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Effects of rearing pet insects for improving mental health and salivary
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Abstract

Background: Insects can be potentially used in animal-assisted therapy to improve
children’s mental illness. This study was performed to investigate the effects of pet insects
on the mental health and diurnal cortisol profile among mentally healthy elementary school
pupils.

Methods: We enrolled 38 children without any psychological disorders and who met
the inclusion criteria. Salivary cortisol profile (4 times/day), Attention deficiency and
hyperactivity scale, self-esteem scale and daily hassles scale were evaluated at baseline and
after 8 weeks. The subjects were educated every 2 weeks about the insects and how to rear
them. They selected three different kinds of insects from among cabbage white butterfly,
swallowtail butterfly, stag beetle, rhinoceros beetle, silkworm, or crickets, and reared them
in their classroom for 8 weeks.

Results: The subjects consisted of 19 boys and 19 girls and their mean age was 11.97 years.
The diurnal salivary cortisol profiles (AM—Noon—PM-Night) changed from 4.30 + 2.28,2.79
+ 1.38, 2.64 + 1.77, 3.67 + 13.34 ng/mL at baseline to 5.51 + 2.38 (P=0.041), 2.70 + 1.14,
2.40 = 0.78, 2.09 + 2.26 after the experiment, respectively. The diurnal slope was steeper
after the experiment than at baseline. Self-Esteem Scale and Daily Hassles Scale scores were
33.74 £ 3.06 and 44.61 = 11.70 at baseline and 35.24 + 4.70 (P=0.036) and 38.82 + 12.95
(P=0.031) after the experiment, respectively. No significant changes were found in Attention
Deficiency and Hyperactivity Scale scores.

Conclusion: Rearing insects can be used for animal-assisted therapy, which resulted in
beneficial effects on diurnal salivary cortisol, self-esteem, and daily stress for the children.
Further studies investigating its effect for children and adolescents who are at risk for
psychological disorders are needed.
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Introduction disintegration of the functions of family. Growth and

development are being threatened by internet addiction,
selfishness, and results-oriented value systems [1,2].
Chronic psychological stress has a negative impact on
children’s health, not only damaging overall psychological
well-being, such as self-efficacy [3], but also affecting
physical health. These effects involve the Hypothalamic-
Pituitary-Adrenal (HPA) axis [4]. In healthy individuals,

In school, children experience a broader social environment
compared to that in their family. This presents an
opportunity for greater self-confidence and positive
development, if they are able to adapt while maintaining
and developing good relationships with their teachers and
peers. However, in reality, most modern-day children
are faced with a changing media environment due to the

advent of smartphones and the internet, an excessively
competitive society, and accelerated weakening and
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the HPA axis follows a diurnal rhythm wherein cortisol
levels peak within 30 min after waking up, and gradually
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decrease from the afternoon to evening [5]. Acute stress
raises cortisol levels above the baseline, but chronic,
repeated stress can cause diurnal cortisol levels to show
a flattened slope due to dysregulation of the HPA axis,
leading to fatigue, depression, and attention impairment
[4,6-9].

Animal-assisted therapy (AAT) helps to alleviate
depression, improve heart rate, and relieve distress in
children, and several studies have shown that AAT has
positive effects on stress, mood, and distress in patients
with mental health problems. Various species have been
used in AAT, most commonly dogs, cats, birds and fish
[10-13]. AAT provides emotional support, evokes diverse
physiologic responses through human—animal interaction,
and these responses involve various neurochemicals.
These physiologic changes produce psychological and
physical effects, leading to positive changes in mental
health [14]. Various species have been used in AAT, most
commonly dogs, cats, birds and fish. However, to the best
of our knowledge, the effects of using insects as a type of
AAT to reduce stress and improve psychological health in
children have not yet been demonstrated. Insects are more
accessible to children than other animals, because they
are less dangerous and smaller than other species, such
as mammals; and included in the school curriculum in
some countries; and insects have a large number of diverse
species; further, caring for them is easy and inexpensive.
Insects can also resolve the difficulties of encountering
nature within cities. We hypothesized that empathy with
living insects, as a species of AAT, could be expected to
have positive effects on emotional stability and healing in
children.

Salivary cortisol level can be measured non-invasively
and is a good indicator of circulating cortisol levels and
the stress response [15,16]. In previous studies, salivary
cortisol was strongly correlated with blood cortisol [17].
In the present study, we aimed to investigate the effects
of raising and empathizing with pet insects on the diurnal
cortisol profile and psychological health of children.

Methods
Study Design and Subjects

The subjects in this study were male and female pupils
from grade 4-5 in a local elementary school, and the study
was conducted during regular classes between October
and December 2014. With the cooperation of a teacher and
a school representative from a local elementary school, we
obtained the consent of the pupils and a directly related
guardian. The exclusion criteria for this study were as
follows: (i) withdrawal of consent, (ii) history of mental
health disorders (including Attention Deficit Hyperactivity
Disorder [ADHD)], depression and schizophrenia), (iii)
current intake of psychiatric medications (including drugs
that could affect attention), and (iv) current participation
in another study.
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Forty-eight elementary school pupils in two classes agreed
to participate in the study. Consent was obtained for 45
pupils, of whom 38 completed both salivary hormone
tests. All research was conducted with the consent of a
directly-related guardian, and the study plan was approved
by an institutional review board (IRB) at a local hospital
(protocol No. KNUH 2014-07-045).

Pet Insect Program

We selected the types of insect based on the opinions
of etymologists and the species included in elementary
school textbooks. The pupils were instructed to select
from the following six insects: cabbage white butterfly,
swallowtail butterfly, stag beetle, rhinoceros beetle,
silkworm, and oriental garden cricket. Three types of
insect were allocated to each classroom. Each classroom
was provided five cages of each of their selected insects,
with 4-5 butterflies per cage, 1-2 stag/rhinoceros beetles
per cage and 5-8 crickets/silkworms per cage. The cages
were designed to be suitable for raising and observing the
corresponding insects, and the classes were provided with
sufficient feed. At the initial visit, the pupils were provided
instructions, so that they could directly raise, observe,
feed and maintain a suitable environment for the insects.
Thereafter, we visited every two weeks and educated the
students, so that they could understand the insect’s life
cycle, methods of rearing, and appropriate feed. Every
session was delivered for 50 min during the regular
school hours. The students were provided an opportunity
to experience the different characteristics of each insect
species through various methods besides educating about
insects; such as experimenting on methods of flight in
butterflies by using a flight mill, feeling rhinoceros beetle
larvae, and making houses for adult rhinoceros beetles,
experimenting scientific principles of crickets’ calls, and
observing the insects’ structure and appearance using a
microscope. We visited the subjects five times, including
the baseline visit, and checked for any unexpected adverse
effects or problems at every visit.

Salivary Cortisol Profile

Salivary cortisol and dehydroepiandrosterone (DHEA)
levels were measured to examine the diurnal cortisol
profile. Saliva samples were obtained at baseline and at
the end of the intervention (after 8 weeks). The collection
tubes were given to subjects in advance, and they were
instructed to use a standardized sampling method to collect
their own saliva samples. The saliva was collected 4 times
per day, between 7 AM and 9 AM (AM), 11 AM and 1
PM (Noon), 4 PM and 6 PM (PM), and 10 PM and 12
AM (Night), and the samples were immediately stored in
a freezer, with a temperature of <20°C. The subjects were
instructed not to eat anything except water I h before the
designated sample collection time; after rinsing the mouth
with water, a cotton swab was placed in the mouth and
chewed gently for 1-2 min before storing in a collection
tube. On a designated day, the frozen saliva was retrieved
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inanicebox at a constant temperature and analyzed the next
day. The saliva sample tubes were centrifuged for 10 min
before cortisol and DHEA concentrations were measured
using enzyme-linked immunosorbent assay. Cortisol level
was measured from all four collected samples to analyze
the diurnal variation; DHEA level was measured in the
AM sample and the cortisol/DHEA ratio (C/D ratio) was
calculated based on the AM cortisol and DHEA levels.

Psychological Assessment

To evaluate the degree of ADHD, the subjects were
administered 18 questions based on the DSM-IV diagnostic
criteria for ADHD [18]. There were 9 questions each on
attention deficiency and hyperactivity disorder; each
question corresponds to 1 point and a higher score indicated
more severe attention deficiency or hyperactivity disorder.
The questionnaire was filled out directly by the subject’s
main guardian and was collected on the following day.

Self-esteem, which is the subjective evaluation of one’s
own worth, was measured using a Korean translation
of the Self-Esteem Scale developed by Rosenberg et al.
[18] (Cronbach’s 0=0.79). This instrument evaluates
the individual’s overall self-esteem and consists of five
questions each on positive and negative self-esteem,
respectively. The subject scored each question on a Likert
scale from 1 point (‘Never’) to 4 points (‘Always’).
Considering negative self-esteem questions as negative
scores, a higher total score indicates higher self-esteem
[19,20].

To investigate stress and changes in stress, we used
the Korean Children’s Daily Hassles Questionnaire
(DHQ), based on the DHQ developed by Muela et al.
[21] (Cronbach’s a=0.85). The questionnaire consists of
20 questions on peer-related stress, home environment-
related stress, school and schoolwork-related stress,
with each question scored on a Likert scale from 1 point
(‘Never’) to 4 points (‘Always’). Higher scores indicate
a higher stress level [21]. The subjects responded to
the self-esteem and stress questionnaires directly. All
questionnaires were administered twice, at baseline and at
the end of the intervention (after 8 weeks).

Statistical Analysis

IBM SPSS Statistics for Windows version 22.0 (IBM
Corp., NY, USA) was used for all statistical analysis. An
independent t-test, paired t-test, and Pearson Chi-square
test were used to compare baseline and post-intervention
characteristics between the two groups. A repeated
measures analysis of variance was used to investigate
daily variation in salivary cortisol levels. P values <0.05
were considered statistically significant in all tests.

Results
Baseline Characteristics of Study Subjects

Of the 45 subjects who consented to the study during the
recruitment period, 38 subjects completed all the pre- and
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post-intervention tests, and these subjects were included in
the final analysis. The mean age of these 38 subjects was
11.97 £ 0.16 years and there were 19 male subjects (50%).
No negative reports or incidents were observed during the
five visits.

Salivary Cortisol Profile

The subjects showed normal daily cortisol level changes,
with cortisol levels peaking in the morning, and gradually
decreasing to a trough in the evening. The mean cortisol
level was4.30+2.28,2.79+1.38,2.64+1.77,3.67+13.34
ng/mL in AM, Noon, PM, and night, respectively, which
meant that the daily change was statistically significant
(P<0.001 using the Greenhouse-Geisser correction). The
subjects’ DHEA was 2.63 + 0.75, making the C/D ratio
1.75+0.98.

The subjects” AM cortisol level increased from 4.30 +
2.28 at pre-intervention to 5.51 £ 2.38 ng/mL at post-
intervention and this was statistically significant (paired
difference, 0.70 + 2.04, P=0.041). The noon, PM, and
night cortisol levels were 2.79 + 1.38 and 2.70 £ 1.14, 2.64
+ 1.77 and 2.40 £ 0.78 and 3.67 + 13.34 and 2.09 + 2.26
at pre- and post-intervention, respectively, but these were
not statistically significant. The DHEA levels also showed
a decreasing trend, but this was not significant. The C/D
ratio increased from 1.75 &+ 0.98 at pre-intervention to 2.29
+ 1.32 at post-intervention, which was a significant change
(paired difference, 0.54 + 1.01, P=0.002) (Tables 1 and 2).
Looking at the pattern of change in daily salivary cortisol
level following the intervention, the significant increase in
AM cortisol levels can be verified graphically (Figure 1).

Psychological Assessment Scales

Attention deficit/hyperactivity scale: Based on the subject
screening criteria, none of the subjects showed significant
findings of attention deficiency or hyperactivity disorder.
The attention deficiency index and hyperactivity index
were 0.79 £ 1.56 and 0.96 + 1.80 and 0.95 + 1.55 and 0.61
+ 1.57, at pre- and post-intervention, respectively. In other
words, the paired differences were 0.16 + 1.4 and -0.24 +
0.91 for attention deficiency (P=0.515) and hyperactivity
indices (P=0.118), respectively and neither of these were
significant changes (Table 1).

Self-esteem scale and daily hassles scale: The Self-
Esteem Scale and Daily Hassles Scale scores were 33.74
+ 3.06 and 44.61 + 11.70 and 35.24 + 4.70 and 38.82 +
12.95 at pre- and post-intervention, respectively. Thus, the
paired differences were 1.50 + 4.25 and -5.79 + 15.88 for
the Self-Esteem (P=0.036) and Daily Hassles Scale scores
(P=0.031), respectively, which were both statistically
significant.

Discussion

We conducted a pilot study to investigate the effects of
experience and education of directly rearing pet insects
in children. We demonstrated the potential possibility of
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Table 1. Diurnal cortisol profiles at baseline and after rearing pet insects

Profiles Pre-Intervention Post-Intervention Difference P-value”
(Post-Pre)
Cortisol
AM 4.30+2.28 5.51+2.38 0.70 £ 2.04 0.041
Noon 2.79 +1.38 270+ 1.14 -0.09 £ 1.55 0.732
PM 2.64+1.77 2.40+0.78 -0.24 £ 1.96 0.459
Night 3.67+13.34 2.09+2.26 -1.59+13.71 0.48
P-value' <0.001 <0.001
DHEA 2.63+0.75 2.42+0.76 -0.21 £0.82 0.125
C/D ratio 1.75+0.98 229+ 1.32 0.54 +1.01 0.002
Data is presented as mean + standard deviation
"Paired t-test; 'Repeated measures ANOVA using Greenhouse-Geisser correction
C/D ratio: Cortisol/DHEA ratio; DHEA: Dehydroepiandrosterone
Table 2. Changes in psychological assessment scale scores after rearing pet insects
Pre-Intervention Post-Intervention Difference P-value
(Post-Pre)
Attention Deficit 0.79 £ 1.56 0.95+1.55 0.16 £ 1.48 0.118
Hyperactivity 0.96+1.80 0.61£1.57 -0.24 £ 091 0.515
Self-Esteem 33.74 + 3.06 35.24+4.70 1.50 £ 4.25 0.036
Daily Hassles 44.61 £11.70 38.82+12.95 —5.79 £ 15.88 0.031
Diurnal Cortisol Profile
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Figure 1. Diurnal cortisol profiles at baseline and after rearing pet insects

positive psychological and physical changes in children
via the experience with insects, showing improved self-
esteem, alleviated stress and a beneficial effect on the
diurnal cortisol profile.

AAT using living organisms is used as a type of
psychotherapy in children. In children with behavioral
problems, animal-assisted psychotherapy shows positive
effects not only on clinical symptoms, such as depression,
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sense of inadequacy, and social skills, but also on personal
adjustment and adaptive skills [22]. Various species
have been used in AAT. Children with ADHD showed
improvements in interpersonal relationships, clinical
symptoms, gait balance, and brain connectivity following
equine AAT [23-25]. AAT using dogs showed significant
improvement in clinical symptoms and social functioning
and quicker realization of treatment objectives in children
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with mental disabilities [26-28]. AAT not only provides
emotional support, but also evokes diverse physiologic
responses through human—animal interaction involved in
attention-seeking behaviors, and these responses involve
various neurochemicals, such as B-endorphin, oxytocin,
prolactin, phenylacetic acid, dopamine and cortisol. These
physiologic changes produce psychological and physical
effects, leading to positive changes in mental health [14].
However, for most parts, AAT in children and adolescents
has mostly been studied using large mammals, such as
horses, dogs, and cats, which require considerable space
and expenses [29]. To the best of our knowledge, no studies
have used insects yet. Pet insects are inexpensive, require
little space, and are easy to handle. Feed is easy to acquire,
and the growth process is fast, making it more convenient
to observe. For these reasons, we expected that insects
could be auseful AAT tool for children. In a previous study
on pet insects for the elderly, we demonstrated that caring
for pet insects had a small-to-medium positive effect on
the mental health of the elderly [30]. In that study, positive
changes in cognitive function and depression were found
in community-dwelling elderly individuals compared with
a control group when they were provided with insects to
rise. Thus, in the present study, we used various pet insects
to study their effects on mental health in children.

As previously mentioned, exposure to stress in children
is directly related to daily cortisol output [7-9]. Negative
social experiences are associated with a more negative
cortisol slope in children and the HPA axis is overstrained,
and cortisol production is downregulated following
exposure to chronic stress [31]. As a result, children
under chronic stress show a flattened diurnal slope,
whereas a healthy diurnal cortisol slope shows a steep
curve that peaks immediately after waking and rapidly
declines during the daytime [32,33]. In the present study,
we inspected changes in the diurnal cortisol profile after
providing subjects with an experience of rearing pet
insects, and a significant increase in AM cortisol level and
an even steeper curve after the intervention were observed.
The fact that a strong cortisol awakening response was
observed, with an increase in morning cortisol levels
within 30 min of waking and no significant increase in
lunchtime, afternoon or nighttime, was considered a
positive outcome. However, the interpretation could be
controversial because the subjects showed low mean
cortisol levels of 10 ng/mL, which can be considered
as hypocortisolism, suggesting that the subjects might
be under chronic stress and in the early stages, cortisol
level, could have possibly increased as a healthy HPA axis
response to acute stress [34]. Studies will be conducted
in children with underlying psychopathological disorders,
such as depression, to overcome these limitations in the
future.

In psychological assessments, the subjects in this study
showed significant positive changes in Self-Esteem and
Daily Hassles Scales. This is consistent with a previous
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study showing that AAT had a special role in the
social-emotional development in children [35]. AAT is
particularly thought to increase self-esteem, autonomy,
and empathy for others, and to have stress-buffering effects
by improving social competence [35,36]. Moreover, the
positive changes in Self-Esteem and Daily Hassles Scales
support the changes in the diurnal cortisol slope. Based
on the results of our study, we can expect insects to be
usable as a type of AAT. Although our study did not show
any significant change in ADHD score following the
intervention, this could be considered an obvious result,
given that we only recruited subjects with no significant
attention deficiency or hyperactivity at baseline. The
attention deficiency and hyperactivity scores of children
in this study were both below 1 point on average, which
meant that the subjects were typical elementary school
pupils without any problems in this area. Given that a
study using equine AAT on children ADHD produced
improvements in clinical symptoms, follow-up studies
will be required to determine the effects of pet insects on
children with ADHD [23-25].

Our study had several limitations. First, because we only
examined a small number of elementary school pupils
from a single restricted urban area, we had difficulties
in generalizing the results and some selection bias could
have been present. The lack of a control group was another
limitation. Since this was a pilot study, we only examined
the possibility of using pet insects as a type of AAT, but
future studies based on our results will need to include a
randomized controlled trial with a control group. Finally,
as previously mentioned, the interpretation of the cortisol
profile could be controversial, which is affected by acute
stress. Particularly, academic examinations and infectious
disease can easily affect the cortisol profile. To minimize
these factors, we deliberately conducted the study outside
of examination periods and excluded subjects currently
taking medication. Nevertheless, we could not control all
sources of stress individually.

Despite these limitations, our study is important as the
first study to use pet insects as a form of AAT in children.
The fact that we analyzed the diurnal cortisol profile
and various psychological tests together is strength
of this study. Moreover, it is significant that this was a
prospective study, wherein we minimized bias by avoiding
examination periods and screening subjects based on
medication intake and disease.

Raising insects is safe, requires little space and is cost-
effective, and the methods of rearing are easy. Furthermore,
because the processes of growth and change are relatively
fast, they readily generate interest and excitement in
children and adolescents, and can be conveniently linked to
the elementary school curriculum. Providing children with
direct experience and education using pet insects induced
beneficial cortisol profile changes, improved self-esteem,
and reduced stress. We expect that insects could be used
effectively in AAT through linkage with the academic
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curriculum. To prove this, randomized controlled trials on
children in specific disease groups are needed.
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