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Background

I Social threat can disrupt neuroendocrine systems (Sapolsky 2004)

I Every third teenager globally experiences peer victimization (PV;
verbal/physical violence and social exclusion) (Biswas et al. 2020)

I Victims report mental and somatic problems …

� including anxiety/depression, mood instability, sleep disturbance,
headaches, and suicidality

I … resembling diagnostic criteria of post-traumatic stress
disorder (PTSD)

I Is PV a significant social adversity with clinical and societal
consequences?
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1.1 Data: Design

I z-GIG project: neuroendocrine/affective outcomes, DNA
(2019; n = 182; age 22; 46.2% female)

I z-proso panel: longitudinal PV (and baseline) data
(parent cohort of z-GIG; n = 1,675; ages (7) 11–20; Ribeaud et al. 2022)
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1.2 Data: z-GIG Outcomes
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Fig 2. z-GIG outcomes. red=immune, green=neuroendocrine, (blue=cognitive–affective, yellow=neural functional
activity). ECG, electrocardiography; HCC, hair cortisol concentration; PRS, polygenic risk scores; RHRV, resting heart
rate variability
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2.1 Methods: PV classification

I No PV-victim self-attribution → external (our) classification
I Self-reports: subordinate experiences vs. dominant behavior
I Gaps between waves > 2 years vs. 12-month PV recall

I Victims := individuals with consistent subordinate experiences
and negligible/no dominant behavior

I Binary variable: 21 PV-victims (11.5%; n1 = 21; n0 = 182)
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Fig 3. Recall periods. z-proso Study timeline illustrating peer adversity assessments.

I Victims := individuals with consistent subordinate experiences
and negligible/no dominant behavior

I Binary variable: 21 PV-victims (11.5%; n1 = 21; n0 = 182)
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2.2 Methods: Statistics

I Inverse probability weighting (IPW): balancing PV and controls
on biopsychosocial pre-PV variables

I IPW genetically informed by DNA-derived polygenic risk scores
(PTSD/cortisol regulation) and genetic ancestry

I Adjustment for time-varying confounders (BMI, exercise,
psychological help-seeking, substance use)

I Mixed effects models w/ random effects for subjects and trials

Peer victimization as trauma UZH-JCPYD, Social Genomics JH, 2025-08-27 6/20



2.2 Methods: Statistics

I Inverse probability weighting (IPW): balancing PV and controls
on biopsychosocial pre-PV variables

I IPW genetically informed by DNA-derived polygenic risk scores
(PTSD/cortisol regulation) and genetic ancestry

I Adjustment for time-varying confounders (BMI, exercise,
psychological help-seeking, substance use)

I Mixed effects models w/ random effects for subjects and trials

Peer victimization as trauma UZH-JCPYD, Social Genomics JH, 2025-08-27 6/20



2.2 Methods: Statistics

I Inverse probability weighting (IPW): balancing PV and controls
on biopsychosocial pre-PV variables

I IPW genetically informed by DNA-derived polygenic risk scores
(PTSD/cortisol regulation) and genetic ancestry

I Adjustment for time-varying confounders (BMI, exercise,
psychological help-seeking, substance use)

I Mixed effects models w/ random effects for subjects and trials

Peer victimization as trauma UZH-JCPYD, Social Genomics JH, 2025-08-27 6/20



2.2 Methods: Statistics

I Inverse probability weighting (IPW): balancing PV and controls
on biopsychosocial pre-PV variables

I IPW genetically informed by DNA-derived polygenic risk scores
(PTSD/cortisol regulation) and genetic ancestry

I Adjustment for time-varying confounders (BMI, exercise,
psychological help-seeking, substance use)

I Mixed effects models w/ random effects for subjects and trials

Peer victimization as trauma UZH-JCPYD, Social Genomics JH, 2025-08-27 6/20



2.2 Methods: Statistics

I Inverse probability weighting (IPW): balancing PV and controls
on biopsychosocial pre-PV variables

I IPW genetically informed by DNA-derived polygenic risk scores
(PTSD/cortisol regulation) and genetic ancestry

I Adjustment for time-varying confounders (BMI, exercise,
psychological help-seeking, substance use)

I Mixed effects models w/ random effects for subjects and trials

Peer victimization as trauma UZH-JCPYD, Social Genomics JH, 2025-08-27 6/20



3.1 Results: Startle
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Fig 4. Startle-related physiological responses. ANG, angry facial stimulus; AU, arbitrary units; CT, controls; EMGR,
electromyographic response (startle); LATE, later trial block; NEU, neutral facial stimulus; PV, peer victimization.
Bands show SEM. Mixed-effects models were used in b–j;***p < 0.001, **p < 0.01, *p < 0.05.
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electromyographic response (startle); LATE, later trial block; NEU, neutral facial stimulus; PV, peer victimization.
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Fig 4. Startle-related physiological responses. ANG, angry facial stimulus; AU, arbitrary units; CT, controls; EMGR,
electromyographic response (startle); LATE, later trial block; NEU, neutral facial stimulus; PV, peer victimization.
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Fig 4. Startle-related physiological responses. ANG, angry facial stimulus; AU, arbitrary units; CT, controls; EMGR,
electromyographic response (startle); LATE, later trial block; NEU, neutral facial stimulus; PV, peer victimization.
Bands show SEM. Mixed-effects models were used in b–j;***p < 0.001, **p < 0.01, *p < 0.05.
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3.2 Results: RHRV, HCC, state anxiety
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Fig 5. Cardiac, endocrine, and affective measures. CT, controls; DPR, depression; PV, peer victimization; HCC, hair
cortisol concentration; RHRV, resting heart rate variability. Bands show SEM. Linear (a–c) and mixed-effects models
(d, e) were used.; ***p < 0.001, **p < 0.01, *p < 0.05.
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4.1 Discussion

I Startle: ↑ amplitude, ↑ latency → ↑ amygdalar gating,
↑ top-down inhibition

I Habituation: Reduced → sustained hypervigilance
I Pupil dilation: Overall ↓, but ↑ reactivity to anger → altered

noradrenergic arousal
I RHRV (time): Lower → ↓ vagal tone, ↓ autonomic flexibility
I RHRV (spectral): LF/HF ↑ non-depressed, ↓ depressed →

systemic overdrive
I HCC: Elevated → chronic HPA activation; ↓ with depression
I Anxiety: Slower decline → impaired regulation
I Convergence: PTSD-like multisystem profile (↑ reactivity,

↓ adaptation; endocrine imbalance)
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4.2 Limitations

I ”Victim” status externally assigned; subjective stress often
stronger predictor → likely downward bias

I Non-PV controls may include overlooked victims → conservative
bias (PV effects underestimated)

I Peak (vs. onset) latencies may tap somewhat different inhibitory
aspects than in some prior work

I No fearful or no-cue baseline → angry/neutral may partially
overlap for some individuals

I No early/late or chronic/acute PV distinction → larger samples
needed
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5. Conclusion

I Genetically informed, multimodal study
I PV in adolescence → worse young-adult stress physiology
I Pattern resembles trauma-related profiles (PTSD-like)
I PV = clinically important social adversity
I Prevention & timely intervention may reduce risks for

psychopathology and societal costs
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Appendix A1

Fig. A1: Peer victimization. Prevalence of
social peer adversity. The figure shows
subordinate experiences and dominant
behavior above 90% quantiles for each

survey year. As the highest deciles, subjects
above these thresholds are considered to be

severely affected from the respective
phenomenon. 16 individuals (7 male and 9

female) subjected to only subordinate
experiences are identified as peer-victimized

at the time of our study at around age 22.
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Appendix A2

Fig. A2: Balancing after IPW. The lollipop
plot shows absolute standardized differences
between treated (PV) and control after IPW.
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Appendix B2
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Appendix B3

Fig. A3: Hierarchy of queried Reactome pathways. The
figure displays the hierarchical organization of pathways

from the Reactome query with overrepresentation in
downregulated genes (the query did not show any

upregulation), as also visualized in the Reactome pathway
browser. Node sizes represent relative term sizes, colors the

gene ratio R. A=Immune system, a1=Cytokine Signaling in
Immune system, a11=Signaling by Interleukins, a12=TNFR2

non-canonical NF-κB pathway, a13=Interferon signaling,
a131=Interferon alpha/beta signaling, B=Metabolism,

b1=The citric acid (TCA) cycle and respiratory electron
transport, b2=Formation of ATP by chemiosmotic coupling,

C=Metabolism of proteins, c1=Translation,
c11=SRP-dependent cotranslational protein targeting to

membrane, c12=Eukaryotic Translation Termination,
D=Organelle biogenesis and maintenance, d1=Mitochondrial
biogenesis, d2=Cristae formation. The Gene ratio indicates

the proportion of DE genes within a specific pathway that are
present in the query set.
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Appendix C1

Fig. B1: Eyeblink startle response (ESR). Eyeblink startle response (ESR). (A) ESR functional forms by group. (B) Maximum
ESR. β coefficients of maximum normalized ESR amplitude with 95% CIs. PV=victims, CT=controls, NTR=neutral, ANG=angry,
LT=later trials. (C) ESR reaction times. ms=milliseconds. (D) Estimated marginal means (EMM) of reaction times (ms). (E) Beta
coefficients for pupil size (PS) in arbitrary units (AU) with 95% CIs.
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Appendix C2

Fig. B2: (A) Heart rate variability (HRV) metrics. ln-transformed β coefficients with 95% CIs. (B) Perceived anxiety changes
over time. Estimated marginal means (EMM) show perceived anxiety levels at baseline (t0) and post-treatment (t1).
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