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Abstract

Background: Early negative life events (NLE) have long‐lasting influences on neu-

rodevelopment and psychopathology. Reduced orbitofrontal cortex (OFC) thickness

was frequently associated with NLE and depressive symptoms. OFC thinning might

mediate the effect of NLE on depressive symptoms, although few longitudinal studies

exist. Using a complete longitudinal design with four time points, we examined

whether NLE during childhood and early adolescence predict depressive symptoms in

young adulthood through accelerated OFC thinning across adolescence.

Methods:We acquired structural MRI from 321 participants at two sites across four

time points from ages 14 to 22.Wemeasured NLEwith the Life Events Questionnaire

at the first time point and depressive symptoms with the Center for Epidemiologic

Studies Depression Scale at the fourth time point. Modeling latent growth curves, we

tested whether OFC thinning mediates the effect of NLE on depressive symptoms.

Results: A higher burden of NLE, a thicker OFC at the age of 14, and an accelerated

OFC thinning across adolescence predicted young adults' depressive symptoms. We
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did not identify an effect of NLE on OFC thickness nor OFC thickness mediating

effects of NLE on depressive symptoms.

Conclusions: Using a complete longitudinal design with four waves, we show that

NLE in childhood and early adolescence predict depressive symptoms in the long

term. Results indicate that an accelerated OFC thinning may precede depressive

symptoms. Assessment of early additionally to acute NLEs and neurodevelopment

may be warranted in clinical settings to identify risk factors for depression.

K E YWORD S

adolescence, depression, life events, longitudinal studies, structural MRI (sMRI)

INTRODUCTION

Childhood and adolescent negative life events (early NLE) can influ-

ence structural brain development and may thus act as long‐term risk

factors for psychopathology like major depressive disorder (MDD) in

adulthood (Li et al., 2016).

Previous research focused on childhood adversity such as abuse

and deprivation that require significant adaption and represent a

deviation from the expectable environment (McLaughlin, 2016).

Here, we define early NLE as unpleasantly perceived events that may

exceed an individual's regulatory coping resources (Pechtel & Piz-

zagalli, 2011), like accidents, illness and death, problems with family,

friends and sexuality, or social and academic problems (Newcomb

et al., 1981). As these events have been rarely studied (e.g. Bartlett

et al., 2019), we aimed at shedding light on their impact on neuro-

development and psychopathology in adulthood.

Severe forms of early NLE have been associated with volume al-

terations in the orbitofrontal cortex (Ansell et al., 2012; De Brito

et al., 2013; Holz et al., 2015). Cortical volume can be further disen-

tangled as a product of cortical thickness (CT) and surface area (SA;

Backhausen et al., 2021), yet only one study examined early NLE's

effects on CT and SA (Monninger et al., 2020). Changes across

adolescence into young adulthood in cortical volume aremainly due to

cortical thickness, that is, cortical thinning, rather than changes in SA

(Tamnes et al., 2017; Wierenga et al., 2014). Therefore, to examine

early NLE's effects on brain development from adolescence into young

adulthood, we targeted the development of OFC thickness.

Reduced OFC thickness has been observed in adolescents

exposed to childhood adversity versus those without this experience

(Gold et al., 2016; Lim et al., 2018). Currently, only cross‐sectional
studies demonstrated this, so our longitudinal MRI approach across

adolescence into young adulthood fills a research gap.

To assess effects of early NLE on OFC thickness it is essential to

take a closer look at the role of theOFC. Emotional stimuli activate the

OFC. Its damage alters the experience of negative and positive emo-

tions linking it to psychopathology such as depressive symptoms

(Hornak, 2003; Rolls et al., 2020). As part of the prefrontal cortex, the

OFC is one of the last regions to fully develop (Arain et al., 2013). Given

its extended maturation into the twenties, the OFC might be partic-

ularly sensitive to earlyNLE. Fromadevelopmental perspective, cross‐
sectionally observed reduced OFC thickness in response to NLE could

be based on acceleratedmaturation, that is, thinning of theOFC across

adolescence. This accelerated maturation in response to early

adversity is postulated by the Stress Acceleration Hypothesis, specif-

ically in brain structures relevant for emotional learning and reactivity

mirroring an early system adaptation to meet immediate emotional

demands (Callaghan & Tottenham, 2016). To get a better insight into

these relationships, longitudinal investigations, are mandatory.

OFC alterations have also been consistently found in adults with

MDD (Arnone et al., 2012; Kempton et al., 2011). Therefore, the OFC

might mediate the effects of early NLE on depressive symptoms in

young adults. Evidence is provided by reduced medial OFC thickness

in adults with MDD in a recent mega‐analysis (Schmaal et al., 2020).

To test whether longitudinally accelerated OFC thinning precedes

reduced thickness in adults with MDD, the OFC development in

adolescence needs to be investigated.

There are only two longitudinal studies examining the relation

between OFC thinning and depressive symptoms assessing partici-

pants with up to three time points from childhood to adulthood (Bos

et al., 2018; Ducharme et al., 2014) with conflicting results. Partici-

pants from age nine to 20 with mild to severe depressive symptoms

four years later showed accelerated frontal thinning in precentral

regions and the lateral OFC (Bos et al., 2018). In contrast, a slower

rate of cortical thinning in the medial OFC was found in participants

aged five to 18 years with high anxious/depressed symptoms

Key points

� Severe forms of early negativ life events (NLE) are cross‐
sectionally associated both with alterations in the orbi-

tofrontal cortex (OFC) and depressive symptoms in

adulthood.

� This study is the first to examine early moderate NLE in

childhood predict depressive symptoms in adulthood

through accelerated OFC thinning.

� In a complete longitudinal design with four imaging

exams, depressive symptoms in young adulthood were

predicted by more childhood NLE, a thicker OFC at age

14 and an accelerated OFC thinning across adolescence.

OFC development during adoelscence did not mediate

effects of NLE on depressive symptoms.

� The assessment of early NLE in addition to acute NLE

may be warranted in clinical practice to identify in-

dividuals at risk for depression.
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(Ducharme et al., 2014). Diverging findings could stem from different

study designs, age ranges studied, measurement instruments for

depressive symptomatology, and types of statistical analyses. While

Bos et al. (2018) investigated the influence of cortical thinning on

depressive symptoms, Ducharme et al. (2014) evaluated the cross‐
sectional correlation between anxious/depressive scores and

cortical thickness at each visit. Notably, since both studies used

accelerated longitudinal designs with up to three time points, a broad

age range from mid‐childhood to adulthood was examined, while

individual trajectories could only be followed for 6 years reducing the

number of data sets in a given age span.

To our knowledge, there is currently only one recent study

investigating the whole sequence of early NLE effects on OFC

thickness and depressive symptoms (Monninger et al., 2020). A

heightened exposure to NLE in early childhood was associated with

reduced thickness in the right OFC and elevated depressive symp-

toms at the age of 25 (Monninger et al., 2020). While this study

comprised several assessments of NLE, OFC thickness was measured

only cross‐sectionally in early adulthood. Consequently, effects of

early NLE on longitudinal trajectories of OFC thinning across

adolescence remain inconclusive.

To sum up, previous studies suggest that accelerated OFC thin-

ning across adolescence may mediate long‐term effects of early NLE

on depressive symptoms in young adulthood. To our knowledge,

there are yet no longitudinal studies directly investigating these re-

lationships. Importantly a longitudinal design is crucial to reveal the

temporal order of these three core factors (i.e. is a thinner OFC a

consequence of or a risk factor for depressive symptoms).

Therefore, we examined their association in a complete longi-

tudinal design spanning four waves of structural MRI data from 321

typically developing adolescents from two sites of the imaging ge-

netics (IMAGEN) project (Schumann et al., 2010). Here, all partici-

pants started at the same age (14 years) and were followed across

the whole age‐range of interest (at ages 16, 19 and 22). For the first

time, we tested a latent growth curve model (LGCM) with OFC

thickness as a potential mediator between early NLE and depressive

symptoms in young adulthood. First, based on the Stress Acceleration

Hypothesis, we expect that a higher burden of early NLE would lead

to an accelerated OFC thinning across adolescence (Callaghan &

Tottenham, 2016). Second, we hypothesized that an accelerated OFC

thinning across adolescence would predict depressive symptoms in

young adulthood (Bos et al., 2018). Third, on a psychopathological

level, we expected to replicate that a higher burden of early NLE

would predict heightened depressive symptoms in young adulthood

(Heim & Binder, 2012). Bringing together the individual hypotheses,

we expected this effect to be mediated by an accelerated OFC

thinning across adolescence.

METHODS AND MATERIALS

Participants

Originally, we assessed 534 adolescents (275 male participants) from

two different sites (Site 1: n = 260; Site 2: n = 274) as part of the

IMAGEN project (for details on recruitment and assessment pro-

cedures see Schumann et al. (2010)). Only these IMAGEN sites

provide four MRI time points (additionally at age 16). During their

first assessment, participants were about 14 years old with follow‐up
assessments at ages 16, 19, and 22. In the original sample, there was

missing data due to drop‐outs and non‐completed questionnaires.

Therefore, the final sample consisted of 321 participants (175 male

participants) of whom all provided data of NLE at their first and

depressive symptoms at their last assessment and had adequate‐
quality structural MRI data for at least one time point. For details

on demographics of the final sample, see Table 1 and Table S2

separated by site. Figure S1 shows the age and sex distribution per

time point for each site. Of the 321 participants included in the an-

alyses 94.7% were White (Site 1: 98.1%; Site 2: 91.3%) and the

TAB L E 1 Sample characteristics including demographics.

Characteristic n %

Sex (female) 175 54.52

Handedness (right‐handed)a 283 88.71

Non‐white ethnicity 17 5.3

Mean SD Range (min – max)

Age (T1), years 14.44 0.43 13.33–15.61

Age (T2), years 16.68 0.52 15.65–17.88

Age (T3), years 19.2 0.81 17.26–21.91

Age (T4), years 22.33 0.67 20.1–24.66

Height, cm 167.5 7.67 150–186

Weight, kg 57.15 10.71 32–110

BMI 20.28 2.95 14.22–35.51

IQb 112.84 9.9 81.5–141.5

Median MAD Range (min – max)

Pubertal statusc 4 0 1 ‐ 5

Alcohol use, AUDIT 0 0 0–9

Emotional symptoms, SDQ 2 2.97 0–9

Negative life events, LEQ 6 2.97 0–24

Depressive symptoms (T4),

CES‐D
9 7.41 0–49

Note: Unless otherwise stated, statistics are given for the first time

point. We report data for all participants in the final data set

independent of a high‐quality scan at the first time point. Please note

that sociodemographic information was missing for few participants

(handedness: n = 2; ethnicity: n = 1; weight, height and BMI: n = 4, IQ:

n = 10; pubertal status: n = 1; alcohol use: n = 2). The percentages

indicated refer to the available information.

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test

(Saunders et al., 1993); BMI, body mass index; CES‐D, Center for
Epidemiologic Studies Depression Scale (Radloff, 1977); LEQ, Life Event

Questionnaire (Newcomb et al., 1981); SDQ, Strengths and Difficulties

Questionnaire (Goodman, 1997); T1‐T4, first (baseline) to fourth time

point.
aRemaining participants reported left‐handedness except for two
participants who reported ambidextrous‐handedness.
bGeneral cognitive ability estimated with the subtests Similarities, Block

Design, Vocabulary, and Matrices from the Wechsler Intelligence Scale

for Children Fourth Edition (WISC®‐IV; Wechsler, D., 2003).
cPubertal status ranged from 1 for ‘prepubertal’ to 5 for ‘postpubertal

status’, measured with the Pubertal Development Scale (PDS; Petersen

et al., 1988) with the value 4 corresponding to ‘advanced pubertal’.
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majority stemmed from rather well‐educated households (as a proxy

for socioeconomic status). Of 41.1% of participants, both parents and

of 77.3%, at least one parent had a university or college degree

(university of applied sciences). Exclusion criteria at the first time

point included existing bipolar disorder, schizophrenia, and major

neuro‐developmental disorders such as autism, as well as a prema-

ture birth, head trauma and history of severe neurological or medical

disorders. A detailed characterization of the sample in terms of

psychopathology can be found in Table S9 for age 14 (using the

Development and Well‐Being Assessment; Goodman et al., 2000 at

both sites), Table S10 for age 22 at site 1 (using The Structured

Clinical Interview for DSM‐IV; Wittchen et al., 1997), and Table S11

for age 22 at site 2 (using the Mini‐International Neuropsychiatric
Interview; Sheehan et al., 1998).

Negative life events

During the first assessment, participants completed an adapted

version of the Life Events Questionnaire (LEQ) covering 39 life

events which typically occur during childhood and adolescence

(Newcomb et al., 1981; see Table S4). Participants indicated first,

whether they had ever experienced an event (i.e. ever in their life-

time) and second, rated how they would feel in consequence of the

event, with the response options ranging from “very unhappy to “very

happy”. We only included events in the total score if participants had

(1) experienced them and (2) rated them as “unhappy” or “very un-

happy”. Events rated as “very unhappy” were included in the overall

score with double weighting (following an approach of Swartz

et al., 2014), resulting in a score from 0 to 78.

Depressive symptoms

During the fourth assessment, participants rated depressive symp-

toms with the Center for Epidemiologic Studies Depression Scale

(CES‐D; Radloff, 1977). Participants were asked to rate the frequency

of 20 items concerning depressive symptoms within the last week.

Response options ranged from “Rarely or Never” (0), “Some or a Little

Amount of Time” (1), “Occasionally or a Moderate Amount of Time”

(2), “Most or All of the Time” (3), resulting in a score from 0 to 60.

Structural magnetic resonance image acquisition and
processing

Structural T1‐weighted magnetic resonance images were acquired

during each assessment using a Siemens Trio 3T whole‐body MR

tomograph (MAGNETOM Trio, Siemens, Erlangen, Germany) equip-

ped with a 12‐channel headcoil during the first two time points and a

32‐channel headcoil at time points three and four in Site 1. In Site 2,

T1‐weighted magnetic resonance images were acquired using

Siemens Trio 3T whole‐body MR tomographs (MAGNETOM Trio,

Siemens, Erlangen, Germany) equipped with a 12‐channel headcoil
during the first two assessments. A different scanner of the same

type was used during each of these two assessments. During the

third assessment, the Siemens Trio tomograph used during the

second assessment in Site 2 received an update to Siemens Prisma 3T

whole‐body MR tomograph (MAGNETOM Prisma, Siemens, Erlan-

gen, Germany), which was used equipped with a 64‐channel headcoil
subsequently during the third and fourth assessment. High‐
resolution T1‐weighted images were collected using a magnetiza-

tion prepared rapid acquisition gradient‐echo (MPRAGE) sequence

[Site 1/Site 2: repetition time (TR) = 1900/2300 ms, echo time

(TE) = 2.26/2.93 ms, inversion time (TI) = 900/900 ms, voxel

size = 1.0 � 1.0 � 1.0/1.1 � 1.1 � 1.1 mm, flip angle = 9/9°; matrix

size = 256 � 256/256 � 256 mm; 176/160 slices]. This information is

summed up in Table S8. Both sites regularly performed a standard-

ized scanner quality control (phantom and in‐vivo scan, see Schu-

mann et al. (2010). All images were examined by a clinical

neuroradiologist for structural abnormalities.

Image processing was conducted using the longitudinal pipeline

of FreeSurfer 6.0.0 (http://surfer.nmr.mgh.harvard.edu; Fischl

et al., 2002; Reuter et al., 2012). The recon‐all‐flag ‐3T was used

which alters FreeSurfer's internal N3 bias field correction parameters

(Sled et al., 1998). CT, SA, and subcortical volume estimates were

computed for the Desikan‐Killiany atlas regions. In this study, we

selected the CT in the OFC a priori as the measure of interest.

Previous study results provide evidence for both right‐lateral
(Ducharme et al., 2014; Gold et al., 2016; Lim et al., 2018) and

bilateral (Ansell et al., 2012; Bos et al., 2018; De Brito et al., 2013)

changes in OFC in relation to NLE and depressive symptoms. As a

recent mega‐analysis comparing 1905 patients with major depressive

disorder with 7658 healthy individuals reported reduced bilateral

OFC thickness (Schmaal et al., 2020), we refrained from considering

left and right OFC thickness separately in our analyses. The calcu-

lation of mean CT in the OFC is based on the following formula,

according to recommendations on the FreeSurferWiki: mean

CT = ((left CT* left SA) þ (right CT * right SA))/(left SA þ right SA) (please

see https://surfer.nmr.mgh.harvard.edu/fswiki/UserContributions/

FAQ). We made no manual adjustments of CT. For outliers in OFC

thickness in each time point indicated by boxplots, we thoroughly

inspected FreeSurfer outputs and confirmed that the deviations were

physiologically plausible and not due to imaging or processing arti-

facts. No datasets were excluded due to outliers.

For quality assurance, one of three trained operators performed

a visual preliminary quality control on each raw T1‐weighted image

according to a workflow described by Backhausen et al. (2016). For

raw images with questionable image quality, we visually inspected

the corresponding longitudinally processed images for accuracy of

cortical parcellation following examples from the ENIGMA Cortical

Quality Control Guide 2.0, available at https://enigma.ini.usc.edu/

protocols/imaging‐protocols/. In addition, we performed post‐
processing quality control on images which were flagged by Qoala‐
T (Klapwijk et al., 2019). Qoala‐T is a supervised‐learning tool for

quality control of FreeSurfer segmented MRI data and is based on

FreeSurfer outputs, that is, after passing the automated processing

pipeline. Flagged images were either deemed decent and included or

poor and thus excluded from further analyes.

Of the original 1494 images available, 177 images (11.85%) were

excluded during quality control. As 176 participants, who had a total

of 331 high‐quality scans, had missing questionnaires (either LEQ or

CES‐D) and could not be included in further analyses, the final

sample consisted of 986 images. Details on the quality control flow
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and exclusion of participants are provided in Table S1, available

online.

Statistical analysis

To test whether early NLE predict depressive symptoms in young

adulthood via alterations in OFC thinning, we proceeded in two

steps: In the first step, we constructed and compared multiple un-

conditional LGCM (i.e., without covariates): An intercept‐only model,

linear slope models with homo‐ and heteroscedastic residual error

structure and a quadratic slope model. The intercept was modeled as

the OFC thickness at the first time point by setting all loadings to 1.

The slope was modeled as linear change of OFC thickness between

the four measurements by constraining the loadings to 0, 2.23, 4.76,

and 7.89 (i.e., mean distances between repeated measurements and

the first assessment in years). For the quadratic slope model, we

additionally modelled a quadratic factor with loadings constrained to

the square of linear slope loadings. Across these models, we evalu-

ated overall model fit using the standard criteria (Hu & Ben-

tler, 1999): TLI ≥0.95, CFI ≥0.95, RMSEA ≤0.06, χ2/df < 3.00. We

sought a best‐fit model based on likelihood ratio tests to evaluate the

difference between nested models. In the second step, we con-

structed a multiple‐mediators model by introducing depressive

symptoms and early NLE. We defined depressive symptoms as a

negative binomial distributed outcome and tested a direct path from

early NLE to depressive symptoms and indirect paths from early NLE

to depressive symptoms via the intercept and slope of OFC thickness.

We included the control variables sex, site, and emotional symptoms

at the first time point. Since the residual variance between persons in

the slope parameter was close to zero, the model estimation did not

terminate normally. Therefore, we fixed the slope residual variance

to zero.

All models were conducted using Mplus version 8.7 with full‐
information maximum likelihood estimation (FIML) to account for

missing data (Muthén & Muthén, 2017). In Figure S4, we present the

patterns of missing data for OFC thickness in the final sample.

RESULTS

Descriptive results of negative life events, depressive
symptoms and emotional symptoms

The majority of participants reported at least one early NLE before

the first time point (n = 319; 99%) with a median score of 6

(MAD = 2.97; range: 0–24). Most participants (n = 243; 76%) re-

ported subclinical depressive symptomatology at the fourth time

point (CES‐D < 16; Mdn = 9; MAD = 7.41). Emotional symptoms as a

proxy for depressive symptoms at the first time point showed low

scores (Mdn = 2; MAD = 2.97; range: 0–9). Details on descriptive

statistics and distributions for these measures are provided in Ta-

ble S3 and Figure S2.

Orbitofrontal cortical thickness

Figure 1 illustrates observed individual and mean trajectories of OFC

thickness. Herein, a trend towards a linear decrease in OFC thickness

across adolescence can be identified. However, a high level of vari-

ance between individuals was found. The distribution of OFC thick-

ness per time point is shown in Figure S3.

Latent growth curve and multiple‐mediators model

For model fit indices and comparisons of the unconditional LGCM

modeling of OFC thinning without any covariates, see Table S6. We

identified a linear model with homoscedastic residual structure as

the best fit for the longitudinal OFC thinning. The retained linear

LGCM adequately fit the data [χ2(8) = 11.07, CFI = 0.995,

TLI = 0.997, RMSEA = 0.035]. The latent slope mean indicates that

on average the OFC thickness decreased across adolescence (μ =
−0.025, p < 0.001).

For the multiple‐mediators model, we included early NLE and

control variables (sex, site, emotional symptoms at the first time

F I GUR E 1 Individual and Mean Trajectories of Cortical Thickness in the Orbitofrontal Cortex. Individual data points are shown connected
for each participant, N = 321. The thicker black line connects the mean cortical thicknesses from each time point. Participants with single data

points (n = 23) are not depicted.
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point) as predictors of the latent intercept and latent slope and

regressed depressive symptoms on these latent growth factors and

their predictors (see Figure 2 and Table S7). Because the regression

coefficients scale differently due to the varying distribution of me-

diators and depressive symptoms, we present them unstandardized.

For correlations across all measures, see Table S5 and for a more

detailed evaluation of model fit (sample and estimated means and

proportions), see Figure S5.

Regarding the effects of interest, participants with a higher

burden of early NLE before the first time point tended to have more

depressive symptoms at the fourth time point (B = 0.03, IRR = 1.03,

p = 0.01; see Figure 3). We found no significant effects of early NLE

on OFC thickness at the first time point or on its change across

adolescence (see Figure S6). Accordingly, our mediation model (see

Table 2) revealed significant total and direct pathways from early

NLE to depressive symptoms, but non‐significant indirect pathways

F I GUR E 2 Unstandardized Solution of the Multiple‐Mediators Model. Ovals indicate latent variables, rectangles indicate observed

variables, small arcs indicate residuals. Latent variables and covariates were allowed to covary among themselves (not shown). The slope
residual variance was set to 0. T1‐T4 = first (baseline) to fourth time point. Depressive symptoms score was measured with the Center for
Epidemiologic Studies Depression Scale (CES‐D; Radloff, 1977). Negative life events score was assessed with the Life Events Questionnaire

(LEQ; Newcomb et al., 1981). Latent intercept and slope variables represent the cortical thickness in the orbitofrontal cortex at the first time
point and its change across adolescence. *p < 0.05; **p < 0.01; ***p < 0.001; ns = non‐significant. aFor effects on depressive symptoms negative
binomial coefficients are shown.

F I GUR E 3 Effects of Negative Life Events and the Development of Cortical Thickness in the Orbitofrontal Cortex Across Adolescence on
Depressive Symptoms in Young adulthood. Effects are probed based on the results of the multiple‐mediators model. All covariates except the

one plotted are held constant at their mean or median. Latent intercept and slope variables represent the cortical thickness in the
orbitofrontal cortex at the first time point and its change across adolescence.
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via intercept and slope of OFC thickness (see Table 2). Moreover, we

found that participants with a greater baseline OFC thickness

(B = 1.4, IRR = 4.052, p = 0.004) and an accelerated OFC thinning

(B = −19.58, IRR = 3.13e −9, p = 0.026) reported more depressive

symptoms (see Figure 3).

Regarding covariates, significant effects of sex and site on OFC

thickness were found. Male compared to female participants showed

a thicker OFC at the first time point (B = 0.039, p = 0.002) while the

thinning across adolescence did not differ between sexes. Partici-

pants from Site 2 compared to those from Site 1showed a thinner

OFC at the first time point (B = −0.063, p < 0.001) and accelerated

thinning (B = −0.012, p < 0.001). There were no effects of sex and

site on depressive symptoms and no effects of initial emotional

symptoms on OFC thickness nor depressive symptoms in young

adulthood (see e.g. Figure S7).

DISCUSSION

This study is the first to examine the long‐term effect of early NLE on

OFC thinning across adolescence and, in turn, on depressive symp-

toms in young adulthood in a complete longitudinal design with four

structural MRI measurements. We tested a LGCM with the devel-

opment of OFC thickness as a potential mediator between early NLE

and depressive symptoms. Our results provide evidence for the

impact of early NLE and alterations in OFC thinning during adoles-

cence on the development of depressive symptoms thereafter.

Our MRI assessment of four waves in a complete longitudinal

design allowed to precisely model OFC thickness trajectories across

adolescence. As a result, we identified linear thinning of the OFC

from age 14 into young adulthood. However, contrary to our first

hypothesis, we did not find that the experience of early NLE signifi-

cantly influenced OFC thinning into young adulthood. Still, in line

with our second hypothesis, accelerated linear OFC thinning across

adolescence led to increased depressive symptoms in young adult-

hood. We also found that a thicker OFC at age 14 had the same

effect. Third, on a psychopathological level, we observed more

depressive symptoms in young adulthood in individuals who experi-

enced heightened early NLE. Lastly, we could not confirm our hy-

pothesis regarding OFC thinning mediating the effect of early NLE on

depressive symptoms in young adulthood.

No effect of early negative life events on orbitofrontal
cortex thinning

Contrary to our hypothesis, early NLE did not affect OFC thinning

across adolescence. A recent study found an association of early

NLE, which were present at least for 3 months during infancy,

with reduced OFC thickness in 25‐year olds (Monninger

et al., 2020). However, unlike in our study, events during infancy

were investigated via parent report, which do not necessarily

reflect individual perception of these events. Further, Monninger

et al. (2020) only performed one measurement in 190 25‐year‐
olds, and could therefore not examine the influences of early

NLE influences on longitudinal OFC development. This and the

fact that depressive symptoms were measured a few years prior

to OFC thickness whereas we assessed them after OFC devel-

opment makes it difficult to compare results of Monninger

et al. (2020) with ours.

Putting our results within the framework of the Stress Acceler-

ation Hypothesis, which presents a neurobiological framework for

increased vulnerability to psychopathology being the long‐term
consequence of brain adaptions (Callaghan & Tottenham, 2016), re-

mains complicated. Childhood adversity (more severe events than

the ones we measured) seems to disturb further development and

might have thus led to greater alterations in (prefrontal) cortical

development (McLaughlin et al., 2019; Schmaal et al., 2020). Specu-

latively, similar effects might have taken place after the experience of

early NLE, which future studies may detect in a bigger sample with

higher statistical power. Further, because we only examined the OFC

as a region of interest we were unable to uncover possible impacts of

early NLE on other brain regions, notably the amygdala and hippo-

campus. Alterations in those regions have been repeatedly found to

be associated with adversity in childhood (McLaughlin et al., 2019;

Pollok et al., 2022). However, as maturation of these subcortical

regions is mostly complete until adolescence (Dennison et al., 2013;

Wierenga et al., 2018) we did not include them in this study. Based on

results from recent meta‐analyses and reviews, other cortical regions

of interest like the inferior frontal gyrus, insula, anterior cingulate

cortex, and dorsolateral prefrontal cortex seem to be promising as

well when further investigating the effect on early NLE on brain

development (McLaughlin et al., 2019; Paquola et al., 2016; Pollok

et al., 2022).

TAB L E 2 Direct and Indirect Effects of Negative Life Events on Depressive Symptoms.

Effect Estimate SE Est./SE p

Total 0.023 0.011 2.122 0.034

Total indirect −0.006 0.006 −1.047 0.295

Specific indirect

NLE ‐ intercept ‐ depressive symptoms −0.003 0.002 −1.302 0.193

NLE ‐ slope ‐ depressive symptoms −0.003 0.005 −0.622 0.534

Direct

NLE ‐ depressive symptoms 0.030 0.011 2.587 0.01

Note: Latent variables (intercept and slope) represent the development of cortical thickness in the orbitofrontal cortex across adolescence. We assessed

depressive symptoms with the Center for Epidemiological Studies Depression Scale (CES‐D; Radloff, 1977) and negative life events (NLE) with the Life

Events Questionnaire (LEQ; Newcomb et al., 1981).
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Effects of early negative life events on depressive
symptoms

Our results are partly in line with Monninger et al. (2020) who also

investigated the interplay between the three factors NLE, OFC

thickness and depressive symptoms and showed a significant rela-

tionship between early NLE in infancy (e.g. parental disharmony or

illness of a relative) and depressive symptoms in adulthood. We

showed that early NLE not only affect the development of depressive

symptoms when experienced during infancy (up to age 4; see Mon-

ninger et al., 2020) but also in later childhood and adolescence. By

using the LEQ we also took challenging events typically experienced

in early to mid‐ adolescence, like problems with family, friends and

sexuality, or social and academic problems into account. Together

with the finding of Monninger et al. (2020) our results extend pre-

vious research by showing that early NLE might predict depressive

symptoms in the long term, similarly as severe NLE like childhood

adversity (e.g. Li et al., 2016; McLaughlin, 2016).

Effects of orbitofrontal cortex thickness on
depressive symptoms

Using a complete longitudinal design, we showed that accelerated

OFC thinning across adolescence predicted heightened depressive

symptoms in the long term, that is, in young adulthood. This critically

extends previous findings of accelerated frontal cortical thinning

across adolescence predicting depression 4 years later (Bos

et al., 2018). Our results contradict findings of Ducharme et al. (2014)

of slower ventromedial prefrontal cortex thinning in children and ad-

olescents with higher anxious/depressed symptoms. However, Duch-

arme et al. (2014) used the Child Behavior Checklist, so their score

contains slightly different symptoms than Bos et al. (2018) using the

Beck's Depression Inventory and our study using the CES‐D, limiting

comparability of results. Further, both studies used an accelerated

longitudinal design including a broad age span from around five to

22 years of age, where however each participant is only followed over

a shorter time span relative to the entire age span of interest, leading

tomissing data.With our four time points spanning thewhole age span

of interest wewere able to precisely characterize OFC thinning during

adolescence and investigate effects on depressive symptoms.

No mediation of early NLE effects on depressive
symptoms via orbitofrontal cortex thinning

Our model suggests that the influence of early NLE on depressive

symptoms in adulthood is not mediated by the development of the

OFC. Still, we revealed that both early NLE and alterations in OFC

thinning across adolescence predicted depressive symptoms in young

adulthood directly and independently. We thus conclude that these

two effects act through distinct pathways. Therefore, our study cannot

resolve the underlying factors which led to accelerated thinning in the

OFC and thus to depressive symptoms. To discuss possible candidates,

a recentmeta‐analysis identified low birth weight, parental adversities

and environmental adversities like low socioeconomic status (SES) and

air pollution to alter frontal lobe volumes in adolescents and young

adults (Pollok et al., 2022). Regarding longitudinal influences of SES,

Piccolo et al. found curvilinear rather than linear decrease in cortical

thickness from childhood to young adulthood in lower levels of SES

(2016). As in our sample, the vast majority of participants grew up high

SES household, this factor is unlikely to have led to differences in

cortical development. Our results in connection with other recent

findings (Pollok et al., 2022), Piccolo et al. (2016) seem to indicate that

the effects of early NLEwork temporal, qualitative, quantitative (dose‐
dependent) and in interaction with individual dispositions (including

resilience from compensation capacity, e.g. cognitive and emotional

ability, genetic disposition, stress coping skills) and may have different

and sometimes even opposite effects on OFC thickness development

and other outcomes.

Limitations

While this study had its strengths like a four‐wave complete lon-

gitudinal design with a high density of MRI data points in the

investigated age range, some limitations need to be acknowledged.

First, early NLE scores were in the lower range overall (median of 6

on a scale of 0 to 78). This may have contributed to the lack of

effect on OFC thinning. Second, several characteristics of early NLE

such as timing, frequency, duration, and predictability could not be

accounted for. As brain regions have sensitive periods regarding the

impact of stress (McLaughlin et al., 2019), important dynamic ef-

fects could not be considered in this study. Third, we did not

differentiate between dimensions of early NLE. Different stressors

may have different effects on brain structure (McLaughlin

et al., 2019) and psychological development. The questionnaire used

in this study covered a wide range of events, presumably of varying

severity (e.g. “Death in family”, “Parents divorced”, as well as “Got

poor grades at school” or “Face broke out with pimples”). As a

result, the scale may not have been optimally sensitive to the

outcome measures of OFC thinning and depressive symptoms.

However, we did take into account subjective distress of the events,

as experienced events were weighted higher if the subsequent

feeling was reported as “very unhappy” compared to “unhappy”.

Nevertheless, a higher total score of early NLE could also represent

a higher individual sensitivity to stressful experiences. This, in turn

could be a common factor for a higher total score of early NLE and

an increase in depressive symptoms (perhaps introducing a

response bias in the questionnaire data). This is consistent with the

diathesis‐stress models of depression, which suggest that vulnera-

bilities in genetic, physiological, and cognitive or affective systems

predispose individuals to stress sensitivity, thereby increasing the

likelihood of depression onset when experiencing stress (Monroe &

Cummins, 2015). Regarding the assessment of early NLE, it should

be noted that the occurrence and valence of early NLE were self‐
reported retrospectively at age 14 and thus may be subject to

recall bias. Furthermore, several influential variables (e.g. tempera-

ment; Gonda et al., 2020) and other risk factors could have been a

potential latent factor for the relationship between early NLE and

depressive symptoms later in life.

Finally, although we controlled for site in the analyses, we

acknowledge that multisite longitudinal studies add noise to the data,

which must be considered a limitation. However, because the same
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scanner manufacturer was used at all sites in this study, we consider

this to be within acceptable limits.

CONCLUSION

Taken together, current findings extend previous studies by showing

that early NLE can predict depressive symptoms in the long term.

Moreover, using a complete longitudinal design with four waves,

results indicate that accelerated OFC thinning may precede depres-

sive symptoms giving new insight into the neurodevelopmental fac-

tors associated with the development of depression. Our results

suggest that NLE assessment in childhood and adolescence in addi-

tion to acute NLE may be warranted in clinical psychology and psy-

chotherapy to identify individuals at risk for depression. Additionally,

accelerated thinning of prefrontal cortical areas may be an additional

risk factor for the development of depressive symptoms, which

should receive further attention in efforts to prevent psychological

disorders in young adults. Finally, future studies could follow up on

the complex interplay of factors which may promote resilient func-

tioning, as those mitigate the adverse effects of NLE. These comprise

for example, community support, cultural resources and peer/family

support (see Ioannidis et al., 2020), positive coping strategies and

optimism (see Holz et al., 2020).

AFFILIATIONS
1Department of Psychiatry and Psychotherapy, TUD Dresden University of

Technology, Dresden, Germany

2Department of Child and Adolescent Psychiatry, Medical Faculty and

University Hospital Carl Gustav Carus, TUD Dresden University of Technology,

Dresden, Germany

3Institut National de la Santé et de la Recherche Médicale, INSERM U1299

“Trajectoires développementales en psychiatrie”, Université Paris‐Saclay, Ecole
Normale supérieure Paris‐Saclay, CNRS, Centre Borelli, Gif‐sur‐Yvette, France
4Department of Psychiatry, Lab‐D‐Psy, EPS Barthélémy Durand, Etampes,

France

5Department of Child and Adolescent Psychiatry, Pitié‐Salpêtrière Hospital,

Paris, France

6NeuroSpin, CEA, Université Paris‐Saclay, Gif‐sur‐Yvette, France
7Institute for Educational Support for Behaviour, Social‐Emotional, and

Psychomotor Development, University of Teacher Education in Special Needs,

Zurich, Switzerland

8Department of Child and Adolescent Psychiatry and Psychotherapy, Central

Institute of Mental Health, Medical Faculty Mannheim, Heidelberg University,

Mannheim, Germany

9Centre for Population Neuroscience and Precision Medicine (PONS), Institute

of Psychiatry, Psychology & Neuroscience, SGDP Centre, King's College

London, London, UK

10Department of Psychiatry and Neurosciences, Charité – Universitätsmedizin

Berlin, Corporate Member of Freie Universität Berlin, Humboldt‐Universität zu
Berlin, and Berlin Institute of Health, Berlin, Germany

11Physikalisch‐Technische Bundesanstalt (PTB), Braunschweig and Berlin,

Berlin, Germany

12Department of Child and Adolescent Psychiatry and Psychotherapy,

University Medical Centre Göttingen, Göttingen, Germany

13Department of Child and Adolescent Psychiatry, Psychotherapy and

Psychosomatics, University Medical Center Hamburg Eppendorf, Hamburg,

Germany

14Department of Psychological Medicine, Section for Eating Disorders, Institute

of Psychiatry, Psychology and Neuroscience, King's College London, London, UK

15Department of Education and Psychology, Freie Universität Berlin, Berlin,

Germany

16Department of Psychiatry and Psychotherapy, PONS Research Group,

Campus Charite Mitte, Humboldt University, Berlin and Leibniz Institute for

Neurobiology, Magdeburg, Germany

17Institute for Science and Technology of Brain‐inspired Intelligence (ISTBI),

Fudan University, Shanghai, China

18Department of Psychology, MSB Medical School Berlin, Berlin, Germany

AUTHOR CONTRIBUTIONS

Lea L. Backhausen: Formal analysis, Methodology, Visualization,

Writing – original draft. Jonas Granzow: Formal analysis, Methodol-

ogy, Visualization, Writing – review & editing. Juliane H. Fröhner:

Data curation, Project administration, Writing – review & editing. Eric

Artiges: Validation, Writing – review & editing. Marie‐Laure Paillère
Martinot: Funding acquisition, Validation, Writing – review & editing.

Hervé Lemaitre: Data curation, Writing – review & editing. Fabio

Sticca: Methodology, Writing – review & editing. Jean‐Luc Martinot:

Conceptualization, Funding acquisition, Validation,Writing – review&

editing. Michael Smolka: Conceptualization, Funding acquisition,

Writing – review & editing. Nora Vetter: Conceptualization, Funding

acquisition, Methodology, Project administration, Supervision,

Writing – original draft.

ACKNOWLEDGMENTS

This work received support from the following sources: The European

Union funded FP6 Integrated Project IMAGEN (Reinforcement‐
related behaviour in normal brain function and psychopathology)

(LSHM‐CT‐ 2007–037286), the Horizon 2020 funded ERC Advanced

Grant ‘STRATIFY’ (Brain network based stratification of

reinforcement‐related disorders) (695313), Human Brain Project

(HBP SGA 2, 785907, and HBP SGA 3, 945539), the Medical Research

Council Grant ‘c‐VEDA’ (Consortium on Vulnerability to Externalizing

Disorders and Addictions) (MR/N000390/1), the National Institute of

Health (NIH) (R01DA049238, A decentralized macro and micro gene‐
by‐environment interaction analysis of substance use behavior and its

brain biomarkers), the National Institute for Health Research (NIHR)

Biomedical Research Centre at South London and Maudsley NHS

Foundation Trust and King's College London, the Bundesministerium

für Bildung und Forschung (BMBF grants 01GS08152; 01EV0711;

Forschungsnetz AERIAL 01EE1406A, 01EE1406B; Forschungsnetz

IMAC‐Mind 01GL1745B), the Deutsche Forschungsgemeinschaft

(DFG project numbers 186318919 (FOR 1617), 178833530 (SFB

940), 402170461 (TRR 265), 290210763 (VE 892/2‐1), 454245598,
NE1383/14‐1); Faculty of Medicine at the Technische Universität

Dresden, MeDDrive Grant; the Medical Research Foundation and

Medical Research Council (grants MR/R00465X/1 and MR/S020306/

1), the National Institutes of Health (NIH) funded ENIGMA (grants

5U54EB020403‐05 and 1R56AG058854‐01). Further support was

provided by grants from: ‐ the ANR (ANR‐12‐SAMA‐0004,
AAPG2019 ‐ GeBra), the Eranet Neuron (AF12‐NEUR0008‐01 ‐
WM2NA; and ANR‐18‐NEUR00002‐01 ‐ ADORe), the Fondation de

France (00081242, 2012–00033703), the Fondation pour la Recher-

che Médicale (FRM; DPA20140629802; DPP20151033945), the

Mission Interministérielle de Lutte‐contre‐les‐Drogues‐et‐les‐Con-
duites‐Addictives (MILDECA), the Assistance‐Publique‐Hôpitaux‐de‐
Paris and INSERM (interface grant), Paris Sud University IDEX 2012,

NEGATIVE LIFE EVENTS, DEVELOPMENT OF OFC THICKNESS AND DEPRESSION - 9 of 12



the Fondation de l’Avenir (grant AP‐RM‐17‐013), the Fédération pour
la Recherche sur le Cerveau (FRC Neurodon 2015); the National In-

stitutes of Health, Science Foundation Ireland (16/ERCD/3797), U.S.A.

(Axon, Testosterone and Mental Health during Adolescence; RO1

MH085772‐01A1), and by NIH Consortium grant U54 EB020403,

supported by a cross‐NIH alliance that funds Big Data to Knowledge

Centres of Excellence. Resources of The Center for Information Ser-

vices and High Performance Computing (ZIH) at TU Dresden were

used for fast data processing. The authors thank all participants and

their families for their enduring commitment to the study over the

years.

Open Access funding enabled and organized by Projekt DEAL.

CONFLICT OF INTEREST STATEMENT

Dr. Banaschewski served in an advisory or consultancy role for

Lundbeck, Medice, Neurim Pharmaceuticals, Oberberg GmbH, Shire.

He received conference support or speaker's fee by Lilly, Medice,

Novartis and Shire. He has been involved in clinical trials conducted

by Shire & Viforpharma. He received royalties from Hogrefe, Kohl-

hammer, CIP Medien, Oxford University Press. The present work is

unrelated to the above grants and relationships. Dr. Poustka served

in an advisory or consultancy role for Roche and Viforpharm and

received speaker's fee by Shire. She received royalties from Hogrefe,

Kohlhammer and Schattauer. The present work is unrelated to the

above grants and relationships. The other authors report no

biomedical financial interests or potential conflicts of interest.

OPEN RESEARCH BADGES

This article has earned Open Data and Open Materials badges. Data

and materials are available at https://osf.io/5tfh4/ on the Open

Research Disclosure Form.

DATA AVAILABILITY STATEMENT

Access to the IMAGEN dataset (raw data) is available with an

accepted proposal from the IMAGEN executive committee (https://

imagen‐project.org/the‐imagen‐dataset/). All preprocessed data and

code is posted to Open Science Framework and can be assessed at

https://osf.io/5tfh4/.

ETHICAL CONSIDERATIONS

The local ethics committee (TUD Dresden University of Technology

and CPP IDF VII ‐Biomedical, CCPPRB Le Kremlin‐Bicetre) approved
the study and it was performed in accordance with the Declaration of

Helsinki. Participants and, in case of participants younger than

18 years, legal guardians gave written informed consent.

ORCID

Lea L. Backhausen https://orcid.org/0000-0001-6482-1316

Michael N. Smolka https://orcid.org/0000-0001-5398-5569

REFERENCES

Ansell, E. B., Rando, K., Tuit, K., Guarnaccia, J., & Sinha, R. (2012). Cu-

mulative adversity and smaller gray matter volume in medial

prefrontal, anterior cingulate, and insula regions. Biological Psychia-
try, 72(1), 57–64. https://doi.org/10.1016/j.biopsych.2011.11.022

Arain, M., Haque, M., Johal, L., Mathur, P., Nel, W., Rais, A., Sandhu, R., &

Sharma, S. (2013). Maturation of the adolescent brain. Neuropsychi-
atric Disease and Treatment, 9, 449–461. https://doi.org/10.2147/
NDT.S39776

Arnone, D., McIntosh, A. M., Ebmeier, K. P., Munafò, M. R., & Anderson,

I. M. (2012). Magnetic resonance imaging studies in unipolar

depression: Systematic review and meta‐regression analyses. Euro-
pean Neuropsychopharmacology, 22(1), 1–16. https://doi.org/10.
1016/j.euroneuro.2011.05.003

Backhausen, L. L., Herting, M. M., Buse, J., Roessner, V., Smolka, M. N., &

Vetter, N. C. (2016). Quality control of structural MRI images

applied using FreeSurfer—A hands‐on workflow to rate motion ar-

tifacts. Frontiers in Neuroscience, 10. https://doi.org/10.3389/fnins.
2016.00558

Backhausen, L. L., Herting, M. M., Tamnes, C. K., & Vetter, N. C. (2021).

Best practices in structural neuroimaging of neurodevelopmental

disorders. Neuropsychology Review, 32(2), 400–418. https://doi.org/
10.1007/s11065‐021‐09496‐2

Bartlett, E. A., Klein, D. N., Li, K., DeLorenzo, C., Kotov, R., & Perlman,

G. (2019). Depression severity over 27 months in adolescent girls

is predicted by stress‐linked cortical morphology. Biological Psy-
chiatry, 86(10), 769–778. https://doi.org/10.1016/j.biopsych.2019.
04.027

Bos, M. G. N., Peters, S., van de Kamp, F. C., Crone, E. A., & Tamnes, C. K.

(2018). Emerging depression in adolescence coincides with accel-

erated frontal cortical thinning. Journal of Child Psychology and Psy-
chiatry, 0(0). https://doi.org/10.1111/jcpp.12895

Callaghan, B. L., & Tottenham, N. (2016). The Stress Acceleration Hy-

pothesis: Effects of early‐life adversity on emotion circuits and

behavior. Current Opinion in Behavioral Sciences, 7, 76–81. https://doi.
org/10.1016/j.cobeha.2015.11.018

De Brito, S. A., Viding, E., Sebastian, C. L., Kelly, P. A., Mechelli, A., Maris,

H., & McCrory, E. J. (2013). Reduced orbitofrontal and temporal grey

matter in a community sample of maltreated children: Reduced in

maltreated children grey matter. Journal of Child Psychology and
Psychiatry, 54(1), 105–112. https://doi.org/10.1111/j.1469‐7610.
2012.02597.x

Dennison, M., Whittle, S., Yücel, M., Vijayakumar, N., Kline, A., Simmons, J.,

& Allen, N. B. (2013). Mapping subcortical brain maturation during

adolescence: Evidence of hemisphere‐ and sex‐specific longitudinal

changes. Developmental Science, 16(5), 772–791. https://doi.org/10.
1111/desc.12057

Ducharme, S., Albaugh, M. D., Hudziak, J. J., Botteron, K. N., Nguyen, T.‐V.,
Truong, C., Evans, A. C., Karama, S., Ball, W. S., Byars, A. W., Schapiro,

M., Bommer, W., Carr, A., German, A., Dunn, S., Rivkin, M. J., Waber,

D., Mulkern, R., Vajapeyam, S., & For the Brain Development Coop-

erative Group. (2014). Anxious/depressed symptoms are linked to

right ventromedial prefrontal cortical thicknessmaturation in healthy

children and young adults. Cerebral Cortex, 24(11), 2941–2950.

https://doi.org/10.1093/cercor/bht151

Fischl, B., Salat, D. H., Busa, E., Albert, M., Dieterich, M., Haselgrove, C.,

van der Kouwe, A., Killiany, R., Kennedy, D., Klaveness, S., Montillo,

A., Makris, N., Rosen, B., & Dale, A. M. (2002). Whole brain seg-

mentation: Automated labeling of neuroanatomical structures in the

human brain. Neuron, 33(3), 341–355. https://doi.org/10.1016/
S0896‐6273(02)00569‐X

Gold, A. L., Sheridan,M. A., Peverill, M., Busso, D. S., Lambert, H. K., Alves, S.,

Pine, D. S., & McLaughlin, K. A. (2016). Childhood abuse and reduced

cortical thickness in brain regions involved in emotional processing.

Journal of Child Psychology and Psychiatry, 57(10), 1154–1164. https://
doi.org/10.1111/jcpp.12630

Gonda, X., Eszlári, N., Sutori, S., Aspan, N., Rihmer, Z., Juhasz, G., & Bagdy, G.

(2020). Nature and nurture: Effects of affective temperaments on

depressive symptoms are markedly modified by stress exposure.

Frontiers in Psychiatry, 11. https://doi.org/10.3389/fpsyt.2020.00599
Goodman, R. (1997). The strengths and Difficulties questionnaire: A

research note. Journal of Child Psychology and Psychiatry, 38(5),
581–586. https://doi.org/10.1111/j.1469‐7610.1997.tb01545.x

10 of 12 - BACKHAUSEN ET AL.

https://osf.io/5tfh4/
https://imagen-project.org/the-imagen-dataset/
https://imagen-project.org/the-imagen-dataset/
https://osf.io/5tfh4/
https://orcid.org/0000-0001-6482-1316
https://orcid.org/0000-0001-6482-1316
https://orcid.org/0000-0001-5398-5569
https://orcid.org/0000-0001-5398-5569
https://doi.org/10.1016/j.biopsych.2011.11.022
https://doi.org/10.2147/NDT.S39776
https://doi.org/10.2147/NDT.S39776
https://doi.org/10.1016/j.euroneuro.2011.05.003
https://doi.org/10.1016/j.euroneuro.2011.05.003
https://doi.org/10.3389/fnins.2016.00558
https://doi.org/10.3389/fnins.2016.00558
https://doi.org/10.1007/s11065-021-09496-2
https://doi.org/10.1007/s11065-021-09496-2
https://doi.org/10.1016/j.biopsych.2019.04.027
https://doi.org/10.1016/j.biopsych.2019.04.027
https://doi.org/10.1111/jcpp.12895
https://doi.org/10.1016/j.cobeha.2015.11.018
https://doi.org/10.1016/j.cobeha.2015.11.018
https://doi.org/10.1111/j.1469-7610.2012.02597.x
https://doi.org/10.1111/j.1469-7610.2012.02597.x
https://doi.org/10.1111/desc.12057
https://doi.org/10.1111/desc.12057
https://doi.org/10.1093/cercor/bht151
https://doi.org/10.1016/S0896-6273(02)00569-X
https://doi.org/10.1016/S0896-6273(02)00569-X
https://doi.org/10.1111/jcpp.12630
https://doi.org/10.1111/jcpp.12630
https://doi.org/10.3389/fpsyt.2020.00599
https://doi.org/10.1111/j.1469-7610.1997.tb01545.x
https://orcid.org/0000-0001-6482-1316
https://orcid.org/0000-0001-5398-5569


Goodman, R., Ford, T., Richards, H., Gatward, R., & Meltzer, H. (2000). The

development and well‐being assessment: Description and initial

validation of an integrated assessment of Child and adolescent

psychopathology. The Journal of Child Psychology and Psychiatry and
Allied Disciplines, 41(5), 645–655. https://doi.org/10.1111/j.1469‐
7610.2000.tb02345.x

Heim, C., & Binder, E. B. (2012). Current research trends in early life stress

and depression: Review of human studies on sensitive periods,

gene–environment interactions, and epigenetics. Experimental
Neurology, 233(1), 102–111. https://doi.org/10.1016/j.expneurol.
2011.10.032

Holz, N. E., Boecker, R., Hohm, E., Zohsel, K., Buchmann, A. F., Blomeyer, D.,

Jennen‐Steinmetz, C., Baumeister, S., Hohmann, S., Wolf, I., Plichta,

M. M., Esser, G., Schmidt, M., Meyer‐Lindenberg, A., Banaschewski, T.,
Brandeis, D., & Laucht, M. (2015). The long‐term impact of early life

poverty on orbitofrontal cortex volume in adulthood: Results from a

prospective study over 25 years. Neuropsychopharmacology, 40(4),
996–1004. https://doi.org/10.1038/npp.2014.277

Holz, N. E., Tost, H., & Meyer‐Lindenberg, A. (2020). Resilience and the

brain: A key role for regulatory circuits linked to social stress and

support. Molecular Psychiatry, 25(2), 379–396. Article 2. https://doi.

org/10.1038/s41380‐019‐0551‐9
Hornak, J. (2003). Changes in emotion after circumscribed surgical lesions

of the orbitofrontal and cingulate cortices. Brain, 126(7), 1691–1712.
https://doi.org/10.1093/brain/awg168

Hu, L., & Bentler, P. M. (1999). Cutoff criteria for fit indexes in covariance

structure analysis: Conventional criteria versus new alternatives.

Structural Equation Modeling: A Multidisciplinary Journal, 6(1), 1–55.
https://doi.org/10.1080/10705519909540118

Ioannidis, K., Askelund, A. D., Kievit, R. A., & van Harmelen, A.‐L. (2020).
The complex neurobiology of resilient functioning after childhood

maltreatment. BMC Medicine, 18(1), 32. https://doi.org/10.1186/
s12916‐020‐1490‐7

Kempton, M. J., Salvador, Z., Munafò, M. R., Geddes, J. R., Simmons, A.,

Frangou, S., & Williams, S. C. R. (2011). Structural neuroimaging

studies in major depressive disorder: Meta‐analysis and comparison

with bipolar disorder. Archives of General Psychiatry, 68(7), 675.

https://doi.org/10.1001/archgenpsychiatry.2011.60

Klapwijk, E. T., van de Kamp, F., van der Meulen, M., Peters, S., & Wier-

enga, L. M. (2019). Qoala‐T: A supervised‐learning tool for quality

control of FreeSurfer segmented MRI data. NeuroImage, 189,
116–129. https://doi.org/10.1016/j.neuroimage.2019.01.014

Li, M., D’Arcy, C., & Meng, X. (2016). Maltreatment in childhood sub-

stantially increases the risk of adult depression and anxiety in pro-

spective cohort studies: Systematic review, meta‐analysis, and

proportional attributable fractions. Psychological Medicine, 46(4),
717–730. https://doi.org/10.1017/S0033291715002743

Lim, L., Hart, H., Mehta, M., Worker, A., Simmons, A., Mirza, K., & Rubia, K.

(2018). Grey matter volume and thickness abnormalities in young

people with a history of childhood abuse. Psychological Medicine,
48(6), 1034–1046. https://doi.org/10.1017/S0033291717002392

McLaughlin, K. A. (2016). Future directions in childhood adversity and

youth psychopathology. Journal of Clinical Child and Adolescent Psy-
chology, 45(3), 361–382. https://doi.org/10.1080/15374416.2015.
1110823

McLaughlin, K. A., Weissman, D., & Bitrán, D. (2019). Childhood adversity

and neural development: A systematic review. Annual Review of
Developmental Psychology, 1(1), 277–312. https://doi.org/10.1146/
annurev‐devpsych‐121318‐084950

Monninger, M., Kraaijenvanger, E. J., Pollok, T. M., Boecker‐Schlier, R.,
Jennen‐Steinmetz, C., Baumeister, S., Esser, G., Schmidt, M., Meyer‐
Lindenberg, A., Laucht, M., Brandeis, D., Banaschewski, T., & Holz,

N. E. (2020). The long‐term impact of early life stress on orbito-

frontal cortical thickness. Cerebral Cortex, 30(3), 1307–1317. https://
doi.org/10.1093/cercor/bhz167

Monroe, S., & Cummins, L. (2015). Diathesis‐stress models. https://doi.

org/10.1002/9781118625392.wbecp466

Muthén, L. K., & Muthén, B. O. (2017).Mplus user’s Guide (8th ed.). Muthén

& Muthén.

Newcomb, M. D., Huba, G. J., & Bentler, P. M. (1981). A multidimensional

assessment of stressful life events among adolescents: Derivation

and correlates. Journal of Health and Social Behavior, 22(4), 400–415.
JSTOR. https://doi.org/10.2307/2136681

Paquola, C., Bennett, M. R., & Lagopoulos, J. (2016). Understanding hetero-

geneity in grey matter research of adults with childhood maltreatment

—Ameta‐analysis and review.Neuroscience & Biobehavioral Reviews, 69,
299–312. https://doi.org/10.1016/j.neubiorev.2016.08.011

Pechtel, P., & Pizzagalli, D. A. (2011). Effects of early life stress on

cognitive and affective function: An integrated review of human

literature. Psychopharmacology, 214(1), 55–70. https://doi.org/10.
1007/s00213‐010‐2009‐2

Petersen, A. C., Crockett, L., Richards, M., & Boxer, A. (1988). A self‐report
measure of pubertal status: Reliability, validity, and initial norms.

Journal of Youth and Adolescence, 17(2), 117–133. https://doi.org/10.
1007/BF01537962

Piccolo, L. R., Merz, E. C., He, X., Sowell, E. R., Noble, K. G., & Pediatric

Imaging, N. (2016). Age‐related differences in cortical thickness vary

by socioeconomic status. PLoS One, 11(9), e0162511. https://doi.org/
10.1371/journal.pone.0162511

Pollok, T. M., Kaiser, A., Kraaijenvanger, E. J., Monninger, M., Brandeis, D.,

Banaschewski, T., Eickhoff, S. B., & Holz, N. E. (2022). Neuro-

structural traces of early life adversities: A meta‐analysis exploring
age‐ and adversity‐specific effects. Neuroscience & Biobehavioral Re-
views, 135, 104589. https://doi.org/10.1016/j.neubiorev.2022.
104589

Radloff, L. S. (1977). The CES‐D scale: A self‐report depression scale for

research in the general population. Applied Psychological Measure-
ment, 1(3), 385–401. https://doi.org/10.1177/01466216770
0100306

Reuter, M., Schmansky, N. J., Rosas, H. D., & Fischl, B. (2012). Within‐
subject template estimation for unbiased longitudinal image anal-

ysis. NeuroImage, 61(4), 1402–1418. https://doi.org/10.1016/j.
neuroimage.2012.02.084

Rolls, E. T., Cheng, W., & Feng, J. (2020). The orbitofrontal cortex: Reward,

emotion and depression. Brain Communications, 2(2), fcaa196.

https://doi.org/10.1093/braincomms/fcaa196

Saunders, J. B., Aasland, O. G., Babor, T. F., de la Fuente, J. R., & Grant, M.

(1993). Development of the alcohol use disorders identification test

(AUDIT): WHO collaborative project on early detection of persons

with harmful alcohol Consumption—II. Addiction, 88(6), 791–804.
https://doi.org/10.1111/j.1360‐0443.1993.tb02093.x

Schmaal, L., Pozzi, E., Ho, T., van Velzen, L. S., Veer, I. M., Opel, N., Van

Someren, E. J. W., Han, L. K. M., Aftanas, L., Aleman, A., Baune,

B. T., Berger, K., Blanken, T. F., Capitão, L., Couvy‐Duchesne, B.,
Cullen, K., Dannlowski, U., Davey, C., Erwin‐Grabner, T., …

Thompson, P. M. (2020). Enigma MDD: Seven years of global

neuroimaging studies of major depression through worldwide data

sharing. Translational Psychiatry, 10(1), 172. https://doi.org/10.
1038/s41398‐020‐0842‐6

Schumann, G., Loth, E., Banaschewski, T., Barbot, A., Barker, G., Büchel, C.,

Conrod, P. J., Dalley, J. W., Flor, H., Gallinat, J., Garavan, H., Heinz, A.,

Itterman, B., Lathrop, M., Mallik, C., Mann, K., Martinot, J.‐L., Paus, T.,
Poline, J.‐B., & Struve,M. (2010). The IMAGEN study: Reinforcement‐
related behaviour in normal brain function and psychopathology.

Molecular Psychiatry, 15(12), 1128–1139. https://doi.org/10.1038/
mp.2010.4

Sheehan, D. V., Lecrubier, Y., Sheehan, K. H., Amorim, P., Janavs, J.,

Weiller, E., Hergueta, T., Baker, R., & Dunbar, G. C. (1998). The Mini‐
International Neuropsychiatric Interview (M.I.N.I.): The development

and validation of a structured diagnostic psychiatric interview for

DSM‐IV and ICD‐10. The Journal of Clinical Psychiatry, 59(Suppl 20),
22–33. quiz 34‐57.

Sled, J. G., Zijdenbos, A. P., & Evans, A. C. (1998). A nonparametric method

for automatic correction of intensity nonuniformity in MRI data. IEEE

NEGATIVE LIFE EVENTS, DEVELOPMENT OF OFC THICKNESS AND DEPRESSION - 11 of 12

https://doi.org/10.1111/j.1469-7610.2000.tb02345.x
https://doi.org/10.1111/j.1469-7610.2000.tb02345.x
https://doi.org/10.1016/j.expneurol.2011.10.032
https://doi.org/10.1016/j.expneurol.2011.10.032
https://doi.org/10.1038/npp.2014.277
https://doi.org/10.1038/s41380-019-0551-9
https://doi.org/10.1038/s41380-019-0551-9
https://doi.org/10.1093/brain/awg168
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1186/s12916-020-1490-7
https://doi.org/10.1186/s12916-020-1490-7
https://doi.org/10.1001/archgenpsychiatry.2011.60
https://doi.org/10.1016/j.neuroimage.2019.01.014
https://doi.org/10.1017/S0033291715002743
https://doi.org/10.1017/S0033291717002392
https://doi.org/10.1080/15374416.2015.1110823
https://doi.org/10.1080/15374416.2015.1110823
https://doi.org/10.1146/annurev-devpsych-121318-084950
https://doi.org/10.1146/annurev-devpsych-121318-084950
https://doi.org/10.1093/cercor/bhz167
https://doi.org/10.1093/cercor/bhz167
https://doi.org/10.1002/9781118625392.wbecp466
https://doi.org/10.1002/9781118625392.wbecp466
https://doi.org/10.2307/2136681
https://doi.org/10.1016/j.neubiorev.2016.08.011
https://doi.org/10.1007/s00213-010-2009-2
https://doi.org/10.1007/s00213-010-2009-2
https://doi.org/10.1007/BF01537962
https://doi.org/10.1007/BF01537962
https://doi.org/10.1371/journal.pone.0162511
https://doi.org/10.1371/journal.pone.0162511
https://doi.org/10.1016/j.neubiorev.2022.104589
https://doi.org/10.1016/j.neubiorev.2022.104589
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1177/014662167700100306
https://doi.org/10.1016/j.neuroimage.2012.02.084
https://doi.org/10.1016/j.neuroimage.2012.02.084
https://doi.org/10.1093/braincomms/fcaa196
https://doi.org/10.1111/j.1360-0443.1993.tb02093.x
https://doi.org/10.1038/s41398-020-0842-6
https://doi.org/10.1038/s41398-020-0842-6
https://doi.org/10.1038/mp.2010.4
https://doi.org/10.1038/mp.2010.4


Transactions on Medical Imaging, 17(1), 87–97. https://doi.org/10.
1109/42.668698

Swartz, J. R., Williamson, D. E., & Hariri, A. R. (2014). Developmental

change in amygdala reactivity during adolescence: Effects of family

history of depression and stressful life events. American Journal of
Psychiatry, 172(3), 276–283. https://doi.org/10.1176/appi.ajp.2014.
14020195

Tamnes, C. K., Herting, M. M., Goddings, A.‐L., Meuwese, R., Blakemore, S.‐
J., Dahl, R. E., Güroğlu, B., Raznahan, A., Sowell, E. R., Crone, E. A., &
Mills, K. L. (2017). Development of the cerebral cortex across

adolescence: A multisample study of inter‐related longitudinal

changes in cortical volume, surface area, and thickness. Journal of
Neuroscience , 37(12), 3402–3412. https://doi.org/10.1523/
JNEUROSCI.3302‐16.2017

Wechsler, D. (2003). Wechsler intelligence scale for children (4th ed.).

PsychCorp.

Wierenga, L. M., Bos, M. G. N., Schreuders, E., vd Kamp, F., Peper, J. S.,

Tamnes, C. K., & Crone, E. A. (2018). Unraveling age, puberty and

testosterone effects on subcortical brain development across

adolescence. Psychoneuroendocrinology, 91, 105–114. https://doi.org/
10.1016/j.psyneuen.2018.02.034

Wierenga, L. M., Langen, M., Oranje, B., & Durston, S. (2014). Unique

developmental trajectories of cortical thickness and surface area.

NeuroImage, 87, 120–126. https://doi.org/10.1016/j.neuroimage.

2013.11.010

Wittchen, H.‐U., Zaudig, M., & Fydrich, T. (1997). SKID. Strukturiertes

Klinisches Interview für DSM‐IV. Achse I und II. Handanweisung.

Retrieved from https://pure.mpg.de/pubman/faces/ViewItem

OverviewPage.jsp?itemId=item_1646481

SUPPORTING INFORMATION

Additional supporting information can be found online in the Sup-

porting Information section at the end of this article.

How to cite this article: Backhausen, L. L., Granzow, J.,

Fröhner, J. H., Artiges, E., Paillère‐Martinot, M.‐L., Lemaître,

H., Sticca, F., Banaschewski, T., Desrivières, S., Grigis, A.,

Heinz, A., Brühl, R., Papadopoulos‐Orfanos, D., Poustka, L.,

Hohmann, S., Robinson, L., Walter, H., Winterer, J., Schumann,

G., … Vetter, N. C. (2024). Interplay of early negative life

events, development of orbitofrontal cortical thickness and

depression in young adulthood. JCPP Advances, 4(1), e12210.

https://doi.org/10.1002/jcv2.12210

12 of 12 - BACKHAUSEN ET AL.

https://doi.org/10.1109/42.668698
https://doi.org/10.1109/42.668698
https://doi.org/10.1176/appi.ajp.2014.14020195
https://doi.org/10.1176/appi.ajp.2014.14020195
https://doi.org/10.1523/JNEUROSCI.3302-16.2017
https://doi.org/10.1523/JNEUROSCI.3302-16.2017
https://doi.org/10.1016/j.psyneuen.2018.02.034
https://doi.org/10.1016/j.psyneuen.2018.02.034
https://doi.org/10.1016/j.neuroimage.2013.11.010
https://doi.org/10.1016/j.neuroimage.2013.11.010
https://pure.mpg.de/pubman/faces/ViewItemOverviewPage.jsp?itemId=item_1646481
https://pure.mpg.de/pubman/faces/ViewItemOverviewPage.jsp?itemId=item_1646481
https://doi.org/10.1002/jcv2.12210

	Interplay of early negative life events, development of orbitofrontal cortical thickness and depression in young adulthood
	INTRODUCTION
	METHODS AND MATERIALS
	Participants
	Negative life events
	Depressive symptoms
	Structural magnetic resonance image acquisition and processing
	Statistical analysis

	RESULTS
	Descriptive results of negative life events, depressive symptoms and emotional symptoms
	Orbitofrontal cortical thickness
	Latent growth curve and multiple‐mediators model

	DISCUSSION
	No effect of early negative life events on orbitofrontal cortex thinning
	Effects of early negative life events on depressive symptoms
	Effects of orbitofrontal cortex thickness on depressive symptoms
	No mediation of early NLE effects on depressive symptoms via orbitofrontal cortex thinning
	Limitations

	CONCLUSION
	AUTHOR CONTRIBUTIONS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST STATEMENT
	OPEN RESEARCH BADGES

	DATA AVAILABILITY STATEMENT
	ETHICAL CONSIDERATIONS


