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RESUMO

Estudantes de medicina apresentam maior risco de tentativa de suicidio em
comparacdo com a populacdo em geral, com uma prevaléncia de 6,9%. N&o esta claro
quais sdo os principais fatores de risco associados a tentativas de suicidio nesta
populagéo, ressaltando que o conhecimento de tais informagdes podem ajudar na
identificacdo e intervengdo mais precoce em alunos que estejam em risco. Neste estudo,
objetivamos identificar fatores associados a tentativas de suicidio em estudantes de
medicina. Nossos dados sdo provenientes de estudo transversal conduzido em 2017
entre estudantes de Medicina brasileiros em formagdo. Regressdo de Poisson
multivariada foi realizada para identificar os fatores associados as tentativas de suicidio.
Também usamos um modelo de machine learning chamado elastic net para reconhecer
0 padrdo do aluno que tenta o suicidio.

Um total de 4.840 pessoas foram incluidas no presente estudo. Os fatores de risco
associados a tentativa de suicidio na regressdo de Poisson multivariada foram os
seguintes: sexo feminino (RP-1,64; IC 95% 1,29-2,08; P <0,001); ser homossexual (RP-
2,93; IC 95% 2,19-3,91; P <0,001); menor renda (PR-1,33; IC 95% 1,04-1,70; P =
0,026); bullying na Universidade (PR-1,32; IC 95% 1,08-1,60; P = 0,006); historia de
trauma na infancia (RP-1,39; IC 95% 1,14-1,72; P = 0,001) ou na idade adulta (RP-
1,44; 1C 95% 1,16-1,78; P = 0,001); historia familiar positiva para suicidio (RP-1,36; IC
95% 1,09-1,69; P = 0,005); ter tido ideacdo suicida no dltimo més (RP-2,15; IC 95%
1,76-2,62; P <0,001); uso diario de tabaco (RP-1,51; IC 95% 1,03-2,22; P = 0,037) e
estar sob risco severo de abuso de alcool (RP-1,45; IC 95% 1,05-1,99; P = 0,023). A
prevaléncia de tentativa de suicidio em nossa amostra foi de 8,94%. O modelo elastic
net teve um bom desempenho e encontrou uma area under the curve (AUC) de 0,83.

Este € o primeiro estudo a identificar fatores associados a tentativas de suicidio em
estudantes de medicina. Futuros estudos longitudinais devem confirmar a relagdo causal
entre esses fatores e tentativas de suicidio. Além disso, esses resultados demonstram que
um algoritmo de risco preciso pode ser criado usando informagdes facilmente

acessiveis. No entanto, a validagcdo do algoritmo é necessaria em amostras prospectivas.

Palavras-chave: estudantes de medicina, tentativas de suicidio, transtornos mentais,

elastic net, machine learning.



ABSTRACT

Medical students are at increased risk for suicide attempt compared to the
general population, with a 6.9% prevalence. However, it is unclear what are the major
risk factors associated with suicide attempts in this population - such information could
help identify and intervene earlier with at risk students. In this study we aimed to
identify factors associated with suicide attempts in medical students. Our raw data came
from a cross-sectional web-based survey conducted in 2017 among Brazilian
undergraduate medical students. Multivariate Poisson regression was performed to
identify factors associated to suicide attempts. We also used elastic net regularization to
recognize the pattern of the student who attempt suicide.

A total of 4,840 people were included in the present study. Risk factors
associated with suicide attempt in the multivariate Poisson regression were the
following: female gender (PR-1.64; CI 95% 1.29-2.08; P<0.001); being homosexual
(PR-2.93; Cl 95% 2.19-3.91; P<0.001); lower income (PR-1.33; CI 95% 1.04-1.70;
P=0.026); bullying in the University (PR-1.32; Cl 95% 1.08-1.60; P=0.006);
experienced some type of trauma as a child (PR-1.39; CI 95% 1.14-1.72; P=0.001) or
adult (PR-1.44; CI 95% 1.16-1.78; P=0.001); family history positive for suicide (PR-
1.36; Cl 95% 1.09-1.69; P=0.005); endorsed suicidal ideation in the last month (PR-
2.15; C1 95% 1.76-2.62; P<0.001); reporting daily tobacco use (PR-1.51; CI 95% 1.03-
2.22; P=0.037) and being at severe risk for alcohol abuse (PR-1.45; Cl 95% 1.05-1.99;
P=0.023). Prevalence of suicidal attempt in our sample was 8.94%. Our elastic net
model has a good performance and found an area under the curve (AUC) of 0.83.

This is the first study to identify factors associated with suicide attempts among
Brazilian medical students. Future longitudinal studies should confirm the causal
relationship between these factors and suicide attempt. Additionally, these results
demonstrate that an accurate risk algorithm can be created using easily accessible

information. However, validation of the algorithm is needed in prospective samples.

Keywords: medical students, suicide attempts, mental disorders, elastic net, machine

learning.
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1. APRESENTACAO
Este trabalho consiste na dissertacao de mestrado intitulada “Quem sdo 0s
estudantes de Medicina que tentam suicidio?”, apresentada ao Programa de Pos-
Graduagéo da Universidade Federal do Rio Grande do Sul. O trabalho ¢é apresentado em

trés partes, na ordem que segue:

- Introdugao, Objetivos e Consideracdes éticas;
- Artigo;

- Conclusdes e Consideragoes Finais.

Importante ressaltar que outros frutos desse trabalho foram: apresentacéo oral no
18th WPA World Congress of Psychiatry, ocorrido na Cidade do México em 2018, e
participagBes em Jornadas e Simposios falando a respeito do tema. Além disso, durante
o0 periodo do mestrado e junto a membros do grupo de pesquisa, participei como co-
autora do artigo “Neuron-glia Interaction as a Possible Pathophysiological Mechanism

of Bipolar Disorder”, publicado na revista Current Neuropharmacology (2018).
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2. INTRODUCAO

Suicidio € uma das principais causas de morte em todo 0 mundo porém sua taxa
de mortalidade ndo diminuiu nas Gltimas duas décadas (1). Segundo a Organizagdo
Mundial da Sadde, em 2017 cerca de 800 mil pessoas morreram por suicidio em todo o
mundo (2). No Brasil, Entre 2007 e 2016, foram registrados no Sistema de Informacoes
sobre Mortalidade (SIM) 106.374 @bitos por suicidio (3). Em 2016, a taxa chegou a 5,8
por 100 mil habitantes, com a notificacdo de 11.433 mortes por essa causa (3). Em
relacdo aos médicos, sabe-se que esta populacdo apresenta taxas de suicidio mais altas
em comparacdo com a populacdo em geral (4), sendo a segunda causa de morte para
médicos com idade entre 24 e 35 anos, superado apenas pelas mortes por acidentes (5).
Esses numeros podem ser melhor resumidos a partir do dado de que cerca de 400
médicos, ou duas grandes escolas de medicina, morrem por suicidio nos Estados Unidos
por ano (6).

Estudos sobre ideacdo suicida e comorbidades psiquiatricas em estudantes de
medicina ja evidenciam alguns dados de forma consistente (7,8), entretanto dados sobre
tentativas de suicidio nessa populacdo ainda sdo escassos. Sendo assim, 0 presente
estudo tem como objetivo identificar fatores associados a tentativa de suicidio em
estudantes de medicina. Variaveis relacionados a saide mental e & universidade, estilo
de vida e dados demograficos foram incluidos. Também construimos um modelo de
machine learning com o algoritmo Elastic Net Regularization para reconhecer o padréo

dos alunos que tentam o suicidio.

REVISAO DA LITERATURA

12



Estudos envolvendo a satde mental dos estudantes de medicina séo publicados
na literatura ha pelo menos quatro décadas (9,10), evidenciando prevaléncias mais altas
de transtornos mentais nesta populacdo. Pesquisas mais recentes reafirmam tais
achados, apontando as condic¢des de vulnerabilidade a que esses estudantes sdo expostos
e 0 conseguente surgimento ou agravamento de doencas psiquicas (7). Uma revisdo
sistematica mostrou que problemas psicologicos, incluindo ideacdo suicida, entre 0s
estudantes de medicina dos Estados Unidos e do Canada foram consistentemente mais
elevados do que na populacdo geral de mesma idade (8), sendo que dados semelhantes
foram encontrados em paises da Europa e da Asia (11,12,13).

Dentre sos transtornos mais estudados nesse meio, ressalta-se a presenca de
sintomas depressivos, 0s quais ndo sO afetam a vida dos alunos em termos de
desempenho académico, abandono e desenvolvimento profissional (14), mas também
podem repercutir sobre questdes envolvendo sua salde e bem-estar, abuso de alcool e
outras substancias (15). Uma metanalise com 62.728 estudantes de medicina estimou
que a prevaléncia de depressdo nesta populacdo foi de 28,0% (14). Outro estudo
constatou uma prevaléncia de ideacao suicida em estudantes de medicina de 11% (16),
duas vezes maior em comparacdo com pessoas de 18 a 29 anos nos Estados Unidos
(17). Ressalta-se que, na falta de alguma forma de tratamento, a ocorréncia de
consequéncias mais graves como tentativas de suicidio torna-se mais prevalente (18).

Recente metanalise brasileira identificou a prevaléncia de diferentes
problemas relacionados a satde mental em estudantes de Medicina, incluindo depressao
(30,6%), uso problematico de alcool (49,9%), baixa qualidade do sono (51,5%),
sonoléncia diurna excessiva (46,1%) e ansiedade (32,9%). Sinais de falta de motivacao,

suporte emocional e sobrecarga académica foram correlacionados com tais transtornos,
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sendo evidenciado em apenas um estudo uma prevaléncia de ideacédo suicida de 13,4%
(19).

Uma série de fatores de risco relacionados a presenca de transtornos
psiquiatricos foram relatados entre estudantes de medicina, incluindo um ambiente
altamente estressante, competitividade, carga de trabalho excessiva, privacdo de sono,
pressdo de pares e muitos outros fatores pessoais, curriculares, institucionais e afetivos
(20,21). J& dentre os fatores protetores que igualmente podem ser inseridos nesta
populacdo, ressalta-se a criagdo de vinculos saudaveis entre individuos, ndo s6 no
ambito familiar como também no meio académicos (22).

Em Marco de 2017, the New England Journal of Medicine publicou um artigo
intitulado “Kathryn”, nome de uma aluna do quarto ano da Universidade de Nova
lorque que cometera suicidio no campus alguns dias antes (23). Tal publicacdo
evidenciou uma realidade existente, porém ainda desconhecida e subnotificada. Dados
sobre tentativas de suicidio nessa populacdo ainda sdo escassos. Um estudo com 874
estudantes de medicina relatou uma prevaléncia de tentativa de suicidio de 6,9% (24),
sendo que até o momento ndo temos essa prevaléncia de forma consistente em
estudantes brasileiros.

Apesar dos fatores de risco associados ao suicido na populacdo geral ja serem
conhecidos, tais como: historia de tentativa de suicidio prévia, historia familiar de
suicidio, género masculino, presenca de algum transtorno mental, uso prejudicial de
alcool, histéria de trauma ou abuso na infancia e na adolescéncia, entre outros (25),
ainda ndo temos tais fatores estabelecidos entre os estudantes de medicina, diminuindo a
capacidade de identificagéo e intervencgéo entre os estudantes em risco. Nesse contexto,

ressalta-se ainda que apenas de 8% a 15% deles procuram cuidado psiquiatrico durante
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a sua formacéo, sendo este fato justificado, dentre outras razdes, pelo estigma associado

a utilizacao de servicos de saude mental entre os proprios estudantes (26).
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3. JUSTIFICATIVA

N&o existe na literatura cientifica dados consistentes sobre quais séo os fatores
associados a tentativa de suicidio em estudantes de medicina. Conhecer quem séo 0s
estudantes que tentam suicidio, assim como os fatores associados ao maior risco nos

permitira estabelecer estratégias terapéuticas e preventivas mais adequadas e precoces.

16



4. OBJETIVOS

Objetivo Geral
- ldentificar os fatores de risco associados a tentativas de suicidio em estudantes de

Medicina no Brasil.

Objetivos especificos
- Avaliar a prevaléncia de tentativa de suicidio em estudantes de Medicina;
- Construr um modelo de machine learning com o algoritmo Elastic Net

Regularization para reconhecer o padrdo dos alunos que tentam o suicidio.

17



5. CONSIDERACOES ETICAS

A coleta de dados foi iniciada apds aprovacao do projeto pelo CEP do HCPA via
Plataforma Brasil (CAAE: 68558317.1.0000.5327), assim como foi firmado
compromisso de que as informacdes seriam utilizadas Unica e exclusivamente para fins
académicos e cientificos previstos neste estudo. Os autores assinaram um Termo de
Compromisso para Uso de Dados.

Devido ao fato da aceitacdo e preenchimento do questionario ocorrer
inteiramente on-line sem contato do participante com a equipe de pesquisa, tornou-se
inviavel a assinatura do TCLE formal. No entanto, o questiondrio ndo continha
perguntas que pudessem identificar um individuo em particular. Na introducdo do
questionario explicou-se que os dados seriam analisados apenas em conjunto, sendo que
ao responder o questionario o individuo estaria concordando em participar do estudo.

Além disso, foi explicitado que o questionario ndo apresentava danos em
potencial aos individuos, ndo ocorrendo nenhum prejuizo ao ndo participar. Por outro
lado, ao responder sobre questdes relativas a salde mental o participante poderia
perceber sintomas e/ou sofrimento oportunizando uma reflexdo no sentido de buscar
ajuda. Ao término do questionario era apresentada uma tela com o contato telefonico e

eletronico de centros de apoio e prevencao do suicidio, localizados no Brasil.
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ABSTRACT

Importance: Medical students are at increased risk for suicide attempt compared to the
general population, with a 6.9% prevalence. However, it is unclear what are the major
risk factors associated with suicide attempts in this population - such information could
help identify and intervene earlier with at risk students.

Objective: To identify factors associated with suicide attempts in medical students.
Design: Cross-sectional.

Setting: Our raw data came from a web-based survey conducted in 2017.

Participants: Brazilian undergraduate medical students (N=4840).

Main Outcome(s) and Measure(s): Factors associated with self-reported suicide
attempts. Multivariate Poisson regression was performed to identify factors associated
to suicide attempts. We also used elastic net regularization to build a risk calculator to
identify students at risk for attempted suicide.

Results: A total of 4,840 participants were included in the present study. Risk factors
associated with suicide attempt in the multivariate Poisson regression were: female
gender (PR-1.64; Cl 95% 1.29-2.08; P<0.001); being homosexual (PR-2.93; ClI 95%
2.19-3.91; P<0.001); lower income (PR-1.33; Cl 95% 1.04-1.70; P=0.026); bullying in
the University (PR-1.32; Cl 95% 1.08-1.60; P=0.006); experienced some type of trauma
as a child (PR-1.39; Cl 95% 1.14-1.72; P=0.001) or adult (PR-1.44; Cl 95% 1.16-1.78;
P=0.001); family history positive for suicide (PR-1.36; CI 95% 1.09-1.69; P=0.005);
endorsed suicidal ideation in the last month (PR-2.15; CI 95% 1.76-2.62; P<0.001);
reporting daily tobacco use (PR-1.51; Cl 95% 1.03-2.22; P=0.037) and being at severe
risk for alcohol abuse (PR-1.45; Cl 95% 1.05-1.99; P=0.023). Prevalence of suicidal
attempt in our sample was 8.94%. Our elastic net model performed well with an AUC

of 0.83.

23



Conclusions and Relevance: This is the first study to identify factors associated with
suicide attempts among Brazilian medical students. Future longitudinal studies should
confirm the causal relationship between these factors and suicide attempt. Additionally,
these results demonstrate that an accurate risk algorithm can be created using easily
accessible information. However, validation of the algorithm is needed in prospective
samples.

Keywords: medical students, suicide attempts, mental disorders, elastic net, machine

learning.
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INTRODUCTION

Suicide is a major cause of death worldwide; unlike many diseases, the mortality
rate has not declined over the past two decades?. In 2017, about 800,000 people died by
suicide?. Despite perhaps being the population most familiar with the symptoms and
treatment of suicidality, physicians have a higher suicide rate compared to the general
population®. For males, there is a 70% increase; for females, there is a 400% increase®.
Suicide is the second cause of death for physicians aged 24 to 35 years, superseded only
by accidents®.

Suicidal thoughts in medical students are well-documented in the literature.
Several high-profile case reports demonstrate the dire state of things for modern medical
students®"8, A recent study found that the prevalence of suicidal ideation in this
population is 11%°, two times higher when compared to people aged 18-29 years in the
United States!®. Furthermore, a study with 874 medical students reported that the
prevalence of suicide attempt is 6.9%*!. However, the unique factors associated with
suicide attempt in medical students are not established, diminishing the capacity for
identification of and intervention in at-risk medical students.

The present study aims to identify factors associated with suicide attempt in
medical students. We conducted an exploratory analysis through a web-based survey.
Factors related to mental health, lifestyle, demographic and university were included in
the present study. We also built a risk algorithm to recognize the pattern of the students

who attempt suicide.

METHODS

This is a cross-sectional study of undergraduate medical students in Brazil. The

data were collected over thirty days using an online survey. The study was approved by
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the research ethics committee of the Hospital de Clinicas de Porto Alegre (Brazil). We
used Facebook advertising to reach medical students living in Brazil who liked pages
related to medicine. The advertisement explicitly stated the survey’s anonymity. All
participants consented to participate in the present study. After completion, the
questionnaire provided telephone and electronic contact information for suicide
prevention and support centers located in Brazil.

The choice of an electronic questionnaire was based on a recently published
study*?, which demonstrates the interest for participation and the need for instruments
compatible with the current reality of effectively reaching a large number of students in
a non-threatening environment. Despite its biases, far more students are reachable with
this approach. Additionally, conditions of anonymity are more believable in this setting
and self-report questionnaires allow participants to freely express their symptoms,
feelings and opinions about the variables assessed without stigma. In this sense, it has
recently been reported that compared to medical student who are not depressed,
depressed medical students: 1) felt more strongly that telling a counselor would be risky
and that asking for help would mean the student’s coping skills were inadequate; 2)
agreed more strongly that, if depressed, others would find them unable to handle
medical school responsibilities; 3) reported feeling that, if depressed, fellow medical
students would respect their opinions less*®,

In order to help capture and classify information correctly, students were asked
to identify their training path; they could select “Medicine”, or “Other” with a written
specification. Only those who responded "Medicine” were included in this analysis. In
addition, students provided the name of the university and only Brazilian universities
were included.

Survey Instruments
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A questionnaire containing questions regarding sociodemographic data, personal
information, university status, mental health variables including depressive symptoms,
child or adult trauma (including harassment, neglect, discrimination and/or abuse),
bullying, alcohol and drugs use and suicide ideation, attempted and family history of
suicide. Both Portuguese and translated English version of the questionnaire are
provided in the supplemental material (see eMethod). The instruments used have
validation for Portuguese.

The survey included the Patient Health Questionnaire-2 (PHQ-2) to measure
depressive symptoms. This consists of two questions related to symptoms of depression
during the past two weeks!*. A score equal or greater than 3 on the PHQ-2 is considered
a positive screening result for depression. PHQ-2 has a sensitivity of 83% and
specificity of 92% for depressive episode®*.

The AUDIT-C was used to evaluate alcohol use®®. It is a widely used 3-item
alcohol screen that can help identify persons who are high-risk drinkers or have active
alcohol use disorder. It is a modified version of the 10 question AUDIT instrument®.
The AUDIT-C is scored on a scale of 0-12 (scores of 0 reflect no alcohol use). In men, a
score of 4 or more is considered positive; in women, a score of 3 or more is considered
positive. Based on the literature!’, we used a more detailed stratification to better
evaluate the risk of use. For men, a score of 0 to 3 is considered low risk; between 4 and
5 points, moderate risk; between 6 and 7 points, high risk and 8 to 12 points, severe risk.
For women, a score of 0 to 2 is considered low risk; between 3 and 5 points, moderate
risk; between 6 and 7 points, high risk and between 8 and 12 points, severe risk. The
questions about tobacco, cocaine, and cannabis were based on the ASSIST (Alcohol,
Smoking and Substance Involvement Screening Test) instrument, asking about use in

the last 3 months?é,
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Statistical Analysis

Descriptive analyses were reported as means or absolute and relative
frequencies. We divided participants into two groups: with or without a history of a
suicide attempt. First, we used 2 or Student t-tests to analyze demographic and clinical
variables between these two groups. Then, we used hierarchical multivariate Poisson
regression analysis. The variables were allocated in 4 different blocks: 1-
Sociodemographic; 2- Personal variables; 3- University variables and 4- Mental Health
variables. The criterion for entering a particular variable into the model is as follows: 1)
It was included first if univariate analysis calculated a p-value <0.20; 2) the factor was
retained if the subsequent block analysis calculated a p-value <0.10. We set our
significance level at p<0.05 and performed all analysis in SPSS v21.0.

Elastic Net Regularization

We applied a method called elastic net regularization from the field of machine

learning®®. Our script is available online (https://github.com/Ballester/suicide-attempt-

medicine). Analysis was performed with R software (Version R 3.3.1)%° and R Studio
(Version 0.99.902) with the R package caret (Version 6. 0-73)?%. Elastic net is a
combination of LASSO (least absolute shrinkage and selection operator) and ridge
regression. Like LASSO regularization it results in sparse solutions, however it also has
the advantage of performing well with highly correlated variables. The elastic net is a
machine learning method that comprises both feature selection characteristics with
regularization and classification. Through a cost function composed of both [;and [,
weight magnitude penalties, the method is able to remove predictors with low impact to
the outcome while regularizing for improved generalization. As our dataset is composed
of several attributes, identifying the most important ones permits for a wider

applicability and more practical use of our risk calculators.
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We split our data into training (75% of the whole sample) and test datasets
(25%). We deployed a standard machine learning study protocol with 10-fold cross-
validation, feature selection, hyperparameter tuning, and class imbalance correction in
the training dataset (eFigure 1). We repeated 10-fold cross-validation 10 times to
improve tuning. Class imbalance usually leads to very different sensitivity and
specificity scores in the model; to account for this, we balanced each class
predominance with class weighting. Each class was weighted inversely proportional to
its frequency in the training set. Class weighting allows us to use the whole training set
instead of relying on downsampling techniques.

Individual-level predicted suicide attempt probabilities based on the elastic net
algorithm were created, receiver operating characteristic (ROC) curve generated, and
area under the curve (AUC) calculated to evaluate prediction accuracy. Elastic net
regularization predicted probabilities were then discretized into quintiles (5 groups of

equal size ordered by percentiles) and cross-classified with observed suicide attempts.

RESULTS

A total of 6,806 participants answered the questionnaire and 4,840 were included
in our sample after excluding 1,976 people who did not complete the questionnaire or
did not fulfill the inclusion criteria. The prevalence of suicide attempt was 8.94% (432
of 4840 usable responses).

Univariate Analysis

The mean age of the suicide attempt group was 21.6 + 3.42 and 21.8 + 3.23 in
those without suicide attempt (P=0.22). Females were overrepresented in both the group
with suicide attempt (346 of 432, 80.09%) and without (3349 of 4407, 75.97%); there

was not a statistically significant difference in suicide attempts by sex (PR-0.99; ClI
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95% 0.96-1.02 P=0.06). Demographic and personal characteristics of respondents are
shown in Table 1.

Several factors related to the university environment experience were associated
with suicide attempts (Table 2). Students who reported being in the first, second, third
or fourth years of school (P=0.003), having low quality relationships with colleagues
(P<0.001) and professors (P<0.001) or having suffered bullying during university
(P<0.001) were significantly more likely to have a history of suicide attempt.

Table 3 describes variables related to mental health: we found a significant
increase in percentage with suicide attempt if students were positive on the PHQ-2
diagnosis (PR-1.10; CI 95% 1.08-1.13; P<0.001), had suffered child (PR-1.16; CI 95%
1.12-1.19; P<0.001) and/or adult trauma (PR-1.18; CI 95% 1.14-1.23; P<0.001), had a
positive family history of suicide (PR-1.09; Cl 95% 1.05-1.14; P<0.001) or had suicidal
ideation in the last month (PR-1.28; CI 95% 1.24-1.33; P<0.001). Students with a
history of tobacco (P<0.001), marijuana (P<0.001) and cocaine (P=0.031) use in the last
3 months, or at high (PR-1.04; Cl1 95% 1.01- 1.08; P<0.001) or severe (PR 1.19; Cl 95%
1.11-1.29; P<0.001) risk of alcohol abuse also were more likely to have a history of
suicide attempt.

Multivariate Analysis

The multivariate Poisson regression model (Table 4), revealed the following risk
factors were associated with suicide attempt: female gender (PR-1.64; Cl 95% 1.29-
2.08; P<0.001); being homosexual (PR-2.93; CI 95% 2.19-3.91; P<0.001) or bisexual
(PR-2.85; Cl 95% 2.25-3.61; P<0.001); lower income (PR-1.33; Cl 95% 1.04-1.70;
P=0.026); poor sleep (PR-2.11; Cl 95% 1.36-3.29; P=0.001); poor friends relations (PR-
1.71; Cl 95% 1.18-2.47; P=0.005); good (PR-1.53; Cl 95% 1.17-1.99; P=0.002), regular

(PR-2.15; Cl 95% 1.63-2.85; P<0.001) and poor (PR-3.63; Cl 95% 2.59-5.06; P<0.001)
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family relations; current enrollment in the first/second (PR-1.69; CI 95% 1.19-2.41;
P=0.003) and third/fourth years (PR-1.49; Cl 95% 1.07-2.10; P=0.02); repeating a class
or entire year (PR-1.34; CI 95% 1.08-1.67; P=0.009); have suffered bullying in the
University (PR-1.32; Cl 95% 1.08-1.60; P=0.006); have thought about withdrawal from
medical school (PR-1.37; Cl 95% 1.12-1.67; P=0.003); have needed psychiatric or
psychological help during university enrollment (PR-1.73; Cl 95% 1.45-2.08; P<0.001);
have suffered child (PR-1.39; Cl 95% 1.14-1.72; P=0.001) or adult trauma (PR-1.44; CI
95% 1.16-1.78; P=0.001); have a family history positive for suicide (PR-1.36; Cl 95%
1.09-1.69; P=0.005); endorsed suicidal ideation in the last month (PR-2.15; CI 95%
1.76-2.62; P<0.001); report tobacco use daily (PR-1.51; Cl 95% 1.03-2.22; P=0.037)
and are at severe risk for alcohol abuse (PR-1.45; Cl 95% 1.05-1.99; P=0.023). The
same model also identified higher income (PR-0.68; Cl 95% 0.52-0.88; P=0.004) as a
protective factor.

Elastic Net Regularization

Figure 1 shows the ROC curve from our elastic net model. This model found an
AUC of 0.83, sensitivity of 0.75, and specificity of 0.73 in the test dataset (see eTable
1). In the supplemental material, eFigure 2 shows variable importance for the elastic net
model and eFigure 3 presents concentration risk for suicide attempt based on model
output probability. All subjects were ranked based on their probability of belonging to
the positive class and separated in quintiles. We then evaluated the percentage of
positive and negative class samples at each quintile based on their expected outcome.
This demonstrates that over half of the student population which endorsed a history of
suicide attempt were recognized to be at the highest risk of suicide attempt, and over
80% were categorized as at highest or second-to-highest risk of suicide attempt

quintiles.
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DISCUSSION

This is the first study to identify factors associated to suicide attempts among
medical students in a large sample size. Our findings have demonstrated both some of
the factors associated with suicide attempt in medical students and an elastic net model
that accurately recognized probability of suicide attempt using easily assessable student
characteristics.

Most of our respondents were in their first and second year of medical school;
so, because the greatest absolute number of students reporting suicide attempt were in
this group (263 of 432), we established the two last years as our baseline of comparison.
To put this into context, in Brazil, the two preliminary years correspond to the last two
pre-medical years in North America, whereas the four subsequent years correspond to
the American medical course. Because the curricula of medicine differ according to the
country, there is no consensus in the literature about the worst period in relation to
mental health problems'®?22, We found being in the first four years was a risk factor
for suicide attempt. Other studies have reported that these students are more likely to
endorse that depressed medical students would provide inferior care to their patients and
are unable to cope with medical school stress®. In Brazil, the last two years of medicine
are the period in which the student gets more autonomy and independence and is
involved in clinical care. It may be the case that clinical work provides greater meaning
and experience to cope with these issues. Bullying was also a risk factor for a history of
suicide attempt; this correlates well with the literature finding medical students who are
bullied have a suicide attempt rate of 25%-66%24252%. A strong institutional stance
against bullying, combined with mechanisms for dispute resolution and separating

bullied students from bullies, may be an approach to explore in the future.
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A relevant data in our study was the relation of sexual orientation with suicide
attempt; being homosexual or bisexual significantly correlated with this outcome. We
did not find data in the literature to compare this variable in medical students, although
we believe that this positive association may be related to the fact that this population
suffers more discrimination and difficulty of acceptance, often isolating themselves and
presenting higher prevalence of depressive symptoms. As described in the literature,
homosexual-lesbian/gay, bisexual and unsure students had more stressful life events,
perceived stress, bullying victimization, functional limitations and depressive symptoms
than heterosexual peers?’28,

There is also an interesting point to be made regarding our data on depression
symptoms. While our univariate analysis showed that positive assessment for
depression on the PHQ-2 was associated with suicide attempt, this did not retain
significance after the multivariate analysis. The PHQ-2 assesses for symptoms of
depression, not its origin; further, it only relates to current symptomatology, whereas
our variable of interest was a history of suicide attempt. Our multivariate regression
isolated out the independent risk factors for suicide attempt - in this case, the known
stressors of medical school (year of training, academic performance, bullying, etc.).
This may endorse the importance of focusing on environmental variables in preventing
suicide attempts.

Finally, our study demonstrated that substance use among medical students was
also associated with a history of suicide attempt. Both heavy alcohol consumption and
daily tobacco use were associated with increased risk for suicide attempt, which is in
keeping with the literature on suicide. Both substances are legal and their use is easily
underestimated. However, heavy alcohol (32.4%%°) and (tobacco 21%°°) consumption

are disproportionately prevalent in this population; there are cultural factors among
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medical students, which leads them to drink and smoke more than the average person of
their age that may be modifiable. While our univariate analysis did identify an
association for cocaine and cannabis use, this was not retained after multivariate
analysis; we believe these students may be polysubstance users and only a small number
reported this behavior. Focusing on medical school-specific cultural factors, which
drive students to increase their consumption of psychoactive substances in general®?,
may be a point of intervention for the future.

With the elastic net method, we identified the pattern of variables that are
associated with someone at risk for suicide in this population. This could manifest in
clinical practice by implementing a web-based risk stratification calculator built on the
algorithm that allows input of a student’s relevant variables.

There are several strengths of this study worth discussing. First, the high number
of responses allows meaningful statistical analysis of several factors and allows the
generation of a useful risk stratification algorithm. Second, because of the internet basis
of this study, it represents the views of a national sample of the medical school student
population rather than a specific medical school. Third, the anonymity and total lack of
university staff contact reduced the chance students withheld their experiences due to
fear of retaliation. As with any self-report cross-sectional survey of a complex and
sensitive issue like suicide attempt, there are limitations to this study. The response rate
for the firsts years students was higher. This may reflect that earlier students have
greater opportunity and time to respond, but also reduces the generalizability of results
for the lasts years. Another limitation is that it is possible that students with suicide
ideation or history of suicide attempt chose not to respond because of the sensitivity of
the topic. However, it is also possible that students with these symptoms would be more

willing to respond because of concerns about their medical school experience.
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Additionally, the prevalence of suicide attempts in our sample may be biased since only
participants with easy access to internet were likely and able to participate in the present
study.

In conclusion, suicide prevention requires a vision, a plan and a set of strategies.
Medical students are at greater risk of suicide attempt than the general population. All
of the variables associated with this outcome found in our study may be considered in
preventive strategies. Also, this information helps in identifying the high-risk groups in
medical school that should be the target of selective psychosocial interventions. Future
longitudinal studies should assess causality for some variables, built predictive accurate
models and assess its subsequent utility in facilitating selection of interventions to

prevent suicide.
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Figure 1 - Receiver operating characteristic (ROC) curve for predicted probability of

suicide attempt among medical students based on Elastic Net algorithm in the test
dataset (25% of the whole sample).
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Table 1. Socio-demographic and personal variables

Variables No suicide attempt With suicide Effect Size (t- Prevalence Ratio P-value
(n=4408) attempt (n=432) test or 3% (95 % ClI)
No.(%) No.(%)
Age? 21.852 +3.23 21.645 +3.42 1.203 0.99 (0.99-1.00) 0.2293
Gender® 3.468 0.0625
Male 1059 (24.02) 86 (19.90) 0.99 (0.96-1.02)
Female 3349 (75.97) 346 (80.09) 1.00
Sexual Orientation® 108.67 < 0.0001
Heterosexual 3851 (87.36) 299 (69.21) 1.00
Homosexual 249 (5.64) 52 (12.03) 1.13 (1.07-1.19)
Bisexual 258 (5.85) 68 (15.74) 1.18 (1.11-1.25)
Other 50 (1.13) 13 (3.00) 1.22 (1.05-1.41)
Gender Identification® 5.5598 0.0620
Female 3285 (74.52) 342 (79.80) 1.00
Male 1095 (24.84) 86 (19.90) 0.99 (0.96-1.02)
Other 28 (0.63) 4 (092 1.10 (0.89-1.36)
Marital Status® 0.009 0.926
No partner 2137 (48.5) 211 (48.8) 1.00
With partner 2271 (51.5) 221(51,2) 0.99 (0.97-1.02)
IncomeP 49.651 < 0.0001
<454 368 (8.34) 69 (15.97) 1.10 (1.05-1.16)
454-909 609 (13.81) 84 (19.44) 1.05 (1.01- 1.09)
909-1515 704 (15.97) 57 (13.19) 0.99 (0.96- 1.02)
1515-3030 1170 (26.54) 74 (17.12) 0.97 (0.94- 0.99)
>3030 1557 (35.32) 148 (34.25) 1.00
Children® 8.736 0.005
No 4316 (97.91) 423 (97.91) 1.00
1-2 87 (2.00) 6 (1.4 0.72 (0.33-1.58)
>3 5 (0.1) 3 (0.7 4.20 (1.71-10.3)
Live with® 5.8363 0.1199
Alone 1372 (31.12) 131 (30.32) 1.00
With partner or relative 2093 (47.48) 213 (49.30) 1.00 (0.98-1.03)
With friends 763 (17.30) 62 (14.35) 0.99 (0.95-1.02)
University residence 180 (4.08) 26 (6.01) 1.05 (0.98-1.13)
Sleep® 99.1 <0.001
Poor 1066 (24.18) 193 (44.67) 3.42 (2.21-5.29)
Regular 1704 (38.65) 156 (36.11) 1.87 (1.19-2.91)
Good 1191 (27.01) 62 (14.35) 1.10 (0.68-1.79)
Very good/excellent 447 (10.1) 21 (4.9 1.00
Physical Activity® 7.4627 0.006
Yes 1592 (36.11) 127 (29.39) 0.97 (0.95-0.99)
No 2816 (63.88) 305 (70.60) 1.00
Relationship with relatives® 224.44 <0.001
Poor 125 (2.83) 61 (14.12) 6.85 (5.21-9.00)
Regular 710 (16.10) 130 (30.09) 3.23 (2.54-4.11)
Good 1326 (30.08) 128 (29.62) 1.84 (1.44-2.35)
Very good/excellent 2247 (51.0) 113 (26.02) 1.00
Relationship with friends® 99.49 <0.001
Poor 119 (2.69) 39 (9.02) 4.23 (3.07-5.81)
Regular 595 (13.49) 99 (22.91) 2.44 (1.91-3.13)
Good 1566 (35.52) 162 (37.5) 1.61 (1.29-2.00)
Very good/excellent 2128 (48.3) 132 (30.6) 1.00

@ Student’s t-test
b X2 test
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Table 2. Variables related to university experience

Variables No suicide attempt With suicide Effect Size Prevalence Ratio P-value
(n=4408) attempt (n=432) (95 % CI)
No.(%0) No.(%0)
Year® 12.365 0.003
First/Second 2444 (55.4) 263 (60.9) 1.74 (1.27-2.40)
Third/Fourth 1269 (28.8) 128 (29.6) 1.65 (1.17-2.31)
Fifth/Sixth 695 (15.800 41 (9.5) 1.00
Relationship with colleagues? 69.78 <0.001
Poor 286 (6.48) 63 (14.58) 3.33(2.39-4.64)
Regular 1046 (23.72) 141 (32.63) 2.19 (1.64-2.93)
Good 2011 (45.62) 167 (38.65) 1.42 (1.07-1.88)
Very good/excellent 1065 (24.2) 61 (14.1) 1.00
Relationship with professors® 33,98 <0.001
Poor 164 (3.72) 34 (7.87) 2.33 (1.62-3.35)
Regular 954 (21.64) 126 (29.16) 1.58 (1.22-2.05)
Good 2160 (49.00) 182 (42.12) 1.05 (0.83-1.34)
Very good/excellent 1130 (25.6) 90 (20.8) 1.00
Bullying® 38.593 < 0.0001
Yes 855 (19.39) 139 (32.17) 1.09 (1.05- 1.13)
No 3553 (80.60) 293 (67.82) 1.00
Repeat® 44.289 <0.001
Yes 550 (12.5) 104 (24.1) 2,03 (1.65-2.49)
No 3858 (87.52) 328 (75.92) 1.00
Satisfaction status® 48.221 < 0.0001
Very Unsatisfied 124 (2.81) 28 (6.48) 1.00
Unsatisfied 388 (8.80) 55 (12.73) 0.86 (0.77-0.96)
Indifferent 641 (14.54) 93 (21.52) 0.87 (0.79-0.97)
Satisfied 2458 (55.76) 199 (46.06) 0.82 (0.74-0.90)
Very satisfied 797 (18.08) 57 (13.19) 0.82 (0.74-0.91)
Did you think about quitting 63.375 < 0.0001
college?®
Yes 1861 (42.21) 269 (62.26) 1.09 (1.06-1.12)
No 2547 (57.78) 163 (37.73) 1.00
Do you consider that suicide is a 3.5685 0.05889

discussed topic in your academic
formation?®

Yes 576 (13.06) 71 (16.43) 1.03 (1.00, 1.06)
No 3832 (86.93) 361 (83.56) 1.00
Have you ever seek for psychiatric 83.739 <0.0001

or psychological assistance

because of problems in your

academic performance?®

Yes 1534 (34.80) 247 (57.17) 1.09 (1.07, 1.12)
No 2874 (65.19) 185 (42.82) 1.00

@ Student’s t-test
b X2 test
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Table 3. Mental health variables

Variables No suicide attempt With suicide Effect Size Prevalence Ratio P-value
(n=4408) attempt (n=432) (95 % CI)
No.(%) No.(%0)
PHQP® 73.438 < 0.0001
Yes 2595 (58.87) 346 (80.09) 1.10 (1.08-1.13)
No 1813 (41.12) 86  (19.90) 1.00
Child Trauma® 133.04 < 0.0001
Yes 968 (21.96) 203 (46.99) 1.16 (1.12-1.19)
No 3440 (78.03) 229 (53.00) 1.00
Adult TraumaP® 144.54 < 0.0001
Yes 669 (15.17) 165 (38.19) 1.18 (1.14-1.23)
No 3739 (84.82) 267 (61.80) 1.00
Family history of suicide® 22.11 < 0.0001
Yes 493 (11.18) 82 (18.98) 1.09 (1.05-1.14)
No 3915 (88.81) 350 (81.01) 1.00
Suicidal ideation in the last month 288.03 <0.0001
b
Yes 719 (16.31) 217 (50.23) 1.28 (1.24-1.33)
No 3689 (83.68) 215 (49.76) 1.00
Tobacco use in the last 3 months? 50.248 <0.0001
No 3570 (80.98) 302 (69.9) 1.00
1-2 times 487 (11.04) 58 (13.42) 1.01 (0.98-1.05)
Monthly 136 (3.08) 26 (6.01) 1.11 (1.03-1.20)
Weekly 116 (2.63) 17 (3.93) 1.06 (0.98-1.14)
Daily 99 (2.24) 29 (6.71) 1.23 (1.11-1.36)
Cannabis use in the last 3 months? 23.838 <0.001
No 3685 (83.59) 323 (74.76) 1.00
1-2 times/Monthly 576 (13.1) 81 (18.8) 1.53 (1.22-1.92)
Weekly/Daily 147 (3.3) 28 (6.6) 1.99 (1.39-2.83)
Cocaine use in the last 3 months® 3.348 0.031
Yes 37 (0.8) 8 (1.9 2.01 (1.07-3.79)
No 4371 (99.16) 424 (98.14) 1.00
Audit-Cb 43.338 < 0.0001
Low 2103 (47.70) 170 (39.35) 1.00
Moderate 1470 (33.34) 135 (3.06) 1.01 (0.98-1.03)
High 623 (14.13) 77 (17.82) 1.04 (1.01- 1.08)
Severe 212 (4.80) 50 (11.57) 1.19 (1.11-1.29)
@ Student’s t-test
b X2 test

44



Table 4 - Multivariate Analysis of Poisson Regression to evaluate factors associated with suicide attempts

Block Variables Prevalence 959% CI P
Ratio (PR)
Socio- Gender Female 1.64 1.29-2.08 <0.001

demographic
Sexual Orientation

Heterosexual 1.00 - -
Homosexual 2.93 2.19-3.91 <0.001
Bisexual 2.85 2.25-3.61 <0.001
Other 2.86 1.74-4.70 <0.001
Family income
<454 1.67 1.28-2.18 <0.001
454-909 1.33 1.04-1.70 0.026
909-1515 0.83 0.62-1.11 0.204
1515-3030 0.68 0.52-0.88 0.004
>3030 1.00 - -
Children
No 1.00 - -
One/two 0.80 0.37-1.71 0.561
Three or more 2.89 0.89-9.37 0.078
Live with
Alone 1.00 - -
With partner or relative 1.03 0.84-1.26 0.804
With friends 0.83 0.62-1.11 0.202
University residence 1.35 0.92-1.99 0.129
Personal Sleep
Poor 211 1.36-3.29 0.001
Regular 1.51 0.97-2.34 0.066
Good 1.04 0.65-1.77 0.858
Very good/excellent 1.00 - -
Physical activities 0.94 0.77-1.14 0.542
Family relations
Poor 3.63 2.59-5.06 <0.001
Regular 2.15 1.63-2.85 <0.001
Good 1.53 1.17-1.99 0.002
Very good/excellent 1.00 - -
Friends relations
Poor 1.71 1.18-2.47 0.005
Regular 1.28 0.97-1.69 0.087
Good 1.17 0.92-1.49 0.202
Very good/excellent 1.00 - -
University Year
First/Second 1.69 1.19-2.41 0.003
Third/Fourth 1.49 1.07-2.10 0.020
Fifth/Sixth 1.00 - -
Colleagues relations
Poor 1.49 0.99-2.23 0.052
Regular 1.18 0.88-1.58 0.276
Good 1.13 0.88-1.45 0.329
Very good/excellent 1.00 - -
Professors relations
Poor 0.83 0.57-1.23 0.355
Regular 0.76 0.58-1.00 0.053
Good 0.82 0.64-1.04 0.106
Very good/excellent 1.00 - -
Bullying 1.32 1.08-1.60 0.006
Repeat class/year 1.34 1.08-1.67 0.009
Satisfaction
Very unsatisfied 1.00 -
Unsatisfied 0.75 0.50-1.14 0.180
Indifferent 0.88 0.60-1.28 0.492
Satisfied 0.75 0.52-1.07 0.116
Very satisfied 0.82 0.54-1.25 0.365
Think about quitting 1.37 1.12-1.67 0.003
college
Suicide discussion in 1.21 0.94-1.55 0.133

academic formation



Seek for psychiatric or 1.73 1.45-2.08 <0.001
psychological assistance
Mental Health Child Trauma 1.39 1.14-1.72 0.001
Adult Trauma 1.44 1.16-1.78 0.001
PHQ Diagnosis 1.22 0.96-1.55 0.112
Suicide Family 1.36 1.09-1.69 0.005
Suicide ideation last 2.15 1.76-2.62 <0.001
month
Tobacco
No 1.00 - -
1-2 times 0.87 0.65-1.16 0.349
Monthly 1.15 0.79-1.66 0.460
Weekly 0.93 0.57-1.52 0.763
Daily 1.51 1.03-2.22 0.037
Cocaine
No 1.00 - -
Yes 0.86 0.42-1.76 0.684
Cannabis
No 1.00 - -
1-2 times/monthly 1.07 0.83-1.36 0.615
Weekly/daily 0.99 0.64-1.52 0.951
Audit-C
Low 1.00 - -
Moderate 1.11 0.89-1.37 0.363
High 1.24 0.95-1.62 0.118
Severe 1.45 1.05-1.99 0.023
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6.3 Material Suplementar

Supplemental Material of “Who attempts suicide among medical students?”

Table of contents:

eMethod

1.1 Questionnaire English Version

1.2 Questionnaire Portuguese Version

eTable 1. Algorithm performance in identifying individual suicide attempters from
non-attempters among medical students.

eFigure 1. Machine Learning Protocol

eFigure 2. The most important predictors for the Elastic Net model.

eFigure 3. Concentration of risk for suicide attempts among medical students.
References

Page 2
Page 2
Page 5
Page 9

Page 10
Page 10
Page 11
Page 12
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1. eMethod
1.1 Questionnaire (English Version)

1) How old are you?
2) What is your college course?
O Medicine
d Other (specify)
3) What college year are you in?
1st year
2nd year
3rd year
4th year
5th year
6th year
4)  What is your gender of birth?
O Female
a Male
5)  What is your sexual orientation?
1 Heterosexual
1  Homosexual
O Bisexual
4  Other
6) Which gender do you identify with? (Note: Gender identity is the way you feel and perceive yourself, as well as the
way you want to be recognized by others)
1 Female
d Male
[ Other
7)  What is your marital status?
[ Single, with partner
1 Single, without partner
4 Married
a Divorce
O  Widower
8) Do you have children?
[ 1 do not have children
O I havel
O I have 2
[ | have 3 or more
9)  Your family income, considering all the members of your family who live in your home, is around:
d  Up to 1.500 reais (up to U$454)
d  From 1.500 to 3.000 reais (U$ 454-909)
d  From 3.000 to 5.000 reais (U$ 909-1515)
1  From 5.000 to 10000 reais (U$ 1515-3030)
O Above 10000 reais (Above U$ 3030)
10) Who do you live with during the college year?
4  Alone
O | live with my partner and/or family
O 1 live with friends and/or other students (not pension, republic or student's home)
O 1 live in a pension or republic or student's home
11) Inthe last 3 months, have you used tobacco?
O | have not used tobacco in the last 3 months
O 1or2times
O Monthly
O Weekly

oo
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O Daily or almost daily
12) How often do you have a drink containing alcohol?
1 Never
d Monthly or less
[ 2 to 4 timesa month
O 2 to 3times aweek

[ 4 or more times a week
13) How many standard drinks containing alcohol do you have on a typical day? Note: 1 standard dose = 40mL of vodka or
40mL of drip or 40mL of whiskey or 1 glass of wine or 1 can of beer, as shown below:

Volume e tipo 40ml 85ml 140ml 340ml 600ml
de bebida:
de pinga, uisque de vinho do Porto, de vinho 1latade cerveja devinho
ou vodka vermute ou licores de mesa ou chope de mesa

Com gradagdo

de 2&2:'{;‘: 40% 28% 12% com grigfszjlg;dluca de
d lor2
d 3or4d
1 5o0r6
4 7,80r9
(1 10 or more
14) How often do you have 6 or more doses on one occasion?
1 Never
O Less than monthly
O  Monthly
O Weekly
d Daily or almost daily

15) In the last 3 months, have you used cannabis?
1 I have not used cannabis in the last 3 months
O 1or2times
O  Monthly
O Weekly
d Daily or almost daily

16) In the last 3 months, have you used cocaine?
[ I have not used cocaine in the last 3 months
O 1or2times
1 Monthly
O Weekly
1 Daily or almost daily

17) About your family relationships, you consider it to be:

Bad
Regular
Good
Very good

Excellent
elationships with friends/partner, you consider it to be:

Bad
Regular
Good
Very good
Excellent

oo oU

18) About your

ooood
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19) Do you practice regular physical activities according to WHO criteria? (150 minutes of moderate physical activity per
week or 75 minutes of intense physical activity per week)
1 Yes.
d No
20) How do you define the quality of your sleep?
O Bad
O Regular
a Good
O Verygood
O Excellent
21) What assessment would you make of your relationship with colleagues?
Bad
Regular
Good
Very good
Excellent
22) What assessment would you make of your relationship with your professors?
1 Bad
1 Regular
4  Good
O Very good
O Excellent
23) Have you ever suffer any form of bullying at the university (verbal or physical assault caused by one or more
individuals)?
O Yes
d No
24) Have you ever needed to repeat any class/year at the college?
U I never repeat
Once
Twice
3 times
Four or more times
25) How satisfied are you with the course?
Very unsatisfied
Dissatisfied
Indifferent
Pleased
Very satisfied
26) Have you seriously considered quitting or changing Medicine college?
U Yes

U No
27) Have you sought psychiatric/psychological help because of problems with your academic performance?

 Yes
d No
28) Have you suffered any kind of trauma or been a victim of maltreatment (harassment, neglect, discrimination and/or
abuse) during your childhood/adolescence?
1 Yes
1 No
29) Have you suffered any kind of trauma or been a victim of maltreatment (harassment, neglect, discrimination and/or
abuse) during your adult life?
1 Yes
1 No
30) Over the last 2 weeks, how often have you had little interest or pleasure in doing things?
1 Never
[ Several days

codoo

a
a
a
a

Coodo
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1 More than half the days
O Nearly every day
31) Over the last 2 weeks, how often have you had feeling down, depressed, or hopeless?
1 Never
O Several days
1 More than half the days
O Nearly every day
32) Have you ever wanted and/or thought to take your own life?
4 Yes
d No
33) In the last month, have you had any desire or thoughts to take your own life?
O Yes

d No
34) Has anyone in your family committed suicide (grandparents, parents, children, uncles, brothers, cousins)?

J Yes

d No
35) Have you ever committed any suicide attempt?

[ I never made any suicide attempt
[ I already made one suicide attempt
1 I have already made two suicide attempts

[ I have already made three or more suicide attempts
36) Do you consider that suicide is a well debated topic in your college?

J Yes
d No

1.2 Questionnaire - Portuguese Version

1) Qual asuaidade?
2) Qual o seu curso?
O Medicina
1 Outro (especifique)
3) Qual ano vocé esta cursando?
1%ano
2°ano
3%ano
4° ano
5%ano
6° ano
4)  Qual é o seu sexo de nascimento?
d  Feminino
O  Masculino
5) Qual a sua orientacdo sexual?
1 Heterossexual
d  Homossexual
d  Bissexual
4  Outro
6) Com qual género vocé se identifica? (Observacéo: Identidade de género é a maneira como vocé se sente e se percebe,
assim como a forma que vocé deseja ser reconhecido (a) pelas outras pessoas.)
O Feminino
d Masculino

O Outro
7)  Qual seu estado civil?

O Solteiro (a) com companheiro (a) ou namorado (a)
Q Solteiro (a) sem companheiro (a) ou namorado (a)
(1 Casado (a)/ Unido Estavel

O Separado (a)

coouooo
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O Viavo (a)
8) Vocé tem filhos?
(d Nao tenho filhos
[ Tenho 1 filho
(d Tenho 2 filhos
d Tenho 3 ou mais filhos

9) Suarenda familiar, considerando todos os integrantes de sua familia que moram em seu domicilio, é em torno de:

O Até 1.500,00 reais

([ De 1.500 a 3.000 reais
d De 3.000 a 5.000 reais
(d De 5.000 a 10.000 reais

O Acima de 10.000 reais
10) Com quem vocé mora durante o ano letivo?

d  Moro sozinho (a)
1 Moro com companheiro(a) e/ou familiares

1  Moro com amigos e/ou com outros estudantes (ndo sendo penséo, republica ou casa do estudante)

1 Moro em penséo ou republica ou casa do estudante
11) Em relagdo aos Ultimos 3 meses, vocé fez uso de tabaco?

(d Nao usei tabaco nos Gltimos 3 meses
d 1ou2vezes

O Mensalmente

O Semanalmente

(d Diariamente ou quase todos os dias
12) Com que frequéncia vocé toma bebidas alcodlicas?

Nunca

Mensalmente ou menos

De 2 a 4 vezes por més

De 2 a 3 vezes por semana
4 ou mais vezes por semana

oo doo

13) Nas ocasifes em que vocé bebe, quantas doses consome tipicamente? Observacgdo: 1 dose-padrdo = 40mL de vodka ou
40mL de pinga ou 40mL de uisque ou 1 taca de vinho de mesa ou 1 lata de cerveja, conforme a imagem abaixo:

Volume e tipo 40ml 85ml 140ml
de bebida:
de pinga, uisque  de vinho do Porto, de vinho
ou vodka vermute ou licores de mesa
Com gradacgdo
alcodlica 40% 28% 12%
de cerca de:
d lou?
d 3ou4
d 50ub
d 7,80u9
1 10 ou mais

14) Com que frequéncia vocé toma 6 ou mais doses em uma Unica ocasido?

Nunca

Menos do que uma vez ao més
Mensalmente

Semanalmente

Todos ou quase todos os dias

Coddo

15) Em relacéo aos 3 Gltimos meses, vocé fez uso de maconha?

340mi 600ml
1lata de cerveja devinho
ou chope de mesa

com gradacdo alcodlica de
cerca de 5%
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Nd&o usei cocaina nos Ultimos 3 meses
1 ou 2 vezes

Mensalmente

Semanalmente

Diariamente ou quase todos os dias
aos 3 ultimos meses, vocé fez uso de cocaina?

Né&o usei cocaina nos Gltimos 3 meses
1 ou 2 vezes

Mensalmente

Semanalmente

Diariamente ou quase todos os dias
17) Quanto aos seus relacionamentos familiares, vocé considera que sejam:

O Ruins

O Regulares
O Bons
a

a

16) Em relag

CooooDduoooUoC

Otimos
Excelentes
18) Quanto ao seus relacionamentos com amigos(as)/namorado(a), vocé considera que sejam:
O Ruins
d Regulares
4 Bons
O  Otimos
O Excelentes
19) Vocé pratica atividades fisicas regulares segundo critério da OMS? (150 minutos de atividade fisica moderada por
semana ou 75 minutos de atividade fisica intensa por semana).
d  Sim
O Naéo
20) Como vocé define a qualidade do seu sono?
Ruim
Regular
Bom
Otimo
Excelente
21) Qual avaliacdo vocé faria de seu relacionamento com os colegas de faculdade, na sua maioria?
d  Ruim
O Regular
d Bom
a  Otimo
1 Excelente
22) Qual avaliagdo vocé faria de seu relacionamento com os professores, na sua maioria?
d  Ruim
1 Regular
4 Bom
a  Otimo
[ Excelente
23) Vocé ja sofreu alguma forma de bullying (agressdes verbais ou fisicas recorrentes provocadas por um ou mais
individuos) na universidade?
O Sim
O Nao
24) Vocé ja precisou repetir alguma matéria na universidade?
Nunca repeti
Uma vez
Duas vezes
Trés vezes
Quatro ou mais vezes

ooodo

ooodd
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25) Qual seu nivel de satisfacdo com o curso?
O Muito insatisfeito
O Insatisfeito
O Indiferente
O Satisfeito
O Muito satisfeito
26) Voce ja pensou seriamente em desistir ou mudar de curso?
d  Sim
O  Nao
27) Japrocurou auxilio psiquiatrico/psicoldgico devido a problemas no seu desempenho académico?
a Sim
4 Nao
28) Vocé sofreu algum tipo de trauma ou foi vitima de maus tratos (assédio, negligéncia, discriminacdo e/ou abuso) durante
sua infancia/ adolescéncia?
a Sim
O Nao
29) Vocé sofreu algum tipo de trauma ou foi vitima de maus tratos (assedio, negligéncia, discriminacéo e/ou abuso)
durante sua vida adulta?
d  Sim
O Nao
30) Durante as ultimas 2 semanas, em quantos dias vocé teve pouco interesse ou prazer em fazer as coisas?
O Nenhum dia
O Alguns dias
d  Em mais da metade dos dias
[ Em quase todos os dias
31) Durante as Ultimas 2 semanas, em quantos dias vocé se sentiu desanimado, deprimido ou sem perspectiva?
O Nenhum dia
O  Alguns dias
d  Em mais da metade dos dias
1 Em quase todos os dias
32) Vocé ja& desejou e/ou pensou alguma vez em tirar sua propria vida?
d  Sim
4 Néo
33) No ultimo més, vocé tem ou teve desejo ou pensamentos em tirar sua prépria vida?
O Sim
4 Nao
34) Alguém na sua familia ja se suicidou (avos, pais, filhos, tios, irmdos, primos)?
O Sim
4 Nao
35) Voce ja realizou alguma tentativa de suicidio?
(O Nunca realizei nenhuma tentativa de suicidio
(d Jérealizei uma tentativa de suicidio
(d Jérealizei duas tentativas de suicidio
(d Jérealizei trés ou mais tentativas de suicidio
36) Vocé considera que suicidio seja um tema debatido na sua formacao académica?
d  Sim
1 Néo
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eTable 1 - Algorithm performance in identifying individual suicide
attempters from non- attempters among medical students.
Metric Elastic Net
Balanced Accuracy 0.74
Sensitivity 0.75
Specificity 0.73
AUC 0.83
eFigure 1 - Machine Learning protocol
Test Data
25%
10-fold
Cross-Validation ~
S
(“Of@
Data . P "»is\%(\
- - ;J \‘.I (}G
Hyperparameter | Elastic Net | .~ Final
Tuning Method Model
75% \ J J
Training
Data
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eFigure 2 — Most important predictors for the Elastic Net model!

Suicide Ideation Lifetime: Positive
Sexual Orientation: Other

Family Relations: Poor

Gender ldentity: Other

Sexual Orientation: Bisexual
Cocaine: Positive

Sexual Orientation: Homosexual
Psychological Assistance: Positive
Family Income: U$ 454-909

Adult Abuse: Positive

Suicide Family: Positive

Sleep: Poor

Suicide Ideation Last Month: Positive
College Year: 1st or 2nd

Tobacco: Nothing in the last 3 months
Family Income: Up to U$ 454

Audit Total: 6

Children: 1 or 2

Children: Mone

College Year: 3rd or 4th

Predictors
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eFigure 3. Concentration of risk for suicide attempts among medical
students
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7. CONCLUSOES E CONSIDERACOES FINAIS

Existem alguns pontos de relevancia do presente estudo que valem a pena serem
discutidos. Primeiro, o alto nimero de respostas permite uma analise estatistica
significativa de varios fatores. Segundo, este ¢ o primeiro estudo na literatura que
aborda diretamente a questdo da tentativa de suicidio de estudantes de medicina. Em
terceiro lugar, em virtude da forma de coleta ter sido através de um questiondrio online
e a divulgacdo do mesmo ter sido em uma midia social intensamente utilizada, ele
representa as opinides de uma amostra nacional da populagdo de estudantes de
medicina, ¢ ndo exclusivamente de uma universidade especifica. Quarto, o anonimato
da pesquisa ¢ a forma de coleta reduziram a chance de os estudantes reterem suas

experiéncias devido ao medo de retaliagao.

Por outro lado, tratando-se de um estudo transversal de auto-relato, abordando
uma questdo complexa e sensivel como a tentativa de suicidio, ha limitagdes para esta
pesquisa. A taxa de resposta para os alunos do primeiro ano foi maior, com um nimero
menor de respostas a medida que se aproxima dos anos finais da faculdade. Isso pode
refletir sua maior flexibilidade de oportunidade e tempo para responder, mas também
reduz a generaliza¢do dos resultados nos ultimos anos. Além disso, ¢ possivel que os
estudantes com ideacdo suicida ou historia de tentativa de suicidio tenham optado por
ndo responder devido a sensibilidade do topico. No entanto, também € possivel que os
estudantes com esses sintomas estejam mais dispostos a responder devido a

identificacao com o desfecho estudado.

Em conclusdo, a preven¢dao do suicidio requer uma visdo, um plano e um
conjunto de estratégias. Os estudantes de medicina estdo em maior risco de tentativa de

suicidio do que a populagdo em geral, sendo que todas as varidveis modificaveis
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associadas a esse desfecho encontradas em nosso estudo (qualidade das relagdes com
amigos e familiares, bullying na Universidade, uso didrio de tabaco, estar sob risco
severo de abuso de alcool) podem ser consideradas para que estratégias preventivas
sejam desenvolvidas. Além disso, a identificagdao através de algoritmos de risco dos
sujeitos sob maior risco permite que intervengdes personalizadas sejam implementadas.
Futuros estudos longitudinais devem avaliar a causalidade de algumas varidveis,
construir modelos preditivos precisos e avaliar sua utilidade subsequente para facilitar a

criacdo de intervengdes para prevenir o suicidio.
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9. ANEXOS
ANEXO I: INSTRUMENTO DE PESQUISA

Questionario

TENTATIVA DE SUICIDIO E FATORES RELACIONADOS EM ESTUDANTES
DE MEDICINA:

Vocé esta sendo convidado a responder este questionario que tem como objetivo
principal avaliar questdes relacionadas ao suicidio em estudantes de Medicina no
Brasil. Esta pesquisa faz parte de um projeto que tem o objetivo de investigar fatores
relacionados a saude mental dos estudantes, visando também o planejamento de acbes
de prevencdo e intervencdo em nosso meio, a partir desses dados. A pesquisa é
anénima e os dados serdo analisados apenas em conjunto, garantindo que ndo ha
possibilidade de identificacdo. O projeto foi aprovado pelo Comité de Etica do Hospital
de Clinicas de Porto Alegre. Ao responder o questionario vocé concorda com a
participacdo no estudo. Caso ao responder a pesquisa VOcé perceba que necessita de
ajuda psicologica, no final do questionario h& opcdes de servicos em que vocé pode

buscar apoio ou assisténcia.

1. Qual a sua idade?
2. Qual o seu curso?
1 Medicina

7 Outro (especifique)

3. Qual ano vocé esta cursando?
7 1%ano
1 2%ano
7 3%ano
7 4°ano
7 5%ano
7 6%ano

4. Qual é o seu sexo de nascimento?
7 Feminino
7 Masculino

5. Qual a sua orientacao sexual?
1 Heterossexual
Homossexual
- Bissexual
Outro
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6.

Com qual género vocé se identifica? (Observacao: Identidade de género é a

maneira como Vocé se sente e se percebe, assim como a forma que vocé deseja ser
reconhecido (a) pelas outras pessoas.)

9.

Feminino
Masculino
Outro

Qual seu estado civil?

Solteiro (a) com companheiro (a) ou namorado (a)
Solteiro (a) sem companheiro (a) ou namorado (a)
Casado (a)/ Unido Estavel

Separado (a)

Viavo (a)

Vocé tem filhos?

Nao tenho filhos
Tenho 1 filho

Tenho 2 filhos

Tenho 3 ou mais filhos

Sua renda familiar, considerando todos os integrantes de sua familia que

moram em seu domicilio, é em torno de:

10.

11.

12.

Até 1.500,00 reais

De 1.500 a 3.000 reais
De 3.000 a 5.000 reais
De 5.000 a 10.000 reais
Acima de 10.000 reais

Com quem vocé mora durante o ano letivo?

Moro sozinho (a)

Moro com companheiro(a) e/ou familiares

Moro com amigos e/ou com outros estudantes (ndo sendo pensao, republica ou
casa do estudante)

Moro em pensdo ou repUblica ou casa do estudante

Em relacdo aos ultimos 3 meses, vocé fez uso de tabaco?
N&o usei tabaco nos Gltimos 3 meses

1 ou 2 vezes

Mensalmente

Semanalmente

Diariamente ou quase todos os dias

Com que frequéncia vocé toma bebidas alcodlicas?
Nunca

Mensalmente ou menos

De 2 a 4 vezes por més

De 2 a 3 vezes por semana

4 0u mais vezes por semana
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13.

Nas ocasifes em que vocé bebe, quantas doses consome tipicamente?

Observacgéo: 1 dose-padréo = 40mL de vodka ou 40mL de pinga ou 40mL de
uisque ou 1 taca de vinho de mesa ou 1 lata de cerveja, conforme a imagem abaixo:

Volume e tipo 40ml 85ml 140ml 340mi 600mi
de bebida:
de pinga, uisque de vinho do Porto, de vinho 1lata de cerveja  de vinho
ou vodka vermute ou licores de mesa ou chope de mesa
Com gradacgao
alcodlica 40% 28% 12% com gradac3o alcodlica de
de cerca de: cerca de 5%
lou?2
3ou4
5o0ub
7,80u9
10 ou mais

14) Com gue frequéncia vocé toma 6 ou mais doses em uma Unica ocasiao?

Nunca

Menos do que uma vez ao més
Mensalmente

Semanalmente

Todos ou quase todos os dias

15) Em relacdo aos 3 ultimos meses, vocé fez uso de maconha?

Nao usei maconha nos ultimos 3 meses
1 ou 2 vezes

Mensalmente

Semanalmente

Diariamente ou quase todos os dias

16) Em relacdo aos 3 ultimos meses, vocé fez uso de cocaina?

Nao usei cocaina nos Gltimos 3 meses
1 ou 2 vezes

Mensalmente

Semanalmente

Diariamente ou quase todos os dias

17) Quanto aos seus relacionamentos familiares, vocé considera que sejam:

18.

Ruins
Regulares
Bons
Otimos
Excelentes

Quanto ao seus relacionamentos com amigos(as)/namorado(a), vocé

considera que sejam:

Ruins
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19.

Regulares
Bons
Otimos
Excelentes

Vocé pratica atividades fisicas regulares segundo critério da OMS? (150

minutos de atividade fisica moderada por semana ou 75 minutos de atividade fisica
intensa por semana).

20.

21.

Sim
Nao

Como vocé define a qualidade do seu sono?
Ruim

Regular

Bom

Otimo

Excelente

Qual avaliacdo vocé faria de seu relacionamento com os colegas de

faculdade, na sua maioria?

22.

Ruim
Regular
Bom
Otimo
Excelente

Qual avaliacéo vocé faria de seu relacionamento com os professores, na sua

maioria?

23.
recorr

24,

25.

Ruim
Regular
Bom
Otimo
Excelente

Vocé ja sofreu alguma forma de bullying (agressdes verbais ou fisicas

entes provocadas por um ou mais individuos) na universidade?

Sim
Nao

Vocé ja precisou repetir alguma matéria na universidade?
Nunca repeti

Uma vez

Duas vezes

Trés vezes

Quatro ou mais vezes

Qual seu nivel de satisfacdo com o curso?
Muito insatisfeito

Insatisfeito

Indiferente
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Satisfeito
Muito satisfeito

[

26.  Vocé ja pensou seriamente em desistir ou mudar de curso?
Sim
7 Né&o

27.  Japrocurou auxilio psiquiatrico/psicolégico devido a problemas no seu
desempenho académico?
7 Sim
Né&o

28.  Vocé sofreu algum tipo de trauma ou foi vitima de maus tratos (assedio,
negligéncia, discriminagéo e/ou abuso) durante sua infancia/ adolescéncia?
Sim
7 Né&o

29.  Vocé sofreu algum tipo de trauma ou foi vitima de maus tratos (assédio,
negligéncia, discriminacéo e/ou abuso) durante sua vida adulta?
7 Sim
Né&o

30) Durante as ultimas 2 semanas, em quantos dias vocé teve pouco interesse ou
prazer em fazer as coisas?

71 Nenhum dia

7 Alguns dias

7 Em mais da metade dos dias

7 Em quase todos os dias

31) Durante as ultimas 2 semanas, em quantos dias vocé se sentiu desanimado,
deprimido ou sem perspectiva?

7 Nenhum dia

o Alguns dias

7 Em mais da metade dos dias

1 Em quase todos os dias

32) Vocé ja desejou e/ou pensou alguma vez em tirar sua prépria vida?
0 Sim
7 Néo

33) No ultimo més, vocé tem ou teve desejo ou pensamentos em tirar sua prépria
vida?
7 Sim
7 Né&o
34) Alguém na sua familia ja se suicidou (avos, pais, filhos, tios, irmaos, primos)?
7 Sim
7 Né&o

35) Vocé ja realizou alguma tentativa de suicidio?
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Nunca realizei nenhuma tentativa de suicidio
Ja realizei uma tentativa de suicidio

Ja realizei duas tentativas de suicidio

Ja realizei trés ou mais tentativas de suicidio

[

36.  Vocé considera que suicidio seja um tema debatido na sua formacao
académica?
7 Sim
N&o
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REVIEW ARTICLE

ANEXO IV- PRODUCAO CIENTIFICA DURANTE O MESTRADO

Neuron-glia Interaction as a Possible Pathophysiological Mechanism of

Bipolar Disorder
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Abstract: Accumulating evidence bas shown the mmponiance of glial cells m fhe newobiclogy of
bipolar disorder. Activated microglia and inflammatory cyiokines bave been pointed out as poten-
tizl hiomarkers of hipolar disorder. Indeed, recemt siudies have shown that hipolar disorder imvolves
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microglial activation in the hippocampus and alieratioes i peripheml cytolines, suggesiing a po-
tentizl link betwesn neuminflammation and penpheral toxicity. These shoonmalities may also be
the biclogical mderpinnings of utcomes refated 0 nearopsogression, such & cognitive impadmsent
and hrain changes. Additicmally, sarocytes may have a role o the pregression of hipolar disorder,
a5 these cells amplify mflammairy resporse and mainiain gluizmete homeosiasis, preveniing exci-

toinxicity. The present review aims o diseuss neuron-glia ineractions and their role m e pagho-
physialogy and treatment of bipolar disorder

Keywords: Bipolar disorder, mania, neuran, glia, microglia, astrocyte, oligodendrocyte, brain-hlood barmer.

LINTRODUCTION

Bipolar disorder has a prevalence of about 2%, and sub=
chinical variants affect another 2% of the population [1]. The
Waorkd Health Organizmtion mental bealth sarveys bhave
shown that hipelar disorder ranks second m the number of
days out of role [2]. In addition, the incidence of death by
suicide among patients with hipodar disorder is hegh, 20-340
times higher than for the general population [3]. Foellowmg a
chromic course, hipolar disorder ofien results im enduwring
functional and cognitive impairment [4]. Abso, the condition
B associated with illnesses marked by immune activation,
such as metabolic symdrome [5], obesty, type 21 dobetes
mellitus and cardsovascular diseases [6). Fmally, bipelar
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disorder 15 known to be sssocmted with an incressed mei-
dence of auloimmume and inflammatory disorders |7, 8].

Early studies on the pathophysiology of hipolar disorder
followed the findings reported for major depressive disorder
and pointed ipwards monoamime deturbances [9, 10]. Af-
lerwards, the ghiamatergic hypothesis emerged [11], and
more recently, glial dysfunchomrs have been investigated
[12]. For imstance, a stsdy on excitoloxicity and neurnine
flammatary markers in postmoriem frontl cortices showed
alteratsons im astroglial amd microglal markers in patients
wilh bipolar dsorder when compared with control subjects
[13]. Furthermore, a positron emdssion tomography (PET)
scan shady found microglial activation and thus newroin-
flammation in the hippecampas of euthymic patenis with
bipolar disorder [14].

Recently, a comnection has been suggesied between news
reinflammation and inflammatory peripheral markers in the
pathophysiclogy of bipolar disorder [15]. A meta-analysis
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