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Abstract

Background

Medical students’ rate of depression, suicidal ideation, anxiety, and burnout have been

shown to be higher than those of the same-age general population. However, longitudinal

studies spanning the whole course of medical school are scarce and present contradictory

findings. This study aims to analyze the longitudinal evolution of mental health and burnout

from the first to the last year of medical school using a wide range of indicators. Moreover,

biopsychosocial covariates that can influence this evolution are explored.

Method

In an open cohort study design, 3066 annual questionnaires were filled in by 1595 different

students from the first to the sixth year of the Lausanne Medical School (Switzerland).

Depression symptoms, suicidal ideation, anxiety symptoms, stress, and burnout were mea-

sured along with biopsychosocial covariates. The longitudinal evolution of mental health and

burnout and the impact of covariates were modelled with linear mixed models.

Results

Comparison to a same-aged general population sample shows that medical students

reported significantly more depression symptoms and anxiety symptoms. Medical students’

mental health improved during the course of the studies in terms of depression symptoms,

suicidal ideation, and stress, although suicidal ideation increased again in the last year and

anxiety symptoms remained stable. Conversely, the results regarding burnout globally

showed a significant worsening from beginning to end of medical school. The covariates
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most strongly related to better mental health and less burnout were less emotion-focused

coping, more social support, and more satisfaction with health.

Conclusion

Both improvement of mental health and worsening of burnout were observed during the

course of medical school. This underlines that the beginning and the end of medical school

bring specific challenges with the first years’ stressors negatively impacting mental health

and the last year’s difficulties negatively impacting burnout.

Introduction

Medical students have been shown to present more depression [1], anxiety [2], and burnout

[3] than same-aged general population individuals. Meta-analyses have indeed reported a

pooled prevalence of 28.0% of the medical students for depression [1,4], 11.1% for suicidal ide-

ation [1], 33.8% for anxiety [2], and 44.2% for burnout [5]. Moreover, a study has shown that

before actually starting medical school, medical students present less depression and less burn-

out than same-aged general population; suggesting that the course of the medical school itself

may trigger mental health issues and burnout [6].

Despite the wealth of literature on the subject, longitudinal studies analyzing the evolution

of mental health and burnout from beginning to end of medical school are still scarce and

present inconsistent findings. For depression symptoms, a meta-analysis estimated a median

increase of 13.5% each curriculum year [1], but another meta-analysis reported a gradual

decrease until the last year of medical school [4]. For anxiety, both increase and decrease

trends have been reported [7] and for suicidal ideation and burnout, longitudinal studies are

too scarce to provide a reliable understanding of their evolution during medical school [1,8].

Consequently, the patterns of evolution of mental health and burnout during medical school

are still unknown.

Medical students’ mental health issues and burnout have been attributed to different fac-

tors. Entering medical school represent a significant source of stress as it often marks a transi-

tion of moving away from home towards a new social environment with new ways of studying

that demands an important adjustment from students [4]. Then, academic factors of stress are

numerous such as the volume of information to learn, time constraints, examinations, compe-

tition, ethical challenges, and exposure to human suffering [9]. On the other hand, protective

factors have been identified as well: a systematic review reports that the factors most often

related to less mental health issues and burnout in medical students are low neuroticism, less

emotion-focused coping strategies, more physical activity, lower study-related stress, and

higher satisfaction with studies [10].

The present study aims to add to the existing literature by analyzing the temporal evolution

of mental health and burnout throughout the course of medical school [1,8]. The few studies

using prospective data focused mostly on the first year of medical school or on the two first

years [1,8]. Yet, it seems essential to understand the temporal evolution of medical students’

mental health and burnout throughout the entire medical school curriculum in order to iden-

tify the curriculum years that are most challenging. Moreover, there is a need for more studies

analyzing conjointly a wide range of biopsychosocial covariates of medical students’ mental

health and burnout in order to identify the most influential protective and aggravating factors.

The objectives of the present study are thus to (1) compare the mental health and coping
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strategies of medical students to same-age general population, (2) describe the evolution of

mental health and burnout from beginning to end of medical school using a wide range of

indicators (depression symptoms, suicidal ideation, anxiety symptoms, stress, emotional

exhaustion, cynicism, and academic efficacy), and (3) identify biopsychosocial covariates influ-

encing the evolutions of medical students’ mental health and burnout.

Method

Design and data collection

This is a longitudinal analysis of data from the ETMED-L project [11] collected with an open

cohort study design. An online questionnaire investigating mental health and interpersonal

competence was sent to all medical students (curriculum years 1 to 6) matriculated at the Uni-

versity of Lausanne (Switzerland), except for the students who are at the university as part of

an academic exchange. It took approximately one hour to fully complete the online question-

naire and the students received 50CHF (~50USD) for each completed questionnaire. The pres-

ent study used the data of the three first waves of the ETMED-L project collected during the

months of March 2021, November 2021, and November 2022.

To compare the mental health of medical students to same-aged general population indi-

viduals, data collected as part of the CoLaus|PsyCoLaus were retrieved. Initiated in 2003,

CoLaus|PsyCoLaus is a population-based cohort study that follows a representative sample of

the residents of Lausanne (Switzerland). The study has been designed to investigate psychiatric

disorders and cardiovascular risk factors as well as their association using structured interviews

and questionnaires [12]. For the present study, the data of the offspring of the participants of

CoLaus|PsyCoLaus collected from the 26th of March 2008 to the 16th of November 2022 were

used.

The Research Ethics Committee of the Canton de Vaud approved both the ETMED-L

(project number 2020–02474) and CoLaus|PsyCoLaus (project number PB_2018–00038, refer-

ence 239/09) projects. All participants gave written informed consent.

Measures

Mental health and burnout. The instruments used in the ETMED-L project are detailed

in its published protocol [11]. For the present paper, four measures of mental health were

used. Depression symptoms were assessed with the Center for Epidemiological Studies-Depres-

sion [CES-D; 13] with the validated cut-offs scores of 16 for males, 20 for females, and 19 over-

all [14]. Suicidal ideation was measured with two questions of the Beck Depression Inventory

[BDI; 15]. Anxiety symptoms were assessed with the State-Trait Anxiety Inventory [STAI; 16]

and stress was measured with a single generic item (“Globally, how would you evaluate your

current stress level on a scale from 1 ‘none’ to 10 ‘extreme’?”). For burnout, the Maslach Burn-

out Inventory Student-Survey [MBI-SS; 17] was used. The Maslach Burnout Inventory is the

most widely used measure of burnout that assesses three dimensions: emotional exhaustion,

depersonalization, and personal accomplishment (reversed dimension). The students’ version

used in the present study has been validated among students and measures the corresponding

three dimensions of Emotional Exhaustion, Cynicism, and Academic Efficacy (reversed dimen-

sion). Except for the single item measuring stress, all instruments are well established and have

a French validated version that has been used in the present study.

Biopsychosocial covariates. Four sociological covariates were analyzed: identifying as

male (gender identity recoded into 1 = male and 2 = female or non-binary), paid job (hours

per week), parents’ education (number of parents with college or university degree), having a

partner (1 = yes, 0 = no), and social support. Social support was measured as the average score
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of two questions adapted from a larger cohort study’s questionnaire [18]: “If necessary, in your

opinion, to what extent can someone provide you with practical help, this means concrete help

or useful advice, if 0 means "not at all" and 10 "a great deal"?” for practical support and “To

what extent can someone be available in case of need and show understanding, by talking with

you for example, if 0 means "not at all" and 10 "a great deal"?” for emotional support (Cron-

bach’s alpha = .73).

Regarding psychological covariates, having consulted a psychotherapist during the past

year (1 = yes, 0 = no) and coping strategies were assessed. Coping strategies were measured

with the French version of the coping section of the Euronet questionnaire [19,20]. Confirma-

tory factor analysis [21] supported three factors including the dimensions of emotion-focused,

help-seeking, and problem-focused coping strategies.
Finally, three biological covariates were included: Body Mass Index (BMI; weight in kilo-

grams divided by height in meters squared), physical activity (number of hours per week), and

satisfaction with health (“Are you satisfied with your health?” rated on a scale from 1 = very

unsatisfied to 5 = very satisfied).

Statistical analysis

Medical students were compared to same-age general population individuals using linear

regression with sample (medical students vs general population) as independent variable,

being male as a control variable, and depression symptoms, anxiety symptoms, and coping

strategies (the only indicators measured similarly in both the ETMED-L and CoLaus|PsyCo-

Laus projects) separately as dependent variables. Cohen’s d was computed for effect size esti-

mation with ds of 0.2, 0.5, and 0.8 respectively considered as small, medium, and large effect

sizes [22]. For a more clinically relevant appreciation of the results, a test of proportion was

additionally used to compare the two samples in terms of risk of clinical depression according

to the CES-D cutoff. Note that for all these comparison analyses, medical students’ data at first

participation were used.

Linear Mixed Models (LMMs) were used to model the longitudinal evolution of mental

health and burnout over the course of medical school. Due to funding constraints, the students

could not be followed during the entire six-year of medical school. However, LMMs provides a

powerful framework for modeling the longitudinal evolution of mental health and burnout

across the entire six-year duration of medical school, even when the medical students have

been assessed at a maximum of three time points. This approach indeed effectively accounts

for limited and unevenly spaced data points, facilitating insights into trajectories over the

entire course of medical school.

The LMMs analyses followed the subsequent steps for each mental health and burnout indi-

cators separately (see S1 File for the related equations). In a first step, Model 1 was fitted con-

sidering the student specific effects as random intercepts to account for the clustering in the

data due to the repeated measures for each medical student and including all the biopsychoso-

cial covariates described in the Measure section. In a second step, two different temporal vari-

ance-covariance structures were fitted to potentially account for the temporal spillover of

mental health and burnout (i.e. the influence of past observation on current observation). The

same model as in the first step was fitted, where an Autoregressive Covariance Structure of AR

(1) was considered in Model 2 and an Autoregressive/Moving Average Covariance Structure

of ARMA(1,1) in Model 3. Then, the best fitting model between 1, 2, and 3 was selected using

likelihood ratio tests. In a third step, the non-linear evolution of mental health and burnout

was tested by including the time as quadratic in Model 4 and cubic in Model 5 with the tempo-

ral structure selected in the second step. Using likelihood ratio tests, Models 4 and 5 were then
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compared to the linear Model 1, 2, or 3 according to the temporal structure selected in the sec-

ond step. The best fitting model of this third step was presented as the final model. Note that

Restricted Maximum Likelihood method was used to produce unbiased estimates of variance

and covariance parameters [23,24]. For all the final models, we report marginal R2 as the per-

centage of variation explained by the fixed part of the model, conditional R2 as the percentage

of variation explained by both fixed and random part of the model, and Intraclass Correlation

Coefficient (ICC) as the proportion of total between-student variance. Moreover, Standardized

β are presented for effect sizes estimation. Standardized βs between 0.10–0.29 are considered

as small, between 0.30–0.49 as medium, and 0.50 or greater as large effect sizes [22].

The highest missing rate at the item level was 0.97% (coping and social support items). It

has been shown that it is unlikely to be much gain from multiple imputation when missing

rates are lower than 5% [25]. Thus, missing data at the item level were replaced by mean scores

if less than 20% of the items were missing. If 20% or more of the items were missing, the total

score was considered missing and missing data at the score level were then handled with full

information maximum likelihood in the LMMs. Stata version 17 [26] and R version 4.2.2 [27]

were used for the analyses and p values< .05 were considered significant.

Results

Samples

The eligible students who agreed to participate were 906, 1059, and 1101 for each data collec-

tion wave, resulting in a total of 3066 questionnaires (a detailed participation flow chart is pro-

vided as S1 Fig). From those, 74 questionnaires were excluded because students gave a wrong

answer to at least one of the two attention questions placed in the questionnaire (e.g., “In order

to check your attention, please answer ‘Slightly agree’ to this question.”) and 6 questionnaires

were excluded due to technical issues. Thus, each data collection wave included respectively

886, 1034, and 1066 answered questionnaire, which represent 49.41%, 49.33%, and 54.92% of

each wave’s eligible students. Then, 168 students who repeated a year had to be excluded to

have only linear curriculum trajectories. The final sample thus included 2601 questionnaires

form 1595 different students with 909 students who participated in only one wave, 366 who

participated in two waves, and 320 who participated in three waves of data collection.

The same-age CoLaus|PsyCoLaus offspring comparison group, included 91 participants

who completed at least one of the questionnaires of interest and gave consent for the reuse of

their individual data. They were between 18 and 35 years old with a mean age of 22.99

(SD = 4.31) and 60.92% were women.

Descriptive statistics

The medical student sample descriptive is displayed in Table 1. Medical students were between

17 and 49 years old with a mean age of 21.78 (SD = 3.14) and most of them self-identified as

females (67.90%), which corresponds to the gender proportions generally observed in the Lau-

sanne Medical School. Observed means and standard deviation of medical students’ mental

health and burnout for each curriculum year are detailed in Table 2 and correlations between

the variables of interest are provided as (S1 Table).

Comparison to same-age general population

Results of linear regressions testing the difference between medical students and same-age

general population individuals with respect to depression symptoms, anxiety symptoms, and

coping strategies are displayed in Table 3. Results indicated that medical students presented
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significatively more depression symptoms and anxiety symptoms than the same-age general

population. A test of proportion further showed that the proportion of individuals who were

likely to be affected with clinical depression according to the CES-D cutoffs were significantly

higher in the medical student sample (46.88%) than in the same-age general population sample

(21.69%), Z = 4.49, p< .001. Regarding coping, medical students reported using significantly

less help-seeking strategies than same-age general population but did not differ in terms of

emotion-focused nor problem-focused coping strategies. Cohen’s ds show that the difference

in depression symptoms was of medium effect size and that it was small for anxiety symptoms

and help-seeking coping strategies.

Longitudinal evolution of mental health and burnout

Results of the LMMs modelling the longitudinal evolution of mental health during medical

school are displayed in Table 4. They showed a significant linear decrease of depression symp-

toms and stress from the first to the sixth year of medical school. For suicidal ideation, the qua-

dratic function of curriculum years was significant, indicating that evolution was convex (U

shape), with a decrease in suicidal ideation until the third year of medical school followed by

an increase until the end of the curriculum. No significant change over curriculum years was

found for anxiety symptoms.

The results for burnout’s longitudinal evolution during medical school are displayed in

Table 5. They show that academic efficacy (reversed dimension of burnout) significantly

decreased linearly from the first to the last year of medical school. For cynicism, we observed a

slow increase in the two first years of medical school followed by a gradually steeper increase

in the last years (i.e., a significant convex course following a sort of J shape). Finally, a

Table 1. Sample statistics as indicated at first participation (N = 1595).

%Missing N % M SD Min Max

Age 0.19 1592 21.78 3.14 17 49

Gender identity 0.00 1595

Male 499 31.29

Female 1083 67.90

Non-Binary 13 0.82

Paid job (hours/week) 0.13 1593 2.67 5.98 0 50

Parents education 0.00 1595

None with higher education 407 25.52

One with higher education 346 21.69

Both with higher education 842 52.79

Having a partner 0.13 833 52.23

Social support 0.56 1586 7.95 1.98 0 10

Having consulted a psychotherapist 0.19 387 24.26

Coping

Emotion-focused 0.50 1587 9.82 4.05 0 24

Problem-focused 0.50 1587 7.33 1.78 1 12

Help-seeking 0.56 1586 5.47 2.89 0 12

BMI 0.31 1590 21.78 3.03 15.64 41.67

Physical activity (hours/week) 0.19 1592 3.11 2.70 0 21

Satisfaction with health 0.19 1592 3.75 1.01 1 5

Note. Higher education of parents means a college or university degree.

https://doi.org/10.1371/journal.pone.0295100.t001
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Table 2. Descriptive statistics of students’ mental health and burnout (N = 1595).

N %Missing Mean SD Min Max Skewness Kurtosis Cronbach’s α

Mental Health

Depression symptoms (Center for Epidemiological Studies-Depression [CES-D])
Year 1 592 .84 21.95 11.62 0 55 0.49 2.68 .92

Year 2 358 .56 19.91 10.71 0 50 0.53 2.66 .91

Year 3 466 .21 18.38 11.22 0 58 0.81 3.31 .93

Year 4 404 .49 16.53 10.11 0 52 0.79 3.37 .91

Year 5 425 .23 15.93 10.71 0 56 0.96 3.87 .93

Year 6 343 .58 14.96 10.73 0 51 0.84 3.19 .93

Suicidal Ideation (two items of the Beck Depression Inventory [BDI])
Year 1 592 .84 0.86 1.12 0 6 1.35 4.46 .47

Year 2 358 .56 0.63 0.97 0 5 1.66 5.39 .37

Year 3 466 .21 0.58 1.03 0 6 2.10 7.61 .54

Year 4 404 .49 0.55 0.98 0 5 1.93 6.25 .50

Year 5 425 .23 0.63 0.99 0 5 1.59 4.94 .44

Year 6 343 .58 0.59 0.95 0 4 1.64 5.11 .40

Anxiety symptoms (trait section of the State-Trait Anxiety Inventory [STAI])
Year 1 592 .84 46.90 12.15 20 78 0.03 2.42 .93

Year 2 358 .56 45.00 11.61 20 76 0.16 2.57 .93

Year 3 466 .21 44.18 11.46 20 80 0.07 2.53 .93

Year 4 404 .49 43.38 11.71 20 78 0.18 2.36 .93

Year 5 425 .23 42.48 11.77 20 74 0.13 2.26 .93

Year 6 342 .87 42.12 11.85 20 73 0.17 2.30 .94

Stress (single generic item)
Year 1 592 .84 5.86 2.09 1 10 -0.49 2.23 .

Year 2 358 .56 5.65 2.16 1 10 -0.28 1.96 .

Year 3 466 .21 5.38 2.02 1 9 -0.22 2.03 .

Year 4 404 .49 5.21 2.16 1 10 -0.15 1.85 .

Year 5 425 .23 5.36 2.20 1 10 -0.21 2.00 .

Year 6 342 .87 4.62 2.31 1 10 0.25 1.88 .

Burnout (Maslach Burnout Inventory Student-Survey [MBI-SS])

Emotional Exhaustion
Year 1 592 .84 17.19 5.00 5 30 0.19 2.68 .85

Year 2 358 .56 17.84 4.88 5 30 -0.01 2.68 .86

Year 3 466 .21 17.19 4.83 6 30 0.30 2.90 .86

Year 4 404 .49 16.35 4.80 5 30 0.33 3.05 .86

Year 5 425 .23 15.60 5.13 5 30 0.43 2.95 .88

Year 6 342 .87 15.32 5.16 5 30 0.19 2.63 .88

Cynicism
Year 1 592 .84 9.18 4.47 4 24 0.98 3.56 .84

Year 2 358 .56 8.88 3.77 4 24 0.87 3.58 .79

Year 3 466 .21 8.98 4.07 4 24 1.10 4.11 .83

Year 4 404 .49 9.75 4.59 4 24 0.96 3.53 .88

Year 5 425 .23 10.59 4.81 4 24 0.71 2.88 .88

Year 6 342 .87 11.02 4.91 4 24 0.63 2.71 .88

Academic Efficacy
Year 1 592 .84 24.04 4.56 9 36 -0.17 2.91 .75

Year 2 358 .56 24.56 4.18 14 36 -0.03 2.73 .71

(Continued)
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curvilinear evolution was observed (~ shape) for the emotional exhaustion dimension with an

increase in emotional exhaustion until the second year of medical school, followed by a

decrease until the fifth year, and finally another increase until the sixth year.

Influence of biopsychosocial covariates

The results for the covariates’ influence are displayed in Tables 4 and 5. The biopsychosocial

factors that were significantly related to all outcome variables were gender identification, social

support, having consulted a psychotherapist during the last year, emotion-focused coping, and

satisfaction with health. Social support and satisfaction with health were consistently related to

less mental health issues and burnout, whereas having consulted a psychotherapist during the

last year and emotion-focused coping were consistently related to more mental issues and

burnout. For gender, identifying as male was significantly associated with less depression

symptoms, anxiety symptoms, stress, and emotional exhaustion, but it was related to more sui-

cidal ideation, more cynicism, and less academic efficacy (reversed dimension of burnout).

Table 2. (Continued)

N %Missing Mean SD Min Max Skewness Kurtosis Cronbach’s α

Year 3 466 .21 24.46 4.32 11 36 -0.24 2.81 .76

Year 4 404 .49 24.07 4.56 11 36 -0.11 2.87 .77

Year 5 425 .23 24.01 4.89 6 36 -0.34 3.05 .80

Year 6 342 .87 24.23 4.77 10 35 -0.38 3.08 .79

Note. Skewness > 2 and kurtosis > 7 indicate substantial non-normality [28].

https://doi.org/10.1371/journal.pone.0295100.t002

Table 3. Comparison between medical students and same-age general population of mental health and coping at first participation.

Variables N M SD t Cohen’s d F R2

Depression symptoms 4.61*** 0.51 54.95*** 0.07

Medical students 1587 19.00 11.33

General population 83 12.24 9.61

Anxiety symptoms 2.15* 0.25 46.96*** 0.07

Medical students 1587 44.57 12.08

General population 79 40.70 11.78

Emotion-focused coping 0.53 0.06 75.89*** 0.12

Medical students 1587 9.82 4.05

General population 79 9.67 3.81

Problem-focused coping 0.30 0.04 2.88* 0.00

Medical students 1587 7.33 1.78

General population 79 7.43 1.56

Help-seeking coping 2.15* 0.25 30.40*** 0.04

Medical students 1586 5.47 2.89

General population 78 6.18 2.81

*p < .05

***p < .001.

Note. Linear regression models including being male and age as a control variable were used. Depression symptoms was measured with the Center for Epidemiological

Studies-Depression (CES-D), anxiety symptoms with the trait section of the State-Trait Anxiety Inventory (STAI), and coping strategies with the Euronet questionnaire.

https://doi.org/10.1371/journal.pone.0295100.t003
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Other covariates were related to fewer mental health or burnout variables. Help-seeking

coping was associated to less mental health issues (on all mental health variables), but unre-

lated to burnout. Physical activity was related to less depression symptoms, stress, and emo-

tional exhaustion. Higher parent education was related to less stress, but more cynicism.

Having a partner was related to less stress and emotional exhaustion. And finally, problem-

focused coping was related to more academic efficacy. Having a paid job and BMI were the

only tested covariates that showed no significant influence.

According to effect size indicators, the strongest predictors of students’ mental health and

burnout were emotion-focused coping (average absolute β = .33), followed by satisfaction with

health (average absolute β = .14) and social support (average absolute β = .11). The effect sizes

are considered medium for emotion-focused coping and small for all other significant covari-

ates. Overall, the models tested explained between 52% (for suicidal ideation) and 73% (for

anxiety symptoms) of the outcome variables’ total variance (fixed effect plus random structure;

“Conditional R2”).

Table 4. Linear mixed models of the evolution of mental health including biopsychosocial covariates.

Depression Symptoms Suicidal Ideation Anxiety symptoms Stress

Std β B CI Std β B CI Std β B CI Std β B CI
(Intercept) .01 29.21*** 25.32 – 33.09 -.05 1.48*** 1.04 – 1.92 .01 46.92*** 42.88 – 50.97 .00 6.35*** 5.46 – 7.25

Curriculum year -.11 -0.69*** -0.89 – -0.49 .00 -0.14** -0.23 – -0.04 .00 -0.03 -0.24 – 0.18 -.10 -0.12*** -0.17 – -0.08

Identifying as male -.06 -1.37** -2.24 – -0.50 .05 0.12* 0.02 – 0.21 -.08 -2.12*** -3.06 – -1.18 -.06 -0.29** -0.49 – -0.09

Paid job .01 0.02 -0.03 – 0.07 .02 0.00 -0.00 – 0.01 -.01 -0.03 -0.08 – 0.02 -.01 0.00 -0.01 – 0.01

Parents education .01 0.11 -0.33 – 0.54 .01 0.01 -0.04 – 0.06 -.02 -0.23 -0.69 – 0.24 -.05 -0.14** -0.23 – -0.04

Having a partner .00 0.06 -0.63 – 0.75 -.03 -0.06 -0.14 – 0.01 -.02 -0.39 -1.09 – 0.32 .04 0.19* 0.03 – 0.34

Social support -.16 -0.95** -1.14 – -0.76 -.11 -0.06*** -0.08 – -0.04 -.11 -0.71*** -0.90 – -0.51 -.07 -0.08*** -0.12 – -0.03

Psychotherapist consultation .12 3.26*** 2.46 – 4.07 .06 0.13** 0.04 – 0.22 .15 4.32*** 3.50 – 5.13 .07 0.37*** 0.19 – 0.55

Emotion-focused coping .40 1.14*** 1.05 – 1.24 .32 0.08*** 0.07 – 0.09 .44 1.33*** 1.23 – 1.43 .30 0.16*** 0.14 – 0.19

Problem-focused coping .01 0.07 -0.11 – 0.26 -.01 -0.01 -0.03 – 0.02 -.02 -0.16 -0.35 – 0.02 .01 0.01 -0.03 – 0.06

Help-seeking coping -.09 -0.34** -0.48 – -0.21 -.09 -0.03*** -0.05 – -0.02 -.08 -0.32*** -0.45 – -0.18 .00 0.00 -0.03 – 0.03

BMI -.03 -0.10 -0.22 – 0.02 -.02 -0.01 -0.02 – 0.01 .00 -0.01 -0.14 – 0.13 .00 0.00 -0.03 – 0.03

Physical activity -.04 -0.18** -0.31 – -0.05 .00 0.00 -0.01 – 0.02 -.03 -0.13 -0.27 – 0.00 -.05 -0.04** -0.07 – -0.01

Satisfaction with health -.19 -2.22*** -2.56 – -1.88 -.17 -0.18*** -0.22 – -0.14 -.13 -1.53*** -1.87 – -1.19 -.16 -0.35*** -0.43 – -0.27

Curriculum year^2 .06 0.02** 0.01 – 0.03

σ2 44.24 0.50 35.25 2.25

τ00 students 23.75 0.32 38.93 1.32

ICC .35 .39 .52 .37

N students 1584 1584 1584 1584

N observations 2583 2583 2583 2583

Marginal R2 .44 .22 .43 .23

Conditional R2 .64 .52 .73 .52

AICc 18129.18 6760.85 18143.15 10539.82

*p < .05

**p < .01

***p < .001.

Note. Std = Standardized. Depression symptoms was measured with the Center for Epidemiological Studies-Depression (CES-D), suicidal ideation with two questions of

the Beck Depression Inventory (BDI), anxiety symptoms with the trait section of the State-Trait Anxiety Inventory (STAI), and stress with a single generic item

(“Globally, how would you evaluate your current stress level on a scale from 1 ‘none’ to 10 ‘extreme’?”).

https://doi.org/10.1371/journal.pone.0295100.t004
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Discussion

The results of the present study show that medical students’ mental health gradually improves

in terms of depression symptoms, suicidal ideation, and stress, although suicidal ideation

increases again during the last year of medical school and anxiety symptoms remain stable

throughout the curriculum. For burnout, it is another picture: it worsens with medical stu-

dents experiencing gradually more cynicism and less academic efficacy, whereas we observe a

worsening of emotional exhaustion until the end of the second year, followed by an improve-

ment, and then another surge during the last year.

Our results are in line with past findings regarding the comparison between medical stu-

dents and general population in terms of mental health [1,2]. This study indeed indicates that

medical students report significantly more depression symptoms and anxiety symptoms com-

pared to same-age general population individuals. In fact, according to the CES-D cutoffs,

twice as much medical students are at risk of clinical depression compared to same-age general

population individuals. Moreover, a specificity/sensitivity check of the CES-D cutoffs using

data collected as part of the CoLaus|PsyCoLaus project showed that one third of the individu-

als who scored above the CES-D cutoffs presented a clinical depression diagnosed with the

Table 5. Linear mixed models of the evolution of burnout including biopsychosocial covariates.

Emotional Exhaustion Cynicism Academic Efficacy

Std β B CI Std β B CI Std β B CI
(Intercept) .07 12.69*** 10.35 – 15.02 -.04 9.63*** 7.63 – 11.63 -.01 19.69*** 17.83 – 21.55

Curriculum year -.33 4.68*** 3.31 – 6.05 .17 -0.03 -0.43 – 0.37 -.10 -0.25*** -0.35 – -0.16

Identifying as male -.04 -0.48* -0.95 – -0.01 .05 0.50* 0.04 – 0.96 -.05 -0.53* -0.96 – -0.09

Paid job .00 0.00 -0.02 – 0.03 .01 0.01 -0.02 – 0.03 .00 0.00 -0.02 – 0.02

Parents education .03 0.17 -0.07 – 0.40 .05 0.26* 0.03 – 0.48 -.03 -0.14 -0.36 – 0.07

Having a partner .04 0.42* 0.07 – 0.77 .00 0.01 -0.33 – 0.34 .03 0.26 -0.06 – 0.58

Social support -.08 -0.21*** -0.31 – -0.12 -.10 -0.23*** -0.32 – -0.14 .14 0.34*** 0.25 – 0.42

Psychotherapist consultation .06 0.68** 0.28 – 1.09 .07 0.69*** 0.31 – 1.08 -.08 -0.90*** -1.27 – -0.53

Emotion-focused coping .33 0.42*** 0.37 – 0.47 .24 0.28*** 0.23 – 0.32 -.25 -0.30*** -0.34 – -0.25

Problem-focused coping .00 0.01 -0.08 – 0.10 -.01 -0.02 -0.11 – 0.06 .14 0.36*** 0.27 – 0.44

Help-seeking coping -.03 -0.05 -0.12 – 0.02 -.01 -0.01 -0.08 – 0.05 .07 0.12*** 0.05 – 0.18

BMI .03 0.05 -0.01 – 0.12 -.02 -0.02 -0.09 – 0.04 .01 0.02 -0.04 – 0.08

Physical activity -.04 -0.07* -0.14 – -0.01 .00 0.00 -0.06 – 0.07 .01 0.02 -0.04 – 0.09

Satisfaction with health -.14 -0.72*** -0.89 – -0.56 -.09 -0.41*** -0.57 – -0.25 .12 0.56*** 0.40 – 0.71

Curriculum year^2 -.09 -1.56*** -2.01 – -1.12 .05 0.07* 0.02 – 0.13

Curriculum year^3 .15 0.14*** 0.10 – 0.18

σ2 8.35 8.61 7.92

τ00 students 10.30 8.82 7.92

ICC .55 .51 .50

N students 1584 1584 1584

N observations 2583 2583 2538

Marginal R2 .24 .12 .20

Conditional R2 .66 .57 .60

AICc 14564.06 14255.51 14023.67

*p < .05

**p < .01

***p < .001.

Note. Std = Standardized. Burnout was measured with the Maslach Burnout Inventory Student-Survey (MBI-SS).

https://doi.org/10.1371/journal.pone.0295100.t005
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Diagnostic Interview for Genetic Studies (a clinical interview assessing major mood and psy-

chotic disorders [29]). Based on these analyses, it can be assumed that around 15% of our par-

ticipating medical students and up to 20% of the first-year students presented a clinical

depression.

Like other studies in the field [4], our results confirm that students present high mental

health issues in the first two years of medical school. On the bright side, our study indicates

like other past research [4] that medical students’ mental health mostly improved along the

curriculum years. Nevertheless, the present study indicates that the students presented a surge

in suicidal ideation and burnout in the last year of medical school. Given that few longitudinal

studies span over the whole medical curriculum, the difficulties met in the last year of medical

school has seldomly been described in the past. The stressors faced at the end of medical school

are manifestly different from the ones medical students face in the first years of their studies.

Indeed, the beginning of medical school is characterized by difficulties that might be faced by

any new university students, such as change of social environment, adaptation to a new learn-

ing style, high study workload, strong competition, and stressful examinations. The impact of

these stressors is likely to lessen along the curriculum years as students adapt to what has

become their new lifestyle. As proposed by the Stress and Coping Model [30], medical stu-

dents’ mental health might improve as they progressively appraise their new situation as less

challenging and acquire new coping strategies to manage the stressors encountered. However,

the end of medical school can bring new types of stressors that might be more specific to medi-

cal students. Indeed, through clerkships, medical students are gradually exposed to their

potential future practice. They experience the relationship with patients, but also with co-

workers and their hierarchy and might face difficult situations where they are confronted with

the complexity, feeling of powerlessness, and lack of control that can characterize medical

practice. Based on the Job Demand Control Model (JDCM [31]), such an increase in job

demands (e.g., more responsibilities and workload [32]) coupled with perceived loss of control

(e.g., role conflicts and limit of their theoretical knowledge [32]) can lead to increased stress

and strain reactions, including burnout. As they enter clinical practice, the students face their

shortcomings and the need to lean on their elders, yet asking for help is a coping mechanism

they employ to a limited degree compared to the general population, as our results show.

Moreover, the perspective of the transition to the upcoming internship phase can be an impor-

tant preoccupation for medical students. The end of studies, anticipated as the long-awaited

start of professional practice also corresponds to the start of postgraduate training. This period

of transition brings forth both choices to make and challenges to overcome. The results of the

present study indicate that these stressors faced at the end of medical school impact mental

health and burnout differently than the ones faced in the beginning of medical school. In the

past decade, there has been a debate on whether burnout and mental health indicators such as

depression and anxiety are the same or different constructs [33]. This study indicates that

mental health indicators and burnout are related but distinct. Indeed, it shows that mental

health is more impacted by the generic stressors of the beginning of medical training, whereas

burnout is more impacted by the specific stressors of the end of medical school, which might

be characterized by occupational problematics. On the other hand, suicidal ideation and the

emotional exhaustion dimension of burnout were influenced by both the stressors of the

beginning and the end of medical school, which is in line with previous findings showing that

suicidal ideation correlates with both depression and burnout [34] and that emotional exhaus-

tion is the burnout dimension most strongly correlated to depression [35].

The present study replicates most of the gender differences usually observed in the general

population [36] with students identifying as male presenting less mental health issues than stu-

dents identifying as female or non-binary. For burnout, our study also aligns with past
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literature showing inconsistent gender differences [37–40]. We indeed found that students

identifying as male present less emotional exhaustion, but more cynicism, and less academic

efficacy (reversed dimension of burnout) than students identifying as female or non-binary.

Gender differences in mental health and wellbeing have been attributed to multiple factors

including differences between women and men in the stressors faced, the coping strategies

used, and developed vulnerabilities [36]. Indeed, the few studies testing gender differences in

the stressors faced by medical students indicate that female medical students are more affected

by specific stressors such as the heavy workload of the studies [41], the interactions with teach-

ing staff [42], or the exposure to human suffering [43]. Regarding coping resources, studies

showed that female medical students use significantly more emotional support and instrumen-

tal support than male students, whereas male students use significantly more humor as coping

mechanism [44]. More studies on the gender differences in medical students’ stressors and

resources and their impact are needed to potentially propose avenues for gender-specific

interventions.

This study further shows that the most influential protective factors against medical stu-

dents’ mental health issues and burnout are less emotion-focused coping, more social support,

and more satisfaction with health. These covariates were already known to contribute to medi-

cal students’ mental health and burnout [10] and can be the target of specific student support

services. For instance, increasing the use of help-seeking coping strategies has the potential to

bring at the same time more adapted coping strategies and more social support. Our results

show relatively low help-seeking coping strategies among the medical students compared to

same-age general population and past studies report on medical students’ reluctance to seek

help for mental health issues or burnout because they felt a pressure to be seen as a competent,

feared stigmatization, and had insufficient knowledge of existing support services [45]. In our

university, numerous extra-curricular activities are proposed by different associations to bring

students together and thus increase their social support resources. The problem that might

face medical students especially is the difficulty to find room in their busy schedule for such

activities, which clearly questions the structure of the curriculum. In addition, medical stu-

dents are somewhat isolated from the rest of the university campus. Other services available in

our university are psychotherapeutic consultations on campus. However, these structures are

still limited in their means in comparison to the needs and our results pleads for an increase in

the dedicated resources. Emotion-focused coping, defined as the detrimental use of rumina-

tion, negative emotions, denial, and giving up, is the most influential among the covariates

tested. It thus seems essential to warrant accessible psychotherapeutic help, which has the

potential to impact medical students’ coping strategies and in turn their mental health [46,47].

Strengths and limitations

The present study’s strength lies in its longitudinal design covering the sixth years of Medical

School as well as a large sample. Additionally, the wide array of mental health and burnout val-

idated indicators as well as the large coverage of biopsychosocial potential covariates ensures a

more comprehensive picture of the topic. Nevertheless, some limitation needs to be acknowl-

edged. First, a yearly measurement might fail to capture short-term changes in mental health

and burnout. Second, the results for stress are to be interpreted with caution given that it was

measured with a single item that has not been validated. Third, each student participated to a

maximum of three time points and most of them participated only in one or two time points.

Further studies with less incomplete data across time points are warranted to confirm the

accuracy of the full trajectories’ estimation, ascertain the precision of parameter estimates, and

avoid false-negative results. Fourth, interactions between curriculum year and biopsychosocial
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covariates were not examined to avoid an increase in Type I error. Future studies focusing on

the timely impact of specific covariates are needed to understand how they potentially exacer-

bate or alleviate medical students’ mental health and burnout across time. Finally, the study

was run in one single Swiss university, which limits the generalizability of the findings. It also

made it impossible to evaluate the impact of university-specific factors such as the pedagogical

approach or the study program. Replication in other universities and countries is needed to

corroborate this study’s results and explore university-related covariates of medical students’

mental health and burnout.

Conclusion

This paper presents one of the rare longitudinal studies of mental health and burnout spanning

from the first to the last year of medical school. Results indicates that an important minority of

students present mental health issues or burnout at some point during their medical curricu-

lum. Longitudinal analyses show that medical students’ mental health improves during medi-

cal school in terms of depression symptoms, suicidal ideation, and stress, although suicidal

ideation presents re-increase in the last curriculum years. For burnout, we see a worsening

along the curriculum years with more cynicism, less academic efficacy, and peeks of emotional

exhaustion in the second and last years of medical school. Therefore, a non-negligible propor-

tion of residents enter their professional life with mental health issues or burnout that not only

negatively impact their life, but might also hinder their professionalism [9,48] and in turn

affect their medical practice. The poor quality of life of young physicians is well documented

[49], maybe the root of this malaise can be found in the last years of the medical studies as sug-

gested by our results. The present study indicates coping strategies, social support, and satisfac-

tion with health as the most influential covariates that should be primarily targeted by

interventions aiming to strengthen medical students’ resources in the face of mental health

issues and burnout. Nevertheless, more research is needed on the stressors experienced by

medical students in the beginning versus in the end of the medical curriculum to confirm their

differential impacts on mental health and burnout and enable to draw more tailored avenues

for intervention and improve the curriculum.
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