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HR = heart rate

HRmax = maximal heart rate

IVSd=interventricular septal wall thickness at end-diastole 
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Abstract

Purpose: We tested the hypothesis that participation in small-sided team handball training could 

provide beneficial effects on cardiovascular and metabolic parameters in overweight premenopausal 

women with special focus on the importance of prior team handball experience.
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Methods: A 16-week RCT training intervention was conducted in overweight premenopausal women 

randomized into three groups; a team handball training group without prior experience (UN; n=13), a 

team handball group with prior experience (EXP; n=10), and an inactive control group (CON; n=9). Both 

UN and EXP completed 1.6±0.3 training sessions per week with average heart rates of 84±5 and 85±9% 

of maximal heart rate, respectively. Cardiovascular and metabolic parameters were assessed before 

and after the intervention.

Results: Compared to CON, UN had significant increases in VO2max (7±4%) and intermittent endurance 

performance (26±14%) as well as reduced total fat mass (4±6%), total fat percentage (4±5%) and 

android fat mass (7±12%), respectively (all p<0.05). Compared to UN and CON, EXP displayed increased 

left ventricular mass and left ventricular mass index (both p<0.05) after the training period. There were 

no significant changes between any of the groups in muscle mass, blood lipids, resting heart rate, and 

blood pressure (all p>0.05).

Conclusion: Small-sided team handball training in overweight premenopausal women resulted in 

improvement of VO2max and body composition for participants with minimal team handball experience, 

indicating that prior team handball experience is not a prerequisite for improving physiological 

parameters of importance for health. Furthermore, EXP displayed cardiac adaptations, including 

enhanced left ventricular mass and left ventricular mass index.

 

1. Introduction 

Physical activity is of immense importance for prevention and treatment of lifestyle diseases, but the 

long-term adherence to physical activity interventions is often low.1,2 Therefore, new strategies for 

effective long-lasting exercise training programmes are warranted in the prevention of lifestyle 

diseases.3,4 Team sports have in this context been found to be carrying positive psychosocial and 

motivational aspects that may promote adherence.5,6,7 Also, while isolated endurance or strength training A
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may have potent effects on selected cardiovascular, musculoskeletal, and metabolic parameters, 

intermittent team sports appear to have more widespread beneficial health effects.8,9,10,11,12 At present, 

research on the physiological effects of this exercise mode, has been most extensive in recreational 

football, but since different type of physical activity may attract and motivate different people, more team 

sports are needed to be investigated. Furthermore, among concerns regarding implementing team sports 

is whether participants with limited technical skills and lack of experience with the respective game may 

achieve the same physiological benefits as more experienced ones. 

A recent observational study performed by Póvoas et al. (2017)13 in untrained adult men 

with prior team handball experience observed that 60-min recreational team handball matches were 

characterized by intensities of >90% of HRmax for 24% of total playing time and a mean HR of 82%HRmax. 

The activity involved frequent highly demanding specific actions such as jumps, throws, stops, changes of 

direction, one-on-one situations, and unorthodox movements resulting in match average and peak blood 

lactate values of 3.6 and 4.2 mM, respectively. This shows that team handball, like recreational football14 

and basketball12, is an intermittent high-intensity exercise mode. Importantly, it also indicates that team 

handball may potentially result in widespread positive health and physical fitness effects due to the high 

demands imposed on the aerobic and anaerobic energy systems.15 This was addressed in a later study, 

showing that team handball training induced positive physical fitness and health-related adaptations for 

adult men with previous experience with team handball.16 Besides, two studies conducted by our research 

group have already observed that small-sided team handball led to positive effects on cardiovascular, 

musculoskeletal, and metabolic fitness in untrained young adult men and women.17,18 However, the group 

of young adult women did not show any effects on the cardiovascular outcomes, which may partly have 

been influenced by their overall superior baseline cardiovascular risk profile, since the intensity during 

training was high and the work produced was of intermittent nature. 

Therefore, knowing that other recreational team sports, especially football, are popular 

among women19, it has been of interest to extend the knowledge to team handball, and to continue 

focusing on female participants, and hereby to investigate if small-sided team handball can provide 

widespread beneficial health effects for untrained premenopausal overweight women aged 35-50 

years, which have a more vulnerable cardiovascular risk profile. Furthermore, regarding the 

implementation and organization of small-sided team handball for a broad spectrum of people, we also 

chose to investigate whether the degree of experience with team handball had an impact on the intensity 

and the physiological adaptations resulting from small-sided team handball practice. We hypothesized 

that participation in small-sided team handball training provides beneficial effects on cardiovascular A
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and metabolic parameters in overweight premenopausal women, regardless of their prior experience 

with team handball.

 

2. Methods 

2.1. Participants

Inclusion and exclusion criteria

To participate in the study, the participants were not allowed to have any known diseases, to be using 

daily medication, or to have smoked in the past 2 years. Additionally, the participants were required to 

have a regular menstrual cycle length (25 to 32 days) with or without the use of contraceptives. 

Furthermore, the participants were not allowed to have been involved in any regular physical training for 

at least 2 years before recruitment. To ensure that the women were overweight, the fat percentage was 

set to be higher than 35%.20

Randomization, drop out and completion

Forty participants completed baseline testing and were randomly assigned after two rounds of 

recruitment to either a team handball group with at least 2 years of club based handball experience (EXP; 

n=12), a team handball group without team handball experience (UN; n=16) and an inactive control group 

(CON; n=12), which consisted of both experienced (n=5) and inexperienced (n=7) participants. The 

randomization was conducted in the ratio 2:1, so when two participants were randomly assigned for UN 

or EXP, one participant was assigned for CON. In total, eight participants dropped out of the study, 2 in 

EXP, 3 in UN and 3 in CON. One participant in EXP dropped out because of worsening of an old injury that 

was acquired prior to the intervention and the other participant due to personal issues. In UN, one 

participant broke the finger and the two other participants dropped out due to personal issues. In CON, all A
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three participants dropped out because of personal issues. Consequently, thirty-two participants 

completed the study (EXP, n=10; UN, n=13; and CON, n=9) (Fig.1). In relation to VO2max testing, two 

participants in EXP were not post-tested due to sickness and pain in the thigh, respectively. Furthermore, 

one participant in UN (pre-intervention) and one in CON (post-intervention) were ill at the time, and thus 

not tested.

Ethical aspects

The participants were informed of the risks and discomforts associated with the experimental procedures, 

and all provided written consent. The study was carried out in accordance with the guidelines set out in 

the Declaration of Helsinki and was approved by the National Committee on Health Research Ethics of the 

Capital of Copenhagen (H-15017245).

2.2. Outcomes

The primary outcome was aerobic fitness calculated as VO2max expressed relative to bodyweight. The 

secondary outcomes were intermittent endurance performance and body composition variables, 

including total muscle mass, total fat percentage, total fat mass and android fat mass. Furthermore, 

analyses were performed to investigate potential between-group effects in supplementary cardiovascular 

parameters including, resting heart rate (HR), blood pressure, cholesterol, triglycerides (TG), and 

echocardiographic parameters.

2.3. Sample size

Based on the expected standard deviations of changes in the main outcomes of VO2max and body-

composition found in previous studies with recreational football in untrained individuals21, the study 

aimed to recruit 16 participants per group with the expectation of a full dataset for 75% of the 

participants, corresponding to a minimum of 12 in each group. We did not succeed in recruiting the 

required number of overweight premenopausal women with prior team handball experience.

2.4. Test procedures

All tests were conducted before the intervention period and repeated again after 16 weeks. No 

exhausting physical activities were allowed 2 days before testing and the participants were to refrain from 

alcohol and caffeine consumption 24 h and 12 h before testing, respectively. In addition, test Day 2, 

involving DXA scans, blood sampling and blood pressure measurements between 7 and 10 a.m., followed A
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an overnight fast. To ensure that the women’s sex hormones were low and relative constant, test Day 2 

was scheduled in the mid-follicular phase between Days 5 to 12 in the menstrual cycle. This was done to 

reduce the impact of changes in hormone levels on test results during pre- and post-testing. If the 

participants were using dietary supplements, it was noted, and they were told to continue through the 

intervention period. On the other hand, if the participants did not use dietary supplements, they should 

continue not to, during the intervention period.

Test Day 1: Cardiorespiratory fitness (VO2max) 

In total, two incremental tests on a treadmill were carried out to determine VO2max, one test before and 

one test after the 16-week intervention. Each incremental test consisted of 1 steady-state speed level at 6 

km/h followed by a VO2max test, starting at 8 km/h for 2 min and then increasing by 1 km/h every 1 min 

until complete exhaustion (OxyconPro; Viasys Healthcare, Hoechberg, Germany). A levelling off in oxygen 

uptake with an increase in work rate at the end of the test was used to objectively confirm achievement 

of VO2max. VO2max was defined by the highest 30 s mean value. Time to exhaustion (TTE) was noted and 

maximal heart rate (HRmax) was determined as the highest value measured during a 15 s period (Polar 

Team System; Polar Electro Oy, Kemple, Finland). 

Test day 2: Body composition, blood pressure, resting HR and blood sampling

Body composition in terms of total fat percentage, total muscle mass, total fat mass, and android and 

gynoid fat mass were determined by whole-body scan (dual-energy X-ray absorptiometry (DXA) scans; 

iDXA; Lunar Corporation, Madison, WI, USA). 

Systolic and diastolic blood pressures were measured 6 times in 1.5 minute intervals after 

10 min of rest with the subject in the supine position using an automatic upper-arm blood pressure 

monitor (M7; OMRON, Vernon Hills, IL, USA) and an average value was calculated. Resting HR was 

determined as the lowest value obtained during the 6 measurements. 

A 3-mL blood sample diluted with ethylenediaminetetraacetate acid (EDTA) was collected 

and analyzed for basal levels of HbA1c using liquid chromatography. Additionally, a 4-mL blood sample 

diluted with lithium heparin was also collected and analyzed for total cholesterol (TC), low-density 

lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol (HDL-C) and TG using automated 

analyzers (Cobas Fara; Roche, Neuilly sur Seine, France) with enzymatic kits (Roche Diagnostics, 

Mannheim, Germany; Tosoh G7, Tosoh Europe, Tessenderlo, Belgium).A
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Test day 3: Yo-Yo IE1 testing

To determine the intermittent endurance capacity, a Yo-Yo intermittent endurance level 1 test (Yo-Yo IE1) 

was conducted. In total, two tests were performed, 1 test before and 1 test after the 16-week 

intervention. The test consisted of 2×20-m shuttle runs performed at increasing speeds interspersed with 

5 s of active recovery 2.5 m behind the start/finish line. The speeds were controlled by audio signals from 

a CD and testing was performed indoors on a wooden floor following a standardized 10-min low-intensity 

warm-up. The participants had 3 trial runs at speed level 1 and 3 to be familiarized with the test 

procedure. The test was stopped when the subject was no longer able to maintain the required speed. 

The total distance (m) covered represented the test result for each individual. Maximal heart rate 

(HRmax) was determined as the highest value measured during a 15-s period with a chest belt heart rate 

monitor (Polar Team System, Polar Electro Oy, Kempele, Finland) which was also used for the VO2max test.

Test day 4: Echocardiography

Comprehensive transthoracic echocardiography was conducted on a GE Vivid E95 ultrasound machine 

with a 2.5-MHz transducer (GE Healthcare, Horten, Norway). The examination was performed by an 

experienced nurse in echocardiography in a quiet room with the participants resting in the lateral supine 

position. The nurse was blinded and all examinations were analyzed in a random order. Cardiac structure 

was evaluated from parasternal long axis 2-D recordings at the tip of the mitral leaflets, with 

measurement of left ventricular  internal end-diastolic diameter (LVIDd), interventricular septal wall 

thickness at end-diastole (IVSd), and posterior wall thickness at end-diastole (PWd). LV end-diastolic 

diameter (LVEDd) was calculated from the formula: LVIDd+IVSd+PWd whereas LV mass (LVM) was 

calculated from the formula: 0.8 *[1.04 *[(LVIDd + IVSd + PWd)^3 ]-(LVIDd)^3]. Indexed according to body 

surface area (LVMI), LV volumes and ejection fraction (EF) were evaluated with Simpson’s biplane 

method. Right ventricular function was evaluated as tricuspid annular plane systolic excursion (TAPSE), 

with the curser placed in the lateral annulus of the tricuspid valve using M-mode in the apical four-

chamber view. TAPSE was calculated as the total tricuspid annular longitudinal displacement (cm) from 

end diastole to end systole. Peak transmitral inflow velocity measures in early (E) and late (A) diastole and 

the corresponding E/A ratio were measured using pulsed Doppler in the apical four-chamber view with 

the curser between the tips of the mitral leaflets. Longitudinal 2-D global strain (GLS) was estimated using 

automated functional imaging. We obtained GLS from the movements of speckles in grayscale 2-D images 

with a frame rate of 50–80 Hz. From the geometric shift of these speckles, the contraction and relaxation A
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of the myocardium was measured, and GLS was expressed as the average of the maximal systolic 

displacement in 18 segments model.22

2.5. Training intervention 

The participants were encouraged to participate in two out of three weekly indoor training sessions at the 

Department of Nutrition, Exercise and Sports, University of Copenhagen. Participants’ adherence was 

registered. For each subject there were at least 40 h of recover before the next training session. The team 

handball training intervention consisted of a 12 to 15-min warm-up followed by 4 × 10 min periods of 

match-play (4v4 and 3v3) on a 14 m wide and 19 m long team handball pitch interspersed with 3 min 

breaks. No hard tackles were allowed and the balls used during the training sessions were light and made 

of a soft material.

2.6. Intensity during training

In UN and EXP, HR was recorded at 1 s intervals using an HR monitor (Polar Team System, Polar Electro 

Oy, Kempele, Finland) during the 4 periods of match-play over 16 weeks of training. Data were transferred 

to a computer for subsequent analysis using the Polar Team 2 system software (Polar Team 2 system, 

Polar Electro Oy, Kempele, Finland) and expressed in relation to individual HRmax. Individual HRmax was 

determined as the highest value reached during either the incremental treadmill test to exhaustion or the 

Yo-Yo IE1 test.

2.7. Habitual physical activity level and diet habits

Weekly level of physical activity was determined by accelerometer measurements (Axivity, NewCastle, 

UK). The accelerometer was placed on the right thigh and carried for seven consecutive days during two 

periods, one week before the intervention and again one week during the intervention period. Acti 4 

software was used to differentiate between different types of physical activity, including sitting, standing, 

walking, running and number of steps per day. For those who entered the training groups, small-sided 

team handball training was not included in the analyses for habitual physical activity level. The 

participants in UN and EXP were told not to be involved in other regular sporting activities in their spare 

time beyond the team handball training. Finally, the participants in the three groups were told not to 

change their normal diet habits during the 16-week intervention period. 

2.8. StatisticsA
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Analyses were performed using R.23 Differences in changes from baseline to follow-up between the three 

groups (UN, EXP and CON) were evaluated using a linear mixed model. The change scores were not 

adjusted for any parameters. We did a visual inspection of QQ-plots, and residual plots ensured that 

assumptions of normality and homoscedasticity were met. Within-group outcomes were reported as 

mean±SD and between-group outcomes were reported as estimated mean differences with 95% 

confidence intervals of the change score from baseline to 16-week follow-up (Table 1+2). Habitual 

physical activity level (Table 3) was reported as mean±SD. Furthermore, P-levels of 0.05 or less were 

accepted as statistically significant. Effect sizes were calculated from the formula: (Mean UN – Mean 

CON)/SD for primary and secondary outcomes. 
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3. Results

3.1. VO2max and Yo-Yo IE1 performance

Significant (p<0.001, p=0.002) differences in changes were observed between UN and CON in favor of UN 

for VO2max and Yo-Yo IE1 performance from 0 to 16 weeks, respectively. In UN, VO2max increased (p< 0.001) 

by 1.9 mL/kg/min from 29.4±5.8 to 31.3±5.0 mL/kg/min over 16 weeks of training. Effect size = 1.9. 

Furthermore, Yo-Yo IE1 performance increased (p<0.001) by 240 meters from 650±342 to 890±454 

meters over 16 weeks of team handball training (Fig. 2). Effect size = 1.8. No significant (p>0.05) 

differences in changes were observed for VO2max and Yo-Yo IE1 performance from 0 to 16 weeks between 

EXP and CON or UN and EXP. Within EXP there was an increase (p<0.01) for Yo-Yo IE1 performance of 151 

meters from 600±395 to 751±509 meters over the training period (Fig. 2). 

3.2. Body composition

Significant (p = 0.009, p=0.019, p=0.031) differences in changes were found between UN and CON in favor 

of UN for total fat percentage, total fat mass and android fat mass from 0 to 16 weeks, respectively. UN 

had a decrease (p<0.001) in total fat percentage of 1.4% from 40.7±5.1 to 39.3±5.4%, a decrease (p<0.05) 

in total fat mass of 1.2 kg from 33.5±9.9 to 32.3±9.7 kg and a decrease (p<0.05) in android fat mass of 0.2 

kg from 3.0±1.1 to 2.8±1.1 kg (Fig.3). Effect sizes = 1.4, 1.3, and 1.2, respectively. No significant (p>0.05) 

differences in changes were observed for BMI, total fat percentage, total fat mass and android fat mass 

between EXP and CON or UN and EXP. Furthermore, there were no differences in changes (p>0.05) for 

gynoid fat mass and total muscle mass between any of the groups from 0 to16 weeks (Table 1). Within UN 

and EXP there were an increase (p=0.001, p=0.02) in total muscle mass of 1.0 and 0.8 kg from 0 to 16 

weeks, respectively (Fig. 3). 

3.3. Cardiovascular risk factorsA
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No significant (p>0.05) differences in changes were observed for systolic blood pressure, diastolic blood 

pressure, resting HR, total cholesterol, LDL-cholesterol, HDL-cholesterol, TG and HbA1C% from 0 to 16 

weeks between any of the groups. Within EXP there was a decrease (p<0.05) in resting HR of 4 bpm from 

60±10 to 56±8 bpm over the training period (Table 1).

3.4. Echocardiography

Differences in changes were observed between EXP and CON and between EXP and UN for left ventricular 

mass and left ventricular mass index from 0 to 16 weeks, respectively (p=0.03, p=0.04; p=0.005, p=0.004). 

In EXP, left ventricular mass and left ventricular mass index increased (p<0.05) by 18 g and 8 g/m2 from 

132±12 to 150±26 g and from 68±6 to 76±11 g/m2, respectively. No significant (p > 0.05) differences in 

changes were observed for left ventricular mass and left ventricular mass index from 0 to 16 weeks 

between UN and CON. For mitral A-wave velocity there were significant (p=0.007, p=0.008) differences in 

changes between UN and CON and between EXP and CON from 0 to 16 week. In CON, mitral A-wave 

velocity decreased by 0.07 m/s from 0.57±0.06 to 0.50±0.07 m/s. There were no differences in changes 

(p>0.05) for the remaining echocardiographic parameters between any of the groups. Within EXP there 

was an increase (p<0.05) for interventricular septal wall thickness at end-diastole and left ventricular end-

diastolic diameter of 0.07 and 0.16 cm from 0.87±0.10 to 0.94±0.11 cm and 6.45±0.30 to 6.61±0.45 cm, 

respectively (Table 2).

3.5. Intensity during training and adherence

Average HRs, expressed as percent of HRmax, during the four 10-min exercise periods were 84±5 and 

85±9% for UN and EXP, respectively. Time spent in HR zones corresponding to <70.0, 70.0–79.9, 80.0–

89.9, 90.0–94.9 and 95.0–100.0% of HRmax was 2±3, 18±13, 47±17, 22±20 and 10±12% for UN, 

respectively. For EXP, time spent in the different HR zones was 7±8, 30±32, 23±21, 26±24 and 14±21%, 

respectively. Total number of attended training sessions was 27±7 (1.57 per week) and 28±5 (1.62 per 

week), for UN and EXP, respectively.

3.6. Habitual physical activity level

No significant (p>0.05) differences in changes were observed for sitting, standing, walking, running and 

number of steps per day from 0 to 16 weeks between any of the groups. Furthermore, there were no 

within groups changes from 0 to 16 weeks over the intervention period (Table 3).
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4. Discussion

The major findings of the present study were that 16 weeks of small-sided team handball training 

performed as small-sided games in overweight premenopausal women led to improvements for 

participants without prior handball experience in VO2max and physical performance capacity evaluated by 

Yo-Yo IE1 as well as decreases in total fat mass, fat percentage, and android fat mass. 

VO2max increased by 7% in UN which is in accordance with a recent intermittent spinning-

training study in pre and postmenopausal women, called the ‘Copenhagen Women Study’.24 However, the 

increase was lower compared to a study with recreational football by Krustrup et al.,8 where the female 

subjects showed less time spent in the near maximal heart rate zone >90HRmax compared to the present 

study. The average HRs during match play were 84 and 85% of HRmax and the time spent at intensities > 

90%HRmax was 32% and 40%, for UN and EXP, respectively. Therefore, it seems surprising that EXP failed 

to show a significant increase in VO2max, since high-intensity activities, in general, are associated with 

improved cardiovascular fitness, and since a previous team handball intervention with adult participants A
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with former experience with team handball showed that the post-intervention changes in VO2max were 

largely correlated with the time spent with HRs > 90%HRmax (r=0.606, p =0.048)16. This may partly be 

explained by the small group of post-tested participants (n=8) in combination with the group as a whole. 

Two of the participants in EXP did not respond positively to training, even though they had the highest 

attendance rates in the group of 38 and 35 training sessions, respectively, together with average 

intensities of 89 and 90% of HRmax during match-play.

Another important finding was the reduction in fat mass for UN by 4% as well as a 

reduction of total fat percentage and android fat mass by 4 and 7%, respectively. Android fat mass has a 

stronger relationship to the risk of cardiovascular disease than whole-body fat percentage, primarily 

because of its stronger association with cardiovascular risk factors.25 Neither of the three groups in the 

present study had any improvements in cardiovascular risk markers during the intervention period, and 

one explanation for this finding may be the low baseline values of resting heart rate, blood pressure and 

TG levels.26,27,28 The overweight premenopausal women in the present study were slightly dyslipidemic, 

but even though, in general, aerobic exercise is associated with beneficial effects on total cholesterol, 

HDL-cholesterol, and TG concentrations29, more pronounced effects on the lipid profile may require 

training combined with a calorie-restricted diet.30 Furthermore, it seems that the lipid-lowering effects of 

a training programme are related to the amount of energy expended, which is determined by the 

duration and intensity of the physical activity.31,32,33 The intensity was high during training for both UN 

and EXP but the attendance rate of 1.6 times per week may have been too low to observe an effect in 

TC and HDL-C, and TG concentrations. Training programmes with an energy expenditure of at least 1200 

kcal per week has been proposed to be needed to prompt changes in HDL-cholesterol.34,35 This was not 

achieved in the present study. Furthermore, it was observed that all three groups performed around 

10.000 steps per day, which may have lowered the odds of improving the lipoprotein profile any further. 

Studies have shown that 10.000 steps or less, 3 times a week, improved the lipoprotein profile and 

expression of genes involved in reverse lipid transport.36,37. The accelerometers used in the present study 

could not distinguish from slow, moderate, and vigorous walking, and there is a chance that the energy 

expenditure has been higher for some participants if walking vigorously than compared to others walking 

with a slow pace.

No changes were observed for echocardiographic parameters between any of the groups 

during the intervention period except from the increase in EXP for LVM and LVMI, which increased by 18 g 

and 8 g/m2, respectively. Paradoxically an increased LVM/LVMI has been associated with independent risk 

of death and cardiovascular disease38. Interestingly, however, Savage and colleagues39 found that 

LMV/LVMI was positively linked with increased physical activity in men below 50 years of age, but not in A
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women. Although randomized trials of physical training with hard clinical endpoints have not been 

performed, the wealth of evidence linking physical activity with favorable effects on cardiovascular 

morbidity and mortality suggesting that increased LVM/LVMI after physical exercise interventions may be 

a marker of improved prognosis. In the ‘Copenhagen Women Study’ the increase in VO2max was supported 

by both structural and functional effects for echocardiographic parameters40, and furthermore also 

observed in premenopausal women after a period of recreational football.41 Compared to the 

aforementioned studies, the present study had fewer involved participants, which may partly explain why 

we did not observe any other adaptations on echocardiography. Studies with more power should examine 

this further.

A limitation of the present study was that EXP and CON had fewer recruited participants 

than that determined by the sample size calculations. This may have contributed to the absence of 

significant changes on VO2max and metabolic variables. Furthermore, we did not control the participants' 

diet, though have recommended them to continue their normal dietary habits throughout the 

intervention period. However, as little as three days of changing the diet can affect the lipoprotein 

profile42, and unreported changes of dietary habits may have significantly influenced our results.

5. Conclusion

Small-sided team handball in overweight premenopausal women led to improvements both in 

cardiovascular and metabolic parameters, including VO2max and body composition, and importantly, prior 

handball experience was not required to obtain high intensities during training combined with positive 

physiological adaptations. It was surprising that women with prior team handball experience did not have 

any favorable effects since intensity during training and adherence were equal to the group without prior 

team handball experience. On the other hand, this group showed increased LVM and LVMI, and the long-

term clinical significance of these cardiac adaptations warrant further study.

6. Perspective

Small-sided team handball seems to have a positive impact on widespread physiological outcomes based 

on previous studies by Hornstrup et al.14,15, and the present study, which both affected cardiovascular, 

musculoskeletal, and metabolic parameters, positively. Regarding small-sided team handball 

implementation, other aspects besides team handball experience should be investigated, such as pitch 

size, game format, and players’ density, in order to optimize the quality of the game with a health 

perspective. Furthermore, studies in other populations as elderly and patient groups are warranted, both 

in small-sided team handball and also in other team sports.  A
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Legends to figures

Figure 1: Flow chart showing the process for recruiting untrained overweight 35-50-year-old female 

subjects.

Figure 2: a) VO2max and b) Yo-Yo IE1 performance before and after 16 weeks of small-sided team handball 

training for overweight premenopausal women without prior handball experience (UN: white bars), for 

overweight premenopausal women with prior handball experience (EXP: hatched bars) and for 

overweight premenopausal women who continue an inactive lifestyle (CON: grey bars). Means±SD are 

presented. # Significant (p<0.05) difference in change score between UN and CON in favour of UN. ** 

Significantly (p<0.01) different from 0 weeks. *** Significantly (p<0.001) different from 0 weeks.

Figure 3: a) Total fat percentage, presented as delta values between week 0 and week 16 for UN, EXP and 

CON. b) android fat mass, c) total fat mass and d) total muscle mass before and after 16 weeks of small-

sided team handball training for overweight premenopausal women without prior handball experience 

(UG, n=13: white bars), for overweight premenopausal women with prior handball experience (EG, n=10: 

hatched bars) and for overweight premenopausal women who continue an inactive lifestyle (CG, n=9: 

grey bars). Means±SD are presented. # Significant (p<0.05) difference in change score between UN and CG 

in favour of UN. * Significantly (p<0.05) different from 0 weeks ** Significantly (p<0.01) different from 0 

weeks. *** Significantly (p<0.001) different from 0 weeks.
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Table 1. Age, body composition, and cardiovascular risk factors for UG, EG and CG as well as group 

difference in change score over 16 weeks

  Variable
 

Baseline
 

16 weeks
Group difference in mean change 

score from pre to post

 n Mean+SD n Mean+SD Groups Mean
95% 

CI  

P-

value

Age (yr)   

UN 13 46.3±2.9 13               - UG-CG  -  - -  

EXP 10 45.3±4.0 10               - EG-CG  -  -  -  

CON 9 41.8±4.6 9               - UG-EG  -  -  -  

Height (cm)   

UN 13 168±5.4 13               - UG-CG  -  -  -  

EXP 10 168±2.6 10               - EG-CG  -  -  -  

CON 9 169±6.0 9               - UG-EG  -  -  -  

Weight (kg)   

UN 13 80.8±16.3 13 81.1±16.4 UG-CG -1.1 -1.9 1.0 0.396

EXP 10 88.3±17.3 10 89.1±19.4 EG-CG -0.6 -0.7 1.3 0.940

CON 9 85.3±15.6 9 86.7±16.4 UG-EG -0.5 -0.8 1.2 0.338

BMI (Weight/Height2)   

UG 13 28.4±4.7 13 28.4±4.5 UG-CG  -  - -  

EG 10 31.4±6.2 10 31.7±6.9 EG-CG  -  -  -  

CG 9 29.8±5.5 9 30.3±5.7 UG-EG  -  -  -  

Gynoid fat mass   

UN 13 5.9±1.8 13 5.8±1.8 UG-CG -0.2 -0.5 0.1 0.254

EXP 10 6.7±2.4 10 6.7±2.6 EG-CG  0.1 -0.3 0.5 0.790

CON 9 6.6±1.7 9 6.7±1.7 UG-EG -0.1 -0.4 0.2 0.376

Systolic blood pressure (mmHg)   

UN 13 107±14 13 110±14 UG-CG -1 -9 7 0.953

EXP 10 117±13 10 116±14 EG-CG -5 -13 3 0.318

CON 9 112±13 9 116±19 UG-EG 4 -4 12 0.303

Diastolic blood pressure (mmHg)   

UN 13 72±9 13 70±8 UG-CG -2 -7 3 0.588

EXP 10 80±9 10 77±6 EG-CG -3 -8 2 0.498

CON 9 79±10 9   79±11 UG-EG 1 -4 6 0.856

Resting HR (bpm)   

UN 13 60±8 13 59±8 UG-CG 1 -4 6 0.622A
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EXP 10   60±10 10    56±8* EG-CG -2 -7 3 0.548

CON 9 62±5 9  60±5 UG-EG 3 -2 8 0.244

HbA1C(%)   

UN 13 5.5±0.3 13  5.4±0.3 UG-CG -0.1 -0.3 0,1 0.344

EXP 10 5.4±0.2 10  5.4±0.3 EG-CG 0 -0.2 0,2 0.677

CON 9 5.4±0.2 9  5.4±0.2 UG-EG 0.1 -0.1 0,3 0.559

Total cholesterol (mmol/L)   

UN 13 5.3±0.8 13  5.6±0.9 UG-CG 0.1 -0.5 0.7 0.988

EXP 10 5.2±0.6 10  5.4±1.0 EG-CG 0 -0.6 0.6 0.794

CON 9 4.9±0.7 9  5.2±0.7 UG-EG -0.1 -0.7 0.5 0.764

HDL-C (mmol/L)   

UN 13 1.6±0.3 13  1.6±0.4 UG-CG 0 -0.2 0.2 0.196

EXP 10 1.4±0.3 10  1.4±0.3 EG-CG 0.2 -0.2 0.2 0.249

CON 9 1.6±0.3 9  1.6±0.3 UG-EG 0 -0.2 0.2 0.942

LDL-C (mmol/L)   

UN 13 3.5±0.8 10  3.6±0.9 UG-CG 0.1 -0.4 0.6 0.777

EXP 10 3.6±0.6 10  3.7±0.8 EG-CG 0 -0.5 0.5 0.453

CON 9 3.1±0.7 9  3.3±0.7 UG-EG -0.2 -0.7 0.3 0.871

Triglycerid (mmol/L)   

UN 13 1.0±0.3 13  1.0±0.3 UG-CG -0.1 -0.3 0.1 0.657

EXP 10 1.0±0.5 10  1.1±0.5 EG-CG 0 -0.4 0.2 0.544

CON 9 1.0±0.5 9  1.1±0.7 UG-EG 0.1 -0.3 0.1 0.211

* p < 0.05, ** p < 0.01, *** p < 0.001, significantly different from 0 week within group

Table 2. Echocardiographic parameters for UN, EXP and CON as well as group difference in change over 16 

weeks

Variable
 

Baseline
 

16 weeks
Group difference in mean change score from 

pre to post

 n Mean±SD n   Mean+SD Groups Mean 95% CI  P-value

LV structure   

Interventricular septal wall thickness at end-diastole - IVSd (cm)   

UN 13 0.81±0.10 13    0.79±0.10 UG-CG -0.5 -0.6 -0.4   0.384

EXP 10 0.87±0.10 10    0.94±0.11* EG-CG 0.4 0.3 0.5   0.355

CON  9 0.80±0.13  9    0.83±0.11 UG-EG -0.9 -1.0 -0.8   0.057

LV internal end-diastolic diameter - LVIDd (cm)   

UN
13 4.72±0.32 13   4.79±0.35 UG-CG 0.05

-

0.15 0.25   0.651

EXP
10 4.79±0.44 10   4.80±0.48 EG-CG 0.01

-

0.19 0.21   0.969A
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CON
 9 4.84±0.36  9   4.86±0.43 UG-EG 0.06

-

0.14 0.26   0.611

Posterior wall thickness at end-diastole - PWD (cm)   

UN
13 0.83±0.12 13  0 .79±0.12 UG-CG -0.03

-

0.13 0.07   0.564

EXP
10 0.80±0.10 10   0.87±0.08 EG-CG 0.06

-

0.04 0.16   0.098

CON
 9 0.81±0.10  9   0.80±0.08 UG-EG -0.11

-

0.21

-

0.01   0.016

Body surface area - BSA (m2)   

UN
13 1.91±0.20 13   1.90±0.19 UG-CG -0.02

-

0.04 0.00   0.293

EXP
10 1.97±0.17  9   1.97±0.19 EG-CG -0.01

-

0.03 0.01   0.531

CON
 9 1.96±0.16  9   1.97±0.17 UG-EG -0.01

-

0.03 0.01   0.689

LV mass  - LVM (g)   

UN 13 129±24 13    124±22 UG-CG -6 -21  9   0.587

EXP 10 132±12 10    150±26** EG-CG 17# 1 33   0.004

CON 9 132±35  9     133±27 UG-EG -23# -38 -8   0.005

LV mass index  - LVMI (g/m2)   

UN 13   67±9 13        66±9 UG-CG -1 -8 6   0.646

EXP 10   68±6 10      76±11** EG-CG 8# 0 16   0.03

CON  9   68±17  9      68±13 UG-EG -9# -16 -2   0.004

LV end-diastolic diameter  - LVEDd (cm)   

UN
13 6.37±0.36 13     6.37±0.35 UG-CG 0.03

-

0.15 0.21   0.763

EXP
10 6.45±0.30 10     6.61±0.45* EG-CG 0.13

-

0.05 0.31   0.179

CON
 9 6.45±0.54  9     6.48±0.48 UG-EG 0.16

-

0.02 0.34   0.075

LV end-diastolic volume - LVEDv (ml)   

UN 13 85±13 13        89±19 UG-CG 8 -4 20  0.193

EXP 10 101±19 10        97±21 EG-CG 0 -12 12  0.880

CON  9 94±15  9        90±16 UG-EG 8 -3 19  0.132

LV end-systolic volume - LVESv (ml)   

UN 13 34±9 13         35±9 UG-CG 3 -3 9  0.304

EXP 10 41±10 10        39±10 EG-CG 0 -6 6 0.889

CON  9 37±5  9         35±8 UG-EG 3 -2 8 0.225

Systolic function   

LV ejection fraction - LVEF (%)   

UN 13 60.9±6.2 13      61.1±3.30 UG-CG 0.7 -3.8 5.2  0.790

EXP 10 59.2±5.2 10      59.6±4.3 EG-CG 0.5 -4.3 5.3  0.849A
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CON  9 60.0±4.5  9      60.9±5.9 UG-EG 0.2 -4.2 4.6  0.947

Tricuspid annular plane systolic excursion- TAPSE (cm)   

UN
13 2.58±0.36 13     2.64±0.25 UG-CG 0.13

-

0.14 0.40  0.367

EXP
10 2.48±0.30 10     2.48±0.31 EG-CG 0.07

-

0.20 0.34  0.615

CON
 9 2.60±0.44  9     2.53±0.36 UG-EG 0.06

-

0.19 0.31  0.690

Longitudinal 2-D global strain  - GLS(%)   

UN 13 -20.5±2.5 13    -20.7±2.2 UG-CG 0.2 -1.3 1.7  0.928

EXP 10 -20.2±1.9 10    -20.3±2.0 EG-CG 0.3 -1.3 1.9  0.727

CON  9 -20.8±2.8  9    -21.2±1.7 UG-EG 0.1 -1.4 1.6  0.778

LV Displacement - TT (mm)   

UN 13 12.1±1.8 13     12.4±1.4 UG-CG 0.7 0.3 1.2  0.567

EXP 10 12.0±1.9 10     12.2±1.4 EG-CG 0.6 0.2 1.3  0.879

CON  9 13.1±1.6  9     12.7±2.0 UG-EG 0.1 -0.5 0.8  0.345

Diastolic function   

Mitral inflow velocity E/A ratio   

UN
13 1.25±0.27 13    1.19±0.27 UG-CG -0.18

-

0.40 0.04  0.091

EXP
10 1.57±0.38 10    1.53±0.34 EG-CG -0.16

-

0.40 0.08  0.146

CON
 9 1.48±0.30  9    1.60±0.41 UG-EG -0.02

-

0.24 0.20  0.874

Mitral E-wave velocity (m/s)   

UN
13 0.74±0.14 13    0.72±0.10 UG-CG -0.03

-

0.07 0.01  0.212

EXP
10 0.78±0.20 10    0.78±0.16 EG-CG 0.05

-

0.03 0.13  0.234

CON
 9 0.84±0.18  9    0.79±0.16 UG-EG -0.02

-

0.12 0.08  0.788

Mitral A-wave velocity (m/s)   

UN 13 0.61±0.11 13   0.62±0.10 UG-CG 0.08# 0.02 0.14  0.007

EXP
10 0.50±0.10 10   0.52±0.09 EG-CG 0.01#

-

0.05 0.07  0.008

CON  9 0.57±0.06  9  0.50±0.07** UG-EG 0.09 0.03 0.15  0.913

Mitral deceleration time (ms)   

UN 13   203±39 13    206±39 UG-CG 16 -12 44.4 0.286

EXP 10   182±39 10    181±22 EG-CG  4 -26 34.2 0.465

CON  9   178±35  9    165±24 UG-EG 12 -16 39.6 0.763

# Signigicantly difference in change between groups (UN, EXP and CON)

* p < 0.05, ** p < 0.01, *** p < 0.001, significantly different from 0 week within groupA
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Table 3. Habitual physical activity level; sitting, standing, walking, running in hours per day, and number of 

steps per day for UN, EXP and CON

 UN      EXP      CON      

 0 w   16 w   0 w   16 w   0 w   16 w   

Sitting (hrs/d) 9.2 ± 1.0 9.6 ± 1.5 10.4 ± 1.4 9.8 ± 1.7 10.3 ± 1.3 10.2 ± 1.4

Standing (hrs/d) 3.2 ± 0.7 3.0 ± 0.8 2.7 ± 0.5 2.9 ± 0.9 2.9 ± 1.0 2.9 ± 1.1

Walking (hrs/d) 1.5 ± 0.4 1.5 ± 0.4 1.6 ± 0.5 1.5 ± 0.5 1.3 ± 0.4 1.2 ± 0.5

Running (hrs/d) 0.0 ± 0.0 0.1 ± 0.2 0.0 ± 0.0 0.1 ± 0.1 0.0 ± 0.0 0.0 ± 0.0

Steps (per/d) 10775 ± 2981 10234 ± 3573 11552 ± 3868 10950 ± 3549 9882 ± 2625 8713 ± 3023
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