

12 weeks to 0.9 ± 0.2 sessions per week for the last

28 weeks.

Positive effects of soccer training combined with a

calorie-restricted diet on the _VO2 max increment were

found in female patients with T2DM [9]. No differences

were found between female and male T2DM patients with

regard to _VO2 max improvement. A low level of aerobic

fitness is a common characteristic in T2DM patients in

comparison with non-diabetic subjects [46], and this was

confirmed by the baseline values [9]. Soccer training

organised as 3 vs. 3 or 7 vs. 7 over 12 weeks for 2 h per

week improved _VO2 max by 9.6 %. As recreational soccer

combines aerobic high-intensity training, aerobic moder-

ate-intensity training and resistance training [9], it results

in intensity variation that increases _VO2 max among T2DM

patients. Higher aerobic capacity means that T2DM

patients can spend more time being physically active and

reduce their blood glucose level [47, 48]. Recreational

soccer is also an appropriate type of physical activity for

male T2DM patients and leads to an increase in _VO2 max

of *10 % after only 12 weeks of training [3], similar to

what has been reported in a meta-analysis of aerobic

training in T2DM subjects [49]. The observed changes are

important for T2DM patients because an increasing level

of cardiorespiratory fitness of approximately 5 mL/kg/min

is associated with a significant reduction in overall car-

diovascular mortality of 39–70 % [50]. Aspenes et al.

[51] found that 44.2 mL/kg/min represents a threshold

below which the cardiovascular risk profile is

unfavourable.

In many cases, recreational soccer is recognised as a

male physical activity where females are still not included

and do not actively participate. However, this meta-anal-

ysis confirmed that recreational soccer is an effective

method for _VO2 max improvements in women [9, 33–37,

52]. The study [34] with the highest change in _VO2 max also

had the highest change in ES (-4.72; 95 % CI -6.01, -

3.42; P\ 0.01) with a training intervention of four 12-min

periods of small-sided games twice a week for 16 weeks

and produced increases in _VO2 max of 15.3 % in untrained

premenopausal women. The _VO2 max improvement in

women occurs due to the relatively high-intensity exercise

that soccer provides when played recreationally, irrespec-

tive of football skills and experience [34]. The average

training intensity in the presented studies [34, 35] was 82–

83 % HRmax, with a large fraction of the training time in

the highest aerobic training zone, i.e. above 90 % HRmax.

This emphasises that recreational soccer is intermittent in

nature, involving a high number of intense actions and

intense runs in multiple directions interspersed with low-

intensity recovery periods [53], and can simulate interval

training, which is proven to be an effective method for
_VO2 max improvement. Mean training frequency was 1.8

sessions per week, significantly lower than the 2.3 sessions

considered to be the stimulus for elevating aerobic fitness

in untrained men [13]. The reason for the higher _VO2 max

increment in women may be that baseline _VO2 max was

significantly lower in premenopausal women than in

untrained men and the stimulus created by recreational

soccer training was high enough to produce this improve-

ment. The baseline level could define the percentage

improvement in _VO2 max because soccer training over

16 weeks increased _VO2 max by only 8 % in subjects with

relatively high maximal oxygen power [34, 54].

The lowest _VO2 max percentage improvements (*3.4–

4.6 %) were seen in hospital employees [33, 37] with

similar training regimens over a 12-week intervention.

Even though the training duration and frequencies in the

study in question were similar to all the other meta-anal-

ysed studies (60 min; 2.3 times per week), the intensities

were slightly lower, ranging from 78.3 to 78.6 %, than

those found in the aforementioned studies [34, 35] with

over 15 % _VO2 max increase. In the study of hospital

employees, there was a relatively high dropout rate in both

exercise groups, i.e. zumba and soccer, and the intention-

to-treat analyses carried out in this investigation seem to

mask the large per-protocol effects. Actually, the

improvement in _VO2 max was as high as 10 % for the

participants who trained more than two times per week

over the 12-week period. The lower average improvement

in _VO2 max and the lower average attendance during the
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training intervention may also be related to the participant

group and the setting. Working in a hospital can be

stressful, with physiological fatigue occurring, especially if

employees work more than 40 h per week [55]. Fatigue can

disrupt _VO2 max improvement by influencing the effec-

tiveness of physiological adaptation [56]. The soccer

training interventions involved after-work sessions, which

may be the reason why _VO2 max improvement was not at

the same percentage level as in premenopausal [34, 35] and

postmenopausal [9] women in previous studies.

Analysis of training interventions revealed a specific

approach in terms of using small-sided games. One inter-

vention [37] improved _VO2 max by 4.6 % and consisted of

training with one half-break of 5 min, while another [34]

increased _VO2 max by 15.3 % with three 2-min active

breaks in a roughly identical 60-min recreational soccer

protocol. Active breaks enhanced work capacity [57] by

reducing blood lactate level and increasing aerobic energy

yield [58]. Improvements in aerobic energy yield can be

associated with a faster _VO2 max kinetics during high-in-

tensity bouts preceded by breaks [59]. Therefore, multiple

active breaks have the ability to increase the effects of

recreational soccer on the physiological adaptation process,

resulting in improved _VO2 max in women [37].

We propose several topics for future research to analyse

recreational soccer in depth. Future studies should aim to

identify the effects of different recreational soccer formats

(3 vs. 3, 5 vs. 5, 6 vs. 6, 7 vs. 7, etc.) as well as combination

of aforementioned formats on _VO2 max and which, if any, is

most suitable for different age categories and baseline fit-

ness level. Also, the optimum weekly number and duration

of training sessions is still unclear. All of the studies

included in this meta-analysis used two to three training

sessions per week lasting 40–60 min. However, these fre-

quencies and durations are not in line with the ACSM

recommendation. In addition, ACSM recommendations are

largely based on continuous exercises and therefore may

not be applicable to intermittent exercise-type games.

Future studies should therefore investigate the optimum

number and duration of training sessions for a wide range

of subjects in respect of age, sex, health status and pro-

fession. This will help to produce prescriptions and rec-

ommendations for recreational soccer and its

implementation in daily physical activity routines. Aside

from the various benefits of recreational soccer, its effect in

terms of injuries is still unclear, especially in adults and the

elderly, although several studies provide evidence that the

risk of injury during small-sided soccer training is only

10–20 % of the injury risk during 11 vs. 11 matches. A

recent review by Oja et al. [60] has calculated the injury

frequency during training studies with untrained healthy

individuals across the lifespan and concluded that the

injury risk is low during small-sided soccer training (1 per

500 h) as well as continuous running (1 per 700 h),

whereas the injury risk was observed to be several-fold

greater in a small-scale soccer training study with elderly

men with prostate cancer undergoing anti-androgen treat-

ment. Altogether, these findings support the use of the

Football Fitness concept [61] with small-sided training

sessions on small pitches in local football clubs, with

proper warm-up including FIFA 11? exercises and a main

focus on training rather than matches.

5 Conclusion

Recreational soccer produces large improvements in
_VO2 max compared to strength training and no exercise,

regardless of the age, sex and health status of the partici-

pants. Also, recreational soccer is better than continuous

endurance running, though the additional effect is moder-

ate. Our meta-analysis provides evidence of the beneficial

effects of recreational soccer on _VO2 max in untrained men,

homeless men, healthy premenopausal women and

untrained hospital employees. The studies analysed con-

firmed that this type of activity is suitable for _VO2 max

improvement in untrained men and women with mild to

moderate hypertension, T2DM patients, untrained elderly

people and men with prostate cancer. Furthermore, recre-

ational soccer is a highly motivating and social activity that

appears to be very popular in significant parts of the pop-

ulation. It seems, therefore, as if recreational soccer has the

potential to be implemented as a regular health-promoting

physical activity, regardless of age, sex and health status.

This kind of physical activity has the potential to enhance

aerobic capacity, prevent and treat non-communicable

diseases, and overcome lack of motivation, which is a key

factor in physical (in)activity and immature levels of social

habits. Recreational soccer is easy to organise, and there is

a wide range of training types combining dynamic and

intense movements with fast information processing. Just

as interestingly, recreational soccer shows huge potential

for transforming an untrained population into a physically

active population. It is clear that recreational soccer

organised as training sessions using small pitches and

small-sided games, i.e. 3 vs. 3, 5 vs. 5, 7 vs. 7 or 9 vs. 9,

positively affects _VO2 max.
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