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Abstract

The relationship between suicidality, depression, anxiety, and well-being was explored in young adults (median age 20.7
years) from the State of Yucatan (Mexico), which has a suicide rate double that of other Mexican states. A cross-sectional
study was carried out in 20 universities in Yucatan and 9,366 students were surveyed using validated questionnaires built
into a smartphone app, applying partial least squares structural equation models. High suicide risk was assessed in 10.8%
of the sample. Clinically relevant depression and anxiety levels were found in 6.6% and 10.5% of the sample, respec-
tively, and 67.8% reported high well-being. Comparably higher levels of suicide risk, depression and anxiety, and lower
well-being were found in women, who were also somewhat older than men in our study. Furthermore, path analysis in
the structural equation model revealed that depression was the main predictor of suicidal behaviour as well as of higher
anxiety levels and lower self-perceived well-being in the total sample and in both genders. Our findings draw attention
to the association between suicidality, depression, anxiety, and well-being in Yucatan young adults and gender differences
with this regard. Mental health screening via smartphone might be a useful tool to reach large populations and contribute

to mental health policies, including regional suicide prevention efforts.
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Introduction

In the State of Yucatan, Mexico, the current suicide rate
doubles the Mexican national average (Reyes-Foster,
2013), and this figure is rising (Cervantes & Montafio, 2020;
Velazquez-Vazquez et al., 2019). Also, the local suicide
mortality is quadruple that of homicide (Gonzalez Gonzalez
Duran, 2021). An epidemiological study of suicides in
Yucatan 2013-2016 from Velazquez-Vazquez and col-
leagues (2019) revealed that 60% of suicides were commit-
ted in rural or semi-urban areas, 43% completed secondary
education, a third were married, and 71% belonged to the
indigenous population. In this context, a comparative study
of the living conditions and health in indigenous zones of

Extended author information available on the last page of the article

the State of Yucatan between 1990 and 2005 (Gonzélez,
2010) revealed a higher degree of marginalization and pre-
carious health (i.e., higher degree of infant mortality) due to
socio-economic inequalities. Furthermore, general preven-
tion approach does not appear well-suited to the beliefs of
the local indigenous communities (e.g., body-spirit balance
vs. a biomedical model) (Reyes-Foster, 2013; Gonzalez
Gonzalez Duran, 2021). Previous studies of suicidal behav-
iour in the State of Yucatan focused mostly on various psy-
chosocial factors, and explored individual and contextual
etiology of suicidality, indicating the lack of psychoeduca-
tion related to sadness, hopelessness (often connected to
poverty), addiction, and societal violence (Belfer & Rohde,
2005; Reyes-Foster, 2013; Velazquez-Vazquez et al., 2019;
Gonzalez Gonzalez Duran, 2021). Therefore, research on
the role of the specific psychological/psychiatric risk factors
(e.g., depression) in suicidal behaviour is needed.

@ Springer


http://orcid.org/0000-0002-0254-3741
http://orcid.org/0000-0002-1902-4067
http://orcid.org/0000-0002-4294-9156
http://orcid.org/0000-0002-6963-6555
http://crossmark.crossref.org/dialog/?doi=10.1007/s12144-022-03686-8&domain=pdf&date_stamp=2022-12-8

30768

Current Psychology (2023) 42:30767-30779

As for Mexico as whole, Cervantes and Montafio (2020)
investigated the burden of suicide mortality at the national
and state level between 1990 and 2017 whereas an increase
of the suicide rate nationwide, mainly in young males and
females, was found. Of note, the Mexican states located in
the southeast of the country - Tabasco, Campeche, Quintana
Roo, and Yucatan - had the highest mortality rates and years
of life lost for both genders, and an association with psycho-
social factors has been suggested (Cervantes & Montafio,
2020; Garbus et al., 2022).

In terms of the distress (i.e., depression and anxiety) related
to suicidality, whereas the role of depression as a major suicide
risk factor is well established (i.e., about 80% of people who
die by suicide meet the diagnostic criteria for major depressive
disorder at the moment of death; Bertolote et al., 2004; Kato,
2014), the role of anxiety remains somewhat controversial. A
meta-analysis found that anxiety is related to suicidal ideation
and suicide attempts, but not deaths by suicide (Bentley et al.,
2016); however, there is also substantial evidence of an inde-
pendent role of anxiety in in suicidal behaviour, both per se and
as a comorbid symptom (Bolton et al., 2008; Choi et al., 2011,
Sareen et al., 2005). In this context, previous studies high-
lighted the difficulty in isolating the effect of anxiety on suicide
from that of depression (Zhang et al., 2019). Depression and
anxiety are major contributors to the burden of years lived with
disability, and suicide attempts account for a global annual loss
of 20 million disability-adjusted life years (James et al., 2018).

In recent years, well-being has increasingly been used as
an important outcome measure in the international context
(Organisation for Economic Co-operation and Development
[OECD], 2020), and the World Health Organization (WHO)
included well-being as a major objective in its health policy
(“Health 2020”; WHO, 2013). According to the two-conti-
nua model of mental health and illness (Keyes, 2013), well-
being is a dynamic construct theorized as two continuums:
one indicates the presence or absence of mental health, and
the other similarly indicates mental illness; in the latter one,
it is understood that promoting and protecting mental health
reduces the incidence and prevalence of mental illness.
The interactions between well-being, depression, anxiety,
and suicidal behaviour are of special interest in youths, as
their measurements of well-being have been found to be
inversely related with depression, anxiety, and suicidal ide-
ation (Cederbaum et al., 2014; OECD, 2017; Sigfusdottir et
al., 2016). Of interest, in international comparison, Mexican
adolescents have highest levels of life satisfaction (OECD,
2020; Martinez-Nicolas et al., 2022). Studing the relation-
ship among well-being, distress (depression and anxiety),
and suicidality in community samples, particularly in areas
with high sucide rates such as the State of Yucatan, might
add to the existing knowledge on this phenomenon.
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Finally, the mental health of university students and
its promotion is an important topic in Latin America and
worldwide (Belfer & Rohde, 2005; Hernandez-Torrano et
al., 2020). Numerous studies revealed higher prevalence of
mental health problems in university students than in gen-
eral population due to various factors such as full-time status
(academic load), financial stress, social isolation, stigma of
mental illness, etc. (Stallman, 2010; Storrie et al., 2010). We
are not aware of previous studies on suicidal behaviour and
associated factors among university students in Yucatan.

The aim of this study is to explore whether suicidal-
ity, depression, anxiety, and well-being are interrelated in
young adults from the State of Yucatan, and in particular to
determine whether depression, anxiety and well-being are
associated with suicidality among young people in this area.

Methods
Study design

This population-based cross-sectional survey study fol-
lows the STROBE guidelines for reporting (von Elm et al.,
2007). It is part of an over-arching research project in which
ecological community mental health screening is performed
by means of smartphone applications (apps) (Arenas-Casta-
fieda et al., 2020).

Setting

The study sites were 20 higher education institutions (HEIs)
in the State of Yucatan (Mexico): two public universities, 16
private universities, and two teacher-training colleges. All
participating institutions provide educational opportunities
across a wide range of degrees and disciplines for students
older than 18 years of age.

The TEDUCA survey protocol is a massive suicide risk
and social behaviour assessment in 24 pre-graduate educa-
tion centres in Mexico City (30,000 users from 15 to 22
years old), considering other outcomes such as distress and
addictions. Therefore, MeMind has been validated for use
in Mexican population. For this, an app for Smartphone
(MeMind system) or a web platform (www.MeMind.net) is
used in which the participants take a self-administered ques-
tionnaire, composed of several psychometric instruments to
identify the suicide risk. Thus, in the present study it had an
open-ended recruitment period throughout the 2019-2020
academic year. Official recruitment started in late August
2019; students were invited via an institutional call to com-
plete an online survey through the MeMind smartphone app
(Barrigon & Cegla-Schvartzman, 2020). Participation was
promoted by local HEIs, which encouraged involvement by


http://www.MeMind.net

Current Psychology (2023) 42:30767-30779

30769

holding talks at the beginning of the academic year, and the
app was programmed to send anonymous reports to partici-
pants who wished it as an interactive app.

Study population and sampling design

The study population comprises 9,366 university students,
all of whom agreed to participate in the survey from October
to December 2019; 5,135 (54.8%) were women and 4,231
were men. In an effort to recruit as many students as pos-
sible, no sampling procedure was established beforehand.

Our inclusion criteria were as follows: (1) age 18 years or
above with enrolment at a participating institution; (2) ability to
use either their own smartphone or an institutionally provided
computer; (3) ability to understand the nature, purpose, and
methodology of the study; (4) participation in accordance with
express informed consent granted in the app. The exclusion
criteria were as follows: (1) individuals deprived of liberty (by
judicial or administrative decision); and (2) students protected
by law (guardianship or conservatorship).

Variables
Outcomes

Our main outcome variables were the following: (A) suicidal
behaviour; (B) depression; (C) anxiety; and (D) subjective
well-being. Each of these were latent variables measured
with a specific instrument (see Table 1). Individual items on
each questionnaire were considered observed variables of
the latent construct. Of note, our analyses were stratified by
gender, given the role of gender on the clinical presentation
of most mental health outcomes, including suicidality (Bar-
rigbn & Cegla-Schvartzman, 2020), depression (Ogrodnic-
zuk & Oliffe, 2011; Oliffe & Phillips, 2008), and anxiety
(McLean et al., 2011).

Data sources and measurement
Smartphone app

Assessments were conducted using the MeMind app, a
smartphone/web-based platform extensively described
elsewhere (Arenas-Castafeda et al., 2020; Barrigon, Ber-
rouiguet et al., 2017; Berrouiguet et al., 2015, 2017; Jung et
al., 2019; Lopez-Castroman et al., 2015), which features a
SMART-SCREEN protocol. This protocol is an innovative
tool for mental health screening that has been designed to
explore and understand the distribution of suicidal behav-
iours in the general population (Arenas-Castafieda et al.,
2020). It detects and refer people at risk to current men-
tal health facilities in the State of Yucatan, as it provides

feedback about the assessment to improve help-seeking
behaviour. Of note, as MeMind databases do not contain
personal identification data on any individual, all data were
collected anonymously using encrypted security protocols.
The process of validating the MeMind app with its measures
was first doing a short pilot testing in a smaller sample of
voluntary Mexican adults in the City of Mexico before col-
lecting data in the HEIs within the State of Yucatan.

Variables

To measure mental health outcomes including suicidal ide-
ation, anxiety, depression, and well-being, we used several
self-administered screening questionnaires that have been
previously adapted to Spanish and used in Mexico (Arrieta
et al., 2017; Barrigon, Rico-Romano et al., 2017). These
instruments were included as built-in questionnaires of the
MeMind app, listed as follows in the SMART-SCREEN
protocol (Berrouiguet et al., 2019): (a) Columbia-Suicide
Severity Rating Scale (C-SSRS) screener version (Posner
et al., 2011) to identify suicidal behaviour (Mundt et al.,
2013); (b) the abbreviated version of Generalized Anxi-
ety Disorder-7 (GAD-7) (Spitzer et al., 2006), which uses
only two questions from the latter, i.e. GAD-2 (Hughes et
al., 2018; Plummer et al., 2016) as an anxiety-screening
instrument; (c) the Patient Health Questionnaire-9 (PHQ-
9) depression screening (Kroenke et al., 2001); and (d) the
World Health Organization Well-being Index (WHO-5) as a
measure of well-being (Topp et al., 2015) based on an hedo-
nistic theoretical foundation (Kusier & Folker, 2020) and
with convergent validation with the flourishing construct
(Pacak-Vedel et al., 2021). Thus, it was used in the inverse
order (i.e., WHO-5, PHQ-9, and C-SSRS). For details
regarding the short scales selected, please, see Table 1 for
the items included in the protocol (i.e., SMART-SCREEN),
or the previous study in which the MeMind app was used to
screen for suicidal behavior and other correlated factors in a
Mexican rural community (Arenas-Castafieda et al., 2020).

For all questionnaires, we used previously described spe-
cific cut-off points. Regarding the C-SSRS scale, suicide
risk was classified as low, moderate, or high (Posner et al.,
2011). For PHQ-9, total scores below 4 were considered as
“no need for treatment”, scores between 4 and 14 as “need
to screen for depression”, and scores above 14 as “need for
treatment for depression” (Arrieta et al., 2017). For GAD-2,
a cut-off point of 3 was set to consider the presence of an
anxiety disorder (Plummer et al., 2016). For WHO-5, we
used a cut-off point of 50, with higher scores associated with
a greater sensation of well-being, following previous work
(Topp et al., 2015). Further detail of the aforementioned
questionnaires is described elsewhere (Arenas-Castafieda et
al., 2020).
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Table 1 Items included in the protocol for the SMART-SCREEN built on the MeMind app

Question- Item in Spanish Item in English

naire-item

number

C-SSRS-1 En el ultimo mes, ¢has deseado estar muerto(a) o poder dormirse y ~ In the last month, have you wished you were dead or
no despertar? wished you could go to sleep and not wake up?

C-SSRS-2 En el ultimo mes, ¢ has tenido realmente la idea de suicidarte? In the last month, have you actually had any thoughts of

killing yourself?

C-SSRS-3 En el ultimo mes, ;has pensado en como llevarias esto a cabo? In the last month, have you been thinking about how you

might do this?

C-SSRS-4 En el Gltimo mes, ;has tenido estas ideas y en cierto grado la inten-  In the last month, have you had these thoughts and had
cion de llevarlas a cabo? some intention of acting on them?

C-SSRS-5 En el ultimo mes, ;has comenzado a elaborar o has elaborado los In the last month, have you started to work out or
detalles sobre como suicidarte? ;Tienes intenciones de llevar a cabo ~ worked out the details of how to kill yourself? Do you
este plan? intend to carry out this plan?

C-SSRS-6 (Alguna vez has hecho algo, comenzado a hacer algo o te has pre- Have you ever made something, start doing something or
parado para terminar con tu vida? have you prepared yourself to end your life?

C-SSRS-7 (Fue esto en los ultimos tres meses? Has this happened in the last three months?

GAD-7-1 Durante las tltimas dos semanas, ;qué tan seguido te has sentido Over the last two weeks, how often have you felt ner-
nervioso, ansioso o que tienes los nervios de punta? vous, anxious, or on the edge?

GAD-7-7 Durante las tltimas dos semanas, /te sientes asustado como si fuese ~ Over the last two weeks, how often have you felt afraid,
a pasar algo terrible? as if something awful might happen?

PHQ-9-1 Durante las tltimas dos semanas, ;qué tan seguido has tenido poco ~ Over the last two weeks, how often have you been with
interés o placer en hacer cosas? little interest or pleasure in doing things?

PHQ-9-2 Durante las ultimas dos semanas, ;qué tan seguido te has sentido Over the last two weeks, how often have you been feel-
decaido(a), deprimido(a) o sin esperanzas? ing down, depressed, or hopeless?

PHQ-9-3 Durante las tltimas dos semanas, ;qué tan seguido has tenido Over the last two weeks, how often have you been
dificultad para quedarte o permanecer dormido(a), o has dormido having trouble falling or staying asleep, or sleeping too
demasiado? much?

PHQ-9-4 Durante las tltimas dos semanas, ;qué tan seguido te has sentido Over the last two weeks, how often have you been feel-
cansado(a) o con poca energia? ing tired or having little energy?

PHQ-9-5 Durante las tltimas dos semanas, /qué tan seguido has tenido moles- Over the last two weeks, how often have you been in
tias por no tener apetito o haber comido en exceso? poor appetite or overeating?

PHQ-9-6 Durante las ultimas dos semanas, ;qué tan seguido te has sentido Over the last two weeks, how often have you been feel-
mal contigo mismo(a) o que eres un fracaso o que has quedado mal  ing bad about yourself—or that you are a failure or have
contigo mismo(a) o con tu familia? let yourself or your family down?

PHQ-9-7 Durante las ultimas dos semanas, ;qué tan seguido has tenido Over the last two weeks, how often have you had trouble
dificultad para concentrarte en ciertas actividades, tales como leer el  concentrating on things, such as reading the newspaper
periodico o ver la television? or watching television?

PHQ-9-8 Durante las ultimas dos semanas, ;qué tan frecuente has sentido que  Over the last two weeks, how often have you been mov-
hablas o te mueves tan lento que incluso otras personas lo pueden ing or speaking so slowly that other people could have
notar? O, por el contrario, jestds mas inquieto o acelerado de lo noticed? Or the opposite—being so fidgety or restless
normal? that you have been moving around a lot more than usual?

PHQ-9-9 Durante las tltimas dos semanas, ;qué tan seguido has pensado en Over the last two weeks, how often have you had
lastimarte de alguna manera o que estarias mejor muerto(a)? thoughts that you would be better off dead or of hurting

yourself in some way?

WHO-5-1 Durante las ultimas dos semanas, me he sentido alegre y de buen Over the past two weeks, I have felt cheerful and in good
humor. spirits.

WHO-5-2 Durante las ultimas dos semanas, me he sentido tranquilo y relajado. Over the past two weeks, I have felt calm and relaxed.

WHO-5-3 Durante las tltimas dos semanas, me he sentido activo y enérgico. Over the past two weeks, I have felt active and vigorous.

WHO-5-4 Durante las ultimas dos semanas, me he despertado fresco y Over the past two weeks, I woke up feeling fresh and
descansado. rested.

WHO-5-5 Durante las Gltimas dos semanas, mi vida cotidiana ha estado llena ~ Over the past two weeks, my daily life has been filled

de cosas que me interesan.

with things that interest me.

! The items used the present Mexican study were in Spanish language and its original version in English is provided for the readers.
C-SSRS =Columbia-Suicide Severity Rating Scale; GAD-7=The 7-item Generalized Anxiety Disorder scale; WHO-5: The 5-item World
Health Organization Well-. Being Index.
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Table 2 Study population characteristics. Sociodemographic variables (age and gender) and health dimensions by gender using the self-adminis-
tered questionnaires contained within the app, indicating the level of severity for each psychological factor

Variable Females (n=5135) Males (n=4231) p-value  Study population (n=9366)
Age, median (IQR) 21.48 (19.23, 22.18) 20.95 (19.45, 23.08) <0.01 20.73 (19.31, 22.59)
C-SSRS, mean (SD) 0.42 (0.90) 0.29 (0.77) <0.01 0.36 (0.84)

No suicide risk, n (%) 3806 (74.1%) 3430 (80.5%) <0.01 7236 (77.0%)

Low suicide risk, n (%) 401 (7.8%) 214 (5.0%) 615 (6.5%)
Moderate suicide risk, n (%) 322 (6.3%) 177 (4.2%) 499 (5.3%)

High suicide risk, n (%) 606 (11.8%) 410 (9.6%) 1016 (10.8%)
GAD-2, mean (SD) 1.60 (1.46) 1.32 (1.42) <0.01 1.47 (1.44)

No anxiety disorder, n (%) 4541 (88.4%) 3869 (90.8%) <0.01 8410 (89.5%)
Anxiety disorder, n (%) 594 (11.6%) 392 (9.2%) 986 (10.5%)
PHQ-9, mean (SD) 6.99 (4.92) 5.76 (4.42) <0.01 6.40 (4.72)

No need for treatment, n (%) 1881 (36.6%) 1951 (45.8%) <0.01 3832 (40.8%)

Need for depression evaluation, n (%) 2830 (55.1%) 2080 (48.8%) 4910 (52.3%)

Need for depression treatment, n (%) 424 (8.3%) 200 (4.7%) 624 (6.6%)
WHO-5, mean (SD) 55.91 (25.41) 64.27 (25.65) <0.01 59.71 (20.81)

Low well-being, n (%) 1961 (38.2%) 1034 (25.0%) <0.01 2995 (31.9%)

High well-being, n (%) 3174 (61.8%)

3197 (75.0%) 6371 (67.8%)

Note: C-SSRS =Columbia-Suicide Severity Rating Scale; GAD-2 =two items of the Generalized Anxiety Disorder; PHQ-9 =Patient Health
Questionnaire; WHO-5=World Health Organization Well-being Index, IQR = Interquartile range; SD =standard deviation; % = percentage

Statistical analyses
Descriptive analysis

Descriptive and exploratory analyses were performed in
order to describe participant characteristics, including sub-
group analyses by gender, using t-tests or non-parametric
alternatives as appropriate.

SEM modelling

Partial least squares structural equation models (PLS-
SEM) were used to establish statistical casual relationships
between the four latent variables (i.e., suicidality, depres-
sion, anxiety and well-being) in the overall study popula-
tion (herein, Main model), as well as after stratification by
gender. Values for observed variables, path coefficients,
and their respective non-parametric hypothesis tests were
reported. Two indices (and their respective cut-offs) were
used to evaluate model fit in both main and subgroup data
analyses: the Standardized Root Mean-squared Residual
(SRMR; < 0.08), and the Normed Fit Index (NFI; > 0.9)
(Bentler, 1990; Mos, 2009). We used a threshold of p <0.05
for statistical significance.

Ethical issues
Ethical approval (001/2019) was obtained from the Ethics

Review Board of the ‘Hospital Psiquiatrico Yucatan’, Mer-
ida, State of Yucatan (Mexico).

Results

Descriptive statistics are reported in Table 2. Of a total 9,366
participants with a median age of 20 years and 8§ months,
55% were females. When compared to males, females were
on average 6 months older and had higher levels of suicide
risk, anxiety, and depression as well as lower levels of self-
perceived well-being.

SEM models

Figure 1 describes the general structure for our SEM model,
which was constructed for both the whole study population
and by sex. Table 3 represents the goodness of fit of the
models in terms of SRMR and NFI. All observed variables
(questionnaire items) were statistically significant with the
exception of (i) question 1 of PHQ-9 (“little interest or
pleasure in doing things”) in gender-specific models (0.45,
p=0.09, in males; and 0.14, p=0.41, in females); and (ii)
question 2 of GAD-2 (“feeling afraid as if something awful
might happen”) across all models. Results of individual
item coefficients for each model are available in Appendix 1
(Online Resource 1).

Results from SEM models (Table 4) show that depression
was associated with anxiety, suicidal behaviour, and well-
being in the whole population and after stratifying by gen-
der. Furthermore, anxiety and well-being were associated in
men but not women; this indicates that depression was the
main predictor with a path to well-being in the whole study
population, competing with anxiety only among men.
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Fig. 1 The SEM model struc-
ture to be explored. Rectangles
represent the variables recorded,
circles represent latent variables,
and arrows represent paths (We
note in Revisions that a reverse
association between well-being
and suicidal behaviour was not
assessed, but the arrows go in
both directions?)
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Table 3 Goodness-of-fit statistics for all models
Statistical index Main model Females Males
SRMR? 0.110 0.119 0.117
NFI 0.580 0.499 0.551
Note: (a) Standardized root mean-square; (b) Normed fit index
Table 4 Path coefficients of main and subgroup SEM models
SEM model path Mean Standard deviation T statistic p-value
Main model
Depression ¢ Suicidal behaviour 0.426 0.082 5.183 <0.001
Depression ¢ Anxiety 0.433 0.101 4.291 <0.001
Suicidal behaviour ¢ Well-being -0.068 0.108 0.626 0.531
Anxiety ¢ Well-being 0.086 0.094 0.911 0.362
Depression ¢ Well-being -0.601 0.096 6.261 <0.001
Females
Depression ¢ Suicidal behaviour 0.448 0.128 3.485 0.001
Depression ¢ Anxiety 0.517 0.106 4.878 <0.001
Suicidal behaviour ¢ Well-being -0.150 0.142 1.058 0.290
Anxiety ¢ Well-being -0.050 0.148 0.338 0.736
Depression ¢ Well-being -0.465 0.154 3.028 0.003
Males
Depression ¢ Suicidal behaviour 0.410 0.214 2917 0.032
Depression ¢ Anxiety 0.392 0.396 3.813 0.001
Suicidal behaviour ¢ Well-being 0.101 0.189 0.534 0.593
Anxiety ¢ Well-being 0.320 0.228 7.501 <0.001
Depression ¢ Well-being -0.709 0.213 3.331 0.001
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Fig. 2 Significant paths between latent variables of the main SEM
model. Numbers indicate path coefficients. Non-significant paths are
omitted for the sake of clarity

Final statistically significant paths of SEM models are
shown in Fig. 2 for the study population and in Fig. 3 for
men and women separately.

Discussion

The findings of our study applying a PLS-SEM analysis
show that depression was the main predictor of suicidal
behaviour within our network of 4 psychological factors in
a large sample of young adults from the State of Yucatan.
Furthermore, depression was significantly associated with
higher suicidality, higher anxiety, and decreased well-being

in young men and women in this population. We recently
published a paper on using this new methodology - PLS-
SEM analysis - in a work/in/progress clinical trial of the
MeMind app in Mexico City (Martinez-Nicolas et al.,
2022). Other similar studies usually applied the mediation
model using SEM, multiple or logistic regression analyses,
and analysis of variance (e.g., Kato 2014, Nadorff et al.,
2011).

In our sample, 6.6% of Yucatan young adults had clini-
cally relevant depression level (female>male), 10.5%
clinically relevant anxiety levels (women slightly more than
men), and 10.8% had high risk of suicide (women slightly
more than men). A recent North American study of a student
at-risk population has shown higher rates of depression and
suicidal tendencies (26.3% and 19.7% respectively; Lustig
et al., 2022) than in our study. Young women in our study
had higher suicide risk than men, although the completed
suicides in the State of Yucatan occur predominantly in men
(Cervantes & Montafio, 2020).

However, we did not find significant path between anxi-
ety and suicidal behaviour, whereas the reduced sensitiv-
ity of the anxiety measure used our study (GAD-2) might
have played a role. Depression was the main predictor of
both conditions, anxiety and suicidality, in our study. Pre-
vious research pointed out that depression-anxiety comor-
bidity is a more important risk factor for suicidality than
these conditions alone or other diagnoses (Baca Garcia &
Aroca, 2014; Chesney et al., 2014). Furthermore, there were
gender differences regarding the association between anxi-
ety and well-being in our study. Higher anxiety levels were
related to increased well-being in men, but not women. This
counterintuitive finding might reflect the heterogeneity of
anxiety as a phenomenon and can also result from a lack
of goodness-of-fit, a suppressing effect of depression on
anxiety, or inconsistent mediation (Rucker et al., 2011); this
needs further study. Since previous research does not offer
a plausible explanation for our paradoxical findings in men,

Fig. 3 Significant paths between A -
latent variables of the subgroup /
SEM models. (A) Females. (B) / .
Males. Numbers indicate path Suici d al
coefficients. Non-significant \ Behaviour
pathsare omitted for the sake of
clarity
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other factors like academic stress, substance use, high-risk
sports/hobbies and certain contextual factors not assessed
in this study could also have influenced this finding. On
the other hand, our results support the notion that the effect
of depression on well-being may be partially mediated
by anxiety (Martinez-Nicolas et al., 2022). Other studies
have shown the complex relationship between anxiety and
depression and its impact on suicidality (Cunningham et
al., 2008; Iliceto et al., 2011; Thompson et al., 2005). In
this context, current evidence has shown that irritability and
temper could be key components of the anxiety-depression
complex (Cunningham et al., 2008; Iliceto et al., 2011), e.g.
“male depression” as the clinical phenotype characterized
by irritability, anger, aggression, substance misuse, low
impulse control, risk-taking, or impulsivity (Ogrodniczuk
& Oliffe, 2011; Oliffe & Phillips, 2008). However, neither
study carried out structural equation modelling to determine
directionality or allow confirmation of the gender-based dif-
ferences detected.

There was no significant relationship between suicidal-
ity and well-being in our study of Yucatan young adults,
however well-being was inversely associated with the
main predictor of suicidal behaviour, depression. Previous
research reported an inverse association between suicide
rates and proxies of well-being, such as happiness and life
satisfaction (Bray & Gunnell, 2006) in unselected cohorts
of adults and college students (Koivumaa-Honkanen et al.,
2004; Ridner et al., 2015; Wood & Joseph, 2010), which is
consistent with the two-continua model of Keyes (2013).
Our finding is also in contrast with previous reports about
an inverse relationship between suicidal behavior and well-
being among adolescents (Cederbaum et al., 2014; Sigfus-
dottir et al., 2016), and this deserves further studies. Of note,
two-third of Yucatan young adults in our study reported
high well-being (male > female). In this context, a recent
review revealed that suicide ideation emerged in individuals
who self-reported full mental health, which indicates that
mental illness and positive (subjectively perceived) mental
health reflect distinct continua rather than the extreme ends
of a single spectrum (Iasiello et al., 2020). Previous research
also points out that young adults without diagnosed mental
illness (i.e., being free from disease and distress) have some-
times impaired functioning (e.g. physical condition, health-
care utilization, work or academic productivity), including
psychosocial functioning (Westerhof & Keyes, 2010).

Next, other factors that have not been explored in this
study may interact in the connection between depression,
anxiety, and well-being influencing their association with
suicidal behaviour of young adults. In a study of Asian ado-
lescents in average 19 years old on predictors of lethality of
suicide attempts, only resolution of precipitants of suicide
attempt yielded a statistically significant contribution (Choo
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et al., 2017). Furthermore, other risk (e.g., personality, emo-
tional distress, relationship issues, problematic substance
use, a history of trauma or abuse, chronic pain) and pro-
tective (e.g. strong personal relationships, religious or spiri-
tual beliefs, lifestyle practice of positive coping strategies)
factors could also play a role with this regard (Choo et al.,
2017; WHO, 2014). Some of these factors, such as traumatic
life-events and self-esteem, and their association with sui-
cidality were also reported in recent Mexican studies with
adolescents (Borges et al., 2021; Garbus et al., 2022). As our
study population were young adults, the effect of existing
comorbidities on suicidality may not exert the same influ-
ence as in adolescent or older populations, and risk factors
such as alcohol and drug consumption, and online addiction
(Kuss et al., 2021) could be of utmost importance in this
interaction (Lenz et al., 2019; Swendsen, 2000).

Given the status of depression as the main predictor
of suicidal behaviour, mental health action in the State of
Yucatan aiming early detection and treatment of depression
in HEIs could contribute to prevention of suicidal behav-
iour. In this context, the presence of stigma towards men-
tal health problems among university students in Yucatan
was reported, and this needs to be addressed (Storrie et al.,
2010). A universal school-based screening successfully
increased identification individuals with symptoms of major
depressive disorder and treatment initiation among the U.S.
adolescents (Sekhar et al., 2021). Notably, the present study
through MeMindallows de-anonymization if the user gives
authorisation. In this case, evaluations were sent to these
students with those at very high risk of suicide being asked
to contact mental health services in the State of Yucatan,
and 65 previously untreated individuals from our study with
a very high risk for started psychological/psychiatric treat-
ment. However, it should always be considered that suicidal
behaviour is the result of an interplay of multiple factors
(i.e., sociodemographic, biological, psychiatric, psychoso-
cial, in addition to the impact of stressful life events; Fazel
& Runeson, 2020). Moreover, regionally and culturally-spe-
cific research on possible protective factors against suicidal
behaviour should be encouraged.

The use of structural equations enabled us to identify
relationships and even formulate hypotheses concerning the
directionality of the possible causal relationships between
depression, anxiety, well-being, and suicidal behaviour. The
PLS-SEM presented here consists of exploratory models
aimed at depicting the overarching causal structure under-
lying these latent variables. These preliminary models will
serve to construct and, ultimately, refine a proper predic-
tion model for screening purposes. PLS-SEM holds great
potential in this concern over traditional covariance-based
SEM (Hair et al., 2016). Moreover, our data were assessed
through validated built-in questionnaires on a smartphone
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app designed to evaluate mental health in both clinical and
community settings (Berrouiguet et al., 2015; McLean et al.,
2011). In short, the MeMind mobile app was accessible and
efficient as a screening system. It is well-accepted by young
people and allows rapid screening of depression, anxiety,
well-being, and suicide risk. In addition, other relevant risk
assessment methods have emerged this last decade to pre-
vent suicide in youth, such as the Suicidal Affect-Behav-
iour-Cognition Scale (SABCS; Harris et al., 2015), to tackle
life/death ambivalence that can let to improve the multidi-
mensionality of the suicidality construct.

A potential limitation of this study could be the use of
a non-probabilistic sampling. This was intended to obtain
responses that resemble those obtained had a community
risk assessment been carried out. Attrition is a concern when
using non-probabilistic sampling, as information from those
who did not complete the questionnaires is a limitation
of the study. In addition, those students without a smart-
phone may have been excluded, although local reports from
the study setting indicate that most owned a smartphone.
Another limitation is the fact the universities surveyed were
private HEIs; however, in Mexico the 72% of HEIs are pri-
vate, and the State of Yucatan had one of the higher educa-
tion attainment rate between 2000 and 2015 (OECD, 2019),
and this number has dramatically increased.

To offset this potential problem, the MeMind app was
also available online (https://frontend.memind.net) and
students were instructed on how to use it on a computer.
Another limitation is the low goodness-of-fit we observed as
measured by model indices. However, a PLS-SEM should
not be assessed as a covariance-based model, and the good-
ness-of-fit indices that apply for PLS-SEM are in their early
stages of development. It is known that a cut-off point of
0.08 is generally considered a good fit in CB-SEM, though
this is likely too low for PLS-SEM (Hair et al., 2016). As
PLS-SEM is primarily intended for prediction rather than
explanatory models, this lack of fit could be relaxed by pri-
oritizing its predictive power. Another methodological limi-
tation is not being able to identify a path between anxiety
and suicidal behaviour, which could be a function of the
reduced sensitivity of the anxiety measure used in the pres-
ent study (it maybe more useful to have used GAD-7) or,
alternatively, it may reflect the heterogeneity of anxiety as
a phenomenon. Also, we were not able to identify a path
between well-being and anxiety. Next, question 1 of PHQ-9
and question 2 of GAD-2 did not correlate with their cor-
responding constructs. Finally, the results of this study must
be interpreted with caution when predicting mental health
outcomes.

Conclusion

This study carried out in a large sample of young adults
from the State of Yucatan, Mexico, using PLS-SEM anal-
ysis, shows that depression was the most important factor
influencing their suicidal behaviour, anxiety level, and well-
being in both genders. Therefore, early detection and treat-
ment of depression among young people as a major suicide
risk factor deserves particular attention; furthermore, the
influence of depression on increased anxiety level and lower
well-being needs consideration in planning comprehensive
interventions. As young women had a higher suicide risk
than men in our study, further studies on gender-specific risk
and protective factors for suicidal behaviour are needed.
The smartphone app used in this study may provide addi-
tional accessibility, usability, and efficiency for community
screening and inform (regional) public policy decision-
making. However, further research is needed in order to
assess whether the models presented here can be used for
prediction purposes.
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