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Abstract

Background

Over a million adolescents die globally each year from preventable or treatable causes, with
injuries (intentional and unintentional) being the leading cause of these deaths. To inform
strategies to prevent these injuries, we aimed to assess psychosocial factors associated
with serious injury occurrence, type, and mechanism in adolescents.

Methods and findings

We conducted a secondary analysis of cross-sectional survey data collected from the
Global School-based Student Health Survey between 2009 and 2015. We used logistic
regression to estimate associations between prevalence of serious injuries, injury type
(effects of injury), and injury mechanism (cause of injury) and psychosocial factors (factors
that relate to individuals socially, or their thoughts or behaviour, or the interrelation between
these variables). Psychosocial factors were categorised, based on review of the literature,
author knowledge, and discussion amongst authors. The categories were markers of risky
behaviour (smoking, alcohol use, drug use, and physical activity), contextual factors (hun-
ger, bullying, and loneliness), protective factors (number of friends and having a supportive
family), and markers of poor mental health (planned or attempted suicide and being too wor-
ried to sleep). Models were adjusted for country factors (geographical area and income
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status, both using World Bank classification), demographic factors (age and sex), and fac-
tors to explain the survey design. A total of 87,269 adolescents living in 26 countries were
included. The weighted majority were 14—15 years old (45.88%), male (50.70%), from a
lower-middle-income country (81.93%), and from East Asia and the Pacific (66.83%). The
weighted prevalence of a serious injury in the last 12 months was 36.33%, with the rate
being higher in low-income countries compared to other countries (48.74% versus 36.14%)
and amongst males compared to females (42.62% versus 29.87%). Psychosocial factors
most strongly associated with serious injury were being bullied (odds ratio [OR] 2.45, 95%
Cl1.9310 3.13, p <0.001), drug use (OR 2.08, 95% CI 1.73t0 2.49, p <0.001), attempting
suicide (OR 1.78, Cl 1.551t0 2.04, p <0.001), being too worried to sleep (OR 1.80, 95% CI
1.54102.10, p <0.001), feeling lonely (OR 1.61, 95% CI 1.37 to 1.89, p <0.001), and going
hungry (OR 1.61, 95% CI 1.30 to 2.01, p <0.001). Factors hypothesised to be protective
were not associated with reduced odds of serious injury: Number of close friends was asso-
ciated with an increased odds of injury (OR 1.23, 95% CI 1.06 to 1.43, p =0.007), as was
having understanding parents or guardians (OR 1.13, 95% Cl 1.01 to 1.26, p =0.036).
Being bullied, using drugs, and attempting suicide were associated with most types of injury,
and being bullied or too worried to sleep were associated with most mechanisms of injury;
other psychosocial factors were variably associated with injury type and mechanism. Limita-
tions include the cross-sectional study design, making it not possible to determine the direc-
tionality of the associations found, and the survey not capturing children who did not go to
school.

Conclusions

We observed strong associations between serious injury and psychosocial factors, but we
note the relationships are likely to be complex and our findings do not inform causality. Nev-
ertheless, our findings suggest that multifactorial programmes to target psychosocial factors
might reduce the number of serious injuries in adolescents, in particular programmes con-
centrating on reducing bullying and drug use and improving mental health.

Author summary

Why was this study done?

o Globally, the leading cause of disability-adjusted life years in adolescents is road traffic
injuries (self-harm and interpersonal violence are also in the top 5), and there is an
urgent need to reduce this preventable burden of injuries.

o Poor mental health and challenging psychosocial circumstances are also known to com-
monly affect adolescents.

o This study was done to assess the association between adolescents’ mental health and
psychosocial circumstances and injury in order to suggest potential points of interven-
tion to improve outcomes.
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What did the researchers do and find?

o We quantified the association between psychosocial circumstances and serious injury
occurrence, mechanism, and type in adolescents, taking into account country as well as
individual factors that could affect the relationship.

We found that factors and behaviours such as being bullied and using drugs were
strongly associated with an increase in serious injuries, as were indicators of poor men-
tal health such as being too worried to sleep or having attempted suicide.

We also found that factors that we hypothesised to be protective, such as having close
friends or understanding family members or guardians, were not significantly associ-
ated with the occurrence of serious injury, apart from in the highest categories, where
they were associated with an increase in serious injuries.

The relationships between psychosocial circumstances and injury were similar across
world regions and countries with different income status.

What do these findings mean?

o All available evidence points to psychosocial factors such as bullying, drug-taking, and
poor mental health being strongly associated with occurrence of injury, and this associa-
tion is consistent across geographical regions and countries with different income
status.

o Our findings suggest that multifactorial programmes to target psychosocial factors
might reduce the number of serious injuries in adolescents across different countries
and contexts.

« In particular, concentrating on reducing bullying and drug use and improving mental
health could reduce the number of serious injuries among adolescents in the future.

Introduction

The World Health Organization (WHO) estimates that 1.2 billion people are adolescents, aged
between 10 and 19 years, constituting a sixth of the world’s population [1]. Moreover nearly
90% of adolescents live in low- and middle-income countries (LMICs) [1]. In 2016, 1.1 million
adolescents, globally, died from preventable or treatable causes. Injury is a major cause of
death among adolescents [2], with most of these deaths occurring in LMICs [3]. Even non-
fatal serious injuries can cause long-term disabilities and have devastating effects on an indi-
vidual’s overall health and well-being [4]. In particular, a recent study showed that road traffic
injuries, self-harm, and interpersonal violence ranked in the top 5 causes of disability-adjusted
life years (DALYs) within this age group [5]. With an increasing global population [6], this
presents a major public health issue, and it has now been embedded in the Sustainable Devel-
opment Goals (SDGs). Not only is there a moral imperative to reduce injuries in adolescents,
there is also a strong economic argument for doing so [7]. Clearly, to reduce the overall num-
ber of preventable deaths and disabilities due to injury and the economic burden on health sys-
tems [8,9], it is imperative to address the causes of adolescent injury, especially in LMICs—
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where there has been less international focus—in order that targeted and public health policies
can be developed and implemented.

In recent years, there has been a shift in attitude and increased attention towards mental
health, particularly in adolescents [10]. Adolescence is a critical period in human development,
biologically, socially, and emotionally, and recognition of this has accelerated the focus on
youth mental health and the potential for preventing poor health in adulthood [11]. There is
increasing evidence of associations between mental health or the circumstances in which peo-
ple live and behaviour that could reduce or increase risks of injury [3,12-35].

The role of psychosocial factors in determining health outcomes as conceptualised by
Dahlgren and Whitehead [36] has led to a growing awareness of the importance of and the
need to address these factors to improve health, and has widely influenced research [37]. Based
on our previous research on resilience in adolescence [38], we developed a framework that
organised potential psychosocial factors into 4 broad groups: (1) protective factors indicating a
nurturing or supportive environment, (2) risk factors including indicators of risky behaviour,
(3) indicators of poor mental health, and (4) contextual factors, encompassing material
resources and cultural norms. These multilevel factors are in a dynamic recursive relationship
with each other, and, as yet, the relationships between them and injury outcomes are not well
understood, particularly in the context of LMICs. To supplement our working knowledge and
previous work, we reviewed the literature on unintentional injuries in adolescents [2,11-34] to
identify the relevant variables against these different dimensions to develop our analytical
framework, and to enable us to hypothesise potential associations, providing avenues for fur-
ther research on interventions.

The Global School-based Student Health Survey (GSHS) is an ongoing collaborative sur-
veillance project between WHO and the Centers for Disease Control and Prevention [39,40]
involving 101 countries and consisting of a series of questions about each adolescent’s health
and living circumstances. It is a school-based questionnaire with 3 main aims: to encourage
countries to prioritise and establish school and youth health programmes and policies, to
enable countries to identify the behavioural risk factors and protective factors in key areas
among young people in school education (examples of such factors include alcohol and drug
use, mental health, and violence and unintentional injury), and to allow international organi-
sations and other nations to be able to make international comparisons on the prevalence of
global health behaviours and protective factors [40]. We aimed to ascertain associations
between psychosocial factors and the occurrence of any serious injury (intentional or uninten-
tional), the most serious injury type, and the most serious injury mechanism using data from
the GSHS, and to compare associations across geographical regions and by level of country
development.

Methods

We conducted a secondary analysis of data collected in the GSHS. This survey, translated to
the appropriate local language, is deployed in each country using a 2-stage sampling design. In
the first stage, schools are randomly selected from a list of all schools in a country with a proba-
bility proportional to enrolment size. In the second stage, classes are randomly selected within
the school using systematic equal probability sampling with random start. Surveys are self-
completed by students at their schools. The survey consists of a core set of modules asked at all
schools and a choice of expanded and country-specific modules. Prior to data collection, the
questionnaire was piloted to ensure adequate local comprehension of the survey. Module ques-
tions and data are freely available for download and analysis (https://www.cdc.gov/GSHS/ and
https://www.who.int/teams/noncommunicable-diseases/surveillance/data).
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This study is reported as per the Strengthening the Reporting of Observational Studies in
Epidemiology (STROBE) guideline (S1 STROBE Checklist). We limited analysis to data col-
lected between 2009 and 2015 to maximise temporal comparability. Included in the 10 core
modules, asked in all countries, are questions on social circumstances, alcohol use, drug use,
mental health, physical activity, tobacco use, and violence and unintentional injury. After dis-
cussions between the authors, we agreed on variables to be included in the analysis, based
upon our knowledge of the literature on the relationships between psychosocial variables and
violence or other injuries, and the availability of those variables in the dataset. We documented
this set of variables prior to starting the analysis. Questions in the core survey were updated
over time, meaning not all countries had data for all variables that the authors considered of
potential interest; hence, some variables that were listed in the core set but were found to have
limited availability were discarded before we agreed on the final set for inclusion—therefore
‘Have you ever had sexual intercourse?” was excluded from the analysis due to limited avail-
ability. To be included in this analysis, countries needed to have responses to all questions of
relevance.

Outcomes

Our primary outcome was occurrence of any serious injury (intentional or unintentional),
defined as an injury requiring the respondent to miss a day or more of usual activities or need-
ing treatment by a doctor or nurse, in the last 12 months. Participants were asked, ‘During the
past 12 months, how many times were you seriously injured?’ Participants who responded
with 1 or more times were categorised as having had a serious injury in the last 12 months.

Our secondary outcomes were (1) the type of injury of the most serious injury that occurred
in the last 12 months (not seriously injured; broken bone/dislocated joint; cut or stab wound;
concussion/head or neck injury, was knocked out, or could not breathe; gunshot wound; bad
burn; poisoned or took too much of a drug; or other) and (2) the mechanism of injury of the
most serious injury that occurred in the last 12 months (not seriously injured; motor vehicle
accident [MVAJ; fall; hit by a falling object; attacked, abused, or fighting; fire or too near a
flame or something hot; inhaled or swallowed something bad; or other). The categories of
‘other’ were captured at the time of the survey by respondents documenting that of ‘something
else’ happened to them. It is not possible to disaggregate this category further.

Exposure variables

Variables were selected for inclusion based on their availability in the surveys and their
hypothesised relationship with the outcome variables. Their inclusion was agreed upon
through discussion amongst the authors. For clarity of interpretation of the results, we divided
the exposure variables into overarching categories (see Table 1) conceptualised as psychosocial
factors—defined as factors that relate to individuals socially, or their thoughts or behaviour.
These ‘Indicators of psychosocial circumstances’ contains markers of risky behaviour, with
variables hypothesised to be associated with risk-taking or an increased risk of injury (e.g.,
smoking, alcohol use, drug use, and physical activity); contextual factors, with variables that
could suggest respondents live in an environment that makes them vulnerable and hence
more susceptible to injury (e.g., going hungry, being bullied, and feeling lonely) [41]; protec-
tive factors, with variables that may suggest a nurturing environment with social support that
might lower risk of injury occurrence (e.g., number of friends and having a supportive family);
and indicators of poor mental health, with variables previously identified in the General Health
Questionnaire for detecting minor psychiatric morbidity (e.g., planned or attempted suicide
and being too worried to sleep) [41,42].
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Table 1. Variables and their categories used in the analysis, as captured in the Global School-based Student Health Survey, apart from country-level factors, which
are extracted from the World Bank World Development Indicators database and use World Bank classification.

Country-level
factors

Income status

High
Upper middle

Lower middle
Low

World region

East Asia and
the Pacific

South Asia

Latin America
and the
Caribbean

Sub-Saharan
Africa

Individual-level factors

Demographic
factors

Age

<13 years

14 or 15 years
>16 years
Sex

Male

Female

Indicators of psychosocial circamstances

Markers of risky
behaviour

Number of days
smoked in the past
30 days

Never (0 days)

Rarely (1 or 2/3-5
days)

Often (6-9/10-19/
20-29 days)

Always (all 30 days)

Number of days of
alcohol use in the
past 30 days

Never (0 days)

Rarely (1 or 2/3-5
days)

Often (6-9/10-19/
20-29 days)

Always (all 30 days)

Ever used drugs

No
Yes

Physical activity in
the past 7 days

0 days

1 day
2 days
>3 days

Contextual factors

Went hungry in
the past 30 days

Never

Rarely
Sometimes

Most of the time/
always

Number of days
bullied in the past
30 days

Never (0 days)

Rarely (1 or 2/3-5
days)

Often (6-9/10-19/
20-29 days)

Always (all 30 days)

Felt lonely in the
past 12 months

Never
Rarely

Sometimes

Most of the time/
always

Protective factors

Number of close friends

3 or more

Parents or guardians
understand problems and
worries in the past 30 days
Never

Rarely

Sometimes

Most of the time/always

Indicators of poor
mental health

Considered or
planned suicide in the
past 12 months*

No
Yes

Attempted suicide in
the past 12 months
No

Yes

Too worried to sleep
in the past 12 months
Never

Rarely

Sometimes

Most of the time/
always

Aggressive behaviour
indicators

Number of times in a
physical fight in the past
12 months

0 times

1 time
2 to 3 times
>4 times

How many times got into
fights as result of alcohol
during your lifetime

0 times
1 to 2 times

>3 times

Number of times
physically attacked in the
past 12 months

0 times

1 time
2 to 3 times
>4

Variable names are presented as shown in the results; the responses that informed each variable are presented in Table A in S1 Text. The original questions are available

from https://www.cdc.gov/GSHS/ and https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-tools/global-school-based-student-health-survey).

*This variable was formed from 2 survey questions relating to considering/planning suicide (see Table A in S1 Text); a positive response to either question was deemed

as being a positive result for this variable.

https://doi.org/10.1371/journal.pmed.1003722.t001

Control variables included country income status and geographical area (both using World
Bank classifications) and aggressive behaviour indicators, which were selected as variables that
may suggest that the respondent was more likely to be involved in fights.

Each question in the GSHS allowed a respondent to choose from a number of responses or
exposure levels. Where the number of respondents for any exposure level was small, choices
were merged (Table A in S1 Text).
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Statistical analysis

None of the variables met criteria for collinearity. After excluding collinearity between vari-
ables using generalised variance inflation factors [43,44], logistic regression was used to esti-
mate associations between outcomes and indicators of psychosocial circumstances, controlling
for demographic and country-level factors as categorised by the World Bank [45]; the surveys
did not contain information on individuals’ economic circumstances. We adjusted for study
design by using the survey’s stratum, weights, and primary sampling units (PSUs). These latter
variables were used to account for selection of schools and classrooms, non-responding
schools and students, and population distribution by grade and sex, as detailed in the GSHS
questionnaire user’s guide [46]. The study weights (W) were calculated using the equation W
=WI1 x W2 x f1 x {2 x 3, with the following definitions: W1, the inverse probability of select-
ing each school; W2, the inverse probability of selecting each classroom; f1 and 2, the non-
response adjustment factors at school level and classroom level, respectively; and 3, a post-
stratification adjustment factor calculated by sex within grade. The stratum was assigned
sequentially starting at schools with the largest enrolment through to schools with the smallest.
The PSU was assigned sequentially starting with the classes within the schools with the largest
enrolment of students and continuing through those with the smallest enrolment. The weights,
stratum, and PSU were provided with the GSHS data. However, to ensure that school assign-
ments were unique between countries, the given stratum assignment was adjusted by adding a
3-digit prefix that specified which country the schools were in.

In subsequent models, we adjusted for aggressive behaviour indicators to see if this adjust-
ment would nullify the effects of other psychosocial factors on injuries. For the primary out-
come models, models without country factors as cofounding variables were also fitted, to
explore whether country-level factors impacted on associations between psychosocial circum-
stances and serious injury.

For our primary outcome, we ran logistic regression models and, for our secondary out-
comes, multinomial logistic regression models with type of injury and mechanism of injury as
the exposure levels. For all models, forced entry was used to allow the effects of variables on
the outcome, even if associations were not significant.

Descriptive results are shown as unweighted number and weighted percentage. Results
from regression analyses are presented as adjusted odds ratios (ORs) and 95% confidence
interval (95% ClIs). Results are presented in the text for the odds of the highest compared to
lower exposure levels of each variable, unless otherwise stated.

We used R version 3.6.1 (https://www.rstudio.org) to analyse the data, and 2-tailed p-
values < 0.05 were considered statistically significant. Complete case analyses were used.

Ethical statement

Data collection was approved by each country’s local ethics governance committee. Permis-
sions to conduct the survey in each school were obtained from heads of the selected schools
and classroom teachers, written or verbal consent to take part in the survey was given by stu-
dents or their parents, and surveys were completed anonymously (https://www.cdc.gov/
GSHS/ and https://www.who.int/teams/noncommunicable-diseases/surveillance/systems-
tools/global-school-based-student-health-survey). This study only used pre-existing anony-
mous survey data, and no further ethical approval was deemed necessary.

Results

A total of 87,269 participants (46,374 [49.3%] female) living in 26 countries supplied data for
the analysis from all World Bank income status levels and 4 geographical regions (Table B in
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S1 Text). Most participants were living in lower-middle income countries 81.93%, 15.53%
were from upper-middle, 2.2% from low-, and 0.35% from high-income countries. Most par-
ticipants were from the East Asia and Pacific region (66.83%); South Asia supplied 15.55%,
Latin America and the Caribbean 10.00%, and sub-Saharan Africa 7.62% of participants
(Table 2).

Of the total population, 36.33% had had a serious injury in the past 12 months (Table 2);
the percentage of respondents who had been injured was largest in low-income countries
(48.74%). Injuries were most common in sub-Saharan Africa (55.80%). The percentage of
respondents who had been injured was similar in each age group. Males experienced a greater
number of injuries than females (42.62% of males versus 29.87% of females injured; Table C in
S1 Text shows results by sex).

Results from multivariable analysis of associations of indicators of psychosocial circum-
stances with the primary outcome of any serious injury in the past 12 months, controlling for
demographic and country-level factors, are shown in Table 3 and Fig 1. Considering markers
of risky behaviour, the relationships between smoking and alcohol use and injury were incon-
sistent, with some exposures being associated with increased odds of injury, whilst most were
not. However, ever having used drugs was significantly associated with injury (OR 2.08, 95%
CI 1.73 to 2.49, p < 0.001). Physical activity was not associated with an increased odds of injury
(OR 1.03,95% CI 0.92 to 1.14, p = 0.645).

The contextual factors, going hungry (OR 1.61, 95% CI 1.30 to 2.01, p < 0.001) being bul-
lied (OR 2.45,95% CI 1.93 to 3.13, p < 0.001), and feeling lonely (OR 1.61, 95% CI 1.37 to
1.89, p < 0.001), were all significant independent risk factors for a higher odds of injury at all
risk exposures, apart from feeling lonely, where the lowest exposure category (rarely felt
lonely) was not significant (OR 1.06, 95% CI 0.93 to 1.22, p = 0.358).

Considering protective factors, having a greater number of friends and having parents or
guardians understanding worries and concerns were not associated with injury odds, apart
from a higher odds of injury in participants who reported the greatest number of friends (OR
1.23,95% CI 1.06 to 1.43, p = 0.007) and those who reported having parents being the most
understanding (OR 1.13, 95% CI 1.01 to 1.26, p < 0.036).

For indicators of poor mental health, attempting suicide in the last 12 months (OR 1.78, CI
1.55 to 2.04, p < 0.001) was significantly associated with a greater odds of injury; however, the
association for considering suicide was not significant (OR 1.08, C1 0.97 to 1.22, p = 0.172).
Being too worried to sleep was significantly associated with injury at all levels of exposure (OR
1.80, 95% CI 1.54 to 2.10, p < 0.001).

The results of adding the aggressive behaviour indicators to the model with individual- and
country-level factors are shown in Table 3 and S1 Fig. All of the aggressive behaviour indica-
tors were significantly associated with an increased odds of injury: being in a physical fight
(OR 2.94, 95% CI 2.49 to 3.46, p < 0.001), getting into a fight as a result of alcohol (OR 1.44,
95% CI 1.13 to 1.82, p = 0.003), and being physically attacked (OR 2.89, 95% CI 2.42 to 3.45, p
< 0.001). Addition of these variables did not substantially alter the relationships between other
variables and the outcome, apart from reducing the association of older age with odds of being
injured (OR 0.96, 95% CI 0.84 to 1.07, p = 0.378, for >16 years versus <13 years when aggres-
sive behaviour indicators are added to the model). Adding country-level factors to the full
model including aggressive behaviour indicators did not substantially adjust the relationship
between serious injury and other exploratory variables (Table D in S1 Text).

Responses to questions on type and mechanism of injury were captured in 87,033 and
84,883 participants, respectively. Table 4 shows the number of responses for each type and
mechanism of injury. Tables E-H in S1 Text show characteristics of the populations used in
the analyses for type and mechanism of injury.
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Table 2. Characteristics of the total population and by occurrence of any serious injury in the last 12 months.

Characteristic Total No serious injuries >1 serious injury
Unweighted N | Weighted Unweighted N | Weighted Unweighted N | Weighted
percent percent percent
N (Complete Cases) 87,269 100 56,478 63.67 30,791 36.33

Country-level factors

Income status

Low 2,644 2.20 1,360 51.26 1,284 48.74
Lower middle 30,007 81.93 19,099 63.86 10,908 36.14
Upper middle 46,337 15.53 30,662 64.40 15,675 35.60
High 8,281 0.35 5,357 64.02 2,924 35.98
World region
East Asia and Pacific 45,992 66.83 30,626 67.71 15,366 32.29
South Asia 2,198 15.55 1,467 57.58 731 42.42
Latin America and Caribbean 31,715 10.00 20,756 61.00 10,959 39.00
Sub-Saharan Africa 7,364 7.62 3,629 44.20 3,735 55.80
Demographic characteristics
Age
<13 years 20,948 30.89 13,616 65.80 7,332 34.20
14 or 15 years 40,135 45.88 25,852 62.55 14,283 37.45
>16 years 26,186 23.23 17,010 63.05 9,176 36.95
Sex
Male 40,895 50.70 23,769 57.38 17,126 42.62
Female 46,374 49.30 32,709 70.13 13,665 29.87

Markers of risky behaviour

Number of days smoked in the past 30 days

Never (0 days) 76,958 90.30 51,294 64.97 25,664 35.03
Rarely (1 or 2/3-5 days) 6,167 6.30 3,074 47.62 3,093 52.38
Often (6-9/10-19/20-29 days) 2,476 2.18 1,278 61.54 1,198 38.46
Always (all 30 days) 1,668 1.21 832 54.19 836 45.81
Number of days of alcohol use in the past 30 days
Never (0 days) 67,317 89.11 45,293 65.63 22,024 34.37
Rarely (1 or 2/3-5 days) 15,729 9.43 9,027 47.96 6,702 52.04
Often (6-9/10-19/20-29 days) 3,664 1.25 1,891 46.31 1,773 53.69
Always (all 30 days) 559 0.21 267 39.65 292 60.35
Ever used drugs
No 81,497 96.21 53,967 64.89 27,530 35.11
Yes 5,772 3.79 2,511 32.63 3,261 67.37
Physical activity in the past 7 days
0 days 19,470 29.64 12,960 65.28 6,510 34.72
1 day 17,689 22.13 11,877 64.80 5,812 35.20
2 days 13,049 11.29 8,831 64.47 4,218 35.53
>3 days 37,061 36.94 22,810 61.46 14,251 38.54
Contextual factors

Went hungry in the past 30 days

Never 43,236 42.16 30,558 69.92 12,678 30.08
Rarely 18,743 18.33 11,655 61.95 7,088 38.05
Sometimes 20,764 33.34 12,074 59.27 8,690 40.73
Most of the time/always 4,526 6.18 2,191 49.85 2,335 50.15
(Continued)
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Table 2. (Continued)

Characteristic Total No serious injuries >1 serious injury
Unweighted N | Weighted Unweighted N | Weighted Unweighted N | Weighted
percent percent percent

Number of days bullied in the past 30 days

Never (0 days) 65,734 72.26 46,831 71.95 18,903 28.05
Rarely (1 or 2/3-5 days) 17,251 23.00 7,964 43.24 9,287 56.76
Often (6-9/10-19/20-29 days) 2,853 3.45 1,089 34.51 1,764 65.49
Always (all 30 days) 1,431 1.29 594 41.77 837 58.23
Felt lonely in the past 12 months
Never 30,343 34.09 21,663 71.28 8,680 28.72
Rarely 21,858 19.43 14,376 67.56 7,482 32.44
Sometimes 26,694 37.25 16,158 59.00 10,536 41.00
Most of the time/always 8,374 9.23 4,281 46.23 4,093 53.77

Protective factors

Number of close friends

0 4,355 4.25 2,651 58.92 1,704 41.08
1 8,677 10.42 5,374 61.31 3,303 38.69
2 11,071 12.11 6,938 61.09 4,133 38.91
3 or more 63,166 73.22 41,515 64.71 21,651 35.29
Parents or guardians understand problems and
worries
Never 18,358 19.34 11,923 63.92 6,435 36.08
Rarely 14,383 12.86 9,020 59.63 5,363 40.37
Sometimes 21,145 30.40 13,337 64.82 7,808 35.18
Most of the time/always 33,383 37.40 22,198 63.99 11,185 36.01

Indicators of poor mental health

Considered or planned suicide

No 73,710 88.75 49,729 65.68 23,981 34.32

Yes 13,559 11.25 6,749 47.78 6,810 52.22
Attempted suicide

No 78,359 92.42 52,566 65.75 25,793 34.25

Yes 8,910 7.58 3,912 38.25 4,998 61.75
Too worried to sleep

Never 33,966 40.04 24,713 71.70 9,253 28.30

Rarely 24,288 21.63 15,770 64.89 8,518 35.11

Sometimes 22,817 32.23 13,146 56.72 9,671 43.28

Most of the time/always 6,198 6.10 2,849 43.31 3,349 56.69

Aggressive behaviour indicators

Number of times in a physical fight in the past 12

months
0 times 63,386 74.54 45,747 71.78 17,639 28.22
1 time 11,279 12.96 5,789 47.38 5,490 52.62
2 to 3 times 7,291 7.52 3,160 35.97 4,131 64.03
>4 times 5,313 4.99 1,782 26.55 3,531 73.45

How many times ever got into fights as a result of

alcohol
0 times 79,740 95.36 52,954 64.94 26,786 35.06
1 to 2 times 5,315 3.30 2,637 40.79 2,678 59.21
>3 times 2,214 1.34 887 29.70 1,327 70.30

(Continued)
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Table 2. (Continued)

Characteristic

Number of times physically attacked in the past 12

months
0 times
1 time
2 to 3 times
>4 times

https://doi.org/10.1371/journal.pmed.1003722.t002

Total No serious injuries >1 serious injury
Unweighted N | Weighted Unweighted N | Weighted Unweighted N | Weighted
percent percent percent
63,807 64.69 45,927 73.46 17,880 26.54
9,684 13.37 4,929 53.55 4,755 46.45
7,760 12.61 3,493 47.56 4,267 52.44
6,018 9.33 2,129 32.08 3,889 67.92

Results from the multivariable analysis of associations between indicators of psychosocial
circumstances and type of injury, controlling for demographic and country-level factors but
not adjusting for aggressive behaviour indicators, are shown in Table 5 and Figs 2 and 3. Con-
sidering markers of risky behaviour, ever having used drugs was significantly associated with
increased odds of broken bone/dislocated joint (OR 1.73, 95% CI 1.37 to 2.18, p < 0.001), cut
or stab wound (OR 1.73, 95% CI 1.20 to 2.49, p = 0.004), and gunshot wound (OR 3.43, 95%
CI 1.63 to 7.20, p < 0.001). Higher levels of physical activity were significantly associated with
broken bone/dislocated joint (OR 1.33,95% CI 1.11 to 1.60, p = 0.002), but there was no con-
sistent relationship seen between other markers of risky behaviour and injury type.

For contextual factors, being bullied was associated with increased odds of all types of
injury, but there was not a consistent exposure response. Feeling lonely was associated with a
greater odds of broken bone/dislocated joint (OR 1.29, 95% CI 1.02 to 1.65, p = 0.036), cut or
stab wound (OR 1.44, 95% CI 1.00 to 2.07, p = 0.050), head injury (OR 2.33, 95% CI 1.13 to
4.82, p =0.022), and burns (OR 1.75, 95% CI 1.08 to 2.84, p = 0.023), but only at higher levels
of exposure. Going hungry was not strongly associated with any injury type.

Protective factors were not associated with a lower odds of any type of injury apart from
gunshot, where there was a lower odds in respondents with more understanding families or
guardians (OR 0.56, 95% CI 0.34 to 0.93, p = 0.026).

Considering indicators of poor mental health, attempting suicide was associated with a sig-
nificantly increased odds of all injury types except burns (OR 1.34, 95% CI 0.84 to 2.15, p =
0.218). Being too worried to sleep was associated with an increased odds of a broken bone (OR
1.4,95% CI 1.17 to 1.68, p < 0.001) and head injury (OR 1.90, 95% CI 1.18 to 3.08, p = 0.009)
at higher exposures, but relationships with other injury types were either non-significant at
any exposure (cut or stab wound, gunshot wound, poisoned), or not consistent (bad burn).

Associations between mechanism of injury and indicators of psychosocial circumstances,
controlling for demographic and country-level factors but not adjusting for aggressive behav-
iour indicators, are shown in Table 6. Considering markers of risky behaviour, smoking was
associated with a greater odds of MV A at all exposures (OR 1.71, 95% CI 1.14 to 2.55, p <
0.001), and with a greater odds of falling and being attacked or abused or fighting but only at
low exposure. Alcohol use was inconsistently associated with mechanisms across exposure lev-
els. Ever having used drugs was associated with greater odds of MVA (OR 1.52,95% CI 1.11 to
2.08, p = 0.001), being hit by a falling object (OR 1.88, 95% CI 1.18 to 3.00, p = 0.008), and
being attacked or abused or fighting (OR 2.11, 95% CI 1.31 to 3.41, p = 0.002). Higher levels of
physical activity were associated with falls (OR 1.47, 95% CI 1.18 to 1.83, p < 0.001, for >3
days per week compared with none).

Considering contextual factors, being hungry was associated with falls (OR 1.74, 95% CI
1.29 to 2.35, p < 0.001), being hit by a falling object (OR 2.08, 95% CI 1.29 to 3.35, p = 0.003),
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Table 3. Multivariable associations between serious injury occurrence, country-level factors, and individual-level factors of risky behaviour, contextual factors, pro-

tective factors, and indicators of poor mental health (model 1; model 2 shows the results when aggressive behaviour indicators are added to the model).

Variable Exposure level Model 1 (unadjusted model) Model 2, controlling for
aggressive behaviour indicators
OR |95%CI  |p-Value |OR |95%CI | p-Value
Country-level factors
Income status Low 0.81 0.65-1.01 0.056 0.89 0.71-1.10 0.277
Lower middle (ref) — — — — — —
Upper middle 1.08 1.00-1.16 0.042 1.06 0.99-1.14 0.115
High 1.21 1.07-1.38 0.002 1.15 1.01-1.30 0.033
World region East Asia and Pacific (ref) — — — — — —
South Asia 1.72 1.33-2.22 <0.001 1.32 1.04-1.67 0.023
Latin America and Caribbean 1.13 1.03-1.24 0.007 1.15 1.05-1.27 0.003
Sub-Saharan Africa 2.40 2.05-2.80 <0.001 2.31 1.99-2.68 <0.001
Demographic characteristics
Age <13 years (ref) — — — — — —
14 or 15 years 0.94 0.84-1.06 0.316 1.04 0.93-1.17 0.465
>16 years 0.80 0.70-0.91 0.001 0.95 0.84-1.07 0.378
Sex Male (ref) — — — — — —
Female 0.56 0.52-0.61 <0.001 0.67 0.62-0.72 <0.001
Markers of risky behaviour
Number of days smoked in the past 30 days 0 days (ref) — — — — — —
1-5 days 1.23 0.94-1.59 0.130 1.08 0.86-1.36 0.499
6-29 days 0.65 0.47-0.90 0.009 0.59 0.44-0.79 <0.001
All 30 days 0.98 0.70-1.36 0.881 0.72 0.51-1.01 0.057
Number of days of alcohol use in the past 30 days 0 days (ref) — — — — — —
1-5 days 1.43 1.28-1.60 <0.001 1.24 1.11-1.38 <0.001
6-29 days 1.19 0.96-1.48 0.116 0.93 0.76-1.15 0.510
All 30 days 1.39 0.90-2.14 0.138 1.07 0.69-1.67 0.757
Ever used drugs No (ref) — — — — — —
Yes 2.08 1.73-2.49 <0.001 1.80 1.49-2.18 <0.001
Physical activity in the past 7 days 0 days (ref) — — — — — —
1 day 1.02 0.93-1.11 0.726 1.01 0.92-1.10 0.910
2 days 0.97 0.86-1.09 0.597 0.93 0.83-1.05 0.247
>3 days 1.03 0.92-1.14 0.645 1.00 0.90-1.11 0.979
Contextual factors
Went hungry in the past 30 days Never (ref) — — — — — —
Rarely 1.29 1.17-1.43 <0.001 1.23 1.12-1.35 <0.001
Sometimes 1.32 1.19-1.47 <0.001 1.28 1.15-1.43 <0.001
Most of the time/always 1.61 1.30-2.01 <0.001 1.50 1.23-1.84 <0.001
Number of days bullied in the past 30 days 0 days (ref) — — — — — —
1-5 days 2.55 2.28-2.85 <0.001 2.03 1.84-2.24 <0.001
6-29 days 3.22 2.69-3.84 <0.001 2.24 1.83-2.74 <0.001
All 30 days 2.45 1.93-3.13 <0.001 1.89 1.45-2.46 <0.001
Felt lonely in the past 12 months Never (ref) — — — — — —
Rarely 1.06 0.93-1.22 0.358 1.06 0.94-1.20 0.324
Sometimes 1.38 1.24-1.54 <0.001 1.30 1.16-1.45 <0.001
Most of the time/always 1.61 1.37-1.89 <0.001 1.46 1.26-1.69 <0.001
Protective factors
(Continued)
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Table 3. (Continued)

Variable

Exposure level Model 1 (unadjusted model) Model 2, controlling for
aggressive behaviour indicators

OR  |95%CI p-Value |OR  |95% CI p-Value

Number of close friends 0 (ref) — — — — — —
1 1.03 0.84-1.25 0.790 1.06 0.87-1.29 0.555
2 1.01 0.82-1.23 0.964 0.97 0.79-1.19 0.783
3 or more 1.23 1.06-1.43 0.007 1.18 1.01-1.37 0.041
Parents or guardians understand problems and worries Never (ref) — — — — — —
Rarely 1.10 0.93-1.30 0.283 1.09 0.93-1.28 0.268
Sometimes 0.99 0.89-1.10 0.820 1.01 0.91-1.12 0.911
Most of the time/always 1.13 1.01-1.26 0.036 1.14 1.02-1.27 0.023
Indicators of poor mental health
Considered or planned suicide No (ref) — — — — — —
Yes 1.08 0.97-1.22 0.172 1.00 0.89-1.12 0.987
Attempted suicide No (ref) — — — — — —
Yes 1.78 1.55-2.04 <0.001 1.65 1.42-1.91 <0.001
Too worried to sleep Never (ref) — — — — — —
Rarely 1.17 1.05-1.30 0.004 1.15 1.04-1.27 0.005
Sometimes 1.50 1.36-1.64 <0.001 1.41 1.27-1.55 <0.001
Most of the time/always 1.80 1.54-2.10 <0.001 1.60 1.37-1.88 <0.001

Aggressive behaviour indicators

Number of times in a physical fight

0 times (ref) — _

1 time — — 1.81 1.60-2.04 <0.001

2-3 times — — — 2.27 2.01-2.56 <0.001

>4 times — — — 2.94 2.49-3.46 <0.001
How many times got into fights as a result of alcohol 0 times (ref) — — — — — —

1-2 times — — — 1.27 1.08-1.50 0.003

>3 times — — — 1.44 1.13-1.82 0.003
Number of times physically attacked 0 times (ref) — — — — — —

1 time — — — 1.59 1.40-1.81 <0.001

2-3 times — — — 1.95 1.71-2.24 <0.001

>4 times — — 2.89 2.42-3.45 <0.001

For both models, adjustment for non-response was done as detailed in Methods. OR, odds ratio.

https://doi.org/10.1371/journal.pmed.1003722.t003

being attacked (OR 1.57, 95% CI 1.04 to 2.38, p = 0.031, for the middle level of exposure; signif-
icance was lost at the highest level), or inhaling or swallowing something bad (OR 1.88, 95%
CI 1.13 to 3.13, p = 0.016), but there was no association at any level of exposure of hunger with
fire (OR 1.67, 95% CI 0.88 to 3.18, p = 0.117). Being bullied was associated with all mechanisms
at all levels of exposure, apart from fire, where significance was lost in the highest exposure cat-
egory (OR 2.60, 95% CI 0.52 to 12.92, p = 0.243), and inhaling or swallowing something bad,
where it was lost in the middle exposure category (OR 1.69, 95% CI 0.77 to 3.72, p = 0.192);
feeling lonely at higher exposures was associated with being hit by a falling object (OR 1.68,
95% CI 1.01 to 2.81, p = 0.047), being attacked (OR 2.11, 95% CI 1.32 to 3.38, p = 0.002), and
inhaling or swallowing something bad (OR 1.60, 95% CI 1.04 to 2.49, p = 0.034).

Having a larger number of friends had no protective effect for any mechanism; however,
having increased levels of family understanding was associated with an increased odds of fall-
ing (OR 1.36, 95% CI 1.02 to 1.82, p = 0.038).
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Fig 1. Forest plot showing the multivariable associations (as odds ratio [OR] and 95% confidence interval [95% CI]) between
serious injury occurrence and psychosocial circumstances, adjusting for country-level factors and demographic characteristics,
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but not for aggressive behaviour indicators. Adjustment for non-response rate of participants was done as described in Methods. p-
Values can be found in Table 3 (Model 1).

https://doi.org/10.1371/journal.pmed.1003722.g001

For indicators of poor mental health, having previously attempted suicide was associated
with an increased odds of MVA (OR 1.79, 95% CI 1.15 to 2.80, p = 0.010), fall (OR 1.28, 95%
CI 1.02 to 1.61, p = 0.032), being hit by a falling object (OR 1.72, 95% CI 1.23 t0 2.42, p =
0.002), and being attacked (OR 1.47, 95% CI 1.00 to 2.16, p = 0.047). However, considering sui-
cide was only associated with an increased odds of being attacked (OR 1.50, 95% CI 1.02 to
2.19, p = 0.038). A higher level of exposure of being too worried to sleep was associated with an
increased odds of all injury mechanisms.

Discussion

In this multi-country analysis, there was a high prevalence of self-reported serious injuries,
with the greatest proportion of these occurring in low-income countries and sub-Saharan
Africa. We found that serious injuries were strongly associated with multiple factors across the
categories of markers of risky behaviour, contextual factors, protective factors, indicators of
poor mental health, and aggressive behaviour indicators. Controlling for geographic region
and income status of countries did not change the results, suggesting that these relationships
may be consistent across world regions. Associations with injury type and mechanism varied.
We found, after controlling for demographic and country-level factors, that indicators of
psychosocial circumstances associated with risky behaviour, being in a vulnerable environ-
ment, and having poor mental health were positively associated with the occurrence of serious
injury. Others have found some associations between individual factors in these categories and

Table 4. Number of serious injuries by type and mechanism (numbers of cases used for this analysis and their
characteristics are shown in Tables E-H in S1 Text).

Variable Total
Unweighted N | Weighted percent

During the past 12 months, what was the most serious injury that happened to you?

N (complete cases by injury type) 87,033 100
Not seriously injured 63,993 72.29
Broken bone/dislocated joint 5,212 7.16
Cut or stab wound 4,231 6.16
Concussion/head or neck injury, was knocked out, or could not breathe | 1,949 2.48
Gunshot wound 278 0.23
Bad burn 798 1.08
Poisoned or took too much of a drug 258 0.23
Something else happened 10,314 10.38
During the past 12 months, what was the major cause of the most serious injury that happened to you?
N (complete cases by injury mechanism) 84,883 100
Not seriously injured 62,232 74.23
Motor vehicle accident 2,725 4.11
Fall 8,243 10.17
Hit by a falling object 2,167 2.65
Attacked, abused, or fighting 1,346 1.66
Fire or too near a flame or something hot 469 0.53
Inhaled or swallowed something bad 496 0.72
Something else 7,205 5.92

https://doi.org/10.1371/journal.pmed.1003722.t004
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Table 5. Multivariable associations between serious injury type, country-level factors, and individual-level factors of risky behaviour, contextual factors, protective

factors, and indicators of poor mental health.

Variable Exposure | Broken bone or Cut or stab wound Concussion/head or neck | Gunshot wound Bad burn Poisoned or took too much | Something else
level dislocated joint injury, was knocked out, or of a drug happened
could not breathe
OR [95% |p- OR |95% |p- OR | 95% CI »- OR |95% |p- OR | 95% CI p- OR | 95% CI - OR [95% |p-
CI Value CI Value Value CI Value Value Value CI Value
Country-level factors
Income Low 0.70 | 0.49- | 0.048 0.69 | 0.51- | 0.018 0.57 | 0.28-1.13 0.108 2.00 | 0.55- 0.293 0.71 | 0.30-1.70 0.439 | 0.05 | 0.00- 0.646 | 0.52 | 0.34- | 0.003
status 1.00 0.94 7.32 25660.19 0.80
Lower — — — — — — — — — — — — — — — — — — — — —
middle
(ref)
Upper 0.73 | 0.66—- | <0.001 | 2.62 1.71- | <0.001 | 1.25 | 0.93-1.69 0.133 2.02 | 0.90- 0.090 0.66 | 0.44-0.97 0.035 | 1.33 | 0.50-3.56 0.570 | 1.09 | 0.94- | 0.251
middle 0.82 4.02 4.54 1.26
High 1.08 | 0.74- | 0.705 6.19 1.47- | 0.013 1.52 | 0.03-72.20 | 0.831 797 | 0.19- | 0.277 1.01 | 0.06-17.38 0.993 | 9.57 | 0.19-470.95 | 0.256 | 1.13 | 0.82- | 0.448
1.58 26.03 336.86 1.55
World East Asia — — — — — — — — — — — — — — — — — — — — —
region and Pacific
(ref)
South Asia | 0.63 | 0.41- | 0.026 13.88 | 6.14- | <0.001 | 3.24 | 1.61-6.55 0.001 1.72 | 0.75- | 0.197 1.57 | 0.74-3.33 0.244 | 2.68 | 1.02-7.08 0.046 | 0.87 | 0.61- | 0.431
0.95 31.39 3.94 123
Latin 0.99 | 0.84- | 0.935 0.55 | 0.41- | <0.001 | 0.94 | 0.73-1.22 0.653 0.57 | 0.11- | 0.503 1.25 | 0.81-1.95 0.314 | 0.51 | 0.06-4.18 0.528 | 2.14 | 1.79- | <0.001
America 1.17 0.75 2.96 2.56
and
Caribbean
Sub- 1.34 | 1.03- | 0.028 6.26 | 3.48- | <0.001 | 1.70 | 0.99-2.91 0.054 1.81 | 0.69- 0.228 2.04 | 1.25-3.32 0.004 | 2.42 | 0.87-6.77 0.091 | 1.22 | 0.94- | 0.132
Saharan 1.73 11.25 4.73 1.56
Africa
Demographic characteristics
Age <l13years | — — — — — — — — — — — — — — — — — — — — —
(ref)
14o0r15 1.04 | 0.91- | 0.589 0.70 | 0.52- | 0.019 0.78 | 0.55-1.11 0.164 0.47 | 0.31- <0.001 | 0.89 | 0.62-1.28 0.525 | 0.58 | 0.33-1.01 0.054 | 0.95 | 0.79- | 0.563
years 1.18 0.94 0.72 1.14
>16 years 0.84 | 0.73- | 0.024 0.65 | 0.49- | 0.004 0.72 | 0.51-1.01 0.055 0.63 | 0.37- 0.090 0.77 | 0.53-1.10 0.152 | 0.96 | 0.42-2.18 0917 | 0.92 | 0.76- | 0.369
0.98 0.87 1.07 111
Sex Male (ref) | — — — — — — — — — — — — — — — — — — — — —
Female 0.44 | 0.36- | <0.001 | 0.52 | 0.41- | <0.001 | 0.73 | 0.57-0.94 0.014 0.57 | 0.39- | 0.005 0.63 | 0.44-0.89 0.008 | 0.85 | 0.51-1.42 0.545 | 0.63 | 0.53— | <0.001
0.56 0.67 0.85 0.74
Markers of risky behaviour
Number of 0 days (ref) | — — — — — — — — — — — — — — — — — — — —
days smoked
N 1-5 days 1.53 | 1.27- | <0.001 | 0.84 | 0.50- | 0.501 1.40 | 0.89-2.20 0.146 0.95 | 0.40- 0.912 0.74 | 0.43-1.28 0.281 | 0.73 | 0.28-1.85 0.502 | 1.18 | 0.96- | 0.115
in the past 183 141 228 144
30 days
6-29 days 0.90 | 0.65- | 0.490 0.62 | 0.28- | 0.224 0.68 | 0.43-1.08 0.100 0.68 | 0.10- | 0.686 0.88 | 0.43-1.83 0.733 | 1.52 | 0.19-12.53 0.697 | 0.70 | 0.49- | 0.044
1.23 1.34 4.51 0.99
All 30 days | 0.86 | 0.58- | 0.453 0.96 | 0.50- | 0.907 1.28 | 0.78-2.11 0.335 0.51 | 0.01- 0.732 0.19 | 0.00-8039.8 | 0.760 | 3.58 | 0.04-319.76 | 0.578 | 1.05 | 0.70- | 0.825
1.28 1.86 24.23 1.58
Number of 0 days (ref) | — — — — — — — — — — — — — — — — — — — — —
dlaYShoi 1-5 days 1.18 | 0.99- | 0.062 1.58 1.21- | <0.001 | 1.43 | 1.09-1.87 0.011 1.09 | 0.56- 0.802 1.54 | 1.09-2.17 0.013 | 1.81 | 0.88-3.72 0.110 | 1.24 | 1.03- | 0.022
alcoholuse 141 2.05 211 1.50
in the past
30 days 6-29 days 1.10 | 0.75- | 0.621 1.21 | 0.59- | 0.603 1.05 | 0.62-1.77 0.853 1.97 | 0.36- | 0.436 1.67 | 0.22-12.77 | 0.619 | 1.43 | 0.13-15.70 | 0.770 | 1.18 | 0.93- | 0.186
1.60 2.50 10.77 1.49
All 30 days | 1.33 | 0.74- | 0.343 1.19 | 0.24- | 0.829 0.31 | 0.00- 0.878 1.66 | 0.02- | 0.828 0.37 | 0.00- 0.942 | 0.00 | 0.00- 0.529 | 1.00 | 0.45- | 0.997
241 5.82 8.686 x 10° 163.30 0.643 x 10" 1.369 x 10" 2.22
Ever used No (ref) — — — — — — — — — — — — — — — — — — — — —
drugs Yes 1.73 | 1.37- | <0.001 | 1.73 | 1.20- | 0.004 1.37 | 0.90-2.10 0.143 3.43 | 1.63- | 0.001 1.88 | 0.95-3.73 0.072 | 2.48 | 0.82-7.48 0.106 | 1.27 | 1.02- | 0.034
2.18 249 7.20 1.58
Physical 0 days (ref) | — | — — — — — - | = — - | = — - | = - | = — - | = —
*‘;‘“’“Y m 1 day 1.25 | 1.06- | 0010 | 122 | 091- | 0.185 |0.86|067-1.10 | 0234 [0.90 | 0.54- | 0.693 |093|063-1.38 | 0726 |0.78 | 047-1.31 | 0.348 | 1.08 | 0.89- | 0.427
e past 7 148 1.65 1.50 131
ays
2 days 1.15 | 0.95- | 0.146 120 | 0.86- | 0.278 0.97 | 0.74-1.27 0.825 1.03 | 0.54- | 0.935 0.67 | 0.45-1.00 0.052 | 1.64 | 0.98-2.75 0.059 | 1.13 | 0.92- | 0.237
1.37 1.67 1.94 1.39
>3 days 1.33 | 1.11- | 0.002 1.03 | 0.82- | 0.801 1.04 | 0.77-1.40 0.813 0.90 | 0.54- | 0.673 0.72 | 0.51-1.01 0.054 | 0.69 | 0.44-1.06 0.091 | 1.33 | 1.07- | <0.006
1.60 1.29 1.48 1.65
Contextual factors
(Continued)
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Table 5. (Continued)

Variable Exposure | Broken bone or Cut or stab wound Concussion/head or neck | Gunshot wound Bad burn Poisoned or took too much | Something else
level dislocated joint injury, was knocked out, or of a drug happened
could not breathe
OR [95% |p- OR |95% |p- OR | 95% CI p- OR |95% |p- OR | 95% CI p- OR | 95% CI - OR [95% |p-
CI Value CI Value Value CI Value Value Value CI Value
Went Never (ref) | — — — — — — — — — — — — — — — — — — — — —
hl:mgrym Rarely 1.08 | 0.91- | 0.357 137 | 0.84- | 0.214 1.28 | 0.91-1.82 0.162 0.90 | 0.54- | 0.691 0.94 | 0.69-1.29 0.703 | 0.66 | 0.36-1.21 0.179 | 1.21 | 1.05- | 0.010
:l e past 30 129 223 1.50 139
ays
Sometimes | 1.15 | 0.96- | 0.126 1.38 | 1.04- | 0.025 1.24 | 0.88-1.76 0.216 0.81 | 0.51- | 0.383 1.15 | 0.74-1.79 0.534 | 0.55 | 0.36-0.86 0.008 | 1.30 | 1.08- | 0.006
1.38 1.82 1.30 1.56
Most of the | 1.30 | 0.99- | 0.058 145 | 0.97- | 0.070 143 | 0.94-2.19 0.098 1.22 | 0.64- | 0.544 1.54 | 0.88-2.70 0.135 | 0.78 | 0.37-1.64 0.515 | 1.40 | 1.08- | 0.010
time/ 171 217 2.34 1.81
always
Number of 0 days (ref) | — — — — — — — — — — — — — — — — — — — — —
fl“”; bullied 4 g qaps | 181 | 1.47- | <0001 | 249 | 1.57- | <0001 | 249 | 1.39-446 | 0002 | 213 | 125- | 0005 | 260 | 141-482 | 0002 | 211 115-386 | 0016 | 205 | 161~ | <0.001
In the past 224 3.94 3.60 261
30 days
6-29 days 1.94 | 1.50- | <0.001 | 2.67 | 1.38- | 0.004 2.66 | 1.60-4.43 <0.001 | 3.30 | 0.99- | 0.052 4.50 | 1.65-12.26 | 0.003 | 2.70 | 0.73-10.00 | 0.137 | 2.61 | 1.94- | <0.001
2.50 5.16 11.02 3.49
All 30 days | 1.52 | 1.13- | 0.005 1.53 | 0.82- | 0.180 2.37 | 1.11-5.06 0.026 8.33 | 1.74- | 0.008 2.10 | 0.87-5.05 0.099 | 3.98 | 0.71-22.22 0.115 | 1.96 | 1.36- | <0.001
2.04 2.85 39.96 2.81
Felt lonely in | Never (ref) | — — — — — — — — — — — — — — — — — — — — —
thepast12 | p)ely 113 | 091- | 0279 | 080 | 0.57- | 0.176 | 1.06 | 0.71-1.59 | 0.763 | 0.75 | 0.46- | 0.240 | 0.93 | 0.58-1.47 | 0.746 | 0.73 | 0.40-1.30 | 0.283 | 0.95 | 0.75- | 0.638
months
141 111 1.22 119
Sometimes | 1.37 | 1.12— | 0.002 1.20 | 0.90- | 0.224 1.30 | 0.83-2.04 0.254 0.71 | 0.46- | 0.129 1.07 | 0.66-1.75 0.782 | 0.80 | 0.45-1.42 0.441 | 1.26 | 1.00- | 0.052
1.68 1.59 1.10 1.60
Most of the | 1.29 | 1.02- | 0.036 1.44 | 1.00- | 0.050 233 | 1.13-4.82 0.022 0.79 | 0.42- | 0.452 1.75 | 1.08-2.84 0.023 | 1.37 | 0.64-2.94 0.425 | 1.75 | 1.25- | 0.001
time/ 1.65 2.07 1.47 245
always
Protective factors

Number of 0 (ref) - |- — — — — — | = — — | = — — | = _ N _

close friends

1 0.99 | 0.73- | 0.943 095 | 0.66- | 0.777 0.77 | 0.35-1.66 0.499 1.13 | 0.01- | 0.962 1.17 | 0.49-2.83 0.720 | 1.66 | 0.01-368.86 | 0.855 | 0.81 | 0.55- | 0.262
1.35 1.36 154.04 1.18
2 0.89 | 0.63- | 0.497 1.00 | 0.71- | 0.996 0.87 | 0.40-1.87 0.716 1.11 | 0.01- | 0.965 0.80 | 0.27-2.35 0.686 | 1.67 | 0.01-319.13 | 0.849 | 0.77 | 0.55- | 0.143
1.26 1.40 136.96 1.09
3 or more 0.95 | 0.66— | 0.806 1.11 0.69- | 0.661 091 | 0.46-1.77 0.771 0.77 | 0.01- | 0917 0.72 | 0.26-1.98 0.522 | 1.64 | 0.01-242.00 | 0.846 | 1.03 | 0.72- | 0.891
1.38 1.78 101.49 1.47
Parents or Never (ref) | — — — — — — — — — — — — — — — — — — — — —
guardians Rarely 1.03 | 0.85- | 0.794 0.87 | 0.62- | 0.427 0.92 | 0.63-1.36 0.685 0.87 | 0.55- 0.551 0.98 | 0.55-1.72 0.933 | 1.01 | 0.59-1.71 0.980 | 1.14 | 0.90- | 0.268
understand 123 122 137 144
problems
and worries Sometimes | 1.07 | 0.88- | 0.489 0.85 | 0.62- | 0.319 0.81 | 0.55-1.17 0.262 0.69 | 0.42- | 0.142 1.18 | 0.75-1.83 0.475 | 0.97 | 0.52-1.81 0913 | 0.98 | 0.79- | 0.851
1.30 1.17 1.13 1.22
Most of the | 1.11 | 0.91- | 0.310 093 | 0.68- | 0.675 0.82 | 0.60-1.13 0.222 0.56 | 0.34- 0.026 1.09 | 0.70-1.70 0.695 | 1.13 | 0.64-1.98 0.678 | 1.06 | 0.84- | 0.633
time/ 1.37 1.29 0.93 1.33
always

Indicators of poor mental health

Considered | No (ref) — — — — — — — — — — — — — — — — _ _

or planned

i Yes 115 | 0.98- | 0081 | 1.10 |0.81- | 0533 | 1.12]079-158 |0.532 |1.25|0.78- |0.348 | 089 |0.55-1.44 |0.637 | 128 | 0.76-2.15 | 0.364 | 1.05 | 0.89- | 0.590
suicide 1.34 1.49 2.00 1.24
Attempted No (ref) — — — — — — — — — — — — — — — — — — — — —
suicide Yes 133 | 1.07- | 0009 | 1.60 | 1.12- | 0.009 | 2.20 | 1.49-3.25 | <0.001 | 1.60 | 1.04- | 0.034 | 1.34 | 0.84-2.15 | 0218 | 2.17 | 1.16-4.06 | 0.016 | 1.26 | 1.05- | 0.012
1.64 227 247 151
Too worried | Never (ref) | — | — — — — — — | — — — | — — — | = — — | — — — | — —
to sleep Rarely 1.01 | 0.84- | 0947 | 096 | 0.69- | 0.778 | 1.00 | 0.79-127 | 0987 |0.73 | 0.40- | 0312 | 146 | 0.80-2.67 | 0223 | 0.63 | 0.37-1.09 | 0.099 | 1.35 | 1.04- | 0.023
1.21 1.32 1.34 1.74
Sometimes | 141 | 1.15- | 0.001 | 112 | 0.89- | 0.335 | 1.53 | 1.05-2.22 | 0.026 | 1.28 | 0.68- | 0.446 | 230 | 1.03-5.15 | 0.043 | 1.10 | 0.63-1.92 | 0.730 | 1.82 | 1.44- | <0.001
1.74 141 244 230
Most of the | 1.40 | 1.17- | <0.001 | 1.03 | 0.76- | 0.843 | 1.90 | 1.18-3.08 | 0.009 | 173 | 0.77- | 0.184 | 178 | 0.87-3.63 |0.116 | 116 | 0.51-2.66 | 0.723 | 2.03 | 154~ | <0.001
time/ 1.68 1.40 3.90 2.67
always

The model is not adjusted for aggressive behaviour indicators. Adjustment for non-response was done as detailed in Methods. OR, odds ratio.

https:/doi.org/10.1371/journal.pmed.1003722.t1005
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Table 6. Multivariable associations between injury mechanism, country-level factors, and individual-level factors of risky behaviour, contextual factors, protective
factors, and indicators of poor mental health.

Motor vehicle accident or hit | Fell Something fell on me or | Attacked or abused or | Fire or too near a flame or Inhaled or swallowed hing else caused
by a motor vehicle hit me fighting with someone | something hot something bad for me my injury
OR | 95% CI p-Value |OR | 95% | p-Value |OR | 95% CI | p-Value | OR |95% CI | p-Value | OR | 95% CI p-Value | OR | 95% CI p-Value |OR | 95% | p-Value
CI CI
Country-level factors
Income status Low 1.04 | 0.69-1.56 0.852 0.49 | 0.35- | <0.001 | 0.17 | 0.03— 0.077 0.85 | 0.35- 0.722 0.45 | 0.04-5.18 0.522 1.71 | 0.72-4.05 0.222 0.20 | 0.09- | <0.001
0.69 121 2.07 0.42
Lower — — — — — — — — — — — — — — — — — — — —
middle (ref)
Upper 1.09 | 0.85-1.40 0.490 1.08 | 0.93- | 0.339 1.10 | 0.90- 0.365 0.96 | 0.73- 0.776 0.83 | 0.54-1.28 0.404 0.83 | 0.52-1.31 0.411 1.44 | 1.12- | 0.005
middle 1.25 1.34 127 1.85
High 0.00 | 0.00- 0.719 0.79 | 0.43- | 0.430 091 | 0.01- 0.970 0.11 | 0.00- 0.610 0.39 | 0.00-216.20 | 0.768 0.58 | 0.02-18.15 0.757 1.66 | 0.93- | 0.088
32765 x 10" 1.43 11591 540.08 2.96
World region East Asia — — — — — — - — — — — — — — — — — — — — —
and Pacific
(ref)
Latin 0.39 | 0.24-0.64 <0.001 | 1.74 | 1.41- | <0.001 | 0.93 | 0.69- 0.639 0.91 | 0.60- 0.668 1.21 | 0.60-2.45 0.601 0.78 | 0.38-1.60 0.505 2.01 | 1.61- | <0.001
America and 2.15 1.25 1.39 250
Caribbean
Sub-Saharan | 1.02 | 0.71-1.46 0.921 1.79 | 1.33- | <0.001 | 3.89 | 2.10- <0.001 | 2.20 | 1.29- 0.004 4.34 | 1.96-9.62 <0.001 | 2.50 | 1.28-4.89 0.008 2.79 | 1.74- | <0.001
Africa 242 7.19 3.74 4.48
Demographic characteristics
Age <13 years — — — — — — — — — — — — — — — — — — — —
(ref)
14 0r 15 1.36 | 0.91-2.04 0.139 0.84 | 0.72- | 0.028 1.11 | 0.78- 0.569 111 | 0.78- 0.574 0.93 | 0.60-1.46 0.761 0.85 | 0.56-1.30 0.457 1.06 | 0.80- | 0.696
years 0.98 157 157 1.40
>16 years 1.33 | 0.93-1.89 0.119 0.61 | 0.50- | <0.001 | 0.79 | 0.62— 0.044 0.78 | 0.56— 0.125 0.64 | 0.40-1.00 0.051 0.78 | 0.55-1.13 0.189 1.09 | 0.86- | 0.491
0.74 0.99 1.07 137
Sex Male (ref) — — — — — — — — — — — — — — — — — — — — —
Female 0.51 | 0.36-0.72 <0.001 | 0.64 | 0.55- | <0.001 | 0.63 | 0.50- <0.001 | 0.48 | 0.37- <0.001 | 0.94 | 0.67-1.32 0.726 0.83 | 0.60-1.15 0.260 0.63 | 0.52- | <0.001
0.73 0.79 0.62 0.76
Markers of risky behaviour
Number of days | 0 days (ref) — — — — — — — — — — — — — — — — — — — — —
smoked in the
304d 1-5 days 2.40 | 1.64-3.51 <0.001 | 1.54 | 1.22- | <0.001 | 1.09 | 0.78- 0.634 243 | 1.48- <0.001 | 2.20 | 0.97-5.03 0.060 1.20 | 0.66-2.16 0.555 1.24 | 0.98- | 0.078
past 30 days 1.95 152 3.99 1.58
6-29 days 1.94 | 1.28-2.94 0.002 1.15 | 0.75- | 0.517 1.14 | 0.68- 0.630 1.53 | 0.86- 0.149 1.83 | 0.44-7.60 0.404 1.97 | 0.68-5.69 0.209 0.88 | 0.55- | 0.579
1.77 191 271 1.40
All 30 days 1.71 | 1.14-2.55 0.009 0.95 | 0.64- | 0.773 0.74 | 0.36- 0.400 2.34 | 1.14- 0.021 0.88 | 0.02-36.06 0.947 0.62 | 0.05-8.08 0.715 0.98 | 0.50- | 0.950
1.39 1.50 4.81 193
Number of days | 0 days (ref) — — — — — — — — — — — — — — — — — — — — —
:’:al“":";o“;e M1 o5 days 139 | 1.07-1.81 0015 | 099 | 0.81- | 0916 | 135|095 | 0098 |226|135- | 0002 | 114 |065-199 | 0646 | 153 |1.00-2.34 | 0052 | 127 | LOI- | 0.022
€ past 50 days 122 1.92 3.80 1.59
6-29 days 119 | 0.71-1.97 0.513 0.89 | 0.64- | 0.493 1.60 | 0.77- 0.205 2.12 | 1.23- 0.007 0.88 | 0.00-332.47 | 0.966 1.66 | 0.52-5.26 0.393 1.33 | 0.95- | 0.186
1.25 332 3.68 1.86
All 30 days 1.33 | 0.13-13.35 0.807 0.66 | 0.01- | 0.838 1.63 | 0.14- 0.698 1.26 | 0.02- 0.913 0.00 | 0.00- 0.685 0.00 | 0.00- 0.748 145 | 0.22- | 0.997
36.03 19.10 79.95 8.220 x 10 4.636 x 10 9.43
Ever used drugs | No (ref) — — — — — — — — — — — — — — — — — — — —
Yes 1.52 | 1.11-2.08 0.010 1.20 | 0.82- | 0.348 1.88 | 1.18- 0.008 2.11 | 1.31- 0.002 1.64 | 0.79-3.39 0.184 1.14 | 0.56-2.32 0.723 1.18 | 0.83- | 0.367
1.74 3.00 3.41 1.68
Physical activity | 0 days (ref) — — — — — — — — — — — — — — — — — — — — —
inthe past7 days | | g, 1.25 | 0.94-1.66 0132 | 124 | 1.00- | 0049 | 114 | 0.88- | 0319 | 110 | 0.82- | 0516 | 1.00 | 0.61-1.66 | 0.988 | 1.08 | 0.70-1.68 | 0.722 | 1.28 | 0.88- | 0.193
1.53 1.48 1.48 1.86
2 days 1.14 | 0.86-1.52 0.356 1.20 | 0.98- | 0.077 1.04 | 0.71- 0.842 0.80 | 0.51- 0.348 1.02 | 0.56-1.85 0.949 1.06 | 0.66-1.72 0.803 1.28 | 1.00- | 0.055
1.48 1.52 127 1.65
>3 days 1.41 | 0.95-2.09 0.088 1.47 | 1.18- | 0.001 1.32 | 0.89- 0.171 0.96 | 0.68- 0.830 1.05 | 0.66-1.67 0.829 1.15 | 0.79-1.68 0.476 191 | 1.42- | <0.001
1.83 1.95 137 2.56
Contextual factors
Went hungry in | Never (ref) — — — — — — — — — — — — — — — — — — — — —
the past 30 days Rarely 0.96 | 0.75-1.21 0.702 1.17 | 0.91- | 0.229 1.31 | 0.92- 0.135 1.28 | 0.86- 0.228 0.87 | 0.58-1.29 0.476 0.93 | 0.59-1.48 0.768 146 | 1.21- | <0.001
1.49 1.86 191 1.77
Sometimes 1.17 | 0.97-1.42 0.107 1.42 | 1.18- | <0.001 | 1.46 | 1.03- 0.034 1.57 | 1.04- 0.031 1.36 | 0.94-1.98 0.107 1.21 | 0.85-1.73 0.280 1.24 | 0.95- | 0.109
1.72 2.08 238 1.63
Most of the 1.16 | 0.85-1.56 0.350 1.74 | 1.29- | <0.001 | 2.08 | 1.29- 0.003 1.66 | 0.99- 0.056 1.67 | 0.88-3.18 0.117 1.88 | 1.13-3.13 0.016 127 | 0.91- | 0.157
time/always 235 335 2.80 1.78
Number of days | 0 days (ref) — — — — — — — — — — — — — — — — — — — — —
bulll;i):l the 1-5 days 2.00 | 1.35-2.94 <0.001 | 2.25 | 1.72- | <0.001 | 2.71 | 1.43- 0.002 2.57 | 1.47- 0.001 1.70 | 1.16-2.49 0.007 241 | 1.69-3.43 <0.001 | 2.10 | 1.56- | <0.001
past 30 days 2,95 5.13 448 282
6-29 days 1.85 | 1.28-2.68 0.001 2.21 | 1.55- | <0.001 | 3.87 | 2.06— <0.001 | 2.71 | 1.38- 0.004 2.75 | 1.25-6.07 0.012 1.69 | 0.77-3.72 0.192 241 | 1.62- | <0.001
313 7.29 5.32 3.59
All 30 days 2.02 | 1.14-3.56 0.016 1.76 | 1.10- | 0.019 2.27 | 1.09- 0.029 3.84 | 1.35- 0.012 2.60 | 0.52-12.92 0.243 3.64 | 1.23-10.80 0.020 2.41 | 1.59- | <0.001
2.83 4.74 10.90 3.67
(Continued)
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Table 6. (Continued)

Motor vehicle accident or hit | Fell Something fell on me or | Attacked or abused or | Fire or too near a flame or Inhaled or swallowed hing else caused
by a motor vehicle hit me fighting with someone | something hot something bad for me my injury
OR | 95% CI p-Value |OR | 95% | p-Value | OR | 95% CI | p-Value | OR | 95% CI | p-Value | OR | 95% CI p-Value | OR | 95% CI p-Value | OR | 95% | p-Value
CI CI
Felt lonely in the | Never (ref) — — — — — — — — — — — — — — — — — — — — —
pastizmonths | p 1.02 | 0.80-131 0845 | 097 | 0.78- | 0767 | 106 | 0.74- | 0760 | 117 | 0.74- | 0.49 | 1.44 | 0.81-256 | 0.214 | 0.87 | 0.59-129 | 0492 | 127 | 0.95- | 0.112
121 1.50 1.86 1.71
Sometimes 1.12 | 0.87-1.45 0.374 1.07 | 0.89- | 0.448 142 | 0.91- 0.120 1.46 | 0.90- 0.129 1.33 | 0.77-2.29 0.309 1.26 | 0.85-1.87 0.257 1.41 | 0.98- | 0.063
1.29 222 239 2.04
Most of the 1.13 | 0.82-1.56 0.446 1.06 | 0.87- | 0.568 1.68 | 1.01- 0.047 211 | 1.32- 0.002 1.09 | 0.48-2.48 0.830 1.60 | 1.04-2.49 0.034 2.20 | 1.46- | <0.001
time/always 1.29 2.81 3.38 3.31
Protective factors
Number of close | 0 (ref) — — — — — — — — — — — — — — — — — — — — —
friends 1 1.35 | 0.76-2.39 0.312 0.94 | 0.67- | 0.705 1.10 | 0.60- 0.757 1.30 | 0.37- 0.684 1.41 | 0.04-49.69 0.850 1.54 | 0.06-42.31 0.797 091 | 0.48- | 0.780
1.32 2.04 4.65 172
2 1.12 | 0.62-1.99 0.713 0.87 | 0.61- | 0.438 1.03 | 0.56- 0.919 0.86 | 0.25- 0.816 1.43 | 0.03-60.81 0.851 1.25 | 0.05-32.80 0.893 0.90 | 0.52- | 0.683
1.24 1.90 3.03 1.53
3 or more 1.02 | 0.55-1.92 0.947 0.99 | 0.72- | 0.961 1.17 | 0.59- 0.656 131 | 0.45- 0.620 1.04 | 0.03-37.93 0.982 1.34 | 0.05-34.76 0.859 1.13 | 0.62- | 0.686
1.36 2.33 3.82 2.08
Parents or Never (ref) — — — — — — — — — — — — — — — — — — — — —
guardians Rarely 113 | 0.85-149 0393 | 116 | 0.92- | 0215 | 094 | 0.70- | 0.683 | 0.84 | 0.61- | 0.306 | 1.17 | 0.62-219 | 0.628 | 0.93 | 0.55-157 | 0.778 | 116 | 0.93— | 0.187
understand
1.48 1.26 117 1.44
problems and
worries Sometimes 1.20 | 0.89-1.62 0.226 1.32 | 1.07- | 0.011 0.98 | 0.76- 0.874 0.87 | 0.58- 0.512 1.08 | 0.56-2.08 0.815 1.27 | 0.76-2.12 0.354 117 | 0.96- | 0.127
1.64 127 131 1.42
Most of the 1.21 | 0.93-1.56 0.153 1.36 | 1.02- | 0.038 1.05 | 0.77- 0.744 0.86 | 0.59- 0.414 1.01 | 0.52-1.99 0.968 1.15 | 0.69-1.92 0.603 1.16 | 0.86- | 0.324
time/always 1.82 1.44 1.24 1.56
Indicators of poor mental health
Considered or No (ref) — — — — — — — — — — — — — — — — — — — — —
planned suicide Yes 1.32 | 0.92-1.87 0.128 1.15 | 0.95- | 0.144 1.15 | 0.86- 0.347 1.50 | 1.02- 0.038 1.08 | 0.73-1.60 0.697 1.44 | 0.98-2.11 0.066 1.06 | 0.81- | 0.668
1.40 1.54 219 1.38
Attempted No (ref) — — — — — — — — — — — — — — — — — — — — —
suicide Yes 179 | 1.15-2.80 0010 | 128 | 1.02- | 0032 | 172 | 1.23- | 0002 | 147 | 1.00- | 0.047 | 1.31 | 0.87-200 | 0200 | 129 | 0.88-191 | 0.197 | 125 | 1.00- | 0.051
161 2.42 2.16 1.56
Too worried to Never (ref) — — — — — — — — — — — — — — — — — — — — —
sleep Rarely 1.21 | 0.86-1.68 0.273 1.17 | 0.92- | 0.199 1.53 | 0.82- 0.179 191 | 1.02- 0.044 0.85 | 0.54-1.35 0.496 1.41 | 0.89-2.23 0.141 154 | 1.14- | 0.005
1.50 2.85 3.60 2.09
Sometimes 1.56 | 1.11-2.20 0.010 1.68 | 1.37- | <0.001 | 1.74 | 0.95- 0.075 1.92 | 0.98- 0.059 1.43 | 0.93-2.19 0.100 1.52 | 1.05-2.20 0.027 152 | 1.09- | 0.014
2.06 3.20 3.76 213
Most of the 1.80 | 1.20-2.69 0.004 198 | 1.37- | <0.001 | 2.18 | 1.12- 0.023 333 | 1.57- 0.002 2.23 | 1.10-4.52 0.027 1.84 | 1.06-3.21 0.031 2.02 | 1.37- | <0.001
time/always 2.86 4.28 7.09 2.95

The model does not adjust for aggressive behaviour indicators. Adjustment for non-response was done as detailed in Methods. OR, odds ratio.

https://doi.org/10.1371/journal.pmed.1003722.t006

injury in smaller or single-country studies [12,14-16]. However, our more extensive analysis,
including a larger number of variables and countries, allows for deeper understanding of the
relationships. That we found a relationship between these variables that is not substantially nor
significantly adjusted by adding country income status or geographical area to the model sug-
gests that improving the psychosocial environment for adolescents across multiple country set-
tings could have benefits for prevention of injury.

Interestingly, factors that we initially hypothesised would be associated with a more sup-
portive psychosocial environment—for example, having a greater number of friends or more
understanding parents or guardians—were not associated with greater injury risk. Although
this was initially surprising and went against our hypothesis, in some settings friends and fam-
ily could be supportive of criminogenic behaviour, leading to increased exposure to injuries
[47]. Thus, in totality, our findings suggest that for injury reduction, the immediate focus of
actions needs to be on reducing negative psychosocial inputs—reducing risky behaviour, hun-
ger, bullying, and loneliness, and improving mental health—and that improving presumed
protective factors of having a supportive family or guardian may be less beneficial, although of
undoubted positive benefit for mental health. Different types and mechanisms of injury were
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Fig 2. Forest plot showing the multivariable association (as odds ratio [OR] and 95% confidence interval [95% CI]) between serious injury type (broken bone or
dislocated joint, cut or stab wound, head injury, and gunshot wound) and markers of psychosocial circumstances, adjusting for country-level factors and
demographic characteristics, but not for aggressive behaviour indicators. Adjustment for non-response rate of participants was done as described in Methods. p-
Values can be found in Table 5. *Head Injury refers to the variable ‘concussion or other head or neck injury, was knocked out, or could not breathe’.

https://doi.org/10.1371/journal.pmed.1003722.g002

variably associated with psychosocial factors. This is as expected given that various psychoso-
cial environments may lead to different injury patterns, and it is likely that actions to improve
the psychosocial well-being of adolescents may reduce some mechanisms and types of injuries
more substantially than others, as is supported by other evidence [19-24].

Of all the psychosocial factors, the marker of risky behaviour, drug use, and the contextual
factor, bullying, were most strongly associated with the occurrence of any serious injury, show-
ing these as immediate targets for intervention. A recent systematic review identified that bul-
lying was associated with adverse health and psychosocial outcomes [25], including in
academic achievement and social functioning. The strongest, and probably causal, association
in that review was between bullying and a range of mental health problems, including anxiety,
depression, self-harm, and suicidal ideation [25]. However, in our model, bullying remained a
strong independent predictive factor of odds of injury even when controlling for variables
indicating poor mental health, suggesting that it is not solely acting through these variables.
Moreover, bullying could lead to social exclusion and drive risk-taking behaviour—and thence
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Fig 3. Forest plot showing the multivariable association (as odds ratio [OR] and 95% confidence interval [95% CI]) between serious injury type (bad burn,
poisoned or took too much of a drug, and something else happened) and markers of psychosocial circumstances, adjusting for country-level factors and
demographic characteristics, but not for aggressive behaviour indicators. Adjustment for non-response rate of participants was done as described in Methods. p-
Values can be found in Table 5.

https://doi.org/10.1371/journal.pmed.1003722.g003

injuries—as a compensation mechanism to overcome the stress of bullying and social exclu-
sion [48-50]. It is possible that serious injuries could cause bullying, as visible injuries make
children appear vulnerable, which could consequently lead to them being bullied. However,
there is little evidence for this, and it is likely, as others have found, that low perceived social
status leads to bullying, which leads directly to injury via violent acts [24,26,27]. That gunshot
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wound was the type of injury most strongly associated with bullying and being attacked or
abused or fighting gives weight to this hypothesis.

Moreover, drug use was significantly associated with the injury types broken bone/dislo-
cated joint, cut or stab wound, and gunshot wound, and with the mechanisms of being hit by a
falling object and being attacked or abused or fighting. Again, these findings would be
expected as these are the types and mechanisms of injuries that are associated with the violence
that is often seen with drug-taking and gang-related behaviour. Still, it is possible that the inju-
ries could be the cause of pain leading to drug use, but the mechanisms of injury that were
associated with this risky behaviour make this directionality unlikely [28-30]. Other markers
of risky behaviour, alcohol use and smoking, were less consistently associated with a serious
injury occurrence. However, getting into trouble as a result of alcohol use was associated with
increased odds of injury—perhaps because of associated physical violence, as suggested by the
association between alcohol and the injury mechanism of being attacked or abused or fighting,
as has been seen in other studies [32-34].

We included physical activity as a marker of physical risky behaviour, given our hypothesis
that physical activity can increase the risk of injuries via, for example, falls [51-53]. However,
in our study, when controlling for covariables, physical activity was not significantly associated
with serious injury occurrence. Nevertheless, physical activity at higher levels became a signifi-
cant risk factor for broken bone/dislocated joint, which could be due to falls during individual
exercise or injuries sustained in contact sports. The increased odds of injury were, however,
low, and only seen in the highest exposure group. Potential reasons for this include that physi-
cal activity at its extreme level could lead to overexertion, which is a leading cause of injuries,
particularly in older children, with injuries being more common in high-intensity sports, or
higher levels of physical activity increasing the exposure time in which injuries can happen
[54]. Given that physical activity is an essential mediator of good health in later life and habits
from childhood are often carried forward to later life, this finding shouldn’t be used to discour-
age physical activity in adolescents.

In addition to the associations between bullying and serious injury, the contextual factors
going hungry and feeling lonely also were strongly and independently associated with the
occurrence of any serious injury. Going hungry was not associated with any particular injury
type; however, it was associated with a number of mechanisms. Feeling lonely was associated
with a number of injury types and mechanisms but mostly at higher exposures. It is unlikely
that being hungry or lonely directly caused injuries or that being injured led to going hungry,
apart from in some extreme situations where children are prevented from securing food by
their injury. But these factors may reflect an environment that doesn’t promote resilience—a
trait that is associated with a lower risk of injury [17,18]. These factors also may be associated
with a context that is likely to make children vulnerable to injuries, as has been shown for pov-
erty [55]. Also, feeling lonely could be an indicator of poor mental status, increasing the risk of
suicide and other risky behaviour.

Interestingly, factors that could be assumed to be associated with a positive psychosocial
environment and thus be protective against injuries—having more friends and having under-
standing parents or guardians—were associated with increased odds of serious injury in our
analysis, whereas others have suggested that these factors may promote resilience and protect
from injuries and violence [24,56]. We are unable to explore the reasons behind our findings
in this cross-sectional study, but it may be that having a larger number of friends was associ-
ated with increased peer pressure to undertake risky behaviour or with being involved in large
gangs [56], with related violence [28,29]. That said, our findings do not suggest that particular
mechanisms or types of injury associated with gang violence are more common in adolescents
with more friends. Considering the protective factor of family understanding, it may be that
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parents or guardians are more sympathetic after their offspring have been injured; this could
explain the positive association between parental understanding and the mechanism of falls.
However, for gunshot wounds, the relationship is in the expected direction: Having an under-
standing family is associated lower odds of the outcome. Although we have found an associa-
tion between family understanding and number of friends and injuries that is independent of
sex, others have found differences by sex. For example, an Israeli study found that risk-taking
behaviour by adolescent males was related to orientation towards peers and peer pressure,
whilst for females the relationship with parents was the predominant factor in risk behaviour
—with more supportive relationships leading to less risk-taking [56].

Markers of poor mental health status, namely having attempted suicide or being too wor-
ried to sleep, were associated with a higher odds of injury. For attempting suicide, the associa-
tions were significant across most types and mechanisms of injury. It may be that being
injured, or resultant disability from injury, led to suicide attempts; indeed, an association
between injury occurrence in adolescents and subsequent poor mental health has been found
previously [57]. However, the relationship between injuries and poor mental health has been
shown to be reciprocal, with poor mental health also associated with greater future occurrence
of injuries. From our cross-sectional data, it is not possible to ascertain the directionality of the
relationship, but if poor mental health was mainly a result of injury, we would expect the asso-
ciation to be seen across the entirety of injury mechanisms and types, without the exceptions
that were seen. Therefore, it is likely that the association that we found between markers of
poor mental health and injury is explained by the association that others have found between
poor mental health and greater risk-taking behaviour and substance abuse [58], although the
literature is limited to settings in high-income countries. It also may be that there is a common
origin, and poor mental health is reflective of a broader negative context and socioeconomic
disadvantage in which adolescents who also suffer injuries live. That we found that attempting
suicide, but not considering or planning suicide, was associated with increased odds of injury
was interesting and not due to there being too few people who had considered suicide to detect
an effect. This deserves further exploration in future studies. Additionally, feeling lonely could
be considered an indicator of poor mental health and was also associated with a higher risk of
injuries.

Being physically attacked and in a physical fight were both unsurprisingly associated with a
higher odds of injury. However, from adding these variables in separately through a sensitivity
analysis, we see that they did not moderate the relationship between injury odds and other psy-
chosocial variables. They did, however, nullify the association between the older age groups
and injury occurrence, perhaps due to those in older age groups being more likely to engage in
aggressive behaviours.

This study shows the scope for intervention to prevent and reduce the incidence of injuries
in adolescence, which requires focus on the psychosocial context of young people’s lives. In
particular, it indicates the need for holistic interventions to reduce bullying and substance and
alcohol use, alongside improved access to preventative measures (e.g., to reduce loneliness)
and access to mental health support in school settings and the community. It also highlights
the need for more fine-grained studies, using qualitative and ethnographic methods, to under-
stand the nature of the associations reported here, and the mechanisms underpinning them.

The study has several limitations, the main of which is that the cross-sectional nature
means that it is not possible to determine the directionality of the relationships between inju-
ries and independent variables. Previous investigators in smaller studies have found that some
of the exploratory variables tested in our study are predeterminants of injury [14-16,26,59-
61]. That said, the potential for injury being a contributor to poor psychosocial indicators
remains, and further work is needed to determine the directionality of these associations. Also,
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we recognise that our definition of psychosocial factors is not necessarily the only way of cate-
gorising these variables. For example, we categorised feeling lonely along with other contextual
variables, considering it as being indicative of the individual’s social status. However, we do
acknowledge that feeling lonely may indicate a state of mind rather than an actuality, and
hence could be considered a marker of poor mental health. Nevertheless, the categorisation of
variables does not influence their relationship with the outcome variables.

Additionally, the nature of the survey methodology meant that respondents were all in
school, which itself may be protective against injuries and poor mental health [35]. A broader
household survey that captured responses from adolescents who were not in school may have
found stronger associations between psychosocial factors and injuries. The lack of harmony of
questions across countries and time frames means not all countries in which the questionnaire
was administered were included in this analysis, and in particular, there were no countries
from Europe and Central Asia, or the Middle East and North Africa, and only small numbers
of respondents were included from high-income countries. The survey was completed by self-
report, without strict definitions given for each question, therefore leaving room for students
to interpret the questions in ways meaningful to them, which also may differ by cultural con-
texts, even though these were controlled for to a certain extent by adding country geographical
region to the model. The time frames over which questions were asked were not consistent; for
example, injuries were asked about over the past 12 months, whereas some behaviours were
asked about over the past 30 days or 7 days only. The duration of the behaviour is impossible
to know from the responses. Descriptions of age groupings varied between countries and did
not have specific cutoffs. We combined age ranges to ensure harmonisation across the surveys,
but we were unable to present these more granularly. For example, in the Indonesia survey the
lower and upper and lower cutoffs were ‘11 years old or younger’ and ‘16 years and older’.
Nevertheless, the surveys were done in secondary-school-age children; hence, the majority
were between the ages of 13 and 17 years.

That the dataset did not have age as a continuous variable meant that it was not possible to
tease out more subtle age differences in exposure that may occur on crossing an age milestone.
For example, driving motorised vehicles or taking part in contact sports may increase on pass-
ing a country-determined age threshold. However, for females, going out unescorted may
decrease with certain coming-of-age thresholds. Moreover, the dataset did not allow assess-
ment of injury prevention strategies, for example helmet or seatbelt use, as too few countries
included these questions at the time the assessments were done. The mechanisms and types of
injuries and the associations studied were limited by the questions asked in the survey and
were not exhaustive; for example, near-drowning was not included as a mechanism of injury.
Furthermore, only the mechanism and type of the most serious injury was captured. This
study relies on data from a retrospective self-reported survey, which may be affected by social
desirability bias and recall bias. A prospective study that also captured school absences due to
injuries may have overcome this limitation. This study looked at the associations between risk
factors and outcomes but did not look at the effects of combinations of risk factors. We are
aware that the literature shows a cumulative effect of some risk factors on childhood mental
health [62,63], but assessing the cumulative effect on injuries goes beyond the remit of this
study. The main age range covered was 13 to 16 years, whereas the WHO definition of adoles-
cence is 10 to 19 years of age. Although some of the participants were below 13 or above 17
years old, no exact age was captured in the survey, and therefore we cannot be certain how rep-
resentative our results are of adolescents of all ages. Finally, although several positive associa-
tions were seen with the category ‘other’ for both injury type and mechanism of injury, we
were not able to identify what this category contained due to lack of detail in the survey data.
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The strengths of this study include a comprehensive list of psychosocial factors and their
association with serious injury occurrence, mechanism, and type. Additionally, the study
involved a large sample size and a standardised procedure for participant selection. The analy-
sis took into account survey design when calculating prevalence estimations and associations.

In this large multi-country study, we have shown that the association between injury and
indications of psychosocial circumstances is complex. Serious injuries were strongly associated
with multiple factors across categories of markers of risky behaviour, contextual factors, pro-
tective factors, indicators of poor mental health, and aggressive behaviour indicators. These
findings reinforce the view that addressing injuries will require considering multiple SDGs,
not just the specific injury SDG, 3.6. Multicomponent interventions to improve psychosocial
circumstances will likely be needed to substantially reduce injury prevalence.
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S1 Fig. Forest plot showing the multivariable associations (as odds ratio [OR] and 95%
confidence interval [95% CI]) between serious injury occurrence and markers of psychoso-
cial circumstances, adjusting for country-level factors, demographic characteristics, and
aggressive behaviour indicators. Adjustment for non-response rate of participants was done
as described in Methods. p-Values can be found in Table 3 (Model 2).
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S1 Text. Table A: Number of responses of the total population and by occurrence of any seri-
ous injury in the last 12 months, for each of our variables for original and combined survey
questions. Combined responses are shown highlighted yellow or orange. Table B: Characteris-
tics of included countries and their populations (unweighted, unless stated otherwise).
*Bangladesh did not have data on mechanism of injury, so was excluded from those analyses,
but included in all others. Table C: Characteristics of the total population and by occurrence of
any serious injury in the last 12 months, in total and by sex. Weights take into account the
2-stage study design and are also adjusted for the non-response rate of participants; see Meth-
ods for a full explanation. Table D: Multivariate analysis showing association between serious
injury occurrence and individual characteristics, including aggressive behaviour indicators
(Model 1), with income status (Model 2) and world region (Model 3) added separately.

Table E: Characteristics of the total population and by occurrence of any serious injury in the
last 12 months, in total: —Complete cases used in analysis of type of injury. Weights take into
account the 2-stage study design and are also adjusted for the non-response rate of partici-
pants; see Methods for a full explanation. Table F: Characteristics of the total population and
by occurrence of any serious injury in the last 12 months, by sex: Complete cases used in analy-
sis of type of injury. Weights take into account the 2-stage study design and are also adjusted
for the non-response rate of participants; see Methods for a full explanation. Table G: Charac-
teristics of the total population and by occurrence of any serious injury in the last 12 months,
in total: Complete cases used in analysis of mechanism of injury. Weights take into account
the 2-stage study design and are also adjusted for the non-response rate of participants; see
Methods for a full explanation. *Data on mechanism of injury were not captured in the Ban-
gladesh survey. Table H: Characteristics of the total population and by occurrence of any seri-
ous injury in the last 12 months, by sex: Complete cases used in analysis of mechanism of
injury. Weights take into account the 2-stage study design and are also adjusted for the non-
response rate of participants; see Methods for a full explanation. *Data on mechanism of injury
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