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Oxytocin and elderly MRI-based hippocampus
and amygdala volume: a 7-year follow-up study

Ryuzo Orihashi,' Yoshito Mizoguchi,' Yoshiomi Imamura,' Shigeto Yamada,?
Takefumi Ueno® and Akira Moniji'

Oxytocin is deeply involved in human relations. In recent years, it is becoming clear that oxytocin is also involved in social
cognition and social behaviour. Oxytocin receptors are also thought to be present in the hippocampus and amygdala, and the rela-
tionship between oxytocin and the structure and function of the hippocampus and amygdala has been reported. However, a few
studies have investigated oxytocin and its relationship to hippocampus and amygdala volume in elderly people. The aim of this
study is to investigate the association between serum oxytocin levels and hippocampus and amygdala volume in elderly people.
The survey was conducted twice in Kurokawa-cho, Imari, Saga Prefecture, Japan, among people aged 65 years and older. We col-
lected data from 596 residents. Serum oxytocin level measurements, brain MRI, Mini-Mental State Examination and Clinical
Dementia Rating were performed in Time 1 (2009-11). Follow-up brain MRI, Mini-Mental State Examination and Clinical
Dementia Rating were performed in Time 2 (2016-17). The interval between Time 1 and Time 2 was about 7 years. Fifty-eight
participants (14 men, mean age 72.36 * 3.41 years, oxytocin 0.042 = 0.052 ng/ml; 44 women, mean age 73.07 = 4.38 years, oxyto-
cin 0.123 + 0.130 ng/ml) completed this study. We analysed the correlation between serum oxytocin levels (Time 1) and brain vol-
ume (Time 1, Time 2 and Times 1-2 difference) using voxel-based morphometry implemented with Statistical Parametric
Mapping. Analysis at the cluster level (family-wise error; P < 0.05) showed a positive correlation between serum oxytocin levels
(Time 1) and brain volume of the region containing the left hippocampus and amygdala (Time 2). This result suggests that oxyto-
cin in people aged 65 years and older may be associated with aging-related changes in hippocampus and amygdala volume.
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Oxytocin may be associated with aging-related
changes in hippocampus and amygdala volume
in people aged 65 and older.

Introduction

Dementia is a major public health problem globally.
According to Alzheimer’s Disease International, there
were ~46.8 million people with dementia as of 2015, with
an accompanying medical cost estimated at 818 billion
dollars. Dementia makes it difficult for people to live so-
cially and healthily, and effective treatment methods have
not yet been found. The pathological change in
Alzheimer’s disease begins -20 years before the onset of
symptoms (Jack et al., 2010). Accordingly, finding ad-
vance indicators that predict dementia or cognitive de-
cline will enable treatment and symptom progression
prevention, which is extremely beneficial. In this study,
we focused on the serum oxytocin levels of elderly people
living in a rural community and examined the relation-
ship with brain volume using brain MRI. Healthy elderly
people without dementia were examined longitudinally
prospectively for 7 years.

Oxytocin promotes labour through contractile action
of the uterine muscle and causes milking reflex during
breast feeding (Dale, 1906). It is also becoming clear
that trust in others is increased by intranasal administra-
tion of oxytocin (Kosfeld et al., 2005; Baumgartner
et al., 2008). Oxytocin is also involved in the ability to
infer others’ mental states from social cues around the
eyes (Domes et al., 2007). In addition, oxytocin has
been suggested to enhance human social cognition
(Heinrichs et al., 2009). This suggests that oxytocin is
deeply involved in human relations. Oxytocin is also
associated with attachment to others (Rilling and
Young, 2014; Bernaerts et al., 2017; Carter, 2017) and
promotion of cooperation (De Dreu, 2012; Ten Velden

et al., 2017). Thus, oxytocin is considered extremely im-
portant for social cognitive ability. It is becoming clear
that oxytocin is involved in the foundation of actions
and social behaviours such as formation of social rela-
tions, attachment behaviour, trust behaviour, anxiety
and aggression reduction and stress reduction (Windle
et al., 1997; Lee et al., 2009; Bartz et al., 2011; McCall
and Singer, 2012). The limbic system, including the
hippocampus and amygdala, is an important component
of cognitive function that is necessary for social life
(Aggleton, 1986; Saunders et al., 1988; Majak and
Pitkdanen, 2003). Hippocampus and amygdala functions
have been clarified in previous reports. The hippocam-
pus has memory functions (Scoville and Milner, 1957),
and the amygdala has emotional functions (Kliver and
Bucy, 1997). When recognizing or recalling memories,
the hippocampus and amygdala coordinate and interact
(Fink et al., 1996). Moreover, many oxytocin receptors
are present at these sites (Tomizawa et al., 2003; Ophir
et al., 2012). These data suggest that oxytocin may me-
diate different social and cognitive functions by playing
a role in neurobiological pathways that involve the
hippocampus and amygdala. Regarding the relationship
between oxytocin and hippocampus and amygdala struc-
ture, plasma oxytocin concentration is inversely corre-
lated with amygdala and hippocampus volume in young
adults (Andari et al., 2014) and adult women with
early-life maltreatment (Mielke et al., 2018). In terms of
functional connectivity, higher levels of salivary oxytocin
are associated with a lower degree of functional con-
nectivity between the amygdala and hippocampus
regions in adult men with autism spectrum disorder
(Alaerts et al., 2019).
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However, although many facets of the relationship be-
tween oxytocin and the hippocampus and amygdala are
now becoming clear, few studies have investigated oxyto-
cin and its relationship to hippocampus and amygdala
volume in elderly people. Patients with dementia have
been shown to have smaller hippocampus (Du et al.,
2001; Frisoni et al., 2008) and amygdala (Cavedo et al.,
2011) volume compared with healthy controls. Therefore,
investigating the association between serum oxytocin lev-
els and hippocampus and amygdala volume in elderly

people would be beneficial for people to live socially and
healthily.

Materials and methods

This study was a longitudinal study. The survey was con-
ducted in Kurokawa-cho, Imari, Saga Prefecture, Japan,
among people aged 65 years and older as reported previ-
ously (Nabeta et al, 2014; Matsushima et al., 2015;
Imamura et al., 2017). Kurokawa-cho is in northwestern
Saga Prefecture and is a rural town somewhat removed
from urban areas. The area of the town is 26.48 km?. As
of 2010, the population of Kurokawa-cho was 3253,
with 932 people aged 65 years and older (28.7%). The
town had 1134 households, and the population per
household was 2.87. The main industries are shipbuilding
and primary industries.

In this study, we collected data from 596 elderly people
living in the community. These 596 participants com-
prised 63.9% of the population of Kurokawa-cho over
65years old. This survey was conducted twice. First,
from October 2009 to March 2011, we conducted a
baseline survey that we termed ‘Time 1°. To begin, those
diagnosed with dementia, those with a history of depres-
sion and those who had received psychiatric treatment
were excluded from the survey. Because most of the sur-
vey during Time 1 was conducted as part of the national
survey of the prevalence of dementia in Japan (Ikejima
et al., 2012), not all participants underwent MRI exami-
nations during this time. MRI examinations were option-
al and executed in cases for which it was necessary for
further assessment of dementia or participants themselves
requested it. Three hundred thirty-two participants under-
went MRI examinations. Finally, 332 participants’ data
were used from Time 1. We invited all participants
assessed in this survey to a follow-up survey, which we
conducted from November 2016 to September 2017 and
termed ‘Time 2’. Among the 332 elderly people whose
data were used in the Time 1 survey, 75 people agreed
to participate in the Time 2 survey. Seventeen partici-
pants with no blood or MRI samples or whose serum
oxytocin levels were below the detection level were
excluded from the final data. Fifty-eight participants (14
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Time 1
596 (men: 216, women: 380)
Among them,
332 (men: 125, women: 207)
underwent MRI examinations.

Dropped out: 257

Y

Time 2
75 (men: 19, women: 56)

Exclusion

no blood samples: 6

¥ no MRI samples: 1
serum oxytocin levels
were too small: 10

2

The final sample
58 (men: 14, women: 44)

Figure | Flow chart for determining the final sample.

men, mean age 72.36 = 3.41years; 44 women, mean age
73.07 = 4.38 years) were included (Fig. 1).

This study was approved by the Ethics Committee of
the Faculty of Medicine, Saga University, and all partici-
pants agreed in writing to participate in the study accord-
ing to the Declaration of Helsinki. This research has no
financial relationship with any commercial interests.

The Mini—-Mental State Examination (MMSE) is a simple
screening index that provides an estimate of elderly peo-
ple’s cognitive function (Folstein et al., 1975). The
Clinical Dementia Rating (CDR) is an indicator for de-
mentia evaluation and severity staging (Hughes et al.,
1982; Berg, 1988). All participants underwent MMSE
and CDR for cognitive function assessment at Time 1
and Time 2.

Blood samples for serum oxytocin level analysis were col-
lected from participants between 9:00 and 15:00 during
Time 1. On the same day, at Saga University, the sample
was centrifuged and the serum was extracted and trans-
ferred to a container. This was immediately stored at
—80°C.

Serum was later naturally thawed at room temperature.
All samples were analysed in duplicate. The serum
oxytocin was analysed using a commercially available
peptide enzyme immunoassay (Peninsula Laboratories
International, Belmont, CA, USA) with an extraction-free
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protocol as reported previously (Afinogenova et al.,
2016; Imamura et al., 2017; Schmelkin et al., 2017; Aita
et al., 2019). A robust correlation has been reported be-
tween extracted serum oxytocin levels and unextracted
serum oxytocin levels (Lawson et al., 2013). The inter-
assay coefficient of variation was 9.77%, and the intra-
assay coefficient of variation was 12.98%. Participants
whose serum oxytocin levels were below the measurable
range and could not be measured were excluded.

MRI examinations were performed using a 1.5 Tesla de-
vice (Excelart Vantage AGV; Canon Medical Systems,
Otawara, Japan). Three-dimensional T;-weighted struc-
tural images were acquired for each participant using a
field echo three-dimensional method (TR, 21ms; TE,
5.5 ms; flip angle, 20°; field of view, 240 mm x 240 mm ;
matrix, 256 x 256; slice thickness, 1.5 mm; number of sli-
ces, 124). The examination conditions were the same for
all participants and followed a standardized procedure.

Participants’ basic data were analysed and compared using
a commercially available statistical package (JMP 13.1.0;
SAS Institute, Cary, NC, USA). Each mean value was
compared using Welch’s #-test. Fisher’s exact test was used
to compare diabetes, dyslipidaemia, and blood collection
time. Multiple regression analysis was used to determine
the effect of metabolic status and blood collection time on
serum oxytocin levels. Wilcoxon signed-rank test was used
to compare MMSE and CDR scores for Time 1 and Time
2. Statistical significance was set at P < 0.05.

Brain MRI processing steps and analysis were conducted
using voxel-based morphometry (Ashburner and Friston,
2000) implemented with Statistical Parametric Mapping
(SPM12; Wellcome Department of Cognitive Neurology,
London, UK) in MATLAB R2016a (MathWorks, Natick,
MA, USA) as reported previously (Good et al., 2001;
Yamasue et al., 2003; Loh and Kanai, 2014).
T;-weighted MR images were first segmented for grey
matter and white matter using the segmentation proce-
dures implemented in SPM12. The diffeomorphic anatom-
ical registration through exponentiated lie algebra
described in SPM12 was performed on the segmented
grey matter and white matter images to construct a tem-
plate for co-registration across participants (Ashburner
and Friston, 2000; Ashburner, 2007). The segmented
grey matter and white matter images were co-registered
to the final diffeomorphic anatomical registration through
exponentiated lie algebra template and local volumes
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ware persevered by modulating the image intensity of
each voxel by the Jacobian determinants of the deform-
ation fields computed by diffeomorphic anatomical regis-
tration through exponentiated lie algebra. The registered
images were smoothed with a Gaussian kernel with full
width at half maximum of 8 mm and transformed to
Montreal Neurological Institute stereotactic space using
affine and nonlinear spatial normalization as implemented
in SPM12. Preprocessing was conducted by Araya Brain
Imaging (Tokyo, Japan).

Grey matter images were used for this analysis. After
preparing the Time 1 and Time 2 images, the Times 1-2
difference images were created by subtracting the Time 2
images from the Time 1 images (Ashburner and Ridgway,
2012). Correlation analyses of MR images were conducted
between serum oxytocin levels at baseline (Time 1) and
brain volume (Time 1, Time 2 and Times 1-2 differences)
using grey matter images and multiple regression design.
Analyses were performed on these three patterns; the men
and women were analysed together, with age, sex and
handedness as covariates. In addition, in the case of Time
1 scans, total brain volume (Time 1) was used as a covari-
ate and, in the case of Time 2 scans, total brain volume
(Time 2) was used as a covariate. The masking toolbox
was used to create mask images and used for analysis. In
the analysis, multiple comparison correction (family-wise
error) was performed. The initial voxel threshold was set
to P=0.001 uncorrected. Clusters were considered signifi-
cant when they fell below a cluster-corrected P (family-
wise error) = 0.05. Thus, analyses at the cluster level
were performed to identify significant brain regions. After
statistically significant brain regions were determined, the
anatomical labels were identified using the automated ana-
tomical labelling corresponding to the space of the
Montreal Neurological Institute standard coordinate sys-
tem (Tzourio-Mazoyer et al., 2002). Furthermore, using a
similar method, analyses were performed on the associ-
ation between MMSE or CDR (Times 1-2 difference) and
brain volume (Time 1, Time 2 and Times 1-2 difference).

Any procedures not provided in the Materials and meth-
ods section of this article will be shared at the request of
other investigators to enable procedures and results to be
replicated. In addition, any anonymized data will be
shared upon request from any qualified investigator.

Results

Baseline serum oxytocin levels were higher in women
(0.123 = 0.130ng/ml) than in men (0.042 = 0.052 ng/ml)
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Table | Participant demographics
Overall Men Women Statistical significance

N 58 14 44

Age (years, Time |) 72.90 £ 4.15 72.36 * 34| 73.07 = 4.38 ns

Oxytocin (ng/ml, Time |) 0.103 = 0.120 0.042 = 0.052 0.123 £ 0.130 P=0.0014

Education (years) 9.90 * 2.06 11.43 = 2.53 941 £ 1.63 P=0.0124

MRl interval (years, Times |-2) 6.94 = 0.75 6.98 + 0.81 6.93 = 0.74 ns

Welch'’s t-test. Values represent mean *+ SD.
ns = not significant; SD = standard deviation.

as reported previously (Imamura et al., 2017; Marazziti
et al., 2019). The educational background was slightly
higher in men (11.43 =2.53years) than
(9.41 = 1.63years). Therefore, the results
Table 1 are presented separately by sex. There was no
sex difference in the interval of brain MRI examinations
(men, 6.98 + 0.81years; women, 6.93 + 0.74years) from
Time 1 to Time 2. There was no sex difference in meta-
bolic status due to body mass index, diabetes and dyslipi-
daemia (Table 2). The blood collection time was defined
as ‘AM’ from 9:00 to 12:00 and ‘PM’ from 12:00 to
15:00. Similarly, there were no sex differences (Table 2).
According to the previous reports, oxytocin reduces cal-
oric intake and increases insulin sensitivity (Lawson
et al., 2015) while oxytocin level and body mass index
are positively correlated (Schorr et al., 2017) and are
associated with obesity, impaired glucose tolerance
(Weingarten et al., 2019) and metabolic status (Lawson,
2017). However, in our data, metabolic status and blood
collection time were not related to serum oxytocin levels
(Table 3). Overall, MMSE and CDR declined from Time
1 to Time 2, respectively (Table 4). We observed that
oxytocin levels (at Time 1) did not correlate with changes
(i.e. difference between Time 1 and Time 2) in either
MMSE or CDR (data not shown).

In women
shown in

First, we analysed the correlation between serum oxytocin
levels (Time 1) and brain volume (Time 1). No correl-
ation existed between serum oxytocin levels and brain
volume in any region.

We next analysed the correlation between serum oxyto-
cin levels (Time 1) and brain volume (Time 2). Analyses
at the cluster level applying multiple comparison correc-
tion (family-wise error; significance level, P <0.05)
showed a positive correlation with the brain volume of
the region containing the left hippocampus (coordinates
—38, =12, —9) and the left amygdala (coordinates —29,
2, —9). The thresholds for statistics were set to T=3.25
for the height threshold and k=1225 voxels for the ex-
tent threshold. In addition, this cluster contains the left
superior temporal gyrus and the left insular cortex
regions. Table 5 shows details of the P, T and cluster
size (number of voxels) values for the region in which
correlations were found. The voxel-based morphometry

findings on the significant cluster containing the left
hippocampus and the left amygdala are shown in Fig. 2
using standard brain MR images. Furthermore, a scatter-
plot of serum oxytocin levels (Time 1) and the voxel val-
ues (Time 2) of the region containing the left
hippocampus (coordinates —38, —12, —9) and the left
amygdala (coordinates —29, 2, —9) are shown in Fig. 3.

Finally, we analysed the correlation between serum
oxytocin levels (Time 1) and brain volume (Time 1-2 dif-
ference). However, no correlation existed between the
two in any region.

Analyses at the cluster level applying multiple compari-
son correction (family-wise error; significance level,
P <0.05) showed no association between MMSE differ-
ence (Times 1-2 difference) and brain volume. However,
lower CDR scores were associated with decreased brain
volume (Time 2) of the region containing the left hippo-
campus. The thresholds for statistics were set to T=3.25
for the height threshold and k=2461 voxels for extent
threshold (Supplementary Table 1). The voxel-based
morphometry findings on the significant cluster contain-
ing the left hippocampus are shown in Supplementary
Fig. 1 using standard brain MR images.

Discussion

In this study, we focused on the correlation between
serum oxytocin levels and brain volume in people aged
over 65 years. The two were not correlated in any region
at baseline. However, they were positively correlated with
left hippocampus and amygdala volume 7years after
baseline at the cluster level.

The hippocampus and amygdala comprise part of the
limbic system and have important roles in memory for-
mation, cognition and emotion activation. The limbic
system network is dense, and the hippocampus and
amygdala do not only function individually but also
interact and operate with other areas (Aggleton, 1986;
Saunders et al., 1988; Fink et al., 1996; Majak and
Pitkanen, 2003). Oxytocin receptors are widely
distributed in the brain (Gimpl and Fahrenholz, 2001).
They are also thought to be abundantly present in
the limbic system, including the hippocampus
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Table 2 Participants’ metabolic status (BMI, diabetes, dyslipidaemia) and blood collection time at Time |

Overall Men Women Statistical significance
BMI (kg/m?), mean * SD 23.89 = 3.27 24.06 + 2.43 23.84 + 351 ns?
Diabetes, n (%) 8 (14.0) I (7.1) 7 (16.3) ns®
Dyslipidaemia, n (%) 26 (45.6) 4 (28.6) 22 (51.2) ns®
Blood collection time, n (%)
AM 27 (46.6) 7 (50.0) 20 (45.4) ns®
PM 31 (53.4) 7 (50.0) 24 (54.6)

Missing data: BMI (N = 2), diabetes (N = |) and dyslipidaemia (N = 1). The blood collection time was defined as ‘AM’ from 9:00 to 12:00 and ‘PM’ from 12:00 to 15:00.

*Welch’s t-test.
PFisher’s exact test.
BMI = body mass index; ns = not significant.

Table 3 Multiple regression analysis between serum oxytocin levels (Time 1) as the dependent variable with age,
sex, BMI, diabetes, dyslipidaemia and blood collection time as the independent variables

Estimate T P Lower 95% CI Upper 95% CI p
Age (years) —0.002 —0.49 0.623 —0.0096 0.0058 —0.070
Sex (women) 0.036 1.99 0.052 —0.0003 0.0720 0.278
BMI —0.003 -0.73 0.469 —0.0128 0.0059 —0.101
Diabetes (yes) 0.007 0.32 0.749 —0.0368 0.0508 0.045
Dyslipidaemia (yes) 0.008 0.51 0.609 —0.0239 0.0403 0.074
Blood collection time (AM) —0.010 —0.70 0.487 —0.0412 0.0199 —0.097

R*=0.119.

BMI = body mass index; Cl = confidence interval; § = standard partial regression coefficient.

Table 4 MMSE and CDR at Time | and Time 2

Time | Time 2 Statistical
significance
MMSE, mean 2855 = 1.39 2631 =3.67 P <0.000l
+SD
CDR, n (%)
0 56 (96.6) 51(88.0) P=00I6
0.5 2(34) 6(10.3)

[ 1(1.7)

Wilcoxon signed-rank test.

(Tomizawa et al., 2003) and amygdala (Ophir et al.,
2012). Oxytocin-producing neurons originating in the
hypothalamus are widely projected to other brain regions.
It also acts on the limbic system, including the hippocam-
pus and amygdala, and has neuromodulatory effects
(Meyer-Lindenberg et al., 2011). Therefore, oxytocin is
closely related to the hippocampus and amygdala. We
found a notable correlation with the hippocampus and
amygdala in people aged over 65years. Therefore, we
will focus on the relationship between oxytocin and the
hippocampus and amygdala volume and discuss our
results with reference to previous studies.

There was no correlation between serum oxytocin levels
and brain volume at baseline. However, the fact that a

positive correlation with the hippocampus and amygdala
volume was found after -7 years suggests that oxytocin in
people aged 65 years and older may be associated with
aging-related changes in hippocampus and amygdala
volume.

To date, there have been reports on volume, neuro-
plasticity and neurogenesis related to the hippocampus.
For example, oxytocin promotes neurogenesis in the
hippocampus and is involved in neural plasticity in
mice. Consequently, it is considered to have an import-
ant role in learning and memory (Tomizawa et al.,
2003; Lin et al., 2017). In addition, intranasal adminis-
tration of oxytocin acted on the oxytocin receptor and
reduced the effects of stress on synaptic plasticity and
memory in the hippocampus of rats (Lee et al., 2015).
Until now, it was thought that neurogenesis does not
occur in adulthood. However, as these reports show,
neurogenesis occurs over a lifetime in specific brain
regions such as the dentate gyrus of the hippocampus
(Ming and Song, 2005). Neurogenesis in the dentate
gyrus of the hippocampus also forms a network of
nerves and plays an important role in the formation of
new memories (Deng et al., 2010; Sahay et al., 2011).
In addition, neurogenesis in the dentate gyrus of the
hippocampus requires the presence of neural stem and
progenitor cells; the presence of these in the dentate
gyrus of the hippocampus has been confirmed not only
in animals but also in humans (Eriksson et al., 1998).
Certainly, atrophy or deterioration of the brain includ-
ing the hippocampus may occur because of aging (Salat
et al., 2004), but it may be possible to increase the size
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Table 5 VBM findings
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Cluster level Peak level MNI coordinates Anatomical region
P FWE-corr k, cluster size (voxels) P uncorr T P uncorr X (mm) Y (mm) Z (mm)
0.013 1225 0.002 4.6l <0.001 —4| 0 3 Temporal_Sup_L

4.30 <0.001 —42 14 =5 Insula_L

4.0l <0.001 —38 —12 -9 Hippocampus_L

3.92 <0.001 -29 2 -9 Amygdala_L

Positive correlation between serum oxytocin levels (Time I) and brain volume (Time 2) by multiple regression applying multiple comparison correction. The cluster size is 1225
voxels and contains the left hippocampus and left amygdala. Height threshold, T= 3.25. Extent threshold, k = 1225 voxels. Expected voxels per cluster, k= 110.160. Degrees of free-
dom =[1.0, 52.0]. FWHM = [5.6 mm x 15.5 mm X 14.9 mm, 10.4 x 10.3 x 9.9 (voxels). Volume, | 258 524 = 372 896 voxels = 302.6 resels. Voxel size, |.5mm x 1.5 mm x 1.5

mm (resel = 1070.18 voxels).

corr = corrected; FWE = family-wise error; FWHM = full width at half maximum; L = left; MNI = Montreal Neurological Institute; sup = superior; uncorr = uncorrected; VBM =

voxel-based morphometry. Labels are marked using automated anatomical labelling.

T value

Figure 2 Voxel-based morphometry findings. Positive correlation between serum oxytocin levels (Time |) and brain volume (Time 2)
shown by multiple regression. The significant cluster (cluster size, 1225 voxels) containing the left hippocampus (coordinates —38, —12, —9) and
the left amygdala (coordinates —29, 2, —9) is shown in (A) whole brain images and (B) axial images. T value applies to (B) axial images.

of the hippocampus by continuing appropriate exercise
for 1year (Erickson et al, 2011). According to
Erickson et al., appropriate exercise increased hippo-
volume and improved spatial
Furthermore, a study on London taxi drivers found that
time spent driving was positively correlated with hippo-
campus volume and that a change in plasticity occurred
(Maguire et al., 2000). Therefore, neurogenesis or
change in plasticity of the brain may occur because of
external stimulation by environmental
demand.

campus memory.

exercise or

Regarding the relationship between oxytocin and amyg-
dala, activation of oxytocin-producing neurons in the
hypothalamus acts on the oxytocin receptor of the amyg-
dala and promotes social memory (Takayanagi et al.,
2017). In addition, research on facial expression cogni-
tion confirmed changes in amygdala activity due to oxy-
tocin administration (Kirsch et al., 2005). Furthermore,
oxytocin administration suppresses amygdala activity,
alleviates fear and anxiety and promotes trust activities
to others (Kosfeld et al, 2005; Baumgartner et al.,
2008). Considering these examples and our results,
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Figure 3 Correlation between serum oxytocin levels and voxel values. Scatterplot of serum oxytocin levels (Time 1) and voxel values
(Time 2) of the region containing the left hippocampus and amygdala. (A) The left hippocampus (coordinates —38, —12, —9) and (B) the left
amygdala (coordinates —29, 2, —9). Serum oxytocin levels and voxel values were adjusted during the analysis. Fitted value = the voxel value —
(the averaged voxel value + the error). Plus error = the voxel value — the averaged voxel value.

oxytocin is an internal stimulus for the hippocampus and
amygdala and may be associated with aging-related
changes in hippocampus and amygdala volume.

However, studies in young adults have reported an in-
verse correlation between plasma oxytocin concentration
and amygdala and hippocampus volume (Andari et al.,
2014). Similar results have also been reported in studies
in adult women with early-life maltreatment (Mielke
et al., 2018). The results on these structural aspects may
differ from the results of our study on elderly people. In
adult men with autism spectrum disorder, higher levels of
salivary oxytocin are associated with a lower degree of
functional connectivity between the amygdala and hippo-
campus regions (Alaerts et al., 2019). Moreover, intra-
nasal administration of oxytocin reduces the functional
connection between the amygdala and brainstem regions
(Kirsch et al., 2005) and hippocampus (Alaerts et al.,
2019). These studies were conducted on relatively young
adults, those with early-life maltreatment and those with
autism spectrum disorder, but their results should be con-
sidered when discussing our results. Furthermore, no uni-
form pattern of suppressed amygdala activity has been
identified for the effect of intranasal administration of
oxytocin (Grace et al., 2018). In task-based fMRI studies,
left amygdala activity was suppressed in women (Rilling
et al., 2014) while was potentiated in men (Rilling ez al.,
2012) during the Prisoners Dilemma task. Similarly, in
the iterated Prisoners Dilemma game with same-sex
human and partners, amygdala activity
decreased in both men and women, while there was a
difference in the game situation between men and women
(Chen et al., 2016). In response to facial threat, amyg-
dala activity was potentiated in women (Domes et al.,
2010) while was suppressed in men (Kanat et al., 2015).

computer

In addition, Frijling et al. (2016) reported that post-trau-
matic men and women showed no sex differences in
amygdala responses to fearful faces. Thus, individual dif-
ferences such as age, sex and underlying psychopathology
and differences in methods of stimulation appear to have
diverse effects of intranasal administration of oxytocin on
amygdala activity (Grace et al., 2018; Seeley et al.,
2018).

Reports of hippocampus and amygdala volume in eld-
erly people have shown that elderly patients with
Alzheimer’s disease have significantly smaller hippocam-
pus volume than healthy elderly controls (Du et al.,
2001; Frisoni et al., 2008). Moreover, similar results
have been reported for amygdala volume (Cavedo et al.,
2011). Deterioration of the hippocampus occurs prior to
memory impairment in late adulthood and leads to dis-
ability (Raz et al., 2005). A similar study found that
healthy elderly people without dementia who later devel-
oped dementia had decreases in hippocampus and amyg-
dala volume before onset (den Heijer et al., 2006). In
addition, the hippocampus volume in elderly women can
be an index for associative memory processing in aging
and an index for the early detection of associative mem-
ory deterioration (Zheng et al., 2017). Hippocampus vol-
ume and amygdala volume are useful as indicators for
predicting memory and cognitive decline in advance.
Based on these points, when thinking about dementia
and cognitive function of elderly people, our results may
be associated with elderly people’s cognitive function.
Oxytocin may not be positively associated with hippo-
campus and amygdala volume in non-elderly humans.
However, oxytocin in those aged 65 years and older may
be positively associated with hippocampus and amygdala
volume.
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Altogether, the limbic system is deeply involved in
human cognitive function. These systems allow people to
live socially and healthily. Oxytocin may be one factor of
social health maintenance. Therefore, it is necessary to
further investigate brain volume and oxytocin action.

Oxytocin also reduces oxidative stress and inflammation
(Szeto et al., 2008). Alzheimer’s disease is related to in-
flammation and treating chronic systemic inflammation
may be effective in the prevention and intervention of
Alzheimer’s disease (Tao et al, 2018). Oxytocin is also
involved in bone formation and osteoporosis improve-
ment (Colaianni et al., 2014). A lack of oxytocin can
negatively affect muscle regeneration and lead to aging
(Elabd et al., 2014). Thus, oxytocin has anti-aging effects
in various aspects. It is possible to promote the secretion
of oxytocin; for example blood oxytocin levels rise when
trying to help and support partners or others in need. In
other words, oxytocin increases when communicating
warmly with others (Grewen et al., 2005). In addition,
oxytocin is created by remembering the experience of a
good connection with a partner and others or when feel-
ing a warm connection (Crockford et al., 2014). These
reports show that connection and communication with
others are important anti-aging activities for elderly peo-
ple living in a rural community. We hope that the results
of our research will lead to self-care behaviour for pre-
venting cognitive decline and anti-aging in elderly people
in the future.

Some caveats should be noted. The evaluation of partici-
pants in Time 1 was conducted as a part of a national
survey of the prevalence in  Japan.
Importantly, MRI examinations were optional and were
executed when necessary for further assessment of demen-
tia or when participants themselves requested it. Thus, in
our study, the cohort may be biased and may not reflect
the characteristics of a general rural elderly population.
In this study, serum oxytocin was analysed using a com-
mercially available peptide enzyme immunoassay with an
extraction-free protocol. Oxytocin measurement using
ELISA has been discussed in several studies. Extraction
removes some of the interfering substances (Szeto et al.,
2011). However, the discarded substances may include
oxytocin bound to proteins (Brandtzaeg et al., 2016).
Absolute oxytocin levels cannot be compared across stud-
ies because of differences in assays, but measurements
can be useful for comparing relative levels of peripheral
oxytocin groups (Lawson et al, 2020).
Furthermore, the relationship between peripheral and cen-
tral oxytocin levels is an ongoing debate and a positive
correlation between peripheral and central oxytocin levels
has been reported (Valstad et al., 2017). However, there

of dementia
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are reports that there is no significant association be-
tween peripheral and central concentrations (Kagerbauer
et al., 2013).

Conclusions

In this study, we focused on the correlation between
serum oxytocin levels and brain volume in elderly people
living in a rural community. We found that, for people
aged over 65 years, serum oxytocin levels correlated posi-
tively with the left hippocampus and amygdala volume
after 7years. This result suggests that oxytocin may be
associated with aging-related changes in hippocampus
and amygdala volume in people aged 65 years and older.
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