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Biomarkers of insulin action during single soccer sessions before and after a 12-week training period in type 2 diabetes patients on a caloric-restricted diet
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Background: We investigated the biomarkers of insulin action as well as changes in free fatty acids and lactate concentration after an acute soccer session pre and post training with caloric-restricted diet versus diet alone in type 2 diabetes (T2D) patients. Methods: Fifty-one middle-aged (61.1±6.4 years) T2D patients were randomly allocated to the soccer+diet group (SDG) or the diet group (DG). The control group comprised T2D patients observing a caloric-restricted diet who did not receive soccer training. Over 12 weeks, SDG performed 3x40 min per week of soccer training. Results: The first soccer session for SDG induced acute increases in blood lactate (1.4±0.1 to 6.0±0.7 mmol/L, P<0.05) and glucagon levels (112.1±6.2 to 142.9±8.0 pg/mL, P<0.05), whereas glucose and insulin levels remained unchanged. Moreover, this session showed suppressed insulin levels as well as higher free fatty acids, lactate levels and glucagon/insulin ratio compared to DG (p<0.05). After 12 weeks, a baseline decrease was observed in glucagon, leptin and lactate levels in SDG and DG (p<0.05), whereas HOMA-IR, Adipo-IR and glucose levels were lower only in SDG (p<0.05). At the last soccer training session, the blood lactate response was significantly lower than for the first session (4.0±0.4 vs 6.0 ± 0.7 mmol/L).

At 48 h pre intervention, a decrease was observed in leptin levels (p<0.05), which remained lower post intervention. The positive correlation between leptin and insulin, and the lower levels after training, could be attributed to the improved insulin sensitivity along with the weight loss observed in both groups (~3.4 kg for DG and 3.7 kg for SDG).

Conclusion: Acute soccer sessions markedly improved insulin action markers in T2D patients, while the cumulative effects enhanced insulin sensitivity and decreased risk
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Introduction

Diabetes mellitus is one of the major worldwide health problems and the leading cause of blindness, kidney failure, lower extremity amputation and cardiovascular disease [START_REF] Dagogo-Jack | Glycemic control and chronic diabetes complications[END_REF][START_REF] Hayashino | Effects of exercise on C-reactive protein, inflammatory cytokine and adipokine in patients with type 2 diabetes: a meta-analysis of randomized controlled trials[END_REF].

Diabetes education, nutritional counselling, physical activity, self-monitoring and training in self-management principles constitute the foundation of all diabetes management plans.

There is now abundant evidence that optimal glycaemic control prevents the development of diabetes complications [START_REF] Dagogo-Jack | Glycemic control and chronic diabetes complications[END_REF]. Moreover, lifestyle modification, exemplified by optimal dietary practices and increased physical activity, has been demonstrated to prevent type 2 diabetes (T2D) and induce remission of early T2D [START_REF] Ew | Association of an Intensive Lifestyle Intervention With Remission of Type 2 Diabetes[END_REF].

Structured programmes of regular physical activity (150 min per week) and dietary strategies, including a reduction in calories, dietary sugar, fat and sodium, and an increase in dietary fibre and whole grains, are recommended for optimal metabolic health and weight control [START_REF] Diabetes | Summary of revisions to the 2014 Clinical Practice Recommendations[END_REF].

Exercise training or caloric restriction can reduce total and regional fat mass, especially visceral fat, in overweight or obese individuals, enhancing insulin sensitivity [START_REF] Mavros | Changes in Insulin Resistance and HbA1c Are Related to Exercise-Mediated Changes in Body Composition in Older Adults With Type 2 Diabetes[END_REF].

Several studies have demonstrated that very low to moderate caloric restriction can enhance insulin sensitivity, irrespective of weight loss [START_REF] De | Relative effects of calorie restriction and weight loss in noninsulin-dependent diabetes mellitus[END_REF][START_REF] Rr | Caloric restriction per se is a significant factor in improvements in glycemic control and insulin sensitivity during weight loss in obese NIDDM patients[END_REF]. The magnitude of insulin sensitivity increase was greater for the lower-calorie diet [START_REF] Rr | Caloric restriction per se is a significant factor in improvements in glycemic control and insulin sensitivity during weight loss in obese NIDDM patients[END_REF]. However, an increase in skeletal muscle glucose transporter (GLUT-4) during caloric restriction is not evident [START_REF] Da | Calorie restriction enhances insulinstimulated glucose uptake and Akt phosphorylation in both fast-twitch and slowtwitch skeletal muscle of 24-month-old rats[END_REF].

Conversely, exercise training has repeatedly been shown to improve muscle function, including enhanced insulin responsiveness [START_REF] Hawley | Exercise training-induced improvements in insulin action[END_REF] and GLUT-4 expression [START_REF] Ea | Exercise, GLUT4, and skeletal muscle glucose uptake[END_REF] as well as oxidative capacity [START_REF] Ms | Low-volume interval training improves muscle oxidative capacity in sedentary adults[END_REF] and mitochondrial content in skeletal muscle [START_REF] Am | Relationships between Exercise, Mitochondrial Biogenesis and Type 2 Diabetes[END_REF]. The greatest effect is on oxidative fibres [START_REF] Bouassida | Review on leptin and adiponectin responses and adaptations to acute and chronic exercise[END_REF], where several cytokines and myokines, including leptin, promote fatty acid oxidation, leading to decreased skeletal muscle lipid deposition [START_REF] Weins | Concerted action of leptin, in regulation of fatty acid oxidation in skeletal muscle and liver[END_REF].
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The impact of exercise training on metabolic parameters also depends on the type of exercise. Alkahtani et al. [START_REF] Sa | Effect of interval training intensity on fat oxidation, blood lactate and the rate of perceived exertion in obese men[END_REF] have shown a greater decrease in blood lactate in obese men after 12 weeks of high-intensity interval training than after 12 weeks of moderate-intensity interval training, while fat oxidation was increased regardless of the exercise intensity.

However, Gordon et al. [START_REF] Ba | Insulin sensitivity not modulated 24 to 78 h after acute resistance exercise in type 2 diabetes patients[END_REF] have shown that insulin sensitivity is not modified after acute resistance exercise in T2D patients. Conversely, high-intensity interval training (~20-min bouts) performed by T2D patients over 2 weeks improved metabolic health and glucose control [START_REF] Jp | Low-volume high-intensity interval training reduces hyperglycemia and increases muscle mitochondrial capacity in patients with type 2 diabetes[END_REF].

Similarly, soccer is a vigorous exercise activity interspersed with periods of rest [START_REF] Krustrup | Muscle adaptations and performance enhancements of soccer training for untrained men[END_REF][START_REF] Krustrup | Effects of recreational football on women's fitness and health: adaptations and mechanisms[END_REF] and may be an attractive option for implementing higher-intensity training in patients. The training load can be controlled using tools as heart rate monitors and global positioning system (GPS) allowed to meet the standard recommendations concerning physical activity for patients with diabetes [START_REF] Sr | Physical Activity/Exercise and Diabetes: A Position Statement of the American Diabetes Association[END_REF]. Moreover, it was recognized that soccer training using small-sided games is more enjoyable and the adherence was higher than other kind of training such as running or cycling [START_REF] Krustrup | Muscle adaptations and performance enhancements of soccer training for untrained men[END_REF]. Consequently, by using tools to control the training load, soccer training can be recommended for patients with diabetes [START_REF] Krustrup | Muscle adaptations and performance enhancements of soccer training for untrained men[END_REF][START_REF] Krustrup | Effects of recreational football on women's fitness and health: adaptations and mechanisms[END_REF][START_REF] Krustrup | Football is medicine: it is time for patients to play![END_REF].

Given its particular popularity with Brazilians, it might therefore be a good intervention strategy for preventing or treating diabetes.

As caloric restriction and physical training can each improve insulin sensitivity, we hypothesised that their combined effects should exceed their individual impacts. To test this hypothesis, we compared the impact of caloric-restricted diet with recreational soccer training versus caloric-restricted diet in T2D patients.

As widely investigated in several studies conducted by Krustrup et al [START_REF] Krustrup | The "Football is Medicine" platformscientific evidence, large-scale implementation of evidence-based concepts and future perspectives[END_REF] recreational soccer training can be defined as warm-up, pair-based drills and small-sided football
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training that is done in a friendly and motivating atmosphere, without competitive games against local rivals.

The soccer training program proposed in the current study was in accordance with the recommendations of the American Diabetes Association -ADA [START_REF] Sr | Physical Activity/Exercise and Diabetes: A Position Statement of the American Diabetes Association[END_REF][START_REF] Rj | Physical activity/exercise and type 2 diabetes: a consensus statement from the American Diabetes Association[END_REF]. In fact it was demonstrated that most clinical trials evaluating exercise interventions in people with type 2 diabetes have used a three times per week frequency [START_REF] Sr | Physical Activity/Exercise and Diabetes: A Position Statement of the American Diabetes Association[END_REF][START_REF] Rj | Physical activity/exercise and type 2 diabetes: a consensus statement from the American Diabetes Association[END_REF][START_REF] Ng. Boule | Effects of exercise on glycemic control and body mass in type 2 diabetes mellitus: a meta-analysis of con-trolled clinical trials[END_REF]. The study conducted by Boulé et al. [START_REF] Ng. Boule | Meta-analysis of the effect of structured exercise training on cardiorespiratory fitness in type 2 diabetes mellitus[END_REF] provide support for encouraging type 2 diabetic individuals who are already exercising at moderate intensity to consider increasing the intensity of their exercise in order to obtain additional benefits in both aerobic fitness and glycemic control [START_REF] Ng. Boule | Meta-analysis of the effect of structured exercise training on cardiorespiratory fitness in type 2 diabetes mellitus[END_REF]. The amount and intensity recommended for exercise vary according to goals. To reduce cardiovascular disease risk, to increase glycemic control and to control weight maintenance it was recommended at least 150 min/week of moderate-intensity aerobic physical activity (40-60%

of VO 2max or 50-70% of maximum heart rate) and/or at least 90 min/week of vigorous aerobic exercise (60% of VO 2max or 70% of maximum heart rate) [START_REF] Rj | Physical activity/exercise and type 2 diabetes: a consensus statement from the American Diabetes Association[END_REF]. According to ADA position statement, the medications adjustments should be done for those who show a tendency to hypotension or hypoglycaemia during or after training sessions [START_REF] Sr | Physical Activity/Exercise and Diabetes: A Position Statement of the American Diabetes Association[END_REF].

In our previous preliminary observation [START_REF] Sousa | Positive effects of soccer on fitness, lipid profile, and insulin resistance in Brazilian patients with type 2 diabetes[END_REF], 12 weeks of soccer training and caloricrestricted diet decreased total body fat, enhanced VO2max, reduced total cholesterol and triglyceride levels, and improved insulin sensitivity. In this study, we specifically assessed the combination of recreational soccer training and caloric-restricted diet on acute glucoregulatory and liporegulatory physiology at fasting and post-exercise, comparing caloric-restricted diet.

Materials and methods

Participants and study design
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A C C E P T E D M A N U S C R I P T training schedule (n=2). These figures are illustrated in Figure 1. Also, the number of participants in both groups remained similar at baseline after dropped out (Table 1, Figure 1). A total of 41 participants completed the study, of whom 19 were in SDG (9 females and 10 males) and 22 in DG (12 females and 10 males). The groups did not differ by gender (p=0.9). The baseline characteristics of the participants are given in Table 1.
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Thirty of the subjects were taking antihypertensive agents, 19 were undergoing lipidlowering therapy (statins) and all were taking oral hypoglycaemic medications (metformin, 17; sulphonylureas, 1; combination of metformin and sulphonylureas, 23;

Table 1).

Preliminary procedures and general design

On admission to the study, all participants underwent screening by medical examination and echocardiography, followed by assessment of anthropometric parameters by DEXA, aerobic capacity by evaluation of maximal oxygen consumption (VO2max) and biochemical profile.

Furthermore, a complete food history was collected prior to the start of the study for the prescription of individual diets. Following these evaluations, all participants were enrolled in the Nutritional Intervention Programme for weight reduction with (SDG) or without (DG) soccer training. Besides the chronic effects of the intervention, the acute impact was also evaluated to establish the hormonal and metabolic response to recreational training.

Thus, blood samples were collected from the subjects in fasting state and after 1 h postprandial breakfast in both SDG and DG (Figure 2). SDG had another blood sample collected in fasting state post 48 h recovery, giving a total of six time points as follows:

-fasting pre-treatment (0 weeks);

-post breakfast and soccer session (1 h postprandial);

-after soccer session (post 48 h recovery);

-fasting post-treatment (12 weeks);

-post breakfast and soccer session (1 h postprandial);

-after soccer session (post 48 h recovery).
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Following fasting blood sampling, the patients consumed a standardised breakfast (energy 253 kcal, carbohydrate 29.5 g, protein 15.3 g, fat 1.8 g and fibre 2.3 g), and additional postprandial samples were collected after 1 h for both groups (Figure 2). After breakfast, the patients in SDG performed a 40-min soccer session, lasting 1 h in total, and had their blood drawn immediately after the exercise session and the postprandial period. After 12 weeks, all participants were re-evaluated. For DG, there were four different time points;

fasting and 1 h post-prandially before and after the treatment (Figure 2). For ethical reasons, medications were adjusted during the intervention programme to attain target levels and account for reduced needs.

Nutritional intervention programme

During follow-up, all participants received weekly nutritional counselling from experts.

The dietary plan was individually calculated to provide a reduction in energy intake of 500-1,000 kcal per day for each of the participants. The prescribed diet was balanced and rich in fibre (minimum 20 g/day), as per current Brazilian guidelines. The dietary plan consisted of 45-60% carbohydrate, 15-20% protein and 20-30% fat. Individual nutritional counselling was provided every 2 weeks to reinforce and support the dietary restrictions and monitor caloric intake (Figure 2). If necessary, adjustments were made to the diet to improve compliance. Additionally, every 2 weeks all participants were enrolled in the Nutritional Education Programme, which ran in groups of no more than seven participants per 1-h session (Figure 2). This education programme included lectures on nutritional care and physical activity, glucose control and glucose management for T2D patients.

Pre and post intervention, the subjects were given a form to record the types and quantities of all food consumed by 3-day record. The nutrient calculations were made using the 
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Training intervention

Forty minutes of supervised soccer training was performed three times per week for 12

weeks. The training sessions consisted of ordinary small-sided (3v3 to 7v7) friendly games [START_REF] Krustrup | Muscle adaptations and performance enhancements of soccer training for untrained men[END_REF][START_REF] Mb | Activity profile and physiological response to football training for untrained males and females, elderly and youngsters: influence of the number of players[END_REF] min of passive rest, followed by 2x12-min periods of play interspersed with 3 min of passive rest (Figure 2).

Measurements during training

In SDG, heart rate was recorded at 5-s intervals using chest belts during all training sessions (Polar Team System, Polar Oy, Kempele, Finland). Perceived exertion was recorded during and immediately after training sessions using an adapted Borg's 6-20 scale [START_REF] Ca | Monitoring training in athletes with reference to overtraining syndrome[END_REF].

Before each training session, blood pressure was measured using an automatic wrist blood pressure monitor (HEM-629, OMRON, Illinois, USA). Before and after each training session, capillary blood glucose was collected from the fingertip and measured using a blood glucose monitor (ACCU-CHEK ® Aviva Nano, Roche Diagnostics, Basel, Switzerland) (Figure 2).

Maximal oxygen uptake, maximal heart rate and ventilatory thresholds
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Before and after the intervention period, VO2max (mL/min/kg) and maximal heart rate (HRmax; bpm) were measured during an incremental treadmill test (Centurion 200, Micromed, Brasilia, Brazil) with speed and slope increments determined individually depending on the physiological responses (e.g. HR & BP). In fact, after 3 minutes resting period on the treadmill the test started with a speed increasing each minute during 3 minutes with 0% inclination. Then, at a fixed speed, the slope was increased by 2% each minute until voluntary exhaustion. The heart rate was obtained using a Polar Team 2 Heart Rate monitors (Polar Electro Oy, Kempele, Finland). Ventilatory variables were obtained using a metabolic analyser (CPX/D, MedGraphics ® Saint Paul, MN, USA), which allowed the acquisition, processing and storage of breath-to-breath ventilation variables.

Ventilatory variables were expressed as means of the last 30 s of recording during the exercise period. The ventilatory thresholds were determined using the ratios of ventilation ⁄ volume of oxygen consumed (V E ⁄ VO 2 ) and ventilation ⁄ volume of carbon dioxide production (V E ⁄ VCO 2 ) vs. power output [START_REF]Principles of Exercise Testing and Interpretation[END_REF].

Anthropometric measurements

Waist circumference

Using a tape measure, waist circumference was determined to the nearest 0.1 cm at the midpoint between the highest point of the iliac crest and the lower margin of the last palpable rib.

Body composition

The body composition of the participants was determined 3 to 5 days pre intervention and again post intervention. Body composition, including body fat percentage, fat mass, and regional and whole-body fat free mass, was determined by dual-energy X-ray
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12 absorptiometry (DXA) using Hologic 4500 QDR densitometry equipment (Bedford, MA, USA).

Blood sample collection and analysis

Blood samples were collected from the subjects in fasting state and after 1 h postprandial breakfast in both SDG and DG (Figure 2). SDG had another blood sample collected in fasting state post 48 h recovery, giving a total of six time points as follows: fasting, 1 h postprandially (1 h post breakfast) and after soccer session (post 48 h recovery), pre and post-treatment. For DG, samples were collected at four different time points: fasting and 1 h postprandially before (0 weeks) and after the treatment (12 weeks) (Figure 2). All participants were re-evaluated 3-5 days after the 12-week intervention.

All samples were collected at 7 a.m. after 12 h of fasting. Participants were advised to keep the medications prior to the blood tests.

Venous blood samples were collected using BD Vacutainer ® tubes (K2 EDTA and SST™ II Advance tubes) from Becton Dickinson (Franklin Lakes, NJ, USA). For the glucose, lactate and glucagon determinations, the EDTA tubes of blood were kept on ice and the plasma separated within the first hour. Aprotinin (SIGMA A6279, St Louis, MS, USA) was added for glucagon preservation. The blood samples were centrifuged at 2000 g in a refrigerated centrifuge (4ºC) for 15 min. The plasma glucose concentration was determined using the enzymatic-calorimetric method (glucose oxidase-peroxidase) with a commercial kit (Glucose Liquiform from Labtest Diagnóstica S.A., Lagoa Santa, MG, Brazil). The plasma lactate was evaluated using a lactate oxidase-peroxidase colorimetric commercial kit (Enzymatic Lactate from Labtest Diagnóstica S.A.). HbA1c was assayed by high-performance liquid chromatography (HPLC) using a commercial kit (Biorad, CA, USA). Free fatty acid (FFA) levels were measured using NEFA-HR kits (ACS.ACOD
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13 method) from Wako Diagnostics (Wako Chemicals Inc., USA). Leptin levels were obtained by the ELISA method using an R&D commercial kit (R&D Systems, Inc.

Minneapolis, USA). Millipore Corporation's radioimmunoassay kits were used to measure insulin and glucagon (Millipore Corporation, Billerica, MA, USA). CRP levels were determined by the ELISA method using an R&D commercial kit (R&D Systems, Inc.

Minneapolis, USA). Intra-assay and inter-assay precision (%CV) was 4.5% and 6.5% for CRP and, for hormonal analyses, 6.8% and 9.6% for insulin, 4.4% and 6.5% for glucagon, and 4% and 5% for leptin. Insulin sensitivity was estimated using the homeostasis model assessment (HOMA-IR) method [START_REF] Dr | Homeostasis model assessment: insulin resistance and beta-cell function from fasting plasma glucose and insulin concentrations in man[END_REF]. Adipo-IR was calculated from fasting insulin and fasting FFA concentrations.

Statistical analysis

Data are reported as means±SEM, unless otherwise stated. All variables were examined for normality of distribution using the Shapiro-Wilk test. An unpaired t-test was applied between groups pre and post intervention. To compare the difference between time points, a Friedman test was used, followed by pairwise Wilcoxon tests. Nonparametric statistical methods were used to analyse variables that were not normally distributed. A multiple regression analysis was performed to identify associations between hormonal variables, adjusted by fatty body mass. A chi-square test was used to compare the difference in frequencies between interventions groups with regard to gender and medication adjustments. P-values below 0.05 were considered statistically significant.

Results

Clinical Characteristics
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The clinical characteristics of the study population are shown in the 1).

Training Effect

The 
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Body fat percentage reduction after the 12-week intervention

Total body fat percentage decreased significantly in both SDG and DG, by 2.5±0.3% and 1.9±0.5%, respectively (Table 2). No significant changes were observed in fat percentage reduction between groups (Table 2). weeks, with no differences between groups in the post-intervention period. Fat-free mass remained similar in SDG and decreased by ~0.8 kg in DG post intervention, although it did not reach a statistical difference. Waist circumference was lower post intervention in both SDG and DG, by 5.4±0.6 and 4.9±1.4cm, respectively (Table 2).

Effect of the 12-week intervention on medication adjustments

The adjustments in medications were constantly done through the intervention period by the physicians. These precautions helped us to avoid serious hypoglycaemic and hypotension events-which were rare, light and needed no personal support.

After the 12-week intervention, the number of patients in SDG and DG, respectively, who had their medication reduced or suspended was as follows: antihypertensive agents (3 and 6); lipid-lowering therapy (statins) (3 and 1); oral hypoglycemic medication (metformin, 4 and 1; combination of metformin and sulfonylureas, 4 and 11). No post-intervention differences were observed in the frequency of medication adjustments for SDG and DG (p>0.05).

Acute responses to soccer intervention at the beginning and end of the 12-week training programme

Glucose and lactate responses

ACCEPTED MANUSCRIPT

A C C E P T E D M A N U S C R I P T 16

In the SDG, blood glucose increased (162.1±14.8 mg/dL) following breakfast and post exercise session (postprandial) when compared to fasting (139.5±8.0 mg/dL), however its increase did not reach statistical significance (p>0.05). In the DG, glucose response increased significantly following breakfast (postprandial) 184.2±8.8 mg/dL than fasting (135.6±7.6 mg/dL, p<0.05; Fig. 3A).

At 3 months, postprandial glucose concentrations were significantly higher in both groups compared to fasting levels. Glucose concentration did not change 48 h after the first and last soccer training sessions (Fig. 3A).

Lactate concentrations were significantly higher after the first (1.4±0.1 to 6.0±0.7 mmol/L) and last (1.1±0.1 to 4.0±0.4 mmol/L) soccer training sessions and returned to fasting levels after 48 h of recovery. At the last training session, the blood lactate response was significantly lower than at the first session (4.0±0.4 vs 6.0 ± 0.7 mmol/L, Fig. 3C).

After 12 weeks of training, fasting glucose levels were significantly reduced in SDG (119.0±4.7 vs 139.5±8.0 mg/dL, P<0.001) (Fig. 3A), whereas no significant changes were observed in DG. Fasting lactate levels were significantly lower after the intervention programme in both SDG and DG (Fig. 3C).

Insulin, glucagon, HOMA-IR and Adipo-IR

Soccer practice reduced postprandial glucose levels and consequently the insulin requirement were significantly lower than in DG (P<0.001), both at the beginning of the study and after 12 weeks of intervention (Fig. 4A). Glucagon concentrations increased in the postprandial period in both groups (P<0.01). This response was similar on the first and last days of the intervention programme (Fig. 4B).

The glucagon/insulin ratio increased sharply after the first (8.7±0.8 vs 3.0±0.3) and last training sessions (7.4±1.2 vs 2.7±0.3) in SDG compared to DG (P<0.001, Fig. 4C).
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Conversely, the glucagon/insulin ratio was significantly lower in DG during the postprandial period before and after the intervention (Fig. 4C).

The cumulative effect of the 12-week intervention significantly lowered fasting glucagon concentrations in both groups (Fig. 4B). However, fasting glucagon concentrations were lower in SDG than in DG (93.4±4.4 vs 106.9±3.3 pg/mL, respectively, P<0.01) at the end of the intervention. Fasting insulin response and glucagon/insulin ratio were similar after the 12-week intervention in both groups (Figs 4A ,4C).

The surrogate index of insulin resistance (as estimated by HOMA-IR) was significantly lower in SDG after 12 weeks (6.3±0.7 vs 4.7±0.5, P<0.05), suggesting an increase in insulin sensitivity, but was not significantly altered from baseline in DG (Table 2).

Similarly, adipose tissue insulin sensitivity (as estimated by Adipo-IR) was observed only in SDG post 12 weeks (p<0.001; Table 2, Fig. 5).

Leptin

In SDG, leptin concentration decreased 48 h after the first soccer session (14.8±1.8 ng/mL vs. 16.0±2.1 at fasting levels; p<0.01) and remained below basal levels throughout the training programme (Fig. 6). After 12 weeks of the lifestyle programme, leptin levels were significantly reduced both in SDG (12.0±1.6 vs 16.0±2.1 ng/ml) and in DG (19.0±2.8 vs 22.5±3.8 ng/ml) (Fig. 6).

As expected, leptin levels and body fatty mass were highly correlated in both SDG and DG (P<0.0001).

Free fatty acid concentrations

Peak plasma FFA concentration measured following breakfast and immediately after the first soccer training session was higher in SDG than in DG (0.7±0.1 vs 0.4±0.0 mEq/L, P<0.05) (Fig. 3B). Postprandial FFA levels decreased significantly in DG as a result of lower lipolytic response compared to SDG (Fig. 3B). Plasma FFA levels were not
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significantly different in the groups at the end of the intervention period (Fig. 3B).

However, a tendency towards a decrease in FFA was observed in SDG over the intervention period (0.7±0.0 vs 0.5±0.0 mEq/L, P=0.076).

Discussion

As far as we know, this is the first detailed assessment of the impact of an acute session of recreational soccer pre and post 12 weeks of training on metabolic and hormonal endpoints in middle-aged adults with T2D. The high heart rates and alterations in circulating lactate, FFA, glucose and glucagon levels indicate that the patients in this study attained a significant level of exertion during the recreational soccer sessions. The present findings reinforce our previous preliminary observation [START_REF] Sousa | Positive effects of soccer on fitness, lipid profile, and insulin resistance in Brazilian patients with type 2 diabetes[END_REF] that 12 weeks of soccer training and restricted diet decreased total body fat, enhanced VO2max, reduced cholesterol and triglyceride levels, and improved insulin sensitivity.

Lactate concentrations reached 6 mmol/L on average after the first acute soccer session and 4 mmol/L after the last session, similar to values reached for high-level players as well as young recreational soccer players [START_REF] Krustrup | Muscle adaptations and performance enhancements of soccer training for untrained men[END_REF].

A tendency towards a decrease in FFA levels was observed in the soccer group over the intervention period (p=0.076). Besides that, the higher FFA levels observed after acute training are a result of increased lipolytic activity and reduced insulin levels. Exerciseinduced neuroendocrine changes, especially increased catecholamines, favour the mobilisation of fat as an energy substrate [START_REF] Ml | Glucose Regulation during Prolonged, Submaximal, Continuous Exercise: A Guide for Clinicians[END_REF]. Conversely, the decrease in postprandial FFA levels observed in DG indicates suppression of lipolysis [START_REF] Sousa | Carbohydrate supplementation increases intramyocellular lipid stores in elite runners[END_REF]. This is further corroborated by the findings of higher insulin levels and lower glucagon/insulin ratio, which favour anabolism rather than catabolism.
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In the present study baseline lactate levels decreased in both groups (diet and diet + soccer) after 12 weeks. The weight loss evidenced in both groups is accompanied by increased oxidative capacity of adipose tissue and skeletal muscle favoring lower levels of lactate concentration post-intervention. Also, the increase in insulin sensitivity with the intervention program resulted in lower glucose concentrations, and consequently in less substrate for lactate production.

The improvements in baseline blood lactate, glucose and FFA levels reflect peripheral metabolic adaptations. These peripheral adaptations include reduced lactate accumulation, glycogenolysis and lipolysis, which were detected after 12 weeks of soccer training in our study population of previously sedentary T2D patients.

We found no significant differences between SDG and DG in gross measures of body mass, fat mass, waist circumference and body fat percentage due to successful dietary regimen. Therefore, in this study dietary advise was more effective than exercise on anthropometric profile.

Unfortunately, we could not obtain direct measurements of visceral fat in the present study. Nonetheless, a reduction in visceral fat induced by soccer training could have contributed to the improved biomarkers of insulin action observed in the present study.

Visceral fat is known to be particularly sensitive to the effects of a moderate-to-highintensity aerobic training programme [START_REF] Ba | Effect of exercise training intensity on abdominal visceral fat and body composition[END_REF][START_REF] Minokoshi | Regulatory role of leptin in glucose and lipid metabolism in skeletal muscle[END_REF]. The aerobic intensity during the soccer sessions were moderate-to-high for the male and female patients. As reported by Krustrup 10 and Randers 35 , even with the modification of the rules, pitch size and number of players during small-sided soccer are enough to achieve high-intensity exercise for all participants.

Regarding C-reactive protein, although the reduction on its levels did not reach statistical significance after 12 weeks in both SDG and DG groups, the observed decrease of 1
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The lower plasma glucose levels observed after cessation of acute training are consistent with increased utilisation of this substrate during soccer practice. This was observed despite the exercise-induced increase in glucagon and FFA, and the decrease in insulin levels, mechanisms that favour gluconeogenesis and provision of fuel to the working muscles [START_REF] Cj. Ramnanan | Physiologic action of glucagon on liver glucose metabolism[END_REF]. Exercise training increases muscle capillarisation [START_REF] Ml | Glucose Regulation during Prolonged, Submaximal, Continuous Exercise: A Guide for Clinicians[END_REF], AMPK activity and GLUT-4 translocation to cell membrane, thereby facilitating glucose uptake despite low insulin levels [START_REF] Ea | Exercise, GLUT4, and skeletal muscle glucose uptake[END_REF].

The improvements in blood glucose levels observed in this study are concordant with the reports by Adams [START_REF] Adams | The impact of brief high-intensity exercise on blood glucose levels[END_REF] and Little et al. [START_REF] Jp | Low-volume high-intensity interval training reduces hyperglycemia and increases muscle mitochondrial capacity in patients with type 2 diabetes[END_REF]. In the study of Little et al. [START_REF] Jp | Low-volume high-intensity interval training reduces hyperglycemia and increases muscle mitochondrial capacity in patients with type 2 diabetes[END_REF], 2 weeks of brief high-intensity exercise reduced the average of 24-h blood monitoring glucose levels by 13% at ~48 h to 72 h post exercise and increased GLUT-4 expression by 369%.

Furthermore, long-term training has been shown to induce adaptations in pancreatic Bcells, leading to a reduction in glucose-induced insulin secretion [START_REF] Norton | Exercise training improves fasting glucose control[END_REF]. Insulin sensitivity was improved after soccer training, as shown by HOMA-IR and Adipo-IR. Adipo-IR has been recently validated by Søndergaard et al. [START_REF] Søndergaard | Quantification of adipose tissue insulin sensitivity[END_REF][START_REF] Søndergaard | How to Measure Adipose Tissue Insulin Sensitivity[END_REF] as a good predictor of adipose tissue insulin sensitivity. In this regard, lower leptin levels have also been reported as indicative of improved insulin sensitivity [START_REF] Askari | Fasting Plasma Leptin Level Is a Surrogate Measure of Insulin Sensitivity[END_REF]. Thus, the lower leptin levels in our study subjects could be attributed to their improved insulin sensitivity together with the considerable weight loss observed in both groups, whereas several studies have shown that leptin correlates with body fat mass [START_REF] Askari | Fasting Plasma Leptin Level Is a Surrogate Measure of Insulin Sensitivity[END_REF][START_REF] Duclos | Rapid leptin decrease in immediate post-exercise recovery[END_REF][START_REF] Rr | Castracane, Leptin and exercise[END_REF]. This weight loss is accompanied by increased oxidative capacity of adipose tissue and skeletal muscle [START_REF] Norton | Exercise training improves fasting glucose control[END_REF].

Other possible mechanisms for the acute exercise effect on leptin include elevated plasma FFA levels [START_REF] Duclos | Rapid leptin decrease in immediate post-exercise recovery[END_REF][START_REF] Rr | Castracane, Leptin and exercise[END_REF], the inhibitory effect of stress hormones, especially epinephrine and
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21 norepinephrine [START_REF] Js | Acute exercise effect on postabsorptive serum leptin[END_REF], and a counter-regulatory response to the high energy expenditure during soccer that suppresses leptin in order to permit energy intake [START_REF] Rr | Castracane, Leptin and exercise[END_REF]. Moreover, there are conflicting reports regarding the effect of acute or short-term exercise on leptin levels.

Our findings showing decreased leptin are in accordance with the observation by Jürimäe and Jürimäe [START_REF] Jürimae | Leptin responses to short term exercise in college level male rowers[END_REF], that leptin may be sensitive to short-term intensive exercise involving all major muscles.

Conclusion

Acute metabolic effects of a single soccer session on FFA and lactate changes are significantly attenuated after 3 months of training in middle-aged T2D patients. Also, soccer training improved markers of glucoregulation and insulin sensitivity in T2D patients, decreasing risk factors associated with cardiovascular disease after 12 weeks better than caloric-restricted diet. Besides being enthusiastically received, recreational soccer training is safe for T2D, non-insulin dependent, with none complications. The aerobic intensity during the soccer sessions were moderate-to-high for the male and female patients. Also, the training load and the medical treatment met the American Diabetes Association recommendations for T2D patients. These precautions helped us to avoid serious hypoglycaemic and hypotension events-which were rare, light and needed no personal support.

Thus, recreational soccer can be an attractive option for lifestyle intervention in Brazilian T2D patients. Our study suggests that popular national sports can be adapted as the physical activity component in the management of chronic diseases that require lifestyle modification. Soccer+Diet group (n=19). Means (SEM) are presented.
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  performed outdoors on a 30-40-m wide and 45-60-m long natural grass pitch or indoors on a wooden court on rainy days. None of the players were the goal keepers. Each training session lasted 40 min. The sessions involved a 10-min low-intensity warm-up, 3

  Total body weight decreased by ~3.7 kg in SDG and by ~3.4 kg in DG after 12 weeks. Fat mass was lowered (P<0.05) in both groups (SDG by ~3.4 kg and DG by ~2.7 kg) after 12
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 23 Figure 2. Experimental design.

Figure 4 .
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33 Highlights-

 33 Acute soccer sessions markedly improved insulin action markers in T2D patients, -Acute metabolic effects of a single soccer session on FFA and lactate changes are significantly attenuated after 3 months of training in middle-aged T2D patients.-Soccer training enhanced insulin sensitivity and decreased risk factors associated with cardiovascular disease in middle-aged T2D patients.
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 2 Change in parameters at 12 weeks in type 2 diabetes patients by intervention group Figures Figure1. Trial flow chart showing the process for recruiting type 2 diabetes patients.

30 Table 1 .

 301 Baseline characteristics of subjects (n=41)

	Variable	Subjects
	(mean±SD)	(n=41)
	Male, n (%)	20 (48.8)
	Female, n (%)	21 (51.2)
	Age (years)	61.1±6.4
	Duration of T2D (years)	8.2±6.1
	BMI (kg/m 2 )	32.9±4.3
	HbA1c (%)	7.3±1.3
	Energy intake (kcal/ day)	1789.0±510.5
	Drug therapy	
	Antihypertensive agents, n (%)	24 (54.5)
	Statins, n (%)	16 (36.4)
	Metformin, n (%)	17 (38.6)
	Metformin + sulphonylurea, n (%)	23 (52.3)
	Sulphonylurea, n (%)	1 (2.3)

Table 2 .

 2 Change in parameters at 12 weeks in type 2 diabetes patients by intervention group

	ACCEPTED MANUSCRIPT	
		Diet (n=22)	Soccer+Diet (n=19)
		0 weeks	12 weeks	0 weeks	12 weeks
	Weight (kg)	84.1±2.9	80.7±2.6*	88.9±3.7	85.2±3.2*
	Waist circumference (cm)	104.3±1.1	99.4±1.1*	106.9±2.7	101.5±2.6*
	BMI (kg/m 2 )	32.7±1.0	30.8±0.8*	33.0±0.9	31.3±0.7*
	Body fat (%)	34.1±1.7	32.2±7.5*	34.6±1.6	32.1±1.6*
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