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Attending to emotional information conveyed by the eyes is an
important social skill in humans. The current study examined this skill
in early development by measuring attention to eyes while viewing
emotional faces in 7-mo-old infants. In particular, we investigated
individual differences in infant attention to eyes in the context of
genetic variation (CD38 rs3796863 polymorphism) and experiential
variation (exclusive breastfeeding duration) related to the oxytocin
system. Our results revealed that, whereas infants at this age show a
robust fear bias (increased attention to fearful eyes), their attention
to angry and happy eyes varies as a function of exclusive breastfeed-
ing experience and genetic variation in CD38. Specifically, extended
exclusive breastfeeding duration selectively enhanced looking prefer-
ence to happy eyes and decreased looking to angry eyes. Importantly,
however, this interaction was impacted by CD38 variation, such that
only the looking preferences of infants homozygous for the C allele of
rs3796863 were affected by breastfeeding experience. This genotype
has been associated with reduced release of oxytocin and higher rates
of autism. In contrast, infants with the CA/AA genotype showed sim-
ilar looking preferences regardless of breastfeeding exposure. Thus,
differences in the sensitivity to emotional eyes may be linked to an
interaction between the endogenous (CD38) and exogenous (breast-
feeding) availability of oxytocin. These findings underline the impor-
tance of maternal care and the oxytocin system in contributing to the
early development of responding to social eye cues.
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Sensitive responding to emotions in others is a vital social skill
that helps us relate to others, predict their actions, and co-

ordinate our own behavior during social interactions. Given its
critical importance for effective social functioning, it is not sur-
prising that the ability to detect and distinguish between emotional
expressions emerges early in human development. Findings from
behavioral and neuroscience studies indicate that infants’ ability to
discriminate between positive and negative emotional expressions
emerges in the first year of life (see refs. 1 and 2 for reviews). For
example, by around 7 mo of age, infants distinguish between fearful
and happy facial expressions and show increased allocation of at-
tention to fear (3). This enhanced attention to fear in others marks
the emergence of a “fear bias” in infancy, which is thought to orient
and alert the infant to potentially threatening situations (2, 4). Prior
work with adults demonstrates that emotion perception and, in
particular, fear detection (eyes wide open) rely heavily on infor-
mation from the eye region and occur even in the absence of
conscious perception (5–8).The importance of eye cues for emotion
perception has recently been studied in infants. In an event-related
brain potential (ERP) study, 7-mo-old infants were found to dis-
criminate between fear and happiness on the basis of eye cues
alone (9). Similar to adults, 7-mo-old infants discriminated be-
tween emotional eyes without consciously perceiving them (see
ref. 10 for more information regarding conscious and unconscious
processing in infants).

Studies on autism spectrum disorder (ASD), a neurodevel-
opmental disorder characterized by severe social impairments,
provide more evidence to suggest that attending to eyes plays an
important role in early social development. In particular, there is
evidence to suggest abnormalities in looking to the eyes in toddlers,
adolescents, and adults with ASD (refs. 11–13, respectively). How-
ever, it should also be mentioned that some studies do not find
impaired looking to the eyes among individuals with ASD, which
may be explained by differences in the stimuli used, in the age
ranges tested, and in the symptom severity considered across studies
(see ref. 14 for a review). A recent study by Jones and Klin (11)
investigated attention to eyes from 2 to 24 mo in infants at low or
high risk for autism (high risk: infants with ASD siblings). Among
infants later diagnosed with autism, attention to the eyes while
viewing videos of naturalistic caregiver interactions was initially
present but began to decline between 2 and 6 mo of age. Fur-
thermore, attention to eyes measured over the course of 24 mo
negatively correlated with symptom severity. Thus, children later
diagnosed with autism initially attend to eyes as much as typically
developing infants but later in infancy exhibit a steady decline in
attending to the eyes whereas typically developing infants maintain
a constant level of attention to the eyes (11). This finding points to
an important period in infancy during which attention to eyes may
develop along different trajectories. Furthermore, the results from
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Jones and Klin (11) support the notion that the development of
reduced attention to eyes and eye cues during infancy may be one of
the earliest detectable warning signs of autism (see also ref. 15).
In both autistic and healthy populations, oxytocin has been re-

lated to orientation to eyes and to the detection of emotional states
from the eye region (16, 17). Oxytocin is a neurohormone synthe-
sized in the paraventricular and supraoptic nuclei of the hypothal-
amus, released both peripherally into the bloodstream and centrally
within the brain (18). It is best known for its role in mammalian
reproductive and parental behaviors (19, 20). However, it serves
much broader functions and has been implicated in the modulation
of a host of social behaviors, with a special emphasis on cooperative
behaviors based on empathy and trust (21, 22). With respect to the
current context, a recent study by Auyeung et al. (17) reported a
facilitation of eye contact with oxytocin administration in a real-time
social interaction. This increase in eye contact was exhibited in both
autistic and healthy adults. Oxytocin administration has also been
shown to increase eye gaze to static faces in adults with autism
(23) and has further been linked to improved emotion recognition
from the eye region of static images in adolescents with autism
(24). Moreover, the administration of oxytocin to children (25) and
adults (26) diagnosed with autism has been shown to selectively
enhance brain responses to social stimuli compared with physical
control stimuli. In healthy adults, oxytocin administration increases
the duration and frequency of gaze to the eye region while viewing
neutral faces (27) and increases orienting of attention to emotional
gaze cues (28). It also facilitates recognition of mental states of
others when provided with cues from the eye region (29). Moreover,
there is considerable evidence suggesting that oxytocin plays a spe-
cific role in facilitating the processing of positive emotions and events
(27, 30–32). This increase in the salience of positive emotions
might also be linked to, or explained by, a reduction of the salience
of negative social stimuli (33–36). Taken together, oxytocin seems
to increase the salience of prosocial positive stimuli, which may
be facilitated by increased attention to the eye region during
social interactions.
Genetic variation that affects oxytocin neurotransmission has

been linked to individual differences in social behavior (see refs. 37
and 38 for reviews). Specifically, the ectoenzyme CD38 (Cluster of
Differentiation 38) is considered to play a major role in regulating
social behavior due to its effect on the release of oxytocin (39).
Knockout mice that lack the Cd38 gene show severe social deficits
(i.e., amnesia of conspecifics) and have been discussed as a rodent
model of autism (40, 41). Indeed, research points to a reduced
expression of CD38 in the lymphoblastoid cell lines of autistic
patients (42). With respect to naturally occurring variation at this
gene, a common single-nucleotide polymorphism (SNP) has been
described that occurs on an intron of this gene in humans, CD38
rs3796863. Genetic variation at this locus has been associated with
autism (40, 41). Specifically, the C allele is reportedly overtrans-
mitted in populations with autism and also associated with lower
CD38 expression (42, 43). Furthermore, ASD in individuals with the
CC genotype is characterized by more severe symptoms, such as
restricted, repetitive, and stereotyped patterns of behavior, than
ASD in individuals carrying the A allele (43). In healthy pop-
ulations, individuals who are homozygous for the “risk allele” (CC)
have lower plasma levels of oxytocin than CA/AA carriers (44, 45).
When presented with social stimuli (both faces and scenes), adults
with the CC genotype exhibit slower reaction times, increased fu-
siform gyrus activation (46), and increased amygdala activation (47)
compared with adults with the CA/AA genotypes. At the behavioral
level, parents homozygous for the C allele have been shown to
touch their infants less during a free play session than A allele
carriers (45). In summary, this literature suggests that genetic vari-
ation in CD38 is associated with systematic neural and behavioral
differences in social functioning.
Apart from genetic variation within the oxytocin system itself,

maternal behaviors that influence the exogenous availability of

oxytocin might also contribute to individual differences in emotion
processing, namely breastfeeding. Plasma oxytocin rises in mothers
in response to suckling (48), and a similar rise in oxytocin occurs
within the mothers’milk itself (49). Although not directly studied in
human infants, breastfeeding has been suggested to increase oxy-
tocin levels in infants directly through breast milk, as well as in-
directly through caring touch and warmth (50). Research with dairy
calves and rat pups provides evidence that plasma oxytocin levels
rise as a direct result of suckling (49, 51). For example, Takeda et al.
(49) demonstrated that concentrations of radioactively marked
oxytocin injected into rat dams were found in both the plasma
and gastric contents of neonates after suckling. The duration
in which human infants are fed with breast milk exclusively
(exclusive breastfeeding; EBF) is recognized to facilitate cognitive
(52–56) and neural development (57–59). However, only recently,
EBF has been linked to differences in emotion processing in both
mothers (60) and infants (61). In both studies, an extended dura-
tion of EBF was associated with increased sensitivity to happiness
in others. These breastfeeding studies are in line with oxytocin ad-
ministration studies, in which oxytocin has been found to increase
sensitivity to positive expressions in others (i.e., ref. 30). It is thus
likely that the influence of EBF on positive emotion perception is
related to increased oxytocin levels in both mothers and infants.

The Current Study
The goal of the current study was to systematically investigate
infants’ responses to emotional eyes and to examine how genetic
variation in CD38 and variation in breastfeeding behavior impact
individual differences in emotional eye processing. The specific aim
of the current study was threefold: (i) to find out whether infants at
7 mo of age are able to differentially attend to emotional eye cues
(and show a fear bias as seen for emotional faces), (ii) to examine
whether exclusive breastfeeding duration, as a proxy for exoge-
nously available oxytocin, impacts infants’ attention toward the eye
region of specific emotions, and (iii) to further investigate whether
genetic differences related to central oxytocin release (endoge-
nously available oxytocin) modulate attention to emotional eyes and
whether and how this possible influence might interact with exclu-
sive breastfeeding duration (see Figs. 1 and 2 for presentation
paradigm and stimuli examples). Based on prior work on emotional
face perception in infancy, we hypothesized that 7-mo-old infants
are able to discriminate between emotions (1). More specifically, we
predicted that infants would show increased attention to fear
compared with other emotions (3, 62–65). We further hypothesized
that duration of EBF is associated with differences in infants’ at-
tention to emotional information. As shown in prior work with
infants and mothers (60, 61), we hypothesized that breastfeeding
exposure would increase looking to happy eyes. Critically, we
also hypothesized that the effect of EBF duration interacts with
genetic variation within the oxytocin system. Specifically, based
on prior work with rodents (41) and both autistic and healthy
humans (43, 45), we predicted that the impact of breastfeeding
might be greater for infants with the CC genotype (homozygous
for the risk allele) of CD38 rs3796863. Because breastfeeding is
thought to be an exogenous source of oxytocin (41, 49, 51), it
might help up-regulate oxytocin levels (and function) in infants
with the “risk” CC genotype presumably characterized by low
oxytocin levels. It is also important to mention that the choice
and the extent of breastfeeding may be impacted by potentially
confounding maternal factors such as maternal age and education
(66, 67). The current study therefore obtained information re-
garding these attributes and other variables through questionnaires.

Results
CD38 rs3796863 genotype frequencies in the infants are dis-
played in Table 1 and are similar to those observed in other
studies (46, 47). No Mendelian inconsistencies were detected in
inheritance of alleles from mothers to offspring (see Table S1 for
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maternal genotype frequencies). Hardy–Weinberg equilibrium
was tested separately in mothers and in offspring. No deviations
from Hardy–Weinberg equilibrium were detected (all P values >
0.05). Sex distribution and age differed significantly neither be-
tween genotype groups (CC versus CA/AA) nor between EBF
groups (low versus high) (all P values > 0.05). The majority of
studies relating the polymorphism rs3796863 (CD38) with as-
pects of social behavior and plasma oxytocin find differences
between homozygous risk allele carriers (CC) and A carriers
(CA/AA) (44–47, 68). In keeping with prior studies, we con-
ducted our analyses by grouping genotypes in the same manner
(CC versus CA/AA).
As our main analysis, we conducted a three (emotion: anger,

happiness, fear) by two (EBF: low, high) by two (CD38: CC, CA/
AA) repeated-measures analysis of covariance (ANCOVA) with
looking preference to the eye region as the dependent variable.
Covariates included in our analysis were maternal age, maternal
education, and the percentage of currently breastfed meals
(Table S2). Maternal age and education were included because
prior work indicates that these factors are associated with
breastfeeding behavior and should therefore be controlled as
covariates (52–55, 57–59). Based on prior work with infants who
are still breastfed (60, 61), we also included currently breastfed
meals as a covariate because it allowed us to ascertain that
breastfeeding effects can be attributed to exclusive breastfeeding
duration (EBF): that is, the prolonged breastfeeding experience,
rather than current breastfeeding behavior as reflected in cur-
rently breastfed meals. The main and interaction effects from
this omnibus ANCOVA analysis and the subsequent follow-up
tests are reported in the following paragraphs.

Emotion.Our analysis revealed a main effect of emotion [F(2,178) =
10.530, P < 0.001, η2 = 0.106]. Post hoc pairwise comparisons
revealed that infants showed an increased looking preference to
fearful eyes (mean = 0.59, SEM = 0.020) compared with happy
eyes (M = 0.49, SEM = 0.021) and compared with angry eyes
(mean = 0.47, SEM = 0.020), Bonferroni-adjusted P < 0.001 and
P = 0.001, respectively. Looking to happy eyes and angry eyes
did not differ significantly (Bonferroni-adjusted P = 1.00).

Emotion and Breastfeeding. Our analysis further revealed a signifi-
cant interaction between the factors emotion and EBF [F(2,178) =
3.6, P = 0.029, η2 = 0.039]. One-way ANOVAs conducted for the
three emotions separately revealed that this interaction was driven
by happiness. Specifically, infants in the high exclusive breastfeeding
group showed higher looking preferences to happy eyes than infants
in the low exclusive breastfeeding group [F(1,96) = 5.591, P = 0.02].
Anger and fear looking preferences did not differ by breast-
feeding experience [F(1,96) = 2.613, P = 0.109 and F(1,96) = 0.343,
P = 0.56, respectively] (Fig. 3).
As seen in Fig. 3, it seems that EBF might impact attention to

angry eyes in the opposite direction of that to happy eyes, such that
infants in the high EBF group have a higher looking preference to
happiness and a lower looking preference to anger than infants in
the low EBF group. Therefore, we explored a potential linear re-
lationship between EBF duration and the bias toward either happy
eyes or angry eyes. A difference score was created [(looking
preference to happy eyes) − (looking preference to angry eyes)]

on which we could conduct a forced-entry regression. With EBF,
maternal education, and maternal age as predictors, only EBF
significantly predicted this difference score (Table 2). As the
duration of EBF linearly increases, a looking preference toward
angry eyes shifts toward one for happy eyes (Fig. S1). This pat-
tern might also reflect an avoidance of angry eyes with increased
EBF duration. For results of one-sample t tests comparing each
preference score to chance (50%), see Fig. S2.

Emotion, Breastfeeding, and CD38. Critically, our analysis also re-
vealed a three-way interaction between the factors emotion, EBF,
and CD38 genotype [F(2,178) = 3.287, P = 0.04, η2 = 0.036]. To
explore this interaction further, three (emotion: anger, happiness,
fear) by two (EBF: high, low) repeated-measures ANCOVAs were
conducted separately for each of the two CD38 genotype groups.
We found a main effect of emotion for both genotype groups [CC,
F(2,74) = 3.514, P = 0.035, η2 = 0.087; CA/AA, F(2,98) = 6.378, P =
0.002, η2 = 0.115]. However, the interaction between the factors
EBF and emotion was only significant within CC carriers [F(2,74) =
5.151, P = 0.008, η2 = 0.112] (Fig. 4). Within the CC genotype,
infants in the high exclusive breastfeeding group showed a greater
preference for happy eyes (increased looking) and a greater
avoidance of angry eyes (reduced looking) than infants in the low
exclusive breastfeeding group [happiness, F(1,42) = 7.886, P =
0.008; anger, F(1,42) = 4.613, P = 0.038]. In the CA/AA genotype
group, no such effects were observed. The looking preference av-
erages for each breastfeeding group and genotype are displayed in
Table 3.

Additional Effects. Our analysis also revealed main effects of the
covariates maternal education and currently breastfed meals
[F(1,89) = 6.494, P = 0.013, η2 = 0.068, and F(1,89) = 4.502, P =
0.037, η2 = 0.048, respectively]. Note that, despite the observed
main effects of these covariates, removing them as covariates
from the statistical model leaves the main findings reported from
the omnibus repeated measures ANOVA above unchanged. To
further explore the main effects of the two covariates maternal
education and currently breastfed meals, we computed correla-
tions with looking preferences to emotional eyes for both ma-
ternal education and currently breastfed meals. The correlation
analysis showed that only looking preference to angry eyes, but
not happy or fearful eyes, correlated negatively with percentage
of breastfed meals [r(97) = −0.289, P = 0.004] and with maternal
education [r(97) = −0.241, P = 0.017]. Specifically, the greater
the maternal education and percentage of breastfed meals, the
greater was infants’ preference for neutral eyes compared with
angry eyes, which might reflect an avoidance of angry eyes. With
respect to percentage of breastfed meals, this result is similar to a
study with mothers in which the percentage of breastfed meals
slowed down reaction times when recognizing angry faces (60).
Maternal education and percentage of breastfed meals showed a
positive relation but were not significantly correlated with each
other [r(97) = 0.162, P = 0.113]. There were no interactions
between covariates, and the covariates did not differ across

Table 1. Infant CD38 rs3796863 genotype frequencies

Genotype Frequency %

CC 44 (18 F, 26 M) 44.9
CA 49 (27 F, 22 M) 50
AA 5 (4 F, 1 M) 5.1

F, females; M, males.

Table 2. Regression analysis indicating a positive prediction of
EBF duration on looking preference to happy eyes minus looking
preference to angry eyes

Model B SEM β t value P value

(Constant) 0.025 0.031 0.826 0.411
EBF 0.089 0.032 0.282 2.821 0.006
Maternal education −0.004 0.033 −0.013 −0.120 0.905
Maternal age 0.050 0.033 0.159 1.524 0.131

Model summary: F(3,92) = 3.736, P = 0.014, R2 = 0.109.
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genotype groups. Relevant data files have been deposited in the
Center for Open Science digital repository (https://osf.io/6pnaj).

Discussion
In the current study, we examined infants’ responses to emo-
tional eyes in the context of common genetic variation within the
CD38 gene and variation in exclusive breastfeeding experience.
Our analysis of infants’ looking patterns yielded three main findings.
First, as a group, 7-mo-old infants showed a fear bias: increased
looking toward fearful eyes compared with happy and angry eyes.
Second, infants’ increased breastfeeding experience was associated
with enhanced looking to happy eyes and aversion of angry eyes.
Third, these effects of breastfeeding on emotional eye processing
were observed only in infants with the CC genotype of the CD38
gene (rs3796863). Our findings suggest that differences in the sen-
sitivity to emotional information conveyed through the eyes are
linked to the oxytocin system. Specifically, the pattern of results
points to an interaction between factors impacting the endogenous
(CD38) and exogenous (breastfeeding) availability of oxytocin. This
finding underlines the importance of the oxytocin system in con-
tributing to sensitivity to emotional cues from the eyes. We will now
discuss the three main findings in turn.

Emotion. Our results show that, at the age of 7 mo, infants’ looking
to fearful eyes is significantly increased compared with happy and
angry eyes. This finding demonstrates that, as a group, infants show
what has been termed a fear bias (4). This increased attention to
fear in others is in line with prior behavioral and neuroscience work
with infants of that age (3, 62–65, 69). Enhanced attention to fear
has been argued to serve important adaptive functions because it is
thought to alert the individual to potential dangers and threats in
the environment (69). Interestingly, although fearful and angry faces
both represent negative expressions that might be associated with
threat, our results show that infants dedicate more attention to
fearful eyes than angry eyes. This outcome indicates that, rather
than indiscriminately heightening attention to negative cues, infants
selectively increase looking at the eyes of someone experiencing
fear. This finding is in agreement with work in adults showing that
fearful expressions elicit approach behavior and are linked to
helping whereas angry expressions elicit avoidance behavior
(70–72). Therefore, selective enhanced attention to fearful eyes as
seen in our infant data may reflect infants’ approach and empathic
concern for others in distress (experiencing fear) (73). Alternatively,
infants may also look longer at fearful eyes because they expect gaze
cues that help them identify the source of threat (74) or because
they exhibit a heightened perceptual sensitivity to the large eye
whites characteristic of fearful eyes (9). Regardless of the exact
nature of this effect, the current findings provide evidence for the
notion that infants of this age show a robust fear bias.

Emotion and Breastfeeding. Our analysis further revealed an in-
teraction between the factors emotion and exclusive breastfeeding
duration (EBF). Importantly, however, the two-way interaction
between emotion and EBF was further qualified by a three-way
interaction including CD38 variation and can therefore be fully

interpreted only when taking into account infant CD38 genotype.
Before a detailed discussion of the role of CD38 genotype, we
nonetheless briefly summarize and discuss our findings with respect
to variation in EBF because they replicate and critically extend
prior work on that topic with infants and mothers. More specifi-
cally, our results show that infants who were exclusively breastfed
for a longer duration exhibit increased looking to happy eyes than
those infants exclusively breastfed for a shorter duration. This
finding confirms our prediction based on previous work in which
longer exclusive breastfeeding durations were associated with
greater attention allocation in infants to happy body expressions as
indexed by ERP measures (61). This increased sensitivity to hap-
piness in others as a function of exclusive breastfeeding duration is
also seen in mothers (60), suggesting that infants’ and mothers’
responses to happiness are similarly affected by breastfeeding ex-
perience. Moreover, our regression analyses showed an association
between currently breastfed meals and infants’ responses to angry
eyes. Specifically, as the percentage of breastfed meals increased,
the looking toward angry eyes decreased. This effect of breast-
feeding on looking away from angry eyes, although not statistically
significant, seems to be in a similar direction also when considering
duration of EBF (Fig. 3). This aversion of angry eyes is similar to
what has been found in mothers (60), in which the percentage of
breastfed meals slowed down reaction time when recognizing angry
faces. Such an increased sensitivity to positive emotional expres-
sions in both mothers and infants might be important in fostering
positive social interactions and thereby might facilitate affiliation
and bonding in human development (75). It is also in general
agreement with accounts that assign an important role to maternal
behaviors in the early development of social functioning (76, 77). It
is also important to emphasize that the effects of the breastfeeding
variables obtained in the current infant study resemble the effects
of oxytocin administration in prior work on emotional face per-
ception with adults (30, 32). Taken together, our findings indicate
that increased breastfeeding experience, presumably through its
effects on the oxytocin system, is associated with enhanced sensi-
tivity to happy eyes and a decreased sensitivity to angry eyes. This
interpretation is in line with accounts that view oxytocin’s role in
social functioning as facilitating approach while simultaneously
reducing withdrawal tendencies (36).

Emotion, Breastfeeding, and CD38. Whether and how the effects of
breastfeeding are moderated by genetic variation related to the
central release of oxytocin (CD38) will be discussed in this sec-
tion. Addressing this question can shed light on how endogenous
and exogenous variables affecting the oxytocin system interact in
contributing to infants’ sensitivity to emotional eyes. Our results
show that the association between EBF duration and specific
differences in emotional eye processing is present only in in-
dividuals homozygous for the C allele of CD38 rs3796863. Spe-
cifically, among infants with the CC genotype (lower endogenous
oxytocin), those with longer durations of EBF (higher exogenous
oxytocin) experience exhibited enhanced looking to happy eyes
and decreased looking (even looking away, avoidance) of angry
eyes, compared with infants of the same genotype but with shorter
durations of EBF. This finding was in line with our prediction based
on prior work with rodents (41) and both autistic and healthy hu-
mans (43–45, 68), implicating the CC genotype in impaired social
functioning associated with reduced oxytocin levels. Critically, our
results suggest that breastfeeding, probably through its role as an
exogenous source of oxytocin (49, 51), may help regulate oxytocin
levels (and function) specifically in infants with the CC genotype who
may have a greater risk for social dysfunction. It seems that low
endogenous oxytocin, albeit genetically determined, can be corrected
for in a sense by an environmental manipulation, namely, extended
breastfeeding. This finding may have important implications re-
garding genetic hard wiring, and we suggest the notion that other
instances of perceived genetic determinism can be minimized or

Table 3. Looking preferences (%) for each emotion, split by
genotype and breastfeeding groups. Values are presented as
mean (SEM)

Emotion

CC CA/AA

EBF low EBF high EBF low EBF high

Angry eyes 53.30 (4.21) 44.12 (4.40) 41.61 (3.58) 47.02 (4.08)
Fearful eyes 60.46 (4.24) 60.12 (4.42) 59.30 (3.60) 57.21 (4.10)
Happy eyes 38.79 (4.45) 60.40 (4.64) 45.69 (3.78) 51.51 (4.30)

Values are presented as mean (SEM).
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neutralized by appropriate behavioral interventions, which in our
study are represented by breastfeeding. This paper adds to the
growing consensus that, although genes are important in human
behavior, they are not deterministic.
More generally, the obtained results indicate that infants in the

CC genotype group are more susceptible to the effects of their
maternal environment (breastfeeding experience). To find such a
pattern of differential susceptibility to breastfeeding experience on
the basis of the genotype concurs with accounts stipulating that
putative “risk genes”might in some instances be more appropriately
conceptualized as “plasticity genes” (78). Rather than reflecting a
predisposed risk factor, some genes may essentially make the indi-
vidual infant more susceptible to context, whereby the direction of
the effect depends on the context. Namely, in the current study, in
the CC genotype group, shorter durations of breastfeeding are as-
sociated with reduced attention to happy eyes and increased at-
tention to angry eyes whereas longer durations of breastfeeding had
opposite effects (increased attention to happy eyes and decreased
attention to angry eyes). According to this view, the current results
point to a potential plasticity gene (CC genotype) involved in reg-
ulating oxytocin effects on social functioning during early develop-
ment related to responding to emotional eyes. A critical question
that arises from this investigation is whether infancy represents a
sensitive period in human development during which such plasticity
is observed. It should also be considered that this period of plasticity
may well extend into adolescence (79). Relatedly, it will be important
to find out whether the biases seen in 7-mo-old infants’ attention to
emotional eyes based on the interaction between breastfeeding and
CD38 genotype endure beyond infancy and, if so, how they impact
social behavior in children more globally. Ultimately, longitudinal
work is needed to elucidate these critical questions.

Limitations and Future Directions. Apart from the need for longi-
tudinal data to examine potential long-term effects, in future
work, it will also be critical to investigate the neural processes
that are involved in the interaction between breastfeeding and
CD38 genotype when accounting for individual differences in the
attention to social eye cues. Prior work has shown that oxytocin
exerts neurophysiological effects in the brain by directly targeting
fast-spiking interneurons. Specifically, there is work demonstrating
that the administration of oxytocin in rats increases throughput of
output spikes, sharpens spike timing, and suppresses background
firing, which improves circuit-level signal-to-noise ratios and can
thereby increase the salience of certain stimuli (80). This signal-to-

noise enhancement can be impacted by certain developmental
events and experiences. For example, when female rats become
dams, responses to pup distress calls become enhanced by balancing
cortical inhibition, and the same effect can be mimicked in virgin
female rats by administering oxytocin (81). This literature supports
the notion that oxytocin plays a role in enhancing social re-
sponsiveness. Moreover, as previously mentioned, the administra-
tion of oxytocin to children (25) and adults (26) diagnosed with
autism has been shown to selectively enhance brain responses to
social stimuli compared with physical control stimuli. Interestingly,
it has also been observed that, for some individuals with ASD,
oxytocin administration is more effective in enhancing brain re-
sponses to social cues than in others (25). Our infant data suggest
that there are genetic factors, namely CD38 genotype, that may
play a role in accounting for how effective exogenously stimulated
oxytocin levels enhance responding to social cues. It may thus be
important to examine whether CD38 variation can also account
for the effectiveness of oxytocin administration in ASD.
As a further consideration and limitation, it must be stressed

that breastfeeding is a dynamic and complex process that in-
volves and impacts several hormonal, physiological, and psy-
chological systems (56). It is therefore difficult to unpack and to
determine the exact mechanisms by which breastfeeding exerts
the effects seen in the current study. For example, breastfeeding
involves other behaviors such as physical contact associated with
warmth and pleasant touch (50), both of which have been shown
to, on the one hand, reduce heart rate in infants (82) and, on the
other hand, enhance emotion regulation, social engagement, and
pain analgesia (83, 84). Furthermore, factors related to attach-
ment quality, especially maternal sensitivity, have been shown to
impact breastfeeding behavior, with increased maternal sensitivity
related to prolonged breastfeeding rates (85). These physiological,
behavioral, and psychological variations are all important factors
to take into account in future studies on the effects of breast-
feeding on social functioning in infancy.

Conclusion
All in all, the current study demonstrates that differential attention
to emotional eye cues, as a vital social skill, develops during in-
fancy. Importantly, differences in this sensitivity to emotional eye
cues emerge in the context of an interaction of factors associated
with genetic variation in CD38 and breastfeeding experience. This
finding provides evidence that, early in human ontogeny, endoge-
nous and exogenous factors involved in regulating oxytocin levels
contribute to individual differences in emotional attention. This
research points to early emerging biases in emotion processing that
may plastically shape pathways of socio-emotional development.

Fig. 1. Presentation paradigm. Please note that the side in which the
emotional face was presented was counterbalanced. Colored borders are
shown to aid the reader in assessing the graphs below but were not pre-
sented to the infants. Stimulus duration is represented in seconds (s).

Fig. 2. Regions of interest (ROIs). Dashed lines represent the ROIs analyzed
for each emotion and actress.
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Materials and Methods
Participants. Ninety-eight 7-mo-old infants (49 females, 49 males) partici-
pated with their mothers in this study. Infants’ age ranged from 204 to 232 d
(mean = 214 d, SEM = 0.56), and mothers’ age ranged from 22 to 45 y
(mean = 31.49, SEM = 0.45). All infants were typically developing, had a
normal birth weight (>2,500 g), were born full-term (37–41 wk), and were
of European descent. There was no known history of autism spectrum
disorder either in any of the participating mothers or in any of the older
siblings. Seventy-eight infants had standard vaginal deliveries, and 20
were delivered via caesarean section. All but one infant had mothers that
were still on maternity leave up to the time of testing. Informed consent
was provided by the infants’ parents before participation in the study. All
procedures were approved by the Leipzig University Medical School
Ethics Committee and were performed in accordance with the Declara-
tion of Helsinki. Parents were reimbursed for travel, and infants received
a toy and a T-shirt.

Breastfeeding. A questionnaire developed in house was completed by mothers
to obtain detailed information on breastfeeding experience (60, 61). Mothers
filled out a table that detailed a feeding plan for a typical day. The percentage
of breastfed meals was calculated by dividing the number of breastfed meals by
the number of total meals. Mothers also indicated whether they were still ex-
clusively breastfeeding and, if not, at what age (infant) they ceased. Exclusive
breastfeeding was defined as providing breast milk as the only source of nutri-
tion for the infant. Additional demographic details were provided, including the
mothers’ education and job status, immigration history of both parents, number
of caretakers, parity, and current stress level.

Stimuli. Photographs of three females expressing happiness, fear, anger, and
neutrality were chosen from a published and validated stimulus set (FACES
Collection) (86). The selection was based on an average recognition rate of
at least 90% from adult raters across all emotional expressions. Furthermore,
we excluded actresses whose hair obstructed the face in any way. Stimuli
were created such that each emotional face was presented side-by-side with
the neutral face of the same actress. Using Adobe Photoshop (Version CS5),
facial expressions were placed within two predetermined ovals within a light
gray frame (always located in the same positions, at the same distance and
aligned with each other) (Fig. 2) that removed potentially distracting outer
features of the faces such as the ears and parts of the hair. The facial ex-
pressions were placed within (below) this frame and were moved and
resized to align with geometrically fixed markers for the position of the two
eyes, the nose, and the mouth. This editing procedure ensured that all facial
stimuli were presented in the same position, all facial features were aligned,
and the eyes were within the designated region of interest (ROI) created in
Tobii Studio. Facial ovals were 23 cm high and 16.5 cm wide and presented
on a 32 × 52-cm (24-inch diagonal) computer monitor placed about 60 cm in
front of the infant. Every trial consisted of the presentation of two faces
shown side-by-side: one neutral face with no emotional content, and one
expression displaying either happiness, fear, or anger. The two faces dis-
played simultaneously during each trial were aligned and presented 25 cm
apart from each other (nose-to-nose distance). The presentation of an
emotional face and a neutral face simultaneously allowed for the direct
comparison of infants’ looking preference for emotional faces compared
with neutral faces (Figs. 1 and 2). Information on the calculation of a pref-
erence score is located in Data Analysis.

A three-second video clip of a shaking rattle was used as an attention-
getter to draw infants’ attention to the center of the screen before each
experimental trial. The rattle measured 3 cm × 1.5 cm and was presented in
the center of the screen. It was accompanied by three tones of alternating
frequencies (ranging from 109 Hz to 262 Hz).

Procedure. Infants were seated on a parent’s lap, ∼60 cm away from the pre-
sentation monitor. The experimental area was separated from the experi-
menter’s control desk with a room divider. The region behind the computer
monitor was covered with a black curtain to prevent any possible distractions for
the infant. A small plastic ring was provided for each infant to hold during
stimulus presentation. A Tobii ×120 eye tracker was set up at the bottom of the
computer monitor to record infant looking behavior. Stimuli were presented

A B

Fig. 4. Infant looking preferences were modulated by an interaction between EBF and CD38 genotype. Bar graphs represent emotion and EBF interactions
for (A) CC carriers and (B) CA/AA carriers separately. *P < 0.05, **P < 0.01; n = 98; data are presented in raw form and bars represent ±1 SEM.

Fig. 3. Bar graph illustrating the interaction between EBF and emotion.
Infants with a high EBF duration displayed significantly longer looking
preferences to happy eyes than infants with low EBF. *P < 0.05; n = 98; data
are presented in raw form and bars represent ±1 SEM.

Krol et al. PNAS | Published online September 14, 2015 | E5439

PS
YC

H
O
LO

G
IC
A
L
A
N
D

CO
G
N
IT
IV
E
SC

IE
N
CE

S
PN

A
S
PL

U
S



through Tobii Studio (Version 3.2). Before stimulus presentation, a five-point
calibration procedure was administered. At the five calibration locations (four
corners and the center of the screen), a moving rattle of the length of 3 cm was
shown. The designated area within the rattle stimulus comprised a visual angle
of ∼4.6°. The rattle was combined with a beeping sound. For successful cali-
bration, infants needed to fixate within this designated fixation area at all five
locations. The calibration procedure was repeated for infants that did not suc-
cessfully fixate. Additional information regarding the infant calibration pro-
cedure is available in the Tobii user manual (available for free download at
www.tobii.com).

Every infant viewed nine trials, such that each emotion was presented three
times and by each actress. Stimulus presentation was pseudorandomized such
that no emotion andno actresswere displayed twice in a row. Presentation of the
emotion on the left or right side was counterbalanced for each infant. Because
there were nine trials, half of the infants had one extra trial where the emotional
face was presented on the left whereas the other half had one extra trial where
the emotional face was presented on the right. Infant behavior was recorded
online such that the experimenter could assess attention and had full control over
the presentation of each trial. Each trial began with a 3-s attention-getter in the
center of the screen (the same moving rattle plus beeping combination used for
calibration). Experimental trials were presented for 15 s. During that period,
infants were able to freely explore the faces and look toward and away from the
screen as often as they pleased. The entire eye-tracking session lasted approxi-
mately 3 min.

Genotyping. Saliva samples were collected from infants and their mothers at a
previous visit (at 5 mo of age). Sponges were used to collect saliva from infants
(OG-250 kit; DNA Genotek), and collection tubes were used for mothers (OG-500
kit; DNA Genotek). Infants and mothers had no food or drink within the 30 min
before collection. Samples were stored at room temperature, and DNA was
extracted using the DNA Genotek manual purification protocol. Genotyping of
CD38 rs3796863 was performed with a 5′-nuclease assay. Primers and probes
were from Applied Biosystems (TaqMan SNP Genotyping Assay). PCR was con-
ducted with HotStarTaq Plus DNA polymerase and Q-solution (Qiagen) in a Bio-
Rad C1000 instrument with a CFX96 fluorescence reading module, with the
following thermal protocol: enzyme activation, −95 °C for 5 min; cycling, −95 °C
for 15 s, 60 °C for 1 min, 45 times.

Data Analysis. The duration of exclusive breastfeeding (EBF) was negatively
skewed in our sample: Zskewness = −5.84, P < 0.001; Zkurtosis = 3.12, P < 0.01
(mean = 151.38 d, SEM = 5.59; median = 167.40 d). We therefore used a
median split to create categorical groups of low and high EBF for further
analysis and visualization (low EBF, mean = 118.59 d, SEM = 7.53; high EBF,
mean = 190.87 d, SEM = 2.15) (87). Regions of interest (ROIs) were created
within Tobii Studio. ROIs comprised the eye regions of the face stimuli used
(Fig. 2). The total looking times for each emotional eye region were extracted for
each infant and trial (see Table S3 for raw values). We then computed average
looking preference scores by calculating the proportion of looking time to each
emotion [anger (A), fear (F), happiness (H)] and its corresponding neutral
face [neutral (A), neutral (F), neutral (H)]. The looking preference for any
given emotion (X) was computed as follows: looking preference (X) = looking
time (emotion X)/[looking time (emotion X) + looking time (neutral X)].

We were therefore able to compare the percentages of looking time
toward anger, fear, and happiness, while taking into account the time the
infant spent looking at neutral stimuli (see Fig. 2 for stimulus example).
Critically, looking preferences were calculated only on the basis of trials
during which the infant had fixated (looked at) both the emotional face and
the neutral face at least once. This guideline served as a minimum criterion
for a trial to be included in the analysis. Note that infants had 15 s to freely
explore, scan, and compare between both faces presented simultaneously

on the screen. To present two faces side-by-side for this duration is an ex-
perimental procedure commonly used to determine visual preferences for
facial expressions in infants of this age (see refs. 3 and 88). Of the maximum
number of nine trials, infants contributed an average of mean = 8.85 trials
(SEM = 0.07; range = 4–9). All infants contributed at least one trial per emo-
tion to the analysis, and the great majority of infants (n = 92) contributed all
nine trials to the analysis. The number of trials included in the analysis did not
differ between EBF groups or genotype groups (all P values > 0.05).

The heat maps of absolute looking durations for each infant during each
attention-getter/centering stimulus were visually inspected throughout the ses-
sion. The visual inspection of these heatmaps revealed that the infants fixated on
themoving rattle during all nine attention-getters, indicating first that there was
no drift across the experimental session, and second that infants maintained
central looking before the presentation of the facial stimuli.

Questionnaires.
Interpersonal Reactivity Index (89). The Interpersonal Reactivity Index (IRI) eval-
uates dispositional empathy. This questionnaire has four subscales and was
given to mothers to assess the tendency one has to take the point of view of
others (PT), the tendency to experience feelings of sympathy and compassion
for those less fortunate (EC), the tendency to experience feelings of distress in
response to discomfort in others (PD), and the tendency to transpose oneself
into fictional situations such as novels or movies (FS).
The Positive and Negative Affect Schedule (90). The Positive and Negative Affect
Schedule (PANAS) assessed the general mood of the mother over the last 12
mo and calculated both a positive (PA) and negative affect (NA) score.
Additional questionnaires. Additional questionnaires were administered to
mothers when infants were 5 mo of age (about 2 mo before the current study)
andwere explored in analyses reported here. A short form of the Social Support
Questionnaire (SSQ6) was filled out by mothers (91). The SSQ6 comprises two
subscales that measure the amount of social support one experiences (SSQ
Number), as well as the satisfaction one experiences with the support (SSQ
Satisfaction). The Parental Sense of Competence (PSOC) questionnaire assessed
how knowledgeable and capable each mother felt with parenting (92). Lastly,
the Edinburgh Postnatal Depression Questionnaire (EPDS) was administered to
each mother to detect potential signs of postpartum depression (93).

Analysis of Questionnaire and Demographic Data. To identify and rule out
potentially confounding factors, analyses (one-way ANOVAs) were performed to
compare between EBF and genotype groups for the questionnaire and de-
mographic data. These variables included demographic factors such as maternal
age and infant age, parity, years of maternal education, number of caretakers,
and current subjective stress level of the mother. Additional maternal self-report
measures were analyzed, including amount of, and satisfaction with, social
support, parental sense of competence, Edinburgh postnatal depression score,
positive andnegative affect score, andall subscores on the interpersonal reactivity
index (empathic concern, fantasy seeking, personal distress, perspective taking).
None of these variables differed significantly between EBF groups or genotype
groups (all P values > 0.1). Moreover, there was no difference between EBF
groups or genotype groups with respect to the delivery method (vaginal birth
versus caesarean section) [χ2(1) = 1.206, P = 0.272; χ2(1) = 1.037, P = 0.309, re-
spectively]. The absence of differences across EBF and genotype groups with
respect to these variables helps to rule out that any of those variables account
for the effects reported in the current study.
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