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Introduction: Physical activity increases cortisol awakening response (CAR) and reduces perceived stress in several pathologies but its impact in morbidly-obese subjects, especially women, remains poorly known.

Synthesis and results:

According to their level of physical activity (< or >1000 METmin/week), 37 middle-age (41.4 ± 1.7 years) morbidly-obese women (BMI: 46.2 ± 0.7 kg/m²) were divided into Group 1 (n=21) and Group 2 (n=16). Saliva samples were taken for cortisol analysis at awakening (cor aw ) and 30 min after (cor 30aw ), with (CAR) determination. In parallel, body weight and composition were determined by bioelectrical impedance, whereas quality of life, stress and depression were estimated by specific questionnaires. In Group 2 (>1000MET-min/week) vs. Group 1 (<1000MET-min/week), cortisol 30aw, CAR and lean mass expressed in % were significantly higher and fat mass expressed in kg and % lower (p<0.05), whereas no change was found in the other parameters investigated. Significant correlations were found between IPAQ scores and body composition and CAR but not with stress and depression.

Conclusion:

The level of physical activity influenced both body composition and CAR as demonstrated in other pathologies, but did not change quality of life, perceived stress and depression in a middle-age morbidly-obese female population. Further studies with a larger number of subjects are necessary to complete these preliminary results and to understand the implicated mechanisms.

Introduction

The positive effects of physical activity (PA) on body composition, physical capacity and quality of life are currently well demonstrated in healthy and pathological subjects. However, there are few studies on the beneficial repercussions of PA on the hypothalamic-pituitaryadrenal (HPA) axis dysregulation, assessed by a decreased cortisol awakening response (CAR), occurring in elderly, cardiometabolic and other pathologies. As a matter of fact, whether it was shown that PA may correct the attenuated CAR and reduce stress in older adults [START_REF] Drogos | Aerobic exercise increases cortisol awakening response in older adults[END_REF], its impact in morbidly-obese subjects, especially women, remains poorly known.

The aim of this study was therefore to investigate in middle-age obese women whether the level of activity, determined from IPAQ scores, influences CAR, perceived stress and depression. Classical body composition parameters and quality of life were investigated in parallel.

Methods

After approval of the study by the local ethics committee, 37 middle-aged (mean±SEM: 41.4 ± 1.7 years) morbidly-obese (BMI: 46.2 ± 0.7 kg/m²) female subjects agreed to participate in the study and provided written consent, after being informed of the nature of the experiment.

Following the scores obtained with the International Physical Activity Questionnaire (IPAQ), validated by Craig et al. 2003, participants were divided into 2 groups: Group 1: < 1000 MET-min/week (n=21) and Group 2: > 1000 MET-min/week (n=16). The entire experiment was performed in the morning, in a fasting state for body composition and salivary cortisol measurements, followed by questionnaires after a standardized breakfast.

Body weight, fat and lean mass in absolute (kg) and relative values (%) were assessed by bioelectrical impedance analysis using a TanitaMC-780 multifrequency segmental body composition analyzer. Also, after demonstration and detailed explanation, unstimulated fasting saliva samples were collected by the subjects themselves using Salitubes (DRG Diagnostic, Germany) at awakening (coraw) and 30 min after awakening (cor30aw) for CAR determination, i.e., difference in cortisol between the 2 nd and the 1 st sample. The Salitubes were promptly stored at 4°C within 1 hour and then frozen at -20°C until cortisol analysis with a classical ELISA kit (DRG Diagnostics, Marburg, Germany). Each sample had to be thawed and centrifuged at least once to separate the mucin. Assays were made in duplicate and coefficients of variation for all parameters were always <10%.

Finally, quality of life, stress and depression were estimated by specific validated questionnaires: the "Quality Of Life, Obesity and Dietetics" (QOLOD) with 36 items grouped into five domains (i.e., physical, psychosocial, sexual life, comfort in food or diet experience); the "Perceived Stress Scale" (PSS-14) and the "Beck Depression Inventory" (BDI) for which high scores indicate, respectively, a higher level of perceived stress (from 0 to 56) and a greater severity of depressed mood (from 0 to 63).

Statistics

Data are presented as mean values ± standard error of the mean (SEM). After verification of the normality distribution of each parameter, an appropriate Student test was used to determine any significant differences between the 2 groups. Correlations between the variables were determined using Pearson product moment correlations. The null hypothesis was rejected at p<0.05.

Results

Anthropometric characteristics (Table 1)

There was no significant difference between the 2 groups in terms of body weight. However, lean and fat mass are significantly different, with respectively higher lean mass (expressed in %) and lower fat mass (expressed in both kg and %) in Group 2 vs. Group 1 (p<0.05).

Saliva cortisol concentrations and CAR (Table 1)

There was no significant difference between the 2 groups in the cortisol concentrations at awakening. However, both cortisol concentrations 30 minutes after awakening and CAR were significantly higher in Group 2 vs. Group 1 (p<0.05).

Questionnaires of quality of life, stress and depression

There was no difference between the 2 groups in terms of total or specific dimensions of quality of life (Figure 1), stress score (Group 1 : 30 ± 1,8 ; Group 2 : 32,5 ± 1.6) and depression score (Group 1 : 15,4 ± 1,7 ; Group 2 : 19,8 ± 3,2).

Correlations

Positive significant correlations were found between IPAQ and lean mass expressed in % (p=0.45, p<0.05), as well as between IPAQ and cor30aw (p= 0.57, p<0.05) and between IPAQ and CAR (p=0.47, p<0.05). In the same time, lower but significant correlation was found between IPAQ and quality of life (p=0.33, p<0.05).

Discussion

The main result of this study is that the level of physical activity influences both body composition and CAR but not quality of life, perceived stress and depression in a middle-age morbidly-obese female population.

Level of physical activity is classically determined by IPAQ questionnaire. Indeed, it demonstrates acceptable levels of test-retest reliability in comparison with other established self-report PA measures and fair to moderate associations with accelerometer measures. In the present study, the middle-age female subjects were divided into 2 groups according to their IPAQ scores, < or >1000 MET-min/week, with a mean of 625 ± 63MET-min/week and 5013 ±1198MET-min/week, respectively for Group 1 and Group 2. This division allows comparison of the effects of a moderate to high level of PA activity with the low to moderate level of PA usually recommended in this population, i.e., between 500 and 1000 METs [START_REF]Promotion, consultation and medical prescription of physical activity and sports for health -in adults[END_REF].The two groups are homogenous in terms of body weight but we found a significant difference in body composition between them, with lower fat mass expressed in kg in the group with the higher physical activity. This decrease in fat mass, both absolute and expressed in %, was coupled to a higher lean mass % in the more active group. Since we did not show any significant difference in lean mass expressed in kg between our two groups, it can only be concluded, as previously mentioned by Lagacé et al. [START_REF] Lagacé | The way fatfree mass is reported may change the conclusions regarding its protective effect on metabolic health[END_REF] that this higher % reflects the lower fat mass. However, this does not rule out that average active patients have better body composition and that, with a larger number of patients, the trend to higher lean mass would become significant. Anyway, these results are in accordance with previous studies, demonstrating the beneficial effects of physical activity on body composition and physical capacity. It seems therefore logical that we obtained significant positive correlations between IPAQ scores and lean mass expressed in % in the present study (p=0.45). Lower but significant correlation was also found between IPAQ and total quality of life (p=0.33), however, we did not found any significant difference between our 2 groups in terms of quality of life, whatever the dimension investigated, i.e., physical, psychosocial, sexual life, comfort in food or diet experience. Regarding the literature, some works reported improvement in some quality of life dimensions with relatively high physical activity, but there is not a real consensus concerning the impact of level of physical activity in this population. Two hypotheses can be put forward to explain our results: on the one hand, as our scores for the quality of life dimensions in Group1 seemed to be better than those presented in other studies with obese subjects, they could explain the lack of difference with Group 2. Another hypothesis is the large inter-individual variations inside our two groups. Therefore, further studies with a greater number of subjects seem warrant in order to confirm or not the lack of effect of PA level on the various dimensions of quality of life in this population. In addition, it would be interesting to study, in association with PA, the impact of other parameters such as sleep and sedentary times, which may also contribute to quality of life.

Increased perceived stress and hypothalamic-pituitary-adrenal axis dysregulation occurred in particular in elderly and cardiometabolic and psychiatric/neurologic diseases, with altered diurnal pattern of cortisol and/or cortisol awakening responses [START_REF] Collomp | Altered diurnal pattern of steroid hormones in relation to various behaviors, external factors and pathologies: A review[END_REF]. It is well known that PA may have beneficial repercussions on both perceived stress and HPA dysregulations in several pathologies [START_REF] Drogos | Aerobic exercise increases cortisol awakening response in older adults[END_REF]. It may be recalled that this clinical concept was first advanced two centuries ago, with subjects suffering from "sthenic obesity" being more active and having a better cortisol response than those suffering from "asthenic obesity" [START_REF] Dubois | Traité de pathologie générale[END_REF]. However, there are very few studies conducted in morbidly-obese subjects, especially women. In this study, we did not observe any significant differences in terms of depression and stress depending on the level of physical activity. Indeed, no change in these parameters was found between the 2 groups of subjects, without any significant correlation between stress or depression or cortisol and IPAQ scores. However, both cortisol 30 minutes after awakening and CAR were significantly higher in the Group 2 performing a higher level of PA and we noted a significant positive correlation between IPAQ and both CAR (p=0.47) and cortisol 30 minutes after awakening (p=0.57). This correlation appears interesting as lower CAR values are associated with an unfavorable metabolic and cardiovascular risk profile [START_REF] Kuehl | Hair cortisol and cortisol awakening response are associated with criteria of the metabolic syndrome in opposite directions[END_REF].

In conclusion, as previously demonstrated in other pathologies, the level of physical activity influenced both body composition and CAR but did not change quality of life, perceived stress and depression in a middle-age morbidly-obese female population. Further studies with a larger number of subjects are necessary to complete these preliminary results and to understand the implicated mechanisms. 
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 1 Anthropometric characteristics and saliva cortisol concentrations at awakening (coraw), 30 minutes after awakening (cor30aw) and cortisol awakening response (CAR) in subjects of Group 1 (<1000 MET-min/week) and Group 2 (>1000 MET-min/week)

	Data expressed in mean ±SEM		
	*, p<0.05, difference between Group 1 and 2	
		Group 1	Group 2
	IPAQ (MET-min/week)	625± 63	5013 ±1198
	Body weight(kg)	124.1 ± 3.9	122.8 ± 3.5
	Lean mass (kg)	62.5 ± 1.8	65.9 ± 1.1
	Fat mass (kg)	61.6 ±2.4	56.9 ± 2.7*
	Lean mass (%)	50.5 ± 0.7	54.0 ± 0.8*
	Fat mass (%)	49.5 ± 0.7	46.0 ± 0.8*
	Coraw(ng.ml -1 )	2.4 ± 0.3	2.8 ± 0.3
	Cor30aw(ng.ml -1 )	3.9 ± 0.5	5.8 ± 0.6*
	CAR (ng.ml -1 )	1.4 ± 0.3	3.0 ± 0.5*
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