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Abstract
Previous works have shown that women are prone to the development of mood and anxiety disorders throughout their lifetimes but studies examining psychological gender differences in physiological responses to laboratory challenge are very limited. This study examined gender differences in the quality and the intensity of dispositional mindfulness and their relationship with parasympathetic activities in middle-aged healthy men and women. The correlate of well-being which is associated to mindfulness suggests that this dispositional trait is implied in a resilient affective style. The present data highlighted that women exhibited higher trait and state anxiety scores and lower mindfulness scores. Moreover, although mindfulness cannot be reduced to what is involved in the autonomic activity of the moment of exposure, this individual psychological trait appears associated with fast recovery response to stressful mental events in women. The present results suggest opportunities for further investigations considering variables relating to sex steroid levels, psychological dispositions as key factors in explaining gender differences in this resilient affective style.
1.0
Introduction 

Mindfulness has been described as a non-elaborative, non judgmental present-centred awareness in which each thought, feeling, or sensation that arises in the attentional field is acknowledged and accepted as it is [1,2,3]. It is further defined by a style of self-focused, non elaborative attention characterized by experiential openness, curiosity and acceptance. Mindfulness appears as an attribute of consciousness long believed to promote well-being [4]. Indeed, mindfulness training is related to positive psychological and physiological outcomes [5,6]. A high level of mindfulness increases willingness to tolerate uncomfortable emotions and sensations [7,8] and emotional acceptance [9,10,3]. It also decreases the impact of negative emotional events and reduces time to recover [1]. Mindfulness is therefore applied in the treatment of various anxiety disorders [11,12]. Mindfulness appears thus as a predictor of day-to-day self-regulated behavior and adaptability to stressful events.
Mindfulness can be not only conceptualized but also measured. Several scales are available: the Freiburg Mindfulness Inventory (FMI, 5); the Mindful Attention Awareness Scale (MAAS, 4); the Toronto Mindfulness Scale (TMS, 13) and the Kentucky Inventory of Mindfulness Skills (KIMS, 14) developed out of Linehan’s dialectical behaviour therapy [10]. However, biological mechanisms underlying mindfulness are not well known as most of the studies focused on the biological background of well-being. Well being is associated with specific brain activations as high levels of left prefrontal activation, effective modulation of amygdala activation and fast recovery in response to negative and stressful events [6]. The systemic correlates are lower resting cortisol levels and higher antibody titres against influenza vaccine levels. These patterns could be valid for mindfulness as normal adults training for 8 weeks in mindfulness meditation exhibited a greater left-sided anterior brain activation and a more adaptive coping to negative and/or stressful events, namely “a faster recovery after a negative provocation” [15, p.569]. Moreover, a short program in mindfulness meditation produces positive effects on immune function with a significant increase in antibody titres against influenza vaccine [15]. 

Lastly, few works examine mindfulness as a naturally occurring characteristic of individual. Since individuals differ in their propensity or willingness to get high mindfulness level [4], the questions arise: how this form of consciousness naturally develops? What are psychological, social and physiological conditions that support and hinder its dispositional level? Among the latter, which is the role of gender? Women are considered to be more vulnerable to repeated stress exposures compared to men [16,17,18]. They are also more prone to report psychosomatic symptoms [19,20]. Since no information on gender influence on mindfulness is available, we carried out this study to evaluate the incidence of gender on the quality and the intensity of dispositional mindfulness. Referring to the previous literature, it was expected a higher mindfulness scores in men. Gender plays also a pervasive influence on the regulation of the autonomic nervous system [ANS,21,22,23]. This is not amazing as ANS is viewed as an adaptative response to environmental threat [24]: it is continuously servicing the visceral afferents in attempting to maintain homeostasis and to promote physiological stability. Moreover, its 2 arms, i.e., the sympathetic and parasympathetic nerves, act often as opposite. For instance, parasympathetic vagal afferences promote calm behavioral states, self-regulation and well-being, by damping the sympathetic reactions to stress. Referred to the importance of vagal influences on cardio-vascular regulation [24,25,26,27], the spectral analysis of heart rate variability (HRV) analysis is usually proposed as a method to assess vagal tone [24, 26].The capacity of vagal tone to adapt to environmental changes (e.g., physiological, cognitive or psychological challenges) defines the vagal flexibility. For example, a high vagal flexibility reflects appropriate vagal response that allows sympathetic activity to occur and limits efficiently the stress period to the stressors presence [25,28]. Relationship between mindfulness and ANS regulation makes sens as mindfulness and behaviorally evoked cardio-vascular response constitute relatively stable individual traits with a reasonable consistency across time and stressors [29, 30]. However, such relationship depends also on gender as the marked relationship between autonomic regulation and coping style observed in men disappeared in women [31]. The second aim of the study was therefore to study differences in relationship between level of mindfulness and vagal tone according to gender. It can be hypothesized a positive link between high vagal tone and a high mindfulness disposition and a strength of relation greater in men than in women.

2.0
Method

2.1
Subjects

Analogue samples of 30 middle-aged premenopausal women and 30 middle-aged men were recruited from our research center to participate in the study. The selection criteria were: (i) to be able to complete the questionnaires and to realize mental challenges, (ii) to have no particular disease on the basis of self-report, specially to have no history of anxiety psychopathology and (iii) to be not involved in cultivating mindfulness. In conformity with the Helsinki Convention which controls and regulates human experimentation, informed consent was obtained from all participants.
2.2
Protocol

Each subject individually underwent a five-phase experimental procedure, overall lasting 40 min in the presence of the experimenter. In the first phase (10 min), participants completed 2 self-administered questionnaires. This process took about 10 min and allowed time for participants to habituate to the laboratory environment. The second phase also lasted 10 min. The subjects were comfortably seated on a chair and received electrodes for ECG recording while being instructed for relaxation. The third phase was a baseline phase (BP) during which the baseline ECG was recorded during 5 min in a quiet atmosphere. The instructions for this third phase were to concentrate on the breathing and to let thoughts wander. . The fourth phase (challenge phase, CP) was devoted to a 10-min mental challenge consisting in a working memory span task (digit span) during which ECG was recorded. The subjects were asked to view the to-be-remembered digit on the screen of a computer (at the rate of one digit per second) at the end of which they had 30 sec to indicate the digits in order on the digit keyboard of the computer. A random number generator produced 4 to 8 digits sequences, with the condition that a digit could not be repeated twice in the same span task. The task stopped after 10 min. The number and the mean reaction time of correct retrievals were computed but not presented in this study. Lastly, a 5-min recovery phase (RP) was scheduled immediately after CP for recovery ECG recording. 

2.3
Measures

2.3.1
Psychological measures: self-administered questionnaires 

2.3.1.1
The Freiburg Mindfulness Inventory (FMI)

In the first phase, subjects completed the French version of the Freiburg Mindfulness Inventory (FMI). The FMI used in this study was a short form with 14 items developed for common contexts, where knowledge of the Buddhist background of mindfulness cannot be expected [5, 32]. This scale was derivated from the original FMI which is a thirty-item self-administered questionnaire directly developed qualitatively out of the original Buddhist concept of mindfulness. It constitutes a consistent and reliable scale evaluating several important aspects of mindfulness, which probably is one-dimensional [5]. Each self-descriptive statement was evaluated using a four-point Likkert scale ranging from 1 (strongly disagree) to 4 (strongly agree). Depending on the suggested time-frame, state- and trait-like component could be assessed. In the present study, the short form was used for measuring the mindfulness-trait.
2.3.1.2
The Spielberger State-Trait-Anxiety Form Y Inventory 

The Spielberger State-Trait-Anxiety Inventory (S-STAI) is a 40-item self report questionnaire [33]. In the state portion of the scale, 20 items ask subjects to report the extent of their anxiety at particular moments. In the trait scale, the remaining 20 items ask respondents to indicate the intensity of their anxiety in general. Both scores were computed in this study. 

2.3.2
Physiological measures: Cardiac vagal tone and cardiac vagal responses

The cardiac vagal tone and the cardiac vagal responses were evaluated from the electrocardiogram (EEG) recorded before, during and after the mental challenge. ECG was performed using three commercial disposable Ag-Agcl electrodes attached to the chest wall connected to a portable recorder (Temec instrument, Vitaport CPS). The ECG was digitalized with a 1000-Hz sampling rate in order to accurately detect R-wave peaks. The ECG trace and the detection marks were displayed to be checked. Only five cases of singular premature heart beats, all ECG data were free from arrythmias and artefact and no further corrections were required [34]. Thereafter, a time series of interbeat intervals was generated. The spectral analysis of HRV was carried out from time series using the Fast Fourier Transform algorithm using software developed by the Biomedical Signal Analysis Group (University of Kuopio, Finland; 35). The HRV spectral analysis permits the quantification of the oscillatory components, which in the short term are mainly organized into two frequency bands: the low-frequency (LF, around 0.1 HZ) and the high-frequency (HF, >0.15 Hz). The LF rhythm is thought to be a resonance phenomenon due to the delay in the sympathetic feedback loops of baroreflex system. It contains thus both sympathetic and parasympathetic contributions. The HF rhythm primarily reflects the vagal efferent fibers originating in the nucleus ambiguous and is characterized by a respiratory rhythm [36]. The LF/HF reflects the cardiac sympathovagal balance [37]. According to published recommendations [34], both HF and LF rhythms were expressed as normalized units to avoid interindividual differences. It was done by dividing each band power by the total power without the very-low-frequency components (i.e., 0,0 and 0,039 Hz).

All together, the HRV was quantified in each experimental phase using (i) the mean R-wave to R-wave interval duration (RR, ms), (ii) the HF values (vagal tone, m.s2), (iii) the LF/HF. The vagal response was assessed using difference in HF values between BP and CP (delta BP-CP, vagal suppression) and CP and RP (delta CP-RP, vagal recovery).
2.4
Statistical analyses

All parameters (psychological and physiological) were expressed as mean and standard deviation. All statistics were performed using SPSS 11.0 software package (SPSS Inc., Chicago, IL, USA).

Gender differences on psychological scores and HRV values were studied using Student’s “t”-test. Relationship between FMI and STAI in each group was studied using Pearson’s correlation coefficients. Time course of HRV response was analyzed using ANOVA for repeated measurements (three levels: BP, CP and RP) with a gender effect (two levels: men and women). If necessary, post-hoc analyses were carried out using Neuwman-Keuls tests. The relationship between self-administered questionnaires and HRV values were studied in each gender group using Pearson’s correlation test. All parameters (psychological and physiological) were expressed as mean ± SEM. Statistical significance for all tests was set at p<0.05.

3.0
RESULTS

3.1
Demographic variables

The sample ranged in age from 28 to 54 (mean = 37.4; SD = 10.14 for women and mean = 38.84; SD = 10.65 for men). Respondents had middle incomes (mean = 1903.12 Є a month; SD = 1237.18 for women and mean = 2612.12 Є a month; SD = 1544.3 for men) and slightly more than a middle school education (mean = 16.75 years of schooling; SD = 3.19 for women and mean = 17.9 years of schooling; SD = 3.8 for men). Over half were married or lived as husband and wife (62.5 % for women and 72.72 % for men). The remaining subjects were divorced or separated (15.62 % for women and 0 % for men) or single (21.87 % for women and 27.27 % for men).
3.2
Psychological measures 

Both experimental groups appear to be rather slighty anxious as their trait and state STAI scores were lower than French standards (38; Table 1). Women exhibited higher STAI scores (trait-STAI score: t=-3.79, p<0.01 and state STAI score: t=-4.05, p<0.01) and lower mindfulness scores (t=2.88, p<0.01) than men. A positive correlation between trait and state STAI scores was observed whatever gender (women: r=0.55; p<0.01 and men: r=0.64, p<0.01). Only a negative correlation was found between the mindfulness score and the trait-STAI score in each gender group (women: r=0.50; p<0.01 and men: r=-0.51, p<0.01). Subjects with higher trait-anxiety score were prone to lower mindfulness score, whatever gender. 

Table 1: Means and standard deviations for FMI and trait & state-STAI scores for the two experimental samples. Standard scores for French population workers [38].
	Group
	FMI
	Trait anxiety
	State anxiety

	Men
	40.60 ± 5.25
	33.57 ±7.33
	28.43 ±7.62

	French men workers
	
	41.86 ±9.48
	35.73 ±10.34

	Women
	36.47 ± 5.78
	41.27 ±8.23
	38.20 ±10.69

	French women workers
	
	45.09 ±10.32
	40.75 ±10.32


3.2
Physiological measures 

During BP, no gender difference was observed for the RR measures. However, women had higher HF values (t=-3.22, p<0.01) and lower LF/HF index values (t=2.31, p<0.01) than men. As shown in Figure 1, a significant phases effect was observed for RR (F=44.95; p<.01), HF (F=26.89; p<0.01) and LF/HF (F=15.1; p<0.01). It was due to challenge efficiency as a shift of sympathovagal balance towards sympathetic dominance was observed (i.e., decreased in RR and HF values and increase in LF/HF values in CP compared to BP and RP). It lasted during RP as HF and LF/HF values remained respectively lower and higher in RP compared to BP. 
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Figure 1: LF/HF (left, mean ± SEM) and HF values (right, mean ± SEM; ms2) in the baseline phase (BP), challenge phase (CP) and recovery phase (RP) in men (black filling) and women (grey filling). *P<0.05, **p<0.01

A significant gender effect was noticed for HF (F=8.22; p<.01) and LF/HF (F=5.94; p<0.01) with higher HF values and lower LF/HF index values in women compared to men (Figure 1). A significant effect for gender X time interaction (F=4.28; p<0.01) in HF values revealed that the challenge phase induced no gender difference. Moreover, gender, differences were observed for both delta values: females exhibited higher vagal suppression (t= -2.48, p<0.05) and higher vagal recovery (t=-1.89, p=0.05) than men (Table 2). 

Table 2: Means, standard deviations for the calculated heart rate parameters (RR (ms), HF (ms2), LF/HF) in the different recording phases and for the HF delta (vagal suppression and vagal recovery) in men and women. 

	Group
	
	RR
	HF
	HF/LF

	Men
	Baseline phase
	859.47 (±149.8)
	30.68 (±13.19)
	2.93 (±1.93)

	
	Challenge phase
	784.03 (±130.93)
	22.85 (±12.02)
	5.05 (±3.89)

	
	Recovery phase
	853.93 (±146.74)
	26.58 (±13.58)
	3.98 (±2.71)

	
	Vagal suppression
	
	7.83 (±12.64)
	

	
	Vagal recovery
	
	3.73 (±10.49)
	

	Women
	Baseline phase
	808.4 (±126.65)
	45.89 (±22.15)
	1.83 (±1.71)

	
	Challenge phase
	764.07 (±104.4)
	27.76 (±13.76)
	3.93 (±3.07)

	
	Recovery phase
	812.37 (±124.27)
	37.64 (±19.19)
	2.56 (±2.47)

	
	Vagal suppression
	
	18.13 (±18.69)
	

	
	Vagal recovery
	
	9.89 (±14.26)
	


3.3
Relationship between physiological and psychological measures
The links between FMI scores and vagal measures depended on gender. Women exhibited a positive correlation between FMI scores and HF values in the RP (r=0.38, p<0.05), but a negative correlation between FMI and delta CP-RP (r=-0.37, p<0.05). No correlation was found in men. Concerning anxiety measures, whatever gender, autonomic vagal values did not correlate with either state or trait anxiety scores.
4.0
DISCUSSION

4.1
Gender differences in psychological scoring and mindfulness

Although gender effect on anxiety scores has been broadly investigated, results appear conflicting due to methodological differences (e.g., different age, various forms of anxiety, clinically or healthy individuals). In our study, we observed a gender difference in anxiety level since women exhibited higher STAI scores than men. This is not congruent with other studies carried out in young healthy men and women and failing to show any difference in anxiety level [39]. It would be more relevant to take another complementary point of view for better evaluate gender differences in the healthy population. By taking into account that individuals are more or less anxious in everyday situations, it could be pertinent to consider the brain activation level due to anxiety to the ability of brain to be freely open (mindfulness). In such a regard, anxiety and mindfulness are considered as two aspects of a same object, namely the level of interoceptive strain. 

In fact, a gender difference appeared in FMI trait measure in our experimental groups: women scored less than men. Baer et al. observed a similar difference in the mindfulness skill “Act with Awareness”, a subscale from Kentucky Inventory of Mindfulness Skills [14]. Men appear thus fully engage in a current activity with undivided attention. The lower FMI values observed in women was associated with higher values for women in state and trait-STAI scores. This is congruent with studies showing that people scoring high on MASS also scores low on anxiety levels referring to social anxiety and Profile Of Mood Scale [4]. However, MAAS constitutes a very narrow scale focusing more on attention and awareness and less on acceptance than FMI [4]. The observed gender differences in mindfulness and anxiety scores are consistent with the literature highlighting that women are likely to be prone to the development mood disorders, psychosomatic and anxious symptoms throughout their lifetimes [40]. Furthermore, to be a woman is considered as a risk factor for developing Post-Traumatic Stress Disorder after a traumatic event (PTSD, 41, 42). Behind the congruence of results, it remains the question of the causality of such gender effect. Previous studies support the hypothesis that differences in sexual steroid concentrations, particularly estrogens, may be contributing to the gender differences in stress responsiveness and adaptability [43]. Estrogens play a pivotal role in the brain reactivity by acting during the early development/organizational period and by tuning several neurotransmission pathways. During the foetal-perinatal periods, estrogens participate to the formation of neuronal circuits as they directly affect synapse density and remodelling [44]. In adults women, estrogens blood level variing across the menstrual cycle appears in relation with the reported changes in mood in everydays situations, anxiety level, coping behaviour and cognitive performances [45,46,47]. The luteal phase, with lower estrogen blood level, is associated with higher emotional disturbances [48]. For cognitive performances, estrogen influences appear to depend on both the cognitive activity and the emotional state [48,49,50]. However, it has been clearly observed that fMRI-related activity during performance of cognitive tasks varies across phases of the menstrual cycle due to changes in estrogen blood level [50]. Such data involve a reappraisal of experimental conditions linking the precise phase of cycle, the blood hormone levels and the psychophysiological performances.

4.2
Gender differences in the relationship between mindfulness and vagal function 

The second aim of the study was to study whether gender differences observed in psychological scoring have a physiological background and, in the positive case, whether gender differences in relationship between level of mindfulness and vagal measures does exist. 
Firstly, a gender difference was observed in terms of vagal tone since women had greater HF than men during the baseline period. This is in according with other studies carried out at rest and showing that women have greater vagal dominance (LH and/or LF/HF) than men [51,52,22,21,23]. The underpinning mechanisms remain under discussion. Evans et al proposed that there is a predominance of sympathetic vascular in men and a predominance of vagal influence on heart regulation in women [52]. Cardiometabolic and hormonal factors also intervene on the sympatho-vagal balance [22,54,55]. Specially, estrogens reduce the sympathovagal balance regulation towards parasympathetic dominance [41,52,56]. 

Secondly, the mental challenge induced a clear shift of sympathovagal balance towards sympathetic dominance without any gender effect. However, the amplitude of the mental activation on HRV (vagal suppression) was greater in women. These results are in accordance with those of other studies: Women exhibited higher shift of sympathovagal balance towards sympathetic dominance (i.e., higher decreased parasympathetic and/or higher increased sympathetic activity) than men, when challenged with emotional stressors [57,58]. For laboratory non-emotional challenges, as used in the present work, studies highlighted higher heart rate response to logical task in women compared to men [59,53]. However, when controlling menstrual phase of women, the experimental shift toward sympathetic dominance appears not enough evident [54,60]. Estrogens exposure is known to attenuate sympathetic responses to a challenge event [61,54,59]. Consequently, from a methodological state of view, findings of the present study should be re-examined by taking into account the menstrual cycles. Another methodological confounds should be taken in consideration. The experiment, as generally, used a relaxation condition of controlled respiration as instructions were to concentrate on the breathing. It is unlikely that differences in breathing control modify HRV results during BP as the issue of respiration rate (controlled vs. spontaneous) and vagal tone in psychophysiological studies has no firm conclusions [36,62]. However, it may have modified the vagal response to challenge. Subjects that have reduced their respiration rate during BP, may strongly increase it during CP. Thus, within and between subject variations in respiration rate can make interpretation in vagal measures difficult and confound attempts to index vagal activity by using heart rate variability [28,62].
Lastly, our results showed that the scores for mindfulness were diversely correlated to gender vagal measures. No relationship was observed between FMI score and vagal tone during BP, whatever gender. This is not necessarily discordant with other results showing that only women with premenstrual dysphoric disorder exhibited reduced vagal tone and not symptom-free women. This difference could be in part caused by difference in estrogens production an/or sensitivity [63,64]. In our sample, no women reported psychological symptoms. Considering now the vagal response, we show that women with higher recovery vagal responses scored higher in mindfulness. This was not observed in men. It suggests that a dynamic relationship might exist between FMI score and vagal response, suggesting a third factor responsible for both variations.

5.0
CONCLUSION

Researches point to gender differences in psychological disposition, biological status and physiological reactivity to stress. However, the relationships between these measures appear to be complex. The present research highlighted gender differences in the dispositional mindfulness, which is considered to be a key factor for well-being. Moreover, this individual psychological trait appeared associated with higher vagal responses to stressful mental events in women. Whether such observations could be explained by differences in steroid hormonal status, further researches are valuable. 
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