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1. ABBREVIATIONS 

 

ACTH Adrenocorticotropic hormone 

BBB Blood brain barrier 

BDNF Brain-derived neurotrophic factor 

CBG Corticosteroid binding globulin 

CEIC Comitè d’Ètica d’Investigació Clínica 

CH50 50% haemolytic complement 

CNS Central nervous system 

CRH Corticotropin releasing hormone 

CSF Cerebrospinal fluid 

ECT Electroconvulsive therapy 

EEG Electroencephalogram 

ER-α Oestrogen receptor alpha 

ER-β Oestrogen receptor beta 

FSH Follicle stimulating hormone 

GABA-A Gamma-aminobutyric acid A 

GH Growing hormone 

GnRH Gonadotropin releasing hormone 

GR Glucocorticoid receptor 

HPA axis Hypothalamic – pituitary – adrenal axis 

HPG axis Hypothalamic – pituitary – gonadal axis 

IL-1 Interleukin 1 

IκB Nuclear factor kappa B inhibitor 

LH Luteinizing hormone 

MHC Major histocompatibility complex 

MINI 
Mini International Neuropsychiatric 

Interview 

MMSE Mini Mental State Examination 
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MR Mineralocorticoid receptor 

NFκB Nuclear factor kappa B 

NSAIDs Nonsteroidal anti-inflammatory drugs 

PHQ-9 Patient Health Questionnaire-9  

PVN Paraventricular nucleus 

RANKL 
Receptor activator for nuclear factor κ B 

ligand 

SLE Systemic lupus erythematosus 

SSRIs Selective serotonin reuptake inhibitors 

THIN The Health Improvement Network 

TNF-α Tumoral necrosis factor α 

TSH Thyroid stimulating hormone 
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2. ABSTRACT 

BACKGROUND. Glucocorticoids are widely used. Unfortunately, they are not exempt 

of adverse effects, including glucocorticoid-induced neuropsychiatric disorders. These 

do not have any preventive strategy, as there is still unknown information about its 

aetiopathogenesis and risk factors. An unclear one is female sex. Existent literature 

tables some hypotheses, such as the interaction between hypothalamus-pituitary-

adrenal axis and hypothalamus-pituitary-gonadal axis. This happens between responses 

of cortisol to psychosocial stress and menstrual cycle phases, so this originates the 

hypothesis of a possible contribution of menstrual cycle to these induced disorders.  

OBJECTIVES. The main objective of this study is to determine if there is a variation in 

the incidence of glucocorticoid-induced neuropsychiatric disorders across the phases of 

the menstrual cycle, in women with a regular cycle and no use of hormonal 

contraception, who are undergoing corticotherapy at high dosages, depending on the 

phase when they start the treatment. Secondary objectives aim to evaluate the type of 

disorder, other risk factors, and the necessity of pharmacological management. 

DESIGN. This is an unicentric prospective cohort study to be done by the Psychiatric 

Interconsultation Service of Hospital Santa Caterina and Hospital Josep Trueta. 

PARTICIPANTS. Women aged 18-45 with a regular cycle and no use of hormonal 

contraception, who are undergoing corticotherapy at 40 mg/day or more of prednisone 

or its equivalent, with no mental disorder in the past 6 months or current. 

METHODS. 204 participants will be enrolled using a consecutive sampling method with 

a time of recruitment of 2 years. Women will be divided into two groups according to 

the phase of the cycle when they start the treatment (follicular or luteal) using LH tests 

and menses self-report. Data about other risk factors will be collected. They will be 

followed during a maximum of 6 months to assess if they develop an induced disorder, 

using MINI Plus, PHQ-9 and MMSE to help in the diagnosis. Information about a 

pharmacologic management will also be collected. 

KEYWORDS. Glucocorticoid-induced neuropsychiatric disorders, glucocorticoids, 

substance/medication-induced neuropsychiatric disorders, menstrual cycle, 

hypothalamus-pituitary-adrenal axis, hypothalamus-pituitary-gonadal axis. 
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3. PREFACE 

This project started earlier than I first imagined. I was a medicine student, without many 

ideas on how to focus my own career in a future after finishing my degree, when I started 

my fourth grade, and I could say that then was when I found my “medical self”.  

That year I first discovered the fascinating world of Psychiatry and Domènec, Pep and 

the other professors of this subject transmitted me their enthusiasm for Psychiatry. 

However, this did not end there, as then I started Endocrinology, and the doors of 

another fascinating word opened to me. It was on that moment that I discovered the 

subtle and complex processes that interrelated the hormones and the mind. That leaved 

me astonished about the mysteries of medicine, and that was the moment when I knew 

that I was on the right way in my career.  

As could not be in another way, when on fifth grade we were informed about the start 

of the final degree project, I knew that I wanted to deepen in that interrelated processes 

between Psychiatry and Endocrinology. Then I started to investigate on them, and I 

discovered the final topic of this project. Glucocorticoids and their characteristics were 

the perfect relationship that I was searching for.  

Substance/medication-induced neuropsychiatric disorders suppose an intricate cascade 

of events, effect of biological dysregulations. The fact that something with a good 

intention such as a medication prescription, could conduct to these repercussions 

surprised me, and even alarmed me, because of the ease with which physicians 

prescribe those medications (such as glucocorticoids, that are a recurrent treatment 

during all the medical career subjects). 

However, how to explore that relationship? Menstrual cycle. Women were disregarded 

in the past medical literature, and nowadays, although progressively we are giving that 

a solution, still further research is needed. Accordingly, a fact that sometimes is 

neglected is the following: women are cyclic. This acquires a highlighted importance 

when talking about processes with a hormonal interaction, such as glucocorticoids 

intake. 

Do you understand my fascination, now? Let us talk about it.  
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4. INTRODUCTION 

4.1 SUBSTANCE/MEDICATION-INDUCED NEUROPSYCHIATRIC 

DISORDERS 

As described in DSM-5-TR (1), “the substance/medication-induced mental disorders are 

potentially severe, usually temporary, but sometimes persisting CNS (Central Nervous 

System) syndromes that develop in the context of the effects of substances of abuse, 

medications and some toxins”.  

In addition, neuropsychiatric adverse effects have been found to constitute 30% of 

adverse drug reactions seen in general practice (2). 

In general, to consider a substance/medication-induced neuropsychiatric disorder and 

not an independent mental disorder, there must be evidence that the symptoms 

observed are not likely to be better explained by the independent one, which would be 

more likely to be in case of symptoms present before the severe intoxication or 

withdrawal or medication administration, or continued more than one month after 

cessation of acute withdrawal, severe intoxication, or use of the medications. In the 

same way, the substance/medication-induced neuropsychiatric disorders are an 

important part of the differential diagnoses for the independent neuropsychiatric 

disorders (1,2).  

Its differential diagnosis with 

substance use disorders is based on 

that, in these last ones, there is a 

group of cognitive, behavioural and 

psychological symptoms that 

contribute to the continued use of 

a substance despite significant 

substance-related problems (1). 

Between all the range of 

medications that can produce an 

▪ Glucocorticoids 
▪ Nonsteroidal anti-inflammatory drugs (NSAIDs) 
▪ ACE inhibitors 
▪ Anabolic steroids 
▪ Beta-blockers 
▪ Calcium antagonists 
▪ Antidepressants 
▪ Sedative-hypnotics 
▪ Antiepileptic drugs 
▪ Antihistaminics 
▪ Antihypertensives 
▪ Antineoplastic drugs 
▪ Antiviral agents 
▪ Antimicrobials 
▪ Cholesterol-lowering drugs 
▪ Digitalis 
▪ Levodopa 
▪ Antimalarials 

▪ Opioid analgesics 

Table 1. Examples of drugs or drug families associated with 

substance/medication induced neuropsychiatric disorders. 

Adapted from (2). 
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induced neuropsychiatric disorder, some that must not be overlooked but sometimes 

are, are glucocorticoids (1–3). 

 

4.2 GLUCOCORTICOIDS 

Glucocorticoids seen as human hormones are synthetised in the adrenal cortex of 

adrenal glands, concretely in the zona fasciculata (4,5). These hormones have extensive 

actions in human body, from their intervention in human metabolism to their regulatory 

paper in the immune system (5).  

These actions are regulated by the HPA axis (hypothalamic – pituitary – adrenal axis). In 

human body, this circuit results in the synthesis of hydrocortisone, also known as 

cortisol, which is liberated in a pulsatile fashion into the bloodstream, by following a 

circadian rhythm that changes its concentrations during the day: it is highest early in the 

morning, gradually diminishes during the day, and reaches its lowest values in the night 

(5,6).  

 

 

 

 

 

Although we differentiate glucocorticoids from mineralocorticoids (mainly aldosterone 

in humans, which is synthetised in the zona glomerulosa by the action of the renin-

angiotensin-aldosterone system and has effects in water and electrolyte balance), all 

glucocorticoids have a mineralocorticoid action, which tends to be inversely related with 

the anti-inflammatory power (the more anti-inflammatory effect, the less sodium and 

water retention) (4,5). 

Due to all the important functions glucocorticoids do, they have an important paper in 

a wide number of illnesses that makes them an important factor in which we can have 

a bearing on. From this idea, it appears the aim to create synthetic analogous of cortisol 

Figure 1. HPA axis. 

- - 

ACTH CRH Hypothalamus  Anterior pituitary Adrenal cortex 

Cortisol 

- 
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(as we want to separate the glucocorticoid effect from the mineralocorticoid one, which 

usually appears to be an adverse effect), which are widely used nowadays (5). In fact, as 

Akid et al says (7), “corticosteroids are among the most widely used drugs in the world 

since their discovery in the 1940s.” 

Table 2. Comparison of the main corticosteroid agents used for systemic therapy (using hydrocortisone as a 

standard). Extracted from (5). 

 

4.2.1 MECHANISM OF ACTION 

Glucocorticoids have intranuclear receptors. The union of the hormone with the 

receptor forms a complex, which then is united with another receptor forming a dimer. 

This one is transported through the cytoplasm by several chaperones, which also 

influence the glucocorticoid receptors sensitivity, and penetrates the nucleus of the cell 

and binds to DNA (mediated by the chaperones, too), causing the expression of 

messenger RNA that will codify for a protein that will bring to a determinate effect 

(4,5,8). Therefore, they interfere in gene transcription. However, it has also been studied 

that some effect can be extracted from the interaction of the glucocorticoid with the 
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receptor even without the formation of the dimer, so in the cytoplasm of the cell, by 

triggering mechanisms of transduction of signals (5). 

4.2.2 PHARMACOKINETICS  

Glucocorticoids can be administered orally, systemically, intraarticularly and topically. 

The 90% of them are transported along the bloodstream by the corticosteroid binding 

globulin (CBG) or the albumin and can access to cells by simple diffusion. Their 

metabolism is hepatic and then the metabolites bind to glucuronic acid or sulphate and 

have a renal excretion.   

Cortisone and prednisone need a conversion to hydrocortisone and prednisolone, 

respectively, before they become biologically active (4,5). 

4.2.3 PHARMACODYNAMICS 

4.2.3.1 EFFECTS 

Glucocorticoids are widely used because of their immunosuppressive, anti-

inflammatory and anti-allergic effects. They act in a dose-dependent fashion, which may 

interfere in the therapeutic result we have, as the anti-inflammatory and anti-allergic 

effects are related with low dosages, whereas the immunosuppressive effects are 

characteristic of high dosages (9). 

Their metabolic action leads mainly to the increase of blood glucose concentrations, 

which is crucial in stress situations. This effect is accomplished by opposing the action of 

insulin and increasing glycolysis and gluconeogenesis. However, they lead to a catabolic 

status in our body in order to have enough energy to confront the stressor, so we will 

have other accompanying processes such as the stimulation of proteolysis and lipolysis, 

and also the increase in osteoclast function and the decrease in osteoblast function (via 

RANKL, which is less stimulated because of decrease of the synthesis of proinflammatory 

cytokines such as IL-1 and TNF-α), and the decrease of calcium absorption and increase 

of renal calcium excretion (5,9).  

Their action in immune cells consists of (5,9): 

• Decrease of prostanoids, cytokines and interleukins production. 
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• Decrease in the number of circulating monocytes, eosinophils and basophils 

(although the number of neutrophils increases, so they only reduce the number 

of mononuclear cells). 

• Decrease in the expression of MHC class II molecules and Fc receptors. 

• Decrease of circulating T and B lymphocytes (mainly T).  

• Decrease of IgG production (at high dosages). 

Glucocorticoids affect vascular system by reducing vasodilatation and fluid exudation, 

and decreasing components of the complement system; and also diminishes fibroblasts 

proliferation and fibronectin production (leading to an alteration of cicatrisation) (5). 

They also lead to a negative feedback in the HPA axis, with reduction of endogenous 

glucocorticoids liberation, and have a negative effect on growing hormone (GH), thyroid 

stimulating hormone (TSH) and luteinizing hormone (LH) (5,9). 

4.2.3.2 ADVERSE EFFECTS 

As glucocorticoids act on lots of organs and systems, it becomes a challenge not to 

produce a wide number of adverse effects, as it is difficult to separate one process from 

another. There are adverse effects affecting multiple organs and processes, added to an 

increased susceptibility to infections when using high dosages over long periods of time. 

This led to the synthesis of new glucocorticoids in the 1950-1960s, such as prednisolone 

and methylprednisolone, in order to obtain stronger anti-inflammatory and 

immunosuppressive effects, but less mineralocorticoid effects (5,9,10). 

As exposed on Strehl et al (9), a process called “transactivation”, consisting of synthesis 

of anti-inflammatory proteins such as lipocortin 1 or inhibitor of NFκB (IκB), and also 

regulator proteins involved in metabolism processes, is thought to be the responsible of 

many of the adverse effects of glucocorticoids. Also in this article, it is explained that 

“the most important variable in the likelihood of therapeutically desired and adverse 

effects of glucocorticoids is dosage, modified by the rate of absorption, concentration 

in target tissues, and affinity of glucocorticoids for glucocorticoid receptors (GR)”. 

However, adverse effects can occur at any dosage, and they can widely vary depending 

on the route of administration. They are also more frequent in a long-term 

administration, but can also appear in a short-term use (9,10). 
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Glucocorticoid therapy side effects may be endocrine, neuropsychiatric, 

gastrointestinal, musculoskeletal, cardiovascular, dermatologic, ocular or immunologic, 

and they occur in up to 90% of the patients that take glucocorticoids for more than 60 

days (7,10). 

Neuropsychiatric adverse effects are the ones exposed in section 4.3.3. Other 

glucocorticoid adverse effects can be found, classified by the affected system, in Annex 

1.  

It is highly important to consider the effects of glucocorticoid discontinuation, as a 

sudden removal of the drug in a patient that has follow the treatment during a large 

period (often considered as more than 10 days of continuous treatment) and so has a 

suppression of the HPA axis, causes acute adrenal insufficiency. Withdrawal can also 

cause an exacerbation of the disease. Therefore, the dose must be tapered slowly 

according to individual tolerance (4,5). 

4.2.4 INDICATIONS 

Glucocorticoids in general are used in replacement therapy, and in asthma, allergic 

reactions, rheumatoid arthritis and other inflammatory disorders, and also have an 

important paper in oncology. The therapeutic uses can be summarised in the following 

ones (4,5): 

• Replacement therapy for Addison disease (adrenocortical insufficiency): in 

Addison disease we have a lack of response to ACTH (adenocorticotropic 

hormone) because of an adrenal cortex dysfunction, and so hydrocortisone is 

given to patients to correct the deficiency, by following an administration that 

pretends to mimic circadian rhythm of cortisol. 

• Replacement therapy for secondary or tertiary adrenocortical insufficiency: 

they are caused by a defect in CRH (corticotropin releasing hormone) production 

by the hypothalamus or in ACTH production by the hypophysis, so in this case is 

also needed the use of hydrocortisone in the same way than the anterior case.  

• Replacement therapy for congenital adrenal hyperplasia: it is a disease in which 

there is a defect in a specific enzyme (a different one depending on the kind), 
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resulting in an alteration in the synthesis of one or more of the adrenal 

hormones, normally with an overproduction of adrenal androgens. Replacement 

therapy is needed to supress release of CRH and ACTH and thus decreasing the 

production of adrenal androgens (and also covering the possible lack of other 

hormones). 

• Dexamethasone suppression test for the diagnosis of Cushing syndrome: in 

Cushing syndrome we have an hypercortisolism due to different causes (for 

example tumours, or even an iatrogenic Cushing syndrome due to treatment 

with high dosages of glucocorticoids). Dexamethasone is a synthetic 

glucocorticoid that in normal people supresses cortisol release, but not in 

patients with Cushing syndrome. 

• Relief of inflammatory symptoms: for example, in rheumatoid arthritis, 

connective tissue diseases (systemic lupus erythematosus, polymyositis…), skin 

conditions, eyes conditions, ears conditions, asthma or bowl disease. Also, in 

metastatic or primary brain tumours to reduce cerebral oedema, or in other 

neoplastic diseases.  

• Treatment of allergies: in allergic rhinitis or in other allergic reactions. 

• Acceleration of lung maturation: foetal cortisol regulates lung maturation, so 

betamethasone or dexamethasone are used in premature deliveries to 

accelerate lung maturation. 

4.2.5 CONTRAINDICATIONS 

Some of the glucocorticosteroids main contraindications are (11): 

• Hypersensitivity to any component of the formulation 

• Uncontrolled hyperglycaemia or diabetes mellitus 

• Uncontrolled hypertension 

• Glaucoma 

• Osteoporosis 

• Systemic fungal infection 

• Varicella infection or herpes simplex keratitis 

• Joint infection 
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• And, when using immunosuppressive dosages: current administration of live or 

live-attenuated vaccines 

In addition, some of the possible adverse effects, if currently happening because of 

other reasons, should be considered as relative contraindications, such as: not 

controlled viral or bacterial infections, peptic ulcer or congestive heart failure. 

4.2.6 EQUIVALENT DOSES OF SYSTEMIC GLUCOCORTICOIDS  

 

Table 3. Equivalent doses of systemic glucocorticoids. Adapted from (12,13) 

GLUCOCORTICOID EQUIVALENT DOSES (mg) 

Short acting (8 to 12 hours) 

Hydrocortisone (cortisol) 20 

Cortisone acetate 25 

Intermediate acting (12 to 36 hours) 

Prednisone 5 

Prednisolone 5 

Methylprednisolone 4 

Triamcinolone 4 

Deflazacort 7,5 

Long acting (36 to 72 hours) 

Dexamethasone 0,75 

Betamethasone 0,6 

 

 

4.3 GLUCOCORTICOID-INDUCED NEUROPSYCHIATRIC DISORDERS  

4.3.1 CONCEPT AND EPIDEMIOLOGY  

Shortly after the beginning of use of glucocorticoids across a wide range of medical 

conditions following their discovery, specifically in February 1952, Lincoln Clark first 

described the clinical correlation between glucocorticoids and neuropsychiatric 
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disorders (14,15). These clinical presentations later would be collected under the name 

of steroid psychosis. However, this term, which has persisted in the literature over the 

decades, refers not only to psychosis but also to any of the neuropsychiatric effects of 

steroids. As a result, it has contributed to create confusion surrounding the 

neuropsychiatric complications of glucocorticoid therapy (16). Therefore, nowadays 

there is an effort in the current literature to avoid the use of this term and to start using 

glucocorticoid-induced neuropsychiatric disorders. 

Glucocorticoid use has increased over the past three decades, even despite advances in 

targeted biologic therapy for many conditions, with 10% of medical inpatients and 1% 

to 3% of the general population maintained on long-term corticotherapy (16,17). 

The incidence of these neuropsychiatric disturbances ranges from 3% to 57%, and they 

are mainly stablished in the first two weeks of treatment and depend on the used dosage 

(7,11,15,16,18). The symptoms can even start within hours of starting treatment (16,17). 

Studies show a median time to onset of 11.5 days. 39% of cases have onset during the 

first week and 62% within two weeks. In addition, it may take days to weeks before the 

symptoms start to subside after stopping or reducing the glucocorticoid (17,19). (20) 

It is estimated that around a 20% of patients receiving glucocorticoid therapy in high 

dosages, defined as 40 mg/day or more of prednisone or its equivalent, will develop a 

neuropsychiatric disturbance. However, the dose does not predict the apparition, the 

kind, the duration or the severity of the clinical picture (15,21). There does not seem to 

exist a safe low dose of glucocorticoids (22). 

Figure 2. Relationship between glucocorticoid dose and psychotic symptoms in a clinical case. The patient was 

a 51-year-old woman who underwent surgery for myelopathy secondary to compression from an intradural 

extramedullary mass. She received 16 mg of dexamethasone during the procedure and 4 mg every 12 hours 

in the immediate post-operative period. On the first day of the post-operative period, she developed an acute 

psychotic episode, which was ultimately resolved by discontinuing the glucocorticoid and administering 

antipsycotic medication. Extracted from (20). 
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The incidence ranges from 6% for severe reactions, 28% for moderate reactions, and can 

reach up to 72% when including mild reactions (15,21). 

Hypomania accounts for nearly 50% of psychiatric disorders induced by glucocorticoids. 

In the concrete case of cancer patients, in whose therapy corticoids are a common 

treatment, the risk of developing hypomania increases by 15% compared to patients 

receiving similar treatment without an oncological condition (15,16). 

The arguably most significant epidemiological study in the field to date was published in 

2012 by Fardet et al (23). This study from the United Kingdom used the primary care 

database from THIN (The Health Improvement Network) to assess the incidence rates 

of depression, mania, delirium, confusion, disorientation, panic disorder and suicidal 

behaviours in adult patients receiving prescriptions for oral glucocorticoids from 1990 

to 2008, comparing them to those in patients who did not receive such prescriptions (an 

age- and gender-matched group with the same underlying medical condition). Fardet et 

al defined a glucocorticoid-induced outcome as “one that was recorded after 

glucocorticoid initiation and with a preceding interval of at least 6 months with no 

similar entry”.  

It found that 8,5% of patients received an oral glucocorticoid prescription, including 

2,3% that received long-term glucocorticoid treatment (≥ 3 months). The overall 

incidence of the studied outcomes was 15,7/100 person-years of glucocorticoid 

exposure for all glucocorticoid courses, with an incidence of 22,2/100 person-years at 

risk for first courses, 14,0 for second courses and 11,7 for third and later courses. For 

each entity, hazard ratios were adjusted for age, sex, past history of neuropsychiatric 

disorders, and the underlying medical disease. Daily dose of glucocorticoids was also 

taken into account as a potential confounder.  

The results shown a risk of suicide or suicide attempt increased five- to sevenfold in 

people treated with corticoids, and markedly higher risks of the other severe 

neuropsychiatric conditions examined: a twofold higher risk of developing depression, 

and a four- to fivefold higher risk of developing mania, delirium, confusion or 

disorientation. The most marked increase of risk was for delirium, confusion or 

disorientation, and mania when compared to depression and panic disorder. However, 
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depression was the most 

common outcome (with 

a prevalence three times 

higher compared to 

patients not exposed to 

glucocorticoids). The 

adjusted hazard ratios 

obtained in the study are 

exposed in table 4, 

extracted from a review 

made by Judd et al (24). 

This study by Fardet et al (23) also shows relevant data about risk factors, which will be 

discussed lately in section 4.3.2.1. 

Another posterior cohort study from Fardet et al (25), also using THIN database, 

analysed the neuropsychiatric outcomes following discontinuation of long-term 

glucocorticoid therapy and found that the highest risk was for both depression (adjusted 

hazard ratio of 1,92, 95% CI 1,07 – 3,46) and delirium/confusion (adjusted hazard ratio 

of 4,96, 95% CI 2,60 – 9,49). 

4.3.2 AETIOPATHOGENESIS 

The pathophysiology of glucocorticoid-induced neuropsychiatric disorders remains to 

be not clearly understood, with limited data on the topic, but it seems to follow that of 

other diseases like Cushing’s or Addison’s, on which there is a disturbance in cortisol 

pathway (concretely, there is a suppression of its secretion on adrenal glands), leading 

to abnormalities in the HPA axis and, by this, having the potential to result in mood 

disorders. Furthermore, nowadays it is well known that inflammation plays an important 

role in the etiopathogenesis of major psychiatric disorders (26,27). 

Furthermore, synthetic steroids activate glucocorticoid receptors (GR) preferentially to 

mineralocorticoid receptors (MR), creating an imbalance between glucocorticoid 

stimulation over mineralocorticoid stimulation that leads to emotional disturbances and 

cognitive impairment, which is mainly due to its paper in stress response, as MR are 

Table 4. Risk of five severe neuropsychiatric outcomes associated with first 

course of oral glucocorticoid prescription, compared with unexposed adult 

population matched for age, gender, practitioner, and underlying medical 

conditions. Extracted from (24). 
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important for appraisal processes and the onset of stress reaction, while GR terminate 

the stress response and promote recovery, memory and adaptation (24,28,29). This has 

led to the hypothesis that reduced brain MR activity in addition to strongly stimulated 

GR may underlie neuropsychiatric adverse effects of glucocorticoid therapy, and it is 

supported by the evidence of decreased MR expression in several psychiatric disorders 

(30). Moreover, studies have found that a genetic gain-of-function variant of MR may 

have protective effects. Concretely, MR haplotype 2 has been found to enhance 

optimism and protecting against depression in females, mainly before menopause (31). 

Apart from this, there is an increased resistance to cortisol and glucocorticoids in 

individuals taking synthetic glucocorticoids, resulting in inhibition of BDNF (brain-

derived neurotrophic factor). Low levels of BDNF in brain regions such as hippocampus 

and neocortex are thought to play a role in development of mood disturbances such as 

depression and anxiety (17,24,29). In addition to this mechanism, studies in animal 

models have shown that prolonged high dosages of glucocorticoids impair brain 

function in other ways, such as decreasing branching of dendrites and sprouting axons 

in some regions, thus impairing recovery from neuronal damage, by attenuating 

synaptic strength (which is essential for memory formation), or by decreasing glucose 

availability in some brain regions, causing a decrease in postnatal neurogenesis 

(16,24,32). 

Both hippocampus and prefrontal cortex have a large number of MR and GR, and so 

disfunction on their circuits leads to deficits in working memory (dependent on 

prefrontal cortex and involved in temporary storage of the information necessary to do 

a cognitive task) and declarative memory (dependent on hippocampus and involved in 

recall of verbal information, facts and events).  

These deficits can be also attributed to the reduction of hippocampal volume and 

activity (mainly in left hippocampus) (17,33,34), reduced glucose metabolism or 

glutamate accumulation in the area (17,24,27). Declarative memory impairment, as 

shown in the study by de Quervain et al (35), can also be associated with reduced blood 

flow in the right medial temporal lobe during corticotherapy. Accordingly, in a study by 

Brown et al (36), glucocorticoid exposure was associated with smaller hippocampal 
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volume and lower levels of N-acetylaspartate in temporal lobe (a marker of neuronal 

viability). Another study from the same authors (37) later shown the presence of atrophy 

of the right amygdala (an important structure for regulation of mood and anxiety) when 

receiving a long-term treatment with prednisone. 

4.3.2.1 RISK FACTORS  

4.3.2.1.1 FEMALE SEX  

Female sex is a well-known risk factor. Women are more prone to developing 

neuropsychiatric disorders when taking glucocorticoids, with a 2:1 ratio (22). The exact 

reasons behind this phenomenon are not entirely clear. One plausible explanation is 

that a significant majority of autoimmune diseases treated with corticoids are more 

prevalent in women (22). Additionally, these diseases themselves may contribute to the 

development of neuropsychiatric disorders. This makes it challenging to determine 

whether the root cause is the autoimmune disease or its treatment. For instance, this is 

frequently observed in conditions like systemic lupus erythematosus (SLE) and 

rheumatoid arthritis. However, this cannot be the only reason, as some studies have 

indicated that even after excluding diseases that occur more often in women, the female 

predominance in neuropsychiatric complications of this treatment persists (16). 

Moreover, many of the potential neuropsychiatric outcomes are inherently more 

common in women, regardless of glucocorticoid usage. 

These differences could be explained by the interactions between HPA axis and the HPG 

(hypothalamic – pituitary – gonadal) axis (6,8,38). Gonadal hormones are known to 

interact with GR expression and action, through effects on proteins in the chaperone 

and co-chaperone complex (8), as will be discussed lately in section 4.4.2. In addition, 

sex steroids have been shown to have a potential role in epidemiological differences in 

the propensity for affective disorders, with these differences first emerging in early 

puberty. Women tend to develop more episodes of depression and anxiety since 

puberty, which then decrease after menopause, whereas men, when exposed to chronic 

stress, appear to adopt adaptations that protect them against those outcomes (6,8,39).  

Males, based on animal studies, show less inflammatory activation after psychosocial 

stress or injuries, and present a sex-specific pattern of the glucocorticoid sensitivity of 
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proinflammatory cytokines production, leading to increased susceptibility to 

immunosuppression (and so infections) and metabolic disease. On the other hand, the 

specific pattern in females leads to higher susceptibility to autoimmune and 

inflammatory processes (8,38,40,41). The female sex steroid oestrogen stimulates 

glucocorticoid secretion, whereas the male sex steroid testosterone has an inhibitory 

impact. Responses of cortisol to psychosocial stress are similar between men and 

women in the luteal phase of the menstrual cycle, in which oestrogen levels are reduced, 

but differ to the ones of women in follicular phase or women using oestrogen-containing 

contraceptive medication (38).  

Furthermore, there are sex differences in the effects of stress on memory. An excess in 

glucocorticoid values can decrease dendritic spine development (8,42), whereas 

oestrogens enhance dendritic spine density (8,43). As a result, in follicular phase, when 

oestrogens are higher, stress and glucocorticoids can have a negative impact in memory 

(8,43).  

4.3.2.1.2 OTHER RISK FACTORS  

As we have mentioned before, the administered dose is the most important risk factor 

for the development of glucocorticoid-induced psychiatric disorders (16,17). The cut-off 

point has been normally stablished at 40 mg/day of prednisone or its equivalent along 

existent literature, but, as we said, there is not a safe dosage, and this value must be a 

guidance to know where to start to take caution and to be aware of the possible onset 

of neuropsychiatric symptoms. Moreover, the duration of the treatment of around two 

weeks or more must be considered an important risk factor as well, such as the duration 

of action, as long-acting glucocorticoids (e.g., dexamethasone or betamethasone) 

significantly increase the risk for withdrawal-induced depression and delirium, 

confusion or disorientation, when compared with short- or intermediate-acting 

glucocorticoids (e.g., prednisone, prednisolone, methylprednisolone) (24,25). 

Some other risk factors that have been discussed on literature include the following: 

• Pharmacological interactions: drugs that inhibit steroid metabolism, such as 

oestrogen-containing oral contraceptives, can increase blood levels of 

glucocorticoids, leading to increased adverse effects. It is also relevant the 
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interaction with other drugs that inhibit cytochrome P450 system (CYP3A4), such 

as clarithromycin, ketoconazole, protease inhibitors, etc., as they increase 

glucocorticoid levels (16,17,44).  

• Blood brain barrier (BBB) damage: increased permeability of BBB, as the one 

that can be found in CNS SLE or in some kinds of chemotherapy, may allow 

hydrophobic steroid molecules to more easily penetrate CNS, thus leading to 

increased neuropsychiatric disturbances (16,27,45). BBB damage is evaluated 

with CSF (cerebrospinal fluid)/serum albumin ratio (19). 

• Hypoalbuminemia: as glucocorticoids are normally inactive when they are 

bound to albumin (as well as to CBG) in the bloodstream, and glucocorticoids are 

mainly bonded to a carrier protein due to their lipophilic nature, low levels of 

serum albumin are related to higher levels of free and active glucocorticoids. 

Therefore, there is an increase in glucocorticoid effect and adverse effects may 

be potentiated (17,19,21). A study by Appenzeller et al (46) described 

hypoalbuminemia as the only variable associated with psychotic episodes 

related with glucocorticoid treatment in patients with SLE diagnosis, together 

with a severe activity of the disease. 

• Low complement values: it has been described as an independent risk factor for 

glucocorticoid-induced neuropsychiatric disorders and it is usually found in SLE 

patients that develop neuropsychiatric disturbances during their treatment with 

corticosteroids (16,20,45). Low CH50 (50% haemolytic complement), as a 

measure of low complement values, has been found to be significatively related 

to glucocorticoid-induced neuropsychiatric disorders (45). 

• Underlying disease: suffering from a disease that is frequently associated with 

neuropsychiatric manifestations, such as SLE (22), may increase the risk of 

glucocorticoid-induced neuropsychiatric disorders. SLE patients are also at 

higher risk of developing these outcomes because of the possibility of BBB 

damage and low complement values (20,45). On the other hand, the study by 

Fardet et al (23) found that people with asthma, polymyalgia rheumatica or giant 

cell arteritis may be at lower risk of developing neuropsychiatric disturbances. 
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Previous history of neuropsychiatric disorders, whether being induced by 

glucocorticoid treatment or not, has been widely discussed as a possible risk factor, but 

no clear relationship has been identified, as data seems contradictory in the few studies 

on which it has been studied (27). In the studies about the topic, the information about 

prior neuropsychiatric illness often is not reported, or is even excluded to demonstrate 

a clear relationship between glucocorticoids and psychiatric effects (16).  

The study by Fardet et al (23) found that risk of depression, mania, panic disorder or 

suicide attempt during glucocorticoid treatment increased for patients with previous 

history of this conditions. Other studies support these findings (21,47). For example, the 

study by Morrow et al (48), studied the frequency of depressive and hypomanic or manic 

symptoms in patients with multiple sclerosis treated with high doses of corticoids for 

acute relapses, and found that personal history of depression or substance abuse in the 

past increased the risk of hypomanic or manic symptoms during the treatment, but 

there was no found any factor predicting an increase in depressive symptoms.  

By contrast, other ones show that neither previous glucocorticoid-induced 

neuropsychiatric disturbances nor previous treatments free of such disturbances predict 

future responses to treatment, and that a history of psychiatric illness does not predict 

occurrence (49). 

Hepatic or renal disfunction have not been studied as risk factors, but they should be 

taken into account, as exogenous glucocorticoids are cleared from the body via hepatic 

and renal mechanisms (16). A hepatic or renal disease could increase glucocorticoid 

bioavailability, resulting on a similar effect to the one of increasing the dosage.  

 Age has not been reported as a risk factor for glucocorticoid-induced neuropsychiatric 

disorders (16). However, the frequency of polypharmacy and so the possibility of 

pharmacological interactions makes the elderly a susceptible group of age. 

Furthermore, the group of age has been found to influence on the particular 

neuropsychiatric outcome. For example, patients from 18 to 50 have the highest risk of 

suicidal behaviour, and those from 18 to 30 have the highest risk of panic disorder. Also 

the risk of depression, mania, and delirium, confusion or disorientation increases with 
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age, with the last three ones being the ones with the highest risk in patients aged 80 

years old or older (23–25). 

4.3.3 CLINICAL PRESENTATION 

In general, the most common psychiatric outcomes of glucocorticoid usage are affective 

disorders, mainly mania or hypomania, but also anxiety and depression. Other possible 

glucocorticoid-induced symptoms include psychosis, dementia, panic disorder, delirium 

(also with confusion and disorientation), suicidal ideation and behaviour, aggressive 

behaviour, insomnia, agitation, depersonalisation, catatonia, euphoria, distractibility 

and deficits in attention and psychomotor speed (7,17,19,23,24,34,50,51). 

The clinical presentation of glucocorticoid-induced neuropsychiatric disturbances may 

vary depending on the length of the treatment, with patients initially experiencing 

mania or hypomania, and long-term therapy being more frequently associated with 

depression. However, cognitive deficits appear to be common during both short- and 

long-term treatment, mainly affecting declarative memory (16,19,20,24,34,49). 

In 1952, Rome and Barceland (52) described a classification into 4 grades of psychiatric 

responses in patients receiving glucocorticoids or ACTH, that has been widely used and 

can be seen in table 5. 

Table 5. Rome and Barceland's (52) grades of psychiatric responses to glucocorticoid or ACTH use. Adapted 

from (16). 

Grade I 
General feeling of well-being and stimulation, with improved 

concentration, energy and clarity of thought. 

Grade II 

Elevation of mood accompanied by restlessness, insomnia, increased 

motor activity, and accelerated mental activity (bordering on flight of 

ideas). 

Grade III 

Severe anxiety, ruminations, and obsessions. Patients exhibit mood 

swings, lethargy, indifference, crying spells, hopelessness and 

helplessness, excitement, restlessness, and flight of ideas. 

Grade IV Hallucinations, delusions, and extreme variations in mood. 
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4.3.4 DIAGNOSIS 

When talking about the diagnosis of glucocorticoid-induced neuropsychiatric disorders, 

we should consider the diagnostic criteria included in the latest edition of the Diagnostic 

and Statistical Manual of Mental Disorders (DSM-5-TR) (1) and, therefore, we should 

take into account the diagnostic criteria for the substance/medication-induced mental 

disorders, which are exposed in Table 6: 

Table 6. DSM-5-TR diagnostic criteria for substance/medication-induced mental disorders. Adapted from (1). 

A. A clinically significant presentation of the symptoms characteristic of disorders in 

the relevant diagnostic class predominates in the clinical picture. 

B. There is evidence from the history, physical examination, or laboratory findings of 

the following: 

1. The symptoms in Criterion A developed during or soon after substance 

intoxication, substance withdrawal, or exposure to or withdrawal from a 

medication; and 

2. The involved substance/medication is capable of producing the symptoms in 

Criterion A. 

C. The disturbance is not better explained by an independent mental disorder (i.e., 

one that is not substance- or medication-induced). Such evidence of an independent 

mental disorder could include the following: 

1. The disturbance preceded the onset of severe intoxication or withdrawal or 

exposure to the medication; or 

2. The disturbance persisted for a substantial period of time (e.g., at least 1 

month) after the cessation of acute withdrawal or severe intoxication or taking 

the medication. This criterion does not apply to substance-induced 

neurocognitive disorders or hallucinogen persisting perception disorder, 

which persist beyond the cessation of acute intoxication or withdrawal. 

D. The disturbance does not occur exclusively during the course of a delirium. 

E. The disturbance causes clinically significant distress or impairment in social, 

occupational, or other important areas of functioning. 
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As said in Criterion A, the presentation of the disorder is similar to the one of the 

relevant diagnostic class, and so in each diagnostic class we have a list of criteria more 

specific for the substance/medication-induced mental disorder. These criteria can be 

found in psychotic disorders, bipolar and related disorders, depressive disorders, anxiety 

disorders, obsessive-compulsive disorders, sleep-wake disorders, sexual disfunctions 

and neurocognitive disorders, and can be found in Annex 2, together with delirium, as 

it can be also induced by glucocorticoids. In the concrete case of glucocorticoid-induced 

neuropsychiatric disorders, due to the possible clinical presentations, we will not 

consider sexual disfunctions and obsessive-compulsive disorders. 

4.3.5 DIFFERENTIAL DIAGNOSIS  

DSM-5-TR (1) contemplates some possible differential diagnoses for 

substance/medication-induced mental disorders, and the following ones must be 

considered when there is a glucocorticoid-induced neuropsychiatric disorder suspicion:  

• Substance intoxication or substance withdrawal. 

• Independent disorder: a disorder not caused by a substance or medication. In 

the specific case of neurocognitive disorders, some entities that we could 

consider are traumatic brain injury, or infections accompanied by substance use 

disorder (e.g., HIV, HCV or syphilis). 

• Disorder due to another medical condition: this could be the case of 

neuropsychiatric SLE. Although SLE is linked to a greater risk of glucocorticoid-

induced neuropsychiatric disorders, neuropsychiatric SLE must be considered a 

potential differential diagnosis. As reported in Bhangle et al (51), imaging and 

EEG (electroencephalogram) abnormalities, the coexistence of non-CNS 

manifestations of SLE, and the presence of serious disturbances in memory and 

concentration are more suggestive of neuropsychiatric SLE than glucocorticoid-

induced neuropsychiatric disorders. Also positive antiphospholipid antibodies 

are more frequently observed in patients with neuropsychiatric SLE (46).  

In addition, other differential diagnoses to consider are other autoimmune 

diseases with psychiatric symptoms, such as autoimmune encephalitis (21). 

• Other specified or unspecified disorders of each entity. 
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4.3.6 TREATMENT 

Firstly, the main step in the treatment of glucocorticoid-induced neuropsychiatric 

disorders, if possible, is to discontinue them or attempt to decrease the dosage to less 

than 40 mg/day of prednisone or its equivalent. With this, a vast majority of patients 

achieve clinical recovery (16,17,19–21,29,49,53). Glucocorticoid tapering is of special 

importance for patients who have received long-term treatment, as they need to be 

closely monitored for signs of new or increased depression, delirium or confusion. If 

these appear, we should check for adrenocortical insufficiency, which can be resolved 

by re-administering or increasing the dosage of the glucocorticoid (17,19). 

Nowadays, there are no approved medications or other treatment options for managing 

these manifestations, and so all other treatment options are off-label and mainly based 

on evidence of case reports, case series and few small trials (7,16,17,19,54). However, 

these options are often required because of the medical necessity of the glucocorticoid, 

which impedes its discontinuation, or because of the severity of the psychiatric 

symptoms (19–21,50,53). 

The main therapeutic options for some of the more common entities, apart from dosage 

tapering, include the following: 

• Mania or hypomania (17–21,29,51,55): 

o Mood stabilizers: valproate, carbamazepine, lithium, lamotrigine 

o Antipsychotics (typical or atypical): quetiapine, olanzapine, aripiprazole, 

risperidone, haloperidol. With or without an added benzodiazepine 

• Depression (7,16–20,22,24,29,49,55): 

o SSRIs (selective serotonin reuptake inhibitors): sertraline, paroxetine 

o Atypical antipsychotics (specially risperidone or olanzapine) 

o Lithium (mood stabilizer): alone or in combination with SSRIs 

o ECT (electroconvulsive therapy): it must be considered in patients with 

persistent or unresponsive depression, or in case of psychotic depression 

• Agitation (7,17,19):  

o Benzodiazepines 

o Haloperidol (typical antipsychotic) 
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o Atypical antipsychotics (specially risperidone or olanzapine) 

• Psychosis (7,18,22,24,29,50,51): 

o Haloperidol (typical antipsychotic) 

o Atypical antipsychotics (specially risperidone or olanzapine) 

o Lithium (mood stabilizer) 

o SSRIs: sertraline, paroxetine 

o ECT: it must be considered in patients with persistent or unresponsive 

psychosis 

• Cognitive and/or memory impairment (18,20): 

o Lamotrigine (mood stabilizer) 

• Delirium (19,24): 

o Benzodiazepines 

o Haloperidol (typical antipsychotic) 

o Atypical antipsychotics (specially risperidone or olanzapine) 

4.3.7 PREVENTION  

The risks of glucocorticoid-induced neuropsychiatric disorders should be discussed with 

patients and their families previous to treatment initiation, so an early diagnosis and 

appropriate intervention could be implemented (17,19,21). Moreover, it is important to 

review patient’s current medications in order to ensure glucocorticoid indication and to 

check potential drug interactions, and also to review if the patient presents certain 

illnesses associated with the development of psychiatric symptoms (17,19,22). 

Furthermore, there have been done some studies regarding a possible pharmacological 

prophylaxis.  

The DEXA-CORT clinical trial from Koning et al (56) is currently being conducted to study 

the prevention of dexamethasone-induced neuropsychiatric disorders after high 

dosages of dexamethasone use for reducing cerebral oedema due to elective brain 

tumour resection, by using 10 mg of hydrocortisone two times per day during the 

perioperative treatment, with the aim of stabilising the GR-MR imbalance caused by 

dexamethasone with physiological doses of cortisol (hydrocortisone use at low dosages, 

which refills unoccupied brain MR). This study is mainly based on a previous clinical trial 
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from Warris et al (57), about hydrocortisone usage in paediatric patients with acute 

lymphoblastic leukaemia following a dexamethasone treatment. In this previous study, 

hydrocortisone use significantly decreased dexamethasone-induced behavioural 

difficulties, emotional disorders, and sleep problems, specifically in patients who 

experienced the most severe neuropsychiatric adverse effects (57,58). 

In addition, there are some other studies about pharmacological prevention with 

significative results, although they were all conducted in small samples, and so further 

investigations should be done. There are studies showing a significative reduction of 

psychiatric outcomes with the use of lithium (59), lamotrigine (60–62) (specifically to 

improve performance on declarative memory), memantine (63) (also specifically to 

improve performance on declarative memory), and phenytoin (54) (specifically to 

reduce the incidence of hypomania). A study with levetiracetam (64) showed no 

difference in mood or cognition. 

4.3.8 PROGNOSIS 

In general terms, prognosis of glucocorticoid-induced neuropsychiatric disorders is 

favourable. More than 50% of patients show total remission of symptoms after two 

weeks from treatment suspension, and 90% after six weeks (15). Symptoms can last 

anywhere from a few days up to some weeks (28). Patients who can discontinue the 

glucocorticoid experience a quicker resolution of symptoms. 

The duration of the symptoms seems to be related with the clinical presentation: 

delirium uses to resolve within days and psychosis within a week; depression or manic 

symptoms may last up to 6 weeks after discontinuation of corticotherapy 

(15,17,20,28,49). 

Glucocorticoid-induced dementia is reversible, but in a slower way than other symptoms 

of cognitive deficits, following drug discontinuation, and may leave residual cognitive 

effects. Improvement may be apparent 1 month after discontinuation, despite deficits 

in learning and memory may persist for 6 months or more (19,20).  
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4.4 MENSTRUAL CYCLE AND ITS RELATIONSHIP WITH CORTISOL  

As exposed in section 4.3.2.1, female sex is an important risk factor for glucocorticoid-

induced neuropsychiatric disorders, and some of its influences vary according to 

menstrual cycle phases. 

Menstrual cycle consists of rhythmic variations of female hormones secretion 

depending on the HPG axis, and its corresponding physical alterations in ovaries and 

other sexual organs, from puberty to menopause. Every cycle takes 28 days on average. 

However, it can last from 20 days to 45 days among different individuals (65). 

4.4.1 MENSTRUAL CYCLE PHASES  

1. Follicular phase: it begins in the first day of menstruation (also known as menses) 

util ovulation, so approximately from day one to day 14, based on the average 

duration of 28 days. It is remarkable to say that the variability in the length of 

the menstrual cycle is due to variations in the length of follicular phase (66,67).  

At the beginning of this phase, it starts the development of primary follicles, due 

to the high levels of FSH (follicle stimulating hormone) related with an increase 

of GnRH (gonadotropin releasing hormone) pulsatile secretion (68). This 

hormone also increases the number of LH (luteinizing hormone) receptors in 

granulosa and theca cells to facilitate the production of ovarian oestrogens. 

Sexual hormones in this phase are low due to the regression of the corpus luteum 

from previous cycle (69).  

+ / - (follicular phase) 

- (luteal phase) 

+ / - (follicular phase) 

- (luteal phase) 

Progesterone 

- 

LH/FSH GnRH Hypothalamus  Anterior pituitary        Ovaries 

 

Oestrogens 

- (luteal phase) 

 

- (luteal phase) 

 

Figure 3. HPG axis. 
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With phase progression, cells acquire the capacity to synthetise oestrogens, 

which progressively rise, also with inhibin, and both diminish FSH, allowing the 

relationship FSH/LH to be inferior to 1 (69). The follicles with less FSH receptors 

suffer a gradual process of atresia and the one more receptive to FSH will 

continue to develop until becoming the dominant follicle (65). This one 

increments the sensitivity to LH, the androgen production and the aromatase 

function (68,69). The main produced androgen is androstenedione, which will be 

aromatised to estrone and then converted to oestradiol (68).  

At the end of this phase, the maximum peak of oestradiol secretion induces LH 

and FSH rise to result in the ovulatory peak, with a greater increment of LH 

(65,67,69). 

2. Ovulation: it occurs approximately 16 hours after LH surge, which correlates with 

day 14 of a regular cycle. As a result of previous high levels of FSH and LH, the 

follicle breaks and releases the oocyte (65,66,68,69). 

3. Luteal phase: it goes from day 15 to 28 of a regular cycle. In the three days 

following the ovulation, due to LH action and the follicular rests, the corpus 

luteum is formed (66,69). There is a rapid increase in progesterone levels, and 

oestrogens, after a postovulatory decrease, reach a second peak (lower than the 

first one). The values of progesterone are greater than the oestrogens’ ones. LH 

and FSH are in their lowest values in the cycle because of negative feedback of 

both oestrogens and progesterone (65,69), and also of inhibin secreted by the 

corpus luteum (65). 

At the end of this phase, if there is no fertilised oocyte implanted in the 

endometrium, the corpus luteum progressively degrades, leading to a decrease 

of progesterone and oestrogens, until oestrogen levels reach practically zero. 

With low plasmatic levels, the negative feedback stops and FSH levels rise. The 

low oestrogen levels also promote the initiation of menstruation (65,66,69).  
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.Figure 4. Hormone levels according to menstrual cycle phase. Extracted from (70). 

4.4.2 HPA AXIS AND HPG AXIS INTERACTION: THE PAPER OF 

CORTISOL 

Studies have shown circulating cortisol levels change throughout the menstrual cycle, 

depending on the phase, with the highest levels during early and mid follicular phase. 

This is due to its requirement to mediate adaptative physiological processes in response 

to environmental stimuli, when both oestradiol and progesterone are low (71).  

Figure 5. Hypothetical cortisol levels across the menstrual cycle. Extracted from (71). 

There are many known mechanisms by which HPA axis and HPG axis interact: 
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In the HPA axis physiology, it is the paraventricular nucleus (PVN) of the hypothalamus 

the one that integrates circadian and environmental inputs to integrate them in neurons 

that express this information through CRH. PVN neurons have been founded to express 

high levels of oestrogen receptor beta (ER-β) and low levels of oestrogen receptor alpha 

(ER-α). Oestradiol, through the interaction with these receptors, can selectively increase 

or decrease HPA axis function. Stimulation of ER-β produces a decrease in cortisol levels, 

whereas stimulation of ER-α impairs glucocorticoid-mediated negative feedback of the 

HPA axis, thus leading to an increase in cortisol levels (8,71). Because of this, on luteal 

phase, on which there are higher levels of oestradiol for a greater period of time than in 

follicular phase, oestradiol will tend to decrease cortisol levels through a greater ER-β 

interaction. 

Moreover, during the luteal phase, progesterone metabolite allopregnanolone binds to 

an allosteric binding site of gamma-aminobutyric acid A (GABA-A) receptors in PVN, 

potentiating the negative feedback on the HPA axis (8,71). Like this, as in luteal phase 

allopregnanolone levels are high, cortisol levels are expected to decrease from their 

values on follicular phase (6,71).  

In addition, another possible mechanism is through CBG: changes in circulating CBG 

modify total cortisol concentrations, and oestradiol exerts a regulation in CBG 

concentrations. Women express greater concentrations of CBG than men, and these 

increment during pregnancy or oestrogen-containing oral contraception use (6,72). 

However, it remains unclear if changes in oestradiol levels across the menstrual cycle 

can alter CBG (71).  

Finally, gonadal hormones interact with GR expression and action through effects on 

proteins in the chaperone and co-chaperone complex, and can induce changes in GR 

sensitivity, for example through transactivation (8,38), which in fact was mentioned in 

section 4.2.3.2 as a potential mechanism of glucocorticoid adverse effects. However, 

this has not been studied across the menstrual cycle. 
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5. JUSTIFICATION 

Health professionals could widely recognise that practically there is no other treatment 

apart from glucocorticoids capable of holding the position of the most used treatment 

across such a wide number of medical specialties.  

As it was said in the introduction, apart from its versatility across specialties, 

glucocorticoid use has augmented during the last three decades, with long-term 

corticotherapy accounting for 10% in medical inpatients and 1 to 3 % in the general 

population (16,17). 

Unfortunately, the capability of acting in lots of organs and systems also supposes a 

factor against them, as it leads to a great possibility of adverse effects. These have been 

demonstrated to occur in up to 90% of the patients that take glucocorticoids for more 

than 60 days (9,10). 

Some of these adverse effects consist of induced neuropsychiatric disorders, with an 

incidence ranging from 3% to 57% for all glucocorticoid usages, and around a 20% in 

patients receiving high dosages, defined as 40 mg/day or more of prednisone or its 

equivalent (15–17,21). They are mainly stablished in the first two weeks of treatment 

(15,16,18,26,73). 

Whereas the somatic reactions to glucocorticoids have been well studied and 

documented, the neuropsychiatric effects have been less attended, because of their 

complexity and unpredictability (15,26). There is a lack of randomized controlled trials, 

varying definitions of the behavioural changes and no clear strategies for identifying 

patients in need of prophylaxis, which leads to a limited understanding of glucocorticoid-

induced neuropsychiatric disorders (18,73). An important part of the available data 

today comes from individual case or case series reports and their reviews (24). 

Among other neuropsychiatric outcomes, glucocorticoids show a risk of suicide or 

suicide attempt increased five- to sevenfold in people in treatment (23), which even 

alone can be considered a matter of worry in our society (in Spain, last statistics from 

2022 show an average of 11,2 people per day died by suicide, supposing a total of 4.097 

people (74,75)). Glucocorticoid usage is a potential modifiable risk factor, and this 
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highlights the importance of prevention of neuropsychiatric disturbances when using 

them, and so the necessity of further research for the comprehension of its 

pathophysiology. Moreover, other markedly facts are a twofold higher risk of developing 

depression and a four- to fivefold higher risk of developing mania, delirium, confusion 

or disorientation (23). 

With the aim of prevention, first of all it is important the understanding of the existing 

risk factors, which were described in the introduction. Between these, one that remains 

partially unclear is female sex (16,22), with a 2:1 ratio (22). Existent literature tables 

some plausible explanations: a significant majority of autoimmune diseases treated with 

glucocorticoids (which sometimes can lead to neuropsychiatric disorders by themselves) 

are more prevalent in women (16,22), many of the potential neuropsychiatric outcomes 

are inherently more common in women (regardless of glucocorticoid usage), or even 

this could be a pathological consequence of the external intervention in a purely 

physiological human process such as the interaction between HPA axis and HPG axis 

(8,38). 

Furthermore, this hormonal interaction shows us an important fact: responses of 

cortisol to psychosocial stress are similar between men and women in the luteal phase 

of the menstrual cycle, in which oestrogen levels are reduced, but differ to the ones of 

women in follicular phase (38). This raises an important question: could this be one of 

the mechanisms increasing the risk of glucocorticoid-induced neuropsychiatric disorders 

in women, as we are applying a synthetic analogous of cortisol? 

If we knew the response to this, we could make some adjustments when prescribing 

high dosages of glucocorticoids, such as delaying the onset of the treatment to a 

concrete phase of the menstrual cycle on which we knew that the posterior incidence 

of neuropsychiatric disorders would be smaller. Like this, we could be one step closer to 

a proper prevention of this neuropsychiatric disturbances.  
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6. HYPOTHESES 

6.1 MAIN HYPOTHESIS 

The incidence of glucocorticoid-induced neuropsychiatric disorders is expected to vary 

across the different phases of the menstrual cycle, in women aged 18-45 with a regular 

cycle and no use of hormonal contraception, who are undergoing corticotherapy at high 

dosages (40 mg/day or more of prednisone or its equivalent), depending on the phase 

when they start the treatment. We hypothesise that the incidence will be higher when 

starting the treatment during the follicular phase. 

 

6.2 SECONDARY HYPOTHESES 

• The type of glucocorticoid-induced neuropsychiatric disorder will vary 

depending on the phase of the menstrual cycle on which the women start the 

treatment. 

• Women developing a glucocorticoid-induced neuropsychiatric disorder 

diagnosis will exhibit in all phases of menstrual cycle a higher prevalence of 

currently known risk factors associated with such disorders. 

• Women developing a glucocorticoid-induced neuropsychiatric disorder 

diagnosis, regardless of the phase of menstrual cycle on which they start the 

treatment, will have a similar necessity of pharmacologic treatment for its 

management. 
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7. OBJECTIVES 

7.1 MAIN OBJECTIVE 

The aim of this study is to determine whether there is a variation in the incidence of 

glucocorticoid-induced neuropsychiatric disorders across the different phases of the 

menstrual cycle, in women aged 18-45 with a regular cycle and no use of hormonal 

contraception, who are undergoing corticotherapy at high dosages (40 mg/day or more 

of prednisone or its equivalent), depending on the phase when they start the treatment. 

 

7.2 SECONDARY OBJECTIVES 

• To evaluate the different types of glucocorticoid-induced neuropsychiatric 

disorders based on the phase of the menstrual cycle on which women are when 

they start the treatment.  

• To assess whether women developing a glucocorticoid-induced neuropsychiatric 

disorder in each menstrual cycle phase exhibit a higher prevalence of currently 

known risk factors associated with such disorders. 

• To determine whether women developing a glucocorticoid-induced 

neuropsychiatric disorder in each menstrual cycle phase have a greater necessity 

of pharmacologic treatment for glucocorticoid-induced neuropsychiatric 

disorder management. 
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8. METHODOLOGY 

8.1 STUDY DESIGN 

This study is designed as an unicentric observational prospective cohort study to be 

carried out by the Psychiatric Interconsultation Service of Hospital Santa Caterina of Salt 

(Girona) and Hospital Josep Trueta of Girona. 

 

8.2 STUDY SETTINGS 

The selection of patients and the follow-up tests will be conducted in both Hospital 

Santa Caterina and Hospital Josep Trueta. Despite involving two hospitals in the 

development of the study, we categorise it as unicentric, since all the patients belong to 

the reference area of Hospital Josep Trueta.  

It is important to note that Hospital Josep Trueta lacks its own Psychiatric Unit; thus, the 

Psychiatric Unit of reference for the province of Girona is situated at Hospital Santa 

Caterina. Consequently, the Psychiatric Interconsultation Service of both hospitals is 

functionally integrated, operating as a unified service across the two hospitals. 

 

8.3 STUDY POPULATION 

The target population of this study will be women aged 18-45 with a regular cycle and 

no use of hormonal contraception, who are undergoing corticotherapy at high dosages 

(40 mg/day or more of prednisone or its equivalent). This women should not fulfil DSM-

5-TR criteria of any mental disorder, with a time from remission allowed of minimum 6 

months, and must start the corticotherapy at the beginning of the follow-up period. 

The study population will be divided in two groups: 

• Exposed cohort: women starting corticotherapy at high dosages in the follicular 

phase of menstrual cycle. 

• Non-exposed cohort: women starting corticotherapy at high dosages in the 

luteal phase of the menstrual cycle. 
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8.3.1 INCLUSION CRITERIA  

• Women aged 18 – 45 years. 

• Presence of a regular menstrual cycle (length of 25 – 35 days). 

• Use of non-hormonal contraception, with a period of minimum 1 month of not 

using hormonal contraception, if previously used. 

• Possibility of starting glucocorticoid treatment the day after (1st visit of the 

follow-up process). 

• Spanish or Catalan oral and written comprehension. 

8.3.2 EXCLUSION CRITERIA 

• Use of hormonal contraception, or a period of less than 1 month since last use. 

• Current pregnancy, current breastfeeding, or up to 12 weeks after giving birth 

(puerperium process).  

• Current fulfilling of DSM-5-TR criteria of any mental disorder, or a time from 

remission of the mental disorder of less than 6 months. 

• Consumption of toxic substances.  

• Patient’s inability to complete the study tests on her own (physical or mental 

cause). 

8.3.3 WITHDRAWAL CRITERIA 

• Patient’s decision to drop out of the study for personal reasons. 

• Low compliance of the glucocorticoid treatment. 

• Patient’s pregnancy during the follow-up process. 

• Patient’s demise during the follow-up process. 

• Incorrect use of LH tests or evidence of a non-ovulatory cycle. 

• Patient’s absence on the scheduled follow-up visits*. 

*This one will not be considered a withdrawal criterion if the reason is a hospitalisation 

in the Psychiatric Unit of Hospital Santa Caterina, or in any other Psychiatric Unit on 

Catalonia if this can be seen in the Història Clínica Compartida a Catalunya, as these 

situations will be considered a possible study outcome. 
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8.4 SAMPLE 

8.4.1 SAMPLE SIZE 

GRANMO sample size calculator was used to estimate the required sample size of the 

study. Accepting an alpha risk (α) of 5% and a statistical power (1-β) of 80% in a two-

tailed test, 102 exposed subjects and 102 non-exposed subjects (204 in total) are 

necessary to recognize as statistically significant a Relative Risk greater than or equal to 

2. An incidence rate in the non-exposed group has been estimated to be 0.2. A drop-out 

rate of 10% has been anticipated. 

As this is the first study to date studying the relationship between menstrual cycle and 

glucocorticoid-induced neuropsychiatric disorders, there is no data about the incidence 

rate in luteal phase. Therefore, to calculate the sample we have considered that the rate 

in luteal phase would be lower than in follicular phase, but also greater than the rate in 

men and, in balance, this could lead to an incidence in luteal phase similar to the one in 

general population, which is the one currently known. 

8.4.2 SAMPLE SELECTION 

We will use a non-probabilistic consecutive sampling method in this study. 

All patients who meet the inclusion criteria and none of the exclusion criteria* will be 

informed by the physician that prescribes the glucocorticoid treatment about the study 

objectives, and if they are interested, they will be given the opportunity to voluntarily 

participate. They will receive the information document (Annex 7) and the informed 

consent document (Annex 8). The signature of the informed consent is mandatory to 

participate in the study. 

*In order to determine if the patient meets the inclusion criterion “current fulfilling of 

DSM-5-TR criteria of any mental disorder, or a time from remission of the mental 

disorder of less than 6 months” the physician that prescribes the glucocorticoid 

treatment will have to determine it through medical history. Then, the next day (1st 

visit), looking forward a greater accuracy, the psychiatrist will perform the following 

tests (which are explained in section 8.5): 
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• Mini International Neuropsychiatric Interview (MINI) (see Annex 3) 

• Patient Health Questionnaire-9 (PHQ-9) (see Annex 5) 

• Mini Mental State Examination (MMSE) (see Annex 6) 

These will allow a proper screening of current mental disorders and, if any, the patient 

will be excluded from the study. 

8.4.3 ESTIMATED TIME FOR SAMPLE RECUITMENT 

As we have already calculated, 204 subjects are required to carry out the study. 

Due to the fact that glucocorticoids are a widely used treatment, even at high dosages, 

according to non-official data proportioned from the Pharmacology Unit of Hospital 

Santa Caterina, an estimated time of 1 year would be enough to recruit all the 

participants for the study.  

However, as not all the patients meeting all the inclusion criteria and none of the 

exclusion criteria will accept to participate in the study, and not all the patients with a 

high-dosage glucocorticoid prescription will meet all the inclusion criteria and none of 

the exclusion criteria, we will dedicate a period of two years to achieve the required 

sample size. 

 

8.5 STUDY VARIABLES AND MEASURING INSTRUMENTS 

8.5.1 INDEPENDENT VARIABLE 

Menstrual cycle phase 

Menstrual cycle phase is a qualitative nominal dichotomous variable that will be 

categorised as “follicular phase” or “luteal phase”. 

In order to accomplish the greatest accuracy in data collection, we will use an author 

adaptation to the classification method recommended by Schmalenberger et al (76), as 

it produces more meaningful results regarding the association between specific 

hormonal levels and outcomes. This method has been recently used in some studies in 

the psychiatric field (77,78). The modifications by the author are made in order to avoid 
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not coded days in the original method (which would lead to exclusion from the statistical 

analysis of patients which cycle day does not fall into a predefined phase), as they are 

stablished to well-define the relationship of the outcomes with specific hormonal 

changes of a 5 phases division (perimenstrual, midfollicular, periovulatory, early luteal 

and midluteal) and avoiding possible confusions between these phases. These changes 

will be done taking into account that at the end we will summarize the cycle only into 

two phases (follicular and luteal), which onset and end are already well defined using 

this method. 

With this method, the menstrual cycle phase is codified using a combination of last 

menses onset self-report (using forward count from menses) and urine LH-surge 

detection (ovulatory testing). This method, with the author adaptations, codes phases 

following some definitory facts: 

1. LH-surge detection is the gold standard, but it only allows to calculate accurately 

the ovulation day. If ovulation has already happened, it will not detect it. 

2. Last menses onset self-report is useful to detect the first days of the menstrual 

cycle, corresponding to follicular phase. However, due to interindividual and 

intraindividual variability on phases length (even in regular individuals), it is 

difficult to determine when the ovulation is going to occur. 

3. Day of menses onset is considered day 1 (there is no day 0). 

4. Even individuals with short cycles (<21 days) are not expected to ovulate before 

day 8, so days 1 to 7 will be always considered part of the follicular phase (76). 

In consequence, the menstrual cycle will be coded as follows: in the first visit, patient 

will be asked about the last day of menses onset. If this first visit occurs between days 1 

to 7 before this day, the patient will be given some urine LH-surge detection tests, in 

order to do one test every day after the visit until it yields a positive result (thus 

determining ovulatory peak) or until a new menstruation takes place. If there is a 

positive result in one test, the patient’s first visit day will be considered part of the 

follicular phase. If there is not a positive result and the next menstruation starts, the 

menstrual cycle will be considered non-ovulatory and the patient will be excluded from 

the study. If the first visit occurs at day 8 from the last day of menses onset or after, the 
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patient will also be given some urine LH-surge detection tests, in order to do one test 

every day after the visit until it yields a positive result (thus determining ovulatory peak) 

or until a new menstruation takes place. If there is a positive result in one test, patient’s 

first visit day will be considered part of the follicular phase. If there is not a positive result 

and the next menstruation starts, patient’s first visit day will be considered part of the 

luteal phase. 

For a better understanding of cycle phase coding, see figure 6.  

Figure 6. Menstrual cycle phase coding based on Schmalenberger et al (76) method with the author's 

adaptations to the current study. 

8.5.2 DEPENDENT VARIABLES 

Glucocorticoid-induced neuropsychiatric disorder diagnosis 

Glucocorticoid-induced neuropsychiatric disorder diagnosis is a qualitative nominal 

dichotomous variable that will be categorised as “glucocorticoid-induced 

neuropsychiatric disorder diagnosis” or “absence of glucocorticoid-induced 

neuropsychiatric disorder”. 

The diagnosis of glucocorticoid-induced neuropsychiatric disorder will be made by a 

psychiatrist following the DSM-5-TR diagnostic criteria for the substance/medication-
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induced mental disorders exposed in section 4.3.4, regarding glucocorticoid use. This 

variable will be analysed through patients’ follow-up. 

If the patient assists to each follow-up visit, the psychiatrist will be the responsible for 

the diagnosis either at the visit moment or in the period since last follow-up visit, 

through anamnesis and medical history. 

If the patient does not assist to a follow-up visit, the psychiatrist will be responsible of 

searching whether the reason is a hospitalisation in the Psychiatric Unit of Hospital Santa 

Caterina, or in any other Psychiatric Unit on Catalonia if this can be seen in the Història 

Clínica Compartida a Catalunya, as these situations, if already diagnosed, will be 

categorised as “glucocorticoid-induced neuropsychiatric diagnosis”.  

Type of glucocorticoid-induced neuropsychiatric disorder 

Type of glucocorticoid-induced neuropsychiatric disorder is a qualitative nominal 

polytomous variable, that will be categorised as: 

• Glucocorticoid-induced psychotic disorder 

• Glucocorticoid-induced bipolar and related disorder 

• Glucocorticoid-induced depressive disorder 

• Glucocorticoid-induced anxiety disorder 

• Glucocorticoid-induced sleep disorder 

• Glucocorticoid-induced delirium 

• Glucocorticoid-induced major or mild neurocognitive disorder 

This variable will be collected by a psychiatrist in follow-up visits, using anamnesis and 

data from the patient’s medical history, always using DSM-5-TR criteria (see Annex 2). 

Furthermore, in order to unify psychiatrists’ criteria and to help in the diagnose of this 

dependent variable, at each visit (except from the first one) the psychiatrist will use 

some measuring instruments consisting on diagnostic scales and structured interviews: 

• Mini International Neuropsychiatric Interview Plus (MINI Plus) (79) 

MINI is a short structured diagnostic interview for DSM-IV and ICD-10 psychiatric 

disorders, that has already been validated in Spanish and for DSM-5 criteria (80). 
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This interview allows to diagnose some psychiatric disorders in a specific time 

frame for each disorder, mainly using “yes” or “no” questions. The MINI Plus 

version allows the diagnosis of substance-induced disorders, so it will be used 

regarding glucocorticoid use. Apart from suicidality, only the questions about 

these diagnoses will be done to the patients (see in Annex 4). We will evaluate 

the following disorders: 

o Substance-induced depressive disorder (current or past) 

o Suicidality (last month) 

o Substance-induced manic episode (current or past) 

o Substance-induced hypomanic episode (current or past) 

o Substance-induced anxiety disorder with panic attacks (current) 

o Substance-induced obsessive-compulsive disorder (current) 

o Substance-induced psychotic disorder (current or lifetime) 

o Substance-induced generalised anxiety disorder (current) 

In order to perform the interview, the psychiatrist will have to follow some 

general instructions, which are the same as in MINI International 

Neuropsychiatric Interview (MINI) and can be seen in Annex 3. 

At the beginning of every diagnostic category (identified as “module” with a 

letter) there is a text box with “filter” questions corresponding to principal 

diagnostic criteria of the disorder. At the end of each module, there is one or 

more boxes where the psychiatrist will have to indicate if the patient meets the 

diagnostic criteria. 

• Patient Health Questionnaire-9 (PHQ-9) (81) 

PHQ-9 is a 9-question instrument that is administered to the patient in order to 

self-complete it, to detect the presence and severity of depression (see Annex 

5). It was originally created to make a diagnosis according to the DSM-IV criteria. 

However, it has already been validated in Spanish and for DSM-5 criteria (80).  

Major depressive disorder is diagnosed if 5 or more of the 9 depressive symptom 

criteria have been present at least more than half the days in the past 2 weeks, 

and one of the symptoms is depressed mood or anhedonia. Other depressive 

disorders are diagnosed if 2, 3 or 4 depressive symptoms have been present at 

least more than half the days in the past 2 weeks, and one of the symptoms is 
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depressed mood or anhedonia. To note, one of the 9 criteria (“thoughts that you 

would be better off dead or of hurting yourself in some way”) counts if present 

at all, regardless of the duration. 

Severity of the depressive disorder is assessed with a score that can range from 

0 to 27, since each of the 9 items can be scored 0 (not at all), 1 (several days), 2 

(more than half the days) or 3 (nearly every day). This score represents severity 

of depression as follows (82): 

o 1 to 4: none 

o 5 to 9: mild 

o 10 to 14: moderate 

o 15 to 19: moderately severe 

o 20 to 27: severe 

• Mini Mental State Examination (MMSE) (83) 

MMSE is a brief test that allows the establishment of cognitive impairment, such 

as in dementia or delirium, and the evaluation of its evolution, which takes 5-10 

minutes to be done (see Annex 6). It has already been validated in Spanish (84). 

Its realisation gives a score with a maximum of 30 points, evaluating the 

following cognitive areas: orientation, registration (by repeating some words), 

attention and calculation, recall, language and ability to follow simple 

commands. The score can be interpreted as follows: 

o 27 to 30: no cognitive impairment 

o 25 to 26: possible mild cognitive impairment 

o 10 to 24: mild to moderate cognitive impairment 

o 6 to 9:  moderate to severe cognitive impairment 

o 0 to 5: severe cognitive impairment 

In order to facilitate the multivariate statistical analysis, the variable “Type of 

glucocorticoid-induced neuropsychiatric disorder” will be separated into different 

dependent variables corresponding to the categories of the original variable. The 

objective is to have 7 different secondary dependent variables (one for each category), 

with “yes” or “no” values, thus converting a qualitative nominal polytomous variable 

into 7 different qualitative nominal dichotomous variables.  
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Pharmacologic treatment necessity for glucocorticoid-induced neuropsychiatric 

disorder management 

Pharmacologic treatment necessity for glucocorticoid induced neuropsychiatric disorder 

management is a qualitative nominal dichotomous variable, that will be categorised as 

“pharmacologic treatment necessity” or “no pharmacologic treatment necessity”. 

This variable will be collected from anamnesis and medical history during the follow-up 

visits. 

8.4.3 COVARIATES 

• Age: qualitative ordinal polytomous variable, expressed in age ranges: 

o 18 to 25 years 

o 26 to 35 years 

o 36 to 45 years 

The age of the patient will be consulted from the identification data of the 

patient shown in the medical history. 

• Underlying disease: qualitative nominal polytomous variable. Any disease that 

supposes the cause of patient’s glucocorticoid treatment onset will be collected 

(e.g. Addison disease, SLE, rheumatoid arthritis, etc.). 

This variable will be collected from anamnesis and medical history. 

• Glucocorticoid dosage: qualitative ordinal polytomous variable, expressed in 

prednisone equivalent milligrams: 

o ≥40 mg/day and <60 mg/day 

o ≥60 mg/day and <80 mg/day 

o ≥80 mg/day  

This variable will be collected from medical history. 

• Duration of glucocorticoid treatment: quantitative continuous variable, 

expressed in number of days that the patient has been undergoing the 

corticotherapy. This variable will be collected from anamnesis and medical 

history. In every follow-up visit the patient will be asked about if she maintains 

the treatment. If not, she will be asked about the duration. 
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• Type of systemic glucocorticoid: qualitative nominal polytomous variable. 

Categorised in: 

o Short acting: hydrocortisone or cortisone acetate. 

o Intermediate acting: prednisone, prednisolone, methylprednisolone, 

triamcinolone or deflazacort. 

o Long acting: dexamethasone or betamethasone. 

This variable will be collected from medical history. 

• Previous history of glucocorticoid-induced neuropsychiatric disorder: 

qualitative nominal dichotomous variable, categorised in: 

o Presence of previous history of glucocorticoid-induced neuropsychiatric 

disorder 

o Absence of previous history of glucocorticoid-induced neuropsychiatric 

disorder 

This variable will be collected from anamnesis and medical history. 

• Previous history of non-glucocorticoid-induced neuropsychiatric disorder: 

qualitative nominal dichotomous variable, categorised in: 

o Presence of previous history of non-glucocorticoid-induced 

neuropsychiatric disorder. 

o Absence of previous history of non-glucocorticoid-induced 

neuropsychiatric disorder. 

This variable will be collected from anamnesis and medical history. 

• Use of medication that inhibits cytochrome P450 system (CYP3A4): qualitative 

nominal dichotomous variable, categorised in: 

o Use of medication that inhibits cytochrome P450 system (CYP3A4): e.g. 

clarithromycin, ketoconazole, protease inhibitors, etc.  

o No use of medication that inhibits cytochrome P450 system (CYP3A4). 

This variable will be collected from medical history. 

• Hypoalbuminemia: qualitative nominal dichotomous variable, categorised in: 

o Presence of hypoalbuminemia: ≤3,5 g/dL  

o Absence of hypoalbuminemia: >3,6 g/dL  

This variable will be collected using a blood test (albuminemia). 
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• Low complement values: qualitative nominal dichotomous variable, categorised 

in: 

o Presence of low complement values: CH50 ≤30 U/mL  

o Absence of low complement values: CH50 >30 U/mL 

This variable will be collected using a blood test (CH50). 

• Hepatic disfunction: qualitative nominal dichotomous variable, categorised in: 

o Presence of hepatic disfunction 

o Absence of hepatic disfunction 

This variable will be collected from medical history. 

• Renal disfunction: qualitative nominal dichotomous variable, categorised in: 

o Presence of hepatic disfunction 

o Absence of hepatic disfunction 

This variable will be collected from medical history.  

The covariates “age”, “underlying disease”, “glucocorticoid dosage”, “type of systemic 

glucocorticoid”, “previous history of glucocorticoid-induced neuropsychiatric disorder”, 

“previous history of non-glucocorticoid-induced neuropsychiatric disorder”, “use of 

medication that inhibits cytochrome P450 system (CYP3A4)”, “hypoalbuminemia”, “low 

complement values”, “hepatic disfunction” and “renal disfunction” will be evaluated 

only at the 1st visit.  

The covariate “duration of glucocorticoid treatment” will be evaluated through all the 

follow-up period and not in the 1st visit. 

It is important to note that all the covariates, as all of them are known as possible risk 

factors for glucocorticoid-induced neuropsychiatric disorder, will be treated as 

dependent variables in the specific case of the secondary objective of assessing whether 

women developing a glucocorticoid-induced neuropsychiatric disorder in each 

menstrual cycle phase exhibit a higher prevalence of currently known risk factors 

associated with such disorders. 
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Table 7. Description of the variables included in the study. *This variable in the multivariant analysis will be 

separated into 7 secondary dependent variables (1 for each category) that will be qualitative nominal 

dichotomous variables with “yes” or “no” values. 

 VARIABLE TYPE 
MEASURING 
INSTRUMENT 

CATEGORIES 

INDEPENDENT 
VARIABLE 

Menstrual cycle 
phase 

Qualitative 
nominal 

dichotomous 

Urine LH-
surge 

detection and 
last menses 
onset self-

report 

Follicular phase / 
Luteal phase 

DEPENDENT 
VARIABLES 

Glucocorticoid-
induced 

neuropsychiatric 
disorder diagnosis 

Qualitative 
nominal 

dichotomous 

Anamnesis 
and 

medical 
history 

Glucocorticoid-induced 
neuropsychiatric disorder 

diagnosis / Absence of 
glucocorticoid-induced 

neuropsychiatric disorder 
 

Type of 
glucocorticoid-

induced 
neuropsychiatric 

disorder* 

Qualitative 
nominal 

polytomous 

Anamnesis, 
medical 

history, MINI 
Plus, PHQ-9 
and MMSE 

Psychotic disorder / Bipolar 
and related disorder / 

Depressive disorder / Anxiety 
disorder / Sleep disorder / 
Delirium / Major or mild 
neurocognitive disorder 

Pharmacologic 
treatment 

necessity for 
glucocorticoid-

induced 
neuropsychiatric 

disorder 
management 

Qualitative 
nominal 

dichotomous 

Anamnesis 
and medical 

history 

Pharmacologic treatment 
necessity / No pharmacologic 

treatment necessity 

COVARIATES 

Age 
Qualitative 

ordinal 
polytomous 

Medical 
history 

18 to 25 years / 26 to 35 
years / 36 to 45 years 

Underlying 
disease 

Qualitative 
nominal 

polytomous 

Anamnesis 
and medical 

history 

Addison disease / SLE / 
Rheumatoid arthritis / … 

Glucocorticoid 
dosage 

Qualitative 
nominal 

polytomous 

Medical 
history 

≥40 mg/day and <60 mg/day 
/ ≥60 mg/day and <80 
mg/day / ≥80 mg/day  

Duration of 
glucocorticoid 

treatment 

Quantitative 
continuous 

Anamnesis 
and medical 

history 
Number of days 

Type of systemic 
glucocorticoid 

Qualitative 
nominal 

polytomous 

Medical 
history 

Short acting / Intermediate 
acting / Long acting 

Previous history 
of glucocorticoid-

induced 
neuropsychiatric 

disorder 

Qualitative 
nominal 

dichotomous 

Anamnesis 
and medical 

history 

Presence of previous history 
of glucocorticoid-induced 

neuropsychiatric disorder / 
Absence of previous history 

of glucocorticoid-induced 
neuropsychiatric disorder 

Previous history 
of non-

glucocorticoid-

Qualitative 
nominal 

dichotomous 

Anamnesis 
and medical 

history 

Presence of previous history 
of non-glucocorticoid-

induced neuropsychiatric 
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induced 
neuropsychiatric 

disorder 

disorder / Absence of 
previous history of non-
glucocorticoid-induced 

neuropsychiatric disorder 

Use of medication 
that inhibits 

cytochrome P450 
system (CYP3A4) 

Qualitative 
nominal 

dichotomous 

Medical 
history 

Use of medication that 
inhibits cytochrome P450 

system (CYP3A4) / No use of 
medication that inhibits 

cytochrome P450 system 
(CYP3A4) 

Hypoalbuminemia 
Qualitative 

nominal 
dichotomous 

Blood test 
(albuminemia) 

Presence of 
hypoalbuminemia / Absence 

of hypoalbuminemia 

Low complement 
values  

Qualitative 
nominal 

dichotomous 

Blood test 
(CH50) 

Presence of low complement 
values / Absence of low 

complement values 

Hepatic 
disfunction 

Qualitative 
nominal 

dichotomous 

Medical 
history 

Presence of hepatic 
disfunction / Absence of 

hepatic disfunction 

Renal disfunction 
Qualitative 

nominal 
dichotomous 

Medical 
history 

Presence of renal disfunction 
/ Absence of renal 

disfunction 

8.4.4 OTHER MEASURING INSTRUMENTS 

• MINI International Neuropsychiatric Interview (MINI) (79) 

MINI is a short structured diagnostic interview for DSM-IV and ICD-10 psychiatric 

disorders, that has been already validated in Spanish and for DSM-5 criteria (80) 

(see on Annex 3). The administration time is of approximately 15 minutes. This 

interview allows to diagnose 22 of the most common disorders in a specific time 

frame for each disorder, mainly using “yes” or “no” questions: 

o Major depressive disorder (past 2 weeks or relapsing) 

o Major depressive disorder with melancholic symptoms (past 2 weeks) 

o Dysthymic disorder (past 2 years) 

o Suicidality (past month) 

o Manic episode (current or past) 

o Hypomanic episode (current or past) 

o Panic disorder (past month or lifetime) 

o Agoraphobia (current) 

o Social phobia (past month) 

o Obsessive-compulsive disorder (past month) 

o Posttraumatic stress disorder (past month) 
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o Alcohol dependence (past 12 months) 

o Alcohol abuse (past 12 months) 

o Drug dependence (nonalcohol) (past 12 months) 

o Drug abuse (nonalcohol) (past 12 months) 

o Psychotic disorder (current or lifetime) 

o Affective disorder with psychotic symptoms (current) 

o Anorexia nervosa (past 3 months) 

o Anorexia nervosa type compulsive/purgative (current) 

o Bulimia nervosa (past 3 months) 

o Generalised anxiety disorder (past 6 months) 

o Antisocial personality disorder (lifetime) 

This structured interview will be used only in the 1st visit, with the aim of ruling 

out exclusion criteria. 

 

8.6 DATA COLLECTION 

Once the patient has been included in the study accordingly to the exposed in section 

8.4.2, in the first visit (the day when the patient must start the glucocorticoid 

treatment), apart from conducting the diagnostic scales and interviews required to 

assess exclusion criteria by a psychiatrist, the patient will be asked about the required 

variables through anamnesis. In the same day, a blood test will be performed to 

determine possible hypoalbuminemia or low complement values. 

All the data will be collected by the pertinent co-investigator and then will be 

computerised. In order to anonymise the information in the study database, a numerical 

code will be assigned to each patient. 

During this first visit, the patient will be given some urine LH-surge detection tests and 

will be instructed about how to use them. The patient will have to do one of them every 

day until one of them gives a positive result or until a new menstruation starts. If there 

is a positive result, the patient will have to contact with the investigators (through a 

telephone call to a previous given number) and to take a photograph of the positive 
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result and send it to the investigators (through email to a previous given address). With 

this we will be able to categorise menstrual cycle phase though our coding method. 

The follow-up process will consist in a possibility of four more visits at 1 month (2nd 

visit), 2 months (3rd visit), 3 months (4th visit) and 6 months (5th visit). 

In all this visits, the possible glucocorticoid-induced disorder diagnosis will be done by a 

psychiatrist, according to anamnesis, medical history, and the realisation of the required 

diagnostic scales and interviews. In addition, the patient will be asked about the 

required variables through anamnesis. 

At the 2nd visit, the patient will be asked about the urine LH-surge detection tests in 

order to ensure if a correct use has been done. If not, the results will not be reliable and 

the patient must be excluded from the study. 

The interval of 1 month between follow-up visits is established because the MINI Plus 

defines a diagnosis as “current” mainly if it has happened in an interval of one month 

before the visit or is happening in the same visit, so with this we will avoid a possible 

information bias. The 5th visit is established to follow-up patients with long-term 

corticotherapy, or to make a differential diagnosis between a glucocorticoid-induced 

disorder and a primary disorder (that not due to the substance use, but on which 

glucocorticoid exposure has got a trigger role), as patients with a primary disorder 

diagnosis would be finally considered as non-diagnosed of glucocorticoid-induced 

neuropsychiatric disorder. It would be possible if the clinical presentation does not 

disappear with proper treatment, or it takes too much time to disappear. 

If the patient does not assist to a follow-up visit, the psychiatrist will be responsible of 

searching whether the reason is a hospitalisation in the Psychiatric Unit of Hospital Santa 

Caterina, or in any other Psychiatric Unit on Catalonia if this can be seen in the Història 

Clínica Compartida a Catalunya, as these situations, if already diagnosed, will be 

categorised as “glucocorticoid-induced neuropsychiatric diagnosis”. The visit then will 

be rescheduled in order to ensure the unification of psychiatrists’ criteria in the study. 

Consecutive visits will depend on whether in any of the follow-up visits there is a 

diagnosis of a glucocorticoid-induced neuropsychiatric disorder. If there is a diagnosis 
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and it has already been treated successfully before the visit, there will be only one more 

follow-up visit (until a maximum of 5 visits) in order to evaluate a period of one month 

since last day of exposure to glucocorticoids (to exclude a primary disorder). If there is 

a diagnosis at the same time of the visit, or before but the symptomatology still persists, 

the next visit will be scheduled. 

All data collected during the follow-up process will also be anonymised and included in 

the study database.  

 

  

Figure 7. Data collection flowchart. Other withdrawal criteria will be considered across all the process. 
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9. STATISTICAL ANALYSIS 

The statistical analysis will be carried out by the statistician and it will be done using the 

Statistical Package for Social Sciences (SPSS) software version 29.0.1. 

We will establish a p < 0,05 value as statistically significant, defining a 95% confidence 

interval for all analyses. 

 

9.1 DESCRIPTIVE ANALYSIS 

Firstly, a descriptive analysis of the variables will be performed. As dependent variables 

(“glucocorticoid-induced neuropsychiatric disorder diagnosis”, “type of glucocorticoid-

induced neuropsychiatric disorder” pharmacologic treatment necessity for 

glucocorticoid induced neuropsychiatric disorder management”, first two primary and 

last one secondary objectives, respectively) and all the covariables in our study except 

from “duration of glucocorticoid treatment” are qualitative, they will be summarized by 

proportions or percentages. “Duration of glucocorticoid treatment” is a quantitative 

variable and will be summarized by mean +/- standard deviation (SD), and median and 

interquartile range. 

We will carry out a bivariate descriptive stratify of all dependent variables, by the groups 

defined by our independent variable (“menstrual cycle”, which will be classified into 

“follicular phase” or “luteal phase”). 

All these analyses will be further stratified by the covariables. Therefore, as covariates 

are known as possible risk factors, assessing the stratification by covariates of the 

dependent variable “glucocorticoid-induced neuropsychiatric disorder diagnosis” we 

will be able to evaluate the secondary objective of assessing whether women developing 

a glucocorticoid-induced neuropsychiatric disorder in each menstrual cycle phase 

exhibit a higher prevalence of currently known risk factors associated with such 

disorders. “Duration of glucocorticoid treatment” will be categorised in quartiles. 

 

 



Effects of menstrual cycle phase in glucocorticoid-induced neuropsychiatric disorders | Esther Vadillo González 

 

 57 

9.2 BIVARIATE INFERENCE  

The difference in “glucocorticoid-induced neuropsychiatric disorder diagnosis” between 

both groups, exposed (follicular phase) and non-exposed (luteal phase), will be tested 

using the Chi-square or the Fisher’s exact test (in case that in any cell the expected 

number of cases was lower than 5). 

In the same way, the difference in “type of glucocorticoid-induced neuropsychiatric 

disorder” between both groups, exposed (follicular phase) and non-exposed (luteal 

phase), will also be tested using the Chi-square or the Fisher’s exact test (in case that in 

any cell the expected number of cases was lower than 5).  

All the analyses will be stratified by the covariates. 

The difference of proportions needed to accomplish the secondary objective of 

assessing whether women developing a glucocorticoid-induced neuropsychiatric 

disorder in each menstrual cycle phase exhibit a higher prevalence of currently known 

risk factors associated with such disorders, will also be tested using the Chi-square or 

the Fisher’s exact test (in case that in any cell the expected number of cases was lower 

than 5) for qualitative variables, and Student’s t test for quantitative variables.    

 

9.2 MULTIVARIATE ANALYSIS 

Finally, a multivariate analysis will be performed, in order to analyse the relationship 

between the independent and the dependent variables, by controlling for the 

covariates, to avoid potential confounders and obtain interpretable results. It will be 

carried out using logistic regression models.  

To note, the polytomous dependent variable “type of glucocorticoid-induced 

neuropsychiatric disorder” will be separated into 7 dichotomous secondary dependent 

variables (one for each category), in order to perform the multivariate analysis avoiding 

non-standard models.  As this requires applying lots of models, we will have the multiple 

comparisons problem, thus increasing the probability of type I errors (false positives). 

To correct it, we will apply the Bonferroni correction.   
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10. ETHICAL AND LEGAL CONSIDERATIONS 

The present study will be evaluated by the CEIC Girona (Clinical Research Ethical 

Committee from Institut d’Asistència Sanitària de Girona and Hospital Josep Trueta) for 

its approval. In case of any objections, modifications will be done to achieve their 

conditions. Only after receiving their approval, the study will begin. 

Patients will enter the study only after they have been properly informed and they have 

signed the informed consent document, already evaluated by the CEIC.  

All the investigators of the study will declare that they have no conflicts of interest, and 

no financial expense will be provided to encourage participation.  

The study will be carried out following the ethical requirements set up by the 

“Declaration of Helsinki of ethical principles for medical research involving human 

subjects” of the World Medical Association (revised in October 2013). It will also respect 

the “Belmont Report: ethical principles and guidelines for the protection of human 

subjects of research” (written in 1979) and the bioethical principles of Beauchamp and 

Childress as follows: 

• Autonomy: all the participants of the study will receive an information document 

(Annex 7) which explains all the study information and will be able to ask any 

questions they have. In case they voluntarily agree to participate, they must sign 

the informed consent document (Annex 8). They will have the right of 

withdrawal from the study whenever they want and without any perjudice. In 

Spain, this is regulated by the law “Ley Orgánica 41/2002, de 14 de noviembre, 

básica reguladora de la autonomía del paciente y de derechos y obligaciones en 

materia de información y documentación clínica”. And, in Catalonia, it is also 

regulated by the law “Llei 16/2010, del 3 de juny, de modificació de la Llei 

21/2000, del 29 de desembre, sobre els drets d’informació concernent la salut i 

l’autonomia del pacient, i la documentación clínica”. 

The autonomy of the patient will also be preserved by the patient’s 

confidentiality and data protection, as all the personal data of the patients will 

be codified in a database with a code number for every patient, avoiding the 
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possibility of patients’ recognition. Only researchers will have access to this 

information, with the purpose of performing the study, and no third parties will 

be allowed to access to the patient’s data. Patients’ confidentiality will be 

protected by the following laws: “Reglamento (UE) 2016/679 del Parlamento 

Europeo y del Consejo, de 27 de abril de 2016, relativa a la protección de las 

personas físicas en lo que respecta al tratamiento de los datos personales y a la 

libre circulación de estos datos y por el que se deroga la Directiva 95/46/CE 

(Reglamento general de protección de datos)”, “Ley Orgánica 3/2018, de 5 de 

diciembre, de Protección de Datos Personales y garantía de los derechos 

digitales” and “Real Decreto 1720/2007, de 21 de diciembre, por el que se 

aprueba el Reglamento de Desarrollo de la Ley Orgánica 15/1999, de 13 de 

diciembre, de protección de datos de carácter personal”. 

• Beneficence: this study aims to discover if there is a relationship between 

menstrual cycle phase when starting the glucocorticoid treatment at high 

dosages and the development of glucocorticoid-induced neuropsychiatric 

disorders. In consequence, this information could help to the development of 

preventive strategies in the future to avoid glucocorticoid-induced 

neuropsychiatric disorders and its consequences in patient’s heath. 

• Non-maleficence: given the observational nature of the study, no harm will be 

done to the patient. 

• Justice: all the patients who meet the inclusion criteria and none of the exclusion 

criteria, and who have signed the informed consent document, will be 

considered equally for the participation in the study, without any kind of positive 

or negative discrimination, as these criteria are established in order to ensure 

the proper evaluation of the study objectives.  

In addition, as this is an observational study with drugs, the study will be conducted 

under the regulation of the following laws: 

• “Real decreto 957/2020, de 3 de noviembre, por el que se regulan los estudios 

observacionales con medicamentos de uso humano”. 
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• “Real Decreto Legislativo 1/2015, de 24 de julio, por el que se aprueba el texto 

refundido de la ley de garantías y uso racional de los medicamentos y productos 

sanitarios”. 

• “Ley 14/2007, de 3 de julio, de Investigación biomédica”. 
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11. WORK PLAN AND CHRONOGRAM  

11.1 RESEARCH TEAM 

Personnel involved in the study include: 

• Principal investigator: the person who will direct the execution of the project 

and ensure the correct application of the protocol, as well as the proper 

formation of the psychiatrists who will perform the interviews in each visit. 

Furthermore, he/she will be the responsible for developing the study design, 

writing the protocol, presenting it to the CEIC for its approval, supervising sample 

recruitment process, and proceeding with the interpretation and the 

presentation of the final results. 

• Study coordinators: in each hospital (Hospital Santa Caterina and Hospital Josep 

Trueta) there will be a person assigned to perform the supervision of the study 

in his/her centre, and to facilitate coordination with the principal investigator. 

• Co-investigators: the psychiatrists from the Psychiatric Interconsultation Service 

of Hospital Santa Caterina and Hospital Josep Trueta who will collect the data 

from the anamnesis, the medical history and the scales and interviews 

performed at each visit, and will introduce it to the study database. 

• Data manager: the person who will create the database of the study, and will 

attend the data processing, the quality control of the data and the 

anonymisation process. 

• Statistician: the person who will be responsible for carrying out the statistical 

analysis of the study. 

• Collaborators: all the health professionals necessary to carry out this study, such 

as the physicians of any specialty that prescribe a glucocorticoid treatment and 

preliminarily determine if patients meet the inclusion criteria and none of the 

exclusion criteria, nurses, nursing assistants, physicians specialised in clinical 

analysis, laboratory technicians, clinical pharmacologists, etc. 
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11.2 STUDY STAGES 

This study will be carried in 6 stages distributed within a total period of 3 years and 9 

months, starting in November 2023 and finishing in June 2027. It will be organised as 

follows: 

STAGE 0: STUDY DESIGN (November 2023 – January 2024) 

• Protocol development (November 2023 – January 2024): establishment of the 

study objectives and hypotheses, definition of the variables and design of the 

methodology. To develop the present protocol, exhaustive bibliographic 

research has been performed. This process has been led by the principal 

investigator. 

• Personnel recruitment (January 2024): in this period study coordinators and co-

investigators will be selected.  

STAGE 1: ETHICAL EVALUATION AND STUDY APPROVAL (January 2024 – 

March 2024) 

The protocol will be submitted to CEIC Girona (Clinical Research Ethical Committee from 

Institut d’Asistència Sanitària de Girona and Hospital Josep Trueta) for its approval. If 

necessary, adjustments to the protocol will be made. The duration of this stage may vary 

depending on how long it will take to achieve the approval. This process will be led by 

the principal investigator and the study coordinators. 

STAGE 2: INITIAL COORDINATION (March 2024 – April 2024) 

• First meeting of the research team (March 2024): the principal investigator, the 

study coordinator of each centre and the co-investigators of each centre will 

meet to discuss their roles and their organisation, and to address any issues they 

could have. 

• Database creation (March 2024 – April 2024): a data manager will be hired by 

the principal investigator, to develop an online codified database. 

• Coordination with other units from both hospitals (March 2024 – April 2024): 

several meetings will be scheduled between the main investigator, the study 



Effects of menstrual cycle phase in glucocorticoid-induced neuropsychiatric disorders | Esther Vadillo González 

 

 63 

coordinator of each hospital and the heads of all units that can prescribe 

glucocorticoid treatments to the study population from both hospitals. The 

protocol will be presented and explained to each head of unit in order to achieve 

its collaboration in the selection of patients that could enter into the study.  

• Training workshops (April 2024): all the co-investigators will meet to attend a 

formation on how to perform the interviews with the study patients and how to 

use the measurement instruments of the study. The aim of this formation is to 

homogenise the process and to unify psychiatrists’ criteria. This process will be 

led by the principal investigator and the co-investigators. 

STAGE 3: SAMPLE RECRUITMENT, DATA COLLECTION AND FOLLOW-UP 

(May 2024 – October 2026) 

• Sample recruitment (May 2024 – May 2026): a consecutive non-probabilistic 

sampling method will be used in each centre to achieve the sample size. The 

physicians from the collaborating units that prescribe corticoids to the study 

population will perform the preliminary selection of patients meeting the 

inclusion criteria and none of the exclusion criteria, and will give to them the 

patient information sheet (Annex 7) and the informed consent document (Annex 

8). Then the definitive selection of patients will be done in the 1st visit by the 

coinvestigators if the patient has signed the informed consent. 

• Data collection and follow-up (May 2024 – October 2026): each patient will be 

followed-up a maximum of 6 months, starting in the date when the patient is 

added to the study. In each follow-up visit, the data will be collected into the 

study database. 

This process will be led by the whole team, except from the statistician. During this 

stage, at least once a year the principal investigator, the study coordinator of each 

centre and the co-investigators of each centre will meet to evaluate if the protocol is 

being carried out correctly. 
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STAGE 4: STATISTICAL ANALYSIS AND INTERPRETATION OF THE RESULTS 

(November 2026 – February 2027) 

• Statistical analysis (November 2026 – January 2027): once the data has been 

collected a qualified statistician will be hired to perform the statistical analysis. 

• Interpretation of the results (February 2027): the principal investigator, the 

study coordinators and the co-investigators will meet to discuss the results of 

the study and define the final conclusions. 

STAGE 5: PUBLICATION AND DISSEMINATION OF THE RESULTS  (March 

2027 – July 2027) 

In this stage, the principal investigator and the study coordinators will write the research 

article according to the results, in order to publish it in a scientific journal. The results 

will be also presented in national and international congresses. 
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11.3 CHRONOGRAM 

Table 8. Chronogram. 

 
2023 2024 2025 2026 2027 

Nov Des Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Des Jan-Des 
Jan-
May 

Jun- 
Oct 

Nov-
Des 

Jan Feb 
Mar-
Apr 

Jun-
Jul 

STAGE 0: STUDY DESIGN 
Protocol 
development                       
Personnel 
recruitment                       

STAGE 1: ETHICAL EVALUATION AND STUDY APPROVAL 
Ethical evaluation 
and study approval                       

STAGE 2: INITIAL COORDINATION 
First meeting of the 
research team                        

Database creation                        
Coordination with 
other units from 
both hospitals 

                      

Training workshops                       

STAGE 3: SAMPLE RECRUITMENT, DATA COLLECTION AND FOLLOW-UP 

Sample recruitment                       
Data collection and 
follow-up                       

STAGE 4: STATISTICAL ANALYSIS AND INTERPRETATION OF THE RESULTS 

Statistical analysis                       
Interpretation of 
the results                       

STAGE 5: PUBLICATION AND DISSEMINATION OF THE RESULTS 
Publication and 
dissemination of 
the results 
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12. BUDGET 

12.1 PERSONNEL EXPENSES 

Since the main research team (principal investigator, study coordinators and co-

investigators) is composed by physicians who are employed by the hospitals included in 

the study, and the collaborators already work in the respective hospitals, their 

implication in the study will not imply an additional cost, as they will perform their duties 

as part of their work activity. 

The only extra costs in terms of personnel will be hiring an independent statistician and 

a data manager.  

The data manager approximated salary will be 35,00€/hour and we estimate 

approximately 200 hours of work, so it will have a total cost of 7.000,00€. 

The statistician approximated salary will be 35,00€/hour and we estimate 

approximately 80 hours of work, so it will have a total cost of 2.800,00€. 

 

12.2 EXECUTION EXPENSES 

To perform this study, there are extra expenses derived from the need for additional 

material, such as: 

• MINI copyright license agreement: both MINI and MINI Plus require a payment 

of 13,68€ (15$) per each administration. If all the patients underwent the totality 

of follow up visits, this would suppose a total of 1.020 administrations. The 

estimated total cost will be 13.953,60€. 

• MMSE forms: this test has now been copyrighted and it is necessary to purchase 

every form. They are sold in packages of 25 forms, with a price of 38,72€ per 

package. Assuming a total of 1.020 possible administrations, we would need a 

total of 41 packages. The estimated total cost will be 1.587,52€.       

• Printing costs: a cost of 0,05€/page will be considered. The estimated total cost 

will be 979,20€. 

o MINI printing: 204 administrations x 22 pages x 0,05 € = 224,40€ 
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o MINI Plus printing: 816 administrations x 16 pages x 0,05 € = 652,80€ 

o PHQ-9 printing: 1020 administrations x 1 page x 0,05€ = 51,00€ 

o Informed consent and patient information sheet printing: 204 

administrations x 5 pages x 0,05€ = 51,00€ 

• Urine LH-surge detection tests: if we consider the improbable situation that all 

the patients start the study follow-up in the first day of their cycle and had a cycle 

of 35 days (the maximum to enter in the study) with the possibility of no 

detecting any positive result until next menstruation onset, we will need a total 

of 7.140 tests. With a cost of 0,30 €/test, the estimated total cost will be 

2.142,00€. 

• CH50 determination: the approximated cost of each determination is 7,04 €. 

With a total of 204 determinations, the total cost will be 3.060,00 €. 

• Albuminemia determination: the approximated cost of each determination is 

2,07€. With a total of 204 determinations, the total cost will be 285,60€. 

As we consider this study unicentric due to the characteristics of the Psychiatric Unit in 

Girona, there will be no travel expenses related with the realisation of the meetings 

between the main research team. 

 

12.3 RESULTS DISSEMINATION EXPENSES  

• Publication expenses: we estimate that 2.000,00€ will be expended for the 

publication of the study results in a journal article. 

• Attendance to national and international congresses: in order to disseminate 

the results of our study, we assume an estimated cost of 3.000,00€ for the 

attendance of two investigators to two congresses (one national and one 

international), considering the inscription costs and the expenses derived from 

the trip (assuming 1.000,00€ for the national congress and 2.000,00€ for the 

international congress). 
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Table 9. Estimated budget for the study. 

 
COST PER UNIT 

NUMBER OF 
UNITS 

SUBTOTAL 

PERSONNEL EXPENSES 

Data manager 35,00€/hour 200 hours 7.000,00€ 

Statistician 35,00€/hour 80 hours 2.800,00€ 

EXECUTION EXPENSES 

MINI copyright 
license 
agreement 

13,68€/administration 
1.020 

administrations 
13.953,60€ 

MMSE forms 
38,72€/25 forms 

package 
41 packages 1.587,52€ 

MINI printing 0,05€/page 
204 

administrations x 
22 pages 

224,40€ 

MINI Plus printing 0,05€/page 
816 

administrations x 
16 pages 

652,80€ 

PHQ-9 printing 0,05€/page 
1020 

administrations x 
1 page 

51,00€ 

Informed consent 
and patient 
information sheet 
printing 

0,05€/page 
204 

administrations x 
5 pages 

51,00€ 

Urine LH-surge 
detection tests 

0,30€/test 
35 tests x 204 
participants 

2.142,00€ 

CH50 
determination 

7,04€/determination 
204 

determinations 
1.436,16€ 

Albuminemia 
determination 

2,07€/determination 
204 

determinations 
422,28€ 

RESULTS DISSEMINATION EXPENSES 

Publication 
expenses 

2.000,00€/publication 1 publication 2.000,00€ 

Inscription and 
trip cost for the 
national congress 

1.000,00€/congress 1 congress 1.000,00€ 

Inscription and 
trip cost for the 
international 
congress 

2.000,00€/congress 1 congress 2.000,00€ 

TOTAL 35.320,76€ 
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13. STUDY STRENGTHS AND LIMITATIONS 

13.1 STUDY LIMITATIONS 

• This study is a unicentric one, as all patients depend on the same Psychiatric Unit 

in the province of Girona. 

• In participants’ recruitment we use a non-probabilistic consecutive method, 

which could leave to a greater risk of a selection bias than other methods, due 

to the possibility of selecting a non-representative sample. This is tried to be 

minimised with the inclusion and exclusion criteria. 

• This study only includes patients with corticotherapy at high dosages prescribed 

in the hospital, thus also leading to the possibility of a selection bias, as primary 

care patients could also be prescribed with this treatment but they are not 

considered in the study. This would need further research in a future. 

• With regards to inclusion and exclusion criteria, we are only contemplating 

patients with a regular menstrual cycle in order to ensure that if we find a 

relationship between the variables, this is due to the cycle phase itself and no to 

specifics hormonal dysregulations of the patient. Moreover, we only include 

patients up to 45 years old because the likelihood of non-ovulatory cycles 

increases with age, especially as women approach to menopause onset. 

• Patients with a current mental disorder or past but with a time from remission 

of less than 6 months are excluded from the study in order to avoid a confusion 

bias.  

• As this is an observational study, we expect confusion bias to occur. In order to 

reduce this possibility, both bivariate and multivariate analysis will be carried out 

with all the potential confounding factors.  

• A this is a prospective study, there is a risk of patients’ loss during the follow-up 

process. However, to reduce it we have calculated the sample size with a drop-

out rate of 10%. 

• This study requires the coordination with all the units from both hospitals that 

could prescribe a glucocorticoid treatment at high dosages in their habitual 

practice, in order to obtain patients to participate in. 
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• There may be interprofessional variability when a diagnosis is done, even with 

the use of DSM-5-TR criteria. However, the use of validated measuring 

instruments and the training to perform the interviews in the follow-up visits 

aims to reduce this variability. 

 

13.2 STUDY STRENGTHS  

• This is the first study in the subject, as the relationship between glucocorticoid-

induced neuropsychiatric disorders and menstrual cycle phase has never been 

explored before. Additionally, it would contribute to a better understanding of 

its etiopathogenesis, as the role of female sex as a risk factor is not yet fully 

understood. The results of this study could provide a valuable knowledge for the 

prevention of these disorders. 

• This is a longitudinal study, which provides robustness to the results, compared 

to cross-sectional studies. 

• This is a prospective study, which allows to prevent a memory bias.  

• In order to determine the cycle phase of each individual, this study follows 

current evidence-based recommendations, with menstruation onset self-report 

and urine LH-surge determinations, to avoid imprecise methods that could lead 

to an information bias. 

• The proposed follow-up method provides the possibility of avoiding the 

confusion between a glucocorticoid-induced neuropsychiatric disorder diagnosis 

and a primary disorder that could have been triggered by glucocorticoid usage. 

• The interval of 1 month between follow-up visits (except from between the 4th 

and the 5th visit) allows to diagnose with a validated measurement instrument 

(the MINI Plus) a disorder that could have been successfully treated before the 

visit, thus avoiding a possible information bias.  

  



Effects of menstrual cycle phase in glucocorticoid-induced neuropsychiatric disorders | Esther Vadillo González 

 

 71 

14. FEASIBILITY 

We believe this study to be feasible, as resources and methodology have been optimized 

to achieve the highest possible feasibility.  

This is a unicentric study, as there is a common Psychiatric Unit in Girona, but actually 

with two hospitals, which allows for a higher quantity of potential participants. With our 

sample size of 204 patients, we estimate than the entire sample could be recruited 

within 1 year. However, to enhance the study’s feasibility, we will dedicate 2 years to 

sample recruitment. This is because not all the patients with a prescription for high-

dosage glucocorticoids will meet the inclusion criteria and none of the exclusion criteria. 

Moreover, not all those patients that meet the inclusion criteria and none of exclusion 

criteria will provide their informed consent.  

In order to perform the sample recruitment, ensuring the collaboration of all the units 

from both hospitals that could prescribe a glucocorticoid treatment at high dosages in 

their habitual practice could be difficult. Nevertheless, there will be meetings with heads 

of those units to achieve it, and a period of two months will be assigned to this purpose.  

 All the professionals that will compose the research team are already working on those 

hospitals, so no additional hiring of health professionals will be required, only needing 

to hire a data manager and a statistician. Furthermore, these health professionals 

already have a great training and experience for the tasks to be developed throughout 

the study, but they will also attend training workshops to unify their criteria. 

With regards to the budget, although it could be considered quietly high, we must take 

into account that this is a prospective cohort study with the use of biological samples, 

and other measuring tools (tests and structured interviews) that, although they are 

widely used in general practice, are copyrighted, and we must cover the expense. 

In summary, we consider this study to be feasible, and that the potential benefits 

outweigh any possible inconveniences associated with its execution.  
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15. PROJECT IMPACT AND FUTURE PERSPECTIVES 

Glucocorticoid-induced neuropsychiatric disorders appear in a 20% of patients  receiving 

dosages of 40 mg/day or more of prednisone or its equivalent (15–17,21), and these 

drugs are some of the most used ones in daily practice. Consequently, due to the severe 

repercussions that these diagnoses can have in patients’ life, prevention gains a relevant 

paper.  

However, to develop an appropriate prophylactic strategy, first we must comprehend 

the processes involved on its physiopathology, such as the ones promoting a higher risk 

among women.  

This project aims to discover whether menstruation cycle, due to its modifications on 

HPG axis, has an effect in glucocorticoid-induced neuropsychiatric disorders 

appearance, as glucocorticoids modify HPA axis, and we already know the existence of 

an interaction between HPG and HPA axis.  

Therefore, proving this study main hypothesis of a higher risk when starting the 

treatment during follicular phase, we could design some prophylactic strategies, such as 

postponing the corticotherapy onset until the luteal phase if possible, or following the 

patient more closely if we must start the treatment during the follicular phase. 

Moreover, discovering which type of glucocorticoid-induced neuropsychiatric disorder 

women are more prone to develop depending on the phase when they start the 

treatment, could give us clues to its proper diagnosis and could highlight the importance 

of its prevention. 

In addition, this is the first study to date that studies this possible relationship, thus 

possibly proportioning a valuable knowledge that could serve as a guide for future 

research. For example, future studies could focus on whether there is a specific event in 

follicular phase that promotes the higher risk among women, or could focus on proving 

different prophylactic strategies, as the ones proposed by us.  
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17. ANNEXES 

ANNEX 1. MAIN ADVERSE EFECTS OF GLUCOCORTICOIDS APART 

FROM NEUROPSYCHIATRIC ONES 

Table 10. Main side-effects of glucocorticoids. Modified from (10). 

SYSTEM AFFECTED SIDE EFFECTS 

Musculoskeletal 
Osteoporosis 
Avascular necrosis of bone 
Myopathy 

Endocrine and Metabolic 

Hyperglycaemia 
Hypokalaemia 
Diabetes Mellitus 
Dyslipidaemia 
Weight gain 
Cushingoid features 
Growth suppression 
Adrenal suppression 

Gastrointestinal 

Gastritis 
Peptic ulcer 
Gastrointestinal bleeding 
Visceral perforation 
Hepatic steatosis 
Pancreatitis 

Cardiovascular 

Hypertension 
Coronary heart disease 
Ischemic heart disease 
Heart failure 

Dermatologic 

Dermatoprosis 
Skin atrophy 
Ecchymosis 
Purpura 
Erosions 
Striae 
Delayed wound healing 
Easy bruising 
Acne 
Hirsutism  
Hair loss 

Ophthalmologic 

Cataract 
Glaucoma 
Ptosis 
Mydriasis 
Opportunistic ocular infections 
Central serous chorioretinopathy 

Immunologic Suppression of cell-mediated immunity 
Predisposition to infections 
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ANNEX 2. DSM-5-TR SPECIFIC DIAGNOSTIC CRITERIA FOR ALL THE 

SUBSTANCE/MEDICATION-INDUCED MENTAL DISORDER ENTITIES 

Adapted from (1). 

SUBSTANCE/MEDICATION-INDUCED PSYCHOTIC DISORDER 

 

A. Presence of one or both of the following symptoms: 

1. Delusions. 

2. Hallucinations. 

B. There is evidence from the history, physical examination, or laboratory findings of 

both (1) and (2): 

1. The symptoms in Criterion A developed during or soon after substance 

intoxication or withdrawal or after exposure to or withdrawal from a 

medication. 

2. The involved substance/medication is capable of producing the symptoms in 

Criterion A. 

C. The disturbance is not better explained by a psychotic disorder that is not 

substance/medication-induced. Such evidence of an independent psychotic disorder 

could include the following: 

• The symptoms preceded the onset of the substance/medication use; the 

symptoms persist for a substantial period of time (e.g., about 1 month) after 

the cessation of acute withdrawal or severe intoxication; or there is other 

evidence of an independent non-substance/medication-induced psychotic 

disorder (e.g., a history of recurrent non-substance/medication-related 

episodes). 

D. The disturbance does not occur exclusively during the course of a delirium. 

E. The disturbance causes clinically significant distress or impairment in social, 

occupational, or other important areas of functioning. 

Note: tis diagnosis should be made instead of a diagnosis of substance intoxication or 

substance withdrawal only when the symptoms in Criterion A predominate in the 

clinical picture and when they are sufficiently severe to warrant clinical attention. 
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Specify: 

• With onset during intoxication: if criteria are met for intoxication with the 

substance and the symptoms develop during intoxication. 

• With onset during withdrawal: if criteria are met for the withdrawal from the 

substance and the symptoms develop during, or shortly after, withdrawal. 

• With onset after medication use: if symptoms developed at initiation of 

medication, with a change in use of medication, or during withdrawal of 

medication. 

Specify current severity: 

• Severity is rated by a quantitative assessment of the primary symptoms od 

psychosis, including delusions, hallucinations, abnormal psychomotor 

behaviour, and negative symptoms. Each of these symptoms may be rated for 

its current severity (most severe in the last 7 days) on a 5-point scale ranging 

from 0 (not present) to 4 (present and severe). 

• Note: diagnosis of substance/medication-induced psychotic disorder can be 

made without this severity specifier. 

SUBSTANCE/MEDICATION-INDUCED BIPOLAR AND RELATED 

DISORDER 

 

A. A prominent and persistent disturbance in mood that predominates in the clinical 

picture and is characterised by abnormally elevated, expansive, or irritable mood and 

abnormally increased activity or energy. 

B. There is evidence from the history, physical examination, or laboratory findings of 

both (1) and (2): 

1. The symptoms in Criterion A developed during or soon after substance 

intoxication or withdrawal or after exposure to or withdrawal from a 

medication. 

2. The involved substance/medication is capable of producing the symptoms in 

Criterion A. 
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C. The disturbance is not better explained by a bipolar or related disorder that is not 

substance/medication-induced. Such evidence of an independent bipolar or related 

disorder could include the following: 

• The symptoms precede the onset of the substance/medication use; the 

symptoms persist for a substantial period of time (e.g., about 1 month) after 

the cessation of acute withdrawal or severe intoxication; or there is other 

evidence suggesting the existence of an independent non-

substance/medication-induced bipolar and related disorder (e.g., a history of 

recurrent non-substance/medication-related episodes). 

D. The disturbance does not occur exclusively during the course of a delirium. 

E. The disturbance causes clinically significant distress of impairment in social, 

occupational, or other important areas of functioning. 

Note: this diagnosis should be made instead of a diagnosis of substance intoxication 

or substance withdrawal only when the symptoms in Criterion A predominate in the 

clinical picture and when they are sufficiently severe to warrant clinical attention. 

Specify: 

• With onset during intoxication: if criteria are met for intoxication with the 

substance and the symptoms develop during intoxication. 

• With onset during withdrawal: if criteria are met for withdrawal from the 

substance and the symptoms develop during, or shortly after, withdrawal. 

• With onset after medication use: if symptoms developed at initiation of 

medication, with a change in use of medication, or during withdrawal of 

medication. 

SUBSTANCE/MEDICATION-INDUCED DEPRESSIVE DISORDER 

 

A. A prominent and persistent disturbance in mood that predominates in the clinical 

picture and is characterised by depressed mood or markedly diminished interest or 

pleasure in all, or almost all, activities.  

B. There is evidence from the history, physical examination, or laboratory findings of 

both (1) and (2): 
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1. The symptoms in Criterion A developed during or soon after substance 

intoxication or withdrawal or after exposure to or withdrawal from a 

medication. 

2. The involved substance/medication is capable of producing the symptoms in 

Criterion A. 

C. The disturbance is not better explained by a depressive disorder that is not 

substance/medication-induced. Such evidence of an independent depressive 

disorder could include the following: 

• The symptoms preceded the onset of the substance/medication use; the 

symptoms persist for a substantial period of time (e.g., about 1 month) after 

the cessation of acute withdrawal or severe intoxication; or there is other 

evidence suggesting the existence of an independent non-

substance/medication-induced depressive disorder (e.g., a history of 

recurrent non-substance/medication-related episodes). 

D. The disturbance does not occur exclusively during the course of a delirium. 

E. The disturbance causes clinically significant distress or impairment in social, 

occupational, or other important areas of functioning. 

Note: the diagnosis should be made instead of a diagnosis of substance intoxication 

or substance withdrawal only when symptoms in Criterion A predominate in the 

clinical picture and when they are sufficiently severe to warrant clinical attention. 

Specify: 

• With onset during intoxication: if criteria are met for intoxication with the 

substance and the symptoms develop during intoxication. 

• With onset during withdrawal: if criteria are met for withdrawal from the 

substance and the symptoms develop during, or shortly after, withdrawal. 

• With onset after medication use: if symptoms developed at initiation of 

medication, with a change in use of medication, or during withdrawal of 

medication. 
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SUBSTANCE/MEDICATION-INDUCED ANXIETY DISORDER 

 

A. Panic attacks or anxiety is predominant in the clinical picture. 

B. There is evidence from the history, physical examination, or laboratory findings of 

both (1) and (2): 

1. The symptoms in Criterion A developed during or soon after substance 

intoxication or withdrawal or after exposure to or withdrawal from a 

medication. 

2. The involved substance/medication is capable of producing the symptoms in 

Criterion A. 

C. The disturbance is not better explained by an anxiety disorder that is not 

substance/medication-induced. Such evidence of an independent anxiety disorder 

could include the following: 

• The symptoms precede the onset of the substance/medication use; the 

symptoms persist for a substantial period of time (e.g., about 1 month) after 

the cessation of acute withdrawal or severe intoxication; or there is other 

evidence suggesting the existence of an independent non-

substance/medication-induced anxiety disorder (e.g., a history of recurrent 

non-substance/medication-related episodes). 

D. The disturbance does not occur exclusively during the course of a delirium. 

E. The disturbance causes clinically significant distress or impairment in social, 

occupational, or other important areas of functioning. 

Note: the diagnosis should be made instead of a diagnosis of substance intoxication 

or substance withdrawal only when symptoms in Criterion A predominate in the 

clinical picture and when they are sufficiently severe to warrant clinical attention. 

Specify: 

• With onset during intoxication: if criteria are met for intoxication with the 

substance and the symptoms develop during intoxication. 

• With onset during withdrawal: if criteria are met for withdrawal from the 

substance and the symptoms develop during, or shortly after, withdrawal. 
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• With onset after medication use: if symptoms developed at initiation of 

medication, with a change in use of medication, or during withdrawal of 

medication. 

SUBSTANCE/MEDICATION-INDUCED OBSESSIVE-COMPULSIVE AND 

RELATED DISORDER 

 

A. Obsessions, compulsions, skin picking, hair pulling, other body-focused repetitive 

behaviours, or other symptoms characteristic of the obsessive-compulsive and 

related disorders predominate in the clinical picture. 

B. There is evidence from the history, physical examination, or laboratory findings of 

both (1) and (2): 

1. The symptoms in Criterion A developed during or soon after substance 

intoxication or withdrawal or after exposure to or withdrawal from a 

medication. 

2. The involved substance/medication is capable of producing the symptoms in 

Criterion A. 

C. The disturbance is not better explained by an obsessive-compulsive and related 

disorder that is not substance/medication-induced. Such evidence of an independent 

obsessive-compulsive and related disorder could include the following: 

• The symptoms precede the onset of the substance/medication use; the 

symptoms persist for a substantial period of time (e.g., about 1 month) after 

the cessation of acute withdrawal or severe intoxication; or there is other 

evidence suggesting the existence of an independent non-

substance/medication-induced obsessive-compulsive and related disorder 

(e.g., a history of recurrent non-substance/medication-related episodes). 

D. The disturbance does not occur exclusively during the course of a delirium. 

E. The disturbance causes clinically significant distress or impairment in social, 

occupational, or other important areas of functioning. 
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Note: the diagnosis should be made instead of a diagnosis of substance intoxication 

or substance withdrawal only when symptoms in Criterion A predominate in the 

clinical picture and when they are sufficiently severe to warrant clinical attention. 

Specify: 

• With onset during intoxication: if criteria are met for intoxication with the 

substance and the symptoms develop during intoxication. 

• With onset during withdrawal: if criteria are met for withdrawal from the 

substance and the symptoms develop during, or shortly after, withdrawal. 

• With onset after medication use: if symptoms developed at initiation of 

medication, with a change in use of medication, or during withdrawal of 

medication. 

SUBSTANCE/MEDICATION-INDUCED SLEEP DISORDER 

 

A. A prominent and severe disturbance in sleep. 

B. There is evidence from the history, physical examination, or laboratory findings of 

both (1) and (2): 

1. The symptoms in Criterion A developed during or soon after substance 

intoxication or withdrawal or after exposure to or withdrawal from a 

medication. 

2. The involved substance/medication is capable of producing the symptoms in 

Criterion A. 

C. The disturbance is not better explained by a sleep disorder that is not 

substance/medication-induced. Such evidence of an independent sleep disorder 

could include the following: 

• The symptoms precede the onset of the substance/medication use; the 

symptoms persist for a substantial period of time (e.g., about 1 month) after 

the cessation of acute withdrawal or severe intoxication; or there is other 

evidence suggesting the existence of an independent non-

substance/medication-induced sleep disorder (e.g., a history of recurrent non-

substance/medication-related episodes). 
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D. The disturbance does not occur exclusively during the course of a delirium. 

E. The disturbance causes clinically significant distress or impairment in social, 

occupational, or other important areas of functioning. 

Note: the diagnosis should be made instead of a diagnosis of substance intoxication 

or substance withdrawal only when symptoms in Criterion A predominate in the 

clinical picture and when they are sufficiently severe to warrant clinical attention. 

Specify whether: 

• Insomnia type: characterised by difficulty falling asleep or maintaining sleep, 

frequent nocturnal awakenings, or nonrestorative sleep. 

• Daytime sleepiness type: characterised by predominant complaint of 

excessive sleepiness/fatigue during waking hours or, less commonly, a long 

sleep period. 

• Parasomnia type: characterised by abnormal behavioural events during sleep. 

• Mixed type: characterised by a substance/medication-induced sleep problem 

characterised by multiple types of sleep symptoms, but no symptom clearly 

predominates. 

Specify: 

• With onset during intoxication: if criteria are met for intoxication with the 

substance and the symptoms develop during intoxication. 

• With onset during withdrawal: if criteria are met for withdrawal from the 

substance and the symptoms develop during, or shortly after, withdrawal. 

• With onset after medication use: if symptoms developed at initiation of 

medication, with a change in use of medication, or during withdrawal of 

medication. 

SUBSTANCE/MEDICATION-INDUCED SEXUAL DYSFUNCTION 

 

A. A clinically significant disturbance in sexual function is predominant in the clinical 

picture. 

B. There is evidence from the history, physical examination, or laboratory findings of 

both (1) and (2): 
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1. The symptoms in Criterion A developed during or soon after substance 

intoxication or withdrawal or after exposure to or withdrawal from a 

medication. 

2. The involved substance/medication is capable of producing the symptoms in 

Criterion A. 

C. The disturbance is not better explained by a sexual dysfunction that is not 

substance/medication-induced. Such evidence of an independent sexual dysfunction 

could include the following: 

• The symptoms precede the onset of the substance/medication use; the 

symptoms persist for a substantial period of time (e.g., about 1 month) after 

the cessation of acute withdrawal or severe intoxication; or there is other 

evidence suggesting the existence of an independent non-

substance/medication-induced sexual dysfunction (e.g., a history of recurrent 

non-substance/medication-related episodes). 

D. The disturbance does not occur exclusively during the course of a delirium. 

E. The disturbance causes clinically significant distress or impairment in social, 

occupational, or other important areas of functioning. 

Note: the diagnosis should be made instead of a diagnosis of substance intoxication 

or substance withdrawal only when symptoms in Criterion A predominate in the 

clinical picture and when they are sufficiently severe to warrant clinical attention. 

Specify: 

• With onset during intoxication: if criteria are met for intoxication with the 

substance and the symptoms develop during intoxication. 

• With onset during withdrawal: if criteria are met for withdrawal from the 

substance and the symptoms develop during, or shortly after, withdrawal. 

• With onset after medication use: if symptoms developed at initiation of 

medication, with a change in use of medication, or during withdrawal of 

medication. 

Specify current severity: 

• Mild: occurs on 25%-50% of occasions of sexual activity. 
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• Moderate: occurs on 50%-75% of occasions of sexual activity. 

• Severe: occurs on 75% or more of occasions of sexual activity. 

DELIRIUM 

Delirium is often seen as a differential diagnosis of all the other substance-induced 

mental disorders. However, we should take into account that delirium itself may have 

the specifier “medication-induced delirium”, as exposed below:  

A. A disturbance in attention (i.e., reduced ability to direct, focus, sustain, and shift 

attention) accompanied by reduced awareness of the environment. 

B. The disturbance develops over a short period of time (usually hours to a few days), 

represents a change from baseline attention and awareness, and tends to fluctuate 

in severity during the course of a day. 

C. An additional disturbance in cognition (e.g., memory deficit, disorientation, 

language, visuospatial ability, or perception). 

D. The disturbances in Criteria A and C are not better explained by another 

preexisting, established, or evolving neurocognitive disorder and do not occur in the 

context of a severely reduced level of arousal, such as coma. 

E. There us evidence from the history, physical examination, or laboratory findings, 

that the disturbance is a direct physiological consequence of another medical 

condition, substance intoxication or withdrawal (i.e., due to a drug abuse or to a 

medication), or exposure to a toxin, or is due to multiple etiologies. 

Specify if: 

• Acute: lasting a few hours or days. 

• Persistent: lasting weeks or months. 

Specify if: 

• Hyperactive: the individual has a hyperactive level of psychomotor activity 

that may be accompanied by mood lability, agitation, and/or refusal to 

cooperate with medical care. 

• Hypoactive: the individual has a hypoactive level of psychomotor activity that 

may be accompanied by sluggishness and lethargy that approaches stupor. 
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• Mixed level of activity: the individual has a normal level of psychomotor 

activity even though attention and awareness are disturbed. Also includes 

individuals whose activity level rapidly fluctuates. 

Specify whether: 

• Substance intoxication delirium: this diagnosis should be made instead of 

substance intoxication when the symptoms in Criteria A and C predominate in 

the clinical picture and when they are sufficiently severe to warrant clinical 

attention. 

• Substance withdrawal delirium: this diagnosis should be made instead of 

substance withdrawal when symptoms in Criteria A and C predominate in the 

clinical picture and when they are sufficiently severe to warrant clinical 

attention. 

• Medication-induced delirium: this diagnosis applies when the symptoms in 

Criteria A and C arise as a side effect of a medication taken as prescribed. 

• Delirium due to another medical condition: there is evidence from the 

history, physical examination, or laboratory findings that the disturbance is 

attributable to the physiological consequences of another medical condition. 

• Delirium due to multiple etiologies: there is evidence from the history, 

physical examination, or laboratory findings that the delirium has more than 

one etiology (e.g., more than one etiological medical condition; another 

medical condition plus substance intoxication or medication side effect). 

SUBSTANCE/MEDICATION-INDUCED MAJOR OR MILD 

NEUROCOGNITIVE DISORDER 

 

A. The criteria are met for major or mild neurocognitive disorder. 

B. The neurocognitive impairments do not occur exclusively during the course of a 

delirium and persist beyond the usual duration of intoxication and acute withdrawal. 

C. The involved substance or medication and duration and extent of use are capable 

of producing the neurocognitive impairment. 
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D. The temporal course of the neurocognitive deficits is consistent with the timing of 

substance or medication use and abstinence (e.g., the deficits remain stable or 

improve after a period of abstinence). 

E. The neurocognitive disorder is not attributable to another medical condition or is 

not better explained by another mental disorder. 
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ANNEX 3. MINI INTERNATIONAL NEUROPSYCHIATRIC INTERVIEW 

(MINI) 
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ANNEX 4. MINI INTERNATIONAL NEUROPSYCHIATRIC INTERVIEW 

PLUS (MINI PLUS) 
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ANNEX 5. PATIENT HEALTH QUESTIONNAIRE-9 (PHQ-9) 
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ANNEX 6. MINI MENTAL STATE EXAMINATION (MMSE)  
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ANNEX 7. PATIENT INFORMATION SHEET  

FULL D’INFORMACIÓ PER AL PACIENT 

Estudi: Effects of menstrual cycle phase in glucocorticoid-induced neuropsychiatric 

disorders: a cohort study. 

Investigadors principals: Dr. Domènec Serrano Sarbosa i Esther Vadillo González. 

Benvolguda, 

Ens adrecem a vostè per convidar-la a participar en un estudi d’investigació portat a 

terme pel Servei d’Interconsulta de Psiquiatria de l’Hospital Santa Caterina i l’Hospital 

Josep Trueta. Aquest estudi ha estat prèviament aprovat pel Comitè d’Ètica 

d’Investigació Clínica de Girona (CEIC Girona), conforme a la legislació vigent. 

Aquest document té la intenció de transmetre-li la informació necessària sobre l’estudi 

perquè pugui decidir sobre la seva participació. Li preguem que el llegeixi atentament i 

en cas que tingui algun dubte ens ho consulti als membres de l’equip investigador. 

OBJECTIUS DE L’ESTUDI 

Els glucocorticoides són un tractament amplament estès. Entre les seves complicacions, 

i especialment quan s’utilitzen dosis altes, hi figura la possible aparició d’una sèrie de 

trastorns neuropsiquiàtrics, com ara ansietat, depressió, mania, hipomania, psicosi, etc.  

A dia d’avui encara no existeixen estratègies eficaces de prevenció. Fins ara, coneixem 

alguns factors de risc, com ara el sexe femení. Les dones tenen el doble de risc, i es pensa 

que això es podria deure a la influència de factors com la interacció entre hormones.  

Segons estudis previs, les respostes del cortisol (hormona de la qual els glucocorticoides 

en són anàlegs sintètics) a l’estrès psicosocial són similars entre homes i dones a la fase 

lútia del cicle menstrual (aquella que va des de la meitat del cicle fins l’inici d’una nova 

menstruació), però diferents a la fase fol·licular del cicle (aquella que va des de l’inici de 

la menstruació fins la meitat del cicle). 

A partir d’aquesta idea, l’objectiu principal de l’estudi és valorar l’associació entre la fase 

del cicle menstrual en què la pacient inicia el tractament amb glucocorticoides a dosis 
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altes i l’aparició d’algun trastorn neuropsiquiàtric induït per glucocorticoides. També 

volem saber si depenent de la fase hi ha més incidència d’algun trastorn o algun altre, i 

si les pacients que desenvolupen algun trastorn tenen més o menys dels altres factors 

de risc, i més o menys necessitat d’ús de tractaments farmacològics pel maneig del 

trastorn, en base a la fase del cicle menstrual en què la pacient inicia el tractament.  

DESCRIPCIÓ DE L’ESTUDI 

L’estudi es realitzarà en l’hospital en el qual vostè ha rebut la prescripció de tractament, 

durant un període de màxim 6 mesos. Com és un estudi observacional, no se li realitzarà 

cap intervenció addicional i el maneig del seu cas no serà gaire diferent al d’un pacient 

que no hi participi. 

Si decideix participar, se li programarà una visita amb un psiquiatra el dia després de la 

prescripció, i se li demanarà que comenci el tractament el dia de la visita.  

En aquesta primera visita se li donaran tests de detecció de LH en orina (tests d’ovulació) 

per tal que es faci un cada dia fins a obtenir un resultat positiu o comenci una nova 

menstruació, i això ens ajudi a determinar la fase del cicle menstrual en què es trobava 

quan va començar el tractament. Se li donaran instruccions per a comunicar a l’equip 

investigador el resultat positiu. A més, en totes les visites se li farà una entrevista 

psiquiàtrica. A la primera visita també se li realitzarà una analítica sanguínia per valorar 

altres paràmetres descrits com a factors de risc. 

BENEFICIS I RISCOS DE L’ESTUDI 

L’estudi està enfocat a proporcionar un coneixement útil per a plantejar futures 

estratègies de prevenció, de manera que es podria proporcionar en un futur un benefici 

general per a totes les dones que hagin d’iniciar un tractament amb glucocorticoides a 

dosis altes. No obtindrà un benefici personal directe per la seva participació. 

Com que es tracta d’un estudi observacional, els procediments que es realitzaran no 

difereixen dels utilitzats en la pràctica clínica diària i, per tant, la seva participació no 

comporta un risc afegit. 
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CONFIDENCIALITAT I PROTECCIÓ DE DADES 

La informació que s’obtingui de la realització de l’estudi serà totalment confidencial i 

serà gestionada de forma anònima i utilitzada només amb fins d’investigació, d’acord 

amb la Llei Orgànica 3/2018, de 5 de desembre, de protecció de dades personals i 

garantia dels drets digitals, i el Reglament 2016/679 del Parlament i el Consell Europeu. 

Per garantir la màxima confidencialitat, a l’inici de l’estudi se li assignarà un codi numèric 

mitjançant el qual s’identificaran les seves dades. L’accés a aquestes quedarà restringit 

a l’equip investigador. 

PARTICIPACIÓ EN L’ESTUDI I COMPENSACIÓ ECONÒMICA 

La participació en l’estudi és totalment voluntària. Si accepta participar, tindrà el dret de 

revocar el seu consentiment en qualsevol moment, sense necessitat d’explicar-ne els 

motius, i sense que això repercuteixi en la seva assistència mèdica.  

No s’ofereix cap compensació econòmica per participar en l’estudi i tampoc li suposarà 

cap cost addicional. Els investigadors tampoc rebran cap compensació econòmica. 

RESULTATS DE LA INVESTIGACIÓ 

El pacient està en el seu dret de ser informat dels resultats de la investigació. En cas que 

es publiquin els resultats de l’estudi en publicacions o congressos, mai es farà de forma 

individualitzada, assegurant per tant la no identificació dels pacients.  

CONTACTE  

Pot posar-se en contacte amb l’investigador principal i els altres membres de l’equip 

investigador si al llarg de l’estudi li sorgeixen nous dubtes o precisa de més informació. 

Telèfon:_______________         Correu electrònic:_______________________________  

Gracies per la seva atenció. 

Atentament, 

L’equip investigador  
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ANNEX 8. INFORMED CONSENT DOCUMENT 

CONSENTIMENT INFORMAT 

Estudi: Effects of menstrual cycle phase in glucocorticoid-induced neuropsychiatric 

disorders: a cohort study. 

Investigadors principals: Dr. Domènec Serrano Sarbosa i Esther Vadillo González. 

Jo,____________________________________________________________________, 

amb DNI/NIE ____________________, declaro que: 

• He llegit i comprès el Full d’Informació per al Pacient que se m’ha entregat en 

relació als objectius de l’estudi. 

• He pogut formular totes les preguntes que he considerat oportunes sobre 

l’estudi i aquestes han estat respostes satisfactòriament per l’investigador 

responsable. 

• Estic conforme amb la quantitat d’informació facilitada sobre l’estudi. 

• He estat informada per l’investigador __________________________________ 

de les implicacions i finalitats de l’estudi.  

• Entenc que la meva participació és voluntària i no remunerada.  

• Entenc que en qualsevol moment puc revocar consentiment de participació en 

l’estudi, sense haver de donar justificacions i sense afectar la meva assistència 

sanitària. 

• Dono permís perquè les meves dades i la meva història clínica puguin ser 

utilitzades per l’equip investigador amb finalitats relacionades amb l’estudi. 

• Entenc que es respectarà la confidencialitat de les meves dades personals i que 

puc sol·licitar la retirada i eliminació d’aquestes en qualsevol moment de l’estudi. 

• Dono permís perquè els investigadors contactin amb mi per telèfon mòbil si soc 

apte per entrar a l’estudi. Seguidament indico el meu número de contacte: 

_________________.  

• Declaro que se m’ha donat una còpia del Full d’Informació per al Pacient i una 

còpia d’aquest document signat. 
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En conseqüència, DONO EL MEU CONSENTIMENT a participar en aquest estudi i estic 

d’acord en que la informació obtinguda pugui ser utilitzada en investigacions 

futures. 

 

 

Signatura de la pacient                                                                   Signatura de l’investigador/a 

Lloc i data: _____________, ______ de ___________ de 20___. 

 

 

REVOCACIÓ DEL CONSENTIMENT INFORMAT 

Jo, _________________________________________________________________, 

amb DNI/NIE ____________________, revoco el consentiment prèviament signat 

per a participar en l’estudi: Effects of menstrual cycle phase in glucocorticoid-induced 

neuropsychiatric disorders: a cohort study. 

 

 

Signatura del pacient                                                                     Signatura de l’investigador/a 

Lloc i data: _____________, ______ de ___________ de 20___. 

 

 

 

 

 


