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Abstract

:

(1) Background: Functional Hypothalamic Amenorrhea (FHA) can be caused by the hyper activation of neuro-endocrine responses to stress. Among other endocrine factors and hypothalamic dysfunctions, the psychophysiological stress response can very frequently lead to an inhibition of the gonadal–pituitary axis. The aim of this study was to investigate the level of neurovegetative activation in a group of young women affected by this condition. (2) Methods: Twenty-five women (mean age = 21.1 ± 4.34) with FHA were consecutively recruited. Information on psycho-physiological distress was collected through a Psychopathological assessment (with the administration of three psychometric tests) and the Psychophysiological Stress Profile (PSP). Their data were compared with a control group. (3) Results: In the PSP, the patients displayed significantly higher values compared to controls in terms of the parameters of muscle tension (sEMG), skin conductance (SCL/SCR), heart rate (HR), and peripheral temperature (PT). Furthermore, autonomic hyper-activation at rest, marked reactivity to stress, and reduced recovery were seen. Moreover, a condition characterized by psychological distress (anxiety and somatic complaints, depressed and irritable mood, obsessive-compulsive traits) emerged. (4) Conclusions: The results highlight autonomic hyper-activation in FHA, which is also associated with psychological distress. Considering that FHA is a condition that affects multiple systems between mind and body, a multimodal, multidimensional, and multidisciplinary assessment of stress is becoming an emerging need.






Keywords:


hypothalamic amenorrhea; stress; reproduction; sexuality; mental health












1. Introduction


Amenorrhea is the medical term for the absence of menstruation in women of childbearing age. This condition can be primary or secondary. Primary amenorrhea corresponds to the non-arrival of the menarche while secondary amenorrhea is defined as the absence of menses for more than three months and/or a menstrual cycle that persistently exceeds 45 days [1,2]. Functional Hypothalamic Amenorrhea (FHA) and Poly-Cystic Ovarian Syndrome (PCOS) are the most common causes of secondary amenorrhea [1,2]. A set of parameters is needed in order to diagnose FHA. More specifically, focused clinical and family history examinations, a negative pregnancy test, and blood tests to assess gonadotrophins as well as thyroid function, prolactin, and Anti-Mullerian Hormone (AMH) levels should be carried out. The assessment of gonadotrophin levels usually reveals Hypogonadotrophic Hypogonadism (HH), with Gonadotropin Releasing Hormone (GnRH) deficiency, resulting in low levels of Luteinizing Hormone (LH), Follicle Stimulating Hormone (FSH), and estradiol [2].



Considering that FHA is a type of secondary amenorrhea without an identifiable structural organic cause, the term “functional” highlights that this condition can be reversed once the physiological cause is identified and managed [2]. The mechanism of FHA relates to a reduction in GnRH pulsatility, which results in a reduced LH pulsatility and circulating LH and FSH levels with a differential decrease in LH relative to FSH levels. The reduced LH pulsatility and low estradiol levels subsequently result in the anovulation and cessation of menstrual periods [1,2,3].



In addition, interpersonal and relational functioning is negatively affected in individuals with FHA, as are their sexual and reproductive lives. In particular, these women complain of different sexual disturbances related to the various phases of the sexual intercourse, such as a decrease in libido, poor sexual arousal, poor lubrication, and consequent symptoms of discomfort and pain during penetration [4]. All of these aspects are associated with the presence of alterations in the self-image: feelings of inferiority and inadequacy are often described by these people, as well as internalizing and/or externalizing symptoms (irritability, fatigue, etc.) [5].



In general, the diagnosis of FHA is based on the exclusion of other causes of non-menstruation, including organic and anatomical factors [1,5,6,7,8]. The main determinant of the disorder is a combination of psychosocial and metabolic stress. More specifically, predisposing factors include low energy availability, nutrient deficiencies, an excess of physical activity, absence of endometrium regeneration, abnormal sleep, emotional tension, unmanageable chronic or severe stress, and dysfunctional behavior [1,5,8,9].



The onset of amenorrhea is relatively common in the psychological setting because distress is a key part of the clinical history that may include many potentially stressful events (i.e., changing schools, relationship breakdowns, and family bereavement). In fact, in some cases, psycho-social stressors correspond to a perception of threat to the homeostasis of the individual which then reacts with a stress response. Therefore, during the “fight or flight” response there is an activation of the limbic brain regions that gives way to neuroendocrine responses [1,10].



In this sense, FHA represents an adaptive response of the female organism to stress. More specifically, in the face of a greater expenditure of energy to ensure survival, the body begins to save on those functions that are not considered essential at that moment, such as reproduction. A first review that focused precisely on this aspect dates back to 1954 [11] and highlighted an increased incidence of amenorrhea during the First World War. Since the Second World War, amenorrhea began to be interpreted as a response of the body to emotional shock or as a “syndrome resulting from the combination of nutritional and psychic factors” [12].



More recently, it has been explained that individuals with FHA cope less well with stress in their autonomic responses and report significantly higher elevations of heart rate, systolic and diastolic blood pressure, and serum cortisol levels in comparison with controls [1,13,14].



At the psychophysiological level, the response to stress is characterized by an enhanced hypothalamic Corticotrophin-Releasing Hormone (CRH) release, which leads to the increase in Adreno-Cortico-Trophic Hormone (ACTH) secretion from the pituitary gland. At the end of the Hypothalamic–Pituitary–Adrenal (HPA) axis is the glucocorticoid release from the adrenal glands [1,10]. In individuals with FHA, the pulsatile release of GnRH is reduced. It is believed that the inhibition of the Hypothalamic–Pituitary–Gonadal (HPG) axis in women with FHA is caused by stress-related factors, including CRH [15]. This assumption is supported by a double-blind, randomized controlled trial by Pruneti et al. [13]. These authors, by administering Pivagabine (PVG), the drug of choice for the better modulation of the hypothalamic release of CRH, demonstrated that it is possible to modulate the adaptive response to stress and thus restore the menstrual cycle in women diagnosed with FHA. Furthermore, the strong involvement of the neuro-endocrine components was once again demonstrated.



Aims


The goal of the present research is precisely to focus on psychophysiological stress as a key factor in FHA, excluding the conditions of physical suffering generated by low caloric intake and/or high energy consumption, which is why only women with normal body mass index were involved. The hypothesis that drove the study is that an alteration of the autonomic balance (the coordination between the two branches of the Autonomic Nervous System (ANS)–Parasympathetic (PANS) and Sympathetic (SANS) nervous systems) is present. To our knowledge, no studies have yet analyzed this component.



Lastly, the possible correlations between the psychophysiological values, obtained from the psychophysiological evaluation, and the different cognitive and behavioral variables, described through the psychopathological assessment, were investigated.





2. Materials and Methods


2.1. Participants and Study Design


In this case control study, fifty women aged between 14 and 26 years old were consecutively examined. The experimental group consisted of 25 patients (mean age = 21.1 ± 4.34) diagnosed with FHA. The control group was made up of 25 female students from the University of Parma (age-comparable, mean = 23.1 ± 3.27). The criteria for inclusion in the study were: normal BMI value (between 18.5–24.9); not on psychological/psychiatric or pharmacological treatment for psychological or medical problems; no medical or psychiatric diagnosis, except for the experimental group where women were included based on a confirmed diagnosis of FHA and a clinical condition characterized by the suspension of the menstrual cycle for at least three months (and regular previous menstrual cycles), LH value < 1, and no significant decrease in body weight in the past six months.




2.2. Procedures


A psychologist and a gynecologist recruited the participants while the patients were attending their first or second visit to the Institute of Clinical Obstetrics and Gynecology of the Hospital of Pisa (Italy). Data were collected at the Clinical Psychology Department of the Child Neuropsychiatric Centre at the St. Chiara University Hospital of Pisa (Italy). Patients were taken to a quiet room and were informed by a research assistant about the study procedures. After providing informed consent, patients completed the questionnaires and were familiarized with the equipment (e.g., cables) and the procedure for the recording of the psychophysiological parameters.




2.3. Measures


2.3.1. Psychopathological Assessment


The Crown–Crisp Experiential Index (CCEI) [16,17] is a questionnaire composed of 48 items grouped into six scales that assess: Free Floating Anxiety (FFA), Phobic Anxiety (PHO), Depression (DEP) and Hysteroid Behavior (HYS), Obsessive traits (OBS), and Somatic complaints (SOM). Previous work suggests that the clinical cut-off set as ≥6 represents a clinically important threshold [18,19].



The Symptom Questionnaire—weekly version (SQ) [20,21] is a self-assessment questionnaire that investigates the state of well-being/distress perceived by the subject during a specific period. It contains four scales based on the factorial analysis of the psychological symptoms of Anxiety (A), Depression (D), Somatic Complaints (SC), and Hostility (H). This test evaluates both the presence of behavioral symptoms and cognitive aspects, such as the ability to relax, feel pleasure, and have a good disposition towards others. This test has weekly, daily, and hourly versions. The clinical cut-off corresponds to 4 for all the scales of the test.



The P Stress Questionnaire (PSQ) [22,23] is a tool made up of 32 items, grouped into six scales: Sense of Responsibility (SR), Vigor (V), Stress Disorders (SD), Precision and Punctuality (PP), Spare Time (ST), and Hyperactivity (H). It detects whether there is a present risk for stress-related physical disorders attributable to some characteristics of the personality configuration known as “Type A behavior”. Stanine scores have a distribution between 1 and 9, with a mean of 5 and a standard deviation of 1.96.




2.3.2. Psychophysiological Assessment


A Psychophysiological Stress Profile (PSP) [24,25,26,27,28,29] structured in three phases was implemented. In the baseline phase (6 min), each patient was instructed to close their eyes and to remain still and relaxed. In the stress phase (4 min), a Mental Arithmetic Task (MAT) was presented to the participant. This task consists of subtracting the number 13 from the number 1007 and continuing to subtract 13 from each successive result that was obtained. Lastly, in the recovery phase (6 min) the patient was instructed to relax again. The following parameters were continuously registered: Surface Frontal Electromyography (sEMG)—where the electrical potential was detected by means two active electrodes placed 1 cm over the two eyebrows on the same line of the pupils and one reference electrode placed at the center of the front (2 cm of distance between poles); the Skin Conductance Level-Response (SCL-SCR)—where a very low intensity electrical direct current was attained by means two electrodes placed on the first and second finger of the non-dominant hand; Heart Rate (HR)—that consists of the detection of the electrical potential of cardiac muscle by the classic bipolar shunt for the electrocardiogram (ECG); and Peripheral Temperature (PT)—the peripheral body temperature was recorded by a thermistor with a device placed on the thenar eminence of the non-dominant hand. EMG and HR parameters were detected by means of surface disposable electrodes with 0.5 mm of active surface. For the SCR, two gold-plated electrodes were employed. For the PT, a very sensitive electronic thermometer (capable of evaluating fluctuations in temperature of less than 0.1°C) was utilized. The employed technology device was the “psycholab VD 13” by SATEM, Rome, Italy. The Modulab was connected by means an infrared cable with a PC and all the data were detected and processed by a PC soft VD 13SV VERSION 5.0 Works program software (by SATEM, Rome, Italy).





2.4. Statistical Analysis


Statistical analysis was performed using Microsoft Excel and IBM SPSS Statistics software (Version 28.0.1.0). The descriptive statistics of the scores obtained from the two samples in the CCEI, SQ, and PSQ were performed with the calculation of the mean (M) and standard deviation (SD). The average values of the parameters (sEMG, SCL-SCR, HR, and PT) of the PSP obtained by the two groups were also calculated.



To implement parametric statistical analyses, tests for Skewness, Kurtosis, and Kolmogorov–Smirnov were used in order to assess the normality of distribution.



The Independent Samples T-Test was used to evaluate the differences between the two groups (patients vs. control) in the comparison to the values obtained from the psychometric tests (CCEI, SQ, and PSQ) and psychophysiological parameters (sEMG, SCL-SCR, HR, and PT).



Lastly, a Pearson correlation was also performed using the same values.





3. Results


3.1. Description of the Sample


The socio-demographic characteristics of the sample are shown in Table 1.




3.2. Psychopathological Assessment


The statistical descriptive analyses conducted on the scores of the psychometric tests compiled by the group of patients showed that they exceed the clinical cut-off for most of the clinical sub-scales. Considering the psychological symptoms investigated with the CCEI, it was found that patients exceed the threshold of significance (≥6) for the sub-scales of anxiety (FFA), obsession (OBS), somatic complaints (SOM), depression (DEP), and hysteroid behavior (HYS). Still at a descriptive level, observing the scores obtained by the group of patients in the SQ questionnaire, scores well above the clinical cut-off (=4) emerge for all the symptoms (anxious activation (A), lowering of mood (D), somatic complaints (SC), and hostility/irritability (H)). No noteworthy data emerged from the questionnaire that investigates the presence of behaviors and lifestyles at risk for stress-related physical disorders (PSQ) because the group of patients exceeded the cut-off in the Sense of Responsibility (SR) sub-scale but a similar score was also obtained by the control group (Table 2).Furthermore, the calculation of the Independent Samples T-Test showed that the scores of the patients are significantly higher than the controls both in CCEI and SQ (Table 2).




3.3. Psychophysiological Assessment


With regard to the PSP, also in this case, the descriptive analyses demonstrated that the patients reported values that exceed the normal range. In particular, higher than normal psychophysiological values were recorded in the group of patients for muscle tension (sEMG), skin conductance (level and response, SCL/SCR), and peripheral temperature (PT) in all of the three recorded phases (baseline, stress, and recovery) (Table 3).



In addition, for all the psychophysiological parameters (sEMG, SCL-SCR, HR, PT), except for the HR in the stress phase, the difference between patients and control subjects is statistically significant (Table 4).



Lastly, a Pearson correlation analysis between the psychometric tests (CCEI, SQ, and PSQ) and the values of the stress phase of the PSP (sEMG, SCR, HR, PT) within the group of patients was conducted. The results highlight the considerable relationships between cognitive-behavioral aspects and emotional-psychophysiological components. More specifically, the values of muscle tension (sEMG) have a trend similar to the phobic anxiety scores (PHOB) of the CCEI and the tendency to adopt behaviors characterized by precision and punctuality (PP) investigated with the PSQ. Considering the HR parameter, a positive relationship emerges with obsessiveness (OBS) investigated through the CCEI and somatic complaints (SC) through the SQ. With regard to peripheral body temperature (PT), its augmentation corresponds to an increase in the depressive symptoms (D) of the SQ (Table 5).





4. Discussion


Performing a multidimensional assessment of patients with hypothalamic amenorrhea seems to be a very useful methodology. In fact, the results of the present study confirmed data from previous work in this area and allow for the addition of noteworthy aspects not investigated so far.



Considering the cognitive and behavioral components, the psychometric tests confirmed previous work regarding the presence of psychological distress in terms of anxious hyper activation and depression among women diagnosed with FHA [5,30,31]. Furthermore, other internalizing (somatic complaints and obsessions) and also externalizing (hostility and hysteric behavior) symptoms were found.



Because obsessive tendency has emerged, it confirms previous studies regarding mental rigidity and the use of control as a coping mechanism for the management of emotions [1,2]. This psychological aspect is considered an obstacle towards sexuality because it does not allow the woman to experience intimacy spontaneously and to “let go”. The tendency towards rigid perfectionism has also emerged in the precision and punctuality scale of the PSQ and the level of muscle tension measured with the PSP. Basically, mental rigidity favors the maintenance of high levels of psychophysiological alertness and does not allow the PANS (responsible for relaxation states and social and sexual activities) to prevail over the SANS.



Regarding the emotional-psychophysiological structure, the hypothesis that guided this research has been confirmed. In particular, observing the values of the psychophysiological parameters of the patients and comparing them with the women in the control group, a profile characterized by high levels of muscle tension, skin conductance, and heart rate and low levels of peripheral temperature emerges. This configuration is generally comparable to a condition characterized by autonomic hyper-arousal. More specifically, multiple characteristics of an excessively high level of sympathetic activity can be observed, namely higher than average values at baseline, marked reactivity to stimuli in the stress phase, and reduced emotional self-regulation skills necessary for post-stress psycho-physical recovery. These results show that in hypothalamic amenorrhea an alteration of the balance between the neuro-endocrine axes is also evident in terms of autonomic imbalance.



To better understand the connection between these two systems it is possible to refer to the first studies on stress, dating back to Selye [32]. This author was the first to describe stress in psychobiological terms with the General Adaptation Syndrome (GAS). According to his research, in the initial stage of any disease, there are general and nonspecific symptoms activated by the Central Nervous System (CNS) and the ANS. This univocal response to any adverse stimulus occurs in three phases. In the first phase (alarm), there is the activation of the SANS with the consequent activation of the medullary portion of the adrenal glands and secretion of adrenaline and noradrenaline. Both catecholamines increase cardiac output and, thus, increase the blood supply of skeletal muscles. The body mobilizes energy resources and directs them towards a fight or flight behavior. Furthermore, in this phase, the HPA axis is activated with secretion of glucocorticoids. In particular, cortisol, known as the “stress hormone”, triggers the conversion of proteins into glucose, involves lipids in the production of immediately available energy, increases blood flow, and activates behavioral responses. In the second phase (adaptation), the body tries to adapt to the new situation. Here, there is an overproduction of cortisol, and the body organizes itself to adapt and cope with the stimulus. Finally, in the third phase (exhaustion), there are two possible outcomes: the extinction of the stress response or a condition of functional exhaustion that occurs when the exposure to the stimulus continues for a long period and the organism does not have the resources to resist and/or to adapt further.



However, subjective experiences are never unique. It is well known in clinical psychology that stimuli endowed with the same stressful power does not cause the exact reaction in different individuals. The opposite is also true: stressful conditions of varying degrees can induce the same response in various people [25,26]. Precisely for this reason, it was decided to include some measures of psychological well-being in the multidimensional assessment. The results of the research showed a correspondence between symptoms of psychological distress and autonomic alteration. In particular, anxious traits, somatic complaints, and obsessiveness seem to favor a neurovegetative activation characterized by high muscle tension and increased heart rate. On the contrary, a lowering of mood corresponds to an increase in peripheral temperature. Confirming previous clinical studies [33,34], the various forms of depression would be characterized by a pathological condition of neurovegetative hypo activation where the autonomic imbalance leans towards the PANS. Therefore, although a trend towards psychophysiological hyper activation emerged from the total sample of patients, it is also possible that a subgroup among these women is experiencing something similar to an “emotional exhaustion”, a clinical condition characterized by neurovegetative hypo activation (with high peripheral temperature) and depressed mood, which is considered typical of chronic and prolonged stress [35,36].



The relationships that exist between the psychophysiological parameters and the psychological dimensions that characterize subjects with hypothalamic amenorrhea, testify that various aspects related to stress are involved, probably playing a fundamental role in its determination and maintenance. Some researchers consider the functional menstruation disorders as psychosomatic diseases for this reason [37].



Therefore, considering that FHA is a reflection of a response to significant endogenous stress, it is comprehensible that some authors [37,38,39] proposed the Cognitive-Behavioral Therapy (CBT) as a logical approach to lowering the stress levels. Promising results are described by Berga and colleagues [37] in 16 subjects with FHA randomized to CBT or observation for a 20 week period. The results were encouraging, with ovulation returning to six women in the CBT group and one woman in the observational group. Moreover, these data confirmed that endogenous stress is a major factor in the development and maintenance of FHA and that modification of stress response can restore normal menstrual cycle [38]. Although there are no studies in the literature regarding the effectiveness of couple therapy on FHA, it is possible to hypothesize that an intervention aimed at taking care of the relational aspect can also have positive effects. Previous research on sexual disorders of psychological origin has yielded promising results [40].



In closing, the results of our work confirm that the organism responds in accordance with two biological imperatives: the one of survival and the one of reproduction, the functions of which are supported by the complementary but antagonist activity of the SANS and PANS branches of the ANS. This perspective has been well described by Porges in his Polyvagal Theory (PVT) [41,42]. Functionally, when the environment is appraised as being safe, the defensive limbic structures are inhibited, enabling social engagement and calm visceral states to emerge. In contrast, some individuals experience a mismatch, and the nervous system appraises the environment as being dangerous. This mismatch results in physiological states that support fight, flight, or freeze behaviors, but not social engagement behaviors. In other words, if a person is in a fight-or-flight state, the social and sexual-reproductive system fails. More specifically, Porges highlights the role of the branch myelinated by the vagus nerve, which is mainly responsible for the functioning of the PANS (known as the ventral vagal complex) in social involvement.



According to a basic and simple perspective, such as the biological-evolutionary one, it is possible to understand that also sophisticated functions, such as sociality, relational behavior, and sexual activity, are still neurally represented in the most ancient systems of the brain and are almost partially under the control of the peripheral nervous system, the ANS.



Limitations and Strengths


While the data provided by the present study are promising, confirmation through further research with larger sample sizes is needed. Therefore, larger patient groups would allow for more sophisticated statistical analyses. For instance, it might be interesting to evaluate the weight of a stressful event and psychological symptoms (including Anxiety, Depression, Somatic Complaints, and Hostility) in predicting and modulating the autonomic activation. Furthermore, it could also be useful to quantify the relationship between endocrine imbalance (in terms of Cortisol and LH levels) and autonomic activation (i.e., psychophysiological parameters).



However, the data provided by this research are promising because they accurately define the subjective experience of the suffering of women with FHA and the related autonomic imbalance.





5. Conclusions


Psychological stress is frequently mentioned among the predisposing [28], precipitating, or perpetuating factors [42,43] of physical pathologies in most medical fields. Significant research is available in the literature aimed at identifying various stress response profiles, in which tests are used to elicit significant psycho-neuro-endocrine responses.



Considering that FHA is generally diagnosed through the exclusion of other possible diseases of gynecological and/or endocrinological relevance, our study aimed at investigating the psychophysiological stress that characterizes this medical condition. Excluding possible factors that could have caused FHA (i.e., alteration of body weight), women in whom psychological stress could have caused this condition were selected. In this research it was possible to more precisely define the condition of neurovegetative activation. Furthermore, this information was combined with psychological measures, capable of providing data with respect to the subjective experience of participants. This research is another example of how clinical psychology and clinical psychophysiology can provide a contribution through a multidisciplinary team that favors multidimensional assessment.



Moreover, the increase in knowledge concerning the psychophysiological mechanisms connected to the stress response contributes to the development of new approaches to the treatment and management of the disease, including a pharmacological approach [43,44].



However, despite these reports, psychophysiological stress is not always described in its complexity (the endocrine, neurovegetative, and cognitive-behavioral aspects are equally important) and even more, clinical medicine units that benefit from the presence of psychology and counseling services are still few, as are the opportunities for multidisciplinary discussion between various health professionals to pursue the better management of disease and patient care.
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Table 1. Sociodemographic characteristics of participants.






Table 1. Sociodemographic characteristics of participants.











	
	Patients Group

(n = 25)
	Control Group

(n = 25)
	Full Sample

(n = 50)





	Marital status, N (%)
	
	
	



	Single
	6 (24%)
	14 (56%)
	20 (40%)



	Married/partnered
	18 (72%)
	10 (40%)
	28 (56%)



	Divorced/widowed
	-
	1 (4%)
	1 (4%)



	Children a, N (%)
	1 (4%)
	0 (0%)
	1 (4%)



	Highest educational level, N (%)
	
	
	



	Middle school
	-
	3 (12%)
	3 (12%)



	High school/some college
	17 (68%)
	18 (72%)
	35 (70%)



	University degree
	8 (32%)
	4 (16%)
	12 (24%)



	Employment, N (%)
	
	
	



	Unemployed
	-
	1 (4%)
	1 (4%)



	Student
	23 (92%)
	20 (80%)
	43 (86%)



	Employed
	2 (8%)
	4 (16%)
	6 (12%)







Note. The a reflects the number and percentage of participants answering “yes” to this question.
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Table 2. Average values and comparisons of the psychometric tests between patients and controls.






Table 2. Average values and comparisons of the psychometric tests between patients and controls.





	

	
Normal Range

	
Patients Group

	
Control Group

	
t

	
p




	
M

	
SD

	
M

	
SD






	
Crown-Crisp Experiential Index (CCEI)

	

	

	

	

	

	

	




	
Free Floating Anxiety (FFA)

	
0–6

	
10.32

	
2.4

	
4.8

	
1.5

	
−2.45

	
<0.0001




	
Phobic Anxiety (PHO)

	
0–6

	
5.64

	
1.6

	
2.69

	
0.8

	
−2.27

	
<0.0001




	
Obsessive traits (OBS)

	
0–6

	
9.48

	
3.2

	
3.69

	
2.6

	
−1.68

	
<0.0005




	
Somatic Complaints (SOM)

	
0–6

	
7.28

	
1.8

	
2.91

	
0.6

	
−3.36

	
<0.0001




	
Depression (DEP)

	
0–6

	
9.8

	
3.3

	
2.69

	
1.8

	
−3.23

	
<0.0001




	
Hysteroid behavior (HYS)

	
0–6

	
8.52

	
2.7

	
3.17

	
0.4

	
−2.49

	
<0.0001




	
Symptom Questionnaire (SQ)

	

	

	

	

	

	

	




	
Anxiety (A)

	
0–4

	
10.1

	
2.1

	
3.4

	
1,2

	
−3.83

	
<0.0001




	
Depression (D)

	
0–4

	
8.84

	
3.2

	
3

	
0.8

	
−2.72

	
<0.0001




	
Somatic Complaints (SC)

	
0–4

	
7.76

	
2.8

	
2.8

	
1.2

	
−1.15

	
<0.0005




	
Hostility (H)

	
0–4

	
7.76

	
3.1

	
2.5

	
2

	
−2.1

	
<0.0001




	
P Stress Questionnaire (PSQ)

	

	

	

	

	

	

	




	
Sense of Responsibility (SR)

	
4–7

	
8.25

	
1.8

	
7.94

	
1.4

	
−0.2

	
n.s.




	
Vigor (V)

	
4–7

	
3.19

	
2

	
2.58

	
1.1

	
−0.32

	
n.s.




	
Stress Disorders (SD)

	
4–7

	
4.18

	
1.5

	
3.16

	
0.7

	
−0.93

	
n.s.




	
Precision and Punctuality (PP)

	
4–7

	
4.85

	
1.2

	
4.56

	
1.4

	
−0.16

	
n.s.




	
Spare Time (ST)

	
4–7

	
2.82

	
1.5

	
2.04

	
0.9

	
−0.41

	
n.s.




	
Hyperactivity (H)

	
4–7

	
5.47

	
2

	
5.22

	
1.9

	
−0.14

	
n.s.
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Table 3. Average values obtained by the patients in the Psychophysiological Stress Profile (PSP).
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Normal Range

	
Baseline

	
Stress

	
Recovery




	
M

	
SD

	
M

	
SD

	
M

	
SD






	
surface Electromyography

(sEMG, in µV)

	
1.7–2.5

	
4.65

	
1.7

	
5.22

	
1.7

	
4.85

	
1.6




	
Skin Conductance Level/Response

(SCL/SCR, in µS)

	
2.2–6

	
9.6

	
6.3

	
12.71

	
7.4

	
12.63

	
7.7




	
Heart Rate

(HR, in bpm)

	
60–90

	
77.13

	
9.7

	
79.15

	
13.6

	
77.11

	
10.3




	
Peripheral Temperature

(PT, in °C)

	
31–33

	
27.5

	
2.6

	
27.6

	
2.4

	
27.6

	
2.6
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Table 4. Comparison of the average values obtained by patients and controls in the Psychophysiological Stress Profile (PSP).
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Baseline

	
Stress

	
Recovery




	
t

	
p

	
t

	
p

	
t

	
p






	
surface Electromyography

(sEMG, in µV)

	
−4.66

	
<0.001

	
−2.16

	
0.019

	
−4.39

	
<0.001




	
Skin Conductance Level/Response

(SCL/SCR, in µS)

	
−4.9

	
<0.001

	
−5.66

	
<0.001

	
−5.41

	
<0.001




	
Heart Rate

(HR, in bpm)

	
4.85

	
0.013

	
4.98

	
0.14

	
4.5

	
0.008




	
Peripheral Temperature

(PT, in °C)

	
−2.31

	
<0.005

	
−1.07

	
<0.001

	
−2.51

	
<0.001
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Table 5. Relationships between variables in the whole sample. Legend: ** p < 0.01. CCEI = Crown-Crisp Experiential Index; SQ = Symptom Questionnaire; PSQ = P Stress Questionnaire; PSP = Psychophysiological Stress Profile. Note: Only significant sub-scales were included in the table.






Table 5. Relationships between variables in the whole sample. Legend: ** p < 0.01. CCEI = Crown-Crisp Experiential Index; SQ = Symptom Questionnaire; PSQ = P Stress Questionnaire; PSP = Psychophysiological Stress Profile. Note: Only significant sub-scales were included in the table.















	
	1
	2
	3
	4
	5
	6
	7





	1 CCEI Phobic Anxiety
	1
	
	
	
	
	
	



	2 CCEI Obsessive traits
	n.s.
	
	
	
	
	
	



	3 CCEI Depression
	n.s.
	n.s.
	
	
	
	
	



	4 SQ Somatic Complaints
	n.s.
	n.s.
	n.s.
	
	
	
	



	5 PSQ Precision and Punctuality
	n.s.
	n.s.
	n.s.
	n.s.
	
	
	



	6 PSP surface Electromiography (µV)
	0.44 **
	n.s.
	n.s.
	n.s.
	0.46 **
	
	



	7 PSP Heart Rate (bpm)
	n.s.
	0.44 **
	n.s.
	0.40 **
	n.s.
	n.s.
	n.s.



	8 PSP Peripheral Temperature (°C)
	n.s.
	n.s.
	0.56 **
	n.s.
	n.s.
	n.s.
	n.s.
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