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Considerable animal and human research has been dedicated to the effects of parenting on structural brain development,
focusing on hippocampal and prefrontal areas. Conversely, although functional imaging studies suggest that the neural reward
circuitry is involved in parental affection, little is known about mothers’ interpersonal qualities in relation to their children’s brain
structure and function. Moreover, gender differences concerning the effect of maternal qualities have rarely been investigated
systematically. In 63 adolescents, we assessed structural and functional magnetic resonance imaging as well as interpersonal
affiliation in their mothers. This allowed us to associate maternal affiliation with gray matter density and neural responses during
different phases of the well-established Monetary Incentive Delay task. Maternal affiliation was positively associated with
hippocampal and orbitofrontal gray matter density. Moreover, in the feedback of reward hit as compared with reward miss, an
association with caudate activation was found. Although no significant gender effects were observed in these associations,
during reward feedback as compared with baseline, maternal affiliation was significantly associated with ventral striatal and
caudate activation only in females. Our findings demonstrate that maternal interpersonal affiliation is related to alterations in
both the brain structure and reward-related activation in healthy adolescents. Importantly, the pattern is in line with typical
findings in depression and post-traumatic stress disorder, suggesting that a lack of maternal affiliation might have a role in the
genesis of mental disorders.
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Introduction

Much animal and human research has been conducted in an
attempt to investigate effects of parenting on neural develop-
ment and mental health. In a different field, interpersonal
research, valuable concepts have been developed to describe
human interaction and its relationship to attachment and
psychopathology. However, a connection between these
research areas has rarely been endeavored.
Maternal care affects stress reactivity and neural systems

regulating stress responses.1,2 Chronically stressful environ-
ments adversely affect hippocampal plasticity,3–5 and parti-
cularly mother–offspring interaction is important for
hippocampal structural development.6 Recently, a study in
humans has established that early childhood maternal
support predicts hippocampal volume as measured at school
age.7 Moreover, hippocampal structure seems to be affected
by attachment style.8 Functional imaging indicates that
early-life stress is associated with dysfunctional neural reward

processing.9 With parental affection being a substantial

source of a child’s reward, it is conceivable that the neural

reward system, including striatum and orbitofrontal cortex

(OFC), has an important role in positive mother–infant

interaction and attachment.10–12 This is in line with the finding

that a favorable disposition towards social relationships and

attachment is associated with increased graymatter density in

orbitofrontal and striatal regions in men.13 Corresponding

structural changes, including the hippocampus and the

prefrontal cortex, have been found in patients with major

depressive disorder (MDD),14,15 which has been related to

low parental affection.16,17 Furthermore, patients suffering

from MDD have attenuated ventral striatal activation during

reward anticipation18,19 as well as decreased ventral striatal

and caudate activation during reward feedback.18 Even more

compelling is that this pattern has also been observed in

healthy adolescents at risk for depression.20,21 In samples

free of psychiatric disorders, depressive symptoms and their
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increase are related to the neural response to reward.22,23

A similar picture emerges for post-traumatic stress disorder
(PTSD),24,25 which can arise from traumatic experiences
associated with adverse parenting.
Naturally, the interaction between a mother and her child is

coined by the mother’s general interpersonal style. Research
in interpersonal theory26 has proposed that interpersonal
behavior can be described by two dimensions, namely
affiliation and dominance.27 In this concept, affiliation con-
tinuously ranges from cold-hostile to warm-loving, and
dominance is described by dominating vs submissive
behavior. It has been shown that friendly loving interpersonal
style as assessed by the Inventory of Interpersonal Problems
(IIP)28 or other interpersonal measures such as the Structural
Analysis of Social Behavior29 is connected to secure attach-
ment, while a cold-hostile style is related to dismissing and
anxious attachment.30–33 Nevertheless, there are critical
differences between the concepts of affiliation and attach-
ment: while attachment represents the quality of the relation-
ship between a person and a specific important other,
interpersonal affiliation relates to a person’s general extent
of love and affection toward others.33 Thus, secure attach-
ment can be seen as a result of experiencing an attachment
figure as loving-friendly,33 making mothers’ affiliation a
prerequisite for their children’s attachment that is not distorted
by the child’s perspective. As core behavioral-motivational
processes underlying the trait of affiliation, different phases of
reward processing have been suggested.34 With mothers’
own attachment and social characteristics having a funda-
mental role in parenting and children’s attachment,35–37

interpersonal behavior of mothers may directly relate to their
children’s neural development.
However, studies in healthy volunteers investigating

how interpersonal qualities assessed in mothers relate to
their children’s brain structure and function are lacking.
Therefore, we hypothesized that in healthy adolescents, low
maternal affiliation would be associated with reduced gray
matter density and attenuated activation during reward
processing in the hippocampus, OFC and striatum. As many
of the studies cited above have focused on either males or
females, or have detected gender differences,13,20,24,38 we
additionally sought to investigate whether male and female
adolescents’ neural properties are differentially affected by
maternal affiliation.

Materials and methods

Participants. Participants were from the IMAGEN study
(for a detailed description of the sample, see Schumann
et al.39). Written informed consent to participate in the study
was obtained from the parents as well as assent from the
participants themselves, and procedures were approved by
the local ethics committee. As the questionnaire used for the
affiliation assessment was only given to the parents
accompanying participants assessed in Hamburg, Germany,
between January and July 2010, only this subset was
analyzed for the present study (n¼ 79). Eight datasets had
to be excluded after quality control. Of the remaining 71
datasets, seven questionnaires had been filled out by
fathers, all others had been filled out by mothers. To keep

the sample as homogenous as possible, we investigated only
the data from those participants whose mothers had filled out
the questionnaire (n¼ 64). In order to identify and exclude
participants with psychiatric disorders, clinical symptomatol-
ogy was individually assessed with the computerized
Development and Well-Being Assessment40 and then rated
by experienced psychiatrists. This resulted in the exclusion of
another participant and a final sample of n¼ 63 without
clinically relevant symptomatology (rating: ‘sure no clinical
disorder present’). Of this final sample, 26 were female, the
mean (s.d.) age was 14.24 (0.25) years, and according to the
Puberty Development Scale41 the mean (s.d.) pubertal status
was at 67 (11)% of the maximum score. The participants’
intelligence was estimated by the sum score of five subtests
of the Wechsler Intelligence Scale for Children IV42

(that is, block design, matrix reasoning, vocabulary, digit
span and similarities), with a mean (s.d.) sum score of 189
(19) points. As the composite measure of these particular
subtests is not a validated IQ measure, we refrain from
converting it to the IQ scale. However, compared with the
large sample of the 14-year-old IMAGEN participants
assessed in Europe (n¼ 2025, mean (s.d.) sum score¼ 186
(23) points), the present sample was in the normal range
(T(2086)¼ 0.084, P¼ 0.398).

Maternal affiliation and personality assessment. The
mothers’ interpersonal affiliation score was calculated from
their scores on the German Version of the IIP.43 The IIP is a
standard measure to assess problems that a person might
encounter in interpersonal contact.28 Importantly, the 64
items answered on a five-point scale capture general
patterns in interpersonal situations (for example, ‘I keep
other people at distance too much’), not behavior toward a
specific person. The IIP total score of the mothers in this
sample (mean (s.d.)¼ 1.08 (0.49)) is comparable with the
healthy norm for this age group.43 Based on the interpersonal
theory of psychiatry,26 the IIP consists of eight scales
arranged in a circumplex: Vindictive (BC), Cold (DE), Socially
avoidant (FG), Nonassertive (HI), Exploitable (JK), Overly
nurturant (LM), Intrusive (NO) and Domineering (PA).44 In
correspondence with the findings by Leary,27 the circumplex
of the ipsated (mean-subtracted) scale values is spanned by
two dimensions: love/affiliation, characterized by friendly/
loving vs cold/hostile behavior, and dominance described by
dominating vs submissive behavior.45–47 This structure
closely corresponds to the universal structure of interperso-
nal measures.43,48 Even though the IIP is often used in a
clinical context, it has been shown that the circumplex
structure fits just as well in healthy adult samples.43 The
mothers’ IIP scale values were ipsated and individually
z-transformed, then the affiliation scores were computed
according to Horowitz et al.43 and Gurtman:45,46

affiliation¼ 0.25� ((zLM)þ 0.707� (zNO)þ 0.707� (zJK)�
0.707� (zFG)� 0.707� (zBC)� (zDE)). While the IIP total
score is indicative of a person’s total amount of problematic
interpersonal behavior, the affiliation score is based on
ipsated values and thus does not represent problem behavior
but rather a general interpersonal style, especially in a healthy
sample.43,48 Please note that the term ‘maternal interpersonal
affiliation’ does not specifically refer to the affiliation of
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mothers toward their children but to the mothers’ inter-
personal style in general.

Reward task. In order to assess reward processing during
functional magnetic resonance imaging (MRI), a modified
version of the Monetary Incentive Delay task49 was used
(Figure 1). Each trial consisted of anticipation, response and
feedback. Before the anticipation phase, a cue signaled the
position of the target as well as the type of reward that could
be attained by a correct response. Different cues distin-
guished between large reward (10 points), small reward (two
points) and no reward (zero points) conditions. After a
random anticipation interval of 4 000–4 500ms length, the
target appeared. Participants were instructed to respond to
the target as quickly as possible via button press and
informed that the points they earned would be converted into
chocolate treats after scanning. The duration of the target
appearance was continuously adapted to the performance of
the subject, ensuring a successful performance on approxi-
mately 66% of all the trials. Immediately following the
response, feedback indicated the number of points attained
in the recent trial as well as the total points earned during the
task. The inter-trial interval varied so that each trial took
approximately 10,000ms (Figure 1). Large, small, and no win
conditions were randomized throughout the task (22 trials
each, summing up to 66 trials in total).

Imaging parameters. All MRI data were acquired using a
3-Tesla Siemens Trio MRI scanner in Hamburg, Germany.
High-resolution anatomical MRIs were acquired, including a
three-dimensional T1-weighted magnetization-prepared
gradient echo sequence based on the Alzheimer’s
Disease Neuroimaging Initiative protocol. The structural
image comprised 160 slices (1.1mm thickness, TR¼ 2300
ms, TE¼ 2.8ms) and required 9min for acquisition.
In the functional task, 300 volumes per subject were
obtained, each comprising 40 slices. The slices were
aligned to the connecting line between the anterior and post-
erior commissure (2.4mm thickness, 1mm gap, TR¼ 2200
ms, TE¼ 30ms). The functional scanning procedure
required 11min.

Functional and structural MRI preprocessing and
analysis. All image analysis procedures were conducted
using SPM8 (Wellcome Department of Cognitive Neurology,
London, UK). For the voxel-based morphometry analysis,50

T1 images were segmented using the SPM8 segmentation
toolbox, then modulated and normalized to Montreal
Neurological Institute (MNI) space using the Diffeomorphic
Anatomical Registration Through Exponentiated Lie
Algebra (DARTEL) toolbox 6 as implemented in SPM8. The
structural images were smoothed with a 7-mm Gaussian
isotropic kernel.
For the functional analysis, EPI (echo planar imaging)

images were co-registered with the T1 structural image, then
realigned and resliced. A first-level model was constructed on
the unsmoothed single-subject data using each of the
following regressors twice (for successful trials and for
unsuccessful trials, respectively): (1) anticipation of large
reward, (2) anticipation of small reward, (3) anticipation
of no reward, (4) feedback large reward, (5) feedback small
reward, and (6) feedback no reward. Trials in which
subjects failed to respond were modeled separately. Indivi-
dual movement parameters were included as covariates.
Using DARTEL, we created a custom template from the
participants’ T1 images and normalized single-subject con-
trast images to MNI space, then smoothed with a 6-mm
Gaussian isotropic kernel.
Because of gender-specific effects of parental behavior on

the children/offspring (see Introduction), we modeled mater-
nal affiliation separately for each gender. In order to do so, a
second-level model was conducted for both functional and
structural data with maternal affiliation as covariate of interest
modeled individually for each gender. This allowed us (1) to
investigate potential gender interactions of maternal affiliation
and (2) to model the association with maternal affiliation in all
participants while controlling for potential gender differences.
In all analyses, pubertal status41 and intelligence estimate42

were included as gender-specific nuisance covariates. There
were several reasons to include pubertal status instead of
age. Although all participants were within a very narrow age
range (14 years), they largely differed in pubertal status.
Moreover, at least in females, pubertal status predicts gray
matter density in critical regions more accurately than age
does, and sexual dimorphisms concerning graymatter density
in these regions are driven more by pubertal influences than
by age.51 In order to control for global volumetric differences
between participants in the voxel-based morphometry analy-
sis, total intracranial volume was also included as a nuisance
covariate.
For all analyses, the significance threshold was set to

Po0.05, using small volume family-wise error correction at
the voxel level. Volumes of interest were the bilateral ventral
striatum, caudate, hippocampus and frontal orbital cortex.
Correction for the ventral striatum was based on an 18-mm
diameter sphere centered at coordinates x¼±14, y¼ 8,
z¼ –8, as indicated in previous studies.52–54 All other volumes
of interest were taken from the Oxford Cortical/Subcortical
Structural Atlas, with a probability threshold at 0.5. Figures are
displayed at a threshold of Po0.001, uncorrected, for
visualization purposes, and projected onto the participants’
mean structural scan.

Figure 1 The time line of the Monetary Incentive Delay task49 used during
functional imaging (here: a ‘hit large reward’ trial, cued by a circle with three lines,
with the feedback screen indicating a win of 10 points in the present trial and 12
points total. For a detailed description of the task, see Methods). For the association
with maternal interpersonal affiliation according to the Inventory of Interpersonal
Problems,43 both anticipation and feedback vs baseline were investigated, as well
as feedback of hit vs feedback of miss.
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In order to attain the maximal sensitivity to detect associa-
tions with reward-related activation, we attempted to use the
contrast with the most robust reward-related response for the
association analyses. Previous findings show that reward
magnitude is reflected in reward-related activation, with large
rewards eliciting the greatest reward-related response.54

Thus, we focused the association analyses on the large
reward condition, as it has been done previously.53

Results

Voxel-based morphometry analysis. In agreement
with our hypotheses, we found higher maternal scores
in the affiliation dimension to be associated with increased
gray matter density in bilateral hippocampus (x, y, z: � 24,

� 39, � 6, T(53)¼ 3.85, P¼ 0.011 and 20, � 37, 4, T(53)
¼ 3.29, P¼ 0.048, both corrected; see Figure 2). Moreover,
the affiliation dimension was associated with left orbitofrontal
gray matter density (� 24, 21, � 18, T(53)¼ 3.55, P¼ 0.036,
corrected).
No significant gender interactions were observed in this

analysis.

Reward task
Anticipation. As expected, the reward network was

activated during the anticipation of large rewards, including
the striatum, OFC and hippocampus (Table 1). For the
whole-brain activation beyond the regions of interest, please
refer to Supplementary Table S1.
Nevertheless, we neither found significant associations

between maternal interpersonal affiliation and activation
during reward anticipation in the hypothesized regions, nor
did we find significant gender interactions.

Feedback. During feedback of large rewards, again all
regions of interest were strongly activated (Table 1; for the
whole-brain activation beyond the regions of interest, see
Supplementary Table S1), and we found an association
between maternal interpersonal affiliation and right ventral
striatal activation (15, 3, 0, T(55)¼ 3.33, P¼ 0.050, cor-
rected). However, testing for gender interactions in the effect
of maternal affiliation revealed significant interactions in this
area (F(55)¼ 18.70, P¼ 0.008, corrected) as well as in the
right caudate (18, 21, � 2, F(55)¼ 19.61, P¼ 0.006, cor-
rected). Post-hoc tests showed that in these regions, the
association was stronger in females (Figure 3). When
dividing the sample into a male and a female group and
repeating the analysis in both groups separately, the
association with maternal affiliation was significant in females
(right striatum: 15, 3, 0, T(22)¼ 3.81, P¼ 0.042 and right
caudate: 18, 21, � 2, T(22)¼ 4.76, P¼ 0.008, both cor-
rected; Figure 3) but not in males.

Feedback hit vs miss. We then analyzed the differential
activation between feedback of large reward hits (successful
trials when participants’ responses were fast enough and
reward was delivered) and feedback of large reward misses
(unsuccessful trials when responses were not fast enough
and no reward was delivered). Also in this contrast, all
regions of interest showed robust activation (Table 1).

Figure 2 Associations between maternal interpersonal affiliation according to the Inventory of Interpersonal Problems43 and gray matter density in the hippocampus. The
scatterplot represents individual maternal affiliation scores and intensity values at the peak voxel in the hippocampus. The color bar indicates t-values. The activations are
displayed at a threshold of Po0.001, uncorrected, for visualization purposes. *Significant at Po0.05, corrected.

Table 1 Main effects of the Monetary Incentive Delay task49 on regional Blood
Oxygenation Level Dependent (BOLD) response in the regions of interest (all
po0.01, corrected)

Structure Voxeld Coordinates
T(57) x, y, z (mm)

Reward anticipation (large rewards)
Left ventral striatum 11.52 �16, 8, �3
Right ventral striatum 10.93 14, 11, �6
Left caudate 7.60 � 14, 14, � 2
Right caudate 7.95 12, 12, �2
Left hippocampus 6.80 �21, � 39, �3
Right hippocampus 6.07 27, �36, � 6
Left orbitofrontal cortex 10.76 � 32, 27, � 2
Right orbitofrontal cortex 11.05 32, 21, �9

Reward feedback (large rewards)
Left ventral striatum 12.22 �10, 6, �3
Right ventral striatum 10.68 12, 11, � 14
Left caudate 10.59 �10, 9, �2
Right caudate 8.12 10, 8, 4
Left hippocampus 8.36 �22, � 39, �5
Right hippocampus 8.36 30, � 33, �11
Left orbitofrontal cortex 13.57 � 33, 26, � 2
Right orbitofrontal cortex 12.51 38, 21, �8

Feedback hit4miss (large rewards)
Left ventral striatum 6.79 � 9, 12, �11
Right ventral striatum 7.10 10, 9, � 6
Left caudate 4.99 � 16, 18, � 5
Right caudate 4.87 10, 14, �2
Left hippocampus 4.66 � 22, �21, � 20
Right hippocampus 4.16 22, �30, � 8
Left orbitofrontal cortex 6.21 �16, 12, �15
Right orbitofrontal cortex 5.17 14, 12, � 15
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Maternal interpersonal affiliation was positively associated
with the differential activation between large reward hits and
misses in the left caudate (� 18, 12, 13, T(55)¼ 3.41,
P¼ 0.043, corrected). No significant gender interactions
were observed.

Discussion

Our results demonstrate that interpersonal affiliation in
mothers is associated with bilateral hippocampal and left
orbitofrontal gray matter density in their adolescent children.
Furthermore, during functional MRI with an established
reward paradigm, partly gender-specific associations with
feedback-related activation in the ventral and dorsal striatum
were observed.
First of all, our results replicate and extend previous cross-

sectional38,55 and longitudinal findings in humans7 and
animals6 that relate maternal care or support to hippocampal
gray matter volume. The convergence of outcomes attained
with such different methodologiesmakes it likely that there is a
predominant common basis underlying this link. Considering
that hippocampal reductions have robustly been associated
with environmental stress,3,5 it can be speculated that ‘cold’ or
unsupportive mothers represent a stressful environment for
children, thereby causing an impairment of their hippocampal
development.
A more novel finding is the connection between maternal

affiliation and graymatter density in theOFC, a region that has
a central role in the concept of attachment.11 Moreover,
theoretical accounts conceptualize affiliation in parents as a
qualification for secure attachment in children,33 and neural

processes involving the OFC have a role in both affiliation and
attachment.10,12,34 Thus, the OFC could be an important
node, linking interpersonal affiliation in mothers and attach-
ment in their children. As recent research suggests, reward
learning occurs by building up representations of reward
values through fine-grained activity patterns in response to
specific cues in the OFC.56,57 It can be speculated that a
‘cold’, non-affiliative mother offering her child less emotional
and social reward causes a suboptimal formation of neural
value representations in the OFC. This might lead to a
deficient structural development of the OFC, and conse-
quently, motivational and hedonic value of emotional and
social rewards would be monitored inefficiently. Possibly,
such a process could be related to reduced motivation and
ability to understand the intentions of others, in line with
findings relating orbitofrontal volume to reward dependency
and social competences.13,58,59 Furthermore, as our func-
tional imaging findings are indicative of an impact on reward
processing that goes beyond social reward and attachment,
such deficiencies in reward processing may generalize to
other types of reward.
Although it is unlikely that these volumetric differences

reflect effects of neurogenesis, the basis of gray matter
differences in healthy subjects measured by voxel-based
morphometry cannot be clearly determined.60,61 Yet, animal
studies give hints about potential biological mechanisms
underlying our findings. In the rodent hippocampus, the
consequences of early maternal separation or reduced
maternal care include attenuated rates of synaptic develop-
ment62 as well as disrupted cell proliferation and migration,
likely influenced by an altered radial glia cell density and

Figure 3 Gender-specific association between maternal interpersonal affiliation according to the Inventory of Interpersonal Problems43 and striatal activation in the
Monetary Incentive Delay task49—feedback of large rewards. The scatterplot represents individual maternal affiliation scores and intensity values at the peak voxel in the
caudate (upper part) and the ventral striatum (lower part). Blue dots represent values of males, pink dots represent values of females. The activation maps show the activation
associated with maternal affiliation in the female subgroup. The color bar indicates t-values. The activations are displayed at a threshold of Po0.001, uncorrected, for
visualization purposes. **Significant at Po.01; *significant at Po0.05, all corrected; NS, non-significant.

Adolescents’ brains and maternal affiliation
S Schneider et al

5

Translational Psychiatry



morphology.63 Also outside the hippocampus, specific pro-
cesses as to how parental deprivation affects rodent brain
structure have been identified, for example impaired dendritic
and synaptic development of the apical dendrites in the
OFC.64 Importantly, all these findings suggest that a lack of
parental care relates to a structural deficit rather than to simple
variability, but they do not converge on a single underlying
process. A combination of different cellular mechanisms may
be involved in experience-dependent gray matter variability,61

and this could also be the case for parenting-related effects.
In the functional imaging reward task, striatal regions were

robustly activated during the main effects of reward anticipa-
tion and feedback, demonstrating that the task effectively
elicited reward-related activation. Perhaps, the reward-
related activation might have been an even more robust basis
to detect individual differences had we used money instead of
chocolate treats as rewards, which was not possible for ethical
reasons. In response to large reward feedback, we found
significant gender interactions in the association between
ventral striatal and caudate activation and maternal inter-
personal affiliation. Post-hoc analyses revealed that the
association between activation and maternal affiliation was
significant in the female but not in the male part of the sample.
This observation is in line with previous reports that some
effects of maternal care are only present in females.38,65 The
region associated with maternal affiliation only in the female
subgroup, the ventral striatum, has been suggested as key
mediator of consummatory reward deficits, contributing to the
experience of pleasure.66 In this sense, particularly daughters
of rather ‘cold’ as comparedwith affiliativemothersmight have
deficits in the experience of pleasure. It could be that females
are more vulnerable to maternal effects on striatal reward
processing because of general gender differences in the
functioning of reward-related areas.67,68 Another possibility is
that the interaction with the same-sex parent has particularly
strong effects on the development. This has been suggested
by a questionnaire study finding a correlation between
parenting style and interpersonal sensitivity only for the
same-sex parent, particularly in females.69 Future studies
are needed to clarify the exact nature of these gender
differences. However, we found an association between
maternal affiliation and the differential activation between
feedback of large reward hits and misses in the left caudate
that was not different in males and females. As suggested
previously, reduced caudate activation in such a differential
feedback contrast may relate to a deficit in reward learning in
order to optimize goal-directed behavior.18,66

The pattern of structural and functional variation related to
low maternal affiliation also resembles patterns observed in
PTSD and MDD.14,18,25,70 Although our results may not
directly support these studies as the present sample is free of
clinical disorders, similar structural71 and functional20,21

findings have been reported for girls at risk for MDD. The
limitation of these results to females as well as the much
higher prevalence of MDD and PTSD in female adolescents72

is in line with the partial gender bias in our results. Not only in
MDD73 but also in healthy samples,74 reduced outcome-
related ventral striatal activation has been observed as a
correlate of anhedonia. Thus, adolescents with relatively ‘cold’
mothers might be more vulnerable to depressive symptoms.

Along similar lines, recent research suggests that related
neural processes subserve depression and insecure attach-
ment.75 However, such processes are likely to be also
influenced by the child’s genetic disposition. As Caspi and
Moffit76 pointed out, environmental aspects (such as a lack of
maternal support) can merely constitute risk factors for the
emergence of psychiatric diseases because exposure to them
does not always generate disorder. Therefore, the results of
this study may be viewed as a facet in a more complex gene
by environment interaction that could underlie the develop-
ment of mental illness. Although it is conceivable that
heritability has a role in our findings, mothering and its
neurobiological basis have been suggested to be transmitted
across generations mainly through behavior rather than
through genetic processes.2,77 Hence, our findings unlikely
represent a pure genetic effect.
Our study encompasses several weaknesses. First of all,

affiliation scores were derived from a questionnaire originally
assessing interpersonal problems, and interpersonal affilia-
tion was not assessed as a beneficial attitude per se but as a
tendency to be rather too caring and friendly than being too
‘cold’ and hostile. However, the affiliation score was not based
on absolute values but on difference scores that reflect
individual styles instead of problem severity. Moreover,
previous research showing that the affiliation dimension is
positively related to secure attachment as well as our
findings of a positive correlation with hippocampal gray matter
demonstrate the validity of our approach. Second, we did not
assess attachment style in the mothers or the children.
Therefore, we cannot draw definite conclusions as to how our
results translate to the attachment concept. Although in the
light of previous research and theoretical accounts33,35–37 it
seems likely that there is a substantial connection, future
studies are needed to clarify the relationship between
maternal affiliation and attachment with children’s neural
features and attachment. In addition, the present study relies
on cross-sectional data, allowing only speculation about the
clinical relevance of our results. However, a plan to follow up
this cohort will be implemented, clarifying the predictive value
of our findings.
In summary, our findings show that maternal interpersonal

style relates to adolescents’ structural and functional neural
properties. Our study suggests a model of how maternal
interpersonal features may be linked to the development of a
certain neural reward processing pattern, with possible
implications for the vulnerability for psychiatric illness.
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