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Abstract

There is strong evidence from humans and animal models showing that abnormal functioning of 

the hypothalamic pituitary adrenal (HPA) axis and/or the inflammatory response system disrupts 

feedback regulation of both neuroendocrine and immune systems, contributing to disease. Stress 

is known to affect the physiology of pelvic organs and to disturb the HPA axis leading to 

chronic, painful, inflammatory disorders. A link between stress and disease has already been 

documented for many chronic conditions. Endometriosis is a complex chronic gynecological 

disease associated with severe pelvic pain and infertility that affects 10% of reproductive aged 

women. Patients report the negative impact of endometriosis symptoms on quality of life, work/

study productivity, and personal relationships, which in turn cause high levels of psychological 

and emotional distress. The relationship between stress and endometriosis is not clear. Still, 

we have recently demonstrated that stress increases the size and severity of the lesions as well 

as inflammatory parameters in an animal model. Furthermore, the ‘controllability’ of stress 

influences the pathophysiology in this model, offering the possibility of using stress management 

techniques in patients. The crosstalk between stress-inflammation-pain through HPA axis activity 

indicates that stress relief should alleviate inflammation, and in turn, decrease painful responses. 

This opens up the opportunity of altering brain-body-brain pathways as potential new therapeutic 

option for endometriosis. The goal of this review is to gather the research evidence regarding the 

interaction between stress (psychological and physiological) and the development and progression 
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of endometriosis on the exacerbation of its symptoms with the purpose of proposing new lines of 

emerging research and possible treatment modalities for this still incurable disease.
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Introduction

Endometriosis is a complex, chronic disease defined as the presence of lesions or cysts 

composed of endometrial-like glands and stroma commonly found in the peritoneal 

area, causing inflammation and the characteristic symptoms of endometriosis: pain 

(dysmenorrhea, dyspareunia, dyschezia) and infertility [1–5]. Endometriosis is a widespread 

gynecologic diagnosis, with an estimated prevalence of up to 10% among all pre-

menopausal women [1]. It has been estimated that 176 million women are affected by 
endometriosis around the world, with an impact on health care that reaches 22 billion in 
the United States alone [2–4]. Many qualitative and quantitative studies have documented 

its negative impact on the patient’s quality of life in aspects related to physical health, 

mental health, relationships, reproduction, and work/study [5–8]. However, despite decades 

of research efforts, the etiology of endometriosis has not been fully elucidated as recently 

reviewed [9, 10]. Inadequate understanding of its pathogenesis results in a lack of non-

invasive diagnostic markers and limited therapeutic options, none of which is curative.

Our own studies, and others, document that endometriosis is universally a debilitating 

disease with substantial detriment to quality of life, physical functioning and emotional 

wellbeing [6, 7, 11–13]. Patients, often teens and young adults, characterize endometriosis 

as the “disease of multiple losses” and the direct cause of high levels of psychological and 

emotional distress [6, 7, 14]. They report struggling for years without knowing the cause of 

their painful symptoms (diagnosis is delayed ~7 years in average) and are often frustrated 

by the chronicity, unpredictability, unresponsiveness to pharmacological treatment, and high 

recurrence rates following surgical treatment [15, 16]. Further, studies have demonstrated 

that endometriosis is such a disabling condition that it significantly compromises social 

relationships, sexuality, and mental health [17, 18]. All these elements factor in to cause a 

generalized feeling of having little or no control over their health and life in general, causing 

depression and anxiety [19–21]. In fact, the impact is thought to be so significant that it 

could be argued that not only should psychological support be available for endometriosis 

patients, but that psychological assessment should also become an integral part of their care 

[18].

A relationship between stress and disease has been documented for other chronic conditions 

such as cancer, inflammatory bowel disease, and multiple sclerosis, and also for chronic 

pelvic pain and mood disorders (anxiety, depression, post-traumatic stress syndrome). 

Normally, the brain responds to stressors by activation of the HPA axis, leading to 

eustress (positive stress). Chronic activation of the HPA axis by stressors, however, results 

in distress (negative stress) compromising the immune system, which in turn causes 
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high levels of psychological and emotional distress. The relationship between stress and 

endometriosis is not clear, but we have demonstrated that stress increases the size and 

severity of the lesions as well as inflammatory parameters (e.g., colonic inflammation, 

infiltrating mast cells, inflammatory cells in the peritoneal fluid) in an animal model 

of endometriosis [22]. Furthermore, we also showed that the ‘controllability’ of stress 

influences the pathophysiology of endometriosis in the rat model [23], specifically causing 

a ~50% decrease in lesion size. Taken together, these data support the possibility of using 

stress management techniques in women with endometriosis as a treatment modality to 

help alleviate painful symptoms. The proposed crosstalk between stress-inflammation-pain 

through the HPA axis activity indicates that stress relief should reduce inflammation, which 

in turn should lead to decreased painful responses, and opens up the opportunity to alter 

brain-body-brain pathways as potential new therapeutic options for endometriosis.

Stress response mechanisms

Stress, regardless of type (e.g., psychological, emotional, cognitive, physical), directly 

impacts pain processes by chronic activation of the HPA axis. The stress response is 

complex but has many interconnected mechanisms, including neuroendocrine, inflammatory, 

and nociception phenomena [24]. At the level of the hypothalamus, the stress signal 

activates corticotropin releasing hormone (CRH) production leading to the secretion of 

adrenocorticotropic hormone (ACTH) from the anterior pituitary gland [25, 26]. ACTH 

stimulates the production of glucocorticoids (cortisol) in the adrenal cortex. Cortisol 

has been shown to influence the activity of the immune system by suppressing cellular 

differentiation and proliferation, down-regulating gene transcription, and reducing cell 

adhesion [26, 27]. Different types of stressors—physical, emotional, psychological, social- 

can activate this axis via different mechanisms, resulting in different kinds of responses 

(eustress or distress) [28]. Chronic stress is thought to be associated with activation of 

cellular immunity, increased pro-inflammatory cytokine production, mast cell release of 

CRH and substance P, and hyperactivity of HPA (Figure 1).

Animal models of stress

Animal models are of great value to study the fundamental etiological mechanisms of 

complex diseases that are challenging to study in humans. Experiments with humans are 

problematic to conduct due to ethical and practical considerations [29]. For endometriosis, 

in particular, evaluation and monitoring of disease presentation, progression, and response 

to therapies would require repeated surgeries since there are no specific and sensitive blood 

tests, and imaging diagnostic approaches are still under investigation. Also, person to person 

variability in genetic, environmental, dietary, and behavioral factors may confound results. 

Some of the advantages of using animal models are that studies can be conducted in a 

controlled manner, free from such confounding influences. Various experimental models 

of endometriosis have been developed, including those in monkeys, rabbits, mice, and 

rats [9, 30]. Non-human primates are considered the best model to study endometriosis: 

macaques and baboons are physiologically and anatomically similar to humans, they 

menstruate, and have been shown to have spontaneous endometriosis. Baboons, for instance, 

have been extensively used as a model to understand the early and progressive stages of 

endometriosis [31, 32]; however, their use in research is hampered by costs and limited 
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access. Rodents are one of the most frequently used models for endometriosis research. A 

PubMed search using the keywords ‘endometriosis’ ‘animal model’ and ‘rat’ or ‘mice’ 

produced 633 hits, compared to 64 for ‘baboons.’ Rats are an appropriate choice to 

model endometriosis since they have similar reproductive physiology, endocrinology, and 

inflammatory systems to humans; further, the biological parameters activated during stress 

and healing are similar to those observed in humans. There are also many similarities in 

stress and endocrine responses, the HPA axis, and central pain pathways between rats and 

humans [33–35]. The most common rat model of endometriosis consists of autologous 

transplantation of uterine tissue either into the peritoneum or the omentum, which leads 

to the ectopic growth of vesicles or cysts with physiological and functional characteristics 

similar to those observed in women with endometriosis. The rat auto-transplant model 

has been extensively validated and shown to exhibit similar signs and symptoms to the 

human disease, including subfertility, hyperalgesia, innervation, and inflammation [36–39]. 

Endometriotic vesicles in rats are histologically similar, respond similarly to steroids, and 

activate similar inflammatory mechanisms to those that characterize the human disease [37, 

38, 40–42]. We and others have reported that endometriotic lesions in this rat model have 

a global gene expression profile similar to the human disease, including inflammatory 

cytokines/receptors, tumor invasion/metastasis factors, angiogenic factors, and adhesion 

molecules [43, 44]. In addition, the rat model exhibits reduced fertility, impaired NK cell 

activity, and increased vaginal hyperalgesia [36, 39, 45, 46]. This model thus shares many 

of the end-points seen in patients (i.e., subfertility, hyperalgesia, innervation, inflammation), 

further validating its usefulness in pre-clinical and translational research.

One of the significant advantages of the rat model is that it has been one of the most 

frequently used species in stress-related research [47]. The HPA axis and the behaviors 

related to distress are well understood in rats, providing a significant advantage for their 

use for the study of stress in endometriosis. Different animal models of stress have 

been developed, with some reproducing physical stress and its associated neuroendocrine 

changes, while others reproduce psychological stress and related behavioral changes. 

Physical stress models can be subdivided into temperature fluctuation induced stress 

(immersion in cold water with no escape or cold environmental isolation), immobilization, 

electric foot shock, and forced swimming. Psychological stress models, on the other hand, 

include neonatal isolation, predatory stress, day-night light change, noise-induced stress, and 

water avoidance. One of the major disadvantages of both the physical and psychological 

stress models is the development of adaptation when chronic exposure is given. The HPA 

response undergoes desensitization or can become stable after repeated exposure of the same 

stressor. To prevent adaptation, exposing the individual to multiple stressors can be carried 

out, which will continue to elevate the corticosterone levels.

The role of the HPA axis in reproductive tissues and endometriosis

The HPA axis plays a significant role in regulating both the stress signaling as well as the 

immune response. During HPA axis activation, the release of CRH from the paraventricular 

nucleus of the hypothalamus leads to ACTH release from the anterior pituitary. ACTH 

will act upon the adrenal cortex leading to secretion of glucocorticoid (cortisol in humans 

and corticosterone in rodents) [48, 49]. On the other hand, the hypothalamic pituitary 
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gonadal axis (HPG) is the main system that governs reproductive activities. Pulsatile 

release of gonadotropin-releasing hormone (GnRH) from the hypothalamic preoptic area 

and periventricular regions stimulates the secretion of luteinizing hormone (LH) and follicle-

stimulating hormone (FSH) from the anterior pituitary [50]. LH and FSH promote gonadal 

release of sex steroids such as testosterone, estradiol, and progesterone. The crosstalk 

between the HPA and HPG axes is bi-directional: activation of the HPA axis has suppressive 

effects in both male and female reproductive activities [51] and the CRH gene is directly 

regulated by estrogen [52]. Due to the intricate crosstalk between these two axes and their 

ultimate effects on regulating endometrial growth and the immune system, it is crucial to 

better understand the role of stress in endometriosis development and progression as well as 

symptom exacerbation.

One of the central regulators of the HPA axis signaling is CRH. Isolation of CRH by 

Vale in 1981 [53] led to the identification of the peptide within many peripheral tissues, 

including the gastrointestinal and reproductive tracts [54, 55]. The effects of CRH on 

the periphery are tissue-specific, having a role in intestinal permeability and motility as 

well as on uterine function [56–59], in addition to mediating behavioral, autonomic and 

visceral responses to stress [60]. Within female reproductive tissues, ovarian CRH regulates 

ovarian steroidogenesis via inhibition of estradiol and progesterone [61], an effect that is 

mediated by interleukin-1 (IL-1) [51, 61]. In the uterus, CRH induces the decidualization 

of endometrial stroma [62] and has a significant role in embryonic implantation and 

maintenance of pregnancy [63, 64]. Few studies have examined the levels of CRH, the 

CRH receptors, or the associated peptides in women with endometriosis. One study showed 

higher levels of CRH-binding protein in peritoneal fluid from women with endometriosis 

than in controls, suggesting possible changes also in circulating levels [65]. Others have 

reported that the mRNA and the protein of CRH, CRH receptors type 1 and 2, as well as 

urocortin (a neuropeptide that activates CRH receptors), are more strongly expressed within 

endometriotic lesions compared to endometrium from healthy women [66–68]. In addition 

to the reported changes in CRH, alterations in CRH receptor type 1 (CRHR1) have also been 

found in endometriotic tissue with decreased levels compared to controls throughout the 

menstrual cycle [69]. Using the auto-transplantation rat model of endometriosis we found 

increased CRH in endometriotic vesicles as compared to uterus [70], and a decrease in 

CRH immunoreactivity in the hippocampus [22], suggesting deregulation of the HPA axis 

including changes within brain structures that regulate its response [71].

Similar to CRH, the glucocorticoid receptor (GR) mRNA has been reported to be increased 

with a concomitant decrease in the progesterone receptor in women with endometriosis 

[72]. The glucocorticoid-regulated kinase (SGK1), which mediates cell responses to 

environmental stress and has been shown to have anti-apoptotic properties, is up-regulated in 

tissue from ovarian endometriosis [73]. Comparable to these findings, we have also reported 

an increase in GR within endometriotic vesicles versus normal uterine tissue in the rat model 

[70]. Intriguingly, we and others have found lower salivary cortisol levels [74, 75] as well 

as decreased total follicular cortisol in women with endometriosis compared to controls, 

which may contribute to some of the symptoms associated with endometriosis, including 

subfertility [76]. All these studies point towards a dysregulation of the HPA axis at multiple 

levels and outline a clear interaction between the stress systems and endometriosis, which 
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we have systematically studied using the rat model. Together, the available human and 

animal data suggest a key role of stress and CRH signaling in the development, progression, 

and exacerbation of endometriosis that spans beyond the reproductive tissues.

The Impact of Stress on Endometriosis

Emotional distress has long been proposed to contribute to the exacerbation of many chronic 

inflammatory disorders, including endometriosis [77, 78]. Endometriosis, in particular, is 

known to be a source of considerable psychological stress because of its negative effects 

not only on physical health but also on the affective and personal life of patients [12, 79, 

80]. Women with endometriosis have consistently reported reduced quality of life, high 

levels of perceived stress and anxiety, and depressive symptoms, which are higher than those 

reported by patients with other chronic inflammatory disorders [81–83]. Pain, especially 

when chronic in nature as is often seen in endometriosis, is also considered a major cause of 

physical, psychosocial, and emotional impairments [6, 84].

Although a relationship between stress and disease has been documented for many chronic 

conditions, including endometriosis, the exact mechanism(s) of this association are not well 

understood. Until recently, many unanswered questions remained regarding the role of stress 
in the prevalence, exacerbation, and management of endometriosis. Koninckx and colleagues 

were among the first to propose that psychological factors such as anxiety may be involved 

in the pathophysiology of endometriosis [85]. By using a primate animal model, D’Hooghe 

and colleagues [86] compared the prevalence rates of spontaneous endometriosis in baboons 

that were kept in captivity (likened to a chronic stress situation) and baboons living in the 

wild. They showed that spontaneous endometriosis was more prevalent in baboons that were 

kept in captivity over two years as compared to those recently captured or in captivity for 

less than two years. They concluded that the higher prevalence of endometriosis was due 

to captivity-associated stress. While other factors may play a role (age, more continuous 

menstrual cycles, captive diet), this study presented the first evidence that psychological 

stress may affect the prevalence of endometriosis. More recently, in our laboratory, we 

were able to demonstrate that stress given before the surgical induction of endometriosis 

resulted in larger lesions and increased inflammation [22]. Female Sprague-Dawley rats 

were subjected to swim stress prior to the surgical induction of endometriosis. Prior 

exposure to stress increased both the number and severity of vesicles found in animals 

with endometriosis. Stress also increased colonic inflammation, motility, myeloperoxidase 

levels and numbers of mast cells. Endometriosis, regardless of stress, produced a decrease in 

central CRF immunoreactivity, specifically in the CA3 sub-region of the hippocampus.

Using this rat animal model, we further demonstrated that stress given after the induction 

of endometriosis could also exacerbate the condition [87]. Two weeks after the induction 

of endometriosis, animals were exposed to a 10-day swim stress protocol. Again, 

stress significantly increased endometriotic vesicle size and increased inflammatory cell 

recruitment to the peritoneum. Intriguingly, stress also promoted nerve fiber growth, and 

expression of nerve growth factor, and its high-affinity receptor TrkA, in the uterus, 

suggesting that increased density of nerve fibers may play an important role in the 

pathogenesis of pain and tenderness [88–90]. Taken together, the results demonstrated that 
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stress (prior or during) contributes to the development and severity of endometriosis in this 

animal model through mechanisms involving cell recruitment (e.g., mast cells, neutrophils, 

macrophages), the release of inflammatory mediators, nerve growth and deregulation of the 

hypothalamic-pituitary-axis.

Two additional studies carried out in the mouse syngeneic donor model of endometriosis 

further validate the detrimental impact of stress in this condition. Those mice exposed to 

28 days of 2 hours of immobilization stress had accelerated development of endometriosis 

with increased generalized hyperalgesia [91]. Likewise, a different type of psychological 

stress (exposure to predator, in this case, a cat, for 24 hours every other day for 14 days) 

was also found to accelerate lesion growth alongside increased angiogenesis (shown by 

increased levels of VEGF and micro-vessel density) [92]. Importantly, our group was 

able to expand upon these findings to demonstrate that the ability to control stress could 

impact the condition in the rat model, suggesting a translational relevance [23]; Figure 1. 

Endometriosis was surgically induced, then two weeks later, the rats were subjected to either 

an uncontrollable or controllable swim stress protocol for ten days. The controllable arm 

consisted of the inclusion of a hidden platform in the watermaze that the rats could jump 

onto for the rest of the testing period. We ‘pair-matched’ each rat subjected to controllable 

stress with one subjected to uncontrollable stress so that both animals swam for the same 

length of time. Corticosterone levels and fecal pellet numbers were measured during the 

testing period as an indicator of stress. We observed that uncontrollable stress increased 

the number and size of the endometriotic cysts, and these animals had higher anxiety than 

those exposed to controllable stress. More colonic damage and increased colonic motility 

alongside increased uterine cell infiltration and motility were also observed, which was 

less evident with controllable stress. The level of stress controllability thus appears to 

modulate not only the pathophysiology of endometriosis but also behavioral responses, 

offering possibilities for therapeutic interventions.

It is possible that a chronic inflammatory response due to dysregulation of the HPA 

axis is related to the emotional distress caused by the symptoms reported by patients 

with endometriosis (e.g. incapacitating pain often refractory to treatments, inability to 

get pregnant, impact on study/work) [93]. The mechanisms underlying pain perception 

in women with endometriosis are largely unknown, and this knowledge is critical for 

identifying novel therapeutic targets. Ectopic growth of refluxed endometrium activates a 

vicious cycle of inflammation characterized by secretion of prostaglandins, growth factors 

(nerve growth factor-NGF, vascular endothelial growth factor-VEGF), neurotransmitters, 

and cytokines, into the peritoneal fluid that exacerbates the disease by increasing pain and 

promoting lesion survival [94]. The hyperalgesia these women suffer is unrelated to age, 

parity, menstrual phase, and even disease stage [46, 95–98]. Recent studies have documented 

both peripheral and central pain sensitization as mechanisms of endometriosis-associated 

pain (reviewed in [99]). At the peripheral level, nerve fibers (sensory afferent and autonomic 

efferent) have been shown to grow close to peritoneal lesions where there is the secretion of 

NGF and neurotransmitters that sensitize peripheral nerves to conduct pain signals. Central 

sensitization, documented in patients who are also afflicted by other concomitant pain 

syndromes such as migraines, irritable bowel syndrome, interstitial cystitis, fibromyalgia, 

and viscero-visceral hyperalgesia syndrome, may result from hyperactivation of neurons in 
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the dorsal horn by chronic nociceptive stimuli caused by peritoneal and visceral lesions, 

leading to sustained pain signals to the brain [100]. Whether stress can lead to activation 

or modulation of peripheral and central pain mechanisms, to what degree, and by which 

mechanisms, is still under investigation.

In an effort to shed more light on the role of stress in modulating central and peripheral pain 

mechanisms we have begun to explore the contribution of opioids and their receptors to the 

nociceptive pathways in the rat model of endometriosis. Rats were exposed to psychological 

water avoidance stress (WAS) for seven consecutive days two weeks after the induction of 

endometriosis [101]. Nociception was measured using hot-plate tests and Von Frey filaments 

before surgery, before stress, and after stress. As expected from other studies, endometriosis 

by itself decreased the pain threshold in this model [101, 102]. Significantly fewer cells 

showing immunoreactivity for mu-opioid receptor were found in the dorsal lumbar region of 

the spinal cord, concomitant with increased enkephalin expression in the same region when 

compared to the Sham animals, suggesting dysregulation of the opioid pathways caused by 

endometriosis induction. Animals exposed to the WAS were significantly more anxious than 

those receiving no stress and had more vesicles of a higher grade of severity with increased 

mast cell infiltration, alongside more colonic damage. These animals developed significant 

hyperalgesia, similar to the effects of immobilization stress found in mice [90]. Interestingly, 

psychological stress appeared to have beneficial effects on abdominal allodynia, which could 

be a consequence of stress-induced analgesia that has been previously reported [103, 104].

Stress alleviation to improve endometriosis

In line with the beneficial effects our group has observed when using a controllable 

stress paradigm in the animal model, there is increasing evidence in the literature as to 

the link between coping strategies/interventions and positive outcomes in women with 

endometriosis. In a recent prospective study, endometriosis patients who were using positive 

coping strategies were found to adapt to stress better with less depression and associated 

pelvic pain [105]. Further, preliminary research found a significant reduction in pain and 

depression scores when physiotherapy and psychological interventions were carried out 

in women with endometriosis [106]. Normalization of cortisol levels was also observed 

[107]. In a small randomized sham-controlled trial of Japanese-style acupuncture significant 

associations were found between electrodermal measures and pelvic pain, quality of life 

and perceived stress [108]. These studies, albeit sparse, provide further evidence towards 

the therapeutic potential of mind-body interventions and complementary therapies in this 

condition.

Physical activity on a regular basis has already been shown to be protective in other chronic 

conditions that involve inflammatory processes, including diabetes and inflammatory bowel 

disease [109, 110]. Psychological stress and physical activity are thought to be reciprocally 

related, with significantly less unhealthy days reported by those adults who exercise as 

recommended [110]. The effects of physical activity on endometriosis and its progression 

are still unclear as very few studies have been conducted [112]. We studied the effect 

of a short period (7 days for 3 mins/day) of physical activity (swimming) on pain 

perception and spinal cord Mu opioid receptor (MOR) expression in the rat model of 
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endometriosis [113]. We found that the average size of the vesicles was almost half that 

found in endometriosis animals left in the home cage, with significantly fewer vesicles 

developing (87.5% vs. 100% in exercise vs. no exercise respectively). Although the exercise 

did not ameliorate the hyperalgesia found in the endometriosis animals, it did improve 

allodynia. The decreased MOR levels observed in the dorsal lumbar region of the spinal 

cord of the endometriosis animals were normalized with exercise, alongside decreased 

levels of substance P, a neuropeptide involved in pain signaling [113]. This suggests that 

exercise might help counteract endometriosis pain by restoring MOR expression and, as 

a consequence, decreasing substance P expression. These results lead us to the intriguing 

possibility that exercise intervention might offer a potential new direction for therapy in 

endometriosis, however, these initial studies and more recent results by others [114] were 

confounded by the fact that swim exercise is, by its nature, a form of stress. Follow up 

studies with non-swimming voluntary exercise protocols are thus underway by our group to 

examine the impact of physical activity under non-stress conditions (i.e., voluntary wheel 

running). These have already yielded encouraging results whereby rats exposed to voluntary 

wheel running prior to endometriosis induction have significantly less vesicle development 

[115]. Additional studies exploring the impact of prolonged voluntary wheel running as an 

interventional therapy against stress exacerbation are also currently under investigation by 

our group.

Environmental enrichment (EE) is classically defined as a “combination of inanimate 

and social stimulation” that has been proven to have neural effects in animal models 

by improving learning and memory, and increasing neurotransmitters and beneficial 

growth factors [116–118]. In rats, EE involves a socially integrated lifestyle, physical and 

cognitive stimulation, toys, and nesting materials that promote exploration and novelty, food 

supplementation, larger enclosures, and sensory and visual enhancement [119]. Physical 

activity is one of the main components used in environmental enrichment (EE) protocols in 

rodents, but EE can also be carried out without sources of exercise (e.g., running wheels). 

EE can also combat the deleterious effects of neurodegenerative disorders and stress [120]. 

In animal models, EE has been shown to improve symptomatology of brain injury, brain 

ischemia, Alzheimer’s disease, and Huntington’s disease, and to diminish symptoms of 

chronic stress, depression, anxiety, and inflammatory pain [118–121]. In light of this, we 

recently used EE in the rat model of endometriosis to explore if it may counteract the effects 

of physiological stress on disease progression. In these experiments, animals were exposed 

to EE: larger enclosure, 4 animals per cage (vs. 2) and toys/nesting changed on a weekly 

basis for 8 consecutive weeks. After surgical induction of endometriosis, we allowed it to 

progress for 60 days maintaining the EE conditions or no EE throughout. We observed that 

exposure to EE reduced endometriosis vesicle number by 30% compared to the group with 

no EE and there was also a 60% reduction in the size of the vesicles that developed. These 

observations were paralleled by a dampening of CRH and glucocorticoid mRNA expression 

within the vesicles of rats that received EE compared to the standard housing group [70]. 

These data indicate that non-pharmacological, non-surgical interventions that produce a 

significant reduction in disease progression deserve further attention for effective translation 

into the clinical scenario for the benefit of women.
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Future work: from bench to bedside

Our group has provided evidence to show that in women with endometriosis-related 

pain, the HPA responses are impaired, as shown by lower basal salivary cortisol levels 

compared to healthy women, in agreement with reports by Friggi Sebe Petrelluzzi and 

colleagues [107] and by Vincent et al. [13]. Moreover, cortisol levels were negatively 

correlated with symptoms (dyspareunia, infertility), and anxiety state scores were elevated 

[77]. Low cortisol levels have been reported to have negative side effects on the body’s 

reaction to stress by promoting prolonged inflammatory responses, which may impact the 

symptomatology of women with endometriosis. Furthermore, dysregulation of the HPA axis 

has been proposed as a hallmark for chronic pain [121]. Pain is the most characteristic 

symptom presented by the majority of women with this disease, likely contributing as a 

significant source of stress. Our results add to a growing body of evidence reporting a 

link between chronicity of disease, stress, and altered HPA axis activity in women with 

endometriosis.

Prior research in the field of complementary and integrative medicine has found the 

beneficial effects of stress-coping strategies (yoga, tai-chi, support groups) on chronic 

pain conditions [122–125], inflammation, immune and brain function, as well as anxiety, 

depression, and stress levels [126–129]. Disease processes exacerbated by stress can be 

interrupted by psychological and stress reduction interventions, including social coping, 

psychotherapy, exercise, relaxation, meditation, and yoga [130–132]. Because chronic pelvic 

pain, a hallmark of endometriosis, is associated with multiple factors (social, biological, 

psychological), its clinical management is challenging. Despite multiple interventions 

involving hormonal therapies and surgery, many women remain in pain. In the case 

of endometriosis, there has been minimal investigation regarding integrative medicine 

alternatives [only two published randomized clinical trials (RCT)] [107, 133]. As a result, 

patients remain at a loss with respect to alternative options for managing symptoms when 

conventional therapies fail. We propose that to address this gap, therapies should build 

upon prior findings that women with endometriosis have abnormal HPA responses [74, 

75], that stress-management produces less inflammation and decreases lesion size in the rat 

model of endometriosis [23, 87], and, importantly, that environmental enrichment effectively 

reduces lesion development in the rodent model [70]. In line with a recent meta-analysis 

exploring the association between endometriosis and psychological stress [134], establishing 

novel multi-modal paradigms that take into account psychological, behavioral, and stress-

reduction interventions, as an integral part of patient-centered clinical management might 

provide much needed pain relief and improve quality of life for women with endometriosis 

(Figure 2).

Conclusions

New therapeutic lines for endometriosis should focus on novel, integrative and patient-
centered approaches for management of endometriosis’ painful symptoms, with the potential 

to be used as a complementary medicine approach in other inflammatory and chronic painful 

conditions. Interdisciplinary approaches must consider integrating behavioral interventions 

that target the underlying pathologic processes of this painful, chronic, and enigmatic 
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disease, with the goal of reducing pain, improving quality of life, inflammation, and mental 
health in women with endometriosis. The potential to produce significant positive outcomes 

in endometriosis patients, shifting the field towards the use of non-pharmacological, non-

surgical adjuvant treatment approaches for managing pain and inflammation, will translate 

to novel less-invasive alternatives for all women suffering from this incurable disease.

Based on our encouraging results of the EE intervention in the rat model of endometriosis, 

we now propose that the next step is to translate it to humans. While there are many 

studies using mind-body practices and alternative medicine modalities independently for 

inflammatory and painful disorders, we are proposing to use a combined multi-level 

systematic approach (social support, novelty and open, natural environments), based on 

what has proven effective in the endometriosis rat model. A translated EE intervention 

was recently shown to be effective in acute stroke patients, who benefitted from increased 

physical, social, and cognitive levels, and decreased adverse events compared to the 

standard of care counterparts [134–138]. Still, very few studies of multi-modal interventions 
involving features of EE have been conducted in humans [139, 140], and none in pain 

or inflammatory disorders despite ample evidence from animal models alluding to its anti-

stress and anti-inflammatory effects. The mechanisms by which EE provides its benefits 

are hypothesized to be at multiple levels, with strong evidence showing modulation of 

immune pathways to produce anti-inflammatory effects [141, 142]. As recognized for many 

years, endometriosis is a very complex disease with no single etiology, involving changes 

in molecular and cellular pathways, adhesion molecules, inflammatory cells and mediators 

that can impact the peritoneal environment promoting appropriate conditions for ectopic 

endometrial cell survival [reviewed by Lagana, 143]. Many theories abound with increasing 

support for genetic and epigenetic changes, the role of stem cells, hormones and even ion 

channels [144], thus an integrative management strategy such as EE is probably necessary 

for optimal outcomes.

It has been proposed that EE causes ‘eustress,’ the type of stressor that provides hope and 

a feeling of fulfillment [145]. Eustress has positive effects on quality of life, psychological 

coping, and mental health, creating an overall increased level of resiliency to challenges 

[146, 147]. Independently, features of EE such as large, open spaces for therapy, use 

of multi-sensorial equipment, active engagement in novel activities, and enhanced social 

interactions have been used in the clinic [148, 149]. We propose that a multi-level structured 

program to be used as adjuvant to standard care could be effective in alleviating pain 

and quality of life in women with endometriosis, as well as other inflammatory, painful 

disease associated with chronic stress. Using an integrative, patient-centered methodology, 

this innovative approach could be adapted and developed into an EE intervention program 

consisting of activities mimicking and integrating the three hallmarks of EE: social 

support, novelty, and open environments. Whether the EE intervention promotes cognitive 

stimulation, stress management, and immune modulation, as well as providing symptom 

relief and improvements in quality of life for women with endometriosis, would need to 

be studied using rigorous RCTs. This approach has the potential to produce significant 

positive outcomes in patients, thus shifting the field towards the use of nonpharmacological, 

non-surgical adjuvant treatment approaches for managing pain and inflammation.
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Figure 1. 
The proposed role of stress exacerbation on endometriosis pathology via activation of 

the hypothalamic-pituitary axis and potential impact of stress management via behavioral 

control.
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Figure 2: 
Relationship between stress and endometriosis, showing how a multidisciplinary approach 

that includes multiple tactics, including complementary medicine, could help manage the 

disease.
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