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Reward vs Non-reward Sensitivity of the Medial vs Lateral Orbitofrontal Cortex
Relates to the Severity of Depressive Symptoms
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Abstract
Background. The orbitofrontal cortex (OFC) is implicated in depression. The hypothesis investigated
was whether the OFC sensitivity to reward and non-reward is related to the severity of depressive
symptoms.
Methods. Activations in the monetary incentive delay task were measured in the IMAGEN cohort at
age 14 (n=1877) and 19 (n=1140) with a longitudinal design. Clinically-relevant subgroups were
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p n=206),
=206), and
a
an 14.
compared at age 19 (high-severity group n=116; low-severity group
ases
es to reward;
rew
reward and the lateral OFC had
Results. The medial OFC exhibited graded activation increases
eneral
al population,
populat
popu
graded activation increases to non-reward. In this general
the medial and lateral OFC
depressive
ive symptoms
sym
activations were associated with concurrent depress
at both age 14 and 19. In a
tom
om vs control
cont
con rol comparison, the lateral OFC showed greater
stratified high-severity depressive symptom
ctivations
vations related
relat
re e to non-reward (No-Win) in the high-severity group
sensitivity for the magnitudes of activations
e medial OFC
OF showed decreased sensitivity to the reward magnitudes in
at age 19 (p=0.027), and the
up
p at both a
age 14 (p=0.002) and 19 (p=0.002). In a longitudinal design, there
the high-severity group
no
was greater sensitivity to non-reward
of the lateral OFC at age 14 for those who exhibited high
depressive symptom severity later at age 19 (p=0.003).
Conclusions. Activations in the lateral orbitofrontal cortex relate to sensitivity to not winning, were
associated with high depressive symptom scores, and at 14 predicted the depressive symptoms at
16 and 19. Activations in the medial OFC were related to sensitivity to winning, and reduced reward
sensitivity was associated with concurrent high depressive symptom scores.
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Introduction
Not receiving expected rewards ("non-reward"), or receiving unpleasant stimuli or events, can
produce feelings of depression (1-6). This class of stimuli activates the human lateral orbitofrontal
cortex (lateral OFC), and it has been proposed that over-sensitivity or over-connectivity of the lateral
OFC may be involved in depression (7). Consistent with this, unmedicated depressed patients have
increased functional connectivity of the lateral OFC with brain areas involved in memory and the

Jo
ur
na
lP
re
-p
ro
of

ecuneus and these functional
sense of self including the posterior cingulate cortex and the precuneus,
essants
ants (8-12).
(8connectivities are decreased by treatment with antidepressants
The medial orbitofrontal
ndeed,
d, the medial
med reward vs lateral non-reward
reward system is also implicated in depression, and indeed,
ten reciprocally
reciproc
and punishment orbitofrontal systems are often
related in their activations (13, 14).
an be related
rel
Further, the anhedonia of depression can
to decreased effects of pleasant rewarding
ortex (medial
(med OFC) (15, 16), a structure that has low functional
stimuli in the medial orbitofrontal cortex
h medial
media temporal
te
connectivity in depression with
lobe memory-related areas, consistent with the
ontributes to or
o reflects the fewer happy memories in depression (11).
hypothesis that this contributes
cipa
cipatio
During reward anticipation
in the monetary incentive delay (MID) task, the ventral striatum (VS),
pallidum, insula, thalamus, hippocampus, cingulate cortex, midbrain, motor area and occipital areas
were activated (17, 18). In previous studies including meta-analyses (19, 20), decreased activations
in the striatum in the MID and other reward tasks were found in response to reward in both
depressed patients (19) and adolescents with a high depression risk (21, 22), and in the ventral
striatum to monetary reward anticipation in adolescents with a high depression severity (23). There
was little focus on the OFC, even though it is a key brain region in reinforcement learning process
and projects to the ventral striatum (7, 24, 25). In a gambling task, OFC activation to losing money
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was negatively correlated with depression symptoms in adolescents at the current time and 9 months
later (26). However, the effects were not separated for the medial vs lateral orbitofrontal cortex which,
as shown here, is important. Here we report that the lateral orbitofrontal cortex is activated by
non-reward (not winning) and is more activated in those with high depressive symptom scores;
whereas the medial orbitofrontal cortex is activated by reward (winning) and is less activated in those
with high depressive symptom scores.
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bra
b
Given this background, and because the orbitofrontal cortexx is a key brain
region in emotion,
tral aim of tthis paper was to test whether
reward, and reward-related learning (7, 24, 27-29), the central
ewards
s or not
n receiving
r
the orbitofrontal cortex has sensitivity to receiving rewards
rewards (‘non-reward’)
that can be related to the severity of depressive
e symptoms.
symptoms To test this, data from a large population
elay (MID)
(MID tas
of adolescents in a monetary incentive delay
task were analysed. Regions of the orbitofrontal
d other parts
p
cortex that responded to reward, and
to non-reward were identified, and their sensitivity
arge-Win,
e-Win, a Small-Win,
Sm
to differences between a Large-Win,
and No-Win were used to measure sensitivity to
ard.
rd. The sen
sensiti
reward and non-reward.
sensitivity
to reward and non-reward was then related to the severity of
ms. The
ms
Th design included a longitudinal analysis; and a comparison of reward
the depressive symptoms.
and non-reward sensitivity of the orbitofrontal cortex in subgroups with high vs low severity of
depressive symptom scores, as described in more detail next and in the Methods.
The monetary incentive delay task utilised by IMAGEN and analysed here presented one of 3
stimuli at the beginning of a trial. These informed participants whether they would receive either a
Large-Win, a Small-Win, or No-Win approximately 4 s later when they responded. This period is
termed the reward anticipation period. After the participant responded, the outcome (10 points, 2
points, or 0 points) was shown in what is termed the reward feedback phase. We analysed data from
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the reward anticipation phase because that provides the best estimate of the reward value (in this
task, a value of Large-Win vs Small-Win vs No-Win), whereas in the outcome phase activations
might be related to other factors than reward value, such as whether the outcome value matched the
expected value. The theory being tested is that neural responses to the value of reward or
non-reward are relevant to understanding depression, and the hypothesis is that in depression the
lateral orbitofrontal cortex non-reward system is more sensitive to non-reward, and the medial
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30). We analysed
analy
an
orbitofrontal cortex reward system is less sensitive to rewards (30).
data only on hit
o the
e task, and
a performing
p
trials to ensure that the participants were paying attention to
it well. We note
that there were no losses in this MID task.

Methods

The hypotheses that we wished
ed to test were
we as follows. In this MID task is the lateral orbitofrontal
Win condition,
condition and
a the medial orbitofrontal cortex to the High-Win condition?
cortex sensitive to the No-Win
If so, is the sensitivity
lateral orbitofrontal cortex to No-Win greater in participants with high
tyy of the late
latera
depression-related scores;
is the sensitivity of the medial orbitofrontal cortex to Wins less in
res; and
a
participants with a high depressive symptom-related score? In addition, we hypothesized that
non-reward and reward sensitivity of the brain measured at 14 might be related to the depressive
symptom scores measured at 19 in a longitudinal analysis.

Participants: Longitudinal data of 1877 14-year-old (1140 available at age 19, Table 1) Caucasian
adolescents/young-adults were included in the present study from the IMAGEN project (31). Ethical
permission was obtained, and informed consent was provided by all participants and a
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parent/guardian of each participant (31).

Measurement of depression symptoms and the high-severity vs control subgroups: The
depression symptoms of participants at age 19 were measured by the Adolescent Depression Rating
Scale (ADRS, 10 items, Table S1) (32), and their depression symptoms at age 14 and 16 were
assessed with screening questions from the Development and Well Being Assessment (DAWBA, 5
re (SDQ, 3 items,
it
items, Table S2) (33) and Strengths and Difficulties Questionnaire
Table S2) (34).
relation
ation acro
across different time points in the
DAWBA/SDQ and ADRS showed a highly reliable inter-correlation
verity subgroup
subgr
present data (Table S3). In the clinically-relevant severity
analysis, at age 19, the ADRS
score was also used to select individuals with high severity of depression (ADRS-score >=6, n=116)
ble
le 1), where
whe at
a least 60% of these high-severity individuals
vs control (ADRS-score =0, n=206) (Table
h depression
depress
were expected to be diagnosed with
under DSM-IV (32). At age 14, the DAWBA score
viduals
als into tthe high-severity group (DAWBA-score >=5, n=216) at age 14
was utilized to classify individuals
(DAWBA-sc
and vs control group (DAWBA-scor
(DAWBA-score=0, n=220) for depression (21). The two groups were matched
ss and
a imaging site.
on age, sex, handedness

fMRI MID task: A task-based fMRI acquisition of a modified Monetary Incentive Delay (MID) task
was used to investigate neural responses to reward anticipation and reward outcome (35). The task
details and acquisition parameters are provided in the Supplementary Material. Given prior research
implying reliable relationships between depression symptoms and brain responses during reward
anticipation (36), we used the MID task conditions during the anticipation phase, including 'No-Win',
'Small-Win' and 'Large-Win' in the analyses. Details of the performance of the participants is provided
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elsewhere (18, 37).

fMRI statistical analyses:
Preprocessing and first-level analyses using a GLM to measure the activations in the different
Win conditions were performed as described in detail in the Supplementary Material. The population
analyses were performed in a hypothesis-driven way in three steps,
p with full details in the
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Supplementary Material.

ward anticipation:
antici
an
Reward and non-reward regions of interest during reward
We extracted the
erest (ROIs) (bilateral
(b
mean brain activations in pre-selected regions of interest
medial OFC, lateral OFC
19 ROIs in the medial OFC were created using a
and VS) during reward anticipation at age 14 and 19.
icant
cant at an absolute
abso
mask set where the activation was significant
t value of 5 in the contrast of "Large-Win
e contrast of
o "N
vs No-Win"; and lateral OFC in the
"No-Win vs Large-win". The mask for the lateral OFC
infer frontal sulcus, so as to exclude the inferior frontal cortex,
was cut at the lateral edge of the inferior
and the mask for the VS was from a previous study (18).

on analysis
a
ana
Multiple regression
for the whole population: With the whole sample, we used a
multiple regression model to analyse how the activations of the six reward and non-reward ROIs (i.e.
bilaterally the medial OFC, lateral OFC and VS) were related to the depression symptom score at
age 19 (measured by ADRS), with gender, handedness and imaging sites included as control
variables in this multiple regression model. Age 19 was chosen because the symptoms of depression
were expected to be more established than at age 14, and the ADRS was available at 19 (38).
Post-hoc tests were performed to test which of the six ROIs were related to depression, as described
in the Supplementary Material.
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Longitudinal analysis for the significant ROIs in the whole population: We investigated if
there was a longitudinal association between the activation of the significant ROIs measured at age
14 and the depression symptoms measured at ages 16 (with DAWBA) and 19 (with ADRS), with full
details in the Supplementary Material. The tests for the longitudinal analyses were one-tailed
because the direction of the association had been established by the multivariate regression analysis
at age 19.
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ression g
Sensitivity to reward and non-reward in a high-severity depression
group compared to a
nd low severity
sev
control group at both ages 19 and 14: For the high and
of depression symptom
he sensitivity
nsitivit of
o the activations of the ROIs to
groups defined above, we performed analyses of the
Win to
to Small-W
Smal
differences of reward (the trajectory from No-Win
Small-Win to Large-Win); and to differences of
Win through
throug Small-Win
Sm
not winning (the trajectory from Large-Win
to No-Win), as described in detail in
the Supplementary Material.

cipants,
nts, the ass
Full details of the participants,
assessment of the depression symptom score, the MID task,
ess are provided
provid in the Supplementary Methods.
and the fMRI analyses

Results
Sensitivity to reward in the medial OFC and to non-reward in the lateral OFC in the full
population
Figure 1 illustrates the regions of interest in the medial and lateral OFC and the VS during the
reward anticipation phase of the MID task (39) for the participants at both age 14 (1877 participants;
49.5% male) and 19 (1140 participants; 47.3% male) (Figure S1). The boundaries of these ROIs
were defined by brain activations with t-value > 5 in the contrast of "Large-Win vs No-Win", i.e.
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reward sensitive regions such as the VS and medial OFC, as well as in the contrast of "No-Win vs
Large-Win", i.e. non-reward sensitive regions such as the lateral OFC (Figure S1 and Table S4). The
same masks were used for all subsequent comparisons.
The medial OFC activations showed significant reward sensitivity, i.e. graded increases from
No-Win through Small-Win to Large-Win, at both age 14 and 19 (Figure 1B and C and Table S5).
Activations of the VS paralleled those in the medial OFC (Figure 1B and C and Table S5). In addition,
rough
gh Small-Win
SmallSma
non-reward sensitivity, i.e. graded increases from Large-Win through
to No-Win, was
d C and Table
T
Tabl S5). For the OFC, these
found for the lateral OFC at both age 14 and 19 (Figure 1B and
teral OFC were
w
trajectory patterns of the activations in medial and lateral
significantly different as shown
by the interaction term in a two-way ANOVA (Cohen’s
Cohen’s f2=0.10
=0.106, F(2,2278)=121.11, p=1.04x10-50 at age
=0
=3.45x10-73 at a
age 14).
19; Cohen’s f2=0.093, F(2,3782)=174.43, p=3.45x10
Association analyses at age 19 between
brain activations and the depression
etween reward-related
re
rewa
symptom score for the full
ll population
opulatio
Using a multiple regression
egression full
f model defined in the Methods, we started with the data at age 19
fica association between the activations of ROIs for the contrasts of
ficant
and identified a significant
"Large-Win vs No-Win" (for the bilateral medial OFC and VS) and "No-Win vs Large-Win" (for the
bilateral lateral OFC) during reward anticipation and the depression symptom score (R2=1.63%,
F(6,1133)=3.14, p=4.64x10-3, Table 2). The two significant regions in this full model were the left lateral
OFC (Cohen’s d=0.082, t=2.78, p=0.005, Table 2) and the right medial OFC (Cohen’s d=0.074,
t=-2.16, p=0.031, Table 2). As a check for possible impacts from multicollinearity on significance
levels of individual ROIs in the multiple regression model, we conducted univariate analyses to show
that the above findings for the left lateral and right medial OFC were also found in separate univariate
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analyses and hence were not because of multicollinearity between ROIs, and this was found (left
lateral OFC: r=0.07, t=2.49, n=1140, p=0.012; right medial OFC: r=-0.08, t=-2.85, n=1140, p=0.004;
Figure S2A). These correlations were in the expected direction, in that for the medial OFC greater
depressive symptom severity was correlated with a smaller activation difference for the contrast of
"Large-Win – No-Win" (consistent with reward insensitivity); and for the lateral OFC greater
depressive symptom severity was correlated with a larger activation difference for the contrast of
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vity).. A follow-up
follow
follow- model comparison
"No-Win – Large-Win" (consistent with greater non-reward sensitivity).
d the left medial
me
further revealed that other brain regions (the bilateral VS, and
OFC and right lateral
o what
at has bee
OFC) did not provide significant further information to
been described for the right medial
OFC and left lateral OFC, as shown in Tables
s S6 and S7
S7. ((In a check for gender differences, we
rences
ences between
be
tested whether there are significant differences
the genders for the correlations between the
on symptom scores.
s
two OFC ROIs and the depression
We found no statistically significant gender
5 forr the left lateral
lat
difference (z=-0.26, p=0.795
OFC; z=-0.62, p=0.535 for the right medial OFC).)
ored
red the depres
dep
We further explored
depression symptom subscales of the above associations and found
ctiva
ctivatio
that the lateral OFC activations
were significantly correlated with the negative feeling symptoms,
such as 'feel overwhelmed by sadness and listlessness' and 'when I feel this way I wish I were dead'
(r=0.083, t=2.81, n=1140, p=0.005 and r=0.086, t=2.91, n=1140, p=0.004, respectively; Table S8).
The medial OFC activations for the same contrast were found to have a nominally significant
negative association with the anhedonia symptom ('nothing really interests or entertains me', t=-2.54,
r=-0.075, p=0.010, Table S8).
Longitudinal approach for the association between OFC activations and the depression
symptom score using the whole population
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At age 14, the lateral OFC activations for the contrast of "No-Win vs Large- Win" was positively
correlated with the depression symptom score across the whole population (r=0.04, t=1.74, n =1885,
pone-tailed=0.031). For the medial OFC, the activations for the contrast of "Large-Win vs No-Win" at age
14 was negatively correlated with the depression symptom score at age 14 (r=-0.04, t=1.75, n=1885,
pone-tailed=0.038). Both results were in line with our findings at age 19.
The availability of data for the same individuals at ages 14, 16 (behaviour only) and 19 enabled
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ession
ion sympto
sym
us to perform a longitudinal analysis, which showed that the depression
symptom scores at ages 16
st described
describ (at age 16, r=0.09, t=3.49,
and 19 were related to the lateral OFC activations at age 14 just
WBA; and at 19, r=0.06, t=2.14, n=1273,
n =1490, pone-tailed=3.38x10-4, measured by DAWBA;
S2)
S In a control analysis, we showed that
pone-tailed=0.015, measured by ADRS, Figure 2 and Figure S2).
d significant
significa after
af
both longitudinal associations remained
regressing out the depression symptom
0, n=1273,
n=1273, pone-tailed=0.004 for age 16; r=0.05, t=1.78, n=1273,
score at age 14 (r=0.07, t=2.50,
summarise
summarise, the activation related to "No-Win vs Large-Win" of the
pone-tailed=0.037 for age 19). To summa
4 could be a
an e
lateral OFC at age 14
early indicator for future depression symptoms.
anal
an
In a supplementaryy analysis
to strengthen the interpretation of the finding just described, we
found that it was not possible to predict the lateral OFC activations at age 19 from the depression
symptom score at age 14 (r=-0.02, t=0.79, n=1175, pone-tailed=0.51), suggesting that only early brain
activations could predict future depression symptoms but not vice versa.
However, from the medial OFC activations at age 14, it was not possible to predict the
depression symptom score at either age 16 (r < 0.01, t=0.08, n=1490, pone-tailed=0.71) or 19 (r=-0.01,
t=-0.36, n =1273, pone-tailed=0.35, Figure 2 and Figure S2).
OFC activations in subgroups with high severity of depression vs controls at age 19
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The above analyses identified associations of medial and lateral OFC activations with the
depression symptom score for the whole population. In the next analysis, we stratified the 1140
participants at age 19 into two clinically relevant groups, i.e. a high-severity depression group (n=116)
vs a matched control (n=206) group (see Methods for details).
Figure 3A shows that the non-reward sensitive lateral OFC showed increased non-reward
sensitivity in the high-severity of depression group than the control group, with a significant
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3.64, p=0.027).
p=0.
=
This significant
interaction term in the two-way ANOVA (Cohen’s f2=0.011, F(2,640)
40)=3.64,
lysis
is condu
conducted on the whole population
interaction was consistent with the multiple regression analysis
in to Larg
L
(i.e. the contrast Large-Win vs No-Win) with a larger No-Win
Large-Win activation reduction in the
high-severity depression group (Cohen’s d=-0.27,
0.27, t=-2.35,
t=-2.3 df=320, p=0.020). Such an increased
erity depression
depre
sensitivity to non-reward in the high-severity
group was mainly observed from No-Win to
-2.19,
19, p=0.029),
p=0.029
=0.
Small-Win (Cohen’s d=-0.25, t =-2.19,
but not from Small-Win to Large-Win (Cohen’s
her, the corresponding
cor
d=-0.03, t=-0.29, p=0.77). Further,
one-way ANOVAs found a higher non-reward
e high-severity
high-sever group (Cohen’s f2=0.116, F(2, 230) =13.29, pcorrected=6.90x10-6), and
sensitivity effect in the
a much-reduced effect size in the control group (Cohen’s f2=0.016, F(2, 410)=3.38, pcorrected=0.070).
Figure 3A also shows that the reward sensitive medial OFC becomes insensitive to reward in the
high-severity depression group if compared with the control group, with a significant interaction term
in the two-way ANOVA (Cohen's f2=0.020, F(2,640)=6.09, p=0.002). This significant difference was
consistent with the multiple regression analysis conducted on the whole population (i.e. the contrast
Large-Win vs No-Win) with a reduced No-Win to Large-Win activation increase in the high-severity
depression group (Cohen’s d=-0.34, t=-2.92, df=320, p=0.004). Such a reduced sensitivity to reward
in the high-severity depression group was mainly observed from No-Win to Small-Win (Cohen’s
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d=-0.36, t=-3.10, p=0.002), but not from Small-Win to Large-Win (Cohen’s d=0.02, t=0.13, p=0.897).
In addition, the corresponding one-way ANOVAs revealed that the control group had significant
reward sensitivity (Cohen’s f2=0.116, F(2,410)=23.82, pcorrected=3.27x10-10), whereas the high-severity
depression group had low reward sensitivity (Cohen’s f2=0.023, F(2,230)=2.73, pcorrected=0.135). Thus,
the depressed group defined at age 19 have low reward sensitivity of the medial OFC; and high
sensitivity to non-reward of the lateral OFC (with this neuroimaging performed at age 19).
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OFC activations in subgroups with high severity of depression
controls
on vs contr
control at age 14
n the
he MID tas
Here we analyse how OFC activations at age 14 in
task related to whether the
p defined
ned a
at ag
individuals are categorised into a high severity group
age 14 (n=216) and the matched
control group (n=220) (see Methods for details).
).

For the medial OFC, reduced sensitivity
reward was found in the high-severity group
nsitivity to rew
gure
re 3B), and
an this
th was confirmed by a significant interaction term in
compared to the control group (Figure
n's f2=
=0.018,
0.018, F(2,868)=6.5, p=0.002). Consistent with the multiple regression
the two-way ANOVA (Cohen's
n the whole
whol population,
p
analysis conducted on
we again observed a smaller No-Win to Large-Win
h
activation increase in the high-severity
depression group (Cohen’s d=-0.30, t=-3.14, df=434,
p=0.002). The significantly reduced sensitivity to reward in the high-severity depression group was
mainly observed from Small-Win to Large-Win (Cohen's d=0.21, t=2.20, df=434, p=0.028), but also
with a trend from No-Win to Small-Win (Cohen's d=0.18, t=1.84, df=434, p=0.067). The further
corresponding one-way ANOVAs revealed a significant reward sensitivity of the medial OFC in the
control group (Cohen’s f2=0.0663, F(2, 438) =14.52, pcorrected =1.57x10-6), but not in the depression
high-severity group (Cohen’s f2 < 0.001, F(2,430)=0.06, pcorrected=1).
For the lateral OFC, the interaction term of the two-way ANOVA was not significant for any
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difference in the non-reward sensitivity trajectories between the high-severity and the control groups
at age 14 (Cohen’s f2 < 0.001, F(2,868) =1.13, p=0.466) (Figure 3B ). The one-way ANOVAs did show a
significant non-reward sensitivity of the lateral OFC in both groups (high-severity group: Cohen’s
f2=0.074,

F(2,430)=15.97,

pcorrected=4.08x10-7;

control

group:

Cohen’s

f2=0.033,

F(2,438)=7.37,

pcorrected=0.001).
Thus, the depressed group defined at age 14 have low reward sensitivity of the medial OFC
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imaged at age 14.

gh severity of d
Longitudinal analysis for the subgroup with a future high
depression: high
viduals
als wh
who h
non-reward sensitivity at age 14 is present in individuals
have high depression severity
at age 19

a non-reward
no
To obtain evidence on whether OFC reward and
sensitivities at age 14 are related to
ge 19, we in
individuals' depressive status at age
investigated whether those selected at 19 to have
res (99 pa
high-severity depression scores
participants available at age 14) or no symptoms (185
e at age 14) of
o depression
d
participants available
had different activations when imaged at age 14. (The
e size
siz at age 14 was due to the imaging quality control, see Supplementary
slightly reduced sample
Material for more detail).
For this analysis, at age 14, higher non-reward sensitivity of the lateral OFC was observed in the
group who were in the high-severity group defined at age 19 compared to the corresponding control
group at age 19 (see Figure 3C). This was confirmed by a significant interaction term (two-way
ANOVA, Cohen’s f2=0.018, F(2,564)=5.03, p=0.003). This was consistent with the multiple regression
analysis conducted on the whole population (in which a higher lateral OFC activation for the contrast
No-Win vs Large-Win at age 14 was correlated with a higher depression symptom score at age 19),
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as follows. It was found that there was a higher lateral OFC activation for the contrast No-Win vs
Large-Win imaged at age 14 in the high-severity depression group defined at age 19 (Cohen’s
d=-0.34, t=-2.72, df=282, p=0.007). Further, the corresponding one-way ANOVAs revealed a
significant non-reward sensitivity of the lateral OFC at age 14 in those in the high-severity group at
age 19 (Cohen’s f2=0.085, F(2, 196)=8.37, pcorrected=6.50x10-4), but not in the control group (Cohen’s
f2=0.005, F(2, 368)=0.98, pcorrected=0.753).
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und
d no signif
sign
Similar to the whole population result, the two-way ANOVA found
significant difference in the
tw groups defined at age 19
reward sensitivity for the medial OFC trajectories at age 14 for the two
=0.466,
6, Figure
Figu 3C).
3
The corresponding one-way
(two-way ANOVA, Cohen’s f2 < 0.001, F(2,564)=0.07, p=0.466,
vity
ity at age 14 for both groups defined at age 19
ANOVAs showed significant reward sensitivity
=6
=6.12,
p=0.001; control group: Cohen’s f2=0.051, F
(high-severity group: Cohen’s f2=0.062, F (2,196)
(
(2,368)=9.35,

p=5.40 x10-5).

ncreased
ased sensitivity
sensi
se
Thus, at age 14, the increased
to non-reward of the lateral OFC is associated with
h severity depr
de
who will be in the high
depression group at age 19.
umm
umma
Figure 4 shows a summary
of some of the findings.

Exploring the relationship between depressive symptoms and other candidate brain regions
Part of the left anterior insula had activation patterns and associations with depressive symptom
severity similar to those of the right medial OFC, consistent with its inputs from the OFC (7), but
differences in activations to the different reward conditions for the high-severity of depressive
symptom and control groups were not evident statistically (see Supplementary Results for more
details and Figure S4).

Discussion
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Activations of the medial and lateral OFC during reward anticipation
The first important findings in this study were that in the IMAGEN consortium (n=1877 at age 14
and n=1140 at age 19) there were statistically highly significant and different effects in the medial and
lateral OFC during reward anticipation in the MID task (Figure 1), i.e. increasing reward-related
activations from No-Win through Small-Win to Large-Win in the medial OFC, and graded non-reward
related increases from Large-Win through Small-Win to No-Win in the lateral OFC. This is consistent
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ard, and by ma
with the effects reported by O'Doherty et al. (13) for monetary reward,
many studies that show
ateral OFC
OF by
b punishment (unpleasant
activation of medial OFC areas by rewards, and activation of lateral
facto in a previous failure to detect such
stimuli), as well as by not receiving expected rewardss (7). A factor
(SNR
SNR)) in the or
effects (17) may be the low signal noise ratio (SNR)
orbitofrontal region (40) (Figure S5). The
present data set was sufficiently large to overcome the low SNR observed for both medial and lateral
OFC (Figure S5).

pression
ssion and
an activation
a
Associations between depression
patterns of medial and lateral OFC
n showed th
that groups of adolescents with high-severity of depression scores
This investigation
ha high non-reward sensitivity for the trajectory from Large-Win through
versus a control group had
Small-Win to No-Win of the lateral OFC at age 19 (Figure 3A). In addition, the univariate analysis for
the full population showed a correlation between the activation of the lateral OFC and the depressive
symptom score at both ages 19 and 14 (Figure 2). Further, at age 19, negative feeling symptoms (for
example "Overwhelmed by sadness and listlessness") were associated with increased non-reward
sensitivity of the lateral OFC. This is important support for the hypothesis that the negative aspects of
depression can be related to increased effects of unpleasant non-rewarding and punishing stimuli in
the lateral OFC (4, 16, 30, 41).
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It was also shown that the high-severity depression group had low sensitivity for the trajectory
from No-Win through Small-Win to Large-Win of the medial OFC at age 19 (Figure 3A), and a similar
effect was found at age 14 (Figure 3B), and this provides strong support for the hypothesis that the
medial OFC reward system has blunted efficacy in depression (4, 7, 16). In addition, the univariate
analysis for the full population showed a correlation between the activation of the medial OFC and
the depressive symptom score at both ages 19 and 14 (Figure 2). Particularly, at age 19 the
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ward sensitivity
sensitiv of the medial OFC,
anhedonia symptom was nominally associated with reduced reward
hedonia
onia of d
dep
hence providing evidence for the hypothesis that the anhedonia
depression
can be related to
he medial
edial O
OFC during depression, effects that
decreased effects of pleasant rewarding stimuli in the
can be restored by antidepressants (15).

medial a
n lateral OFC in depression
Longitudinal evidence for the roles off the medi
and
as shown tha
In the longitudinal analyses, itt was
that at age 14, the increased sensitivity to non-reward
ciated
ed with who
w will be in the high-severity depression group at age 19
of the lateral OFC is associated
on,
n, the univaria
univ
(Figure 3C). In addition,
univariate analysis for the full population showed a correlation between
teral OFC
tera
O
the activations of the lateral
at age 14 and the depressive symptom scores at both ages 16 and
19 (Figure S3). However, for the medial OFC, activations at age 14 were not significantly associated
with the future depression symptoms or status. These results therefore suggest that hypersensitivity
to non-reward of the lateral OFC is an indicator for both current and future depression; and that
hyposensitivity to reward of the medial OFC is an indicator for the current, but not future, status of
depression.
Relation to previous evidence
In many previous studies, reduced activations to reward in depression have been described in

㻌 㻝㻥㻌

the ventral striatum (19-23). The present study goes beyond these studies by showing that the
orbitofrontal cortex, a key brain region involved in emotion that projects to the ventral striatum (7, 24,
42, 43), has activations in its medial orbitofrontal cortex to reward in a very large population (of 1140
individuals at age 19) that are decreased in people with high scores for depressive symptoms. An
implication is that the orbitofrontal is the key source of inputs to the ventral striatum that accounts for
its reduced sensitivity to reward in depression (44). But the present study goes even further, by
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nning
g (a typ
showing that the lateral orbitofrontal cortex is sensitive to not winning
type of non-reward) in the
as increase
increased sensitivity
s
same very large population, and showing that this has
to not winning
esent res
(non-reward) in people with depressive symptoms. The present
results are consistent with a theory
of depression that relates sensitivity to non-reward
ward
war
d as being
bein a key factor that can lead to depression,
pres
and also reduced sensitivity to reward (30). The present
findings complement the evidence from
hat the lateral
later orbitofrontal cortex in-reward system has increased
functional connectivity, which is that
epression
ssion (45),
(45 and that the medial orbitofrontal cortex reward system has
functional connectivity in depression
onnectivity
nnectivity in
i depression
d
reduced functional connectivity
(11, 45). These differences in functional connectivity
effi
effica
also point to increased efficacy
of the lateral orbitofrontal cortex non-reward system in depression,
and of decreased efficacy of the medial orbitofrontal cortex reward system in depression. All of these
findings are rooted in a fundamental approach to understanding emotion in terms of brain responses
to rewards and punishers/non-reward, with non-reward if no action is possible being associated with
sad feelings and potentially with depression (46).
In terms of limitations and strengths, we note in analysing data from a general population not
selected to have depression that the effects related to depression might be expected to be modest,
but we did find reasonable effect sizes (Cohen’s d in the range 0.2-0.5) when we compared Win and
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No-Win activations of the OFC in the depressed and control groups. In terms of strengths, the large
sample size did enable effects related to depression to be uncovered for the orbitofrontal cortex in a
general population; and the results shown in Fig. 1 that the medial OFC has increasing activations as
the amount of reward increases; and the lateral orbitofrontal cortex has increasing activations as the
amount of reward decreases to zero, are highly statistically significant.
Conclusion
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e lateral
ateral OFC
O
This investigation is the first large-scale study to show that the
is more sensitive to
hose
e with a higher
high depression severity, at
non-reward (the No-Win condition in the present study) in those
ess sensitive
ensitiv to differences in reward value in
both ages 19 and 14; and that the medial OFC is less
those with a higher depression severity, at both
h ages
ages 19 and
a 14. Moreover, a longitudinal approach
depressio symptom
sym
for the first time showed that the future depression
score (at 16 and 19) were associated
vityy of the lateral
later
la
with increased non-reward sensitivity
OFC (imaged at 14); and that the current but not
ms were associa
ass
future depression symptoms
associated
with the reward sensitivity of the medial OFC (at 14
gation
ation has impo
im
and 19). The investigation
important implications for understanding and treating depression, by
ob
both reward and non-reward as potentially of interest for behavioural and
highlighting sensitivity to
pharmacological treatments, and of the lateral and medial OFC as potential targets for drug effects
(7), and also for possible treatments such as transcranial magnetic stimulation, and deep brain
stimulation (47, 48).
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Figure Legends
Figure 1. Medial orbitofrontal cortex (OFC), lateral OFC and ventral striatum (VS) during
reward anticipation in the Monetary Incentive Delay (MID) task at different ages. A. The masks
in the present study with t > 5 in the contrasts of “Large-Win vs No-Win” and “No-Win vs Large-Win”
at age 19. B.C. Mean activations of the medial and lateral OFC and VS during reward anticipation at
age 14 and 19 in the whole population across No-Win, Small-Win and Large-Win conditions. The
mean and standard error are shown. The activations shown are the mean activations of the left and
right hemispheres combined.
Abbreviations: OFC, orbitofrontal cortex; VS, ventral striatum.
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Fig. 2. Associations between the lateral and medial orbitofrontal co
cortex activations and the
entt and prospective
pr
depressive symptoms scores at age 14, 16 and 19. The concurrent
associations
ssive
e sympt
symptom
between the lateral and medial OFC activations and the depressive
symptoms scores are shown.
ge-Win.
-Win. The medial
m
The lateral OFC measure was the activation to No-Win – Large-Win.
OFC measure was
the activation to Large-Win – No-Win. The association measures
values as described in the text.
asures
es are r va
These results are for the whole population of participants.
nts.
Abbreviations: OFC, orbitofrontal cortex.

Fig. 3. Activations of the medial and lateral
al OFC in
in th
the h
high-severity of depressive symptoms
group and the control group at age 14 and
trajectory refers to the difference between the
d 19. The tra
three conditions, No-Win, Small-Win and
d High-Win.
High-W A. The OFC activation trajectory just defined
was significantly between the high depression
ession and
a control groups as shown by the interaction term in
a two-way ANOVA at age 19 for the
e lateral O
OFC (p=0.027), and medial OFC (p=0.002, see Results).
Post-hoc tests revealed thatt there
ere was a significant effect for the activation difference between
or the
he two g
group
No-Win and Small-Win for
groups; see “OFC activations in subgroups with high severity of
i the
th Results. B. The OFC activation trajectory (imaged at age 14)
depression vs controls at age 19” in
erent
ent betwe
between the high-severity depression group and the control group (defined
was significantly different
edial
ial OFC,
O
OFC but not for the lateral OFC as shown by the interaction term in a
at age 14) for the medial
02) post-hoc tests revealed that there was a significant effect for the
two-way ANOVA (p=0.002);
activation difference between No-Win and Small-Win for the two groups for the medial OFC; see
“OFC activations in subgroups with high severity of depressive symptoms vs controls at age 14” in
the Results for more details. C. The OFC activation trajectory (imaged at age 14) was significantly
different between the high-depression and the control group (defined at age 19) for the lateral OFC
(p=0.003), but not for the medial OFC; post-hoc tests revealed that there was a significant effect for
the activation difference between No-Win and Large-Win for the two groups for the lateral OFC; see
“Longitudinal analysis for the subgroup with a future high severity of depression: high non-reward
sensitivity at age 14 is present in individuals who have high depression severity at age 19” under
Results for more details.
Abbreviations: OFC, orbitofrontal cortex

Figure 4. A summary of the main findings. The activations shown here are for the control group
(circle) and high-severity of depressive symptom (square) group for the left lateral OFC and the right
medial OFC. Abbreviations: L, left; R; right; OFC, orbitofrontal cortex
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Tables
Table 1. Participant characteristics at age 14 and 19
Characteristic

14 y (n=1877)

19 y (n=1140)

mean (sd)

mean (sd)

Depression severity groups

Control

High Severity

Contrast

Control

High severity

(defined at age 14 and 19)

(n=216)

(n=220)

(p)

(n=206)

(n=116)

(p)

General psychopathology

8.454 (4.12)

13 (5.178)

< 0.001

7.69 (3.83)

16.48 (4.52)

<
<0
<0.001

AUDIT total score

2.98 (3.13)

3.36 (3.05)

Agreeableness

30.37 (5.01)

25.77 (5.64)

Conscientiousness

28.61 (7.01)

25.61 (7.20)

Extraversion

31.02 (5.31)

27.98 (5.93)

Neuroticism

18.70 (6.69)

29.78 (7.58)

Openness

25.23 (5.62)

26.56 (6.36)
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NEO

Contrast

< 0.001

5.04 (3.38)

6.47 (3.80)
0)

<0.001
<0
<0.00

< 0.001

33.00 (5.13)

28.12
2 (5.21)

< 0.001

< 0.001

31.34 (6.93)

25.33
.33 (7.09)
(7.0

< 0.001

< 0.001

30.73 (5.23)

24.6 (6
24.61
(6.14)

< 0.001

< 0.001

6.73)
.73)
17.23 (6.73)

32.8
32.87 (6.86)

< 0.001

0.10

28.66
(6.51)
66
6 (6
(6.5
1))

29.73 (6.89)

0.16

Abbreviations: AUDIT, Alcohol Use Disorders Identification Test; NEO, NEO five-factor
ctor personality
personal iinventory.
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Table 2. The multiple regression model between the activations of bilateral medial and lateral OFC, and VS and the depression
symptom score at age 19 (MID)

Full Model

Index

Estimate

Std. Error

t

Pr (>|t|)

L Lateral OFC

ROI

x1

-0.287

0.103

2.78

5.46x10-3**

R Lateral OFC

x2

0.214

0.117

-1.81

0.069

L Medial OFC

x3

0.084

0.130

0.64

0.518

R Medial OFC

x4

-0.341

0.157

-2.16

0.031*

L VS

x5

-0.003

0.193

-0.02

0.984
0.98
0.

R VS

x6

-0.232

R-squared: 1.63 %, F(6,1133)=3.14, p=4.64x10-3
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Models

0.195

-1.19

0.234
0

GLM model: Y=ȕ1*x1 + ȕ2*x2 + ȕ3*x3 + ȕ4*x4 +ȕ5*x5 +ȕ6*x6 + error; Y, the depression symptom scores.
es.
Abbreviations: L left; R right; OFC, orbitofrontal cortex; VS, ventral striatum.

The bilateral lateral OFC activations were from the contrast of "No-Win vs Large-Win" and the bilateral med
medial OFC and VS were from the
contrast of "Large-Win vs No-Win"

㻌 㻞㻢㻌

References
 %HFN$7  7KHHYROXWLRQRIWKHFRJQLWLYHPRGHORIGHSUHVVLRQDQGLWVQHXURELRORJLFDOFRUUHODWHV$P

-3V\FKLDWU\
 +DUPHU&-&RZHQ3-  C,W VWKHZD\WKDW\RXORRNDWLW DFRJQLWLYHQHXURSV\FKRORJLFDODFFRXQWRI
665,DFWLRQLQGHSUHVVLRQ3KLORV7UDQV56RF/RQG%%LRO6FL
 3U\FH &5 $]]LQQDUL ' 6SLQHOOL 6 6HLIULW] ( 7HJHWKRII 0 0HLQOVFKPLGW *   +HOSOHVVQHVV D
DQFH
H WR XQ
XQGH
V\VWHPDWLF WUDQVODWLRQDO UHYLHZ RI WKHRU\ DQG HYLGHQFH IRU LWV UHOHYDQFH
XQGHUVWDQGLQJ DQG WUHDWLQJ
GHSUHVVLRQ3KDUPDFRO7KHU
UXFWXUH LQ
 'UHYHWV :&   2UELWRIURQWDO FRUWH[ IXQFWLRQ DQG VWUXFWXUH
LQ GHSUHVVLRQ $QQ 1 < $FDG 6FL

LUFXLWVXQG
UFXLWVXQGHUO\LQ
7UHQGV
 3ULFH-/'UHYHWV:&  1HXUDOFLUFXLWVXQGHUO\LQJWKHSDWKRSK\VLRORJ\RIPRRGGLVRUGHUV

&RJQ6FL
  5HZDUG
5HZDU DQG SXQLVKPHQW SURFHVVLQJ LQ GHSUHVVLRQ %LRO 3V\FKLDWU\
 (VKHO 1 5RLVHU -3 


H 2UE
2UELWR
2[IRUG2[IRUG8QLYHUVLW\3UHVV
 5ROOV(7  7KH2UELWRIURQWDO&RUWH[
 5ROOV(7&KHQJ:*RQJ:4LX-=KRX&=KDQJ-HWDO  )XQFWLRQDOFRQQHFWLYLW\RIWKHDQWHULRU
FLQJXODWHFRUWH[LQGHSUHVVLRQDQGLQKHDOWK&HUHE&RUWH[
 &KHQJ : 5ROOV (7 5XDQ + )HQJ -   )XQFWLRQDO FRQQHFWLYLWLHV LQ WKH EUDLQ WKDW PHGLDWH WKH
DVVRFLDWLRQEHWZHHQGHSUHVVLYHSUREOHPVDQGVOHHSTXDOLW\-$0$3V\FKLDWU\
 &KHQJ:5ROOV(74LX-;LH;:HL'+XDQJ&&HWDO  ,QFUHDVHGIXQFWLRQDOFRQQHFWLYLW\RIWKH
SRVWHULRUFLQJXODWHFRUWH[ZLWKWKHODWHUDORUELWRIURQWDOFRUWH[LQGHSUHVVLRQ7UDQVO3V\FKLDWU\
 &KHQJ:5ROOV(74LX-/LX:7DQJ<+XDQJ&&HWDO  0HGLDOUHZDUGDQGODWHUDOQRQUHZDUG

㻌 㻞㻣㻌

RUELWRIURQWDOFRUWH[FLUFXLWVFKDQJHLQRSSRVLWHGLUHFWLRQVLQGHSUHVVLRQ%UDLQ
 &KHQJ:5ROOV(74LX-<DQJ'5XDQ+:HL'HWDO  )XQFWLRQDOFRQQHFWLYLW\RIWKHSUHFXQHXV
LQXQPHGLFDWHGSDWLHQWVZLWKGHSUHVVLRQ%LRO3V\FKLDWU\&RJQ1HXURVFL1HXURLPDJLQJ
 2 'RKHUW\-.ULQJHOEDFK 0/5ROOV (7+RUQDN- $QGUHZV&  $EVWUDFWUHZDUGDQGSXQLVKPHQW
UHSUHVHQWDWLRQVLQWKHKXPDQRUELWRIURQWDOFRUWH[1DW1HXURVFL
 6X]XNL6&URVV/2 'RKHUW\-3  (OXFLGDWLQJWKHXQGHUO\LQJFRPSRQHQWVRIIRRGYDOXDWLRQLQWKH
KXPDQRUELWRIURQWDOFRUWH[1DW1HXURVFL
\LQJ
J DQWLGHSUHVVDQW
DQWLGHS
DQWLGHSUHV
 0D <   1HXURSV\FKRORJLFDO PHFKDQLVP XQGHUO\LQJ
HIIHFW D V\VWHPDWLF
PHWDDQDO\VLV0RO3V\FKLDWU\
 0F&DEH&:RIILQGDOH&+DUPHU&-&RZHQ3-
3- 
  1HXUDOSURFHVVLQJRIUHZDUGDQGSXQLVKPHQWLQ
1HXU
1H
SUHVVL
UH RQ
Q%LRO3V
%LRO3V\FKLDWU\
%
\RXQJSHRSOHDWLQFUHDVHGIDPLOLDOULVNRIGHSUHVVLRQ
%DQDVFKHZVNL
DQDVFKHZ
 &DR=%HQQHWW02UU&,FNH,%DQDVFKHZVNL7%DUNHU*-HWDO
 0DSSLQJDGROHVFHQWUHZDUG
HGLFWLRQ
LRQ HUURU
HUURU G
DQWLFLSDWLRQ UHFHLSW DQG SUHGLFWLRQ
GXULQJ WKH PRQHWDU\ LQFHQWLYH GHOD\ WDVN +XP %UDLQ 0DSS

HVU
HVULYLH
 -LD 7 0DFDUH & 'HVULYLHUHV
6 *RQ]DOH] '$ 7DR & -L ; HW DO   1HXUDO EDVLV RI UHZDUG
DQWLFLSDWLRQDQGLWVJHQHWLFGHWHUPLQDQWV3URF1DWO$FDG6FL86$
 .HUHQ + 2 &DOODJKDQ * 9LGDO5LEDV 3 %X]]HOO *$ %URWPDQ 0$ /HLEHQOXIW ( HW DO   5HZDUG
3URFHVVLQJ LQ 'HSUHVVLRQ $ &RQFHSWXDO DQG 0HWD$QDO\WLF 5HYLHZ $FURVV I05, DQG ((* 6WXGLHV $P -

3V\FKLDWU\DSSLDMS
 7RHQGHUV <- YDQ 9HO]HQ /6 +HLGHPDQ ,= +DUULVRQ %- 'DYH\ &* 6FKPDDO /   1HXURLPDJLQJ
SUHGLFWRUVRIRQVHWDQGFRXUVHRIGHSUHVVLRQLQFKLOGKRRGDQGDGROHVFHQFH$V\VWHPDWLFUHYLHZRIORQJLWXGLQDO
VWXGLHV'HY&RJQ1HXURVFL

㻌 㻞㻤㻌

 6WULQJDULV$9LGDO5LEDV%HOLO3$UWLJHV(/HPDLWUH+*ROOLHU%ULDQW):RONH6HWDO  7KH%UDLQ V
5HVSRQVH WR 5HZDUG $QWLFLSDWLRQ DQG 'HSUHVVLRQ LQ $GROHVFHQFH 'LPHQVLRQDOLW\ 6SHFLILFLW\ DQG
/RQJLWXGLQDO3UHGLFWLRQVLQD&RPPXQLW\%DVHG6DPSOH$P-3V\FKLDWU\
 /XNLQJ.53DJOLDFFLR'/XE\-/%DUFK'0  5HZDUG3URFHVVLQJDQG5LVNIRU'HSUHVVLRQ$FURVV
'HYHORSPHQW7UHQGV&RJQ6FL
 5DSSDSRUW%,.DQGDOD6/XE\-/%DUFK'0  %UDLQ5HZDUG6\VWHP'\VIXQFWLRQLQ$GROHVFHQFH

Jo
ur
na
lP
re
-p
ro
of

3V\FKLDWU\
FKLDWU\\DSSLD
DSSLDMS
DS
&XUUHQW&XPXODWLYHDQG'HYHORSPHQWDO3HULRGVRI'HSUHVVLRQ$P-3V\FKLDWU\
HDOWK DQG
DQG GLVHDVH
GLV
 5ROOV (7   7KH RUELWRIURQWDO FRUWH[ DQG HPRWLRQ LQ KHDOWK
LQFOXGLQJ GHSUHVVLRQ

1HXURSV\FKRORJLD

 *URPDQ 60 .HLVWOHU & .HLS $- +DPPDUOXQG
5- 3LWWHQJHU & HW DO   2UELWRIURQWDO
QG
G ( '
'L/HRQH
/HRQH 5
UQLQJ3U
QLQJ3URFHVVHV
RFH
1HXURQH
&LUFXLWV&RQWURO0XOWLSOH5HLQIRUFHPHQW/HDUQLQJ3URFHVVHV
'H/
 -LQ - 1DUD\DQDQ $ 3HUOPDQ * /XNLQJ . 'H/RUHQ]R
& +DMFDN * HW DO   2UELWRIURQWDO FRUWH[
FWIXWXUH
XWXUH GHSUHV
GHS
DFWLYLW\DQGFRQQHFWLYLW\SUHGLFWIXWXUH
GHSUHVVLRQV\PSWRPVLQDGROHVFHQFH %LRO 3V\FKLDWU\&RJQ1HXURVFL


1HXURLPDJLQJ

\\ -
- %UDPKDP
%U
 +RUQDN - 2 'RKHUW\
- 5ROOV (7 0RUULV 5* %XOORFN 35 HW DO   5HZDUGUHODWHG
UHYHUVDOOHDUQLQJDIWHUVXUJLFDOH[FLVLRQVLQRUELWRIURQWDODQGGRUVRODWHUDOSUHIURQWDOFRUWH[LQKXPDQV -&RJQ

1HXURVFL
 5ROOV (7 +RUQDN - :DGH ' 0F*UDWK -   (PRWLRQUHODWHG OHDUQLQJ LQ SDWLHQWV ZLWK VRFLDO DQG
HPRWLRQDOFKDQJHVDVVRFLDWHGZLWKIURQWDOOREHGDPDJH-1HXURO1HXURVXUJ3V\FKLDWU\
 )HOORZV /.   2UELWRIURQWDO FRQWULEXWLRQV WR YDOXHEDVHG GHFLVLRQ PDNLQJ HYLGHQFH IURP KXPDQV
ZLWKIURQWDOOREHGDPDJH$QQ1<$FDG6FL
 5ROOV(7  $QRQUHZDUGDWWUDFWRUWKHRU\RIGHSUHVVLRQ1HXURVFL%LREHKDY5HY

㻌 㻞㻥㻌

 6FKXPDQQ*/RWK(%DQDVFKHZVNL7%DUERW$%DUNHU*%XFKHO&HWDO  7KH,0$*(1VWXG\
UHLQIRUFHPHQWUHODWHGEHKDYLRXULQQRUPDOEUDLQIXQFWLRQDQGSV\FKRSDWKRORJ\0RO3V\FKLDWU\
 5HYDK/HY\ $ %LUPDKHU % *DVTXHW , )DOLVVDUG %   7KH $GROHVFHQW 'HSUHVVLRQ 5DWLQJ 6FDOH
$'56 DYDOLGDWLRQVWXG\%0&3V\FKLDWU\
 *RRGPDQ 5 )RUG 7 5LFKDUGV + *DWZDUG 5 0HOW]HU +   7KH 'HYHORSPHQW DQG :HOO%HLQJ
$VVHVVPHQW GHVFULSWLRQ DQG LQLWLDO YDOLGDWLRQ RI DQ LQWHJUDWHG DVVHVVPHQW RI FKLOG DQG DGROHVFHQW

Jo
ur
na
lP
re
-p
ro
of

SV\FKRSDWKRORJ\-&KLOG3V\FKRO3V\FKLDWU\

KV DQG GLIILF
GLIILFXOWLH TXHVWLRQQDLUH - $P $FDG
 *RRGPDQ 5   3V\FKRPHWULF SURSHUWLHV RI WKH VWUHQJWKV
GLIILFXOWLHV

&KLOG$GROHVF3V\FKLDWU\

 .QXWVRQ % :HVWGRUS $ .DLVHU ( +RPPHU
U '   )05,
)05 YLVXDOL]DWLRQ RI EUDLQ DFWLYLW\ GXULQJ D
)


PRQHWDU\LQFHQWLYHGHOD\WDVN1HXURLPDJH

HU6/DQ]HQEHUJ
6/DQ]HQE
 +RIOLFK$0LFKHQWKDOHU3.DVSHU6/DQ]HQEHUJHU5
 &LUFXLW0HFKDQLVPVRI5HZDUG$QKHGRQLD

V\FKRSKDUPDFRO
KRSKDUPD 
DQG'HSUHVVLRQ,QW-1HXURSV\FKRSKDUPDFRO

DQ(%7D\1/X
Q(%7D\
 -LD7,QJ$4XLQODQ(%7D\1/XR4)UDQFHVFD%HWDO
 1HXUREHKDYLRXUDOFKDUDFWHULVDWLRQDQG
HQW
HQWUHO
1DW+XP%HKDY
VWUDWLILFDWLRQRIUHLQIRUFHPHQWUHODWHGEHKDYLRXU

 0DULQ2  'HYHORSPHQWDOWLPLQJDQGFULWLFDOZLQGRZVIRUWKHWUHDWPHQWRISV\FKLDWULFGLVRUGHUV1DW

0HG
 .QXWVRQ%)RQJ*:$GDPV&09DUQHU-/+RPPHU'  'LVVRFLDWLRQRIUHZDUGDQWLFLSDWLRQDQG
RXWFRPHZLWKHYHQWUHODWHGI05,1HXURUHSRUW
 :HLVNRSI1+XWWRQ&-RVHSKV27XUQHU5'HLFKPDQQ5  2SWLPL]HG(3,IRUI05,VWXGLHVRIWKH
RUELWRIURQWDO FRUWH[ FRPSHQVDWLRQ RI VXVFHSWLELOLW\LQGXFHG JUDGLHQWV LQ WKH UHDGRXW GLUHFWLRQ 0$*0$


㻌 㻟㻜㻌

 (OOLRWW 5 $JQHZ = 'HDNLQ -)   +HGRQLF DQG LQIRUPDWLRQDO IXQFWLRQV RI WKH KXPDQ RUELWRIURQWDO
FRUWH[&HUHE&RUWH[
 +VX&&+5ROOV(7+XDQJ&&&KRQJ67/R&<=)HQJ-HWDO  &RQQHFWLRQVRIWKHKXPDQ
RUELWRIURQWDOFRUWH[DQGLQIHULRUIURQWDOJ\UXV&HUHE&RUWH[GRLFHUFRUEKDD
 'X-5ROOV(7&KHQJ:/L<*RQJ:4LX-HWDO  )XQFWLRQDOFRQQHFWLYLW\RIWKHRUELWRIURQWDO
FRUWH[DQWHULRUFLQJXODWHFRUWH[DQGLQIHULRUIURQWDOJ\UXVLQKXPDQV&RUWH[

Jo
ur
na
lP
re
-p
ro
of

XODLQQRQUHZD
QQRQUHZ
 5ROOV(7  7KHUROHVRIWKHRUELWRIURQWDOFRUWH[YLDWKHKDEHQXODLQQRQUHZDUGDQGGHSUHVVLRQDQG

LREHKDY5HY
HKDY5HYY

LQWKHUHVSRQVHVRIVHURWRQLQDQGGRSDPLQHQHXURQV1HXURVFL%LREHKDY5HY
 
 )XQFWLR
)XQ
 5ROOV(7&KHQJ:'X-:HL'4LX-'DL'HWDO
)XQFWLRQDOFRQQHFWLYLW\RIWKHULJKWLQIHULRU

6RF&RJQ$IIHFW1HXURVFL
6RF&RJQ$I
IURQWDOJ\UXVDQGRUELWRIURQWDOFRUWH[LQGHSUHVVLRQ6RF&RJQ$IIHF
0DNLQJ([SODLQH
0DNLQJ([S
2[IRUG2[IRUG8QLYHUVLW\3UHVV
 5ROOV(7  (PRWLRQDQG'HFLVLRQ0DNLQJ([SODLQHG
WH[ D QRQU
QRQ
H
 'RZQDU -   2UELWRIURQWDO FRUWH[
QRQUHZDUGLQJ
 QHZ WUHDWPHQW WDUJHW LQ GHSUHVVLRQ" &XUU %LRO
55

*LDFREEH3'
*LDFREEH
 )HIIHU.)HWWHV3*LDFREEH3'DVNDODNLV=-%OXPEHUJHU'0'RZQDU-
 +]U706RIWKHULJKW
MRU G
MRUGHS
(XU1HXURSV\FKRSKDUPDFRO
RUELWRIURQWDOFRUWH[IRUPDMRUGHSUHVVLRQ6DIHW\WROHUDELOLW\DQGFOLQLFDORXWFRPHV


A

The Medial and Lateral OFC and Ventral Striatum

L

R

Sagittal View, X = 13

Axial View, Z = -13

Jo
ur
na
lP
re
-p
ro
of

Coronal View, Y = 49
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At the population level, association between medial OFC (Large-Win vs No-Win)
and lateral OFC (No-Win vs Large-Win) and depression symptom score
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