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Abstract This study examined the effect of 12 weeks of

small-sided street soccer (2.2 ± 0.7 sessions/week) and

fitness center training (0.5 ± 0.2 sessions/week) on phys-

ical fitness and cardiovascular health profile for homeless

men. Exercise capacity, maximal oxygen uptake (VO2max),

body composition (DXA scans), blood pressure (BP), and

blood lipid profile were determined before and after the

intervention period for 22 soccer-group subjects (SG) and

10 waiting list controls (CO). In addition, time-motion

analyses, HR measurements, and pedometer recordings

were performed during street soccer training and daily-life

activities. During a 60 min 4 versus 4 street soccer session

182 ± 62 intense running bouts were performed; mean HR

was 82 ± 4% HRmax and HR was [90% HRmax for 21 ±

12% (±SD) of total time. On a day without training the

participants performed 10,733 ± 4,341 steps and HR was

[80% HRmax for 2.4 ± 4.3 min. In SG, VO2max was ele-

vated (p \ 0.05) from 36.7 ± 7.6 to 40.6 ± 8.6 ml/min/kg

after 12 weeks and incremental cycle test performance was

improved (p \ 0.05) by 81 s (95% CI: 47–128 s). After

12 weeks, fat percentage (19.4 ± 8.5 to 17.5 ± 8.6%) and

LDL cholesterol (3.2 ± 1.1 to 2.8 ± 0.8 mmol L-1) were

lowered (p \ 0.05) in SG. The observed changes in SG

were different (p \ 0.05) from CO and no intra-group

changes occurred for CO (p [ 0.05). BP was unaltered

after 12 weeks (p [ 0.05), but diastolic BP was lowered

for all SG subjects with pre-values [75 mmHg (83 ± 6

to 76 ± 6 mmHg, n = 8, p \ 0.05). In conclusion, the

exercise intensity is high during street soccer and regular

street soccer training can be used as an effective activity to

promote physical fitness and cardiovascular health status

for homeless men.

Keywords Training intensity � Physical capacity �
VO2max � Cholesterol � Fat percentage � Muscle mass �
Football

Introduction

It is well documented that morbidity and mortality rates are

higher for homeless and socially deprived men compared

with the general population and that cardiovascular dis-

eases are the leading cause of death (Barrow et al. 1999;

Hwang et al. 1997). Several studies have investigated the

cardiovascular risk profile in homeless and socially

deprived individuals (Kim et al. 2008; Kubisova et al.

2007; Lee et al. 2005; Szerlip and Szerlip 2002). A high

prevalence of hypertension and smoking among the

homeless compared with the general population was found,
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whereas the prevalence of hyperlipidemia, elevated BMI,

and obesity were lower among the homeless. The elevated

risk of health-related diseases and early death seen among

the homeless may as well be due to misuse of alcohol and

sedatives (Nielsen et al. 2011; Nordentoft and Wandall-

Holm 2003).

The health profile and mortality from cardiovascular

diseases are related to the activity level (Hu et al. 2005),

and it is well documented that physical activity has a

positive effect on several lifestyle-related diseases and

cardiovascular risk factors (Pedersen and Saltin 2006).

Knowledge about the physical activity level of homeless

men is scarce, but in a Danish study approximately 70% of

the homeless reported no participation in any form of

physical activity (Pedersen et al. 2008).

Soccer is a popular team sport with more than 400

million active players worldwide and regular soccer

training has been proven to be an effective health-pro-

moting activity for untrained men aged 20–55 (Krustrup

et al. 2009, 2010a, b). Following 12 weeks of small-sided

soccer training maximal oxygen uptake, lean body mass

and number of capillaries were increased, whereas systolic

and diastolic blood pressure, resting heart rate, and LDL-

cholesterol were reduced (Krustrup et al. 2009). Soccer

has also been shown to contain positive motivational and

social factors that may facilitate compliance (Elbe et al.

2010; Ottesen et al. 2010) and team sports like soccer may

have a great potential for long-term health promotion for

inactive homeless persons. In 2003 the first steps were

taken to implement Street Soccer for Homeless worldwide

with the introduction of the Homeless World Cup in

Austria with 18 participating countries. Under the ambi-

tious slogan ‘‘beating homelessness through football’’, this

tournament has grown each year reaching 48 participating

countries in Denmark in 2007 and a total of 64 partici-

pating countries in Brazil 2010. Since then, Street Soccer

for Homeless has become a tool in the fight against

physical inactivity and psycho-social problems for home-

less, but scientific evidence is needed to understand the

potential of this activity. Preliminary data collected from

the Danish Homeless National team revealed high heart

rates during 4 versus 4 street soccer training with mean

and peak values of 84 and 98% of maximal heart rate and

more than 30% of the total time above 90% of the max-

imal heart rate (Randers et al. 2010b). However, so far the

activity profile and aerobic loading of street soccer have

not been studied for homeless men with less soccer

experience and skills and the physiological adaptations to

a 12-week training program for homeless men is still to be

investigated.

Therefore, the aim of this study was to examine how

12 weeks of street soccer training affects physical fitness

and cardiovascular health profile for homeless men.

Methods

Design

The study was designed as a controlled training study. A

total of 55 homeless men were recruited from shelters and

unemployment offices in the Copenhagen area of which

three-fifths (n = 33) was recruited for the training group

and two-fifths (n = 22) were recruited for a waiting list

control group. As a part of the agreement with the home-

less organization the participants were not randomized.

Figure 1 shows the trial profile. 27 training subjects and 18

control subjects showed up for the pre-testing, and 22

training subjects and 10 control subjects completed the

full-intervention period and the post testing procedures.

After the intervention period, 6 of the 10 waiting list

control subjects took part in a 12-week training interven-

tion. No differences were observed in pre-test scores

among the drop-outs compared with the rest of the subjects.

Subjects

The street-soccer training group (SG) had mean age, body

mass, BMI, fat percentage and maximal oxygen uptake of

37 ± 10 (±SD) years, 73.3 ± 16.7 kg, 22.9 ± 3.9 kg m-2,

19.4 ± 8.5% and 36.7 ± 7.6 ml O2 min-1 kg-1, respec-

tively, with corresponding values of 43 ± 9 years, 76.6 ±

15.6 kg, 24.1 ± 4.0 kg m-2, 21.8 ± 7.9% and 33.7 ± 4.5

ml O2 min-1 kg-1 for the control group (CO). Regular use of

cigarettes, alcohol and cannabis was reported for 73, 36 and

64% of the SG and 70, 50 and 60% of the CO, respectively.

65% of the subjects were former alcoholics or drug users.

The participants were fully informed of experimental pro-

cedures and possible discomfort associated with the study

before giving their written informed consent to participate.

The study was carried out in accordance with the guidelines

contained in the Declaration of Helsinki and was approved

by the local ethics committee of the Capital Region of

Denmark.

Training intervention

The total number of training sessions was 32 ± 9 corre-

sponding to an average of 2.8 ± 0.8 sessions per week over

the 12 weeks intervention period. Three soccer training

sessions were carried out per week with an attendance rate

of 75% (2.2 ± 0.7 sessions per week). The street soccer

training consisted of 4 versus 4 games on a 16 times 22 m

asphalt pitch surrounded by 1.1 m high boards. The pitch

and the rules were the official street soccer rules as used for

the homeless world cup. All training sessions were super-

vised, and participants were verbally encouraged by the

coach during each session. In the beginning of each soccer
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training session, a 10 min warm-up was completed con-

sisting of low-intensity running and dribbling exercises.

Once every week, the participants were offered supervised

training in a local fitness centre. The attendance rate was

54% (0.5 ± 0.2 sessions per week). The training consisted

of 15 min of low-to-moderate intensity work out on a cycle

ergometer or a cross-trainer. Moreover, five exercises of

strength training (1 set with 10–12 repetitions, [15 RM)

mainly for the upper body were completed.

Testing procedures

Before and after the training period, all participants com-

pleted a test battery in the laboratory. The participants

showed up at 9 a.m. after an overnight fast. Moreover, the

participants were not allowed to smoke 2 h before the tests.

Blood samples were drawn for immediate measure for

fasting lipoproteins, blood glucose and insulin according to

standard procedures. After at least 20 min of rest in supine

position, blood pressure was measured six times by an

automatic upper left arm blood pressure monitor

(OMRON-M7; OMRON; Illinois, USA) and a mean was

calculated. Resting heart rate was calculated as the lowest

average value over 1 min. Quadriceps muscle mass was

estimated anthropometrically as described earlier (Krustrup

et al. 2004). Whole body and regional fat mass as well as

muscle mass was determined by DXA-scans (LUNAR, GE

Medical Systems, Madison, Wisconsin, USA). After con-

suming a meal, the participants rested for at least 1.5 h

before completing an incremental test to exhaustion on a

cycle ergometer. Maximal oxygen uptake and ventilation

were determined by pulmonary gas exchange measure-

ments (MasterScreen CPX, Viasys Healthcare, St Paul,

Minnesota, USA) and heart rate (Polar Team System, Polar

Oy, Kempele, Finland) was measured during the test

starting at 40 W with a 20 W increase every 2 min until

exhaustion.

On a separate day, SG completed a Yo–Yo Intermittent

Endurance level 1 test after a standardized warm-up. Heart

rate belts were worn during the entire test. The warm-up

consisted of continuously low-intensity running for 5 min

followed by completion of the six first runs in the Yo–Yo

IE1 test. After at least 5 min of rest the Yo–Yo IE1 test was

completed to exhaustion (Krustrup et al. 2010b). The par-

ticipants were verbally encouraged during the test.

Time-motion analysis

Nine of the participants were video filmed individually for

later time-motion analysis. The digital video cameras

(DCR-SX30, Sony, Tokyo, Japan) were positioned 5 m

from the corner of the pitch at a height of about 1.5 m. The

recordings were later replayed on a monitor for comput-

erized coding of the activity pattern. The locomotor cate-

gories were adopted from previous studies and adjusted

(Bangsbo et al. 1991; Randers et al. 2010a): standing

(0–2 km h-1), walking (2–6 km h-1), jogging (6–9 km h-1),

low-speed running (9–13 km h-1), moderate-speed run-

ning (13–16 km h-1), high-speed running (16–19 km h-1),

sprinting ([19 km h-1) and backward running. Maximal

acceleration was counted as a sprint, although the speed did

not reach maximum. The time for the player to pass pre-

markers in the pitch was used to estimate the speed for each

activity of locomotion. High-intensity running was con-

sidered as the sum of moderate-speed running, high-speed

running and sprinting. The number of in-fights/tackles and

jumps/headers was also noted. All activities were expres-

sed per 60 min playing time. Heart rate was recorded in 5 s

intervals by short-range radio telemetry (Polar Team2

System, Kempele, Finland) and data were transferred to

a computer using the Polar Team2 software (Polar,

Kempele, Finland). Data are expressed in relation to indi-

vidual maximal heart rate (HRmax). The individual HRmax

was determined as the highest value reached during an

Street Soccer
Training Group (SG)

Waiting List 
Control Group (CO)

N=22

Recruited subjects Recruited subjects

N=33

N=18

Pre-tested subjects Pre-tested subjects

N=27

N=10

Post-tested subjects Post-tested subjects

N=22

Drop-outs:Drop-outs:
1 consent withdrawal

1 ankle injury
3 personal problems

2 consent withdrawal
4 no attendance
2 personal problems

2 pre-sceening exclusions
(1 hyperglycemia,

1 mitral disfunction) 
4 no attendance

2 pre-screening exclusions
(1 severe hypertension,
1 hyperglycemia) 
2 no attendance

Fig. 1 Flow chart of the study

participation. Fifty-five

homeless men were recruited

from shelters and

unemployment offices in the

Copenhagen area, i.e. 33 to the

street soccer group (SG) and 22

for waiting list control group

(CO). Pre-testing was

performed of 27 and 18 SG and

CO subjects, respectively, and

22 SG and 10 CO subjects

completed the full intervention
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incremental cycle ergometer test to exhaustion or during

the Yo–Yo IE1 test.

Daily activity level

To evaluate the daily activity level, nine participants wore

Yamaxx pedometers (Yamaxx Digi-Walker model SW

701, Accusplit, US) for 2–4 days. Days with and without

soccer training were represented in the analyses. Moreover,

heart rate was recorded for 1–3 days without soccer

training by the use of chest belts (Polar Team2 System).

Statistics

Two-way analysis of variance on repeated measures was

applied to evaluate the time and group effects. When a

significant interaction was detected, data were subse-

quently analyzed using a Student–Newman–Keuls post-hoc

test. If no significant interaction effects were found, but a

tendency towards significance was observed (p \ 0.10),

the effect size was calculated. The coefficient of variation

(CV) was used as a measure of the intra-individual varia-

tion in steps per day measured with the pedometer and was

calculated as the standard deviation of the difference

between repeated measures divided by the mean and

multiplied by 100 (Atkinson and Nevill 1998). A signifi-

cance level of 0.05 was chosen. Data are presented as

means ± SD or with 95% confidence intervals (95% CI).

Results

Heart rate and activity profile during training

The mean heart rate during 1 h of soccer training was

154 ± 12 b.p.m. corresponding to 82 ± 4% of HRmax.

Peak HR reached 182 ± 14 b.p.m. corresponding to

97 ± 4% of HRmax. HR was above 90% of HRmax for

21 ± 12% of the training time and 80–90% of HRmax for

44 ± 16% of the training time (Fig. 2). During training

in the fitness center, the mean HR was 133 ± 11 b.p.m.

corresponding to 71 ± 3% of individual maximal HR.

Peak HR during the training was 169 ± 8 b.p.m. corre-

sponding to 90 ± 5% of HRmax. HR was above 90% of

HRmax for 2 ± 5% of the training time and 80–90% of

HRmax for 14 ± 8% of the training time (Fig. 2).

During 1 h of small-sided soccer games 1,623 ± 351

activity changes were observed which is an activity change

every 2 s. A total of 182 ± 62 high-intensity runs were

performed of which 29 ± 12 were sprints (Fig. 3). The

high-intensity runs accounted for 6.0 ± 2.0% of the total

playing time, whereas the players stood still or walked for

21.7 ± 5.5 and 43.8 ± 10.3% of the total playing time.

Backward and sideways running accounted for 8.6 ± 2.2%

of the total playing time. The mean duration of the high-

intensity runs was 1.2 ± 0.1 s, whereas the mean duration

for walking was 3.4 ± 1.0 s. The number of tackles (with

the feet) was 21 ± 8, whereas the number of in-fights/

tackles with the body and jumps was 15 ± 6 and 1 ± 2,

respectively. A total of 5,439 ± 3,094 steps were taken

during a soccer training session.

Daily activity level

The mean HR during a normal day with no soccer training

was 88 ± 10 b.p.m. corresponding to *48 ± 7% of

HRmax. The peak HR was 156 ± 10 bmp *84 ± 8% of
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homeless men. Means ± SD are presented (n = 9)
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HRmax. HR was below 70% of HRmax for 97 ± 3% of the

total time, whereas it was above 80% of HRmax for only

0.2 ± 0.4% of total time, corresponding to 2.4 ? 4.3 min.

Pedometer measurements showed that the participants had

10,733 ± 4,341 (range: 3,769–17,567; CV = 35%) steps

per day on days with no soccer training. The mean number

of steps per day were 16,091 ± 5,149 (8,087–23,031;

CV = 17%) on days which included soccer training.

Effect of training

Maximal oxygen uptake and ventilation

In SG, maximal oxygen uptake was elevated from

2.69 ± 0.47 to 2.95 ± 0.52 L O2 min-1 (95% CI: 6.7 to

13.1%) after 12 weeks, which was significantly different

(p \ 0.01) from CO (2.58 ± 0.32 to 2.60 ± 0.35 L

O2 min-1, 95% CI: -4.7 to 3.5%). After 12 weeks, max-

imal oxygen uptake expressed in relation to body weight

was 3.9 mL O2 min-1 kg-1 (95% CI: 2.4 to 5.3) higher in

SG, which was different (p \ 0.01) from CO (-0.3, 95%

CI: -1.5 to 0.9 mL O2 min-1 kg-1; Fig. 4). In SG, peak

ventilation rose from 124 ± 27 to 135 ± 21 L min-1

(95% CI: 6.7 to 17.8 L min-1) over 12 weeks, which only

tended (p = 0.056; effect size = 0.40) to be different from

the change in CO (109 ± 17 to 110 ± 27 L min-1, 95%

CI: -8.1 to 10.1 L min-1).

Changes in body composition

Total body mass and BMI were unaltered in SG and CO

after 12 weeks (Table 1). In SG, total fat mass decreased

by 1.7 kg (95% CI: -2.6 to -0.9 kg over 12 weeks, which

was significantly different (p \ 0.01) from CO (0.6 kg,

95% CI: -0.9 to 2.0 kg). Accordingly, the observed

changes in fat mass of the legs and upper body in SG

(-0.5 kg, CI 95%, -0.8 to -0.2 kg; -1.1 kg, 95% CI:

-1.6 to -0.5 kg, respectively) were different (p \ 0.01)

from CO (0.1 kg, 95% CI: -0.2 to 0.3 kg; 0.7 kg, 95% CI:

-0.8 to 2.2 kg, respectively; Table 1). In SG, fat percent-

age was 2.0% point (95% CI: 1.0 to 3.0) lower after

12 weeks, which was different (p \ 0.05) from CO (0.1%

point, 95% CI: -1.0 to 1.3; Fig. 5). Both android and

gynoid fat percentage were lowered (p \ 0.05) to a higher

extent in SG (-2.8% point, 95% CI; -4.3 to -1.3; -2.2%

point, 95% CI: -3.3 to -1.1% point) than in CO (0.4%

point, 95% CI; -0.8 to 1.5% point; 0.3% point, 95% CI:

-0.9 to 1.5% point). The android:gynoid fat ratio remained

unchanged in both groups (Table 1).

In SG, lean body mass increased by 1.0 (95% CI: 0.3 to

1.9) kg after 12 weeks, but this change was not signifi-

cantly different from CO (0.4 ± 1.7 kg; 95% CI: -0.8 to

1.5; Table 1). No significant change was observed in

quadriceps muscle mass (Table 1).

Blood lipoproteins and blood glucose

In SG, LDL-cholesterol was lowered by 0.4 mmol L-1

(95% CI: -0.7 to -0.2; 3.2 ± 1.1 to 2.8 ± 0.8 mmol L-1)

after 12 weeks, which was different (p \ 0.05) from CO

(3.2 ± 0.1 vs. 3.3 ± 0.8 mmol L-1; Fig. 5). In SG, LDL-

cholesterol decreased for all participants, except one, with

pre-values above 2.5 mmol L-1 (n = 13; Fig. 5). HDL-

cholesterol was unchanged both in SG (1.3 ± 0.4 to

1.3 ± 0.4 mmol L-1) and CO (1.2 ± 0.1 to 1.1 ± 0.1

mmol L-1). The HDL:LDL ratio increased by 0.06 (CI:

0.02 to 0.11) after 12 weeks in SG (0.43 ± 0.13 to 0.48 ±

0.19) which was different (p \ 0.05) from CO (0.34 ±

0.11 vs. 0.33 ± 0.08). Total cholesterol was unchanged

in both SG (4.8 ± 1.5 to 4.7 ± 0.9 mmol L-1) and

CO (5.1 ± 1.2 to 5.2 ± 1.1 mmol L-1). Moreover, tri-

glycerides were unchanged both in SG (1.29 ± 0.53 to

1.37 ± 0.65 mmol L-1) and CO (1.44 ± 0.69 to 1.56 ±

0.86 mmol L-1).

Blood glucose was unchanged in SG (4.9 ± 0.5 to

5.0 ± 0.6 mmol L-1) and CO (5.0 ± 0.5 to 4.8 ± 0.6

mmol L-1). Moreover, fasting insulin levels were

unchanged in SG (36 ± 23 to 41 ± 27 pmol L-1) as well

as in CO (40 ± 19 to 51 ± 35 pmol L-1).

Resting heart rate and blood pressure

In SG, resting heart rate decreased by 4 b.p.m. (65 ± 10 to

61 ± 9 b.p.m, 95% CI: -7 to 0) after 12 weeks, but this

difference was not significantly different from CO

(68 ± 15 to 71 ± 11 b.p.m, 95% CI -5 to 11, p = 0.075,
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Fig. 4 Maximal oxygen uptake before and after 12 weeks of training

(Soccer group, n = 22) or continuation of normal routines (Control

group, n = 8). Means and individual values are presented. *Denotes

significant difference from 0 weeks. #Denotes significant greater

change in SG than CO
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effect size = 0.63). Systolic, diastolic as well as mean

arterial blood pressure was unchanged after 12 weeks

in SG (116 ± 12 to 116 ± 11, 73 ± 9 to 71 ± 9 and

88 ± 10 to 86 ± 9 mmHg, respectively) and CO (119 ±

10 to 122 ± 17, 75 ± 8 to 76 ± 10, and 90 ± 8 to

91 ± 12 mmHg, respectively). In SG, all participants with

diastolic pre-values above 75 mmHg had a decrement

(p \ 0.001) after 12 weeks (83 ± 6 to 76 ± 6 mmHg,

n = 8).

Incremental cycle ergometer and Yo–Yo IE1 test

In SG, time to exhaustion was improved by 81 s

(1,034 ± 218 to 1,116 ± 225 s, 95% CI: 47–128) s after

12 weeks, which was different (p \ 0.05) from CO

(928 ± 152 to 918 ± 137 s, 95% CI: -68 to 48). In SG,

Yo–Yo IE1 test performance was improved (p \ 0.01) by

45% over 12 weeks (1,335 ± 766 to 1,942 ± 1,180 m).

Discussion

The present study showed that homeless men, despite a

high number of steps per day, have a very poor aerobic

fitness and cardiovascular health profile. It was also shown

that street soccer for homeless men included multiple

repetitions of high-intensity running and elicited high heart

rates. Another major finding of the present study was a, for

homeless men, high attendance rate. Moreover, that street

soccer and fitness center training for *3 times per week

for only 12 weeks period had marked effects on the car-

diovascular risk profile due to an elevated maximal oxygen

uptake and decreases in fat percentage and LDL-choles-

terol and that this training regime resulted in significant

improvements in endurance and intermittent exercise

capacity.

Maximal oxygen uptake is a strong predictor of the risk

of cardiovascular disease and early death (Erikssen et al.

1998; Keteyian et al. 2008). A 15% reduction in the risk of

death with every 1 ml min-1 kg-1 increase in VO2max has

been found among patients with coronary heart disease

(Keteyian et al. 2008). Moreover, Aspenes et al. (2011)

found that every 5 ml min-1 kg-1 decrement in VO2max

corresponded to a *56% higher prevalence of cardiovas-

cular risk factors and it was suggested that a VO2max of

44.2 ml min-1 kg-1 represents a threshold below which

the cardiovascular risk profile is unfavorable. Thus, the

improvement in VO2max from 36.7 to 40.6 ml min-1 kg-1

with 12 weeks of soccer training observed for homeless

men in this study is of high importance. The observation of

similar peak respiratory exchange ratio (RER; 1.17 vs.

1.15) and peak heart rates (183 vs. 181 b.p.m.) in the

ergometer test before and after the training period indicates

that the change in maximal oxygen uptake was due to the

training itself. Similar improvements in VO2max have been

found for 20- to 45-year-old normotensive men (Krustrup

et al. 2009) and women (Bangsbo et al. 2010) as well as

30- to 55 year-old men with mild to moderate hypertension

(Andersen et al. 2010) after 12–16 weeks of soccer train-

ing. The observed 10% increase in absolute values for

VO2max was accompanied by a *8% increase in time to

exhaustion and end power output in the incremental cycle

exercise test. Moreover, the performance in an intermittent

running test (Yo–Yo IE1) was improved by *45%.

Interestingly, large increases were observed in VO2max,

incremental test performance and Yo–Yo performance

both for participants with low and medium pre-values.

Together, these results demonstrate that small-sided soccer

Table 1 Antropometric data,

fat mass, fat percentage and lean

body mass measured by DXA-

scans for socially deprived men

before and after 12 weeks of

training (Soccer group, SG,

n = 22) or continuation of

normal routines (Control group,

CO, n = 10)

Data presented as means ± SD

* Denotes significant difference

from Pre
# Denotes significantly greater

change in SG than CO

Soccer group Control group

Pre Post Pre Post

Height (m) 1.79 ± 0.09 1.79 ± 0.09 1.78 ± 0.06 1.78 ± 0.06

Weight (kg) 73.3 ± 16.7 72.6 ± 16.6 76.6 ± 15.6 77.2 ± 16.6

BMI (kg/m2) 22.9 ± 3.9 22.6 ± 3.7 24.1 ± 4.0 24.3 ± 4.4

Fat mass (kg) 14.1 ± 7.1 12.4 ± 6.5*# 17.4 ± 8.8 18.0 ± 10.0

Fat mass—upper body (kg) 8.2 ± 4.7 7.1 ± 4.3*# 10.2 ± 5.8 11.0 ± 6.4

Fat mass—legs (kg) 4.3 ± 1.9 3.8 ± 1.8*# 5.2 ± 2.8 5.3 ± 3.0

Total fat percentage (%) 19.4 ± 8.5 17.5 ± 8.6*# 21.8 ± 7.9 21.9 ± 8.1

Android fat percentage (%) 25.3 ± 11.2 22.6 ± 10.6*# 29.3 ± 11.8 29.7 ± 11.5

Gynoid fat percentage (%) 21.9 ± 7.1 19.7 ± 7.1*# 25.7 ± 8.0 26.0 ± 7.6

Android:gynoid ratio 1.12 ± 0.28 1.11 ± 0.26 1.10 ± 0.24 1.10 ± 0.26

Lean body mass (kg) 56.2 ± 6.4 57.3 ± 5.6* 56.2 ± 8.6 56.6 ± 8.2

Quadriceps muscle mass—right leg (kg) 1.94 ± 0.34 1.99 ± 0.28 1.89 ± 0.41 1.89 ± 0.41

Quadriceps muscle mass—left leg (kg) 1.90 ± 0.28 1.94 ± 0.25 1.89 ± 0.47 1.89 ± 0.44
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games have a good impact on the cardiovascular fitness and

exercise capacity.

In the present study, we observed a decrease in fat mass

of 1.6 kg after 12 weeks of training, which is similar to

values obtained for pre-menopausal women but somewhat

less than that for young and middle-aged men (2.1–3.0 kg;

Krustrup et al. 2009, 2010c), a finding that might be

explained by the heterogeneity of the subject group with

regard to fat mass, overweight as well as underweight

participants (see Fig. 5). The fat distribution and in par-

ticular the android fat percentage is more important to the

cardiovascular risk profile than the total body fat (Walton

et al. 1995; Wu et al. 1998). For the homeless men, we

found a 2.5% point reduction in android fat percentage

which is associated with a reduction in the cardiovascular

risk profile (Wiklund et al. 2008), but we did not find any

change in the android to gynoid fat ratio.

Since LDL-cholesterol is a strong predictor of cardio-

vascular diseases, a reduction is of great importance.

Exercise training seldom results in a reduction in total

cholesterol and LDL-cholesterol unless the body weight is

reduced (Durstine et al. 2002; Leon and Sanchez 2001).

One study has shown a reduction in LDL-cholesterol

accompanied by a reduction in body weight following

12 weeks of soccer training for untrained men (Krustrup

et al. 2009), whereas other soccer intervention studies have

not seen a reduction in LDL-cholesterol (Andersen et al.

2010; Krustrup et al. 2010c). In the present study, body

weight was unchanged but a *6% reduction LDL-cho-

lesterol was observed. A 1% reduction in LDL-cholesterol

is associated with a 2–3% lower risk of coronary heart

disease (Leon and Sanchez 2001). Moreover, for 12 of the

13 homeless men with LDL-cholesterol pre-values above

2.5 mmol L-1 and for 7 of 8 subjects with total cholesterol

above 5 mmol L-1 a reduction was seen after 12 weeks of

soccer training. Thus, in accordance with previous findings

for untrained men (Krustrup et al. 2009) these results

suggest that soccer has a favorable effect on the lipoprotein

profile. No change was observed in blood pressure after

12 weeks of soccer training, which is in contrast to previ-

ous studies showing that soccer is effective in reducing the

blood pressure following 12–16 weeks of soccer training in

untrained normotensive men (Krustrup et al. 2009) and

women (Krustrup et al. 2010c) as well as mild to moderate

hypertensive men (Andersen et al. 2010; Knoepfli-Lenzin

et al. 2010). However, although the mean diastolic blood

pressure did not change, all eight participants with a pre-

value above 75 mmHg had a decrement following the

12 weeks of soccer training. Moreover, 6 out of 9 with a

pre-value in systolic blood pressure above 115 mmHg had

a decrement. A meta-analysis encompassing one million

adults showed a log-linear decrement in the risk of death

from cardiovascular diseases with a decrease in systolic

and diastolic blood pressure down to at least 115 and

75 mmHg, respectively (Lewington et al. 2002). A

20 mmHg decrease in systolic and 10 mmHg decrease in

diastolic blood pressure is associated with a halving in the

risk of death from cardiovascular diseases (Lewington et al.

2002). Thus, the reduction in systolic as well as diastolic

blood pressure seen for the participants with elevated blood

pressure prior to the soccer training intervention is of great

importance and in accordance with our previous observa-

tions, that soccer has a good impact on blood pressure,

especially for those participants with mild to moderate

hypertension (Andersen et al. 2010; Krustrup et al. 2009,

2010c). When evaluating pre-post changes for subjects

with poor pre-test values it should always be considered

whether the findings are influenced by the regression
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towards the mean phenomena (Nevill et al. 2004). In the

present study we observed the most pronounced training

effects in lipid profile and blood pressure for subjects with

poor starting values and that the starting values for the

subjects in the soccer group correlated with the absolute

changes (e.g. total cholesterol, r = -0.85, p \ 0.01), but

the fact that the control subjects with poor starting values

had no change in these variables supports the notion that

the observed changes are related to the training regime.

Even though BMI was unchanged after the training period

an increase of *1 kg in lean body mass was observed.

This change was, however, not significantly different from

the control group. A *1 kg increase is also lower than

observed after 12 weeks of soccer training for untrained

men (1.7 kg) (Krustrup et al. 2009) and in contrast to a

previous study by Krustrup et al. (2010b) no increase in

quadriceps muscle mass was observed. Some (Darmon

et al. 2001) but not all (Kubisova et al. 2008) studies have

reported malnutrition in homeless men, and a questionnaire

that was filled out by nine of subjects in the present study

showed an average protein intake of 74% of recommended

daily intake. However, further studies are required to

establish whether diet-manipulation may lead to a more

pronounced muscle hypertrophy after short-term training

for the homeless. It is also to be investigated whether the

pitch size influences the degree of hypertrophy after foot-

ball training as more activity changes are performed during

4 versus 4 than during 7 versus 7 training (Randers et al.

2010b), but the peak running speeds are lower on smaller

pitches potentially resulting in lower impact on the leg

muscles during the decelerations and direction changes.

The homeless men in this study covered *10,700 steps per

day without training. A value of 10,000 steps per day has

gained popularity and has been associated with a healthy

lifestyle but the value has also been questioned and seems

insufficient for certain groups, e.g. children (Tudor-Locke

and Bassett 2004). Lee et al. (2011) showed that following

the guidelines for physical activity had no impact on the

mortality if the cardiovascular fitness was poor, whereas a

high cardiovascular fitness was associated with a low

mortality independent of the adherence to physical activity.

That fits well with our study showing that although more

than 10,000 steps per day were covered, the heart rate was

only above 70% of HRmax for 3% of the time and only

above 80% of HRmax for 2–3 min per day outside training

probably resulting in the poor cardiovascular fitness.

High-intensity interval training has been shown to be

more effective in improving the maximal oxygen uptake

than continuous moderate exercise (Nybo et al. 2010), and

the intensity is an important factor for reversing risk factors

of the metabolic syndrome (Tjonna et al. 2008). During the

soccer training sessions mean heart rates were *82% with

heart rates above 80 and 90% of maximal heart rate for 66

and 21% of total time, respectively. Thus, the intensity was

very high during the soccer training and a similar heart rate

distribution has been observed for other groups (Randers

et al. 2010b). Time-motion analyses revealed that a high

number of brief intense actions were performed and several

tackles, turns, accelerations, decelerations and in-fights

contribute to the high stress on the cardiovascular system.

It should be considered whether the biweekly 1 h fitness

center training may have contributed significantly to the

cardiovascular improvements observed in this study. First,

the mean heart rate was *70% of HRmax and HR was

above 80% of HRmax for less than 10 min and previous

studies have shown that recreational soccer is superior to

moderate continuous running in improving cardiovascular

fitness, lean body mass and some additional cardiovascular

risk factors (Krustrup et al. 2009, 2010c). Second, the

participants carried out four times as many street soccer

training sessions than fitness training sessions (2.2 vs 0.5

sessions per week). Thus, it is likely that the positive

effects seen in this study are mainly due by the street soccer

training. However, in future studies examining training

effects for homeless it would be preferable to examine the

separate effects of soccer and fitness training. Another

limitation of the present study is that the subjects were not

randomized, even though we succeeded in recruiting sub-

jects with similar psycho-social background and that no

between-group differences were observed in pre-values for

physical capacity and cardio-vascular health profile. Last, it

should be emphazised that homeless men form a very

heterogeneous subject group. In the present study a rela-

tively small sample size was sufficient for the detection of

inter-group differences in most of the main outcome vari-

ables, but for further investigations of the effects of soccer

training for homeless for variables like muscle hypertrophy

and resting heart rate, and examinations of the dose–

response effects of soccer training for homeless a higher

number of subjects is warranted. In summary, the present

study showed that the impact on the cardiovascular system

during small-sided soccer training for homeless men was

high with heart rate above 90% of HRmax for more than

20% of the time, periods with near maximal heart rate and

a high number of intense actions. Moreover, this study

showed huge variation in various cardiovascular risk fac-

tors among a group of homeless men, and that the soccer

training improved cardiovascular fitness and the lipopro-

tein profile and lowered the fat percentage. Thus, street

soccer can be promoted as an intense physical activity for

homeless men with marked and broad-spectrum effects on

the cardiovascular health profile. Future studies are war-

ranted to investigate the long-term physiological and psy-

cho-social effects of street soccer participation.
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