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Summary

Background Clusters of self-harming behaviour among adolescents have been observed, yet population-based
epidemiological evidence is lacking. This study aims to address this lack by examining the clustering of self-
harming behaviour within adolescent peer networks at the population level.

Methods We used nationwide registry data on Finnish people born between January 1, 1985, and December 31,
2000, to examine whether having same-grade schoolmates who had self-harmed was associated with greater
subsequent self-harm risk. Cohort members were followed up until first recorded self-harm episode, emigration,
death, or December 31, 2020, whichever came first. Hazard ratios (HRs) were estimated using mixed-effects Cox
proportional hazards models adjusted for a comprehensive set of individual-, parental-, school-, and area-level
covariates.

Findings The cohort comprised 913,149 Finnish residents. Having same-grade schoolmates who had self-harmed
between school-starting age and finishing ninth grade was associated with a higher, albeit small in magnitude,
HR of subsequent self-harm over a median of 11.6 years of follow-up (HR 1.05, [95% CI 1.01-1.09]). HR was not
consistently higher over follow-up time but was highest in the beginning of follow-up when the cohort members
were around age 16 (1.45 [1.25-1.69]). Limiting exposure to schoolmates’ self-harm episodes to 1 year
consistently showed the highest risk around age 16, regardless of whether the exposure occurred in ninth grade
(1.49 [1.21-1.82]) or eighth grade (1.36 [1.07-1.74]), with follow-up commencing after the respective grade.

Interpretation While we cannot rule out residual confounding, our findings suggest that self-harm may socially
transmit within adolescent peer networks. The observed highest risk around age 16 suggests that external
stressors associated with transitioning to new life stages at this age may moderate the impact of peer self-harm
exposure. Prevention and intervention measures that consider possible peer influences on adolescents’ self-
harming behaviour may help reduce the public health burden of self-harm.
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Introduction Evidence from many high-income countries,
Self-harm, defined as intentional self-poisoning or self- ~ including Finland, indicates that a growing number of
injury with a non-fatal outcome, is a major public ~ adolescents engaged in self-harming behaviour during
health concern among adolescents.”” The lifetime  recent years.”'* These concerning trends highlight the
prevalence of self-harm in adolescents globally is esti-  contemporary public health importance of developing a
mated to be 17-22%."° Adolescents who have self-  greater understanding of adolescent self-harm
harmed also have a greatly elevated suicide risk.*®  aetiology.
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Articles

Research in context

Evidence before this study

We reviewed the literature on the topic by searching for
article titles or abstracts in PubMed, EMBASE, and Google
Scholar published from inception to October 31, 2024, using
the following combination of search terms: “self-harm”

or “self-injur” or “self-poison” or “suicid” AND “adolesc” or
“youth” or “child” AND “transmi” or “contag” or “spread” or
“cluster”. We also reviewed the literature referenced in the
identified articles. Previous national registry studies have
examined and found strong associations for familial
transmission of suicidal behaviour, but no large-scale registry
studies were found examining the transmission of self-
harming behaviour among adolescent peers. Published
studies examining the clustering or transmission of self-
harming behaviour in adolescents have been predominantly
surveys or case studies.

Added value of this study

We conducted a national cohort study of over 900,000
Finnish people from more than 900 lower secondary schools
to investigate transmission of self-ham in adolescent peer
networks. After accounting for a comprehensive set of

Risk factors for self-harm in adolescents include
childhood abuse, bullying, psychiatric illnesses, sub-
stance use, parental divorce, poor family relationships,
lack of friends, and the exposure to self-harming
behaviour of others."'* Self-harm clusters among ado-
lescents have been detected, with direct person-to-
person transmission proposed as one possible causal
mechanism.” While surveys have found that exposure
to peers’ self-harming behaviour is associated with a
greater risk of subsequently self-harming among
exposed adolescents,'**' high-quality population-based
registry studies on the social transmission of self-
harming behaviour among adolescents are lacking.

The main advantage of using data from population-
wide interlinked registers is that they are not suscepti-
ble to health-related selection and non-participation
biases, which limit most survey-based cohort studies.
When analysing social network associations, another
potential source of bias stems from assortative relating
or homophily,” referring to the tendency of individuals
with similar characteristics to socially connect. This
self-selection bias can be mitigated by defining insti-
tutionally imposed social networks, such as school-
mates, using nationwide registry data.”> Due to the
considerable time spent together, schoolmates—
especially those in the same year or grade—form a
significant and mutually influential peer network in
adolescence.*

In this study, we utilised Finnish nationwide regis-
try data to investigate the association between having
same-grade schoolmates in lower secondary school who

covariates at the individual, parental, school, and area levels,
we found that having same-grade schoolmates who had self-
harmed was associated with a greater subsequent risk of self-
harm. The finding that the hazard ratio was highest in the
early follow-up period, in the context of institutionally
imposed peer networks, suggests that the observed
associations are not due to pre-existing risk factors shared by
adolescents in the same peer network but could rather result
from either social transmission or normalisation of self-
harming behaviour among adolescents.

Implications of all the available evidence

While some residual confounding is possible, the findings
from this observational study suggest that self-harming
behaviour may be socially transmitted within adolescent peer
networks. More research is needed to better understand the
mechanisms underlying the observed associations.
Identifying the key peer influences on adolescents’ self-
harming behaviour could inform effective prevention and
intervention measures, thereby reducing the public health
burden of self-harm.

had self-harmed and subsequent risk of self-harm. We
hypothesised a positive relationship between these two
variables. Better understanding of potential peer effects
in adolescent self-harm could facilitate the development
of more effective and targeted prevention and inter-
vention measures, thereby reducing the public health
burden of self-harm.

Methods
Study population
We included all Finnish residents born between
January 1, 1985, and December 31, 2000. The study
population’s demographic, health, and school infor-
mation were linked from several national administra-
tive registers using unique identification numbers
assigned to all Finnish residents since 1969. Informa-
tion on schoolmates was obtained from the National
Joint Application Register, which contains data for in-
dividuals in their final year of lower secondary educa-
tion (i.e., ninth grade) as they apply for upper secondary
education. Individuals with missing school information
were excluded. During the study period of 2001-2016,
information from 2001 to 2007 was available only for
those students who applied for upper secondary edu-
cation. From 2008 to 2016, information was available
for all students at the end of the ninth grade, including
those who did not apply for secondary education.

We defined same-grade schoolmates as a proxy for
peer networks based on an assumption of high levels of
social interaction among them. Although connections
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within these networks do not reflect actual observed
relationships, they provide a meaningful approximation
of social exposure. To enhance the stability of the peer
networks during secondary school (i.e., schoolmates in
the same grade) and to improve the validity of peer
network exposure, we excluded individuals who had
moved to the school’s municipality less than 3 years
before ninth grade ended and those who had immi-
grated to Finland after school starting age (August 1 of
the year when they reached age seven). Those who died
or emigrated between applying to upper secondary
education and the beginning of the follow-up were also
excluded. All ninth-grade peer networks with 10 or
more remaining cohort members were included in the
analyses. For more information on the structure of the
Finnish educational systems, see Supplementary
Methods S1.

Among the total of 912,011 cohort members (me-
dian age at the end of ninth grade, 16.0 [IQR, 15.7-16.2]
years), 2488 had a self-harm episode (International
Statistical Classification of Diseases Tenth Revision
[ICD-10] codes X60-X84, Y10-Y34, Y87.0, Y87.2, Z72.8,
791.5) recorded before the end of ninth grade and were
therefore excluded from follow-up. Of these, 2273 had
their first self-harm episode recorded after school-
starting age (i.e., after August 1 of the year they
turned seven) and were used as the main exposure and
therefore excluded from the follow-up. The remaining
909,523 cohort members from 909 schools and 11,378
ninth grades were followed from June 1 of the year
when they completed ninth grade (around age 16) until
the first recorded self-harm episode, death, emigration,
or end of follow-up on December 31, 2020, whichever
occurred first. The maximum follow-up duration was
thus from June 1, 2001, to December 31, 2020. Since
the focus of the present study was on non-fatal self-
harm, deaths by suicide (n = 57) during the follow-up
were not classified as self-harm outcomes. A total of
22,842 cohort members (2.5%) had at least one full
sibling or twin in the same school year at the same
school, representing 11,243 families. Additionally,
92 cohort members had at least one half-sibling in the
same school year at the same school. Given that most
siblings in our data (889,077, 97.5%) were of different
ages—and therefore were not in the same school grade—
we chose not to include family as a random effect in the
analyses. The derivation of the study population is illus-
trated in Fig. 1.

Self-harming behaviour

Information on self-harming behaviour was acquired
from the healthcare registers of the Finnish Institute
for Health and Welfare. They contain information on
all the inpatient hospital admissions in Finland since
1970, hospital outpatient care since 1998, and primary
care since 2011. In the main analysis, self-harm epi-
sodes were identified using the following relevant codes
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in ICD-10 and corresponding codes in the Ninth Revi-
sion (ICD-9; used in 1987-1995) and the International
Classification of Primary Care, Second edition (ICPC-2;
used in some primary care facilities): intentional
self-harm (X60-X84), event of undetermined intent
(Y10-Y34), sequelae of intentional self-harm (Y87.0),
and sequelae of events of undetermined intent (Y87.2).
In a sensitivity analysis, we additionally included the
following codes: other problems related to lifestyle,
including self-damaging behaviour (272.8), and per-
sonal history of self-harm (Z91.5). A record associated
with these codes indicates that an individual’s injuries
required somatic treatment or contributed to a psychi-
atric admission. We opted to include injuries and poi-
sonings of undetermined intent (codes Y10-Y34), in
line with previous investigations that utilised registry or
electronic health record data,”* as it is widely
acknowledged that a large proportion of these episodes
will have entailed self-harm. Individuals who died by
suicide before completing ninth grade did not apply for
upper secondary education and are therefore not
included in the Joint Application register. We did not
examine death by suicide as a separate outcome due to
lack of statistical power, and we opted not to examine
non-fatal and fatal self-harm episodes as a coalesced
single outcome as we consider them to be distinct
phenomena that should not be examined in this
manner.

Covariates

We included the following demographic, socioeco-
nomic, educational and intergenerational variables
known to be associated with both self-harming behav-
iour and peer group composition as covariates: sex,
birth year, number of schoolmates in the same grade,
degree of urbanicity in residential location (urban,
semi-urban, or rural) based on the urban-rural classi-
fication of the Finnish Environment Institute,
morbidity index of the municipality by the Finnish
Institute for Health and Welfare in quintiles (since data
for 2001 were unavailable, we used data from 2002
instead), proportion of people without upper secondary
or higher education in the postal code area in quintiles,
proportion of unemployed people in the postal code
area in quintiles, parental education level at the start of
follow-up (primary, upper secondary, or higher educa-
tion), parental income level in quintiles relative to the
study population at the start of follow-up, and parental
mental health and self-harm history at the start
of follow-up (any prior mental disorder diagnosis
[FOO-F99] or recorded self-harm episode [X60-X84,
Y10-Y34, Y87.0, Y87.2, Z72.8, Z91.5]).

Sex and birth year were measured at the individual
level; urbanicity, morbidity, education, employment at
the area level; number of same-grade schoolmates at
the school level; and parental education, income, and
self-harm and mental health history at the family level.
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Finnish residents born in 1985-2000 (n
Remaining (n=994,954)
Remaining (n=978,321)

Remaining (n=921,499)

Fig. 1: Flowchart (Sankey diagram) of the study population derivation.

Sex, birth year, urbanicity, education, income, employ-
ment, and parent-child links were retrieved from the
full Finnish Population Register (FOLK) maintained by
Statistics Finland, which contains yearly updated
administrative records for all permanent residents.
Postal codes were obtained from Statistics Finland. The
number of schoolmates was calculated based on sec-
ondary school applications in the National Joint Appli-
cation Register maintained by Statistics Finland.
Mental health and self-harm diagnoses were acquired
from the Care Register for Health Care and Register of
Primary Health Care Visits of the Finnish Institute of
Health and Welfare. The morbidity index is publicly
available at https://sotkanet.fi/sotkanet/en/haku?

The median population sizes of Finnish munici-
palities and postal code areas in 2001-2016 were 6235
and 498 inhabitants, respectively. Missing values for
area-level urbanicity and parental income were coded as
“unknown” categories in the covariates and missing
values in parental education denote primary education.
Missing values in municipality (n = 543) and postal
code areas (n = 8321) were derived based on the
school’s location (i.e., municipality or postal code area
of other students attending the same school for whom
the information was available) as the lower secondary
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No self-harm before end
of grade 9 (n=909,523)

school a student attends is typically the one closest to
their residential location in Finland.

Statistical analysis

We used mixed-effects Cox proportional hazards
models to estimate the association between exposure to
same-grade schoolmates with a self-harm episode
recorded between first and ninth grade (i.e., from
August 1 of the year they turned seven until completing
ninth grade on May 31, around age 16) and the risk of
subsequent self-harm episode among exposed cohort
members. Cohort members without a recorded self-
harm episode by the end of ninth grade were followed
from June 1 of the year they completed ninth grade
until first recorded self-harm episode, emigration,
death, or December 31, 2020, whichever came first. We
included a random intercept for each school to account
for unobserved school-level variation in self-harm risk,
including contextual differences in mental health
prevalence. The associations were estimated as hazard
ratios (HRs). In the main analyses, the Cox proportional
hazards models were adjusted for sex, birth year,
number of schoolmates in the same grade, area-level
urbanicity, area-level morbidity, area-level education,
area-level employment, parental education, parental
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income, and parental self-harm and mental health
history. The model fit was evaluated using the Akaike
Information Criterion (AIC).

As a secondary exposure variable in the main anal-
ysis, we categorised the number of schoolmates with a
prior self-harm episode into three levels (none, one, or
two or more). Additionally, to analyse the time-
dependence of the associations, we estimated HRs for
self-harm in different time windows following peer
exposure by fitting separate Cox proportional hazards
models for each 1-year period during the first 6 years of
follow-up. The models were estimated independently
for each time window rather than via a single model
with time-varying covariates or interaction terms. This
approach allowed us to examine how the strength of the
association between peer exposure and self-harm varied
across time since exposure. For each time window, we
fitted two separate models: one adjusted for sex and
birth year, and another adjusted for all the covariates.

To further scrutinise the time-dependence of the
HRs, we repeated the time-windowed analysis using the
end of seventh and eighth grade, in addition to ninth
grade, as starting points for follow-up. To prevent
overlap in exposure, we limited self-harm episodes used
as exposure for the eighth and ninth grade peer net-
works to those recorded within the year preceding the
end of each respective grade. In a sensitivity analysis,
we estimated the Cox models using both a stricter and a
broader classification of self-harm (i.e., a stricter clas-
sification using only codes X60-X84 and a broader
classification including the additional codes Z72.8 and
791.5). In another sensitivity analysis, we stratified the
2001-2016 study period into two shorter periods:
2001-2008 and 2009-2016. The statistical analyses were
conducted using Stata (v16.1) and R Statistical Software
(v4.2.2; R Core Team 2021) survival (v3.4.0)” and coxme
(v2.2.18.1)* packages.

Ethics approval

The Ethics Committee of the Finnish Institute for
Health and Welfare approved the study plan (THL/184/
6.02.01/2023§933). Data were linked with the permis-
sion of Statistics Finland (TK-53-1696-16) and the
Finnish Institute of Health and Welfare. According to
Finnish law, informed consent is not required for
register-based studies.

Role of the funding source

The funders had no role in study design, data collec-
tion, data Formal analysis, data interpretation, or
writing of the report.

Results

Table 1 shows descriptive statistics of the study
population (for additional descriptive statistics, see
Supplementary Table S1, and for sex-disaggregated
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Characteristic Self-harm No self-harm
episode during episode by the
grades 1-9 end of grade 9
n % n %
Sex
Male 799 3515 464,085  51.03
Female 1474 64.85 445438  48.97
Birth year
1985 84 3.70 57,963 6.37
1986 89 3.92 56,540 6.22
1987 83 3.65 55,722 6.13
1988 87 3.83 58,588 6.44
1989 101 4.44 58,598 6.44
1990 93 4.09 60,435 6.64
1991 106 4.66 59,715 6.57
1992 103 4.53 59,966 6.59
1993 134 5.90 59,436 6.53
1994 163 7.17 59,954 6.59
1995 156 6.86 58,551 6.44
1996 195 8.58 56,104 6.17
1997 220 9.68 54,514 5.99
1998 190 8.36 51,939 571
1999 237 10.43 52,544 5.78
2000 232 10.21 48,954 538
Recorded self-harm episode
X60-X84 Intentional self-harm 1465 64.45 13,914 1.53
Y10-Y34 Event of undetermined intent 653 28.73 4583 0.50
Y87.0 Sequelae of intentional self-harm 6 0.26 62 0.01
Y87.2 Sequelae of events of undetermined intent 10 0.44 42 0.00
“Z72.8 Other problems related to lifestyle, including 251 11.04 1377 0.15
self-damaging behaviour
“Z91.5 Personal history of self-harm 115 5.06 634 0.07
Any of the above 2273  100.00 19,009 2.09
?Used in sensitivity analysis only.
Table 1: Descriptive statistics of the study population. Information is presented separately for
cohort members who self-harmed during grades 1-9 and those who had not self-harmed by the
end of grade 9.

descriptive statistics, see Supplementary Table S2).
Among the 11,378 ninth-grade peer networks, 1710
(15.0%) had at least one cohort member with a recorded
self-harm episode (ICD-10 codes X60-X84, Y10-Y34,
Y87.0, Y87.2) at the start of follow-up (1466 [12.9%] had
one and 244 [2.1%] had two or more). Median age at the
start of follow-up was 16.0 (IQR, 15.7-16.2) years. For
those exposed to peer’s self-harm, the median length
was 9.6 (IQR, 6.6-13.6) years, and for the unexposed,
the median length was 12.6 (IQR, 8.6-16.6) years. The
difference in the median between the exposure groups
is largely explained by the larger number of recorded
self-harm episodes in the peer networks in the later
birth cohorts. That is, more individuals in these cohorts
were exposed, and because follow-up ended at the latest
in 2020, they were followed for a shorter period.
During 10.9 million person-years of follow-up, with
a median length of 11.6 (IQR, 7.8-15.6) years, 17,897
cohort members self-harmed, with an incidence rate of
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165 per 100,000 person-years at risk. Of the 17,897
cohort members with a recorded self-harm episode
during follow-up, 8667 were male and 9230 were fe-
male, with incidence rates of 156.3 and 173.7 per
100,000 person-years at risk, respectively. For the
number of self-harm cases and incidence rates during
follow-up stratified by all the covariates, see
Supplementary Table S3. For the number of self-harm
episodes by school grade, see Supplementary Table S4.

Table 2 shows results for the association between
having schoolmates who had self-harmed and subse-
quent self-harm risk. In a model adjusted only for sex
and birth year, exposure to ninth-grade schoolmates
who had self-harmed was associated with a 10% higher
rate of subsequent self-harm during follow-up
compared to unexposed cohort members (HR 1.10,
95% CI 1.06-1.14). When adjusting for all the cova-
riates, the rate of subsequent self-harm was 5% higher
for the exposed (HR 1.05, 95% CI 1.01-1.09). The
random intercepts for schools (i.e., school-specific
excess risk of self-harm) in the mixed-effects Cox pro-
portional hazards model adjusted for all the covariates
had a standard deviation of 0.25, indicating that stu-
dents in a school one standard deviation above the
mean had a 28% higher rate of subsequently self-
harming (e%** = 1.28). Schoenfeld residual-based test
indicated that the proportional hazards assumption was
not valid when considering the entire follow-up
(x* = 6.0, P = 0.01). Fig. 2 shows the HRs for the as-
sociations in 1-year time windows for the first 6 years of
follow-up. When adjusting only for sex and birth year,
the rate of self-harm for the exposed was highest during
the first year of follow-up (HR 1.40, 95% CI 1.21-1.63)
and higher also during the fourth (HR 1.17, 95% CI
1.05-1.30) and fifth year of follow-up (HR 1.14, 95% CI
1.02-1.27) compared to the unexposed. When adjusting
for all the covariates, the rates were similarly higher in

the first (HR 1.46, 95% CI 1.25-1.70), fourth (HR 1.13,
95% CI 1.01-1.27), and fifth year of follow-up (HR 1.13,
95% CI 1.01-1.27). The AIC evaluation indicated a
better fit for the model adjusted for all the covariates.

The results remained similar when using the stricter
classification of self-harming behaviour (i.e., using
only codes X60-X84) and when using the broader
classification (i.e., including the additional Z72.8 and
7915 codes), both showing highest self-harm risk
during the first year of follow-up for the exposed
(Supplementary Figure S1 and Supplementary Table S5).
We also examined differences in the 2001-2016 study
period by stratifying it into two shorter periods
(2001-2008 and 2009-2016; Supplementary Figure S2
and Supplementary Table S6). When considering the
entire follow-up, the risk was higher only for the exposed
who were in the ninth grade during 2009-2016
(HR 1.09, 95% CI 1.03-1.15). However, during the first
year of follow-up, the risk was similarly higher in both
periods (2001-2008: HR 1.46, 95% CI 1.11-1.92;
2009-2016: HR 1.48, 95% CI 1.23-1.78).

Using more granular dose-response exposure cate-
gorisation, there was no evidence that having one ninth-
grade schoolmate who had self-harmed was associated
with greater risk when considering the entire follow-up
(HR 1.03, 95% CI 0.99-1.07), yet having two or more
schoolmates who had self-harmed was associated with
18% higher rate of a subsequent self-harm (HR 1.18,
95% CI 1.08-1.28). During the first year of follow-up,
having one ninth-grade schoolmate who had self-
harmed was associated with 40% higher rate
(HR 1.40, 95% CI 1.19-1.65) and having two or more
was associated with 75% higher rate of a subsequent
self-harm (HR 1.75, 95% CI 1.30-2.37).

We repeated the time-windowed analysis using the
end of seventh, eighth, and ninth grade as starting
points for follow-up (with non-overlapping exposure

Follow-up period N

Number of schoolmates who had self-harmed (exposure)

None (ref.) One or more One Two or more

n n HR (95% CI) n HR (95% Cl) n HR (95% Cl)
Entire follow-up 909,523 14,560 3337 1.05 (1.01-1.09) 2763 1.03 (0.99-1.07) 574 1.18 (1.08-1.28)
Year 1 909,523 683 243 1.46 (1.25-1.70) 194 1.40 (1.19-1.65) 49 1.75 (1.30-2.37)
Year 2 908,137 900 240 1.01 (0.87-1.18) 188 0.97 (0.83-1.14) 52 1.23 (0.92-1.65)
Year 3 906,530 1292 367 1.10 (0.97-1.24) 300 1.09 (0.96-1.24) 67 1.11 (0.86-1.44)
Year 4 904,240 1525 441 1.13 (1.01-1.27) 351 1.09 (0.97-1.23) 90 1.34 (1.07-1.68)
Year 5 849,379 1547 413 1.13 (1.01-1.27) 332 1.08 (0.96-1.23) 81 1.43 (1.13-1.80)
Year 6 793,948 1378 330 1.09 (0.96-1.23) 264 1.02 (0.89-1.17) 66 1.48 (1.15-1.91)

Hazard ratios (HRs) with 95% confidence intervals shown for the entire follow-up and separately in 1-year time windows for the first 6 years of follow-up. Results are
shown for the main analysis using a dichotomised exposure (none vs. one or more) and for the analysis using a three-level dose-response exposure (none vs. one and
none vs. two or more). The capital N denotes the total number cohort members in the analysis and the lowercase n’s denote the number of cohort members who self-
harmed during the follow-up period, stratified by the exposure. The Cox proportional hazards models were estimated independently for each time window and adjusted
for sex, birth year, number of schoolmates in the same grade, area-level urbanicity, area-level morbidity, area-level education, area-level employment, parental education,
parental income, and parental self-harm and mental health history, with a random intercept per school.

Table 2: Associations between having schoolmates who had self-harmed and subsequent self-harm risk.
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0-1 1-2 2-3 3-4 4-5

Follow-up (years)

5-6

0-1 1-2 2-3 3-4

Follow-up (years)

4-5 5-6

Fig. 2: Associations between having ninth-grade schoolmates who had self-harmed and subsequent self-harm risk. The associations are
shown in 1-year time windows for the first 6 years of follow-up. The error bars represent the 95% confidence interval. The Cox proportional
hazards models were estimated independently for each time window. In Model 1, the models were adjusted for sex and birth year. In Model 2,
the models were adjusted for sex, birth year, number of schoolmates in the same grade, area-level urbanicity, area-level morbidity, area-level
education, area-level employment, parental education, parental income, and parental self-harm and mental health history, with a random

intercept per school.

periods). The descriptive statistics of the study popula-
tion at the end of seventh and eighth grade are shown
in Supplementary Table S7, and the results are shown
in Supplementary Figure S3 and Supplementary
Table S8. The rate of self-harm was 49% higher in the
first year of follow-up for those with ninth-grade
schoolmates who had self-harmed during the ninth
grade (HR 1.49, 95% CI 1.21-1.82). For those with
eighth-grade schoolmates who had self-harmed during
the eighth grade, the rate was highest during the second
year (HR 1.36, 95% CI 1.07-1.74) and higher also
during the fifth year of follow-up (HR 1.29, 95% CI
1.09-1.53). For students with seventh-grade school-
mates who had self-harmed by the end of seventh
grade, the self-harm rate was not significantly higher
(at P < 0.05) in any time window. However, in the third
year of follow-up, the rate was close to statistical
significance (HR 1.25, 95% CI 1.00-1.57, P = 0.051).

Discussion

In this analysis of Finnish nationwide registry data
covering over 900,000 individuals in 909 lower
secondary schools, having schoolmates who had
self-harmed was associated with a higher rate of sub-
sequent self-harm. The rate was not consistent over
time but was highest during the early follow-up period.
The observed associations were not explained by dif-
ferences in area-level factors, such as urbanicity, gen-
eral morbidity, or socioeconomic characteristics, nor by
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parental history of self-harm or mental disorders, or by
parental socioeconomic position.

To our knowledge, the present study is the largest
investigation on this topic to date. Our findings are
consistent with previous survey studies reporting
associations between exposure to adolescent peers’ self-
harming behaviour and subsequent higher self-harm
risk.’*?* The observed association between having
ninth-grade schoolmates who had self-harmed and
subsequent higher self-harm risk among exposed in-
dividuals was greatest in the first year of follow-up
when the cohort members were around age 16. The
exploratory analysis, using the end of seventh, eighth,
and ninth grades as starting points for follow-up
(with non-overlapping exposure), showed that the risk
of subsequent self-harm for the exposed was most
prominent in the third, second, and first years of follow-
up, respectively, all coinciding with age around 16.
Since age 16 typically marks the beginning of upper
secondary education in Finland—a period characterised
by increased academic pressure, shifting peer relation-
ships, and intensified challenges related to identity
formation—our findings suggest that peer exposure
may exacerbate these existing stressors. The observed
drop in risk at age around 17 may reflect a period of
relative stability following the significant transitions at
age 16. By this point, students are more familiar with
academic expectations and social dynamics, which may
reduce stress and peer-related vulnerability. Similar
results where stressful life events modify the
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association between exposure to a peer’s self-harming
behaviour and subsequent self-harm risk have been
reported previously."® Differences in educational
pathways (e.g., academic vs. vocational) may also partly
mediate the observed associations.

Several mechanisms could potentially explain these
observed associations, including non-causal explana-
tions such as residual confounding, and causal effects
such as direct social transmission of self-harming
behaviour within peer networks through personal ac-
quaintance with a self-harming individual.”” Peer net-
works can exert peer influence also through broader
mechanisms such as normative expectations or obser-
vational learning, even without close personal ties. It
should also be acknowledged that what may be trans-
mitted through peer exposure is not necessarily the
behaviour of self-harm itself, but rather shared
emotional distress, coping behaviours, or the normal-
isation of self-harm, all of which could contribute to the
development of self-harming behaviour. For instance,
exposure to peers’ self-harming behaviours may
normalise them, leading to the perception that self-
harm is an acceptable coping strategy.”” Because
registry-recorded self-harm episodes following presen-
tation to healthcare services were used as the measure
of self-harming behaviour in this study, the observed
associations might also be explained by normalisation
where individuals who have self-harmed exhibit a low-
ered threshold for seeking healthcare when peers
within the same social network have self-harmed and
subsequently presented to healthcare services, particu-
larly in cases of less severe self-harm.

The main strengths of the present study are exami-
nation of a nationwide study population, inclusion of
interlinked registry data from both primary and sec-
ondary health care, and institutionally imposed peer
networks in a lower secondary school setting. A major
strength of utilising population-wide interlinked regis-
ters to conduct epidemiological investigations is that
they are unaffected by health-related selection and non-
participation biases, which often compromise the val-
idity of survey-based cohort studies. Additionally,
defining institutionally imposed social networks, such
as schoolmates, employing the registry data mitigates
self-selection bias arising from assortative relating or
homophily.” Nevertheless, it is important to interpret
our findings in relation to the study’s limitations.

First, although we accounted for numerous cova-
riates, residual confounding due to unmeasured or
inaccurately measured variables cannot be entirely
ruled out. Relatedly, even though educational tracks
(e.g., academic vs. vocational) following lower second-
ary school completion are likely associated with differ-
ences in social environment and health—factors
that may relate to self-harm risk—we chose not to
control for these variables. This is because school
application outcomes and track choices are not fully

predetermined, as they are influenced by earlier
academic performance, social environment, and health
status—all of which may already reflect the early
development of self-harming behaviours or their
precursors. Including school type or educational
attainment as covariates could therefore introduce post-
treatment bias by conditioning on consequences of
prior exposures. That said, it should be acknowledged
that differences in educational pathways may also partly
mediate the observed associations.

Second, as registry-recorded episodes following
presentation to healthcare services was the measure of
self-harm, it should be recognised that self-harming
individuals who do present to services represent only
a small minority of all individuals who engage in self-
harm and may not accurately represent the broader
population of people who self-harm."*** Third, although
the Finnish healthcare registers are considered to have
a good diagnostic validity,”' there is likely both regional
and temporal variation in coverage. For example, while
data on primary healthcare was available from 2011, its
coverage was initially incomplete. With temporal
improvement in coverage, a larger proportion of di-
agnoses is recorded in the registers at the end of follow-
up compared to the beginning. Fourth, we recognise
that the dynamics between self-harming behaviour and
mental health symptoms within peer networks may
have influenced the associations observed in this study,
as either can precede or contribute to the other. For
example, exposure to a peer’s self-harming behaviour
may negatively affect an individual’s mental health,
while an individual’s mental health symptoms may, in
turn, influence the self-harming behaviour of peers. We
encourage future research with more appropriate
research paradigms to explore these dynamics within
adolescent peer networks.

Fifth, while our approach assumes a high probability
of social interaction among same-grade schoolmates, it
cannot account for the presence or quality of specific
ties, such as friendships or cliques, in which behaviour
transmission is more likely. As such, our findings
reflect broader social exposure to self-harming behav-
iours among same-grade schoolmates rather than
confirmed peer influence, and conclusions about
possible social transmission of self-harming behaviour
through peer networks should be interpreted in the
context of these limitations. Also, modelling peer
effects only at the level of school year or grade may
oversimplify the social structure by ignoring variation
within classes. However, given that students maintain
significant connections both within their classes and
across the entire grade, we believe this approach pro-
vides a meaningful and robust representation of peer
influences. Moreover, as self-harm episodes are often
relatively overt and noticeable events, their impact is
more likely to extend across the entire school year
cohort, further supporting the validity of our broader
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school-grade approach. Relatedly, a small proportion of
same-grade schoolmates were siblings, which could
have had a minor influence on the observed estimates.
However, due to their marginal proportion in the
cohort, this is unlikely to alter the interpretation of the
findings. Finally, since Finland is a small Nordic
country with a relatively homogeneous population,
replications in other countries are needed to establish
the generalisability of our findings.

Our results, based on a nationwide cohort of over
900,000 Finnish people, showed that having school-
mates in secondary school who had self-harmed is
associated with a higher risk of subsequent self-harm,
suggesting that self-harming behaviour may be so-
cially transmitted within adolescent peer networks.
These findings highlight the important role of primary
care and schools in the early intervention of self-
harming behaviour and in preventing its possible
transmission among adolescents. Proactive plans
should be developed for schools to effectively identify
and address self-harming behaviour.”” These plans
should prepare school staff to identify self-harm and
address underlying risk factors, such as harmful social
media usage and bullying.**** Innovative web-based
training may equip staff with the requisite knowledge
and skills to provide effective support following a self-
harm episode to the affected student and to their
schoolmates, and also to promote whole-school self-
harm prevention approaches.”” Further research is
needed to develop a comprehensive and robust
evidence-base for the provision of structured prevention
programmes in secondary schools.”* Additionally,
efforts should be made to improve access to preventive
services and therapies in primary care and school set-
tings, emphasising peer support and lived experience in
the delivery of services, while enhancing collaboration
between healthcare, education, social services, and
media to create a comprehensive support system for
at-risk adolescents.”’*
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