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Longitudinal Analysis of Mental Health Well-being among Young Adults in France
during and after the COVID-19 pandemic

Abstract

Background: The COVID-19 pandemic has had a profound impact on young adults’ mental
health, with higher depression prevalence in specific groups (e.g., sexual and gender minority,
socioeconomically disadvantaged youth). However, it remains unclear whether these mental

health inequities evolve during and after the onset of the COVID-19 pandemic.

Objective: To describe the prevalence of depressive symptoms among young adults during
and after the COVID-19 pandemic; to examine the association between social determinants
(i.e., gender, sexual orientation, socioeconomic position) and depression, and to explore the

effect of the different phase of the pandemic on this association.

Methods: Repeated cross-sectional data from the three online FOCUS surveys among young
adults aged 18-29 years in 2020: n= 2,600; 2021: n= 1,796 and 2023/2024: n= 598.
Depressive symptoms were measured using the Patient Health Questionnaire-9. A
socioeconomic index was created using education, employment status and income.
Multivariable logistic regression models were performed separately across the three waves.
To test the moderation effect, an interaction term between FOCUS survey wave and equity-

deserving groups was used.

Results: Overall, 47% of young adults reported depressive symptoms in 2020, 41% in 2021,
and 55% in 2023/2024. Across all waves, women, gender minorities, sexual minorities and
youth with a low socioeconomic index were more likely to report depressive symptoms.
Depression significantly decreased in 2021 (AOR = 0.84 [0.74-0.96]) and then increased in
2023/2024 (AOR = 1.49 [1.23-1.79]). Interaction models showed that the strength of

associations between social determinants and depression remain significant across waves.

Conclusions: Mental health disparities persist among equity-deserving young adults, during
and after the pandemic. Findings highlight the need for targeted, equity-focused mental health

interventions and policies.

Keywords: COVID-19, Depression, Equity-deserving groups, Young adults.



Analyse longitudinale du bien-étre en santé mentale chez les jeunes adultes en

France durant et aprés la pandémie de COVID-19

Résumé

Contexte : La pandémie de COVID-19 a eu un impact profond sur la santé mentale des jeunes
adultes, avec une prévalence plus élevée de la dépression dans certains groupes (par
exemple, les minorités sexuelles et de genre, les jeunes en situation socioéconomique
désavantagés). Cependant, il reste incertain si ces inégalités en santé mentale ont évolué

pendant et aprés la pandémie.

Objectif : Décrire la prévalence des symptémes dépressifs chez les jeunes adultes durant et
aprés la pandémie de COVID-19 ; examiner I'association entre les déterminants sociaux
(genre, orientation sexuelle, position socioéconomique) et la dépression ; et explorer I'effet

des différentes phases de la pandémie sur cette association.

Méthodes : Données transversales répétées provenant de trois enquétes en ligne FOCUS
menées auprés de jeunes adultes agés de 18 a 29 ans en 2020 (n = 2 600), 2021 (n =1 796)
et 2023/2024 (n = 598). Les symptdémes dépressifs ont été mesurés a I'aide du questionnaire
PHQ-9. Un indice socioéconomique a été créé a partir du niveau d’études, du statut d’emploi
et du revenu. Des modéles de régression logistigue multivariée ont été réalisés séparément
pour chaque vague. Pour tester I'effet modérateur, une interaction entre la vague de 'enquéte

FOCUS et les groupes en quéte d’équité a été analysée.

Résultats : Globalement, 47 % des jeunes adultes ont rapporté des symptdmes dépressifs
en 2020, 41 % en 2021 et 55 % en 2023/2024. Dans toutes les vagues, les femmes, les
minorités de genre, les minorités sexuelles et les jeunes ayant un faible indice
socioéconomique étaient plus susceptibles de présenter des symptdmes dépressifs. La
dépression a significativement diminué en 2021 (OR. = 0,84 [0,74-0,96]) puis a augmenté en
2023/2024 (ORa = 1,49 [1,23-1,79]). Les modéles avec interaction montrent que la force des
associations entre les déterminants sociaux et la dépression reste significative a travers les

vagues.

Conclusions : Les inégalités en santé mentale persistent chez les jeunes adultes appartenant
a des groupes désireux d’équité, pendant et apres la pandémie. Ces résultats mettent en
évidence la nécessité de mettre en ceuvre des interventions et des politiques en santé mentale

ciblées, fondées sur I'équité et adaptées aux besoins spécifiques de ces populations.

Mots-clés : COVID-19, Dépression, Groupes en quéte d’équité, Jeunes adultes.
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1. Introduction

1.1 Background/ Literature review

Mental health is a critical component of overall well-being, influencing how individuals think,
feel, and behave in daily life. It affects cognitive functioning, emotional stability, and social
interactions, playing a key role in personal and professional life (1). Although mental health is
a key indicator for assessing overall well-being across the life course, extensive research has
established that the onset of mental health problems (e.g., stress, anxiety, depression) occurs
during young adulthood (2). For instance, data from the 2019 National Health Interview Survey
in the United States showed that the percentage of adults who experienced any symptoms of
depression was highest among those aged 18- 29 with 21%, compared to older age groups
(ranging from 17% among 30- 44 to 18% among those aged 65 and over) (3). Young adulthood
is a crucial developmental stage between 18 to 29 years old, marked by major life transitions,
including academic and career development, financial independence, and evolving social
dynamics (4-6). At this life stage, young adults may face multiple barriers to access mental
health support services, including individual (e.g., low mental health literacy, negative beliefs
about help-seeking, mental health stigma) and structural barriers (e.g., lack of tailored mental
health resources and services, and financial barriers), further exacerbating their mental health
needs and concerns (7-9). Understanding mental health in young adults is essential because
early identification and intervention can prevent long-term psychological distress and improve

overall well-being (10,11).

From 2020 to 2023, the COVID-19 pandemic has affected young adults’ mental health (12).
Successive periods of lockdown, social isolation, financial instability, disruptions to education
and career plans generated unprecedented levels of uncertainty, contributing to a significant
increase in loneliness, anxiety and depression within this population (13-15). However, most
research studies on youth mental health during the COVID-19 pandemic have focused on
short-term assessments (mostly using cross-sectional data and pre- and during- pandemic
comparison) at an early phase of the pandemic (mainly in 2020- 2021), leaving a critical gap
in understanding how mental health problems in young adults evolve after the pandemic. First
longitudinal studies in this area have documented a significant increase in mental health
problems among young adults during the COVID-19 pandemic. For example, longitudinal
studies in Norway and the Netherlands reported a significant increase in mental health
problems from 2020 to 2021 such as anxiety, depression and loneliness among adolescents
(16,17). A critical appraisal of the evidence from longitudinal COVID-19 studies, also
highlighted significant increases in depressive symptoms among youth in the United Kingdom

during early phase of the pandemic (18). Similarly, a nationwide study of French university



students (18-21 years) found high rates of perceived stress, anxiety, depression symptoms,
and suicidal thoughts, 15 months after the pandemic began, with depression rates initially
decreasing after the first lockdown before rising again by 22% (19). Therefore, future research
is needed to examine the long-term effects of the COVID-19 pandemic on young adults’
mental health to inform the development of tailored interventions that can best address their

mental health needs in the post-pandemic era.

While previous COVID-19 research studies have provided overall trends in mental health
among young adults, research before and during the pandemic has highlighted that specific
subgroups of young adults’ experience mental health inequities. Previous meta analyses and
systematic reviews indicate that young women have experienced a more significant rise in
emotional and mental health problems, such as depression and anxiety, compared to young
men before and throughout the pandemic (16,20-23). Furthermore, research examining
gender inequities in mental health in Canada found that sexual and gender minority youth
reported higher levels of mental health problems (e.g., depression, suicide and self-harm),
during the pandemic compared to their heterosexual and cis-gender counterparts (24,25).
These differences are explained by the higher levels of discrimination, social isolation, and
lack of support experienced by sexual and gender minority youth (26-28). It is also well
documented that young adults with a disadvantaged socioeconomic position are more likely
to experience mental health problems, as reported in a study conducted in Japan in 2020,
which found higher levels of psychological distress among low-income groups and younger
generations (29). A meta-analysis conducted in the United States during the pandemic also
found that women, young adults, individuals from more disadvantaged socioeconomic
positions (education, income, unemployment), were highly associated with psychological
distress (30). These findings highlight the heightened mental health burden faced by specific
subgroups of young adults (e.g., sexual and gender minority, lower-income youth),
emphasizing the need for targeted support and interventions to address these mental health
inequities. It remains unclear whether the mental health of these subgroups of youth has
evolved over time and to what extent these social determinants have influenced their mental

health trajectories.

To address these knowledge gaps, it is important to examine social inequities in mental health
among young adults during and after the onset of the COVID-19 pandemic to better
understand how social determinants, such as gender, sexual orientation and socioeconomic
position, have contributed to inequalities in mental health outcomes as well as to inform more

equitable public health responses and support services.



1.2 Research Aims and Objectives

Specifically, my thesis report will aim to address the three following research questions: 1)
How has young adults’ mental health evolved during and after the COVID-19 pandemic? and
2) To what extent did social determinants, such as gender, sexual orientation, and
socioeconomic position affect depressive symptoms among young adults? and 3) Did these

associations vary across different phases of the pandemic?

To respond to these questions, the present report will use the data collected in France in the
France-Canada Observatory on COVID-19, Youth Health and Social Well-Being (FOCUS)
study — a repeated cross-sectional survey with a nested cohort carried-out during (two
successive online surveys in 2020 and 2021) and after (one online survey in 2023/2024) the
onset of the COVID-19 related public health measures among a large and diverse sample of

young adults living in France and Canada.

During my internship, my first objective was to conduct a brief literature review to identify
relevant statistical approaches to analyze repeated cross-sectional study with nested cohort
data. My second objective was to describe the prevalence of depressive symptoms across the
three online survey waves of the FOCUS study. Then, my third objective was to explore the
association of social determinants and depression among young adults at each wave of the

FOCUS study, and to assess the effects of FOCUS survey wave on this association.

Based on the existing literature on young adult’'s mental health, | hypothesized that the
prevalence of depressive symptoms among participants in the FOCUS study would decrease
as the pandemic progresses, in relation to my first research question. Specifically, those who
completed the third survey 2023/2024 will report fewer depressive symptoms compared to
those who took part in the 2020 or 2021 FOCUS online surveys. Indeed, previous studies
have shown that this may be because early stressors, such as isolation, financial instability,
and fear of the unknown, gradually lessen with vaccine availability, and economic recovery
(31). Regarding my second research question, | hypothesized that specific subgroups of
young adults (i.e., gender, sexual orientation and socioeconomic position) would experience
inequities in mental health across different waves of the FOCUS study. Specifically, women
may report higher depressive symptoms due to increased caregiving roles, job instability, and
emotional sensitivity to stress (32). Non-binary, bisexual, and youth who self-identify as a
sexual minority face additional challenges, such as discrimination, healthcare barriers, and
social isolation (28). Similarly, young adults from disadvantaged socioeconomic backgrounds
would report significantly higher levels of psychological distress. Job loss, housing insecurity,
and lack of work options may increase anxiety and depression (33). Education provides

foundational skills and is a predictor of future employment and income; lower educational



attainment has been consistently linked to higher rates of depression (34). Unemployment is
associated with a significantly increased risk of mental health outcomes (35). Meanwhile,
income affects access to basic needs, healthcare, and social life, with low income contributing

to chronic stress and increased vulnerability to mental disorders (36).

Lastly, | hypothesized that the FOCUS survey wave would act as a moderator in the
relationship between social determinants and depressive symptoms. Specifically, | expected
that the association between social determinants and depression would be strongest during
the earlier phases of the pandemic (2020/2021), when uncertainty, lockdown measures, and
economic instability were most intense (37,38), and that this association would weaken over
time (2023/2024), as restrictions and lockdowns eased, vaccines became widely available,
and societal conditions began to stabilize (39,40).

2. Methods
2.1 Study design and settings

The FOCUS study was an observational study that aimed to describe the social and health
experiences of young adults living in France and Canada during the COVID-19 pandemic. The
FOCUS study includes data from three online surveys launched between October 2020 to
December 2020 (Wave 1), July 2021 to December 2021 (Wave 2), and June 2023 to April
2024 (Wave 3) among young adults aged 18-29 in France. FOCUS survey in 2020 took place
during a rapid surge in COVID-19 infections and coincided with France's second national
lockdown, which was slightly less strict than the first. While bars, restaurants, gyms, and other
non-essential venues were closed, schools and a broader range of job sectors remained open.
Additionally, individual movement was restricted to within a one-kilometer radius from home
(37). FOCUS survey in 2021 occurred during a period of easing restrictions, though it
overlapped with a Delta-driven surge in cases. In response, the French government introduced
a ‘sanitary pass’ in July 2021 to boost vaccination rates, which later became a stricter ‘vaccine
pass’ by December, effectively requiring full vaccination for access to most public spaces (38).
FOCUS survey in 2023/2024 was conducted after 5 May, 2023, when the World Health
Organization had announced that COVID-19 was no longer a public health emergency of
international concern and thus, lockdowns were lifted, cases had decreased and societal

conditions had largely returned to normal (39,40).

2.2 Participant recruitment and data collection

Participants were recruited through a convenience sampling approach using multiple

recruitment strategies. The first FOCUS survey in 2020 was promoted through online



advertisements on social media (e.g., Facebook, Instagram), online posts on the websites of
university partners and youth community organizations, as well as press articles and word of
mouth. Similar promotional strategies were used to recruit young adults in the 2021 FOCUS
survey, with most of the participants recruited through online advertisements on social media.
In order to set up a nested cohort, participants who completed the first survey and provided
their consent to be contacted were invited by email to participate in the second survey. For
the third FOCUS survey, the research team developed partnerships with French organizations
providing online mental health support to youth in France (i.e., Fil Santé Jeunes and Nightline)
in order to improve the recruitment process and reach diverse profiles of youth. Participants
from the first and second survey were also invited to take part in the third survey. To participate
in the FOCUS study in France, young adults had to have reached the age of majority in their
jurisdiction of residence, which is 18 years old in France and not exceed 29 years of age. The
other inclusion criteria were that participants should be a resident in France and be able to fill
out the online questionnaire in French. The questionnaire was available on Qualtrics and
collected data on sociodemographic, COVID-19 experiences, healthcare access and mental
health. The questionnaire was first developed in English and then converted to French by two
bilingual researchers, one of whom was an English- French translator. Before the launch of
each online survey, a pre-test questionnaire involving five voluntary young adults was
conducted to ensure that the language and wording used in the questionnaire was appropriate
for a young adult sample. Details about the study objectives and potential risks and benefits
were outlined on the first page of the questionnaire. Participants were able to withdraw from
the survey at any time. To ensure the integrity of online survey and prevent fraudulent
submissions, advanced security features were utilized including a Captcha verification
guestion before accessing the survey and detection capabilities to identify false IP addresses,

survey duplicates and potential bots (41).

2.3 Study population

For the present report, our study population included young adults who participated in the
FOCUS study in France. Our analysis sample included those who had completed the
sociodemographic characteristics (including questions about age, gender, sexual identity,
birthplace, education, area of residence), as well as the socioeconomic characteristics
(including questions about employment, income and living arrangement) and the depression
scale. The study population comprised 4,098 participants in 2020, 3,429 in 2021 and 1,753 in
2023/2024, including participants from the nested cohort. To ensure an independent cross-
sectional sample, only each participant’s first response was retained. This approach was taken
to maintain the assumption of independence required for logistic regression analysis and

remove within-subject correlation (i.e., repeated responses from the same participants). By



retaining the first response per participant, the dataset was treated as cross-sectional, allowing
for more accurate and valid inference from the regression model (42). Participants who
selected 'Other' in education (2020: n= 4), employment (2020: n= 2; 2021: n= 1) and living
arrangement (2021: n= 6; 2023/2024: n=5) without providing a specification, as well as those
who chose 'Prefer not to say’ in all the sociodemographic and socioeconomic variables were
excluded (Figure 3). This list wise deletion approach was implemented to ensure that only
respondents who completed all relevant items in the sequential order of the FOCUS
guestionnaire were included in the analysis, thereby maintaining consistency across variables
and avoiding complications from partial data. While this approach reduced the sample size, it
is commonly used when the missing data is assumed to be random (43,44). It also maintains
comparability across analyses and simplifies interpretation in large survey-based studies (45).
After this process, the resulting independent cross-sectional sample consisted of 2,600
participants from 2020, 1,796 from 2021 and 598 from 2023/2024. To test whether the FOCUS
survey wave had an effect on the association between social determinants and depressive
symptoms, data from the three survey waves were pooled in a sample including a total of

4,994 participants.

2.4 Measures

2.4.1 Outcome

Depressive symptoms were collected using the 9-item Patient Health Questionnaire (PHQ-9)
(46), a validated scale that contains nine questions to assess the frequency of depressive
symptoms over the past two weeks. The PHQ-9 has been translated in multiple languages,
including French (47). A study conducted previously has demonstrated that the English and
French PHQ-9 versions did not have substantial differences in scoring metrics (48). Each item
is rated on a four-point Likert scale from “not at all” (=0) to “nearly every day” (=3) with a total
score ranging from O to 27. The scores are classified as 0—4 (minimal depression), 5-9 (mild
depression), 10-14 (moderate depression), 15-19 (moderately severe depression), and 20—
27 (severe depression) (46). Cronbach's alpha coefficient was 0.89 (2020), 0.88 (2021), and
0.89 (2023/2024), indicating very good internal consistency in the FOCUS survey sample. As
used in previous studies (49), the cut-off score of 210 was used to identify young adults with
moderate-to-severe depressive symptoms. The PHQ-9 has demonstrated 88% sensitivity and

88% specificity for detecting depression when using a cutoff score of 10 or higher (46).
2.4.2 Exposure

The main exposure variables of interest were gender, sexual orientation, and socioeconomic
index (SEI).



o Gender
Gender identity was collected using a single-answer multiple-choice question, as follows:
“What term best describes your gender identity?” Participant’s responses included a pre-
defined list of 8 options (Man, Woman, Non-binary, Agender, Gender-fluid, Gender-queer), an
open-ended question to list other gender, and an option for those who did not prefer to say.
After preliminary analysis of the distribution, it was deemed best to categorize these options
as Man, Woman, and Gender minorities (including Non-binary, Agender, Gender-fluid,

Gender-queer, other).

o Sexual Orientation
Participants identified their sexual orientation through a single-answer multiple-choice
question: “What is your sexual orientation?” The response options included seven predefined
identities (Straight/heterosexual, Gay/homosexual, Lesbian, Asexual, Bisexual, Pansexual,
Queer), along with an open-ended field for self-description and a “Prefer not to say” option.
For analysis purposes, responses were grouped into three categories: Straight/heterosexual,
Bisexual, and Sexual minorities (encompassing Gay/homosexual, Lesbian, Asexual,

Pansexual, Queer, and other self-identified orientations).

o Socioeconomic index (SEI):
To capture the broader socioeconomic position (SEP) of young adult participants at the time
of the FOCUS survey, | developed a socioeconomic index (SEI) using the following three
variables: education level, employment status, and individual income. While employment,
education and income have been identified as key predictors of mental health problems
among young adults separately (34,35,50), previous studies have shown that the use of a
composite measure combining these three factors allow to better capture the cumulative effect
of social disadvantage than any single indicator alone (51). The SEI was tailored to reflect the
transitional socioeconomic conditions of young adults, many of whom are still in education or
early in their careers. Traditional indicators like income alone may not adequately capture SEP
in this age group. Combining multiple indicators, such as education and income, provides a
more accurate measure of SEP (52). Additionally, both objective and subjective
socioeconomic measures are important for understanding mental health outcomes, especially

in younger populations where single indicators may be unstable or still developing (53).

| purposefully recoded the education, employment and income variables into three categories
to better capture the socioeconomic realities of young adults and to improve the clarity of the
analysis. By consolidating the original response options into broader, more meaningful groups,
I aimed to reflect key distinctions in education, employment, and income that are relevant

during this transitional stage of the life course. This recoding also helped increase statistical



power by ensuring adequate sample sizes within each category and made it easier to interpret
how different levels of SEI relate to depression. This approach is particularly relevant for young
adults aged 18- 29, a period marked by key life transitions and heightened vulnerability to
depression, and aligns with previous research emphasizing the need to tailor SEP measures

to this age group in order to more accurately assess social disadvantage (54,55).

In the FOCUS questionnaire, participants were asked to report the highest educational
attainment they had achieved including response options ranging from “none, elementary or
primary school” to “university degree”. These responses were then grouped into three
categories: 1) primary (none, elementary or primary school, primary school certificate), 2)
secondary (professional or general lycée, BEP/CAP, college, professional or general

baccalaureate) and 3) higher education (any program or diploma after baccalaureate).

Second, participants were asked to report their employment status at the time of the survey
using pre-defined categories. Using R, response options were recoded into three categories:
1) unemployed (including student or apprentice, unable to work and unemployed), 2) student-
workers (including students who were employed, trainee and paid interns), and 3) employed

(including employees and self-employed individuals).

Third, participants were asked about their pre-tax annual income from all sources last year
(including benefits and financial support). To classify individual income levels, we used poverty
thresholds (i.e., 1,216 € per month) (56) and average (i.e., 1,679 € per month) (57) and high
income (3,358 € per month, twice the average income) estimated by National Institute of
Statistics and Economic Studies (INSEE) in the French adult population in 2022. Based on
the thresholds our income variable was categorized as follows: 1) low (no income, between
230 € to 1500 € per month), 2) medium (between 1,500 € to less than 3,000 € per month) and
3) high income level (more than 3,000 € per month).

To construct the index, each recoded variable category was assigned a score from 1 to 3, with
1 corresponding to the lowest level of education (i.e., primary education), employment status
(i.e., unemployed) and individual income (i.e., low income). These scores were then summed
to obtain a total score ranging from 3 to 9 for each participant. | used the median and
interquartile range to identify three groups with low (score of 5 or less), medium (score

between 5 and 7) and high (scores greater than 7) socioeconomic indices.

The number of participants across a range of SEI scores is displayed in Figure 1 below,
overlaid with a smoothed density curve in black to highlight the distribution pattern. The

distribution is approximately unimodal and slightly skewed to the right. The most frequent SEI



score is 5, with over 1,300 patrticipants in this category. The number of participants decreases

progressively with higher SEI scores, with fewer than 700 participants in scores of 8 or above.

Figure 1: Distribution of Socioeconomic Index (SEI) scores in the pooled sample (n= 4,994)
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2.4.3 Covariates

The covariates included the following sociodemographic variables: age, born in France (yes
or no), area of residence (large urban center 100,000+ people versus medium or small city),
and living arrangements (alone, with a partner, with parents, with roommates/friends). We
used the median age to dichotomize our sample into three categories (i.e., 18- 20 years, 21-
24 years, and 25- 29 years) corresponding to meaningful developmental distinctions within
the broader stage of emerging adulthood, as described by Arnett’s theory. This framework
recognizes that young adults experience significant transitions in identity, relationships, and
roles during this period, with each sub-phase reflecting unique psychosocial challenges and
milestones relevant to mental health (54). Living arrangements and area of residence are
important indicators of socioeconomic position, with individuals in lower socioeconomic
positions more likely to experience housing instability and reside in disadvantaged

neighborhoods (58). All of these covariates were considered as potential confounders in the



analysis because: a) they are empirically demonstrated explanatory factors (social
determinants) associated with depression (59,60), and b) are empirically or conceptually

related to our exposure variable of socioeconomic index (61).

2.4.4 Moderator

In order to test variations in the association between our exposure variables and depression
across the different phases of the pandemic, a variable called “Wave” was created in the
pooled sample, to identify participants from Wave 1 (2020), Wave 2 (2021) and Wave 3
(2023/2024).

2.5 Statistical analyses

| conducted a brief literature review on PubMed and Web of Science to identify previous
research studies (i.e., published in the last 10 years) that used a similar study design of the
FOCUS study, including repeated cross-sectional studies and nested cohort. To identify these
studies, my search strategy included a combination of the following key terms: “repeated
cross-sectional’, “young adults”, “mental health”, “nested cohort”’. Based on this literature
search, a set of relevant articles were selected from which key information regarding the
methods and statistical approaches were extracted. For example, | collected details on study
design, key variables analyzed, statistical models used, handling of missing data, and main
findings related to mental health that were then summarized into a table (Table 1). This brief
literature review allowed me to handle missing data properly and identify the best modeling

approach in order to inform the next steps of my data analysis.

| first started with a series of descriptive analyses to identify my analysis sample and determine
the proportion of missing data at each survey wave (Figure 3). The selection process was
based on the sequential order of the questions as presented in the FOCUS questionnaire.
Therefore, | first included participants who completed all sociodemographic characteristics,
and then those who completed questions about socioeconomic position before examining the
completion of the depression scale. In order to identify any potential selection biases that might
have been created by this selection process, | conducted a comparative analysis of the
sociodemographic and socioeconomic characteristics of participants who did not complete the
depression scale and those who did. To assess significant differences between these sub-
samples, | performed a Wilcoxon rank sum test for continuous variables and Pearson’s Chi-

squared test or Fisher’s exact test for categorical variables (Supplementary Table A2).

| performed a descriptive analysis to provide an overview of the socioeconomic index
components, including education, employment and income. The distribution of this was

visualized with the outcome- depressed or not depressed, for all three waves to explore
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potential differences between the groups (Supplementary Table A3). | then produced a

descriptive table characterizing all covariates and exposure variables, stratified by depression
levels across the three waves. Categorical data were summarized using frequency with

percentages.

With the findings from the brief literature review and preliminary descriptive analyses, |
consulted junior and senior statisticians from the EQUITY team to identify a modelling
approach that would be appropriate to respond to my research objectives. Based on these
discussions, two approaches were identified. First, | performed a multivariable logistic
regression to examine trends in depressive symptoms across each wave, as well as to assess
mental health disparities across subgroups defined by gender, sexual orientation, and
socioeconomic index. This approach also allowed me to evaluate the association between
socioeconomic disadvantage and depressive symptoms in different phases of the pandemic
and after. Using the repeated cross-sectional independent samples, this model allowed to
examine this association adjusted by the pre-identified covariates (i.e., age, area of residence,
birthplace and living arrangements). This is also explained by the Directed Acyclic Graph that

| have prepared for this study (Figure 2).

Figure 2: Directed Acyclic Graph (DAG) illustrating the hypothesized relationships between

outcome, exposure, covariates and moderator

Moderator

Socio- e
Economic >

\ A .| Depression

Exposure Gender Outcome
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Second, | created a pooled sample (as described above) to test whether there is a moderating
effect by FOCUS survey wave in the association between equity-deserving groups and
depressive symptoms. To do this, | produced marginal predictions plot using the
marginaleffects package (62), to visually illustrate the interaction effect. To facilitate the
interpretation, the emmeans package (63) was used to provide odds ratios for depression
across subgroups and waves. | first ran a multivariable logistic regression model without
interaction terms (Model 1: PhQ-9 ~ Wave + Sexual Orientation + Gender + Socio Economic
Index + Age + Area of Residence + Birthplace + Living Arrangement). Then, the following
models were performed to test each interaction term separately:

e Model 2: PhQ-9 ~ Wave * Gender + Sexual Orientation + Socio Economic Index +

Age + Area of Residence + Birthplace + Living Arrangement

e Model 3: PhQ-9 ~ Wave * Sexual Orientation + Gender + Socio Economic Index +

Age + Area of Residence + Birthplace + Living Arrangement

e Model 4: PhQ-9 ~ Wave * Socio Economic Index + Sexual Orientation + Gender +

Age + Area of Residence + Birthplace + Living Arrangement

R statistical software (version 4.4.1) available on the CERPOP server was used.
STrengthening the Reporting of OBservational studies in Epidemiology (STROBE) checklist
(in appendices) for cross-sectional studies was utilized to ensure comprehensive and

transparent reporting of study design, methods, and findings (64).

2.6 Sensitivity analysis

To assess the robustness of the main findings, a sensitivity analysis was performed using a
higher threshold for PHQ-9 (score = 15). This threshold is used to identify participants with
major depressive symptoms (46). Logistic regression models were re-estimated to evaluate
the consistency of the results across different model specifications. Similar results were found

with this threshold (see appendices).

2.7 Ethics statement

The FOCUS study protocol received ethical approval from the University of British Columbia
Behavioral Research Ethics Board (H20-02053). In France, the Data Protection Officer at the
University of Paris was consulted to ensure that our data privacy and security procedures were
compliant with the European Union’s General Data Protection Regulation (GDPR). In France,
a copy of the anonymized FOCUS survey databases was saved and stored in the secure

server of the CERPOP. An amendment was made to include me as an intern of the FOCUS

12



research team. Additionally, | prepared and submitted an ethics online application to the

University of Sheffield (Application Reference Number: 066918) to conduct this research. An

information sheet was attached to the questionnaire, and consent was obtained from all

participants, who were assured of confidentiality and anonymity.
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3. Results

3.1 Summary of Relevant Study Designs

From the literature review, | identified four studies which were utilizing repeated cross-
sectional with nested cohort data. These studies employed various modeling approaches.
Wright et al. utilized multivariable logistic regression to examine the association between
different factors (e.g., lockdown measures, demographics, pre-existing health conditions) and
mental health outcomes, revealing that younger adults experienced higher psychological
distress compared to older adults, and female gender was significantly associated with
increased stress and depressive symptoms (65). However, the study's limitation is its use of
a non-representative, opt-in online sample, which likely excludes certain groups (e.g., those
without digital or English literacy) and may bias prevalence estimates. Lo Moro et al. applied
repeated-measure multilevel mixed-effects linear regression to assess mental health changes
over time, adjusting for variables such as age, gender, and other relevant factors available at
two time points (pre-pandemic and pandemic) (66). The models accounted for the nested
structure of the data, which highlighted rise in depressive symptoms and stress from pre-
pandemic period to pandemic, particularly among females. The strength of this analysis is that
it accounts for within-subject correlations by considering repeated measures from the same
individuals. The multivariable logistic regression, however, helps us to understand how
specific variables might correlate with mental health outcomes at different time-points. The

study was limited by the regression model not capturing individual changes over time (66).

De Oliveira et al. combined adjusted binary logistic regression and multilevel models to explore
bullying and mental health trends among adolescents in Brazil. Their findings showed a
decrease in depressive and anxiety symptoms following policy changes, but the study was
constrained by a high dropout rate in the longitudinal sample (67). Wang et al. utilized
multivariate logistic regression to investigate the effect of the implementation of the “Double
Reduction” policy among Chinese adolescents and observed a decrease in depressive and
anxiety symptoms (68). Collectively, the findings underscore the pandemic's negative
psychological impact, particularly on subgroups like younger adults and females, while also
highlighting methodological considerations when analyzing data from repeated cross-
sectional and nested cohort survey. Across these studies, common limitations included
sensitivity to multi-collinearity, which made it difficult to isolate the effects of individual
predictors due to high inter-correlations. Many analyses also relied on assumptions of linearity,
potentially oversimplifying complex, real-world relationships. Additionally, challenges in
capturing individual-level changes over time limited the ability to track within-person variability,

reducing the precision of longitudinal insights.
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Table 1: Modeling approaches from literature review

Purpose

Modelling approaches

Interpretation of findings

Limitations of

Limitation of the study

Wright, A. et al. (2022)
(65)

To examine the association
between different factors (e.g.,
lockdown measures,
demographics, pre-existing
health conditions) and mental
health outcomes

Multivariable Logistic regression
modelling

Increased Psychological Distress: Younger adults
experienced higher psychological distress
compared to older adults.; Decreased Life
Satisfaction: Participants reported lower life
satisfaction during the second lockdown compared
to the first.; Lower social connectedness was
associated with higher psychological distress and
lower life satisfaction.

Does not account for
changes within
individuals over time

Samples were taken from an opt-in online
panel with complex recruitment strategies,
which is unlikely to be representative.

Lo Moro, G. et al. (2022)
(66)

Assessed changes over time;
The models accounted for the
nested structure of the data

For longitudinal subsample: repeated-
measures multilevel mixed-effects
linear regression model (levels:
participant, time point)

Depressive symptoms and stress significantly
increased over time, indicating a negative
psychological impact of the pandemic.; Female
gender was significantly associated with higher
stress and depressive symptoms, consistent with
broader literature on gender disparities in mental
health.

Requires sufficient
sample size for reliable
estimation; complex
and can be
computationally
intensive

To adjust for potential
confounders, the researchers
employed multivariable linear
regression, including variables
that were associated with the
outcomes in at least one of the
time points

For repeated cross-sectional survey:
multivariable linear regression model

Depressive symptoms and stress were significantly
higher in the pandemic group compared to the pre-
pandemic group, confirming an overall
deterioration in mental health.

Assumes linear
relationships between
variables, which may
not always hold;
Cannot capture
individual-level
changes over time

Opportunistic sampling and that no data
about students who refused to participate
were collected. Moreover, the study was
performed in a single center, limiting its
representativeness and generalizability.

de Oliveira, B.N. et al.
(2025) (67)

To investigate the change in
victimization and perpetration of
bullying, both outcomes were
regressed against survey waves
(2019 versus 2022)

Adjusted binary logistic regression

No significant differences in the prevalence of
bullying victimization (44% in 2019 vs. 40% in
2022) or perpetration (9.8% in 2019 vs. 8.6% in
2022) between the two cohorts.

Does not account for
clustering

Utilized to account for the
hierarchical structure of the data,
recognizing that students (level
1) were nested within schools
(level 2).

Multilevel models for longitudinal
subsample

Significant decrease in bullying victimization was
observed, dropping from 46% in 2019 to 30% in
2022 (OR = 0.46; 95% CI: 0.30-0.69). However,
bullying perpetration rates remained relatively
unchanged (9.1% in 2019 vs. 6.7% in 2022)

While multilevel models
are appropriate for
nested data, the study's
design (repeated cross-
sectional with a nested
cohort) may have
complexities that could
influence the
interpretation of results.

The longitudinal sample had a high dropout
rate, which might affect the generalizability
of the results; Bullying experiences were
self-reported, which may introduce recall
and social desirability biases

Wang, D. et al. (2024)
(68)

To analyze the odds of
experiencing depressive or
anxiety symptoms, taking into
account various covariates such
as demographics, academic
pressure, and life events.

Multivariate logistic regression (nested
cohort)

The study observed a decrease in the prevalence
of depressive symptoms from 12.1% to 9.2% and
anxiety symptoms from 8.9% to 6.2% following the
implementation of the "Double Reduction” policy.

Assumes a linear
relationship between
independent variables
and the log odds of the
outcome, which might
not always hold;
Sensitive to multi-
collinearity (when
independent variables
are highly correlated)

The duration between the two survey waves
was short, which may not be sufficient to
capture long-term effects of the policy on
mental health outcomes
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3.2 Description of Study Population

Figure 3 presents the stepwise sample selection for FOCUS Survey Wave 1 (2020), Wave 2
(2021) and Wave 3 (2023/2024), based on data completeness criteria. In total, 4,098, 3,429,
and 1,753 young adults in France participated in the first, second and third FOCUS surveys
respectively. To ensure independence of observations between survey samples, only each
participant’s first response was retained. Consequently, 345 survey questionnaires (10.1%)
from the 2021 FOCUS survey, and 613 participants (35%) from the 2023/2024 were not
included. Of the independent samples, surveys with incomplete sociodemographic data,
10.9% (2020), 16.9% (2021) and 37.6% (2023/2024) were excluded. 21.4% (2020), 18.7%
(2021), and 12.7% (2023/2024) were not included as they had not completed socioeconomic
characteristics. Finally, 9.4% (2020), 13.8% (2021) and 3.7% (2023/2024) were excluded from
the present analysis because they did not complete the PHQ-9. The final pooled sample
included 4,994 participants, comprising 2,600 from the first survey (90.6%), 1,796 from the
second survey (86.2%) and 598 from the third survey (96.3%).

Results of the comparative analysis of the sociodemographic and socioeconomic
characteristics of participants who did not complete the depression scale and those who did

(Supplementary Table A2) indicates no statistically significant differences between the two

subgroups (all p-value > 0.05). This suggests that the risk of selection bias due to missing
outcome data appears minimal, and therefore participants who were included in our analysis
sample had similar sociodemographic and socioeconomic than those who did not complete
the PHQ-9 scale.
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Figure 3: Flow chart of the sample selection (selected participants from the FOCUS France

Survey 2020, 2021, 2023/2024)

Wave 1 (2020) e 2 (2021) Wave 3_(2023/2024)
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income and living arrangement) and PHQ-9 (Patient Health Questionnaire-9)
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3.3 Distribution of Participant Characteristics by Depression Status

Participant characteristics across depression levels in all three FOCUS survey waves are

presented in Table 2.

The distribution of participants across the three survey waves varied in key demographic
characteristics. In 2020, 47% of young adults reported experiencing depressive symptoms,
followed by 41% in 2021 and 55% in 2023/2024. According to the age-group, the highest
proportion of young adults were aged 21- 24 in 2020: 38.5%, in 2023/2024: 36.3% and 25- 29
in 2021: 43.0%. Women constituted the majority of participants, accounting for 59.1%, 63.5%,
and 56% of respondents in Waves 1 through 3 respectively. The sample comprised
predominantly of heterosexual participants across survey waves (2020: 67.5%, 2021: 71%,
2023/2024: 62%). Across all survey waves, urban residents consistently represented over
two-thirds of participants (more than 65%), and those born in France accounted for more than
95% of respondents. 30.8% in 2020 and 33.3% in 2023/2024 were living with family members;
30.6% in 2020 and 33.6% in 2023/2024 were living alone; and 30.6% in 2021 were living with
partner, which were the most prevalent living arrangements. The socioeconomic index
distribution shifted significantly across waves with low socioeconomic participants
representing 57% in 2020 but declining to 45.3% in 2021 and 33.8% by 2023/2024.

In the FOCUS survey waves, the highest proportions of youth with moderate-to-severe
depressive symptoms were observed among those aged 18- 20 with 55.6% in 2020 and 65.2%
in 2023/2024 (p-value < 0.001). Differences in area of residence and birthplace were less
pronounced with no significant variation in depression rates (p = 0.2 to 0.8). Living
arrangements played a notable role. Young adults living alone in 2020: 50.8%, 2023/2024:
57.7%, or with family members in 2020: 49.6%, 2021: 47.4%, 2023/2024: 63.3% reported
higher depressive symptoms compared to those living with a partner or roommates (p <
0.001).

Significant differences were noted across exposure variables, with p-values < 0.001 for
gender, sexual orientation, and socioeconomic index, indicating strong statistical associations.
A higher proportion of young adults with depressive symptoms were found among women
(2020: 50.2%, 2023/2024: 59.4%) and individuals identifying as a gender minority (2020:
66.7%, 2021: 57.3%, 2023/2024: 72.5%). Individuals identifying as bisexuals or as a sexual
minority reported higher depressive symptoms (Bisexuals- 2020: 57.4%, 2021: 53.2%,
2023/2024: 54.8%; Sexual minorities- 2020: 56.6%, 2023/2024: 69.9%). Additionally, young
adults in low socioeconomic index consistently reported higher rates of depressive symptoms
(2020: 53.6%, 2021: 47.9%, 2023/2024: 67.3%) compared to those with medium or high

socioeconomic index.
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Table 2: Participant Characteristics by Depression Status Across FOCUS Survey Waves

roommate/friends
Socioeconomic Index

! Pearson’s Chi-squared test

Variable
Total, N =
2,600
n
(col%)
Age
18-20 833 (32.0)
21-24 1,001 (38.5)
25-29 766 (29.5)
Gender
Man 943 (36.3)
Woman 1,537 (59.1)
Gender
minorities 120 (4.6)
Sexual Orientation
Heterosexual 1,756 (67.5)
Bisexual 397 (15.3)
Sexual 447 (17.2)
minorities
Area of Residence
Urban 1,894 (72.8)
Rural 706 (27.2)
Born in France
Yes 2,500 (96.2)
No 100 (3.8)
Living Arrangement
Alone 796 (30.6)
With family
members 802 (30.8)
With partner 586 (22.5)
With 416 (16.0)

High 281 (10.8)
Medium 836 (32.2)
Low 1,483 (57.0)

Wave 1 (2020)

Sample SDC + SEC + PHQ-9

Depressed, n= Not
0,
1,220 (47%) 1,380 (53%)

n n
(row%) (row%)
463 (55.6) 370 (44.4)
455 (45.5) 546 (54.5)
302 (39.4) 464 (60.6)
368 (39.0) 575 (61.0)
772 (50.2) 765 (49.8)
80 (66.7) 40 (33.3)
739 (42.1) 1017 (57.9)
228 (57.4) 169 (42.6)
253 (56.6) 194 (43.4)
891 (47.0) 1003 (53.0)
329 (46.6) 377 (53.4)
1167 (46.7) 1333 (53.3)
53 (53.0) 47 (47.0)
404 (50.8) 392 (49.2)
398 (49.6) 404 (50.4)
231 (39.4) 355 (60.6)
187 (45.0) 229 (55.0)
90 (32.0) 191 (68.0)
335 (40.1) 501 (59.9)
795 (53.6) 688 (46.4)

Depressed, n=

p-value*

<0.001

<0.001

<0.001

0.8

0.2

<0.001

<0.001

Wave 2 (2021)

Sample SDC + SEC + PHQ-9

Total, N =
1,796

n (col%)
405 (22.6)

619 (34.5)
772 (43.0)

566 (31.5)
1,141 (63.5)

89 (5.0)

1,276 (71.0)
235 (13.1)

285 (15.9)

1,243 (69.2)
553 (30.8)

1,719 (95.7)
77 (4.3)

531 (29.6)
519 (28.9)
549 (30.6)
197 (11.0)
342 (19.0)

640 (35.7)
814 (45.3)

Depressed, n=
733 (41%)

n
(row%)

207 (51.1)
259 (41.8)
267 (34.6)

198 (35.0)
484 (42.4)

51 (57.3)

468 (36.7)
125 (53.2)

140 (49.1)

511 (41.1)
222 (40.1)

700 (40.7)
33 (42.9)

224 (42.2)
246 (47.4)
187 (34.1)
76 (38.6)
99 (28.9)

244 (38.1)
390 (47.9)

Not
Depressed, n=
1,063 (59%)
n
(row%)

198 (48.9)
360 (58.2)
505 (65.4)

368 (65.0)
657 (57.6)

38 (42.7)

808 (63.3)
110 (46.8)

145 (50.9)

732 (58.9)
331 (59.9)

1019 (59.3)
44 (57.1)

307 (57.8)
273 (52.6)
362 (65.9)
121 (61.4)
243 (71.1)

396 (61.9)
424 (52.1)

p-value*

<0.001

<0.001

<0.001

0.7

0.7

<0.001

<0.001

Total, N =
598

n
(col%)

198 (33.1)
217 (36.3)
183 (30.6)

223 (37.3)
335 (56.0)

40 (6.7)

371 (62.0)
84 (14.0)

143 (23.9)

419 (70.1)
179 (29.9)

574 (96.0)
24 (4.0)

201 (33.6)
199 (33.3)
123 (20.6)
75 (12.5)
85 (14.2)

311 (52.0)
202 (33.8)

Wave 3 (2023/2024)
Sample SDC + SEC + PHQ-9

Depressed, n=
330 (55%)

n
(row%)

129 (65.2)
116 (53.5)
85 (46.4)

102 (45.7)
199 (59.4)

29 (72.5)

184 (49.6)
46 (54.8)

100 (69.9)

229 (54.7)
101 (56.4)

314 (54.7)
16 (66.7)

116 (57.7)
126 (63.3)
48 (39.0)
40 (53.3)
37 (43.5)

157 (50.5)
136 (67.3)

Not
Depressed, n=
268 (45%)
n
(row%)

69 (34.8)
101 (46.5)
98 (53.6)

121 (54.3)
136 (40.6)

11 (27.5)

187 (50.4)
38 (45.2)

43 (30.1)

190 (45.3)
78 (43.6)

260 (45.3)
8(33.3)

85 (42.3)
73 (36.7)
75 (61.0)
35 (46.7)
48 (56.5)

154 (49.5)
66 (32.7)

p-valuet

<0.001

<0.001

<0.001

0.7

0.2

<0.001

<0.001
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3.4 Regression Analysis

Results of the association between social determinants (gender, sexual orientation and

socioeconomic index) and depressive symptoms are described in Table 3.

Across all three survey waves, young women had significantly higher odds of reporting
depressive symptoms compared to young men (2020: Adjusted Odds Ratio (AOR) = 1.53,
95% Confidence Interval (95% CI) [1.29-1.82], p-value (p) < 0.001; 2021: AOR = 1.40 [1.13—-
1.74], p = 0.002; 2023/2024: AOR = 2.02 [1.40-2.92], p < 0.001). Similar associations were
observed among gender minority participants who had increased odds of experiencing
depression in 2020 (AOR = 2.29 [1.50-3.53], p < 0.001) and 2021 (AOR = 1.88 [1.16-3.06],
p = 0.011) compared to young men. The association was not significant in 2023/2024 (p =
0.11).

Regarding sexual orientation, participants who identified as bisexual in 2020 (AOR = 1.51
[1.20-1.91], p < 0.001); 2021 (AOR =1.67 [1.25-2.23], p < 0.001) and as a sexual minority in
2020 (AOR = 1.58 [1.26-1.98], p < 0.001); 2021 (AOR = 1.48 [1.12-1.96], p = 0.006);
2023/2024 (AOR = 2.12 [1.35-3.40], p = 0.001) had significantly higher odds of depression
across all waves, except for bisexuals in 2023/2024 survey (p = 0.8) compared to heterosexual

participants.

Participants in low SEI had significantly higher odds of reporting depressive symptoms in 2020
(AOR =1.96 [1.42-2.70], p < 0.001) and 2021 (AOR = 1.69 [1.22-2.35], p = 0.002) compared
to those in high SEI. However, this association was not statistically significant in 2023/2024 (p
=0.11). Those in medium SEI did not differ significantly in odds of depression across the three
waves, with borderline significance in 2021 (AOR = 1.34 [1.00-1.81], p = 0.055).
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Table 3: Multivariable Logistic Regression: Association Between Social Determinants and

Depressive Symptoms

Variable AOR
Gender
Man —
Woman 1.53
Gender minorities 2.29
Sexual Orientation
Heterosexual —
Bisexual 1.51
Sexual minorities 1.58
Socioeconomic Index
High —
Medium 1.29
Low 1.96

95% ClI

1.29,1.82
1.50, 3.53

1.20,1.91
1.26, 1.98

0.95,1.74
1.42,2.70

Wave 1 (2020), N= 2,600

value

<0.001
<0.001

<0.001
<0.001

0.10
<0.001

Wave 2 (2021), N= 1,796

AOR

1.40
1.88

1.67
1.48

1.34
1.69

Notes: Cl = Confidence Interval, AOR = Adjusted Odds Ratio
Significant associations (p-value < 0.05) are highlighted in bold.
*Adjusted by Age, Area of Residence, Birthplace, Living Arrangements

95% CI

1.13,1.74
1.16, 3.06

1.25, 2.23
1.12, 1.96

1.00, 1.81
1.22,2.35

value

0.002
0.011

<0.001
0.006

0.055
0.002

Wave 3 (2023/2024), N= 598

AOR

2.02
1.96

1.07
2.12

0.95
1.71

95% ClI

1.40, 2.92
0.88, 4.59

0.65, 1.77
1.35, 3.40

0.54, 1.66
0.89, 3.30

value

<0.001
0.11

0.8
0.001

0.9
0.11

3.5 Marginal Predicted Plots

Figure 4 displays marginal predicted probabilities of depression across social determinants

without interaction (Panel A) and interaction with FOCUS survey wave (Panel B).

In Panel A (without interaction), individuals identifying as "Gender minorities" and “Sexual

minorities”, showed the highest predicted probabilities of depression compared to men and

heterosexual individuals. Predicted depression was higher among individuals in lower

socioeconomic index compared to those in high socioeconomic index.

In Panel B (interaction with FOCUS survey wave), predicted probabilities of depression

increased from Wave 1 to Wave 3 across most categories, with a rise observed among those

identifying as a gender minority, those in sexual minority groups and among individuals in low

socioeconomic index.
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Figure 4: Marginal Predictions Plot (with and without interaction)

Panel A: Marginal predictions plot of depressive symptoms across categories of gender,

sexual orientation & SEI (Model 1)

Panel B: Marginal predictions plot of depressive symptoms including an interaction term for
the FOCUS survey wave by equity-deserving groups (Model 2, Model 3, Model 4)

Panel A

Panel B

3.6 Interaction Effects

Results of the interactions between wave and social determinants in the pooled sample (n=
4,994) are described in Table 4.

In Model 1, participants in Wave 2 (2021) had significantly lower odds of depression (Adjusted
Odds Ratio (AOR) = 0.84, 95% Confidence Interval (95% CI) [0.74-0.96], p-value (p) = 0.009),
while those in Wave 3 (2023/2024) had significantly higher odds of depression (AOR = 1.49
[1.23-1.79], p < 0.001), compared to Wave 1 (2020).

Models 2, 3, and 4 showed significant interactions indicating that the associations between
gender, sexual orientation, and socioeconomic index, varied across survey waves. Compared
to men, women had higher odds of depression in 2020 (AOR = 1.53 [1.26-1.89], p < 0.001),
2021 (AOR = 1.43 [1.11-1.85], p < 0.001), and 2023/2024 (AOR = 1.84 [1.21-2.81], p =
0.002). Participants identifying as a gender minority also showed higher odds of depression
in 2020 (AOR = 2.27 [1.38-3.74], p < 0.001) and 2021 (AOR = 1.81 [1.03-3.17], p = 0.04),
although the association in 2023/2024 was not statistically significant (p = 0.08).

Compared to heterosexual participants, bisexual individuals had significantly higher odds of
depression in 2020 (AOR = 1.53 [1.16-2.00], p < 0.001) and 2021 (AOR = 1.65 [1.17-2.32],
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p < 0.001), but not in 2023/2024 (p > 0.05). Participants other than heterosexual or bisexual,
identifying as a sexual minority had consistently elevated odds of depression across all survey
waves, with significant observations in 2020 (AOR = 1.61 [1.24-2.09], p < 0.001), 2021 (AOR
=1.48 [1.07-2.04], p = 0.01), and 2023/2024 (AOR = 2.01 [1.21-3.34], p = 0.003).

In 2020, compared to those in high socioeconomic index, individuals in low socioeconomic
index had significantly higher odds of moderate-to-severe depression (AOR = 1.84 [1.29—-
2.62], p < 0.001). Similar trends were observed in 2021 (AOR = 1.74 [1.22-2.49], p < 0.001)
and 2023/2024 (AOR = 1.98 [1.03-3.79], p = 0.04).

Table 4: Multivariable logistic regression examining interactions between FOCUS survey
wave, and social determinants (gender, sexual orientation, and socioeconomic index) in

relation to depression (n= 4,994)
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Model 1 Model 2 Model 3 Model 4
95% p- p- p- p-
Variable AOR Cl value AOR 95% ClI value AOR 95% ClI value AOR 95% ClI value
Wave
Wave 1
(2020) - -
Wave 2 0.74,
(2021) 0.84 0.96 0.009
Wave 3 1.23,
(2023/2024) 149 179" <0.001
Gender
Man — —
Woman 1.54 i?g <0.001
Gender 1.56,
minorities 2.09 2.82 <0.001
Sexual Orientation
Heterosexual — —
Bisexual 151 }% <0.001
Sexual 1.37,
minorities 1.61 1.90 <0.001
Socioeconomic index
High — —
. 1.03,
Medium 1.26 153 0.022
Low 182 50 <0001
Wave * Gender
Wave
Wave 1 (2020) — —
Wave 2 (2021) 0.89 0.72,1.12 0.3
Wave 3 (2023/2024) 1.34 0.99,1.81 0.057
Gender
Man — —
Woman 1.54 1.30,1.82 <0.001
Gender minorities 2.27 1.50,3.47 <0.001
Wave 1 * Gender
Man — —
Woman 1.53 1.26,1.89 <0.001
Gender minorities 2.27 1.38,3.74 <0.001
Wave 2 * Gender
Man — —_
Woman 143 1.11,1.85 <0.001
Gender minorities 1.81 1.03,3.17 0.04
Wave 3 * Gender
Man — —




Woman 1.84
Gender minorities 2.28
Wave * Sexual Orientation
Wave

Wave 1 (2020)
Wave 2 (2021)
Wave 3 (2023/2024)
Sexual Orientation
Heterosexual
Bisexual
Sexual minorities
Wave 1 * Sexual Orientation
Heterosexual
Bisexual
Sexual minorities
Wave 2 * Sexual Orientation
Heterosexual
Bisexual
Sexual minorities
Wave 3 * Sexual Orientation
Heterosexual
Bisexual
Sexual minorities
Wave * Socioeconomic Index
Wave
Wave 1 (2020)
Wave 2 (2021)
Wave 3 (2023/2024)
Socioeconomic index
High
Medium
Low
Wave 1 * Socioeconomic index
High
Medium
Low

Wave 2 * Socioeconomic index
High
Medium
Low

Wave 3 * Socioeconomic index
High
Medium
Low

1.21,2.81 0.002
0.92,5.64 0.08

Notes: Cl = Confidence Interval, AOR = Adjusted Odds Ratio

0.85
1.48

1.53
1.61

1.53
1.61

1.65
1.48

1.11
2.01

0.73,0.99
1.17,1.87

1.22,1.92
1.29,2.00

1.16,2.00
1.24,2.09

1.17,2.32
1.07,2.04

0.62,1.98
1.21,3.34

0.032
<0.001

<0.001
<0.001

<0.001
<0.001

<0.001
0.01

0.91
0.003

0.84
1.59

1.25
1.84

1.25
1.84

1.35
1.74

1.07
1.98

0.60,1.20
0.95,2.63

0.93,1.69
1.37,2.48

0.88,1.78
1.29,2.62

0.95,1.91
1.22,2.49

0.59,1.95
1.03,3.79

0.3
0.073

0.13
<0.001

0.29
<0.001

0.11
<0.001

0.96
0.04
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4, Discussion
4.1 Summary

Using the repeated cross-sectional data of the FOCUS survey, this present analysis suggests
that about half of young adults living in France have experienced depressive symptoms during
the onset of the pandemic, with a slight increase after the pandemic in 2023/2024. As
hypothesized, our findings also highlighted mental health inequities across the survey waves;
specific subgroups of young adults who reported higher levels of depression, included women,
gender minority (e.g., non-binary), sexual minority and youth in lower socioeconomic index.
Visual trends confirmed that depression increased the most in equity-deserving groups by
wave 3 survey. Participants identifying as women, gender minorities (except for FOCUS
survey wave 3), sexual minorities, and in low socioeconomic index consistently showed higher
odds of depressive symptoms during and after the pandemic. The FOCUS survey wave did
not significantly moderate the association between social determinants and depressive
symptoms, indicating that these associations were stable. This suggests that mental health
inequities persisted both during and after the pandemic.

4.2 Interpretation

Our findings suggest that the prevalence of depressive symptoms varied across pandemic
waves. Depression decreased during the middle phase (2021), followed by an increase in the
after pandemic phase (2023/2024). The rebound in the prevalence of depression that we
observed in the 2023/2024 FOCUS survey could be explained by several hypotheses. First,
the recruitment strategies for the third wave involved the participation of non-profit
organizations providing online mental health support to youth in France (such as Fil Santé
Jeunes and Nightline) which may have contributed to a higher representation of youth
experiencing psychological distress in the 2023/2024 study sample. Given that the sample
size of the third wave is, four times and three times smaller than in the first and second survey
waves respectively, this may have contributed to create a sample bias with higher depression
rates among those who participated in the last FOCUS survey compared to the two previous
surveys. Another hypothesis may be linked to the combined effects of various social and
environmental challenges, including climate change, geopolitical and economic instability.
Although none of these factors alone fully explains the rise, they likely stem from deeper
political and economic issues that continue to affect young people’s mental health (69). Future
research should address both methodological challenges and the complex social factors
influencing young adults’ mental health to better understand and respond to increasing

depression rates post-pandemic.
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Gender-based inequities in depression were also pronounced with young women reporting
higher levels of depression than men. Consistently with established research on gender
disparities in mental health, this finding suggests that, due to their social roles, women are
disproportionately burdened by phases of reproductive health, interpersonal stress, and
gender-based violence, all of which intensified during the pandemic (22,69,70). A systematic
literature review emphasized that women disproportionately carry the mental labor associated
with household and caring tasks. This cognitive burden included planning, organizing, and
managing family needs, leading to increased stress, reduced life satisfaction, and negative
impacts on career progression (71). Thus, COVID-19 intensified work-life conflicts, with
women often bearing the brunt of increased caregiving duties and household responsibilities,
leading to sustained psychological stress. Most notably, young adults identifying as a gender
minority, a category inclusive of non-binary, genderqueer, and other gender-diverse identities
reported higher levels of depression across three survey waves. These findings echo a
growing body of literature on the mental health problems faced by gender minority populations,
driven by discrimination, marginalization, and limited access to affirming care (25,72).
Similarly, sexual minority youth, particularly those identifying as bisexual or a sexual minority,
reported higher depression levels than their heterosexual counterparts. These findings align
with a systematic review that found, COVID-19 pandemic had a substantial negative impact
on the psychological well-being of gender and sexual minority adolescents and young adults,
highlighting elevated levels of distress within this population (73). Our results are also
consistent with Minority Stress Theory developed by llan H. Meyer, which states that sexual
minorities are disproportionately affected by stigma, prejudice, and discrimination which in turn
could contribute to lead to mental health problems (74). In our study, those who belonged to
lower socioeconomic position reported higher levels of depressive symptoms across the first
and second FOCUS survey waves conducted in the first two years of the pandemic. This
chimes with prior research linking lower education levels to higher depressive symptoms
during the early COVID-19 pandemic in France (75). Also, a scoping review showed that
socioeconomic inequalities in depression persisted or worsened over time during the

pandemic, especially among disadvantaged groups (76).

Furthermore, our study showed that living arrangements emerged as a significant factor that

may influence level of depression (Supplementary Table A4). Young adults living with a

partner or with families indicated lower levels of depression compared to those living alone,
supporting findings that intimate partnership can serve as a buffer against emotional distress,

reduce feelings of isolation and encourage positive thinking (77,78).

Our findings indicate that depression differences among equity-deserving groups persisted

during and after the COVID-19 pandemic, highlighting ongoing mental health inequities. Prior
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to the pandemic, studies consistently showed that women, sexual minority youth, and
individuals from low socioeconomic backgrounds experienced higher rates of depression
compared to the general population (26,79,80). During the pandemic, these disparities were
further intensified, as discussed previously, with women, gender and sexual minority youth,
and socioeconomically disadvantaged young adults disproportionately affected by increased
caregiving demands, stigma, and financial challenges (69-73,75,76). This evidence highlight
that while the pandemic amplified mental health problems, the root social and economic

inequalities, as well as mental health disparities remain deeply intricate across all time periods.

Future research and policy initiatives should focus on enhancing access to culturally
competent and affirming mental health services, addressing barriers, and developing targeted
interventions to mitigate the intersecting social determinants that exacerbate mental health

disparities in young adults.

4.3 Strengths and Limitations

First, the FOCUS study employed convenience sampling, which may limit the generalizability
of the findings to the young adult population in France. While this study sample is not
representative, the recruitment strategies (mainly online via social media advertisements and
through partnership with local youth organizations) allowed to include a large and diverse
sample of youth, including youth from all French regions (including overseas department),
youth with diverse gender and sexual identities and socioeconomic backgrounds, subgroups
that are too often underrepresented in national surveys (81). Statistical weighting was not
applied in this analysis due to the use of convenience sampling and the study’s primary focus
on exploring mental health outcomes among minority groups, rather than producing

population-representative estimates.

Second, while the use of a validated scale (i.e., PHQ-9) to assess depressive symptoms
enhances the reliability and comparability of the results, but can also have response bias as
it is self-reported and can be influenced by social desirability. Regarding the socioeconomic
index, while it was not based on a standardized or universally validated instrument, it was
developed using variables informed by the existing literature and tailored to our sample. This
approach allowed us to capture relevant aspects of socioeconomic position that are
particularly important for young adults, for example, education status, employment, and
income, which may differ in significance compared to older populations (51-54). The absence
of pre-pandemic mental health baseline data limits the ability to directly assess mental health

changes attributable to the pandemic.
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Despite these limitations, this study provides valuable insights into persistent mental health
disparities among young adults, both during and after the COVID-19 pandemic. It highlights
the disproportionate burden of depressive symptoms among women, gender and sexual
minorities, and individuals from lower socioeconomic backgrounds, offering a foundation for
future longitudinal analyses to track these trends over time.

4.4 Perspectives

In the coming months of June and July, | will continue my internship at CERPOP to conduct
the following next steps. First, | will perform similar analysis on the repeated cross-sectional
data using the FOCUS Canadian database. The aim will be to describe trends in depressive
symptoms across the three Canadian survey waves and to explore the relationship between
social determinants and depression among young adults residing in Canada, with a focus on
how these associations evolve across time within equity-deserving groups. This analysis will
also allow me to compare the findings between young adults living in France and Canada, and
observe potential contextual differences between the two settings. For example, | anticipate
that the depression rate in the Canadian sample will be higher than in the French sample as

reported in a previous study conducted by the FOCUS team (78).

Second, | will use the FOCUS nested cohort data of France and Canada to examine
trajectories of depression over the three survey waves. Given the relatively small number of
participants who completed all three waves in the French database, pooling the nested cohort
data from both France (h= 156) and Canada (n= 241) will increase the analytical power and
improve the stability of estimates. To do this, | plan to use mixed models to analyze the FOCUS

nested cohort data in order to identify patterns of change in depressive symptoms.
5. Conclusion/ Recommendations

This study highlights significant and persistent mental health inequalities among young adults
during and after the COVID-19 pandemic. Rates of depressive symptoms remained high,
particularly among women, gender and sexual minorities, and individuals from more
disadvantaged socioeconomic backgrounds. These findings emphasize the urgent need for
targeted mental health interventions and policies that address the complex, intersecting social

determinants affecting equity-deserving young adults.
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Appendices

Table Al: STROBE Checklist (Cross-sectional studies)

Item Page
No Recommendation No
Title and abstract 1 (a) Indicate the study’s design with a iv
commonly used term in the title or the
abstract
(b) Provide in the abstract an informative and | v, vi
balanced summary of what was done and
what was found
Introduction
Background/rationale 2 Explain the scientific background and 1,2
rationale for the investigation being reported
Objectives 3 State specific objectives, including any 3,4
prespecified hypotheses
Methods
Study design 4 Present key elements of study design early in | 4
the paper
Setting 5 Describe the setting, locations, and relevant 4,5
dates, including periods of recruitment,
exposure, follow-up, and data collection
Participants 6 (a) Give the eligibility criteria, and the sources | 5
and methods of selection of participants
Variables 7 Clearly define all outcomes, exposures, 6- 10
predictors, potential confounders, and effect
modifiers. Give diagnostic criteria, if
applicable
Data sources/ 8* For each variable of interest, give sources of
measurement data and details of methods of assessment
(measurement). Describe comparability of
assessment methods if there is more than
one group
Bias 9 Describe any efforts to address potential 25- 28
sources of bias
Study size 10  Explain how the study size was arrived at
Quantitative variables 11  Explain how quantitative variables were 5-10

handled in the analyses. If applicable,
describe which groupings were chosen and
why
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Statistical methods

12

(a) Describe all statistical methods, including
those used to control for confounding

10-13

(b) Describe any methods used to examine
subgroups and interactions

12

(c) Explain how missing data were addressed

5,6

(d) If applicable, describe analytical methods
taking account of sampling strategy

(e) Describe any sensitivity analyses

12

Results

Participants

13*

(a) Report numbers of individuals at each
stage of study—eg numbers potentially
eligible, examined for eligibility, confirmed
eligible, included in the study, completing
follow-up, and analysed

16, 17

(b) Give reasons for non-participation at each
stage

17

(c) Consider use of a flow diagram

17

Descriptive data

14*

(a) Give characteristics of study participants
(eg demographic, clinical, social) and
information on exposures and potential
confounders

18, 19

(b) Indicate number of participants with
missing data for each variable of interest

Outcome data

15*

Report numbers of outcome events or
summary measures

Main results

16

(a) Give unadjusted estimates and, if
applicable, confounder-adjusted estimates
and their precision (eg, 95% confidence
interval). Make clear which confounders were
adjusted for and why they were included

20- 24

(b) Report category boundaries when
continuous variables were categorized

(c) If relevant, consider translating estimates
of relative risk into absolute risk for a
meaningful time period

Other analyses

17

Report other analyses done—eg analyses of
subgroups and interactions, and sensitivity
analyses

21- 24,
Appendix

Discussion
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Key results 18

Summarise key results with reference to
study objectives

25

Limitations 19

Discuss limitations of the study, taking into
account sources of potential bias or
imprecision. Discuss both direction and
magnitude of any potential bias

27,28

Interpretation 20

Give a cautious overall interpretation of
results considering objectives, limitations,
multiplicity of analyses, results from similar
studies, and other relevant evidence

25-28

Generalisability 21

Discuss the generalisability (external validity)
of the study results

27,28

Other information

Funding 22

Give the source of funding and the role of the
funders for the present study and, if
applicable, for the original study on which the
present article is based

*Give information separately for exposed and unexposed groups.

Note: An Explanation and Elaboration article discusses each checklist item and gives

methodological background and published examples of transparent reporting. The STROBE

checklist is best used in conjunction with this article (freely available on the Web sites of
PLoS Medicine at http://www.plosmedicine.org/, Annals of Internal Medicine at
http://www.annals.org/, and Epidemiology at http://www.epidem.com/). Information on the
STROBE Initiative is available at www.strobe-statement.org.
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Table A2: Comparative analysis of Sample (SDC+SEC and SDC+SEC+PHQ-9)

Variable

Sociodemographic
characteristics

Age (Continuous)

Age (Categorical)
18-20

21-24

25-29
Gender

Man

Woman

Gender minorities
Sexual Orientation

Heterosexual

Bisexual
Sexual minorities
Area of Residence

Urban

Rural
Born in France

Yes

No
Education

Higher Education

Secondary
Education/Profession
al

Primary Education

Employment
Employed and

self-employed
Student-workers

Unemployed

Income

High Income

Average Income
(Above SMIC)

Low Income (Near
or Below SMIC)

Very Low Income
(Below SMIC)

No income
Living Arrangement

Alone

With family
members

With partner

With
roommate/friends

Wave 1 (2020)

Sample
SDC+SE
C,

N =
2,871

n (%)

22.6 (3.3),
22.0[20.0
-25.0]

952 (33.2)
1,088
(37.9)

831 (28.9)

1,063
(37.0)
1,668
(58.1)

140 (4.9)

1,948
(67.9)
431 (15.0)
492 (17.1)

2,084
(72.6)
787 (27.4)

2,761
(96.2)
110 (3.8)

1,706
(59.4)

1,159
(40.4)

6(0.2)

Socioeconomic characteristics

818 (28.5)
539 (18.8)
1,514
(52.7)
59 (2.1)
343 (11.9)

832 (29.0)

884 (30.8)
753 (26.2)

877 (30.5)
902 (31.4)
627 (21.8)
465 (16.2)

1 Mean (SD), Median [Q1 - Q3]; n (%)
2 Wilcoxon rank sum test ; Pearson’s Chi-squared test; Fisher's exact test

Sample
SDC +
SEC+
Depressio
n

N = 2,600*
n (%)

22.6 (3.3),
22.0[20.0
-25.0]

833 (32.0)
1,001
(38.5)

766 (29.5)

943 (36.3)

1,537
(59.1)
120 (4.6)

1,756
(67.5)
397 (15.3)
447 (17.2)

1,894
(72.8)
706 (27.2)

2,500
(96.2)
100 (3.8)

1,584
(60.9)

1,012
(38.9)

4(0.2)

748 (28.8)
497 (19.1)
1,355
(52.1)
53 (2.0)
310 (11.9)

769 (29.6)

807 (31.0)
661 (25.4)

796 (30.6)
802 (30.8)
586 (22.5)
416 (16.0)

p.
value
2

0.4

0.7

0.7

>0.9

0.8

>0.9

0.5

0.9

>0.9

>0.9

Wave 2 (2021)

Sample
SDC+SE
C,
N=
2,083

n (%)
23.6 (3.3),
24.0 [21.0

- 26.0]
471 (22.6)
719 (34.5)
893 (42.9)

664 (31.9)

1,320
(63.4)
99 (4.8)

1,511
(72.5)
259 (12.4)
313 (15.0)

1,433
(68.8)
650 (31.2)

1,996
(95.8)
87 (4.2)

1,468
(70.5)

603 (28.9)

12 (0.6)

854 (41.0)
345 (16.6)
884 (42.4)

101 (4.8)
400 (19.2)

644 (30.9)

573 (27.5)
365 (17.5)

619 (29.7)
589 (28.3)
641 (30.8)
234 (11.2)

Sample
SDC +
SEC+
Depressio
n

N = 1,796
n (%)
23.6 (3.3),
24.0 [21.0
- 26.0]
405 (22.6)
619 (34.5)
772 (43.0)

566 (31.5)

1,141
(63.5)
89 (5.0)

1,276
(71.0)
235 (13.1)
285 (15.9)

1,243
(69.2)
553 (30.8)

1,719
(95.7)
77 (4.3)

1,279
(71.2)

507 (28.2)

10 (0.6)

725 (40.4)
303 (16.9)
768 (42.8)

80 (4.5)
337 (18.8)

561 (31.2)

502 (28.0)
316 (17.6)

531 (29.6)
519 (28.9)
549 (30.6)
197 (11.0)

value

>0.9

>0.9

>0.9

0.6

0.8

0.9

0.9

>0.9

>0.9

>0.9

Wave 3 (2023/2024)

Sample
SDC+SE
C,

N = 6211
n (%)
22.7 (3.5),
22.0[20.0
-25.0]
208 (33.5)
221 (35.6)
192 (30.9)

231 (37.2)
347 (55.9)

43 (6.9)

385 (62.0)

90 (14.5)
146 (23.5)

430 (69.2)
191 (30.8)

597 (96.1)
24 (3.9)

383 (61.7)

237 (38.2)

1(0.2)

191 (30.8)
355 (57.2)
75 (12.1)

28 (4.5)
126 (20.3)

168 (27.1)

171 (27.5)
128 (20.6)

209 (33.7)
207 (33.3)
127 (20.5)
78 (12.6)

Sample
SDC +
SEC+
Depressio
n

N = 508t
n (%)
22.6 (3.5),
22.0[20.0 -
25.0]
198 (33.1)
217 (36.3)
183 (30.6)

223 (37.3)
335 (56.0)

40 (6.7)

371 (62.0)

84 (14.0)
143 (23.9)

419 (70.1)
179 (29.9)

574 (96.0)
24 (4.0)

371 (62.0)

226 (37.8)

1(0.2)

182 (30.4)
344 (57.5)
72 (12.0)

27 (4.5)
117 (19.6)

164 (27.4)

168 (28.1)
122 (20.4)

201 (33.6)
199 (33.3)
123 (20.6)
75 (12.5)

p-value?

>0.9

>0.9

>0.9

>0.9

0.8

0.9

>0.9

>0.9

>0.9

>0.9

38




Table AS: Distribution of SEI components by outcome

Variable

Education
Primary Education

(=1)

Secondary
Education/Professional
(=2)

Higher Education
(=3)

Employment
Unemployed (=1)
Student-workers

(=2)

Employed and self-
employed (=3)
Income

Wave 1 (2020), N=

2,600
Not
Depressed  Depressed
2 (50%) 2 (50%)

549 (54%)

669 (42%)

727 (54%)
224 (45%)

269 (36%)

463 (46%)

915 (58%)

628 (46%)
273 (55%)

479 (64%)

p.
value!
<0.001

<0.001

<0.001

Wave 2 (2021), N=

1,796
Not
Depressed  Depressed
4 (40%) 6 (60%)

249 (49%)

480 (38%)

356 (46%)
140 (46%)

237 (33%)

258 (51%)

799 (62%)

412 (54%)
163 (54%)

488 (67%)

p_
value!
<0.001

<0.001

<0.001

Wave 3 (2023/2024), N=
598
Not p-
Depressed  Depressed  value®
<0.001
1 (100%) 0 (0%)
146 (65%) 80 (35%)
183 (49%) 188 (51%)
0.012
50 (69%) 22 (31%)
191 (56%) 153 (44%)
89 (49%) 93 (51%)
0.071

Low Income (=1) (1‘{;% (15%% 604 (44%) 775 (56%) 262 (58%) 192 (42%)
(:z'\;ed'”m Income 113 (33%) 226 (67%) 119 (31%) 270 (69%) 65 (48%) 71 (52%)

High Income (=3) 4 (17%) 20 (83%) 10 (36%) 18 (64%) 3 (38%) 5 (63%)
! Fisher's exact test

Table A4: Multivariable Logistic Regression (Full table)
Wave 1 (2020), N= 2,600 Wave 2 (2021), N= 1,796 Wave 3 (2023/2024), N= 598
Odds Ratios Odds Ratios Odds Ratios

Variable AOR 95% ClI p-value  AOR 95% ClI p-value AOR 95% ClI p-value
Age

18-20 — — — — — —

21-24 0.82 0.67,1.00 0.055 0.78 0.59, 1.02 0.070 0.85 0.54,1.36 0.5

25-29 0.83 0.64, 1.07 0.15 0.76 0.55, 1.03 0.078 0.74 0.44,1.25 0.3
Gender

Man — — — — — —

Woman 1.53 1.29,1.82 <0.001 1.40 1.13,1.74 0.002 2.02 1.40,2.92 <0.001

Gender minorities 2.29 1.50, 3.53 <0.001 1.88 1.16, 3.06 0.011 1.96 0.88, 4.59 0.11
Sexual Orientation

Heterosexual — — — — — —

Bisexual 1.51 1.20,1.91 <0.001 1.67 1.25,2.23 <0.001 1.07 0.65, 1.77 0.8

Sexual minorities 1.58 1.26,1.98 <0.001 1.48 1.12,1.96 0.006 2.12 1.35,3.40 0.001
Area of Residence

Urban — — — — — —

Rural 1.04 0.86, 1.25 0.7 0.96 0.77,1.19 0.7 1.04 0.70,1.53 0.9
Born in France

Yes — — — — — —

No 1.24 0.82, 1.89 0.3 1.09 0.67,1.74 0.7 1.54 0.63,4.04 0.4
Living Arrangement

Alone — — — — — —

With family members 0.78 0.63, 0.97 0.027 0.98 0.76, 1.28 >0.9 0.97 0.62, 1.53 >0.9

With partner 0.62 0.49,0.78 <0.001 0.73 0.57,0.95 0.019 0.51 0.32,0.83 0.007

With roommate/friends 0.68 0.53,0.88 0.003 0.76 0.54, 1.07 0.12 0.75 0.42,1.31 0.3
Socioeconomic Index

High — — — — — —

Medium 1.29 0.95,1.74 0.10 1.34 1.00, 1.81 0.055 0.95 0.54, 1.66 0.9

Low 1.96 1.42,2.70 <0.001 1.69 1.22,2.35 0.002 1.71 0.89, 3.30 0.11

Notes: Cl = Confidence Interval, AOR = Adjusted Odds Ratio
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Table A5: Sensitivity Analysis (PHQ-9 = 15) - Multivariable Logistic Regression

Variable
Age
18-20

21-24

25-29

Gender
Man

Woman

Gender minorities

Sexual Orientation
Straight/heterosexual

Bisexual

Sexual minorities

Area of Residence
Urban

Rural

Born in France
Yes

No

Living Arrangement
Alone

With family members
With partner

With roommate/friends

Socioeconomic index
High

Medium

Low

Wave 1 (2020), N= 2,600

AOR

0.72

0.6

1.33

1.97

15

1.7

1.07

161

0.76

0.71

0.55

1.56

2.36

95%
Cl

0.58,
0.90
0.45,
0.80

1.09,
1.64
1.29,
3.01

1.17,
1.92
1.33,
2.17

0.86,
1.33

1.03,
2.49

0.59,
0.97
0.55,
0.93
0.41,
0.74

1.04,
2.41
1.55,
3.67

p-value

0.004

<0.001

0.005

0.002

0.001

<0.001

0.5

0.035

0.026
0.012

<0.001

0.036

<0.001

Notes: Cl = Confidence Interval, AOR = Adjusted Odds Ratio

Wave 2 (2021), N= 1,796

AOR

11

1.04

95%
Cl

0.55,
1.04
0.53,
1.11

0.85,
1.44
0.59,
1.79

1.34,
2.57
1.29,
2.47

0.64,
1.10

0.98,
2.79

0.73,
1.38
0.59,
1.12
0.46,
1.09

1.19,
2.70
1.21,
2.93

p-value

0.09

0.2

0.5

0.9

<0.001

<0.001

0.2

0.053

>0.9
0.2

0.13

0.006

0.006

AOR

1.01

0.84

2.4

2.03

1.13

1.99

1.05

95%
Cl

0.63,
1.62
0.48,
1.44

1.62,
3.61
0.95,
4.35

0.67,
1.90
1.27,
3.13

0.70,
1.57

0.50,
2.99

0.64,
1.61
0.37,
1.07
0.45,
1.47

0.63,
2.25
1.00,
4.22

Wave 3 (2023/2024), N= 598

p-value

>0.9

0.5

<0.001

0.067

0.6

0.003

0.8

0.6

>0.9

0.5

0.6

0.053

40




Figure A6: Sensitivity Analysis (PHQ-9 = 15) - Marginal Predictions Plot
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Table A7: Sensitivity Analysis (PHQ-9 = 15) - Multivariable Logistic Regression with and
without interaction

Model 1 Model 2 Model 3 Model 4
95% p- 95% p- 95% p- 95% p-
Variable AOR Cl value AOR Cl value AOR Cl value AOR Cl value
Wave
Wave 1 - o
(2020)
Wave 2 0.68,
(2021) 0.79 0.92 0.002
Wave 3 1.34,
(2023/2024) 183 5pg <0001
Gender
Man — —
1.19,
Woman 1.38 160 <0.001
Gender 1.20,
minorities 1.62 2.20 0.002
Sexual Orientation
Heterosexual — —
) 1.29,
Bisexual 1.56 187 <0.001
Sexual 1.49,
minorities 178 2.12 <0.001
Socioeconomic index
High — —
. 1.18,
Medium 1.53 200 0.001
1.58,
Low 2.08 276 <0.001
Wave * Gender
Wave
Wave 1 (2020) — —
Wave 2 (2021) 093 %7 g6
: 1.21 :
0.82,
Wave 3 (2023/2024) 1.19 168 0.3
Gender
Man — —
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Woman

Gender minorities

Wave 1 * Gender
Man

Woman

Gender minorities

Wave 2 * Gender
Man

Woman

Gender minorities

Wave 3 * Gender
Man

Woman

Gender minorities

Wave * Sexual Orientation
Wave
Wave 1 (2020)

Wave 2 (2021)

Wave 3 (2023/2024)

Sexual Orientation
Heterosexual

Bisexual

Sexual minorities

Wave 1 * Sexual Orientation
Heterosexual

Bisexual

Sexual minorities

Wave 2 * Sexual Orientation
Heterosexual

Bisexual

Sexual minorities

Wave 3 * Sexual Orientation
Heterosexual

Bisexual

Sexual minorities

Wave * Socioeconomic Index
Wave
Wave 1 (2020)

Wave 2 (2021)

Wave 3 (2023/2024)

Socioeconomic index
High

Medium

Low

Wave 1 * Socioeconomic index
High

Medium

1.35

191

1.34

191

1.12

1.04

2.27

2.24

1.10,
1.65
1.26,
2.89

1.06,
171
1.17,
3.14

0.82,
1.53
0.55,
1.98

1.42,
3.61
0.95,
5.24

0.003

0.002

0.009

0.006

0.68

0.99

0.0001

0.07
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0.78

1.67

154

1.77

1.54

1.77

1.77

1.73

121

1.88

0.64,
0.94
1.28,
2.16

1.21,
1.97
1.40,
2.24

1.15,
2.07
1.34,
2.35

1.20,
2.60
1.19,
2.51

0.66,
2.23
1.15,
3.07

0.009

<0.001

<0.001

<0.001

0.002

<0.001

0.002

0.002

0.74

0.008

0.56,

0.93 154 0.8
1.09,

2.08 3.90 0.023
1.06,

1.57 541 0.031
1.64,

2.43 370 <0.001
0.96,

1.57 257 0.07




Low

Wave 2 * Socioeconomic index
High

Medium

Low

Wave 3 * Socioeconomic index
High

Medium

Low

Notes: Cl = Confidence Interval, AOR = Adjusted Odds Ratio

2.43

171

1.76

1.25

1.92

1.49,
3.95

1.06,
2.75
1.09,
2.84

0.63,
2.51
0.93,
3.97

<0.001

0.02

0.02

0.72

0.08
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