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Abstract

:

The impact of the COVID-19 health crisis on the mental health of the population requires the implementation of new primary screening strategies of mental health disorders to intervene in a timelier manner, and technology may provide solutions. We aimed to evaluate the usefulness of the mobile app Mentali (version 1.1.2; creators: Jorge Alfonso Solís Galván Sodel Vázquez Reyes, Margarita de la Luz Martínez Fierro, Perla Velasco Elizondo, Idalia Garza Veloz, Alejandro Mauricio González and Claudia Caldera Villalobos, Zacatecas, México) as a primary screening tool for anxiety and depression disorders in medical students and to assess the triggering risk factors. This was a descriptive and longitudinal study and included 155 Mexican medical students. Participants interacted with Mentali for 6 months. The mobile app integrated the Beck anxiety and depression inventories together with a mood module. At the end of the interaction, the students received psychological and psychiatric interventions to confirm their primary diagnoses. Symptoms of moderate/severe anxiety and depression were present in 62.6% and 54.6% of the studied population. When corroborating the diagnoses, Mentali obtained a sensitivity of 100%, 95%, and 43% to classify a mental health disorder, anxiety, and depression, respectively. The most important triggers found were as follows: belonging to a dysfunctional family, being introverted, and having suffered from bullying. The proportion of users with excellent/good mood decreased from 78.7% to 34.4% at the end of the semester, and the proportion of users who claimed to have bad/very bad mood increased from 7.4% to 34.4% at the end of the semester (p < 0.05). Mentali was useful for identifying users with anxiety and/or depression, and as an auxiliary tool to coordinate the provision of specialized interventions, allowing us to increase the proportion of patients who needed psychological care and received it by 30%. The efficacy of Mentali in identifying activities through time with an impact on the mood and mental health of the users was confirmed. Our results support the use of Mentali for the primary screening of mental health disorders in young adults, including medical students.
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1. Introduction


Anxiety and depression are problems with a great impact on public health [1]. The importance of these problems has increased in recent years due to the COVID-19 pandemic, which began with an outbreak reported in Wuhan in China on 31 December 2019 [2]. Worldwide, according to the World Health Organization (WHO) data, during the first year of the COVID-19 pandemic, the prevalence of anxiety and depression experienced an increase of 25% [3], and depression was considered a leading cause of disability [2]. In Mexico, the National Survey of Self-Reported Well-Being (ENBIARE) in 2021 reported that the proportion of the population with symptoms of depression and anxiety amounted to 15.4% and 31.3% of the adult population, respectively [4].



The Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition (DSM-5) considers depressive disorders as a disruptive deregulation of mood, with common features of its subdivisions including the presence of sadness, irritability, or feelings of emptiness [5]. Depressive disorders may be associated with disabling somatic and cognitive changes, differing in presentation, duration, and possible etiology, where major depressive disorder is the classic presentation, characterized by episodes with a duration of at least 2 weeks [5]. Regarding anxiety disorders, they share the characteristics of excessive anxiety and fear, understanding fear as an emotional response to an imminent threat, real or imaginary, and anxiety as an anticipatory response to a future threat [5,6]. These conditions differ from each other by the situations or objects that induce them, the type of associated cognition, and the duration. Anxiety and/or depression may begin in childhood and persist if they are not treated, or they may also be established in adulthood [5]. Mental health disorders represent an enormous cost to society [7], and, in individuals with these conditions and without treatment, they have been associated with other pathologies, such as fibromyalgia, thyroid disorders, and arterial hypertension [8], as well as suicide, which has a strong link [9].



In Mexico, the recent COVID-19 Health Care Workers Study (HEROES), promoted by the Pan-American Health Organization (PAHO) [10], reported that 59.6% of Mexican health personnel had symptoms of mild depression, 24% had moderate symptoms, 10.6% were diagnosed with moderate to severe depression, and 5.7% showed severe symptoms of depression [11]. Similarly, among young adults who are pursuing university studies, medical students experience higher levels of anxiety due to the high academic demands [12]. Pre-pandemic studies have shown that 1 in 3 medical students suffer from anxiety, with an overall prevalence of 33.8%, and moderate to severe depression in 14%. Despite extensive studies, there are no clear common risk factors associated with this mental condition and therefore more studies are needed to identify them [13,14,15].



Recently, the potential of mental health apps to improve the monitoring and management of mental health disorders [16] has emerged, but the development of a specific, brief screening test that facilitates the identification of at-risk individuals is necessary [17]. Recent studies have made it clear that the status of mental health in the population can be evidenced by internet searches [18]; however, there is currently insufficient evidence to support the effectiveness of apps for mental health screening and/or classification, and therefore methodologically sound research studies evaluating their effectiveness are needed [19,20,21]. The usefulness or diagnostic capacity of a test is conferred by the presence/absence of the disease in the individuals to whom it is applied and actually have or do not have the disease, where the sensitivity and specificity are the parameters that define its validity, and these are considered intrinsic characteristics of the test [22,23]. Currently, there is a lack of technological tools used for the screening of mental health disorders with a follow-up by professionals [24], which may support and validate their diagnostic capacity [25]. The use of mobile applications is a promising area, since it allows optimizing the time of attention, the immediacy of data processing and resolution, a friendly design, and confidentiality and cost-effectiveness [26,27,28].



Objective


The aim of this study was to evaluate the usefulness of a mobile app (Mentali) as a primary screening tool for anxiety and depression disorders in Mexican medical students. In addition, we also evaluated the main factors associated with the development of mental health problems in the studied population.





2. Materials and Methods


2.1. Study Design and Participants


This was a descriptive and longitudinal study carried out in Zacatecas, Mexico. First-semester medical students from the Academic Unit of Human Medicine and Health Sciences of the Autonomous University of Zacatecas were invited to participate voluntarily. After providing informed consent, all the participants were invited to download and interact with the Mentali app. There were no exclusion criteria for the study. Users who did not interact with Mentali or who decided to abandon the project were eliminated from the study. The recruitment was conducted from August to December 2021.




2.2. Instruments and Scales


2.2.1. Mentali App


Mentali is a mobile application developed by the team of the Molecular Medicine Laboratory from the Universidad Autónoma de Zacatecas, in Mexico (creators: Jorge Alfonso Solís Galván, Sodel Vázquez Reyes, Margarita de la Luz Martínez Fierro, Perla Velasco Elizondo, Idalia Garza Veloz, Alejandro Mauricio González, and Claudia Caldera Villalobos. Registration number: 03-2021-121414575000-01). It was designed for the primary screening of anxiety and depression. Mentali is available in the App Store (https://n9.cl/mentaliapp (accessed on 1 July 2021)), Play Store (https://n9.cl/mentali_playstore (accessed on 1 July 2021)), and App Gallery (https://n9.cl/mentali_appgallery (accessed on 1 July 2021)). The app consists of 3 modules: 2 concerning the Beck inventories for anxiety and depression, respectively, which allow responses in two-week intervals, and another module consisting of a traffic light mood graph, which can be answered in an unlimited manner with the answers “Excellent”, “Good”, “Regular”, “Bad”, and “Very bad”. The mood chart provides the option to freely write about the activities performed when answering. The recording of the words generates a semantic field of frequent words that serves to identify the triggering factors, where they correlate with another group of words associated with a degree of severity previously established within mild, moderate, and severe categories, as shown in Supplementary Materials Table S1.




2.2.2. Beck Inventories


The Beck inventories for anxiety and depression are composed of 21 items each, which allow the evaluation of the corresponding symptoms presented by the participant during the last 2 weeks [29]. These inventories have already been validated in the Spanish language [30]. The weighting of the items ranges from 0 to 3; 0 is absolute, 1 slight, 2 moderate, and 3 severe, which, when added, can yield a total score between 0 and 63 [31], thus establishing the following cut-off points:




	
Anxiety: 0–7 points, minimal anxiety; 8–15, mild anxiety; 16–25, moderate anxiety; 26–63, severe anxiety.



	
Depression: 0–9 points, minimal depression; 10–16, mild depression; 17–29, moderate depression; 30–63, severe depression.










2.3. Psychological Intervention and Clinical History


The continuous interaction of the students with the app allowed us to automatically determine the “alerts”, which were equivalent to a moderate–severe score on 2 consecutive occasions. This measure was applicable to either inventory. Alerts within the mood module were determined manually, according to alarm words categorized as “very high” and “high” consecutively (see Supplementary Materials Table S1). Participants who generated the alerts were contacted to offer them psychological care and they were free to decide whether they were interested in receiving it. Psychological diagnosis was used as a gold standard to compare the results of the primary screening obtained using Mentali.



During the stage of intervention, both clinical and psychological history were included to produce a comprehensive diagnostic impression. At this time, the Hamilton inventories for both anxiety and depression were considered (see below for the description of these inventories). The clinical history consisted of the following sections: personal information, habitus exterior, DSM-5 criteria for major depressive disorder, current medical status, psychodrama, family history, triggers, personal assessment, pathological and non-pathological personal history, conclusions, and diagnostic impression.



In addition, as part of the psychological evaluation, the family APGAR was also included, which evidenced the way in which a person perceives the functioning of his or her family at a given moment [32]. This evaluation has shown a strong association with mental disorders in medical students [33]. Each of the established options had a score ranging from 0 to 4, where 0 = Never, 1 = Almost Never, 2 = Sometimes, 3 = Almost Always, 4 = Always. According to the above, the following cut-off points were established: 17–20, 16–13, 12–10, and <9, for normal, mild dysfunction, moderate dysfunction, and severe dysfunction, respectively.



2.3.1. Hamilton Anxiety Rating Scale (HARS)


The HARS is a psychological questionnaire with a Likert-type scale that is administered by a clinician after an interview. Each item is scored from 0 to 4 points, assessing both its intensity and frequency, and 2 scores can be obtained that correspond to psychic anxiety (items 1–6 and 14) and somatic anxiety (items 7–12 and 13). A higher score indicates a higher intensity of anxiety, with the maximum score being 56. The HARS is sensitive to variations over time or after treatment. The cut-off points are as follows: <17, 18–24, 25–30, and >31, for minor, moderate, severe, and very severe anxiety [34,35], respectively.




2.3.2. Hamilton Depression Rating Scale (HDRS)


The HDRS is a psychological test that uses a Likert-type scale, designed to be used in patients previously diagnosed with depression, with the aim of quantitatively evaluating the severity of symptoms and evaluating the changes in the patient; its updated version was created with 17 items, which is recommended by the National Institute of Mental Health of the United States [36]. Each question has between 3 and 5 answers, with a score of 0–2 or 0–4, respectively, where the total score ranges from 0 to 52. The following cut–off points have been established: 0–7 = not depressed, 8–13 = mild depression, 14–18 = moderate depression, 19–22 = severe depression, >23 = very severe depression.



After psychological evaluation, patients who needed psychiatric care were detected to provide them with joint care with pharmacological treatment if necessary, according to the psychiatric manual guidelines and the Mexican clinical practice guidelines [37,38,39]. Once the psychiatric clinical history was obtained, the diagnostic impressions of the 3 levels of care were compared.





2.4. Data Analysis


The information obtained during the study was stored in a Microsoft Excel spreadsheet. The data were represented as mean ± standard deviation (SD) or percentage. Comparisons of proportions between groups were carried out using Chi-square, Fisher’s exact test, and odds ratios. To evaluate the usefulness of the Mentali app to classify anxiety and depression, the Bayes theorem [22] was used. For this, 2 × 2 tables were constructed to calculate the sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV). Sigma Plot 12.0 software (Systat Software Inc., San Jose, CA, USA) was used to perform data analysis. p-values < 0.05 were considered significant. For the production of graphs, Numbers v11.1 (Apple Inc., Cupertino, CA, USA), Canva web (CANVA PTY LTD, Perth, Western Australia), and the Mentali app were used.




2.5. Ethical Considerations


The protocol was approved by the following Institutional Review Boards: Comité de Ética en Investigación (ID: CAICCL/REV.1/03/2021) and Comité de Investigación (ID: AL-FAMC/CI/02/2020). The participation of the students was voluntary and they were included after obtaining informed consent. During the study, personal identity data were kept confidential, in accordance with the regulations of the Mexican General Health Law, the Mexican guidelines NOM-004-SSA3-2012 of the clinical record and the ethical principles of the Helsinki Declaration [40,41].





3. Results


3.1. Description of the Characteristics of the Sample


A total of 201 first-semester medical students, who agreed to participate in the study, downloaded and installed the Mentali app on their cellphones. However, 46 students were eliminated from the study because they had no interaction with the app during the period of time evaluated. According to the above, 155 participants who interacted with Mentali were included (Figure 1). The average age was 21.3 (±1.7) years (range: 17–26 years) and 64.5% of the participants were women. A total of 121 (78%) Mentali users interacted at least once with the Beck inventories module, and 139 (89.6%) routinely interacted with the mood module. Figure 1 shows a breakdown of the first stage of the study, from the initial interaction with the Mentali app to the end of the follow-up, and summarizes the results of the primary screening.




3.2. Anxiety and Depression Primary Screening


Of the 155 Mentali users included in the study, 55 (35.4%) medical students responded to both the anxiety and depression inventories. Overall, 83 (53.5%) responded to the Beck inventory of depression and 93 (60%) to the Beck anxiety inventory (Figure 1). Figure 2 shows the results of the general primary screening using Mentali, classifying patients by severity according to the Beck inventories’ criteria. During the period of time evaluated, the primary screening of moderate–severe depression was positive for 54.6% of the participants completing the inventories in the Mentali app (Figure 2A), and 62.6% had a positive test result for moderate–severe anxiety (Figure 2B).



According to the results obtained using Mentali, 40 users generated alerts and therefore were candidates for psychological intervention (Figure 1). Among these, 15 (37.5%) had a positive primary screening for anxiety, 12 (30%) for both disorders, 3 (7.5%) for anxiety plus mood, 1 (2.5%) generated an alert in all 3 modules (anxiety, depression, and mood), and 9 (22.5%) generated alerts only in relation to mood. Considering only the participants who needed psychological intervention, 26 (65%) accepted it, 12 (30%) did not respond to the invitation, and 2 (5%) participants were already receiving psychological care with an external specialist. Ten (38.4%) of the students who agreed to receive care from a specialist had obtained a positive screening for anxiety, 8 (30.7%) for both disorders, 3 (11.5%) for anxiety plus mood, 1 (3.8%) for both disorders and mood, and 4 (15.3%) had only alerts for mood.




3.3. Evaluation of Mood


This module was developed to identify triggering factors associated with mood and to correlate the influence of user activities on depression and/or anxiety episodes. There were 139 users interacting with the mood module (Figure 1). Among these, for 62 (40%) participants, this was the only module that they used, yielding a total of 2845 responses. Moreover, 23% of the responses for mood were “Excellent”, 35.1% “Good”, 24.1% “Fair”, 12.1% “Bad”, and 5.4% “Very bad”. When the analysis of the associated activities was performed, the words most present were “Homework”, with 385 responses, “Anatomy”, with 120, “Study”, with 250, and “Classes”, with 545. Considering this tool, nine users generated alerts and therefore psychological care was offered.




3.4. Psychological Care


The patients referred to psychological care (n = 26) comprised 18 (69.2%) women and 8 (30.7%) men. 92.3% of them were single and 84.6% were of the Catholic religion.



3.4.1. Psychological Medical History


The following results were obtained from the analysis of the external habitus of the individuals studied: 17 (65.3%) of the 26 patients had an age corresponding to their physical appearance, 9 (34.6%) had a high height, and 6 (23%) low; in relation to weight, 12 (46.1%) had a low weight and 6 (23%) were overweight. Regarding personal arrangement, 24 (92.3%) were classified as aligned. Regarding eye contact, 7 (26.9%) avoided it, and regarding behavior, 11 (42.3%) were tense and 1 (3.8%) behaved evasively; the rest of the participants were within standard ranges. When analyzing the DSM-5 criteria for major depressive disorder and generalized anxiety disorder in the study population, feelings of guilt (88%), low self-esteem (92.3%), lack of concentration (92.3%), and fatigue (92.3%) were the variables with higher frequency among the patients in psychological care (Figure 3).



In the family history section, the analysis of the family APGAR showed that 69.2% of the patients had a normal score; 3.8%, 11.5%, and 11.5% had mild, moderate, and severe dysfunction, respectively. Among the family types, 73% of the patients had a nuclear family, 15.3% had single-parent families, 7.6% reconstructed, and 3.8% of the participants did not answer. The psychological history also collected the risk factors by social area (Table 1), where the presence of conflicts in the family (46.1%) and in the relationship (15.3%) and school stress (50%) predominated; likewise, the triggers by life stages were evaluated (Supplementary Materials Table S2), where the most prevalent were having suffered from family conflicts throughout life, growing up with an introverted personality, and having suffered from bullying at school.



In the self-evaluation aspects, 38.4% felt comfortable with themselves and 50% did not. Regarding work or school aspects, 38.4% of the patients felt fulfilled and 42.3% felt dissatisfied; regarding their affective partners, 26.9% were satisfied and 19.2% dissatisfied. Empathy levels were as follows: only 1 patient (3.8%) showed an “Excellent” level, 17 (65.3%) patients had a range of “Very good”, and 1 person (3.8%) “Good”. Empathy data could not be retrieved from the psychological records of 7 patients.




3.4.2. Hamilton Scales


During the evaluation of the Hamilton anxiety score, two patients obtained a mild score (7.6%), eight (30.7%) moderate, six (23%) severe, and six (23%) very severe, whereas four (15.3%) did not continue psychological therapy and therefore did not complete this scale. In the evaluation of the scores of the Hamilton depression scale, 1 patient (3.8%) obtained a mild score, 5 (19.2%) moderate, 2 (7.6%) severe, and 13 (50%) very severe; 5 patients did not complete this scale (19.2%). Once the psychological history and the interview evaluation were integrated, the psychologist issued the following diagnostic impressions (Figure 4): the most frequent diagnosis was anxiety plus mild depression, present in 7 patients, followed by unspecified generalized anxiety (n = 4). Of the 26 patients who attended psychological treatment, 6 were referred to psychiatry and only 5 accepted it.





3.5. Psychiatric Care


From the data collected from the psychiatric clinical records, there were four patients with a family history of mental disorders: in two of them, their mother had depression, the mother of one patient had anxiety, and the mother and cousin of another patient had a diagnosis of schizophrenia. Referring to their current mental health condition, 100% had a long evolution, mostly with onset in childhood. Two patients had polycystic ovary syndrome (PCOS) and one patient had a hyperactive bladder. The most prominent signs observed were as follows: four patients presented with anguish, three patients with despair, two presented with anhedonia, two had a history of self-harm, and two patients had insomnia. Among the symptoms observed in these participants were tachycardia, diaphoresis, tremors, chest tightness, tension headaches, and paresthesia.



Two patients were diagnosed with mixed anxiety–depressive disorder, two with generalized anxiety disorder, and one patient with depressive episodes (Table 2). The treatment used was based on selective serotonin reuptake inhibitors, mainly using fluoxetine, in some cases combined with benzodiazepines and muscle relaxants for accompanying symptoms such as insomnia and bruxism. They are currently in follow-up in conjunction with psychological therapy. Table 2 shows, in a comparative manner, the diagnoses obtained via the three attention levels.




3.6. Evaluation of Mentali as a Tool for Primary Screening of Anxiety and Depression


Once the data analysis was completed, a total of 24 patients had completed all items, which allowed us to assess Mentali’s usefulness. For this analysis, we considered only the diagnostic impression of psychology as the gold standard. Two patients were omitted from this analysis because they did not complete the psychological intervention. According to the data described previously, for anxiety, Mentali has a sensitivity of 95% and a specificity of 25%. Regarding depression, the sensitivity and specificity of the app were calculated as 43% and 80%, respectively. The PPV and NPV were 86.4% and 50% in classifying anxiety, and 75% and 50% in classifying depression. For the detection of a mental health disorder, the sensitivity of Mentali was calculated to be 100%.




3.7. Mentali as a Tool for Monitoring Mental Health Conditions and Mood during School Periods


In order to evaluate whether the academic periods influenced the mood of the students, three times during the school period were selected considering the academic demands to which students are regularly exposed. The times selected were at the beginning of the academic course, during the first midterm, and during the period of the final academic tests (Table 3). At the beginning of the semester, the users of the Mentali mood module created a total of 310 records; 78.7% of the users claimed to feel excellent/good and 7.4% stated that their mood was bad/very bad. The proportions of users with excellent/good mood decreased from 78.7% to 34.4% at the end of the semester (p ≤ 0.001; OR = 0.1, 95% IC: 0.06–0.32). Conversely, the proportion of users who claimed to have bad/very bad mood at the beginning of the semester increased from 7.4% to 34.4% at the end of the semester (p ≤ 0.001; OR = 6.5, 95% IC: 2.73–15.76). For anxiety and depression analysis and its evolution during the academic period using the Mentali app, we only selected two times during the semester, because the Beck inventories required at least two positive screenings; at the end of the study, there were few inventories completed by the users. The two times selected were at the beginning of the academic period and at the middle of the semester. Figure 5 shows the results of the comparison of the proportion of positive screenings obtained at the beginning and at the middle of the semester for both depression (Figure 5A) and anxiety (Figure 5B) using Mentali. The proportion of positive screenings for severe depression was 10.3% at the beginning of the semester, and it increased to 37.5% at mid-semester (p = 0.05; OR = 5.2, 95% IC: 1.08–24.89). Similarly, there was an increment in severe/moderate anxiety-positive screenings from 34.6% at the beginning to 83.3% at mid-semester (p = 0.06; OR = 9.4, 95% IC: 0.95–93.63).





4. Discussion


Although it has been reported that one in three medical students suffer from anxiety and approximately 41% experience depression, there are no clear common risk factors associated with these mental conditions in this population [12,13,14]. Additionally, the demands brought about by the COVID-19 health crisis necessitate the implementation of new strategies that allow healthcare professionals to intervene in a timelier manner by leveraging technology. Accordingly, the aim of this study was to evaluate the usefulness of a mobile app (Mentali) as a primary screening tool for anxiety and depressive disorders in Mexican medical students and to evaluate the main factors associated with the development of mental health problems in the studied population.



According to the Mentali primary screening, during the period evaluated, symptoms of moderate/severe anxiety and depression were present in 62.6% and 54.6% of the studied population, respectively. These results are much higher than those reported in the Mexican ENBIARE survey, where it was found that 31.3% and 15.4% of the adult population had symptoms of anxiety and depression, respectively [4]. These findings corroborate the notion that medical students have additional risk factors that predispose them to developing these mental conditions. In spite of the high percentage of Mentali users with symptoms of anxiety and/or depression during the general primary screening, considering the criteria of the Beck inventories for anxiety and depression, only 20% and 8.3% of the users generated alerts that indicated that they should be referred to psychological care. These frequencies are even higher than those reported previously by Ana M. Bassols et al. in a study carried out in Rio Grande do Sul, Brazil [42], and are also similar to those reported by ENBIARE (19.3% for severe anxiety) for the adult population in Mexico [4]. According to the above, the need for the establishment of population-based screenings for the identification and awareness of mental disorders in young adults, including medical students, is highly evident.



At the time of referral to psychology and psychiatry, 65% of the Mentali users accepted the therapy. Previous data reported that among the patients who required psychological care, only 35% visited the mental health specialist to receive the therapy [43]. These results are very important because Mentali allowed us to increase the proportion of patients who needed psychological care and received it by 30%. Of note, among the patients who accepted the therapy, the presence of a mental health disorder was corroborated in 100% of them, which lends credibility to the usefulness of the application for primary screening.



From the data collected, it was shown that 76.9% of the students evaluated in terms of psychology had suffered from family conflicts and feelings of parental disapproval; moreover, 22.9% belonged to a non-traditional family, the main modality being the single-parent family. Additionally, of the patients referred to psychiatry, 80% of them had family antecedents of anxiety and depression. As seen in previous studies, stress, especially that which occurs in the first years of life, is one of the main triggers related to depressive disorders [44]. In addition, emotional, physical, or sexual abuse, family violence, parental delinquency or mental illness, substance abuse [45], and the loss or separation of a parent and lack of attachment are often determinants of children’s mental health [46,47]. The family APGAR is useful for investigating the functioning of a family at a given time [32]. Our study identified 26.8% of patients with some degree of family dysfunction. The family has been considered a strategic nucleus within the psychosocial care model [47], being the main area of implementation of therapeutic interventions [48,49]. On the other hand, maintaining a healthy lifestyle is essential to maintaining mental health [50]. Studies conducted during the COVID-19 pandemic with this approach revealed that of the seven lifestyle domains (diet and nutrition, substance abuse, physical activity, stress management, restful sleep, social support, and environmental exposures), the most affected were exposure to outdoor time (93.6%) and physical activity (70.2%) [51]. Moreover, inappropriate eating habits and body image concerns increased, especially in individuals with pre-existing mental disorders [52]. Regarding the Mentali population who received psychological care, in the long term, 22.9% presented with obesity, 7.6% with bulimia/anorexia, and 15.2% with gastrointestinal problems. In this sense, it is important to note that the role of adipose tissue in controlling emotions has emerged, because it is considered an endocrine organ that secretes peptide hormones that are regulators of metabolism and behavior, including in the brain [53]. Leptin has been related to antidepressant and anxiolytic effects [54], but in the presence of obesity, there is a resistance to it [55], despite being found in the circulation proportionally to the size of the fat mass [56]. Similarly, there is resistance to other adipokines, insulin resistance, and altered plasma cortisol levels, along with hypothalamic–pituitary–adrenal (HPA) dysregulation, also involved in the control of emotions [53]. The accumulation of central fat also stimulates the entry of saturated free fatty acids into the brain, and the release of cytokines and inflammatory signals (C-reactive protein), which may promote neuroinflammatory responses and depressive behaviors. In parallel is the negative affect associated with the self-perception of this condition [57,58]. These pathophysiological changes are also associated with increased suicidal thoughts [58,59,60]; conversely, dietary intervention appears to be a promising therapy to treat these disorders [61,62].



Among other triggering factors, all the patients in psychological therapy stated that they had suffered from bullying at some time in their lives, being more accentuated during infancy, and they presented with problems in socializing. In the school setting, the triggering factor was perceived stress upon entering university, where a lack of concentration had a greater impact [63]. Regarding the DSM-5 criteria, in our study, the most frequent symptoms were low self-esteem, lack of concentration, tiredness, and feelings of guilt. In the self-evaluation, the introversion trait was the most frequent; 50% of the patients did not feel at ease with themselves and 42% were dissatisfied with their school environment, but they did have high levels of empathy. Previous studies have shown that personality traits such as introversion and empathy are risk factors for mental disorder development [64,65].



It is important to highlight that when analyzing the diagnostic capacity [22] of Mentali, a small sample was processed that considered only the patients who fulfilled all the requirements. However, the existence of a mental disorder was evidenced in 100% of the patients referred to psychology and psychiatry, which proves that Mentali is a practical and reliable tool for the screening of mental disorders. The sensitivity and specificity of Mentali to classify anxiety and depression were calculated to be 95% and 43%, and 25% and 80%, respectively. However, it is important to mention that because only the patients undergoing psychological evaluation were considered, the capacity of the mobile application to classify individuals without a condition (specificity) may introduce bias and therefore should be considered cautiously.



The evaluation of the Mentali app as a tool for monitoring the evolution of mood and mental health disorders and their impact during different times of the school period showed differences in the mood of the students at the beginning of the semester and that observed at the final examinations, with increased severity, finding higher bad/very bad responses in 27% of participants. Similarly, the results of the Beck inventories showed that anxiety was associated with an increase of 48.7% in moderate/severe responses at the beginning of exams compared to the beginning of the semester. An increase of 18.3% in moderate/severe responses to the depression inventories was also observed, attributing the increase in severity to the academic demands of the period, as reported previously [66]. These findings are important because they demonstrate that there is a direct influence of academic activities on medical students throughout the semester, which has an important impact on their mental health, and therefore university authorities should implement coping strategies to lessen these effects and create a healthier academic environment.



Finally, our results also showed that 77.1% of the users who installed Mentali interacted with it. However, there was a considerable percentage of the population (89.6%) that interacted with the mood module. Among participants interacting with the mood module, for 40%, this was the only module that they used, leaving the inventories aside. The inventories in general were only used by 60% of the users, which, we assume, may be due to the demand and time involved in answering the questionnaires with numerous items, and it reflects the need to develop new screening tests that are more attractive for young adults at high risk of suffering from anxiety and/or depression.



Limitations


The main limitation of the study was the number of users included in the evaluation of the classificatory capacity of the app for anxiety and depression. In this study stage, only the patients undergoing psychological evaluation were considered during the calculations, and therefore the capacity of the mobile application to classify individuals without a mental health condition (specificity) may introduce bias and should be considered cautiously. Additional studies will be necessary to reproduce the results and evaluate the diagnostic parameters of Mentali on larger populations. In the same way, in this study only first-semester medical students were considered and therefore the triggering factors of a mental health condition and the associations between mood and academic activities should be considered in that context.





5. Conclusions


Depression and anxiety are an important public health problem due to their increased prevalence and strong impact on rates of disability. This study showed that the use of the Mentali mobile application had a good impact on identifying people with a mental health disorder, with a sensitivity of 100%, 95% for detecting anxiety, and 43% for depression. The mobile application showed efficacy as a tool for coordinating the provision of specialized interventions, allowing us to increase the proportion of patients who needed psychological care and received it by 30%. Mentali also demonstrated that there was a direct influence of the academic activities on medical students throughout the semester, which had an important impact on their mood. This information may be used by university authorities to implement coping strategies to lessen the negative effects and to create healthier academic environments. Due to the confinements and limitations of face-to-face activities during the COVID-19 pandemic, the introduction of Mentali for the primary screening of mental health disorders in young adults, including medical students, is useful for diminishing the negative impacts that they bring.




6. Patents


The web application was registered with the Mexican Instituto Nacional del Derecho de Autor on 4 January 2022 (Registration number: 03-2021-121414575000-01). Likewise, the registration of the mobile application was made on 10 January 2022 (Registration number: 431 03-2021-090711134000-01).








Supplementary Materials


The following supporting information can be downloaded at: https://www.mdpi.com/article/10.3390/brainsci12091223/s1, Table S1: Words of Alarm, Table S2: Description of triggering factors associated with anxiety and/or depression by stage of life.





Author Contributions


Conceptualization, M.L.M.-F. and I.G.-V.; methodology, M.L.M.-F. and J.A.S.-G.; software, J.A.S.-G., S.V.-R., A.M.-G. and P.V.-E.; validation, M.L.M.-F., S.V.-R. and I.G.-V.; formal analysis, M.L.M.-F., A.E.A.-H. and M.E.P.-H.; investigation, M.L.M.-F., A.E.A.-H., M.E.P.-H., Z.Y.V.-L. and A.G.C.-M.; resources, M.L.M.-F., L.A.-C. and Y.O.-C.; data curation, M.L.M.-F., A.E.A.-H. and M.E.P.-H.; writing—original draft preparation, M.L.M.-F., A.E.A.-H. and M.E.P.-H.; writing—review and editing, M.L.M.-F., A.E.A.-H., M.E.P.-H., P.V.-E. and L.A.-C.; visualization, M.L.M.-F., A.E.A.-H. and M.E.P.-H.; supervision, M.L.M.-F., Y.O.-C. and I.G.-V.; funding acquisition, M.L.M.-F. and I.G.-V. All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding. The editing and publication costs were financed by the Academic Unit of Human Medicine and Health Sciences at the Autonomous University of Zacatecas.




Institutional Review Board Statement


The protocol was approved by the following Institutional Review Boards: Comité de Ética en Investigación (ID: CAICCL/REV.1/03/2021) and Comité de Investigación (ID: ALFAMC/CI/02/2020). The participation of the students was voluntary and they were included after obtaining informed consent. During the study, personal identity data were kept confidential, in accordance with the regulations of the Mexican General Health Law, the Mexican guidelines NOM-004-SSA3-2012 of the clinical record and the ethical principles of the Helsinki Declaration.




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


All data supporting the reported results are included in the manuscript. Additional information regarding data that support the findings of this study will be available from the corresponding author [M.L.M.-F.], upon reasonable request.




Acknowledgments


The authors thank the medical students for their participation in providing information because it allowed us to validate the use of Mentali as a primary screening tool for the identification of mental disorders in young adults.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Rost, K. Disability from depression: The public health challenge to primary care. Nord. J. Psychiatry 2009, 63, 17–21. [Google Scholar] [CrossRef]

	



World Health Organization. WHO-Convened Global Study of Origins of SARS-CoV-2: China Part; Joint WHO-China Study: Geneva, Switzerland, 2021. [Google Scholar]

	



Brunier, A. COVID-19 Pandemic Triggers 25% Increase in Prevalence of Anxiety and Depression Worldwide; World Health Organization: Geneva, Switzerland, 2022. [Google Scholar]

	



INEGI. Encuesta Nacional de Bienestar Autorreportado (ENBIARE) 2021; Instituto Nacional de Estadística y Geografía (INEGI): Ciudad de México, Mexico, 2021; p. 26. [Google Scholar]

	



Association, A.P. Diagnostic and Statistical Manual of Mental Disorders, 5th ed.; Editorial Médica Panamericana: Madrid, Spain, 2014; Volume 21, pp. 591–643. [Google Scholar]

	



Malllen, M.M.; Garza, D.N.L. Trastornos de ansiedad. Neurol. Neurocir. Psiquiatr. 2017, 44, 101–107. [Google Scholar]

	



Tham, W.W.; Sojli, E.; Bryant, R.; McAleer, M. Common mental disorders and economic uncertainty: Evidence from the COVID-19 pandemic in the US. PLoS ONE 2021, 16, e0260726. [Google Scholar] [CrossRef] [PubMed]

	



Sicras-Mainar, A.; Blanca-Tamayo, M.; Gutiérrez-Nicuesa, L.; Salvatella-Pasant, J.; Navarro-Artieda, y.R. Impacto de la morbilidad, uso de recursos y costes en el mantenimiento de la remisión de la depresión mayor en España: Estudio longitudinal de ámbito poblacional. Gac. Sanit. 2010, 24, 13–19. [Google Scholar] [CrossRef] [PubMed]

	



De Jesús Moreno-Gordillo, G.; Trujillo-Olivera, L.E.; García-Chong, N.R.; Tapia-Garduño, F. Suicidio y depresión en adolescentes: Una revisión de la literatura. Rev. Chil. Salud Pública 2019, 23, 31–41. [Google Scholar] [CrossRef]

	



Mascayano, F.; van der Ven, E.; Moro, M.F.; Schilling, S.; Alarcón, S.; Al Barathie, J.; Alnasser, L.; Asaoka, H.; Ayinde, O.; Balalian, A.A.; et al. The impact of the COVID-19 pandemic on the mental health of healthcare workers: Study protocol for the COVID-19 HEalth caRe wOrkErS (HEROES) study. Soc. Psychiatry Psychiatr. Epidemiol. 2022, 57, 633–645. [Google Scholar] [CrossRef]

	



Susser, E.; Alvarado, R.; Mascayano, F. The COVID-19 Health Care Workers Study (HEROES); Organización Panamericana de la Salud: Washington, DC, USA, 2021. [Google Scholar]

	



Capdevila-Gaudens, P.; García-Abajo, J.M.; Flores-Funes, D.; García-Barbero, M.; García-Estañ, J. Depression, anxiety, burnout and empathy among Spanish medical students. PLoS ONE. 2021, 16, e0260359. [Google Scholar] [CrossRef]

	



Quek, T.T.; Tam, W.W.; Tran, B.X.; Zhang, M.; Zhang, Z.; Ho, C.S.; Ho, R.C. The Global Prevalence of Anxiety Among Medical Students: A Meta-Analysis. Int. J. Environ. Res. Public Health 2019, 16, 2735. [Google Scholar] [CrossRef]

	



Murillo, O.G.; García, G.E.P.; Echegaray, R.M.; García, P.C.G.; Chávez, N.A. Estudio Comparatico: Trastorno De Ansiedad Generalizado (TAG) y Preocupación En Estudiantes De La Universidad Autónoma De Zacatecas. Integr. Académica En. Psicol. 2019, 7, 85–96. [Google Scholar]

	



Azad, N.; Shahid, A.; Abbas, N.; Shaheen, A.; Munir, N. Anxiety And Depression In Medical Students Of A Private Medical College. J. Ayub Med. Coll. Abbottabad JAMC 2017, 29, 123–127. [Google Scholar]

	



Grossman, J.T.; Frumkin, M.R.; Rodebaugh, T.L.; Lenze, E.J. mHealth Assessment and Intervention of Depression and Anxiety in Older Adults. Harv. Rev. Psychiatry 2020, 28, 203–214. [Google Scholar] [CrossRef] [PubMed]

	



Salinas-Rodríguez, A.; Manrique-Espinoza, B.; Acosta-Castillo, I.; Ma Téllez-Rojo, M.; Franco-Núñez, A.; Gutiérrez-Robledo, L.M.; Sosa-Ortiz, A.L. Validación de un punto de corte para la Escala de Depresión del Centro de Estudios Epidemiológicos, versión abreviada (CESD-7). Salud Publica Mex. 2013, 55, 267–274. [Google Scholar] [CrossRef]

	



Becerra-García, J.A.; Sánchez-Gutiérrez, T.; Barbeito, S.; Calvo, A. COVID-19 pandemic and mental health in Spain: An analysis of their relationship using Google Trends. Rev. Psiquiatr. Salud Ment. 2021, 8. [Google Scholar]

	



Grist, R.; Porter, J.; Stallard, P. Mental health mobile apps for preadolescents and adolescents: A systematic review. J. Med. Internet Res. 2017, 19, e7332. [Google Scholar] [CrossRef] [PubMed]

	



Wiljer, D.; Shi, J.; Lo, B.; Sanches, M.; Hollenberg, E.; Johnson, A.; Abi-Jaoudé, A.; Chaim, G.; Cleverley, K.; Henderson, J. Effects of a Mobile and Web App (Thought Spot) on Mental Health Help-Seeking Among College and University Students: Randomized Controlled Trial. J. Med. Internet Res. 2020, 22, e20790. [Google Scholar] [CrossRef]

	



Donker, T.; Petrie, K.; Proudfoot, J.; Clarke, J.; Birch, M.-R.; Christensen, H. Smartphones for smarter delivery of mental health programs: A systematic review. J. Med. Internet Res. 2013, 15, e2791. [Google Scholar] [CrossRef]

	



González, C.G.; Castán, J.P. Capítulo 8: Pruebas diagnósticas. Concordancia. SEMERGEN—Med. De Fam. 2007, 33, 509–519. [Google Scholar] [CrossRef]

	



Medina, M.C. Generalidades de las pruebas diagnósticas, y su utilidad en la toma de decisiones médicas. Rev. Colomb. De Psiquiatr. 2011, 40, 787–797. [Google Scholar] [CrossRef]

	



Wang, K.; Varma, D.S.; Prosperi, M. A systematic review of the effectiveness of mobile apps for monitoring and management of mental health symptoms or disorders. J. Psychiatr. Res. 2018, 107, 73–78. [Google Scholar] [CrossRef]

	



Khademian, F.; Aslani, A.; Bastani, P. The effects of mobile apps on stress, anxiety, and depression: Overview of systematic reviews. Int. J. Technol. Assess. Health Care 2020, 37, e4. [Google Scholar] [CrossRef]

	



Zhao, J.; Freeman, B.; Li, M. Can Mobile Phone Apps Influence People’s Health Behavior Change? An Evidence Review. J. Med. Internet Res. 2016, 18, e287. [Google Scholar] [CrossRef] [PubMed]

	



Chandran, V.P.; Balakrishnan, A.; Rashid, M.; Pai Kulyadi, G.; Khan, S.; Devi, E.S.; Nair, S.; Thunga, G. Mobile applications in medical education: A systematic review and meta-analysis. PLoS ONE 2022, 17, e0265927. [Google Scholar] [CrossRef]

	



García, A.S.; Casas, J.M.M. Apps de salud: Nuevas herramientas para el cuidado del paciente cardiológico. Enferm Cardiol. 2015, 22, 28–34. [Google Scholar]

	



Jackson-Koku, G. Beck depression inventory. Occup. Med. 2016, 66, 174–175. [Google Scholar] [CrossRef] [PubMed]

	



Wiebe, J.S.; Penley, J.A. A psychometric comparison of the Beck Depression Inventory-II in English and Spanish. Psychol. Assess. 2005, 17, 481–485. [Google Scholar] [CrossRef]

	



Araneda, R.M.; Solar, F.C.; González, P.R.; Peralta, M.V. Propiedades psicométricas del Inventario de Depresión de Beck-II en adolescentes chilenos. Ter. Psicológica 2008, 26, 59–69. [Google Scholar]

	



Cuba, M.A.S.; Espinoza, M.A. APGAR familiar: Una herramienta para detectar disfunción familiar. Rev. Méd. La Paz 2014, 20, 53–57. [Google Scholar]

	



Shao, R.; He, P.; Ling, B.; Tan, L.; Xu, L.; Hou, Y.; Kong, L.; Yang, Y. Prevalence of depression and anxiety and correlations between depression, anxiety, family functioning, social support and coping styles among Chinese medical students. BMC Psychol. 2020, 8, 38. [Google Scholar] [CrossRef]

	



Bruss, G.S.; Gruenberg, A.M.; Goldstein, R.D.; Barber, J.P. Hamilton anxiety rating scale interview guide: Joint interview and test-retest methods for interrater reliability. Psychiatry Res. 1994, 53, 191–202. [Google Scholar] [CrossRef]

	



Teutli, A.; Escala de Ansiedad de Hamilton. Alejandra Teutli: Servicio Andaluz de Salud. Consejeria de Salud. Available online: https://www.huvn.es/archivos/cms/enfermeria-en-huvn/archivos/publico/cuestionarios/Cuestionarios-2/escala_de_ansiedad_de_hamilton.pdf (accessed on 3 March 2022).

	



Sharp, R. The Hamilton Rating Scale for Depression. J. Occup. Med. 2015, 65, 340. [Google Scholar] [CrossRef]

	



Black, D.W.; Andreasen, N.C. Texto Introductorio de Psiquiatría; Editorial El Manual Moderno: Mexico City, Mexico, 2015. [Google Scholar]

	



Manyari, M.V.; Salinas, I.M.; Andrade-González, N.; Lahera, G. Tratamiento farmacológico de la depresión: Comparación entre las principales Guías de Práctica Clínica. Revista de Investivación y Educación en Ciencias de la Salud 2017, 2, 72–84. [Google Scholar] [CrossRef]

	



Martin, G.H.; Segura, P.C. Guía clínica para el manejo de la ansiedad; Instituto nacional de psiquiatría Ramon de la Fuente: Ciudad de México, México, 2010.

	



World Medical Association. World Medical Association Declaration of Helsinki: Ethical principles for medical research involving human subjects. JAMA 2013, 310, 2191–2194. [Google Scholar] [CrossRef]

	



De Salud, S. Norma Oficial Mexicana NOM-004-SSA3-2012; Del Expediente Clinico. Diario Oficial de la Federación: Ciudad de México, Mexico, 2012. [Google Scholar]

	



Bassols, A.M.; Okabayashi, L.S.; Silva, A.B.; Carneiro, B.B.; Feijó, F.; Guimarães, G.C.; Cortes, G.N.; Rohde, L.A.; Eizirik, C.L. First- and last-year medical students: Is there a difference in the prevalence and intensity of anxiety and depressive symptoms? Rev. Bras. De Psiquiatr. 2014, 36, 233–240. [Google Scholar] [CrossRef] [PubMed]

	



Cheng, H.L.; Wang, C.; McDermott, R.C.; Kridel, M.; Rislin, J.L. Self-stigma, mental health literacy, and attitudes toward seeking psychological help. J. Couns. Dev. 2018, 96, 64–74. [Google Scholar] [CrossRef]

	



Ding, Y.; Dai, J. Advance in stress for depressive disorder. Adv. Exp. Med. Biol. 2019, 1180, 147–178. [Google Scholar] [CrossRef] [PubMed]

	



Hammen, C. Risk Factors for Depression: An Autobiographical Review. Annu. Rev. Clin. Psychol. 2018, 14, 1–28. [Google Scholar] [CrossRef]

	



Newman, M.G.; Shin, K.E.; Zuellig, A.R. Developmental risk factors in generalized anxiety disorder and panic disorder. J. Affect. Disord. 2016, 206, 94–102. [Google Scholar] [CrossRef]

	



Roman Sanchez, J.; Martin Anton, L.; Carbonero Martin, M. Tipos de familia y satisfacción de necesidades de los hijos. Int. J. Dev. Educ. Psychol. 2009, 2, 549–558. [Google Scholar]

	



Andrade, J.J.d.C.; Silva, A.C.O.; Frazão, I.D.S.; Perrelli, J.G.A.; Silva, T.T.D.M.; Cavalcanti, A.M.T.S. Family functionality and burden of family caregivers of users with mental disorders. Rev. Bras. Enferm. 2021, 74, 9. [Google Scholar] [CrossRef]

	



Carreras, A. Recursos, Funcionalidad y Disfuncionalidad Familiar. Recur. Func. Y Disfuncionalidad Fam. 2014, 1, 1–12. Available online: https://www.academia.edu/36332513/Recursos_Funcionalidad_y_Disfuncionalidad_Familiar (accessed on 25 August 2022).

	



Firth, J.; Ward, P.; Stubbs, B. Editorial: Lifestyle Psychiatry. Front. Psychiatry 2019, 10, 597. [Google Scholar] [CrossRef] [PubMed]

	



Balanzá-Martínez, V.; Kapczinski, F.; Cardoso, T.D.A.; Atienza-Carbonell, B.; Rosa, A.R.; Mota, J.C.; De Boni, R.B. The assessment of lifestyle changes during the COVID-19 pandemic using a multidimensional scale. Rev. Psiquiatr. Salud. Ment. 2021, 14, 16–26. [Google Scholar] [CrossRef] [PubMed]

	



Robertson, M.; Duffy, F.; Newman, E.; Bravo, C.P.; Ates, H.H.; Sharpe, H. Exploring changes in body image, eating and exercise during the COVID-19 lockdown: A UK survey. Appetite 2021, 159, 105062. [Google Scholar] [CrossRef] [PubMed]

	



Ehryhorczuk, C.; Esharma, S.; Fulton, S.E. Metabolic disturbances connecting obesity and depression. Front. Neurosci. 2013, 7, 177. [Google Scholar] [CrossRef]

	



Liu, J.; Garza, J.C.; Bronner, J.; Kim, C.S.; Zhang, W.; Lu, X.-Y. Acute administration of leptin produces anxiolytic-like effects: A comparison with fluoxetine. Psychopharmacology 2010, 207, 535–545. [Google Scholar] [CrossRef]

	



Yamada, N.; Katsuura, G.; Ochi, Y.; Ebihara, K.; Kusakabe, T.; Hosoda, K.; Nakao, K. Impaired CNS leptin action is implicated in depression associated with obesity. Endocrinology 2011, 152, 2634–2643. [Google Scholar] [CrossRef]

	



Maffei, Á.; Halaas, J.; Ravussin, E.; Pratley, R.; Lee, G.; Zhang, Y.; Fei, H.; Kim, S.; Lallone, R.; Ranganathan, S. Leptin levels in human and rodent: Measurement of plasma leptin and ob RNA in obese and weight-reduced subjects. Nat. Med. 1995, 1, 1155–1161. [Google Scholar] [CrossRef]

	



Dantzer, R.; O’connor, J.C.; Freund, G.G.; Johnson, R.W.; Kelley, K.W. From inflammation to sickness and depression: When the immune system subjugates the brain. Nat. Rev. Neurosci. 2008, 9, 46–56. [Google Scholar] [CrossRef]

	



Colin, A.; Reggers, J.; Castronovo, V.; Ansseau, M. Lipids, depression and suicide. L’Encephale 2003, 29, 49–58. [Google Scholar]

	



Dêbska, E.; Janas, A.; Bañczyk, W.; Janas–Kozik, M. Depression or depressiveness in patients diagnosed with Anorexia Nervosa and Bulimia Nervosa–pilot research. Psychiatr. Danub. 2011, 23, 87–90. [Google Scholar]

	



Ganança, L.; Galfalvy, H.C.; Cisneros-Trujillo, S.; Basseda, Z.; Cooper, T.B.; Ren, X.; Figueira, M.L.; Oquendo, M.A.; Mann, J.J.; Sublette, M.E. Relationships between inflammatory markers and suicide risk status in major depression. J. Psychiatr. Res. 2021, 134, 192–199. [Google Scholar] [CrossRef] [PubMed]

	



Firth, J.; Marx, W.; Dash, S.; Carney, R.; Teasdale, S.B.; Solmi, M.; Stubbs, B.; Schuch, F.B.; Carvalho, A.F.; Jacka, F.; et al. The effects of dietary improvement on symptoms of depression and anxiety: A meta-analysis of randomized controlled trials. Psychosom. Med. 2019, 81, 265. [Google Scholar] [CrossRef]

	



Casper, R.C. Depression and eating disorders. Depress. Anxiety 1998, 8, 96–104. [Google Scholar] [CrossRef]

	



Fuentes, E.A.; Carvallo, P.R.; Poblete, S.R. Bullying as a risk factor for depression and suicide. Rev. Chil. Pediatr. 2020, 91, 432–439. [Google Scholar] [CrossRef]

	



Janowsky, D.S. Introversion and extroversion: Implications for depression and suicidality. Curr. Psychiatry Rep. 2001, 3, 444–450. [Google Scholar] [CrossRef]

	



Yan, Z.; Zeng, X.; Su, J.; Zhang, X. The dark side of empathy: Meta-analysis evidence of the relationship between empathy and depression. PsyCh J. 2021, 10, 794–804. [Google Scholar] [CrossRef] [PubMed]

	



Moutinho, I.L.; Maddalena, N.C.; Roland, R.K.; Lucchetti, A.L.; Tibiriçá, S.H.; Ezequiel, O.D.; Lucchetti, G. Depression, stress and anxiety in medical students: A cross-sectional comparison between students from different semesters. Rev. Da Assoc. Med. Bras. 2017, 63, 21–28. [Google Scholar] [CrossRef]








[image: Brainsci 12 01223 g001 550] 





Figure 1. Summary of study population and results of the primary screening approach using Mentali mobile application. There were 201 participants who downloaded and installed the Mentali app; 46 of them were eliminated from the study because they did not interact with Mentali and therefore the final number of users considered for the study was 155. The diagram displays interactions of the users with each Mentali module (anxiety and depression inventories and mood), the number of users who needed psychological intervention, and the results of the primary screening. 
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Figure 2. General frequency of anxiety and depression obtained during the study and its classification by severity. Figure 2 shows the results of primary screening using Mentali: (A) for depression (n = 83); (B) for anxiety (n = 93). During the period evaluated, the presence of symptoms of moderate–severe anxiety and depression were present in 62.6% and 54.6% of the studied population. 
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Figure 3. Frequency of symptoms associated with major depressive disorder and generalized anxiety disorder, according to the DSM-5. Figure 3 shows the most frequent DSM-5 criteria for major depressive disorder collected in the psychological history of the participants (n = 26). Low self-esteem, lack of concentration, and fatigue had a frequency of 92.3%. 






Figure 3. Frequency of symptoms associated with major depressive disorder and generalized anxiety disorder, according to the DSM-5. Figure 3 shows the most frequent DSM-5 criteria for major depressive disorder collected in the psychological history of the participants (n = 26). Low self-esteem, lack of concentration, and fatigue had a frequency of 92.3%.



[image: Brainsci 12 01223 g003]







[image: Brainsci 12 01223 g004 550] 





Figure 4. Frequency of psychological diagnoses obtained during the study. Each fraction of the plot represents a percentage calculated from the total number of patients who agreed to and received psychological care (n = 26). There were four patients who were categorized as unspecified because they did not complete the intervention, and therefore their diagnostic impression could not be integrated. 
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Figure 5. Evolution of the frequencies of anxiety and depression in medical students at two times during the school period. Considering the number of Beck inventories completed by the Mentali users at the beginning and at the middle of the semester, the proportions of positive screenings were considered to construct plots both for depression (A) and anxiety (B), stratified according to their severity. 
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Table 1. Description of triggering factors for anxiety and/or depression by social area.
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Variable

	
Factor

	
n (%)






	
Family

	
Conflicts

	
12 (46.1)




	
Disapproval

	
3 (11.5)




	
Absence of relative

	
3 (11.5)




	
Distant relationship

	
1 (3.8)




	
Paternal alcoholism

	
1 (3.8)




	
Unknown

	
6 (23)




	
Couples

	
Conflicts

	
4 (15.3)




	
Distrust

	
2 (7.6)




	
Lack of attention

	
1 (3.8)




	
Lack of communication

	
1 (3.8)




	
Transgender couple

	
1 (3.8)




	
Unknown

	
17 (65)




	
Friendship

	
Couple estrangement

	
4 (15.3)




	
Trouble socializing

	
2 (7.6)




	
Lack of support

	
1 (3.8)




	
Unknown

	
19 (73)




	
School

	
Stress

	
13 (50)




	
Lack of concentration

	
3 (11.5)




	
Frustration

	
2 (7.6)




	
Favoritism

	
1 (3.8)




	
Insecurity about choice career

	
1 (3.8)




	
Discouragement

	
1 (3.8)




	
Unknown

	
5 (19.2)




	
Physical health

	
Weight gain

	
2 (7.6)




	
Polycystic Ovary Syndrome

	
2 (7.6)




	
Anemia

	
1 (3.8)




	
Appendicitis

	
1 (3.8)




	
Hypochondria

	
1 (3.8)




	
Irritable Bowel Syndrome

	
1 (3.8)




	
Unknown

	
18 (69.2)
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Table 2. Summary of diagnoses of mental health conditions obtained using Mentali, and psychological and psychiatric evaluations.
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User

	
Diagnosis




	
Mentali

	
Psychology

	
Psychiatry






	
1

	
Severe anxiety and

severe depression

	
Generalized anxiety and

mild depression

	
Mixed anxious–depressive disorder




	
2

	
Severe anxiety and

moderate depression

	
Generalized anxiety

	
Generalized anxiety disorder




	
3

	
Severe anxiety and

mild depression

	
Moderate depression

	
Moderate depressive episode




	
4

	
Severe anxiety and

moderate depression

	
Generalized anxiety

	
Generalized anxiety disorder




	
5

	
Severe anxiety

	
Generalized anxiety

	
Generalized anxiety disorder

and moderate depressive episode








Five patients who were referred for psychological care were also provided with psychiatric care. This table displays the suspected diagnosis issued by Mentali and the diagnostic corroboration by specialists in psychology and psychiatry.
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Table 3. Comparisons of mood between different school periods.
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Time of Evaluation

	
Mood Report, n (%)

	
Total Responses




	
Excellent a

	
Good b

	
Regular c

	
Bad d

	
Very Bad e






	
Beginning of the semester

	
114 (36.7)

	
130 (41.3)

	
43 (13.8)

	
15 (4.8)

	
8 (2.5)

	
310




	
First academic test

	
12 (4.6)

	
72 (27.9)

	
102 (39.5)

	
44 (17)

	
28 (10.8)

	
258




	
Final academic test

	
5 (17.2)

	
5 (17.2)

	
9 (31.0)

	
5 (17.2)

	
5 (17.2)

	
29








p-values < 0.001 for the comparisons between proportions of a vs. e, a vs. d, b vs. e, b vs. d, and a + b vs. d + e. The mood responses provided by Mentali users in three specific periods during the semester with different academic demands (at beginning, during the first academic test, and during the final tests) were quantified and the proportions obtained from the mood results were compared. There was a significant relationship between mood and the school period.
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