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Abstract

Background: Children with poor communication skills, such as autism, are known to have lower levels of oxytocin. However,
reports on the association between social behavior and oxytocin levels in children are scarce. Similarly, few studies have shown the
association between child temperament and oxytocin levels. The purpose of this study was to investigate the association of child
temperament and social behavior with levels of oxytocin.
Methods: Urine samples from 23 healthy Japanese children (13 boys, 10 girls) aged 23–48 months were used to measure oxytocin
levels. Temperament and behavior were assessed using the Toddler Temperament Scale (TTS) and the Strength and Difficulty
Questionnaire (SDQ), respectively. The association of temperament and behavior with levels of oxytocin were analyzed.
Results: A child’s persistence temperament was significantly inversely associated with oxytocin (Pearson’s correlation (r)=−0.52,
p=0.01), and remained significant even after adjusted for covariates (partial correlation =−0.63, p=0.007). Among SDQ subscales,
peer problems were inversely associated (r=−0.60, p=0.002), while prosocial behavior was positively associated (r=0.53, p=0.01)
with oxytocin, although the associations became weaker after adjusting for covariates. Other TTS and SDQ subscales were not
associated with oxytocin.
Conclusion: A child’s persistence temperament and behavior related to peer problems were inversely associated with oxytocin
levels, while prosocial behavior was positively associated with oxytocin levels. Further research is needed to elucidate the
mechanism of child temperament and behavior via oxytocin.
Keywords: Oxytocin, temperament, prosocial behavior, difficult behavior, toddlers, autistic spectrum disorders

Introduction

Oxytocin (OT) is known to be associated with social behavior [1,2],
including romantic love [3,4], parenting [5-7], and trust [8,9] in
adults. Other studies have investigated the association between
social behavior and circulating OT levels among children
with autism spectrum disorders [10,11] or schizophrenia [12].
Further, several studies reported the effectiveness of intranasal
application of OT to improve social behavior among autism
spectrum disorders or schizophrenia, in which social behavior
is a central role [13-17]. However, to the best of our knowledge,
few studies have investigated the association between OT and
social behaviors among healthy children, especially toddlers.
As social behavior is associated with OT or related genes
[10,11,18-21], it is reasonable to hypothesize that temperament
might be associated with OT levels because of the robust
association between temperament and behavior [22]. Thomas
and Chess were aware of the nine dimensions of temperament,
which include activity, regularity, initial reaction, adaptability,
intensity, mood, distractibility, persistence, attention span and
sensitivity, which they based their interviews with parents of
infants on [23]. Meanwhile, Rothbart and Derryberry defined
temperament as individual differences in emotional, motor

and attentional reactivity [24], with these biologically based
differences linked to an individual’s genetic endowment [25].
Recent studies have revealed that oxytocin-receptor gene
variations were associated with autism spectrum disorders
[18,19] and children’s aggressive behavior [20,21]. Based on
that, certain genetic components related to temperament
may be associated with OT-related genetic components
[7,18,19], and studying them could provide further insight into
the developmental mechanism of temperament. Although
limited to adult samples, Tost et al., have in fact reported that
a common allele in the OT receptor gene was associated with
prosocial temperament [26]. In order to avoid the influence
of environmental factors on temperament, it is necessary to
investigate the association between temperament and OT
levels in children of a young age, such as toddlers.
The purpose of this study was to investigate the association
of temperament and social behavior with oxytocin levels
among toddlers.

Materials and methods
Participants

The study was approved by the Ethics Committee of the
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National Institute for Public Health. All participants signed (TTS). The TTS was originally developed in the USA [29] and the
informed consent forms prior to enrollment in the study. Japanese version has been validated [30]. The item response
52 mothers with 18–48-month-old children were recruited is a 6-Lickert scale from ‘hardly never’ to ‘almost always’. Factor
through snowball sampling (from personal connections of analysis of the Japanese version of TTS revealed the following
research coordinators or the participants themselves). All seven factors (rather than the original nine factors suggested by
participants were Japanese living in greater Tokyo. Urine Thomas and Chess which have a 32% cumulative contribution
samples were successfully collected from 23 healthy children ratio): fear of strangers and strange situation (defined as initial
with no diagnosed developmental disability.
response to new things or situations), 13 items; frustration
tolerance (defined as ability to accept frustrating situation),
OT level analysis
10 items; regularity (defined as predictability of biological
Research coordinators visited each participant’s home for functions such as eating, sleeping, etc.), 9 items; visual and
approximately an hour between 11 a.m. and 2 p.m. Urine auditory sensitivity (defined as how sensitive to physical
samples were obtained from the children as the collection stimuli such as light or sound), 9 items; intensity (defined as
procedure is noninvasive and easy to conduct. A 1 mL urine the energy level of one’s emotional response both positive and
sample from each child was collected in a tube to which a negative situations), 7 items; attention span and persistence
40 μL aliquot of sodium citrate buffer (0.03 M sodium citrate, (defined as the length of time with continued attention or
25 mM EDTA and 0.35 mM 1,10-phenanthroline) was added. performing a specific activity without feeling bored), 8 items;
Samples were stored immediately in a cooler box at 4°C for and sensitivity of taste and touch (level of response to physical
a maximum of two hours, and later kept at −20°C in the stimuli such as taste and texture), 6 items. Chronbach’s alpha
laboratory.
of each subscale showed valid internal consistency (range,
OT concentrations in the urine samples were measured by 0.71–0.95), excluding sensitivity of taste and touch (alpha=
a competitive radioimmunoassay as described elsewhere [27]. 0.57). Thus, the remaining six factors, calculated as the mean
Measurement of urinary OT per mg of creatinine showed a of the items therein, were used for analysis (i.e., ranged 1–6).
strong correlation with plasma OT measurements in a previous
Social behavior of each child was assessed using the Strength
study (r=0.89) [28]. Briefly, rabbit antiserum specific for human and Difficulty Questionnaire (SDQ), through a questionnaire
OT was generated by immunizing a rabbit four times with completed by the mother. The SDQ is a 25-item measure of
recombinant human OT (ASKA Pharmaceutical. Co., Ltd., Tokyo, the parents’ perceptions of prosocial, defined as voluntary
Japan) conjugated with water-soluble carbodiimide (Nakarai behavior that benefits others or promotes harmonious
Tesque, Tokyo, Japan). Urine samples were decomplemented relations with others [31], as well as difficult behaviors of their
at 56°C for 30 min, with the supernatant extracted after children [32]. The SDQ consists of five subscales (emotional
centrifugation (3,000 rpm, 10 min, 4°C). An equal amount of symptoms, conduct problems, hyperactivity, peer problems
decomplemented sample and 125I-labeled OT (Perkin Elmer and prosocial behavior) and the score for each subscale is
Life Sciences, Inc., Boston MA) solution were allocated for computed by summing the scores for the five items. The
use in an assay tube (Shionogi, Tokyo, Japan). Rabbit anti- difficult behavior score in the SDQ is calculated as the sum
OT serum was then added to each assay tube followed by of the scores obtained for the emotional symptoms, conduct
incubation for two days at 4°C. Subsequently, goat anti-rabbit problems, hyperactivity, and peer problems subscales. The SDQ
IgG serum (ASKA Pharmaceutical. Co., Ltd., Tokyo, Japan) was in Japanese has been validated as having adequate internal
added to each assay tube followed by incubation for one day reliability (emotional symptoms, 0.61; conduct problems,
at 4°C. After centrifugation, radioreactivity of the pellet was 0.51; hyperactivity, 0.75; peer problems, 0.52; and prosocial
measured by a gamma counter (Auto Well Gamma System behavior, 0.69) [33]. Additionally, the difficult behavior score
ARC-1000M, Aloka, Tokyo Japan). According to a standard has been found to have adequate internal reliability (r=0.76)
curve, the minimal detection limit of the assay was 3 μU/mL (1 and good test-retest reliability (r=0.85) [34].
μU of OT is equivalent to 1.776 pg). All assays were performed
in duplicate. The assay’s intra- and inter-assay coefficients Statistical analysis
of variability were <14.2%. The concentration of OT in the TTS and SDQ score calculation were performed before obtaiurine was standardized according to the urinary creatinine ning the OT result, eliminating the influence by the results
concentration. Urinary creatinine was measured using the on OT levels. First, the associations between demographic,
alkaline picrate colorimetric method (modified Jaffe).
psychosocial, environmental and familial characteristics (age,
sex, number of siblings, attendance of preschool or day care,
Assessment of temperament and social behavior
having a friend to play with regularly, and annual household
A questionnaire, composed of 62 items and to be completed income), and OT levels were investigated using t-test analysis.
by the mothers, was sent out prior to the home visit and was Further, associations of the TTS and SDQ subscales with urinary
collected in person. Each child’s temperament was assessed OT levels were analyzed using Pearson’s correlation, including
using the Japanese version of the Toddler Temperament Scale bivariate models to determine both the crude association and
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partial correlation while excluding the effect of covariates (i.e., an annual household income of more than six million yen,
controlled for environmental and familial characteristics). All suggesting relatively affluent socioeconomic background.
analyses were performed using the STATA MP version 12.0
software package (STATA Corporation, College Station, TX 2011). Urinary OT levels
(Table 2) OT levels were slightly skewed to the right, with a mean
Results
of 179.5 (SD, 78.1; range, 78.5–412.8). The children’s urinary
Characteristics of the children
OT level was inversely associated with age (r=−0.66, p=0.006),
(Table 1) The mean age was 38.3 months (standard deviation i.e., younger child showed higher urinary OT levels. Further, OT
[SD], 6.2; range, 23–48 months). Sex ratio was almost identical level was higher in boys than in girls (207.3 vs. 143.5 μU/mL
(13 boys; 56.5%). The mean number of siblings was 0.7 (SD, per creatinine g/L, t=2.08, p=0.0497). The number of children
0.8); more precisely, there were no siblings in 12 cases (52.2%), per household was not significantly associated with OT levels,
one sibling in seven cases (30.4%), and two siblings in four although those having siblings showed lower OT levels (p=0.12).
cases (17.4%). Around 70% of the children (n=16) attended Having regular friends to play with is significantly associated
preschool or day care, and 87% (n=20) had friend/s to play with lower OT level as opposed to those who do not (158.5
with regularly. About 70% (n=16) were living in a family with vs. 319.7, t=4.63, p=0.0001). Attendance of preschool or day
Table 2. Urinary oxytocin level for total and subgroup.

Table 1. Characteristics of sample.
Characteristics

N

%

8

34.8

Age (month)

23-36
37-48

15

65.2

Sex

Boy

13

56.5

Girl

10

43.5

0

12

52.2

1

7

30.4

2

4

17.4

Number of sibling

Attending preschool or day care
Having friend/s to play with
regularly
Annual household income
(million yen)

Behaviors

p

--

Age (month)

23-36 229.8 101.4 0.02

179.5

78.1 --

37-48 152.7

47.4 --

Boy

207.3

76.6 0.0497

Girl

143.5

67.5 --

0

203.6

84.0 0.12

1+

153.2

64.9 --

Yes

176.2

63.1 0.76

No

187.2 111.0 --

Yes

158.5

52.1 <0.001

No

319.7

86.6 --

Annual household income (million yen) ≤6

122.4

35.7 0.10

Sex
Number of sibling

Yes

16

69.6

No

7

30.4

Yes

20

87.0

No

3

13.0

≤6

6

26.1

11

47.8

6.1-10 202.2

85.6 --

10+

74.7 --

6.1-10

Temperament

Mean SD
Total

10+

4

17.4

Refuse to answer

2

8.7

Mean

SD

Fear of strangers and
strange situation

4.06

1.18

Frustration tolerance

3.86

0.92

Regularity

4.55

0.59

Visual and auditory
sensitivity

4.42

0.65

Intensity

3.07

0.99

Attention span and
persistence

4.87

0.59

Emotional symptoms

8.96

1.02

Conduct problems

7.83

2.01

Hyperactivity/
inattention

7.83

1.80

Peer problems

8.61

1.83

Prosocial behavior

3.35

2.64

Attending preschool or day care
Having friend/s to play with regularly

206.5

unit: μU/ml per creatinine g/L

care and annual household income was not associated with
children’s urinary OT level.

Association between demographic characteristics and
TTS or SDQ subscales

Older toddlers had more peer problems and fewer prosocial
behaviors than younger toddlers; boys had more conduct
problems, fewer peer problems, and more prosocial problems
than girls; and toddlers having siblings had fewer conduct
problems, more hyperactivity, and more peer problems than
those without siblings, although not statistically significant.

Pearson’s correlations between TTS subscales and OT levels

(Table 3) In the crude model, the attention span and persistence
subscale was significantly inversely associated with OT levels
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(r=−0.52, p=0.011; Figure 1). Further, in partial correlation, the
attention span and persistence subscale remained significantly
associated with OT levels (r=−0.63, p=0.007). Other TTS
subscales (fear, frustration tolerance, regularity, visual and
auditory sensitivity and intensity) were not significantly
associated with OT levels.

Table 3. Pearson’s correlation between toddler’s temperament
subscales and urinary oxytocin levels.
Temperament subscales

Crude p
R

Partial
R*

p
>0.99

behavior was positively associated (r=0.53, p=0.0097; Figure 2),
with OT levels. However, in the partial correlation model,
the associations became weaker after the adjustment of
demographic characteristics. More specifically, while they
remained significant when adjusted for sex and number of
siblings (peer problems: r=−0.52, p=0.016; prosocial behavior:
r=0.57, p=0.007), they lost their significance after including
age (peer problems: r=−0.30, p=0.21; prosocial behavior: r=
0.31, p=0.19) and other covariates (peer problems: r=−0.28, p=
0.27; prosocial behavior: r=0.21, p=0.42). Other SDQ subscales
(emotional symptoms, conduct problems and hyperactivity/
inattention) and total scale as difficult behaviors were not
associated with OT.

Fear of strangers and strange situation

0.10

0.66

0.0015

Frustration tolerance

0.09

0.67

-0.21

0.41

Regularity

-0.10

0.67

-0.44

0.08

Visual and auditory sensitivity

-0.04

0.84

-0.44

0.08

Intensity

-0.18

0.42

-0.10

0.70

SDQ subscales

Crude R p

Attention span and persistence

-0.52

0.011

-0.63

0.007

Emotional symptoms

0.06

0.80

0.13

0.62

Conduct problems

0.10

0.66

-0.31

0.23

Hyperactivity/inattention

-0.15

0.49

-0.24

0.36

Peer problems

-0.60

0.002

-0.28

0.27

0.53

0.0097

0.21

0.42

*Controlled for age, sex, number of siblings, preschool attendance,
having regular friend, and household income.

Table 4. Pearson’s correlation between toddler’s SDQ subscales
and urinary oxytocin levels.

Prosocial behavior

Partial R* p

Urinary Oxytocin level
[µU/ml per creatining g/L]
Figure 1. Scatter plot of urinary OT levels, and attention span
and persistent temperament score from TTS.

Pearson’s correlation between SDQ subscales and OT levels

(Table 4) In the crude model, peer problems were inversely
associated (r=−0.60, p=0.002; Figure 2), while prosocial

SDQ prosocial behavior score

TTS attention span and prersistent score

SDQ: Strength and Difficulty Questionnaire
*controlled for age, sex, number of siblings, preschool
attendance, having regular friend, and household income.

Urinary Oxytocin level
[µU/ml per creatining g/L]
Figure 2. Scatter plot of urinary OT levels and prosocial
behavior score from SDQ.
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Discussion

Our findings suggest that OT level is associated with toddler’s
attention span and persistence temperament, although the
directionality (i.e., whether low OT induces attention span
and persistence temperament or such a temperament is less
likely to produce OT) is unknown.
To the best of our knowledge, this is the first study to report
on the association between OT levels and toddler’s temperament and behavior. It has been reported that children with
autism showed lower plasma OT levels [10,11] than children
without autism. Our findings are in line with these previous
studies, as autistic traits include persistency. Moreover, we
have added to the literature that children with higher scores
on attention span and persistence, even if not diagnosed
with autism spectrum disorder, showed lower OT levels.
Although directionality is unknown, it is reasonable to assume
that toddlers with longer attention span and persistence
temperament are less likely to produce OT as temperament
is considered to be innate [25]. The genetic endowment
related to attention span and persistence temperament are
most likely to be associated with OT related genes, such as
oxytocin receptor genes (rs2254298 and rs1042778) or CD38
(rs3796863) [7].
Our results are also consistent with that of previous studies
showing the association between OT and prosocial behavior
in adults. For example, intranasal OT administration increases
both trust and empathy, and improves the capacity to read
subtle non-verbal signals allowing individuals to understand
the intentions and behavior of social partners [35]. Our
study shows that the association between OT and prosocial
behavior is found even in toddlers. Thus, intervention such
as intensive parental involvement may increase OT levels in
toddlers, enhancing prosocial behavior [36]. However, further
randomized controlled trials to prove this hypothesis are
needed.
Our study showed an inverse association between OT
levels and peer problems, while other subscales of SDQ had
no association with levels of OT. One possible explanation
for this difference is that lower OT levels induce poor social
interaction, causing peer problems. A previous study showed
that peer problems were significantly inversely correlated with
prosocial behavior (r=-0.19, p<0.0001) [33], which is consistent
with our results. Meanwhile, the lack of association between
OT and emotional problem is inconsistent from the previous
study showing the effectiveness of intranasal OT on emotion
recognition for youth with autism spectrum disorders [37].
In healthy toddlers, association between OT and emotion
might be weaker than in children with autistic spectrum
disorders. Further study is needed to elucidate how emotion
and behaviors interact with OT among healthy children [35].
Several limitations need to be addressed before drawing
firm conclusions. First, the participants were recruited through
personal connection with one of the authors. This precludes
the generalizability of the findings. To lessen the impact of this

doi: 10.7243/2052-935X-2-2

limitation, our samples were selected from various locations
in greater Tokyo and covered a wide range of temperament
and social behavior. Second, we used spot urine samples as
a proxy of circulating OT levels. However, urinary OT levels
may be different from plasma OT, saliva OT (i.e., peripheral
OT) or cerebrospinal fluid OT (i.e., central OT) [6,38]. A further
study is needed to replicate these findings using other OT
measurements to determine whether other measurement
methods may yield different results. Nonetheless, in animal
models, urinary oxytocin assays have been reported to be
a valid biomarker [39]. Third, our cross-sectional design
precludes conclusions about the causal relationship between
OT levels and temperament or social behavior, particularly if
higher OT causes social behavior or vice versa. Also, a toddler’s
temperament or social behavior can be influenced by parenting
during infancy, and parenting for toddlers can be influenced
by temperament or social behavior during infancy. Previous
longitudinal findings suggested a mutually influencing biobehavioral process where a child’s OT levels are shaped by the
parent’s behavior in early toddlerhood, which is predicted by
their OT levels, and the parents’ early behavior predicts the
reciprocal dialog and empathy with which children make
friendly attachments to non-kin members of society [40,41].
Again, a future prospective study is needed to confirm whether
circulating OT levels predict social behavior.

Conclusion

In toddlers, attention span and persistence temperament,
as well as behavior related to peer problems, were inversely
associated with OT levels, while prosocial behavior was
positively associated with OT levels. Further longitudinal
study is needed to elucidate whether infant temperament
determine OT levels, and whether OT levels during infancy
determine social behaviors during toddler age.
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