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Key Points
Question: Are exposures to peers’ diagnosed mental disorders and peers’ genetic
predispositions associated with adolescents’ subsequent risk of developing the same mental

disorders?

Findings: In this nationwide cohort study of more than 600 000 Finnish adolescents, both
peers’ genetic predispositions — inferred from relatives’ diagnoses — and peers’ own mental
disorder diagnoses were associated with adolescents’ subsequent diagnosis of the same
disorder. These associations were not explained by probands’ own genetic predisposition or

parental socioeconomic position.

Meaning: Peer networks, particularly in school settings, may influence mental health risk

during adolescence and represent potential targets for preventive interventions.

Abstract
Importance: Peer networks may influence early psychiatric vulnerability, both through direct
exposure to peers’ mental disorders and via peers’ genetic predispositions. Clarifying these

peer influences could inform preventive strategies aiming to improve adolescent mental

health.

Objective: To determine whether adolescents’ exposure to peers’ diagnosed mental disorders
or genetic predispositions is associated with subsequent risk of the same disorders, and

whether these associations differ across disorders or peer network contexts.

Design, Setting, and Participants: Nationwide register-based cohort study including 604
819 Finnish residents born 1985-2000. Participants were assigned to four peer network

contexts: lower secondary school, upper secondary school, 1000-m grid, and postal code area.



Follow-up extended from age 17 until first mental disorder diagnosis, emigration, death, or

December 31, 2023.

Exposures: (1) Peers’ family-based genetic risk scores (FGRS) for mental disorders,
estimated from diagnoses in first- through fifth-degree relatives; and (2) peers’ own
diagnoses of the same disorders. Both exposures were analyzed by quintiles and as

continuous measures.

Main Outcomes and Measures: Time to an incident diagnosis of the same disorder after age
17. Associations were estimated using Cox proportional hazards models adjusted for sex,

birth year, individual FGRS, and parental education and income level.

Results: Of 604 819 cohort members (50.3% male), 234 117 received a mental disorder
diagnosis over a median 11.7-year follow-up. High vs low peer FGRS was associated with
higher risk of the same disorder across all disorders and peer networks, although the
associations were stronger for externalizing vs internalizing disorders and for school-based vs
geographically defined peers, with the greatest associations observed for substance use
disorders in upper secondary school (HR 1.41, 95% CI 1.35-1.47). In contrast, peer
diagnoses showed stronger associations for internalizing disorders and were primarily
observed in school-based peer networks, with the strongest association for mood disorders in
upper secondary school (HR 1.21, 95% CI 1.19-1.24). These associations were not explained

by probands’ own FGRS or parental socioeconomic status.

Conclusions and Relevance: Our findings point to peer environments, particularly in upper
secondary school settings, as important influences on mental health trajectories. More

research is needed to elucidate the mechanisms underlying these findings.



Introduction

Adolescence is a critical period when many mental disorders emerge! and enduring peer
networks, social behaviors, and coping patterns form.*® Given the developmental salience of
peer relationships, peer networks may influence early-life psychiatric vulnerability.”!* In
addition to direct peer transmission of mental health, it has been suggested that peers’ genetic

predispositions may also shape adolescent mental health trajectories.!!!?

In a nationwide registry study, exposure to school peers with a diagnosed mental disorder
was associated with higher risk of the same disorder, suggesting social transmission of mental
disorders within adolescent peer networks.'* This association was most evident for mood and
anxiety disorders. In parallel, another register-based study found that peers’ family-based
genetic predispositions for psychiatric disorders during adolescence were associated with
higher risk of the same disorder, particularly drug and alcohol use disorders.!” It remains
unclear, however, how these two peer exposures — peers’ diagnosed disorders and genetic
predispositions — compare in their associations with mental disorder trajectories, and how

these associations differ across disorders or peer network contexts.

In the present study, we used Finnish nationwide registry data to analyze whether peers’
diagnosed internalizing and externalizing disorders, as well as their genetic predispositions,
are associated with adolescents’ later risk of the same disorders. We examined differences
across disorder categories and between school-based and geographically defined peer

networks. Genetic predispositions were quantified using family genetic risk scores (FGRS),

which estimate liability based on information from first- through fifth-degree relatives.'®!”
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Drawing on prior evidence, ™'~ we hypothesized that the risk of internalizing disorders would



be more strongly associated with peers’ diagnoses, whereas the risk of externalizing disorders

would be more strongly associated with peers’ genetic predispositions.

Methods
Study population

The study population consisted of all Finnish residents born between January 1, 1985, and
December 31, 2000. We linked information from several national administrative registers
using pseudonymized personal identification numbers assigned to all Finnish residents since
1969. For school-based peers, we used information from two Statistics Finland national
school registers (National Joint Application Register and Students data module) to assign all
individuals to their final year of lower secondary school (9th grade) and first year of upper
secondary school. For geographically defined peers, we used the INFRA Spatial data module
of Statistics Finland to map residents in a nationwide grid of one-square kilometer frames and

in statistical postal code areas.

Of all Finnish residents born in 1985-2000 (n=1 427 498), we excluded individuals who did
not apply to upper secondary education; died or emigrated between their application and the
start of upper secondary school; were in the same school year but belonged to a different birth
cohort; had missing school or geographical information; had no registered relatives; or were
born outside Finland and immigrated after the official school starting age (August 1 of the
year of their 7" birthday). Additionally, individuals with no peers in their network (e.g., in
sparsely populated 1000-meter grids) were excluded and, from each multiple birth (e.g.,
twins, triplets), one individual was randomly selected to avoid bias from first-degree relatives

in the same peer network.



Of the remaining 648 459 cohort members, 43 640 were diagnosed with one of the examined
mental disorders (ICD-10 diagnoses F10-F19, F30-F48, F90-F94) before age 17 and were
therefore excluded from follow-up. Thus, the final analytical cohort consisted of 604 819

individuals.

Peer networks

Peer network levels included lower secondary school (9th grade), upper secondary school
(first year), one-square kilometer grid, and statistical postal code area. All peer networks were
defined in the calendar year of each cohort member’s 16™ birthday. Lower secondary school
information was taken from the spring of that year and upper secondary school information
from the fall, while residential location was based on the registered address at the end of the
year. Each individual belonged to all four peer networks, which were coded independently
within each birth cohort (e.g., individuals in the same school, school year, and birth year

formed a peer network).

Measures

Diagnoses of mental disorders were extracted from the Finnish Care Register for Health Care
and the Register of Primary Health Care Visits. In these registers, psychiatric inpatient care
has been reliably recorded since 1975, secondary outpatient care since 1998, and primary
care since 2011."® Diagnostic coding followed the ICD-8 between 1969 and 1986, the Finnish
implementation of ICD-9 between 1987 and 1995, and ICD-10 from 1996 onward. In some
primary care settings, International Classification of Primary Care, 2nd edition (ICPC-2)
codes are used instead of ICD-10. ICD-8, ICD-9, and ICPC-2 codes were converted to
corresponding ICD-10 subchapter categories,' and overlapping register entries were resolved

using a predefined algorithm.'



The primary outcome measures were the time to an incident first diagnosis of externalizing
and internalizing disorders occurring after age 17. Externalizing disorders included substance
use disorders (F10—F19) and disruptive behavior disorders, including hyperkinetic, conduct,
and mixed conduct-emotional disorders (F90-F92). Internalizing disorders included mood
(F30-F39) and anxiety disorders (F40—F48), as well as childhood-onset emotional and social
functioning disorders (F93-F94). In addition, we separately analyzed first diagnoses of
substance use disorder (F10-F19), mood disorder (F30-F39), and anxiety disorder (F40—
F48). Exposure variable was peer FGRS for the same disorder. We calculated the FGRS
based on diagnoses in the probands’ first- through fifth-degree relatives (Supplementary
Table S1) following a previous study.'® The final FGRS, accounting for relatives’ risk-period
completion, genetic relatedness, cohort- and sex-specific liability, shared environmental
effects of cohabitation (Supplementary Table S2), number of relatives, and regional and
temporal variation, reflects an individual’s mean familial genetic risk for the disorder relative

to the Finnish general population (see Supplementary Methods S1 for more details).

The individual FGRS values were then used to estimate exposure to peer FGRS within each
peer network, with residuals derived from cross-classified multilevel models representing the
exposure variable (see Supplementary Methods S2 for more details). Additionally, we
applied a similar approach to estimate exposure to peers’ mental disorder diagnoses received
before the peers turned 17. We included the following covariates in the analytical models:
sex, birth year, individual FGRS, parental education level (primary, upper secondary, or
higher education), and parental income level in quintiles at the end of the year when probands

reached age 16.



Statistical analysis

We fitted Cox proportional hazards models to separately estimate associations between peer
FGRS and peer diagnoses with adolescents’ subsequent risks of developing the same mental
disorder across four peer network levels. Probands without a mental disorder diagnosis before
age 17 were followed from age 17 until first mental disorder diagnosis, emigration, death, or
December 31, 2023, whichever occurred first. We categorized the residuals from the cross-
classified multilevel models representing peer FGRS and peer diagnoses (Supplementary
Methods S2) into quintiles to define exposure groups and report hazard ratios (HRs) and
95% confidence intervals (CIs) for low vs high peer exposure contrast. As a secondary
exposure specification, the exposure variables were standardized (z-scored) and modeled

linearly as continuous predictors.

For both exposure types, we estimated three models: Model 1 adjusted for sex and birth year;
Model 2 additionally adjusted for individual FGRS; and Model 3 further adjusted for parental
education and income level. To account for differences in the baseline risk between academic
and vocational schools at the upper secondary school level, Cox proportional hazards models
were stratified by school type for the upper secondary peer networks. In separate sensitivity
analyses, we censored follow-up at ages 20, 25, or 30; quantified exposure to peer diagnoses
using only diagnoses occurring after age 15 (and before age 17); and recalculated peer FGRS

exposure using only peers without a mental disorder diagnosis by age 17.

Results

Descriptives of the cohort are reported in Table 1 (for additional descriptives, see
Supplementary Table S3). During 7.2 million person-years of follow-up, with a median of
11.7 years (IQR 7.5-16.5), 234 117 (38.7%) cohort members were diagnosed with any of the

examined mental disorders. Table 2 reports HRs for associations between the highest vs



lowest quintile of the two exposure types and subsequent diagnoses of externalizing and
internalizing disorders across peer networks. Figure 1 shows the corresponding HRs across
all exposure quintiles (lowest quintile as reference). HRs for the associations between the
exposure types and subsequent diagnoses of substance use disorder, mood disorder, and

anxiety disorder are shown in Supplementary Table S4 and Supplementary Figure S1.

Exposure to the highest vs lowest quintile of peer FGRS was associated with higher risk of
proband diagnosis of the same disorder across all examined disorders and peer network levels
in all three analytical models. Additional adjustment for individual FGRS, parental education,
and parental income (Models 2 and 3) attenuated but did not eliminate these associations.
Upper secondary school networks showed the strongest associations between peer FGRS and
proband diagnosis across all disorders, with exposure quintiles displaying a clear dose—
response gradient. Across both school-based peer networks, peer FGRS for externalizing
disorders showed stronger associations with proband diagnosis (lower secondary: HR 1.12,
95% CI 1.09—1.15; upper secondary: HR 1.36, 95% CI 1.31-1.41) than peer FGRS for
internalizing disorders (lower secondary: HR 1.06, 95% CI 1.04—1.07; upper secondary: HR
1.14, 95% CI 1.13—1.16) in the fully adjusted model (Model 3). Similarly stronger
associations were observed for substance use disorders (lower secondary: HR 1.15, 95% CI
1.11-1.19; upper secondary: HR 1.41, 95% CI 1.35-1.47) compared to mood disorders
(lower secondary: HR 1.06, 95% CI 1.04—1.08; upper secondary: HR 1.21, 95% CI 1.19—
1.24) or anxiety disorders (lower secondary: HR 1.07, 95% CI 1.06—1.09; upper secondary:
HR 1.13, 95% CI 1.11-1.15). The associations for externalizing disorders were also generally
stronger in school-based than in geographically defined peer networks. For geographically

defined peers, the associations were comparable across all disorders.



Exposure to the highest vs lowest quintile of peer diagnoses was associated with a higher risk
of proband diagnosis for both externalizing and internalizing disorders across all three
analytical models only in school-based peer networks (Table 1; Figure 1). In contrast to peer
FGRS, the HRs for the associations between peer diagnoses and proband diagnosis in school-
based networks were slightly larger for internalizing disorders (lower secondary: HR 1.05,
95% CI 1.03—1.06; upper secondary: HR 1.17, 95% CI 1.15-1.19) than for externalizing
disorders (lower secondary: HR 1.03, 95% CI 1.01-1.06; upper secondary: HR 1.12, 95% CI
1.09-1.16). This difference was particularly evident between mood disorders (lower
secondary: HR 1.06, 95% CI 1.04—1.08; upper secondary: HR 1.21, 95% CI 1.19-1.24) and
substance use disorders (lower secondary: HR 0.99, 95% CI 0.96—1.03; upper secondary: HR
1.12,95% CI 1.08-1.16). In geographical peer networks, significant associations in the fully
adjusted model (Model 3) were observed only in postal code areas for internalizing disorders

(HR 1.02, 95% CI 1.01-1.04) and mood disorders (HR 1.02, 95% CI 1.00-1.04).

When treated as a continuous predictor, peer FGRS was associated with a proband diagnosis
of the same disorder across all disorders and peer network levels in the fully adjusted models
(Figure 2; Supplementary Table S5; Supplementary Figure S2). Peer diagnoses were
associated with a proband diagnosis of internalizing disorders, including mood and anxiety
disorders, across all four peer network levels. For externalizing and substance use disorders,
peer diagnoses were associated with a proband diagnosis only in school-based peer networks,
yet less strongly than peer FGRS. For internalizing disorders, peer diagnoses were more
strongly associated with a proband diagnosis than peer FGRS in upper secondary school

networks.
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Limiting the follow-up period to younger ages led to modest but consistent increases in HRs
for both exposure types across most disorders, most notably in school-based peer networks
(Supplementary Table S6). The largest HR increases were observed for peer diagnoses of
internalizing disorders in school-based networks. The corresponding increase for peer FGRS
was from 1.06 (95% CI 1.05-1.08) to 1.09 (95% CI 1.06—1.13). Restricting peer diagnoses
exposure to diagnoses occurring after age 15 attenuated HRs across disorders
(Supplementary Table S7). When peer FGRS was recalculated using only peers without a
mental disorder diagnosis by age 17, the results remained similar, with only minor deviations

(Supplementary Table S8).

Discussion

In this analysis of nationwide registry data from Finland including more than 600 000
persons, we found that both peers’ genetic predispositions, inferred from relatives’ diagnoses,
and peers’ own mental disorder diagnoses were associated with probands’ subsequent
diagnosis of the same disorder. These associations were not explained by probands’ own
genetic predisposition or parental socioeconomic position. The two exposure types showed
distinct predictive patterns: peers’ genetic predispositions were associated with proband
diagnosis across all disorder categories and in both school-based and geographically defined
peer networks, with particularly strong associations for substance use and other externalizing
disorders in school-based networks. In contrast, peers’ diagnoses showed the strongest
associations for internalizing rather than externalizing disorders, with the clearest

associations in school-based peer networks.

To our knowledge, this study is the first to directly compare associations of peer genetic

predispositions and peer diagnoses with subsequent proband diagnosis. Consistent with

11



Salvatore et al.'>, associations between peers’ genetic predispositions and proband diagnosis
were stronger for substance use disorders than for mood or anxiety disorders, stronger for
school-based than geographically defined peers, and stronger in upper than lower secondary
school. When exposure to peers’ genetic predispositions was restricted to peers without a
mental disorder diagnosis by age 17, our findings remained similar, suggesting that these

associations were not driven by peers’ own diagnoses.

In our earlier study, classmates’ mental disorder diagnoses in lower secondary school were
associated with subsequent diagnosis, particularly for mood and anxiety disorders.!* The
present study extends these findings by showing that exposure to peers with a mood or
anxiety disorder diagnosis within the same school year in both lower and upper secondary
schools was associated with subsequent diagnosis of the same disorder, while no such
associations were observed for geographically proximal peers. As with peers’ genetic
predispositions, these associations were stronger in upper than lower secondary school.

11-13,15

Taken together, our findings provide further support for peer genetic effects and social

transmission of psychiatric risk in adolescence!*!.

Consistently stronger associations in school-based than geographically defined peer networks
suggest that schools are a primary setting for adolescent socialization and peer influence.
Stronger associations in upper vs lower secondary school peer networks may reflect
developmental specificity, with environmental exposures differing in their impact by
developmental stage.?’ In adolescence, peer relationships become increasingly central, with
late adolescence characterized by greater autonomy, closer peer interactions, and higher
susceptibility to peer influence.?!** It is also worth noting that at follow-up start (age 17),

probands had completed lower secondary school and were in the first year of the typically

12



three-year upper secondary school, which may partly explain the stronger associations

observed in upper vs lower secondary school.

The contrasting predictive patterns of the two exposure types across disorder categories may
reflect underlying mechanisms. Stronger associations of peer genetic predispositions with
externalizing disorders—especially substance use—and stronger associations of peer
diagnoses with internalizing disorders could result from differences in thresholds for help-
seeking, treatment, and diagnosis. For example, substance use problems in adolescence are
often under-recognized and undertreated, causing peer diagnoses to underestimate exposure
prevalence whereas genetic predispositions capture latent risk regardless of diagnosis. A
large, nationally representative U.S. study found that 51% of adolescents with depression or
suicidality-related conditions received treatment, compared with only 10% of those meeting
criteria for substance use disorder.?* This disparity aligns with earlier studies showing that
adolescents are less likely to recognize substance use problems as requiring professional help
and expect greater stigma and negative social consequences compared with depression or
anxiety.?>?® For internalizing disorders, having peers with diagnosed depression or anxiety
may reduce stigma, increase symptom awareness, and encourage treatment seeking, thereby
promoting clinical detection and facilitating clustering of diagnoses.?’ The attenuation of
hazard ratios observed when exposure to peer diagnoses was restricted to diagnoses occurring
after age 15 — more likely to reflect contemporaneous symptom exposure — supports this
normalization mechanism rather than direct symptom contagion as normalization does not
require peers to be actively symptomatic. At the same time, this attenuation may also reflect

the exclusion of cumulative exposure to peers’ symptoms earlier in adolescence.
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This study’s primary strength was its use of nationwide population data and the inclusion of
diagnoses from both primary and secondary health care. Nonetheless, several limitations
warrant consideration. First, the FGRS approach relies on the accuracy of register-based
family linkages and diagnoses. Although both primary and secondary health care data were
examined, individuals who did not seek help or were diagnosed in primary care before 2011
were classified as unaffected. Moreover, because psychiatric inpatient care has been reliably
recorded only since 1975, registry coverage for older relatives may be incomplete. We
therefore set relatives’ time at risk according to national registry availability. Importantly,
previous studies have demonstrated the validity of FGRS.!®!7282% Second, as with all
observational cohort studies, we cannot rule out residual confounding due to unmeasured
covariates. Third, although school-based and geographically defined peer networks provide
reasonable proxies for adolescents’ social contexts, we cannot verify how extensively
probands interacted with all individuals in these networks. Finally, because Finland has a free
education system and universal health care with minimal financial barriers, these findings

may not generalize to countries with different institutional arrangements.

In conclusion, this nationwide study of over 600,000 Finnish residents suggests that peers’
diagnoses and genetic predispositions for a mental disorder are associated with adolescents’
risk of developing the same disorder, highlighting the importance of peer contexts in the
etiology of mental disorders. Associations with peers’ genetic predispositions were evident
across all contexts, particularly for externalizing disorders in school-based networks, whereas
associations with peers’ diagnoses were more confined to school-based peer networks and
strongest for internalizing disorders. These findings support the view that peer environments
during adolescence—especially in upper secondary school—may play an important role in

shaping subsequent mental health trajectories. Further research is needed to elucidate the

14



mechanisms underlying these associations and to inform the development of preventive

interventions.
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Table 1: Descriptive statistics of the analytical cohort (n=604 819).

No. or
Characteristic median % or IQR
Diagnosis during follow-up
Externalizing disorders 51431 8.50
Internalizing disorders 219 560 36.30
Substance use disorders 32169 5.32
Mood disorders 113 135 18.71
Anxiety disorders 188 982 31.25
Age at diagnosis
Externalizing disorders 25.2 21.7-29.7
Internalizing disorders 25.0 21.6-29.3
Substance use disorders 23.7 20.7-27.8
Mood disorders 24.8 21.4-29.1
Anxiety disorders 25.7 22.2-29.9
Peer network size
Lower secondary school 97 71-125
Upper secondary school 78 34-124
1000-m grid 11 5-20
Postal code area 55 32-85
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Table 2: Associations of the two exposure types (peer FGRS and peer diagnoses) with subsequent risk of externalizing and internalizing disorders across peer

networks.

Peer FGRS Peer diagnoses
Model 1 Model 2 Model 3 Model 1 Model 2 Model 3

Diagnosis category and
peer network level HR 95%CI  HR 95%CI HR 95%CI HR 95%CI HR 95%CI HR 95%CI

Externalizing disorders
Lower secondary school ~ 1.22 1.18,1.25 1.15 1.12,1.18 1.12 1.09,1.15 1.06 1.03,1.09 1.05 1.02,1.07 1.03 1.01,1.06

Upper secondary school 147 142,152 1.37 132,142 136 131,141 1.15 1.12,1.19 1.13 1.09,1.16 1.12 1.09,1.16
1000-meter grid 1.13 1.10,1.16 1.08 1.05,1.11 1.05 1.02,1.07 1.01 0.98,1.04 1.00 097,1.03 0.99 0.96,1.02
Postal code area 1.14 1.11,1.18 1.09 1.06,1.12 1.06 1.03,1.09 1.01 098,104 1.00 0.97,1.03 0.99 0.96,1.02

Internalizing disorders
Lower secondary school ~ 1.09 1.08,1.11 1.07 1.05,1.08 1.06 1.04,1.07 1.06 1.04,1.07 1.05 1.03,1.06 1.05 1.03,1.06
Upper secondary school ~ 1.18 1.16,1.20 1.15 1.14,1.17 1.14 1.13,1.16 1.20 1.18,1.21 1.18 1.16,1.19 1.17 1.15,1.19
1000-meter grid 1.08 1.06,1.09 1.06 1.04,1.07 1.04 1.03,1.06 1.02 1.00,1.03 1.01 1.00,1.03 1.01 0.99,1.02
Postal code area 1.08 1.06,1.09 1.05 1.04,1.07 1.04 1.03,1.06 1.03 1.02,1.05 1.03 1.01,1.04 1.02 1.01,1.04

Hazard ratios (HRs) and 95% confidence intervals (Cls) correspond to the association between the highest vs lowest quintile of the exposure and the subsequent
risk of being diagnosed with the same disorder between age 17 and the end of follow-up, estimated across the different peer network levels. Model 1 was
adjusted for sex and birth year. Model 2 was adjusted for sex, birth year, and individual FGRS. Model 3 was adjusted for sex, birth year, individual FGRS,

parental education level, and parental income level.
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Figure 1: Associations of the two exposure types (peer FGRS and peer diagnoses) with subsequent risk of externalizing and internalizing disorders across peer

networks. The plot shows the 95% ClIs of the HRs from Cox proportional hazards models for the Mid-low (red), Mid (blue), Mid-high (green), and High
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(purple) peer FGRS quintiles, with the Low quintile as reference. The models were adjusted for sex, birth year, individual FGRS, parental education level, and

parental income level.
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Figure 2: Associations of the two exposure types (peer FGRS and peer diagnoses) with subsequent risk of externalizing and internalizing disorders across peer
networks, using a continuous predictor. The plot shows the 95% confidence intervals of the HRs from the Cox proportional hazards model for each association.

The models were adjusted for sex, birth year, individual FGRS, parental education level, and parental income level.
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