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Summary
BACKGROUND AND OBJECTIVES: Pandemic-related
life changes may have had a deleterious impact on sui-
cidal behaviours. Early detection of suicidal ideation and
identification of subgroups at increased risk could help
prevent suicide, one of the leading causes of death among
adolescents worldwide. Here, we aimed to investigate the
prevalence of and risk factors for suicidal ideation in ado-
lescents using a population-based sample from Switzer-
land, two years into the pandemic.

METHODS: Between December 2021 and June 2022,
adolescents aged 14 to 17 years already enrolled in a pop-
ulation-based cohort study (State of Geneva, Switzerland)
were asked about suicidal ideation over the previous year.
In addition to a regression model, we conducted a net-
work analysis of exposures which identified direct and in-
direct risk factors for suicidal ideation (i.e. those connected
through intermediate risk factors) using mixed graphical
models.

RESULTS: Among 492 adolescents, 14.4% (95% CI:
11.5–17.8) declared having experienced suicidal ideation
over the previous year. Using network analysis, we found
that high psychological distress, low self-esteem, identi-
fying as lesbian, gay or bisexual, suffering from bullying,
extensive screen time and a severe COVID-19 pandemic
impact were major risk factors for suicidal ideation, with
parent-adolescent relationship having the highest centrali-
ty strength in the network.

CONCLUSION: Our results show that a significant propor-
tion of adolescents experience suicidal ideation, yet these
rates are comparable with pre-pandemic results. Providing

psychological support is fundamental, with a focus on im-
proving parent-adolescent relationships.

Background

Suicide is the fourth leading cause of death of adolescents
and young adults worldwide [1]. Suicidality represents a
continuum of behaviours that span various levels of sever-
ity, encompassing suicidal ideation, suicide attempts and
death by suicide [2]. Although strong associations have
been established between the severity of suicidal thoughts
and the risk of attempting suicide, it is important to ac-
knowledge that only a minority of individuals proceed
from suicidal thoughts to attempt. Different suicidal behav-
iours are associated with different risk factors, with specif-
ic study designs tailored to each type of behaviour [3].

Suicidal ideation often emerges during adolescence, a pe-
riod marked by strong psychological and physical changes
[4]. Despite being common among adolescents, there is
a lack of comprehensive estimates that accurately depict
its overall prevalence. A pre-pandemic comparison study,
which included a sample of over 275,000 adolescents aged
12–17 years from 82 countries (including low-income,
lower-middle-income, upper-middle-income and high-in-
come countries) in 2003–2015 estimated the overall
12-month pooled prevalence of suicidal ideation to be 14%
[5]. When stratified by regions, the highest prevalence was
found in Africa (21.0%) and the lowest in Asia (8.0%),
while the prevalence in Europe was 11%. The important
heterogeneity in estimates was partially attributed to dis-
parities in mental health care support, cultural factors and
access to care.
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The factors contributing to suicidal ideation in adolescents
are complex and multifaceted. Previous studies highlight
various risk factors such as female sex, older age, depres-
sive symptoms, loneliness or substance use [6], being a mi-
grant [7], identifying as a sexual minority [8], being bullied
and addictive use of social media [9]. Although various
risk factors have been identified, suicidal ideation remains
a multifaceted phenomenon that involves intricate interac-
tions among psychological, social and biological factors.
Therefore, it is essential to employ appropriate statistical
tools to understand these complexities. One such tool is
network analysis, a powerful statistical method that can be
used to examine the interactions between multiple risk fac-
tors and their relationship with suicidal ideation, enabling
the identification of the most influential factors and an un-
derstanding of their interplay [10, 11].

The COVID-19 pandemic had a profound impact on the
daily life of children and adolescents worldwide [12]. Sui-
cidal behaviours may have increased due to the general
pandemic environment, while risk factors may have been
exacerbated due to pandemic-related general societal
changes. Two meta-analyses based on general population
data estimated the pooled prevalence of suicidal ideation
since the beginning of the pandemic to be 12%, which
appears slightly higher than the pre-pandemic prevalence
in Europe [13]. Also, amid the COVID-19 pandemic in
South Korea, a serial cross-sectional survey conducted na-
tionwide reported a surge in suicidal ideation among ado-
lescents, with rates rising from 10.7% in 2020 to 12.5%
in 2021 [14]. Pandemic-related risk factors for suicidal
ideation were also identified, namely low social support,
mental health difficulties, sleep disturbances, quarantine,
exhaustion and loneliness [15].

While there is a substantial body of research examining
this subject in adults, there has been limited investigation
into suicidal thoughts among adolescents two years into
the pandemic, particularly in studies based on representa-
tive samples including Switzerland. Recent local reports
highlighted a worrying increase in psychiatric consulta-
tions among adolescents since the beginning of the pan-
demic [16], a finding that warrants further investigation in
population-based studies.

The objective of the present analysis is two-fold: (1) to es-
timate the prevalence among adolescents of self-reported
suicidal ideation over the previous 12 months and (2) to
identify both direct and indirect risk factors associated with
suicidal ideation in adolescents, two years after the begin-
ning of the COVID-19 pandemic.

Methods

Study design, population and data collection

Data were collected from the SEROCoV-KIDS study, a
population-based cohort aiming to assess mid- and long-
term outcomes of the COVID-19 pandemic on children
and adolescents living in the State of Geneva, Switzerland.

Eligibility criteria for the cohort included being aged be-
tween 6 months and 17 years and living in the canton
of Geneva at the time of enrolment. For this analysis,
only participants aged 14–17 years were considered. Eli-
gible children were invited from (a) random samples from

state registries,provided by the Swiss Federal Statistical
Office,and (b) families who had previously been selected
in state-wide population-based random samples of the gen-
eral population (population-based seroprevalence studies
conducted by our group) [17–20].

The baseline assessment was organised from December
2021 to June 2022. Children and adolescents were invited
for a SARS-CoV-2 serology from a venous blood sample.
Adolescents aged 14 years or older were asked to fill in
a self-reported questionnaire in French evaluating multiple
dimensions of their daily life and their pandemic-related
experiences. Referent adults (parent or other legal
guardian) were asked to complete a comprehensive health
and sociodemographic questionnaire about themselves,
their household and their child(ren). All questionnaires
were completed online on the Specchio-COVID19 digital
platform [21]. Informed written consent was obtained from
one parent (or another legal guardian), while adolescents
also gave informed written consent for themselves.

A flowchart is presented in figure 1. Data used in this
analysis were self-reported by adolescents, unless stated
otherwise.

Measurements

A concise overview of the measurements is provided here,
while further elaboration and additional details can be
found in table S1 in the appendix.

Suicidal ideation

The primary outcome, suicidal ideation, was assessed
based on the question: “In the past 12 months, have you
thought about suicide?”. If the adolescent answered yes,
four additional questions were asked: “Were there mo-
ments when you wanted to end your life through suicide?”,
“Would you have killed yourself if you had had the
chance?”, “Have you thought about the method you could
have used to kill yourself?” and “Did you attempt sui-
cide?”. These questions were adapted from previous stud-
ies by child psychiatrists and epidemiologists of the team
[22].

Mental health and self-esteem

The Santé-Québec Psychological Distress Index was used
to assess an individual’s psychological distress and emo-
tional wellbeing over the last month using 10 items, with a
good internal consistency (α = 0.91)[23].

Self-esteem was measured using Rosenberg’s Self-Esteem
scale (RSE), a widely used scale with 10 items (α = 0.89)
[24].

School difficulties

Adolescents reported their potential school difficulties in-
cluding concentration problems, health or family problems
affecting depreciating their school activities.

Social media addiction

Addictive social media use was identified using the Bergen
Social Media Addiction Scale (BSMAS), with an accept-
able internal consistency (α = 0.75) [25].

Bullying and cyberbullying

Adolescents who were currently or had been a victim of
bullying or cyberbullying were identified based on an affir-
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mative answer to one of the statements presented in table
S1 [26].

Social support and parent-adolescent relationship

The Multidimensional Scale of Perceived Social Support
(MSPSS) was used to measure perceived social support
from three sources: family, friends and significant others,
with a good level of internal coherence (α = 0.89) [27].
Adolescents were also asked to describe their relationship
with their parents on a 5-item Likert scale.

Health-compromising behaviours

Adolescents were asked about their current use of ciga-
rettes, alcohol and drugs. They were considered users if
their consumption was regular (i.e. every day or every
week).

COVID-19 impact (parent-reported)

The Coronavirus impact scale [28] was used to evaluate
the multidimensional impact of the COVID-19 pandemic,
through parental reporting, in terms of routine, income,
food access, physical and mental healthcare access, access
to social and family support, stress and family discord on
a 4-point Likert scale (no change, mild, moderate, severe).
Parent-reported data allowed for a holistic view of the pan-
demic situation from a household perspective.

Other characteristics

Other variables included sociodemographic and health
characteristics, such as age, sex, mother’s education, so-
cioeconomic status (household financial status), migrant
status (Swiss-born vs foreign-born), chronic condition,
body mass index (BMI) and self-reported sexual orienta-
tion.

Statistical analysis

Descriptive analysis

We compared characteristics between adolescents who re-
ported suicidal ideation over the last 12 months and those
who did not, using Chi-squared and Student’s T tests, as
appropriate.

Prevalences of suicidal ideation and suicide attempts were
computed using binomial proportions and two-sided 95%
confidence intervals (CI) and stratified by sex.

Network estimation

We used an undirected network analysis to investigate the
relationship between suicidal ideation and the 20 risk fac-
tors mentioned earlier. The selection of covariates encom-
passing demographic, social, physical and psychological
dimensions of adolescent life, in the suicidal ideation mod-
el was guided by their relevance to the research question,
and was informed by a comprehensive literature review
[10]. The network perspective enables the visualisation
and quantification of multivariate interactions providing
insights into how psychological, familial and environmen-
tal dimensions interact with one another and correlate with
suicidal behaviours. The constructed network consisted of
nodes representing risk factors and edges representing as-
sociations between these variables. The width of each edge
in the visualised network represents the strength of the as-
sociation while controlling for all the other nodes in the
network. Thicker edges indicate stronger quantitative as-
sociations [29]. Unconnected nodes exhibit conditional in-
dependence given all or a subset of other nodes in the
network. To estimate the network structure, we applied
undirected Mixed Graphical Models (MGM) using the R

Figure 1: Participant recruitment and inclusion in the analysis sample. The flowchart illustrates the process of recruitment and participation.
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package “mgm” [30]. In a mixed graphical model, which
incorporates both continuous and categorical variables, the
effects correspond to partial regression coefficients for
continuous variables and to conditional log-odds ratios for
categorical variables. These estimations quantify the rela-
tionship between variables, indicating the degree and di-
rection of the relationship between the variables after ac-
counting for other variables in the model. Larger effect
sizes indicate stronger associations, while smaller effect
sizes suggest weaker associations (supplementary materi-
al).

Network evaluation and clustering

In order to identify on which dimensions public health in-
terventions would be more effective, we computed mea-
sures of node centrality to infer the relative influence of
each variable on the rest of the network [31]. Three cen-
trality metrics – strength, betweenness and closeness cen-
trality – were used to measure the centrality of a node with-
in the network’s topology. These metrics provided insights
into the significance of a node based on its connections and
positioning in the network. Further details on these central-
ity metrics are available in the supplementary material.

To identify communities within the network, we used the
Spinglass clustering algorithm, defined in supplementary
material.

Regression model

A logistic regression analysis was also performed as a
complementary analysis, presenting both unadjusted and
adjusted coefficients, while controlling for the covariates
included in the network analysis.

Given that this analysis relies on a subset of the SERO-
CoV-KIDS study, comprising only 7% of adolescents from
the same households, clustering effects were not consid-
ered in the modelling process.

Missing data

Participants with missing data in at least one of the covari-
ates (n = 44 or 9%) were excluded from the models. Sta-
tistical significance was defined as a two-tailed 95% confi-
dence level. All analyses were performed using R (version
4.0.3).

Ethics approval and consent to participate

The Geneva Cantonal Commission for Research Ethics ap-
proved the study (IDs 2020-00881 and 2021-01973). Par-
ents of participants and adolescents aged 14 or older pro-
vided written informed consent. Children gave oral assent
to participate.

Results

Descriptive results

Among 7583 invited households, 1312 participated in the
SEROCoV-KIDS study (participation rate 17.3%) (figure
1). The final sample consisted of 492 adolescents from 450
households: their mean age was 15.4 years (standard devia-
tion [SD]: 1.2) and 258 (52%) were girls (table 1). Overall,
71 (14.4%) adolescents reported having experienced suici-
dal ideation over the past 12 months. Results showed that
girls were significantly more likely to experience suicidal
ideation, as were adolescents who identified as lesbian, gay
or bisexual (LGB) or who reported strong psychological

distress, low self-esteem, low social support, school diffi-
culties or suffering from bullying (table 1). Additionally,
adolescents who reported an excessive use of social me-
dia, smoking, drinking alcohol or a severe pandemic im-
pact had a higher prevalence of suicidal ideation.

Prevalence of suicidal behaviours

Overall, 1 out of 7 (14.4%, 95% CI: 11.5–17.8) adolescents
declared having had suicidal ideation in the past 12 months
(table 2). Results show that prevalences of suicidal
ideation and of suicide attempts were higher in females
than in males, when stratifying by sex.

Network structure

The network analysis revealed that high psychological dis-
tress, low self-esteem, identifying as LGB, experiencing
bullying and excessive screen time were the main direct
risk factors for suicidal ideation (figure 2). Furthermore,
there was a moderate association (narrow edge) between
COVID-19 pandemic negative impact and suicidal
ideation.

The analysis showed that psychological distress was pri-
marily associated with female sex, low self-esteem and ex-
cessive use of social media, whereas sexual orientation was
strongly related to bullying. Low self-esteem was related
to psychological distress, low social support, female sex
and moderately linked to parent-adolescent relationship,
school difficulties, bullying and COVID-19 pandemic im-
pact. Excessive screen time was associated with male sex
and moderately with higher BMI, migration background,
school difficulties, lower social support and low levels of
physical activity. Parent-adolescent relationship was con-
nected to social support, health-compromising behaviours,
migration status and school difficulties. Socioeconomic
characteristics were not directly associated with suicidal
ideation, but were related to COVID-19 pandemic impact,
school difficulties, migration status and mental health con-
ditions.

The clustering algorithm identified four main clusters of
risk factors in the network (represented by colours in figure
2). The cluster including suicidal ideation combined indi-
viduals sharing similar characteristics regarding sexual ori-
entation, psychological distress and social media use. It
highlights a group of individuals densely connected to each
other and at a higher risk of exhibiting suicidal ideation.

Figure S1 displays the plot for centrality metrics. The
nodes with the strongest centrality (larger node’s size in
figure 2) were parent-adolescent relationship, psycholog-
ical distress, bullying, self-esteem and health-compromis-
ing behaviours, followed by suicidal ideation. These fac-
tors had a strong global influence on the overall network
structure. Additional information on centrality measures
can be found in figure S1 in the appendix. The stability of
the edges is presented and commented on in figures S2, S3
and S4 in the appendix.

A logistic regression was also conducted (table 3) and con-
firmed the main risk factors for suicidal ideation: strong
psychological distress (aOR 5.87, 95% CI: 2.73–13.07),
low self-esteem (aOR 1.43, 95% CI: 1.01–4.20), identify-
ing as LGB (aOR 2.52, 95% CI: 1.02–6.10) and exces-
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sive screen time (aOR 1.18, 95% CI: 1.04–1.33). We ob-
served near-significance for experiencing bullying (aOR
1.60, 95% CI 0.96–3.34) and COVID-19 pandemic nega-
tive impact (aOR 1.48, 95% CI: 0.98–3.43).

Discussion

In this population-based sample, 1 out of 7 adolescents re-
ported having experienced suicidal ideation over the last
12 months. Through network analysis, we identified direct
and indirect risk factors. Our analysis also revealed that
parent-adolescent relationship, psychological distress and
bullying had the highest centrality strength in the network,

which underlined a substantial influence on the network in-
formation flow.

Our study estimated the prevalence of suicidal ideation in 
adolescents to be 14%, which is comparable with pre-
pandemic estimates reported in the literature on suicidal 
ideation in this age range. Indeed, in a pre-pandemic com-
parison across 82 countries, the overall 12-month pooled 
prevalence of suicidal ideation among 12 to 17 year olds 
was 14.0% [5]. However, when stratifying per region, the 
prevalence in European adolescents was estimated to be 
11.0%, which is slightly lower than our estimates. The 
SMASH Study conducted in Switzerland in 2002 reported

Table 1:
Descriptive characteristics, stratified by suicidal ideation.

Overall Suicidal ideation p value*

Yes No

n = 492 n = 71 n = 421

n (%) n (%) n (%)

Sociodemographic characteristics

Sex (n = 492) Female 258 (53%) 53 (75%) 205 (49%) <0.001

Male 233 (47%) 18 (25%) 215 (51%)

Other 1 (0%) 0 (0%) 1 (0%)

Mother’s education (n = 448) 0.32

Tertiary 331 (74%) 42 (67%) 289 (75%)

Secondary 98 (21%) 19 (30%) 79 (20%)

Primary 19 (5%) 2 (3%) 17 (5%)

Household financial situation (n = 457) 0.31

Good 345 (76%) 45 (70%) 300 (76%)

Average to poor 79 (17%) 16 (25%) 63 (16%)

Did not want to answer 33 (7%) 3 (5%) 30 (8%)

Migrant status Foreign-born(n = 457) 66 (14%) 8 (13%) 58 (15%) 0.52

Health characteristics

Mental health chronic condition (n = 457) 77 (17%) 18 (28%) 59 (15%) 0.02

Physical chronic condition (n = 457) 182 (40%) 32 (50%) 150 (38%) 0.31

Other characteristics (n = 491)

Sexual orientation <0.001

Heterosexual 350 (71%) 34 (48%) 316 (75%)

LGB 62 (13%) 25 (35%) 37 (9%)

Did not know, Did not want to answer 79 (16%) 12 (17%) 67 (16%)

Psychological characteristics (n = 492)

Psychological distress Psychological Distress Index – mean (SD) 20.2 (15.0) 37.5 (15.2) 17.3 (12.9) <0.001

High psychological distress (score ≥30) 118 (24%) 48 (68%) 70 (17%) <0.001

Self-esteem Rosenberg score – mean (SD) 31.3 (6.2) 24.5 (6.0) 32.4 (5.4) <0.001

Low self-esteem (score ≤25) 83 (17%) 39 (55%) 42 (10%) <0.001

Social support Score – mean (SD) 5.7 (1.1) 5.2 (1.1) 5.8 (1.1) <0.001

Low-to-moderate social support 105 (21%) 28 (39%) 77 (18%) <0.001

Schooling

School difficulties(n = 492) 83 (17%) 21 (30%) 62 (15%) <0.001

Bullying (n = 490) Suffer(ed) from bullying 16 (3%) 9 (13%) 7 (2%) <0.001

Suffer(ed) from cyberbullying 147 (30%) 42 (56%) 107 (25%) <0.001

Overall bullying 153 (31%) 43 (61%) 110 (26%) <0.001

Social media addiction (n = 492)

BSMAS score – mean (SD) 10.9 (3.8) 12.3 (3.8) 10.6 (3.8) <0.001

Severe social media addiction (score ≥15) 94 (19%) 21 (30%) 73 (17%) 0.005

Health-compromising behaviours (n = 492)

Smoking 35 (7%) 16 (23%) 19 (5%) <0.001

Alcohol consumption 24 (5%) 8 (11%) 16 (5%) 0.04

Drug use 6 (1%) 1 (1%) 5 (1%) >0.9

COVID-19 pandemic impact (n = 457)

Severe 74 (16%) 21 (33%) 53 (13%) <0.001

SD: standard deviation.

* Fisher’s exact, Pearson’s Chi-squared or Student’s T test, as appropriate.
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a similar level of suicidal ideation in female adolescents,
but a higher prevalence in males [22].

Adolescence is a critical developmental stage of life
marked by rapid social, emotional and biological changes
that can expose adolescents to mental health problems dri-
ven by social exclusion, bullying, violence, break-up of
family relationships, educational difficulties and health-
compromising behaviours [4]. Psychological distress was
reported by 25% of adolescents in this sample, in line with
estimates from the World Health Organization [32], and
was identified as the main risk factor for suicidal ideation.
In turn, the risk factors for psychological distress identified

in our study, namely female sex, low self-esteem and ex-
cessive use of social media, are consistent with previous
research [9, 33].

Our study also revealed that adolescents who self-iden-
tified as gay, lesbian or bisexual reported a significantly
higher prevalence of suicidal ideation compared to adoles-
cents who self-identified as heterosexual. This result sheds
light on the strong disparities existing between heterosex-
ual and LGB communities in terms of distress and suicidal
behaviours, even at an early age. These disparities could
be explained by minority stressors such as discrimination,
social rejection, lower familial support and bullying [34],

Table 2:
Prevalence of suicidal ideation, overall and stratified by sex.

Suicidality Among all partici-
pants (n = 492)

Among females
(n = 258)*

Among males
(n = 233)

Among adolescents who experienced suicidal ideation
over the last 12 months (n = 71)

Adolescents reported that… Number (Binomial proportion [95% confidence interval])

…they had thought about suicide over the last 12
months.

71 (14.4%
[11.5–17.8%])

53 (20.5%
[16.0–26.0%])

18 (7.7%
[4.8–11.9%])

71 (100%)

…there were moments when they wanted to end
their life through suicide.

49 (10.0%
[7.5–13.0%])

42 (16.2%
[12.3–21.3%])

7 (3.0%
[1.3–6.3%])

49 (69.0% [56.9–78.9%])

…they would have killed themselves if they had
had the chance.

10 (2.0% [1.0–3.8%]) 9 (3.5%
[1.7–6.7%])

1 (0.4%
[0.02–2.7%])

10 (14.0% [7.3–25.0%])

…they had thought about the method they could
have used to kill themselves.

50 (10.1%
[7.7–13.0%])

39 (15%
[11.2–20.1%])

11 (4.7%
[2.5–8.4%])

50 (70.4% [58.0–80.1%])

…they had attempted suicide in the last 12 months 5 (1.0% [0.4–2.5%]) 5 (1.9%
[0.7–4.7%])

– 5 (7.0% [2.6–16.0%])

and that their family and friends knew about it. 2 (0.4% [0.0–1.6%]) 2 (0.8%
[0.1–3.1%])

– 2 (2.8% [0.4–11.3%])

…they had attempted suicide in their lifetime (in-
cluding in the last 12 months).

13 (2.6% [1.5–4.6%]) 10 (3.9%
[2.0–7.2%])

3 (1.2%
[0.2–3.4%])

13 (18.3% [10.4–28.5%])

* One adolescent self-identified as “sex = other” and was excluded from the stratified analysis.

Figure 2: Network analysis of suicidal ideation and associated risk factors. Network of direct and indirect risk factors associated with suicidal
ideation. The nodes in the network represent risk factors, with those directly connected to suicidal ideation identified as direct risk factors.
These include psychological distress, sexual orientation, self-esteem, screen time, bullying and COVID-19 pandemic impact. The size of each
node corresponds to the strength centrality, with the strongest being parent-adolescent relationship. The width of edges represents the
strength of the association between risk factors, with thicker edges indicating stronger associations. Least Absolute Shrinkage and Selection
(LASSO) regularisation, which shrinks all parameter estimates towards zero and sets very small estimates to exactly zero was used to esti-
mate parameters. Associations with low significance are not seen in the network. The clusters identified by the Spinglass algorithm are repre-
sented by different colours.
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and are in line with reports showing that sexual minori-
ties exhibit higher risks of poorer physical and psychologi-
cal health [8]. Interestingly, the network also confirmed the
strong relationship between identifying as LGB and bully-
ing [35].

Another important vector of suicidal ideation and psycho-
logical distress identified in the network was self-esteem,
including its social, academic, family, emotional and phys-
ical dimensions, highlighted by the cluster algorithm in
figure 2 [36]. Overall, low self-esteem was reported by
8.3% of the sample. Causality could be bidirectional: low
self-esteem could lead to depressive behaviours and, con-
versely, depressive behaviours could be the cause of neg-
ative self-evaluation. Thus, self-esteem and psychological
distress during adolescence appear to be strongly associ-
ated and to have a reciprocal relationship. The network
analysis also suggested that feeling surrounded by loved
ones, having a positive relationship with parents and not

experiencing school difficulties likely increase one’s self-
esteem.

Excessive screen time was also identified as a strong risk
factor for suicidal ideation in the network. With the in-
creasing use of screens in daily life, including for school
activities, the effects of prolonged screen time on adoles-
cent mental and physical health [37] have become a grow-
ing concern, particularly since the COVID-19 pandemic
[38].

In accordance with recent research [39], addiction to social
media has been identified as a strong risk factor for psy-
chological distress in the network. The role of social media
on adolescent wellbeing is complex. Excessive use of so-
cial media can reinforce poor self-esteem, narcissistic be-
haviours and loneliness, often triggered by comparison
with others, isolation, decrease in face-to-face peer interac-
tions and exacerbation of the “fear of missing out” feeling,
also known as FOMO, which refers to the perception that

Table 3:
Risk factors for suicidal ideation among adolescents using logistic regression.

Suicidal ideation vs no suicidal ideation Univariate model Multivariate model

OR (95% CI, p value) aOR (95% CI, p value) (n = 444)

Sociodemographic characteristics Sex Female (Ref.) (Ref.)

Male 0.32 (0.18–0.55, p <0.001) 1.32 (0.57–3.08, p = 0.519)

Other – –

Age (years) 1.15 (0.93–1.42, p = 0.196) 0.92 (0.68–1.23, p = 0.566)

Household financial situation Good (Ref.) (Ref.)

Average to poor 1.71 (0.89–3.16, p = 0.096) 1.01 (0.39–2.29, p = 0.937)

No answer 0.67 (0.16–1.99, p = 0.528) 0.55 (0.09–2.65, p = 0.475)

Migrant status No (Ref.) (Ref.)

Yes 0.86 (0.36–1.80, p = 0.706) 0.76 (0.27–1.96, p = 0.586)

Health characteristics Chronic health condition No (Ref.) (Ref.)

Yes 1.48 (0.89–2.46, p = 0.128) 0.99 (0.47–2.02, p = 0.971)

Mental health problem No (Ref.) (Ref.)

Yes 2.06 (1.11–3.70, p = 0.018) 1.24 (0.51–2.86, p = 0.628)

Other characteristics Sexual orientation Heterosexual (Ref.) (Ref.)

LGB 6.34 (3.41–11.79, p <0.001) 2.52 (1.02–6.10, p = 0.041)*

Did not know 1.68 (0.80–3.34, p = 0.151) 1.15 (0.40–3.11, p = 0.791)

Parent-adolescent relationship Bad

Good 0.29 (0.16–0.54, p <0.001) 0.83 (0.34–2.06, p = 0.680)

Psychological characteristics Psychological distress Low

High 11.26 (6.47–20.23, p <0.001) 5.87 (2.73–13.07, p <0.001)**

Self-esteem High

Low 8.48 (4.30–16.85, p <0.001) 1.43 (0.97–4.20, p = 0.052)

Social support Strong

Moderate to poor 2.89 (1.68–4.92, p <0.001) 2.13 (0.96–4.68, p = 0.059)

Schooling School difficulties No (Ref.) (Ref.)

Yes 2.45 (1.36–4.32, p = 0.002) 0.86 (0.33–2.08, p = 0.739)

Victim of bullying No (Ref.) (Ref.)

Yes 4.37 (2.60–7.44, p <0.001) 1.60 (0.96–3.34, p = 0.08)

Social media addiction Social media addiction (score) 1.12 (1.05–1.19, p = 0.001) 1.03 (0.93–1.13, p = 0.581)

Daily screen time 1.18 (1.10–1.27, p <0.001) 1.18 (1.04–1.33, p = 0.010)*

Health-compromising behaviours Smoking No (Ref.) (Ref.)

Yes 6.19 (2.98–12.75, p <0.001) 2.47 (0.76–7.84, p = 0.126)

Alcohol consumption No (Ref.) (Ref.)

Yes 3.23 (1.26–7.67, p = 0.010) 1.94 (0.38–8.78, p = 0.404)

Drug use No (Ref.) (Ref.)

Yes 1.19 (0.06–7.55, p = 0.872) 0.43 (0.01–7.46, p = 0.594)

COVID-19 pandemic impact COVID-19 pandemic impact No (Ref.) (Ref.)

Yes 3.18 (1.73–5.73, p <0.001) 1.48 (0.98–3.43, p = 0.07)

* indicates p value <0.05.

** indicates p value <0.01.
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others are living better lives or experiencing better things
[40, 41]. It can also increase self-harm and psychological
distress [42]. Additionally, intensive social media use can
lead to greater exposure to cyberbullying, “trolling” and
other abusive online behaviours with a potentially dramat-
ic impact on adolescents’ lives, even leading to suicide [43,
44], as confirmed by the network in which bullying in gen-
eral (cyberbullying and bullying) was identified as a major
risk factor for suicidal ideation.

The COVID-19 pandemic has greatly affected the lives of
many individuals, particularly young ones. However, the
extent to which it has impacted suicidal behaviours re-
mains unclear. Our network analysis highlights that ado-
lescents who had been severely impacted by the pandemic
reported more suicidal ideation, although the association
was relatively moderate. Sanitary restrictions and succes-
sive lockdowns likely had a negative and sustained impact
on known risk factors for lower psychological wellbeing,
even more so in vulnerable and minority groups including
children with chronic conditions, migrants and the LGBT+
community.

Even though an increase in demand for psychological ser-
vices has been reported [16, 45], our prevalence estimate
of suicidal ideation is comparable to pre-pandemic data.
This suggests that suicidal ideation may not have increased
over the last two years but remained as alarming as before
the COVID-19 pandemic. The discrepancy between the
frequencies of psychiatric consultations and suicidal
ideation could be two-fold. First, it is possible that adoles-
cents with psychiatric disorders were underrepresented in
our sample, hence we might be underestimating suicidal
ideation. Second, the pandemic raised awareness of ado-
lescents’ mental health via extensive media coverage. This
coverage may have encouraged parents and adolescents to
call for psychological support [46].

This highlights the need to keep monitoring the prevalence
of suicidal ideation over time, and to dedicate resources to
prevention and screening for psychological distress [47].
Public effort is particularly needed in view of the current
high and unmet demand for psychological services for
young people. Timely detection of suicidal ideation and the
early detection of high-risk subgroups could play a pivotal
role in preventing suicide.

A number of strategies are already in place to try to reduce
suicidal behaviours in youth such as online resources with
healthcare professionals, or school and social media pre-
vention campaigns [48]. Our analysis identified several
highly influential domains, suggesting that preventive
measures might be focused on improving parent-adoles-
cent relationships, supporting victims of bullying and pre-
venting health-compromising behaviours as these domains
seem to be key in adolescence.

The major strength of our study is the population-based de-
sign, covering many life dimensions of 492 adolescents,
and the use of validated psychometric scales. In addition,
to the best of our knowledge, this is one of the few studies
investigating suicidal ideation in population-based samples
of adolescents since the beginning of the pandemic. Also,
the use of network analysis based on mixed graphical mod-
els allows for a more comprehensive understanding of the
complex relationships[10].Network analysis is a very pow-
erful tool for visualising data and highlighting relevant

associations, complementing the more classic regression
analysis. Additionally, mixed graphical models enable ro-
bust parameter estimation, accommodating both continu-
ous and discrete data. Our study also has several limita-
tions. First, the measure of suicidal ideation used in the
study might suffer from a measurement bias: some ado-
lescents may have reported suicidal ideation but not seri-
ously considered it. On the other hand, some adolescents
might have not reported it due to social conformity and re-
sponse bias. Also, we lack recent pre-pandemic data in the
same population with similar study design to estimate how
suicidal behaviours were impacted by the pandemic. De-
spite being an attractive tool for studying multivariate da-
ta [31], network analysis with mixed graphical estimation
also presents limitations, including instability in data-dri-
ven estimated edges, selection of nodes, lack of causal in-
terpretation, interpretability and computational challenges.
These limitations were addressed with intensive literature
review for node selection, careful interpretation of results
and confirmation of the main results by a logistic regres-
sion model. Furthermore, our statistical power was limited
by the sample size. Finally, as commonly observed in such
studies, vulnerable adolescents, and those from households
with lower socioeconomic conditions were less likely to
participate in the study. Although no difference in suicidal
ideation by household socioeconomic characteristics was
observed, other social determinants of mental health play a
substantial role and therefore the prevalence might be un-
derestimated.

Our study highlights that 1 out of 7 adolescents in Geneva,
Switzerland, reported suicidal ideation over the previous
year. This estimate is comparable to pre-pandemic data.
Preventive efforts are needed particularly among vulnera-
ble and minority groups, who accumulate risk factors for
suicidal ideation. Sustained monitoring is required to study
long-term impacts of the COVID-19 pandemic, with a fo-
cus on improving parent-adolescent relationships.

Availability of data

Participants’ informed consent did not authorise data to be
immediately publicly available. It does allow, however, for
the data to be made available to the scientific community
upon submission of a data request application to the inves-
tigator board via the corresponding author. A response will
be provided to all requests for data within three months of
submission.
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Table S1:
Description of main measurements.

Measurements Scale Self- or
parent-re-
ported

Questions/items Comments

Socioeconomic characteristics

Sex Parent-re-
ported

1) Female, 2) Male, 3) Other –

Mother’s edu-
cation [1]

– Parent-re-
ported

1) Primary education (compulsory schooling), 2) Secondary education (ap-
prenticeship and high school), 3) Tertiary education (university)

–

Household fi-
nancial status

– Parent-re-
ported

1) I cannot cover my needs with my income and I need external support, 2)
I have to be careful with my expenses and an unexpected event could put
me into financial difficulty, 3) My income covers my expenses and covers
any minor contingencies, 4) I am comfortably off, money is not a concern
and it is easy for me to save.

Household financial status was considered aver-
age to poor if the parent selected statements 1
and 2; otherwise it was considered good.

Migration sta-
tus [2]

– Parent-re-
ported

Born in Switzerland or not –

Health characteristics

Body mass in-
dex (BMI)

– Parent-re-
ported

Weight, height Adolescent’s weight in kilograms divided by the
square of height in metres

Chronic health
condition

– Parent-re-
ported

Physical or mental condition diagnosed by a health professional that lasted
(or was expected to last) longer than 6 months

Health behaviours

Health-compro-
mising behav-
iours [3]

– Adolescent-
reported

Adolescents were asked if they were currently smoking, drinking or taking
drugs.

Yes when answers were every day or every
week.

Screen time Adolescent-
reported

Adolescent-reported number of hours spent with a screen per day. –

Physical activi-
ty time

Adolescent-
reported

Adolescent-reported number of hours spent doing physical activity per day. –

School

School difficul-
ties

– Adolescent-
reported

I do not like to study At least one item checked

I have trouble concentrating

I’m bored in class

I have family problems

There are financial difficulties in the family

I have health problems

I can’t see or hear well in class

I can’t express myself as I would want

I have problems understanding instructions in class

I have the impression that the programme is going too fast in class

I do not understand the language spoken in class well

I feel uncomfortable in my class

COVID-19 experience

COVID-19 im-
pact (EN) [4]

Coronavirus im-
pact scale

Parent-re-
ported

Pandemic impact in terms of routine, income, food access, physical and
mental healthcare access, access to social and family support, stress and
family discord on a 4-point Likert scale (no change, mild, moderate, severe).

We summed the 8 items of the Coronavirus im-
pact scale, a higher score indicating a more se-
vere impact.

Serological test
[5]

Roche Elecsys
anti-SARS-
CoV-2 N

Laboratory
results

– Roche Elecsys anti-SARS-CoV-2 N, detecting
total Ig (including IgG) against the nucleocapsid
protein of the SARS-CoV-2 virus. Seropositivity
was defined using the manufacturer’s cut-off in-
dex of ≥1.0.

Psychological characteristics

Psychological
distress (FR)
[6]

Psychological
Distress Index

Adolescent-
reported

11 items The score ranges from 0 to 70; scores over 30
suggest high psychological distress.

Suicidal
ideation (FR)
[7]

– Adolescent-
reported

Over the last year, have you thought about suicide? Yes/No

Self-esteem
(FR) [8]

Rosenberg’s
Self-Esteem

Adolescent-
reported

6 items The scale ranges from 10 to 40, and scores be-
low 25 suggest low self-esteem.

Perceived so-
cial support
(FR) [9]

Multidimensional
Scale of Per-
ceived Social
Support

Adolescent-
reported

12 items It is summarised as a mean score across 12
items; higher scores correspond to higher levels
of social support. A score lower than 2.9 would
be considered as having low social support; a
score of 3.0 to 5.0 would be moderate support
and 5.1 to 7 would be high support.

Parent/adoles-
cent relation-
ship [10]

– Adolescent-
reported

Adolescents were asked to describe their relationship with their parents on
a 5-point Likert scale.

The variable was dichotomised: if the adolescent
answered “average”, “rather bad” or “bad” the re-
lationship was defined as average to poor, while
it was characterised as good for answers “good”
and “very good”.
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Social media addiction

Excessive so-
cial media (FR)
[11]

Bergen Social
Media Addiction
Scale

Adolescent-
reported

6 items It consists of six items rated on a 5-point Likert
scale ranging from 1 (very rarely) to 5 (very of-
ten) assessing use of social media, overall
rather than on one specific platform.

Bullying

Bullying [12] – Adolescent-
reported

6 items: 1) I have been excluded, ignored, false rumours about me have
been spread, 2) I have been humiliated, 3) I have been pushed around/hit,
4) My things have been broken or stolen, 5) I have been threatened, 6) I
have been sexually harassed.

At least one of the statements ever happened to
them on a weekly or daily basis.

Cyberbullying
[13]

– Adolescent-
reported

6 items: 1) Photos or videos of you have been posted online without your
consent, 2) You have been approached online by a stranger with unwanted
sexual intentions, 3) Someone has threatened you (e.g. message on Insta-
gram/Facebook), 4) Unpleasant pictures or messages about you have been
sent to your cell phone or computer, 5) Offensive or false information about
you has been published on the Internet.

At least one of the statements ever happened to
them on a weekly or daily basis.

Other characteristics

Sexual orienta-
tion

– Adolescent-
reported

(1) Heterosexual, (2) Lesbian, gay, bisexual (LGB), (3) No answer, for those
who did not want to answer/did not know.

–

Figure S1: Centrality plots of the network including suicidal ideation and related risk factors. Centrality measurements quantify the influence of
nodes within a network. They estimate how central a node is given the network’s topology. Strength centrality measures the local influence of
a node within a network. It is calculated as the sum of the absolute edge weights per node. In other words, it looks at the total weight of the
edges coming into and out of a node. The nodes with the strongest strength centrality are parent-adolescent relationship, psychological dis-
tress and bullying, hence they have strong local influence on the overall network structure. Betweenness centrality is a measure of how often a
node lies on the shortest path connecting any two other nodes, while normalising by the total number of possible paths between all other
nodes. A node with high betweenness centrality is a bridge between different clusters of risk factors within the network. Parent-adolescent re-
lationship, psychological distress and mental condition had the highest betweenness centrality measure. Closeness centrality is a measure of
how close a node is to all other nodes in the network. It is calculated by averaging the shortest path length to all other nodes. A node with high
closeness centrality indicates a node directly and indirectly well connected to all other nodes. Parent-adolescent relationship, bullying and
school difficulties have the highest closeness centrality.
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Figure S2: Bootstrapping of robustness and edges of stability networks. The Least Absolute Shrinkage and Selection (LASSO) regularisation
was used to identify important edges in the network. The edges that were not set to zero indicate that the edge is strong enough to be includ-
ed in the network. This figure also shows the accuracy of the edge weights and allows for comparison of edges. However, it should be noted
that the majority of the edges have overlapping confidence intervals, meaning that it is difficult to determine the order of the edge weights.
Thus, we cannot claim that one edge value is significantly larger than another, except for the edge between psychological distress and self-es-
teem, which shows a significantly negative connection.
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Figure S3: Correlation-Stability (CS) coefficient. The figure illustrates the CS coefficient for the centrality measurements, which is used to as-
sess how sensitive the centrality measures are to the proportion of dropped cases. The X axis shows the percentage of cases from the sample
and the Y axis shows the correlation between the observed centrality measure and the computed centrality measure with the related propor-
tion of dropped cases. The shaded area indicates 95% bootstrapped confidence intervals of correlation estimates. The centrality measures are
considered stable if the CS at the correlation of 0.7 is equal or above 0.5 (i.e. that even by dropping 50% of cases we find a correlation of 0.7).
In this case, the rule-of-thumb threshold is not reached, which calls for careful interpretation of the order of the centrality measures. However,
it does not alter the interpretation of node centrality as centrality is highly dependent on edge weights, and LASSO regularisation ensures the
existence of the edges. Moreover, the stability is affected by the sample size, and thus increasing the sample size may increase the stability of
the centrality measures.
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Figure S4: Robustness of the estimated edge weights. This figure shows how robust the observed edge weights are when compared to the
edge weights obtained through bootstrapping. The red dots indicate the observed edge weights and the black dots with the 95% confidence
intervals (CIs) indicate the edge weights obtained through 800 bootstrapped simulations. The fact that the observed edge weights systemati-
cally fall within the CIs provides confidence in the accuracy of the measures. Edges equal to 0 were removed.
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