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The mental health needs of young people in sub-Saharan African societies remain understudied. This
study builds upon the everyday perspectives of young people in Gorongosa, a rural district in central
Mozambique, to determine the frequency and severity of key mental health issues, identify significant
risk and protective factors, and their associations with demographic factors and mental health
predictors. This cross-sectional study gathered culturally and ecologically relevant variables, such as
sociodemographic indicators and risk and protective factors. The Beck Depression Inventory-II (BDI-II),
Self-Report Questionnaire (SRQ) and Nocturnal Intrusions after Traumatic Experiences Questionnaire
(NITE) were used to determine the prevalence and severity of key mental health issues. A convenience
sampling was used involving n =794 young people of those (45.8%) were females and the mean age of
all participants was 17.24 years (SD 2.9). To examine the results, univariate analysis, chi-square tests,
binary logistic regression analyses and odds ratio were used. Risk factors were pervasive in households,
communities, and schools. Mental health problems were commonly linked to severe depression
(14.2%), anxiety-related disorders (39.3%), sleep disturbances (37.3%), and anxiety dreams (27.5%).
Gender, age, and protective factors were associated with the frequency and severity of mental health
outcomes, while living with both parents protected against the severity of anxiety-related disorders.
Understanding the contextual mental health needs of young people in rural Mozambique is crucial for
developing insights to craft and implement targeted public mental health interventions in resource-
limited settings. Addressing mental health issues among young people necessitates a concentrated
effort on understanding and managing the interplay of risks and protective factors within families,
communities, and schools.

Keywords Young people, Depression, Anxiety, Sleeping disturbances, Risks and protective factors, Rural
settings, Mozambique

The mental health needs of young people in sub-Saharan African societies remain understudied. The lack of
studies of common mental health problems such as mood disorders, sleeping problems, and anxiety dreams,
is further acute in Lusophone Africa, also known as the Portuguese-Language Countries Community. These
conditions are aggravated by the inability of the state authorities to implement social services over the entire
national territories let alone provide mental health services and qualified professionals to assist the populations.
This predicament constitutes a serious limitation for evidence-based planning of public mental health priorities
and interventions tailored for young people. This article addresses this gap by examining the prevalence and
severity of common mental health problems among young people in Mozambique, a Lusophone country, that
has experienced past conflicts and continues to face significant challenges such as unbridled poverty, high
unemployment, as well as domestic, community and political violence. These conditions constitute serious risks
for young people’s mental health!~>.

Studies of mental health problems of young people in sub-Saharan Africa have often been conducted
either among the generations directly exposed to civil war violence’>!! or in Anglophone and Francophone
countries that did not experience postcolonial civil wars but have been exposed to poverty, unemployment,
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and chronic insecurity with detrimental consequences for young people’s mental health!?~15. Rates of mental

health problems (e.g., depression, anxiety, sleeping problems and nightmares) among young people vary in
the continent. A study of university students in Ghana determined an incidence of 31.1% for mild to moderate
depression while 8.1% reported severe depression symptoms'%. Another study examined the incidence of
depression in five East African countries and detected symptoms of depression among the studied sample as
follows 64% (Tanzania), 48% (Malawi), 38% (Zimbabwe), 37% (Kenya), and 33% in the Zambian sample'’.
A comparative study involving samples of young people that had experienced forced sexual intercourse (FSI)
and those that had not experienced it showed that among young people that experienced FSI, the percentages
of moderate to serious mental distress were 54% (Uganda), 52% (Zambia), and 33% in Nigeria'“. Still, another
study of adolescent girls and young women in-school and out of school in Tanzania revealed a 36% incidence of
depression and 31% of anxiety among out of school participants, while 6% of the sample had severe symptoms
of anxiety and depression!®. Although these studies used different diagnostic instruments, they nevertheless
present important results and offer meaningful insights to probe in other contexts and social circumstances:
Sex predicts the incidence of depression and anxiety disorders, with young women consistently having higher
rates than males'®"!® while the relation between incidence of depression and anxiety and age groups is less
conclusive with studies suggesting a higher incidence in aged people when compared to younger people!®2.
Other studies have indicated that the age group starting in early teens (15-64 years) appears the most impacted
in cross-national samples?!, followed by the age group (0-14 years)'®. Mood disorders left undiagnosed and
untreated can lead to detrimental outcomes. Most mental disorders have their onset during the adolescence
period®>? including the risk of suicides among elementary school-aged children (ages 5-12 years)>*. Thus, the
need to focus on depressive and anxiety disorders among young people, while controlling for gender and age
should constitute an analytic priority">?>2°. Furthermore, despite the existing knowledge, there is still a marked
shortage of analysis on sleeping disturbances and anxiety dreams facing young people in sub-Saharan Africa®.

A comprehensive analysis of the incidence of mood disorders should also probe into the dynamics of risk
factors and potential beliefs and practices that might function as protective factors?’. There are risk factors for
mental health problems that have been recurrently identified across cultures (e.g., chronic poverty, alcohol
and drug abuse, social instability and violence, sexual harassment, sexual violence and excessive exposure to
social media). Yet, the diversity of contexts and conditions in which young people grow up suggests the need to
consider the specific roles of socio-cultural, political, and economic contexts in the analysis of risk factors®>?8-3,
It is generally recognized that protective factors play a role in mitigating the effects of risk factors. What needs
further analysis and knowledge is the content and dynamic of such risks and protections in specific contexts
and social circumstances®!. For that this study included the perceptions and voices of rural young people during
the pilot stages of the research to map their views on the potential risks and protective factors existing in their
social milieu at family, community, and school levels. At a further stage of the research, such factors were used
to investigate in a larger sample through quantitative survey.

The study of the mental health of young people in Mozambique is still in its infancy. Recent cross-
sectional studies undertaken in specific regions of the country focused on depression and anxiety among adult
populations®>??, female heads-of-household*!, women as victims and perpetrators of intimate partner violence
and concurrent outcomes on depression, anxiety, and somatization>®. A rare study that focused on in-school
adolescents analysed the prevalence of suicidal ideation, suicidal plans, and suicidal attempts®. Previous
qualitative and quantitative studies of the various impacts of the civil war (1976-1992) and war traumas were
extensively conducted in the Gorongosa, a rural district in the centre of Mozambique®”*® involving mixed
samples of adults and young people, and some trauma-focused interventions were applied to support the mental
health recovery of the wartime generations®. However, this was the first study in the region that specifically
focused on young people who were born after the end of the civil war. As part of the post-civil war reconstruction
and development efforts, the central government has incentivized agriculture and rebuilt new markets, schools,
and health posts. Yet, most people are still confronted with daily stressors*®-*? such as unbridled poverty,
unemployment, and domestic and community violence, which are known to be risks for young people. This
study builds upon the everyday perspectives of young people in Gorongosa to (i) determine the prevalence and
severity of key mental health issues, (ii) identify significant risk and protective factors, (iii) identify associations
with demographic factors, (iv) identify impact of risk and protective factors on mental health, and (v) analyse
mental health predictors.

Methods

Study design

Pilot study phase 1: In January 2012, we conducted the first local pilot study to gather culturally and ecologically
relevant variables, such as sociodemographic indicators and risk and protective factors. This phase involved
individual and group interviews with young people (n=25), and five focus-group discussions with primary and
secondary school teachers (n=30), which provided insights about the mental health problems the participants
considered as common to the local young people, the factors they regarded as either promoting or hindering
psychological functioning. We conducted content and thematic analysis of the interviews to draw out emergent
themes related to mental health problems, risks and protective factors that were consistent across respondents.
Pilot study phase 2: In February 2012, we undertook the second pilot testing to adapt and test the quantitative
scales. We used a sample of n=20 participants to assess item clarity, scale length, and comprehensibility. We
used the feedback to refine the items and increase clarity. When we reached saturation, we compiled the last
versions of semi-structured questionnaire that comprised of demographic data and risk and protective factors,
and common mental health problems. The main study: Upon completion of the two pilot studies, the full-scale
survey was then applied in the larger sample in 2013 in households and two schools.
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Setting and ethics clearance

The general population census has established that around 176,845 people dwelled in the Gorongosa region,
and the people rely mostly on agriculture for self-sustenance. Since the end of the civil war (October 1992) and
following the government’s post-civil war reconstruction efforts, districts such as Gorongosa were removed from
the isolation of the initial peace years, which facilitated the reestablishment of manual agricultural and artisanal
mining activities and consumption of mass media technologies. Yet, unbridled poverty, unemployment, and
domestic, community and political violence continue to pose significant challenges both in the region and
across the country. These conditions have been further aggravated as the provision of mental health services and
assistance has not been a government priority. According to some of the socio-cultural features of this region,
collective orientation, and parental guardianship (known in the local language as ku himirira) remain central
to family organization and maintenance. However, children as young as six are often expected to take on adult
responsibilities, such as caring for younger siblings or tending to the sick)*2. Furthermore, during the country’s
civil war, the belligerents declared that the conflict spared no age. These disturbances from the civil war had
lasting impacts on family dynamics. Since the conflict ended, even children as young as eight have been required
to represent themselves in community courts to address various interpersonal conflicts®’.

To undertake this study, the Ethics Board of the University of Queensland approved the research project
(Clearance No: 2009001021, date—01/01/2012) as part of the University of Queensland Earlier Career Research
Grant (2009-2012). Other funding support was provided by the Netherlands Organization for Scientific
Research (NWO) and hosted at the Leiden University Medical Center (LUMC), and the Volkswagen Foundation
(Hanover, Germany) and hosted by the University of Hamburg. Informed consent was obtained through the
local government authorities, which the first author has had research collaboration since 1996. Informed consent
was also obtained from the schools’ headmasters in Gorongosa district to involve the young people in the
research at the school levels. Permission was also obtained from the legal guardians of young people to involve
them as research participants in their households. All methods, including the presentation of supplementary
information, were performed in accordance with the Declaration of Helsinki.

Participants

A convenience sampling guided the selection of the participants. School settings constituted the most practical
way to identify and select young participants. To minimize selection bias, we extended the selection sites to
include households to reach out young respondents that were not attending schools. According to some of the
local cultural beliefs and practices, age is not determined biologically. We considered these cultural norms, but
we also set the eligibility criteria to be the ability to read and write and fill in the questionnaire individually or
as interviewed. Thus, we enrolled young people as culturally defined with ages ranging between 9 and 21 years.
This age range was also consistent with the age groups within the school system namely pre-secondary (G1, 9-15
yrs), secondary (G2, 16-19 yrs), and pre-university (G3, 20-21 yrs). The mean age of all participants was 17.24
years (SD 2.9).

Variables

Demographic characteristics consisted of: Gender, age, marital status, profession, residential status, parental
relationship, and parental status. The risk factors were organized in three categories involving the family,
community, and school, which comprised 16 questions to be answered in “Yes” or “No” format. Risks in the
family (7 items) - “Beaten at home”, “fight at home”, “crying at home”, “insulted at home”, “going to school without
eating [food insufficiency]”, “alcohol consumption at home”, and “perceptions of quality of family relations”
Risks in the community (4 items) - “Attacked while going to school’, “Sexual assault while going to school”, “Fear

of attack” and “fear of something.” Risks at school (5 items) - “Insulted in the school’, “notebook stollen”, “text

stollen”, “beaten at school” and “forced to have sex at school”

The protective factors were “parents live together/separate”, “number of siblings”, “possession of a radio at
home’, and “possession of television at home”, “working besides study” and “participation in church”

For risk and protective factors, participants received a score of 1 for “Yes” responses and 0 for “No” response.

Participants who did not respond or the question was not applicable were treated as missing data.

Mental health scales

Following the pilot studies, the large quantitative data gathering unfolded in 2012. Most studies using the DBI-II
and SRQ-20 were validated and conducted with adolescents older than 12 years old. In this study, we validated
the DBI-IT and SRQ-20 with young people as culturally defined (from 9 years old). In relation to the NITE,
previous studies had only been validated with adults. This was the first time that we applied the questionnaire
among this study group. Interestingly, the NITE was the instrument that required fewer adaptations in terms of
content validation (compared to the DBI-II and SRQ-20) because in Gorongosa, sleeping patterns, dreams and
nightmares have more impact on the way people think about and organise their lives and plan the future than
in Western societies (38,44).

The BDI-II (23 items)** was designed to capture psychological and somatic symptoms manifested within a
2-week period. The instrument has been previously used in various empirical studies of depression involving
adolescents in Western and non-Western societies as well as reviews and meta-analysis to determine its
psychometric properties. Various studies have shown high levels of internal consistency of BDI-II. For example,
in a study of a multiethnic population of young people in the United States, the coefficient alpha was 0.89%;
in a study of Portuguese young students, the Cronbach’s coefficient a was 0.90%%; in a study of Hong-Kong
adolescents, the Cronbach’s coefficient a was 0.94%7. Furthermore, in a study of HIV-positive adolescents in
Malawi, the Cronbachss coefficient a was 0.80%°, while a study of young South Africans showed a DBI-II internal
consistency of 0.84%. The BDI-II had never been validated with young children in this region. For that, we

Scientific Reports |

(2024) 14:28057 | https://doi.org/10.1038/s41598-024-79257-7 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

conducted two pilot studies to adapt the BDI-II to the local context, and it was administered as a self-report
screening measure. The adaption consisted first in translating the BDI-II from English into Portuguese and
then into the local language (Chi-Gorongose) by bilingual members from Gorongosa. The translations were
then translated back into Portuguese by different interpreters to establish the linguistic equivalents for each
of the items on the questionnaire. This validation process determined that the response format in the original
BDI-II was not easily understood by participants. Consequently, the response scale of the BDI-II was truncated
into a 3-point scale: “no” (scored 0), “sometimes” (scored 1) and “often” (scored 2). Based on pilot testing, two
questions in the original instrument were re-worded and each divided into two questions. For instance, the
question regarding “changes in sleeping pattern” was divided into two questions: “Do you have difficulty falling
asleep?” and “Do you have difficulty staying asleep?” Furthermore, the question regarding “changes in appetite”
was divided into two questions: “Do you lack appetite?” and “Do you crave food all the time?” As a result, the
locally adapted version of the BDI-II comprised 23 questions. Scores were aggregated such that the maximum
total score was 46. Because of the changes to the items and endpoints, no clinical cut-offs were applied, and
the scale was interpreted as a continuous measure of depression symptoms. Cronbach’s alpha for this 23-item
measure was strong (a=0.917).

The Self-Report Questionnaire (SRQ-25) is a tool designed by the World Health Organization to screen
for common anxiety-related disorders in developing countries**>’. The sub-set part of 20 questions has
demonstrated high content validity with neurosis, depression, anxiety, and psychosomatic complaints?**>°, The
SRQ-20 has been widely used in studies of mental health problems in both conflict and non-conflict societies
involving young people?*>!1-5%. The SRQ items are scored 0 (‘no, symptoms absent) or 1 (‘yes, symptoms present)
and the item scores are summed to obtain a total score. Previous studies conducted in Gorongosa using the
SRQ-20 validated this scale’’~3%>4. To apply for younger children in this study, the validation process during the
pilot studies revealed that one question (“do you have poor digestion?”) was found confusing due to experience
with food poisoning in the two schools, and so was dropped from analysis. Thus, the scores for this measure
ranged from a minimum of 0 to a maximum of 20, and the cut-off points recommended by the WHO of 40% or
more positive answers to screen cases was applied. This determination of cut-off point scores has been applied
in numerous studies with young people?**>*. Cronbach’s alpha for the scale indicated satisfactory reliability
(a=0.929).

Sleep disturbances and nightmare experiences were assessed using the Nocturnal Intrusions after Traumatic
Experiences Questionnaire (NITE)***® which was designed to assess whether individuals experienced
disruptions to sleep patterns, anxiety-related dreams, post-traumatic nightmares, and accompanying physical
reactions study over the previous four weeks. NITE has shown the ability to capture sleep disturbances and
nightmare experiences related to any type of traumatic events®”8. If a respondent states that he or she did
not have a nightmare in the past four weeks, the questionnaire proceeds to questions related to disruptions
to sleep patterns (e.g., “In the past four weeks, did something make you sleep bad?” NITE has been applied
among clinical and population samples of adults across war and post-war generations including previously in
this region®-3°. The validation process consisted in establishing the content and linguistic equivalents among
this cohort. This study was the first to adapt and apply the NITE among young people in this region. NITE
has shown the ability to capture sleep disturbances and nightmare experiences related to any type of traumatic
events®®>7%8, while categorizing post-traumatic nightmares as replicative (closely replicates a traumatic event),
symbolic (reflects some traumatic event elements but less replicative), or mixed (a combination of replicative and
symbolic)®®. NITE scores can be analyzed in either a qualitative or quantitative fashion; it is a two-part (partially)
structured questionnaire that contains 14 quantitative items and 3 qualitative ones. Only 14 quantitative items
were used, with a focus on general sleeping problems and the presence, content, and impact of anxiety dreams on
respondents. NITE-14, items are scored 0 (‘no, symptoms absent) or 1 (‘yes, symptoms present). In this case, the
scores were averaged such that the overall score ranged from 0 to 1. Cronbach’s alpha for this 14-item measure
was strong (a=0.943).

For the community-based survey (n=595, 74.9%), research assistants administered the questionnaire in
the form of a semi-structured interview, whereas in the schools (1 =199, 25.1%) the participants answered the
questionnaires individually as self-reports. Since the class sizes were large, we divided the students into groups
so that each student had a single chair and desk, and the research assistants oversaw the process in the classroom
without input or interference from classroom teachers, which ensured that participants had confidentiality.

Statistical analysis

All results were examined using IBM SPSS Statistics (Version 27). Preliminary univariate analysis was completed
on all variables to ensure consistency and to address the first aim of this report. As stated above, the internal
consistency was excellent. To address the second aim, the chi-square test of independence was run on all the
baseline variables (demographics, risk, and protective measures) to assess for group differences in the symptoms
of BDI-II, SRQ, and NITE. This allowed us to ascertain the associations between the baseline variables and the
frequency and severity of mental health issues in our sample. Exploratory binary logistic regression analyses
were performed to ascertain which variables contribute most significantly to the prediction of mental health
problems (BDI-II, SRQ and NITE) in the participants. All three questionnaires were converted to a binary
form for this section of the analysis, to allow for ease of interpretation (mental health problems present or not
present), with these being the outcome variable. Demographic variables, risk, and protective factors were added
into the model as predictors. Each of the aggregated scale of the risk factors provided a cumulative measure
of risk within each domain. The higher scores (50% and above) in each domain indicated greater exposure to
adverse experiences. Cronbach’s alpha was calculated for each of the aggregated scales (Family Risk 0.725, School
Risk 0.823, Community Risk 0.66) to determine internal consistency. Similarly, protective factors with higher
scores in each domain indicated greater protection. Odds ratios were examined for those predictors that were
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significant in predicting the presence of mental health problems among the research participants and to allow
ease of interpretation.

Results

Participants

The total research participants were composed of n=794 of those n=364 (45.8%) were females (Table 1).
Participants recruited through the household survey were n=>595 (74.9%) and in two schools, a secular, and
a Catholic school (grades 6-10) (1 =199, 25.1%). Most respondents were students n=634 (79.8%), while the
remaining approximately 20% were involved in some form of informal employment. Of the students, there were
pre-university students n =429 (54%), secondary school #n=167 (21%), and primary school n=45 (5.7%). Most
of the participants were unmarried n=770 (97%) and only n=23 (2.9%) declared to be married. The residence
status of the participants was as follows: n=272 (34.3%) lived with relatives other than the biological parents;
n=217 (27.3%) lived with both parents (father and mother); n=164 (20.7%) lived with a partner; n=95 (12%)
lived with the mother; n=37 (4.7%) lived alone; and n=9 (1.1%) lived with the father.

Variables N=794 (Fr.) | Percentage (%)
Gender

Male 430 54.2
Female 364 45.8
Age

GI1:9-15 years 158 19.9
G2: 16-19 years 455 57.3
G3:20-21 years 181 22.8
Marital status

Single 770 97.0
Married 23 2.9
Other 1 0.1

Living parents

Both 530 66.8
None 127 16.0
Mother only 107 13.5
Father only 27 34
Siblings

4 or less 327 41.2
5 or less 467 58.8
Profession

School 734 79.8
Working 160 20.2
School level

Primary 45 57
Secondary 167 21.0
Pre-university 429 54.0
Not at School 153 19.3
Depression (BDI-II)

None 364 45.8
Mild 176 22.2
Moderate 141 17.8
Severe 113 14.2

Anxiety-related disorders (SRQ)

Low or no symptoms | 482 60.7
Symptoms present 312 39.3
Sleep disturbances and anxiety dreams (NITE)
None 280 35.3
Some 218 27.5
Severe 296 37.3

Table 1. Demographics and incidence of depression, anxiety-related disorders, and sleep disturbances and
anxiety dreams.
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Respondents’ parental relations were as follows (Table 1): n=>530 (66.8%) stated that they had living parents,
while n=127 (16%) stated that they had no living parents. Among those with parents, n=107 (13.5%) stated
that only the mother was alive while n=27 (3.4%) only had a father. For those with living parents, n=433
(54.5%) of the participants stated their parents lived together, while #n =354 (44.6%) reported that the parents did
not live together. In relation to siblings, n=467 (58.8%) stated that they had five or more siblings, while n=327
(41.2%) had four or less.

Symptoms of BDI-Il, SRQ and NITE and risk and protective factors

Table 1 shows that 17.8% (n=141) had moderate depression, 22.2% (n=176) had mild depression, while 14.2%
(n=113) of the participants had severe depression. Anxiety-related disorders (SRQ-20) were identified in 39.3%
(n=312) of participants. Severe sleeping problems and anxiety dreams were reported by 37.3% (n=296), while
27.5% (n=218) reported some nightmare symptoms. Table 2 shows the percentages of risk and protective
factors. The risks with the highest percentage in the home space were “going to school without food” (74.8%),
“insulted at home” (60.8%), and “beaten at home” (50.1%). In the community space, the risks were “afraid of
being attacked” (81.6%) and “fear of something” (76.7%) while 38.2% revealed experiences of being attacked on
the way to school. In the school space, the risks that were identified with the highest percentages were “being
insulted” (45.1%), “notebooks stolen” (37.9), “textbook stolen” (32.2%), and “bullied at school” (32.7%). Table 2
also presents the results of factors which the participants considered protective namely “church participation”
(69.8%), having “five or less” siblings (58.8%), “parents live together” (54.5%), “having a radio at home” (53.7%).

Associations of gender, age, risk factors and depression

Table 3 shows the association between gender, age, risk factors, and depression (DBI-II) using the chi-square test of
independence. The results were significant (x* (3) =21.713, p <0.0001) to indicate an association between gender
and depression symptoms (DBI). Male participants were more likely (50%) to have no depression symptoms
present in comparison with female participants (40.9%). Whereas female participants were more likely to have
severe depressive symptoms (20.3%) in comparison with males (9.1%). In relation to the association between age
categories (9-15; 16-19; 20-21) and depression (DBI-II) (Table 3), the chi-square test showed strong evidence
(x*=32.997, p<0.0001, df=6) linking age categories and depression symptoms. The elder participants in this
sample (20-21 years), were more likely (23%) to have severe depression in comparison with 16-19 (12.5%) and
9-15 (9%) years old. Conversely, the younger participants grouped between 9 and 15 (39%) and 20-21 (44%),
were less likely to have no depression symptoms in comparison to the 16-19-year-olds (49%). We conducted
similar tests to determine the associations between gender, age, anxiety-related disorders (SRQ-20), and sleeping
problems and anxiety dreams (NITE). The chi-square test was significant (x? (1) =50.992, p <0.0001) to support
the association between gender and anxiety-related disorders (SRQ-20). Male participants were less likely
(27.9%) to have anxiety-related disorders in comparison to female participants (52.7%). Furthermore, the chi-
square test to determine the associations between gender and sleeping difficulties and anxiety dreams (using
NITE), showed significant results (x* (2) =22.876, p <0.0001). This association revealed that female participants
were more likely to have severe nightmare symptoms (43.4%) in comparison to males (32.1%). In turn, male
participants were more likely (34.2%) to have some nightmare symptoms present in comparison to female
participants (19.5%). The chi-square test to establish the association between age category and anxiety-related
disorders (SRQ-20 category) showed moderate evidence (x> (2)=7.789, p=0.02). Participants who are 9-15
years (44%) and 20-21 years (46%) were more likely to display anxiety-related symptoms in comparison to
16-19-year-olds (35%). Additionally, there was slight to no evidence of an association between age category and
anxiety dreams (NITE category) (x* (4) =9.139, p=0.058).

Table 3 also shows the results of chi-square test to check the associations between risks in the family,
community, and school and depression (DBI-II). The chi-square test revealed an association between risk in
the family space and depression ((x* (15) =150.227, p <0.0001). Those with severe risk in the family were more
likely to have severe depression issues (around 44.4%), whereas those with no home risk were most likely to
have no depression symptoms (75%). The analysis also showed an association between community risk and
depression ((x* (12) =83.131, p <0.0001). Those with no community risk were most likely to have no depression
symptoms (65.3%), whereas those with severe community risk have an even split between each of the categories.
In relation to the association between risk at school and depression, the results showed an association between
school violence and depression (2 (12) =67.934, p <0.0001).

Furthermore, we extended the analysis of the relations between risk, anxiety-related disorders (SRQ) and
sleeping problems and anxiety dreams (NITE). The results showed that participants with no or minimal home
risk were most likely to have no anxiety-related disorders (87.5% / 82.3%). In contrast, the participants with severe
or extreme risk in the family space were more likely to have anxiety-related disorders (70.7% / 58.1%). There
was also an association between community risk and anxiety-related disorders ((x* (4)=113.35, p<0.0001).
Those with severe community risk were more likely to have anxiety-related disorders (70.7%), whereas those
with no community violence were most likely to have no anxiety-related disorders (87.5%). The association was
also significant in relation to risk factors in school and anxiety-related disorders ((}? (4)=77.277, p<0.0001),
in that those with no school risks were most likely to have no anxiety-related disorders (74.7%). Finally, the
analysis of risk factors and sleeping problems and anxiety dreams revealed that those with severe or extreme
family risks were more likely to have severe nightmare issues (around 60%) whereas those participants with no
family risks were most likely to have no nightmare symptoms (64.6%). Equally significant was the association
between community risks and sleeping problems and anxiety dreams (x* (8) =125.668, p < 0.0001). Those with
severe community risks were more likely to have severe sleeping problems and nightmare issues (around 69.2%),
whereas those with no community violence were most likely to have no sleeping problems and nightmare
symptoms (51.2%). The association was also significant in relation to school risk factors and sleeping problems
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Risk factors ‘ N=794 (Fr.) | Percentage (%) | Protective factors | N=794 (Fr.) | Percentage (%)
Risks in the family Protective factors
Beaten at home No. of siblings
No 396 49.9 4 orless 327 41.2
Yes 398 50.1 5or less 467 58.8
Parents fight at home Work status
No 460 57.9 No 688 86.6
Yes 334 42.1 Yes 106 13.4
Cry at home Parents live together
No 420 52.9 No 354 44.6
Yes 374 47.1 Yes 433 54.5
Insulted at home Live with
No 311 39.1 Father 9 1.1
Yes 483 60.8 Alone 37 4.7
Mother 95 12.0
Partner 164 20.7
Other 272 34.5
Going to school without food Church participation
No 200 25.2 No 240 46.3
Yes 594 74.8 Yes 554 69.8
Parents drink alcohol Radio in house
No 440 55.4 No 368 46.3
Yes 354 44.6 Yes 426 53.7
Relationship with parents
Good 477 60.1
Bad 317 39.9
Risks in the community
Attacked on way to school
No 491 61.8
Yes 303 38.2

Sexually assaulted on way to school

No 672 84.6

Yes 122 15.4
Afraid of being attacked

No 146 18.4

Yes 648 81.6
Fear of something

No 185 23.3

Yes 609 76.7
Risks at school

Insulted at school

No 436 54.9
Yes 358 45.1
Notebooks stolen

No 493 62.1
Yes 301 37.9
Textbook stolen

No 538 67.8
Yes 256 322
Bullied at school

No 534 67.3
Yes 260 32.7
Forced to have intercourse

No 782 98.5
Yes 12 1.5

Table 2. Risk and protective factors.
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N=794 Depression (BDI-II)
Variables Frequency | Percentage (%) | No (45.8%) | Mild (22.2%) | Moderate (17.8%) | Severe (14.2%) | Chi-square (x?) (p-value)
Gender
Male 430 54.2% 215 (50.0%) | 95 (22.1%) 81 (18.8%) 39 (9.1%)
Female 364 45.8% 149 (40.9%) | 81 (22.3%) 60 (16.5%) 74 (20.3%) 21.713 (<0.000)
Age
G1:9-15 158 19.9% 61 (38.6%) | 37 (23.4%) 64 (29.1%) 14 (8.9%)
G2:16-19 455 57.3% 159 (49.0%) | 142 (23.1%) 154 (15.4%) 57 (12.5%) 32.997 (<0.0001)
G3:20-21 181 22.8% 64 (44.2%) | 39 (18.8%) 78 (13.8%) 42 (23.2%)
Overall family risk
None 48 6.0% 36 (75.0%) | 8 (16.7%) 3(6.3%) 1(2.1%)
Minimal 158 19.9% 99 (62.7%) 32(20.3%) 23 (14.6%) 4(2.5%)
Moderate 182 22.9% 91 (50.0%) | 43 (23.6%) 20 (11.0%) 28 (15.4%)
Worrisome 135 17.0% 52(38.5%) |28(20.7%) | 41(30.4%) 14 (10.4%) 130.227 (<0.0001
Severe 99 12.5% 17 (17.2%) | 21 (21.2%) 17 (17.2%) 44 (44.4%)
Extreme 172 21.7% 69 (40.1%) | 44 (25.6%) 37 (21.5%) 22 (12.8%)
Overall community risk
No 121 15.2% 79 (65.3%) | 25 (20.7%) 15 (12.4%) 2 (1.7%)
Minimal 39 4.9% 15 (38.5%) 10 (25.6%) 12 (30.8%) 2 (5.1%)
Moderate 363 45.7% 174 (47.9%) | 87 (24.0%) 66 (18.2%) 36 (9.9%) 83.131 (< 0.0001)
Worrisome 167 21.0% 70 (41.9%) |28 (16.8%) | 26 (15.6%) 43 (25.7%)
Severe 104 13.1% 26 (25.0%) | 26 (25.0%) 22 (21.2%) 30 (28.8%)
Overall school risk
No 348 43.8% 198 (56.9%) | 77 (22.1%) | 41 (11.8%) 32 (9.2%)
Minimal 143 18.0% 54 (37.8%) | 38 (26.6%) 21 (14.7%) 30 (21.0%)
Moderate 64 8.1% 27 (42.2%) 16 (25.0%) 19 (29.7%) 2(3.1%) 67.934 (<0.0001)
Worrisome 44 5.5% 12 (27.3%) | 6 (13.6%) 13 (29.5%) 13 (29.5%)
Severe 195 24.6% 73 (37.4%) | 39 (20.0%) 47 (24.1%) 36 (18.5%)

Table 3. Associations of gender, age, risk factors and depression.

and anxiety dreams ((x? (8)=140.597, p <0.0001). Those with no school risk are most likely to have no anxiety
dreams (50.6%).

Relation between age, gender, risk and protective factors and odds ratios

Tables 4 and 5, and 6 show the results of a binomial logistic regression to ascertain the effects of age, gender, risk
factors [overall family, school, and community risk] and protective factors [siblings, study/work, live with mother
and father, parents live together, going to church, having radio] have on the likelihood that participants display
mental health problems. The logistic regression model was statistically significant for all three assessments of
mental health problems: Depression (BDI-II: (x*(25)=132.545, p<0.0001), anxiety-related disorders (SQR:
(x%(25)=280.412, p < 0.0001), and sleeping problems and anxiety dreams (NITE: (x*(25) = 185.673, p < 0.0001)).
The model for SQR (Table 4) explained 40.3% (Nagelkerke R?) of the variance in anxiety-related disorders and
correctly classified 79.3% of cases, likewise for anxiety dreams (NITE) (Table 6) explaining 28.9% of the variance
and correctly classifying 71.5% of cases. However, for depression (BDI-II) (Table 5), the model only explained
20.7% of the variance and correctly classified only 64.9% of cases.

For SQR, family risk (p <0.0001), community risk (p <0.0001), school risk (p=0.02), and protective factors
[study (p<0.0001), church (p<0.0001), live with (p<0.0001)] added significantly to the model/prediction
(Table 4), whereas for BDI-II (Table 5) only family risk (p <0.0001), community risk (p <0.0001) and protective
factor study/work (p=0.01) were the only factors that added significantly to the prediction of the presence
of depression. For sleeping problems and anxiety dreams (Table 6), gender (p<0.0001), community risk
(p<0.0001), home risk (p <0.0001) and school risk (p=0.001), as well as protective factors [church (p=0.038)
and radio (0.029)] all added significantly to the prediction of whether a youth would be subject to having sleeping
problems and anxiety dreams.

The odds of having anxiety-related disorders (SQR: Table 4) is 13.139 times greater for those in the severe
family risk category as opposed to those in the no family risk category. The odds of having anxiety-related
disorders were 6.871 times greater for those in the worrisome community risk category as opposed to those in
the no community risk category. For protective factors, the odds of having anxiety-related disorders were 3.173
times greater for those who do work as opposed to those that do not work and is 2.105 times greater for those
who do go to church as opposed to those that did not go to church. Finally, it appears living with parents was best
for anxiety-related disorders (SRQ) as the odds of having symptoms are 0.336 times less for those that live with
their parents, as opposed to those that live alone.
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Covariate ‘ N ‘ Odds ratio (OR) | 95% confidence interval (OR) | p-value
Gender

Male 430 | (Ref) (Ref) (Ref)
Female 364 | 0.925 (0.562, 1.521) 0.758
Age 794 1 0.978 (0.918, 1.042) 0.493
Overall family risk <0.0001
None 48 | (Ref) (Ref) (Ref)
Minimal 158 | 1.589 (0.565, 4.468) 0.380
Moderate 182 | 1.640 (0.589, 4.570) 0.344
Worrisome 135 | 3.223 (1.152, 9.015) 0.026
Severe 99 | 13.139 (4.445, 38.836) 0.000
Extreme 172 | 4.420 (1.558, 12.539) 0.005
Overall community risk <0.0001
No 121 | (Ref) (Ref) (Ref)
Minimal 39 12.269 (0.905, 5.689) 0.081
Moderate 363 | 1.820 (0.987, 3.357) 0.055
Worrisome 167 | 6.871 (3.134, 15.062) 0.000
Severe 104 | 2.803 (1.218, 6.451) 0.015
Overall school risk 0.02

No 348 | (Ref) (Ref) (Ref)
Minimal 143 | 1.435 (0.848, 2.427) 0.178
Moderate 64 |2.643 (1.362,5.129) 0.004
Worrisome 44 | 1.452 (0.624, 3.379) 0.387
Severe 195 | 2.071 (1.154, 3.715) 0.015
Protective factors

Having siblings

4 or less (Ref) (Ref) (Ref)

5 or more 1.017 (0.692, 1.494) 0.933
Participation in work force

No (Ref) (Ref) (Ref)
Yes 3.173 (1.815, 5.547) <0.0001
Parents live together

No 354 | (Ref) (Ref) (Ref)
Yes 433 | 0.817 (0.533, 1.252) 0.354
Participation in church

No (Ref) (Ref) (Ref)
Yes 2.105 (1.387, 3.195) <0.0001
Possession of radio

No (Ref) (Ref) (Ref)
Yes 0.774 (0.533, 1.126) 0.180
Live with <0.0001
Alone 37 | (Ref) (Ref) (Ref)
Mother and father 217 | 0.336 (0.132, 0.853) 0.022
Father 9 1.086 (0.185, 6.388) 0.927
Mother 95 |0.646 (0.234, 1.779) 0.398
Partner 164 | 1.587 (0.641, 3.925) 0.318
Other 272 | 0.595 (0.241, 1.467) 0.259

Table 4. Logistic regression model predictors of anxiety-related disorders (SRQ).

The odds of having depression (Table 5) were 2.004 times higher for those youth who work compared with
those that do not work and 4.454 times higher for those who are in the severe community risk factor group. Like
anxiety-related disorders, the odds of having depression were 9.389 times higher in the severe family risk factor
group in comparison to those in the no family risk category.

The odds of having anxiety dreams (Table 6) were 0.231 times less for those who are females in comparison
with males and 1.477 times higher for those who attend church, compared with those who do not. The odds of
having anxiety dreams were 6.503 higher for those who are in the severe community risk factor group and 8.616
higher for those in the severe home risk factor group compared with those who were not suffering these risks.
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Covariate ‘ N ‘ Odds ratio (OR) | 95% confidence interval (OR) | p-value
Gender

Male 430 | (Ref) (Ref) (Ref)
Female 364 | 0.741 (0.480, 1.145) 0.741
Age 794 | 0.974 (0.918, 1.034) 0.392
Overall family risk <0.0001
None 48 | (Ref) (Ref) (Ref)
Minimal 158 | 1.519 (0.709, 3.253) 0.282
Moderate 182 | 2.410 (1.124,5.168) 0.024
Worrisome 135 | 3.271 (1.474, 7.260) 0.004
Severe 99 |9.389 (3.795, 23.232) 0.000
Extreme 172 | 3.409 (1.501, 7.743) 0.003
Overall community risk 0.001
No 121 | (Ref) (Ref) (Ref)
Minimal 39 | 2.294 (1.030, 5.108) 0.042
Moderate 363 | 1.848 (1.161, 2.941) 0.010
Worrisome 167 | 1.899 (0.974, 3.702) 0.060
Severe 104 | 4.454 (2.128,9.323) 0.000
Overall school risk 0.06
No 348 | (Ref) (Ref) (Ref)
Minimal 143 | 1.583 (1.008, 2.488) 0.046
Moderate 64 | 1.824 (1.020, 3.264) 0.043
Worrisome 44 | 2.252 (1.026, 4.944) 0.043
Severe 195 | 1.465 (0.847,2.532) 0.172
Protective factors

Having siblings

4 orless (Ref) (Ref) (Ref)
5 or more 0.985 (0.705, 1.374) 0.927
Participation in work force

No (Ref) (Ref) (Ref)
Yes 2.004 (1.183,3.397) 0.010
Parents live together

No 354 | (Ref) (Ref) (Ref)
Yes 433 1 0.715 (0.489, 1.044) 0.082
Participation in church

No (Ref) (Ref) (Ref)
Yes 1.213 (0.857, 1.716) 0.276
Possession of radio

No (Ref) (Ref) (Ref)
Yes 0.871 (0.628, 1.209) o
Live with

Alone 37 | (Ref) (Ref) (Ref)
Mother and Father 217 | 0.500 (0.207, 1.210) 0.124
Father 9 0.900 (0.166, 4.870) 0.903
Mother 95 |0.633 (0.241, 1.663) 0.353
Partner 164 | 0.627 (0.257, 1.532) 0.306
Other 272 | 0.557 (0.235, 1.321) 0.184

Discussion
This article analyzed the frequency and severity of common mental health problems such as depression,
anxiety-related disorders, sleeping problems, and anxiety dreams among young people in Mozambique.
The country is yet to develop a systematic body of knowledge focused on the mental health needs of young
people. While this shortcoming is not unique to Mozambique, Lusophone countries lag when compared to
Anglophones in sub-Saharan Africa®. This study contributes to breaking on this pattern of regional neglect
by involving the perspectives of young people at different stages of the methodology. The findings revealed

Table 5. Logistic regression model predictors of depression (DBI-II).
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Covariate ‘ N ‘ Odds ratio (OR) | 95% confidence interval (OR) | p-value
Gender

Male 430 | (Ref) (Ref) (Ref)
Female 364 | 0.231 (0.140, 0.381) 0.000
Age 794 | 1.055 (0.989, 1.125) 0.875
Overall family risk <0.0001
None 48 | (Ref) (Ref) (Ref)
Minimal 158 | 1.951 (0.945, 4.025) 0.071
Moderate 182 | 3.128 (1.494, 6.550) 0.002
Worrisome 135 | 4.960 (2.221,11.077) 0.000
Severe 99 |8.616 (3.480, 21.332) 0.000
Extreme 172 | 7.177 (3.103, 16.596) 0.000
Overall community risk <0.0001
No 121 | (Ref) (Ref) (Ref)
Minimal 39 2294 (0.920, 5.720) 0.075
Moderate 363 | 1.277 (0.800, 2.038) 0.306
Worrisome 167 | 3.554 (1.694, 7.453) 0.001
Severe 104 | 6.403 (2.857,14.351) 0.000
Overall school risk 0.01
No 348 | (Ref) (Ref) (Ref)
Minimal 143 | 1.926 (1.189, 3.118) 0.008
Moderate 64 |2.115 (1.121, 3.992) 0.021
Worrisome 44 | 2.775 (1.151, 6.695) 0.023
Severe 195 | 2.762 (1.471, 5.189) 0.002
Protective factors

Having siblings

4 or less (Ref) (Ref) (Ref)
5 or more 1.029 (0.717, 1.479) 0.975
Participation in work force

No (Ref) (Ref) (Ref)
Yes 1.752 (0.962, 3.192) 0.067
Parents live together

No 354 | (Ref) (Ref) (Ref)
Yes 433 | 1.090 (0.720, 1.649) 0.683
Participation in church

No (Ref) (Ref) (Ref)
Yes 1.477 (1.021, 2.135) 0.038
Possession of radio

No (Ref) (Ref) (Ref)
Yes 1.480 (1.040, 2.106) 0.029
Live with 0.218
Alone 37 | (Ref) (Ref) (Ref)
Mother and father 217 | 0.343 (0.122, 0.960) 0.042
Father 9 0.365 (0.060, 2.234) 0.276
Mother 95 |0.563 (0.186, 1.710) 0.311
Partner 164 | 0.368 (0.131, 1.034) 0.058
Other 272 | 0.522 (0.190,1.432) 0.207

Table 6. Logistic regression model predictors of sleeping problems and anxiety dreams (NITE).

that gender, age groups, and risk and protective factors influenced the frequency and severity of depression,
anxiety-related disorders, sleeping problems, and anxiety dreams of the participants and these had a toll in
the lives of young people two decades after the Mozambican civil war’s end. The analysis also showed that risk
factors were common in the family, community, and schools. While comparatively with the available published
studies, the measuring instruments were different, still the frequency of depression (DBI-II) and anxiety-
related disorders (SRQ) was generally consistent with research results which involved subsets of young people
in Mozambique such as pregnant women, women with a child under one year and women of childbearing age
and without children®, young female-headed households*, and female victims of intimate partner violence®.
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The frequency of depression and anxiety-related disorders was also consistent with the results of studies
conducted in other countries in sub-Saharan Africa!*!4 and in Europe and the United States®®®!. However,
the severity of depression in this study almost doubled (14.2%) when compared to studies that reported on
severity in Ghana (8.1%)!? and Tanzania (6%)"°. The mental health problems of the young people in this study
also included sleeping disturbances and anxiety dreams. While sleeping problems have been identified and
reported in the existing mental health literature on young people®?’, the topic of anxiety dreams remains mostly
unexplored. The severity of depression and sleeping disturbances and anxiety dreams among young people in
our study might be explained through the impact of poverty and a sense of generalized insecurity as shown
by the community risks of “fear of being attacked” (81.6%) and “fear of something” (76.7%). Such a persistent
preoccupation and fear, without links to specific events, have been found to increase levels of anxiety sensitivity
and depression®. The consequences of war trauma, as observed in previous studies in this region®” =%, may
have also played a role in the persistence of community fear among the direct survivors of the civil war, which
in turn influenced the state of fear among the post-civil war generations and their mental health outcomes in
this study. These types of transmission of traumatic memories in the form of persistent fear from one generation
to another with detrimental psychological outcomes have been studied as part of the field of intergenerational
transmission of traumas. Several studies involving post-Holocaust generations®*-®’, and more recently studies
in non-Western settings, have suggested the intergenerational transmission of memories of traumas as drivers
of mental health problems among post-civil war and post-genocide young generations**%¢-70, However, future
studies in Mozambique require qualitative and quantitative analysis’"’? to systematically examine the linkages
and magnitude of intergenerational transmission of war trauma memories.

Gender and age-groups shaped the frequency and severity of depression in this study in slightly different
ways. For instance, the associations between gender and mental health outcomes were robust and stable in that
across the three measuring instruments the patterns were consistent. In the DBI-II, SRQ, and NITE instruments,
girls consistently showed more severe symptoms than boys, which aligns with numerous published studies!®~!5.
Our study, however, further suggests an association between gender and the frequency of severe sleeping
difficulties and anxiety dreams among young people, with girls reporting more sleeping problems and anxiety
dreams than boys. Despite the changes in family relations instigated by the country’s civil war and the recent
circulation of mass media technologies, which tends to inspire new models of social relationships, some features
of patrilineality have continued which might have wielded serious difficulties on girls and women more than
boys and men>*32:40-43,

Unlike gender, age-groups showed an unstable and complex relation with mental health outcomes*"’>, even
though the generalized acceptance that most mental disorders have their onset during the adolescence period?>*
including the risk of suicides among elementary school-aged children (ages 5-12 years)?*. In this study, severe
depression was more frequent among elder participants (20-21 years) when compared to the younger participants
(16-19 years and 9-15 years). This differential outcome based on age-groups is consistent with results from some
studies which showed increases with age in the frequency of depressive symptoms**° and sleeping problems?’.
In the case of our cohort, it is likely that the severity of depression among the age-groups 16-19 and 20-21 was
related to the added dosage of risks they experience given the sociocultural expectations and adults’ pressure
on them to marry and bearing children. However, in the current context of poverty and unemployment, young
people’s attempts to fulfil such obligations might significantly aggravate the already existing burdens in the social
lives of these cohorts. Our study also identified two noticeable variations. First, younger participants were more
likely than the older participants to have either an increased frequency of mild depression or to have no mild
depressive symptoms at all. Second, there were variations in the overall frequency of mental health problems
based on the measuring instruments and age-groups in that no strong associations were observed between age-
groups and anxiety-related disorders (SRQ) and sleeping problems and anxiety dreams (NITE).

The analysis of risk factors in the family, community, and school and mental health outcomes showed
significant associations across the DBI-II, SRQ, and NITE measurements. The more severe the context of risks
was, the higher the frequency and severity of depression, anxiety-related disorders, sleeping problems, and anxiety
dreams. Other studies have reported on the contributions of risks factors (e.g., poverty, family and community
violence, sexual abuse, and bullying in schools) to mental health outcomes!*!>3174, Yet, our study also revealed
that risks in the family followed by community risks were the greatest predictors of anxiety-related disorders. In
this context, the odds ratio of having anxiety-related disorders was 13.139 times greater for those in the severe
family risk category and 6.871 times greater for those in the worrisome community risk category. Overall, the
logistic regression analysis to determine the predictive power of the relations between independent variables and
outcomes was statistically significant. When we added protective factors into the model, the logistic regression
analysis was also statistically significant for all three assessments of mental health problems. Interestingly, while
family risk, community risk, school risk, and protective factors [e.g., study, church, live with] added significantly
to the predictive model, in turn, age, gender, and a set of other protective factors [siblings, parents live together,
radio] did not add significantly to the model. Additionally, the protective factor “live with” [living with mum
and dad] was associated with a reduction of anxiety-related disorders in comparison with “living alone” as well
as “living with mother or other” Even if several risks are present in the Gorongosa family environment, the
parental presence, and their guardianship appears to be significant sources of protection. The use of the three
quantitative assessment instruments provided a robust analysis of the various selected factors and mental health
outcomes. Nevertheless, the SRQ appeared the most sensitive diagnostic instrument by correctly classifying
79.3% of anxiety-related cases, followed by NITE correctly classifying 71.5% of cases, and DBI-II which correctly
classified 64.9% of cases. This latter result could be explained since depression is multi-faceted and difficult to
underpin the underlying issues.

Our study has several limitations. The sample was not nationally representative, and the selection process
might have contributed to a bias in our sample. The cross-sectional design and the complexities of validating and

21,73
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applying measuring instruments with participants under 12 years old as well as the time gap between the pilot
and full-scale study phases, might have impacted our ability to establish firm conclusions regarding the patterns
and durability of mental health problems. Equally the role of culture in shaping the relations between risks and
protective factors and how young people conveyed their experiences needs to be more closely analyzed through
repeated assessments. This is necessary given the younger age which we work with in these rural communities,
and the differences between age as biologically and culturally defined. It was also a limitation that our study
was not designed to specifically gauge the long-term impacts of the civil war as drivers of intergenerational
transmission of depression, anxiety and sleeping problems and nightmares between parents or other adult
guardians and their children.

Conclusion

This study revealed that gender, age groups, and risk and protective factors influenced the frequency of
depression, anxiety-related disorders, sleeping problems, and anxiety dreams of the participants and these had a
toll in the lives of young people two decades after the Mozambican civil war’s end. The analysis also showed that
risk factors were common in the family, community, and schools. Despite the limitations, our study suggests that
understanding the contextual mental health needs of young people in rural Mozambique is crucial for developing
insights to craft and implement targeted public mental health interventions in resource-limited settings.
Addressing mental health issues among young people necessitates a concentrated effort on understanding and
managing the interplay of risk and protective factors within families, schools and communities in resource-
limited settings. Furthermore, research in both schools and communities has the advantage of contributing
towards reducing stigma around mental health problems among young people and their adult guardians.

Data availability
All data generated or analysed during this study are included in this published article and its supplementary
information files.
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