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Abstract: Child abuse is a serious problem worldwide, and saving children from abuse is an 
important mission. Child abuse-induced psychological stress triggers diseases such as adjustment 
disorders and depression. Therefore, there is a strong demand for the practical application of 
biomarkers that can objectively identify child abuse. However, no objective index or quantitative 
method for abuse or neglect-induced mental stress has been established. In this study, we compared 
the expression levels of saliva-derived microRNAs （miRNAs） in abused children with those in non-
abused children and assessed their effectiveness as biomarkers for child abuse. Salivary miRNAs were 
extracted from 52 non-abused children （CG） and 52 children stressed by abuse （SG）. The expression 
levels were compared using microarray and quantitative reverse transcription-polymerase chain 
reaction （RT-PCR）. In primary screening, several miRNAs were found to be expressed more than 
double in SG when compared with CG. In the quantitative RT-PCR analysis, the expression levels of 
hsa-miRNA-223-5p, hsa-miRNA-181a-5p, and hsa-miRNA-30b-5p in SG were significantly higher than 
those in CG. Receiver operating characteristic curve showed that three types of miRNAs possessed 
excellent sensitivity and specificity. Two miRNAs, miRNA 223-5p and miRNA 30b-5p, were considered 
to be desirable biomarkers because of their extremely high expression levels. We speculate that the 
expression levels of hsa-miRNA-223-5p and hsa-miR-30b-5p are upregulated during child abuse and 
hence can be used as biomarkers to determine child abuse-related psychological stress.
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Introduction

Child abuse encompasses physical, sexual, or 
psychological abuse and generally occurs in 
children aged <18 years. These forms of abuse 
are recognized as a serious public problem 
worldwide, according to the United Nations 
Children’s Fund （UNICEF） 1）, affecting 
hundreds of thousands of children every year. 
However, the exact number of abused children 
remains unknown. Psychological stress can be 
caused by various factors and can be harmful 
to one’s health. Harmful experiences and stress 
experienced by children are among the causes 
of borderline personality disorder onset and 
are thought to manifest in adulthood as 
attention deficit hyperactivity disorder 

（ADHD）, post-traumatic stress disorder 
（PTSD）, etc. 2）-5）. In particular, child abuse 
is defined as psychological and physical stress 
in children. Therefore, the early detection of 
child abuse, such as physical, sexual, and 
psychological child abuse, and the reduction of 
psychological stress, are important for child 
and adult health. Furthermore, child abuse 
victims have been reported to be at high risk 
of developing obesity, heart disease, and lung 
disease; therefore, the presence or absence of 
abuse should be determined earlier 6）-8）. 
However, it is difficult to judge abuse because 
children are not good at transmitting stress in 
their  own words 9）. In addit ion ,  the 
identification of abuse is very difficult in the 
absence of physical signs. Therefore, the 
establishment and practical application of 
objective indicators that can be conveniently 
applied in the early detection of child abuse, 
such as biomarkers, is a major goal. 

Biomarkers are host-derived components 
（e.g., proteins and nucleic acids） contained in 
body fluids and tissues, such as the blood and 

urine; they are indicators of changes in one’s 
health condition 10）-12）. Biomarkers are easy 
to collect, and some with high specificity 
reliability 13）,14） have already been used as 
tumor markers and determinants of disease 
detection and prognosis 15）,16）. In the saliva, 
amylase, cortisol, and chromogranin A have 
been reported as biomarkers induced by stress 
17）-19）. Although these biomarkers may be 
used to determine the acute phase of stress, 
whether they can be used to identify chronic 
stress remains unclear 20）-22）. Therefore, 
specific biomarkers that can be easily collected 
and that can objectively determine acute and 
chronic stress should be discovered. This 
would enable the early detection of stress due 
to abuse and could be expected to reduce the 
number of children being abused.

Saliva is a specimen that can be collected 
wi th  min ima l  invas iveness .  Recent ly , 
microRNA （miRNA） has become a candidate 
for saliva-derived biomarkers. miRNAs 
regulate the post-transcriptional expression of 
many genes 23）,24）. The expression of 
miRNAs in psychological stress translates to 
physiological and genetic stress and regulates 
the expression of 30%–50% of genes encoding 
proteins; each mRNA is regulated by multiple 
miRNAs 25）,26）. However, many genes under 
their control have not yet been elucidated. In 
humans, >2000 types of miRNA are registered 
in the database （miRBase: www.mirbase.org）; 
however, not all of their functions have been 
clarified. The usefulness of miRNAs as 
biomarkers in the plasma for malignancies, 
Alzheimer’s disease, Parkinson’s disease, and 
amyotrophic lateral sclerosis has been 
investigated 27）-30）. 

Currently, a measurement method of 
miRNA as an indicator of mental stress has 
been investigated among adults, but not among 
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children 31）,32）. In this study, we searched 
for salivary miRNAs that increased in the 
presence of child abuse and investigated their 
potential as biomarkers for the expression of 
psychological stress in children.

Materials and Methods

Ethics
This study design was approved by the 

Ethics Committee of the Tsurumi University 
School of Dental Medicine （Approval no. 
1610）. After orally explaining the study 
document, all the parents of participants in the 
control group and all the guardians of 
participants in the stressed group signed a 
consent form for participation in this study.

Clinical specimens
Among 104 participants, 52 were stressed 

due to parental abuse （SG） aged 6–15 （34 
boys, 18 girls, 10.40 ± 2.94 years, mean ± S.D.） 
and 52 non-abused children （CG） aged 6–15 

（24 boys, 28 girls, 10.27 ± 2.88 years, mean ± 
S.D.）, were included in this study. The 
participants in SG were physically abused by 
their parents and were protected by the child 
consultation center of Kanagawa Pref., Japan, 
whereas the participants of CG were selected 
from primary and/or junior high school of 
Kanagawa and Gunma Pref., Japan. SG has 
been identified as a definite abuse by the 
government and has been protected in 
shelters. CG confirmed that there was no 
abuse from their parents when obtaining 
informed consent. Salivary samples were 
collected more than 1 hour after brushing 
teeth; moreover, samples of individuals after 
chewing paraffin wax and spitting were 
collected at the same time as their dental 
examinations.

In the primary screening, 8 SG aged 7–10 （5 

boys, 3 girls, 8.75 ± 1.04 years, mean ± S.D.） 
and 8 CG aged 7–10 （3 boys, 5 girls, 8.88 ± 1.13 
years, mean ± S.D.） were performed.

In the quantitative analysis of miRNAs, 44 
SG aged 6–15 （29 boys, 15 girls, 10.70 ± 3.08 
years, mean ± S.D.） and 44 CG aged 6–15 （21 
boys, 23 girls, 10.52 ± 3.03 years, mean ± S.D.） 
were performed. Furthermore, 88 subjects 
were divided into four groups; 29 SG-boys, 15 
SG-girls, 21 CG-boys and 23 CG-girls （9.93 ± 
2.96 years, 12.20 ± 2.81 years, 10.29 ± 2.78 
years and 10.84 ± 3.29 years, mean ± S.D., 
respectively）. The p values between CG-boys 
and CG-girls, CG-boys and SG-boys, CG-boys 
and SG-girls, CG-girls and SG-boys, CG-girls 
and SG-girls, and SG-boys and SG-girls were 
0.96, 0.98, 0.24, 0.77, 0.46, and 0.09, respectively.

Extraction and purification of miRNA from the 
saliva

miRNA was purified from the saliva using 
the miRNeasy Mini Kit （QIAGEN, Limburg, 
Netherlands） 33）. The quality and quantity of 
purified miRNA samples were evaluated using 
Agilent 2100 Bioanalyzer （Agilent, Cheshire, 
UK）. Then, 100 pmol of  miRNA from 
Caenorhabditis elegans （cel-39-3p） was added to 
samples as external control, respectively 34）.

miRNA microarray analysis
miRNA samples from 8 SG and 8 CG were 

used for primary screening. Then, samples 
were labeled Cy3 and hybridized to the 
SurePrint G3 Human miRNA r21 Array Kit 

（8 × 60 K） using miRNA Labeling Reagent 
and Hybridization Kit （Agilent）. After 
hybridization, slides were washed and scanned 
by the Agilent Microarray Scanner G2505C 

（Agilent）. Microarray expression data of 16 
samples were analyzed and visualized in the 
heatmap with the GeneSpring 14.9 （Agilent）.
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Quantitative real-time PCR （qRT-PCR） 
analysis

The miRNA from 88 participants has been 
reverse-transcribed into cDNA using TaqMan 
Advanced miRNA cDNA Synthesis Kit 

（ThermoFisher Scientific, Walthan, MA, 
USA）. qRT-PCR was performed using a CFX 
Connec t  Rea l -T ime Sys tem （Bio -Rad 
laborator ies ,  Hercules ,  CA, USA） and 
SYBRGreen Supermix （Bio-Rad laboratories） 
with gene-specific primer sets designed from 
the TaqMan Advanced miRNA assay 

（ThermoFisher Scientific）. miRNA expression 
levels of target genes were normalized with 
cel-39-3p, an external control 34）, and 
conducted using the delta-delta Ct method.

Statistical analysis
In all experiments, the difference was 

analyzed using the Fisher’s exact test and the 

age difference was determined using one-way 
analysis of variance （ANOVA） and Tukey’s 
test. The statistical analysis for miRNA 
expression levels among 16 samples used in 
primary screening was conducted using t-test. 
The expression levels in qRT-PCR analysis 
were conducted using one-way ANOVA and 
Tukey’s test, and all values are expressed as 
mean ± significant differences （S.D.）. A 
receiver operating characteristic （ROC） curve 
analysis was performed to determine the 
sensitivity, specificity, and veracity. Differences 
were considered significant at p < 0.05.

Results

miRNA microarray analysis for primary 
screening

We examined di f ferences of  miRNA 
expression levels among 8 SG and 8 CG with 
miRNA microarray analysis and illustrated 

Figure 1. �Heatmap of miRNA expression patterns in SG compared with CG. Each row represents a miRNA, 
and each column represents a subject. CG1 to CG8 indicate CG subjects （n=8） and SG1 to SG8 
indicate SG subjects （n=8）. Red color indicates upregulation and blue color indicates 
downregulation of each miRNA expression.
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with heatmap （Fig 1）. No signif icant 
differences were observed between the two 
groups based on gender and age bias. As a 
result, six miRNA expression levels （hsa-miR-
103-3a, hsa-miR-1229-3p, hsa-miR-181a-5p, hsa-
miR-19b-3p, hsa-miR-223-5p, and hsa-miR-30b-
5p） were significantly increased in SG than 
those in CG （p < 0.05）. Fold changes of those 
miRNAs were 20.81, 6.27, 6.40, 6.36, 8.22, and 
5.55, respectively.

Expression levels of six miRNAs
We compared six miRNA expression levels 

among 44 SG and 44 CG subjects using the 
quantitative RT-PCR. In addition, SG and CG 
were classified into four groups （SG: SG-boys 
and SG-girls, CG: CG-boys and CG-girls）, and 
their expression levels within gender were 
compared （Table 1）. In SG, expression levels 
of hsa-miR-181a-5p, hsa-miR-223-5p, and hsa-
miR-30b-5p were significantly higher than 
those in CG （fold change expression ± S.D.; 
5.56 ± 0.83, 7.14 ± 1.21, and 6.30 ± 0.90, 
respectively）. The expression levels of hsa-
miR-181a-5p, hsa-miR-223-5p, and hsa-miR-30b-
5p in each SG group were significantly higher 

than those of each CG group （fold change 
expression ± S.D.; boys: 4.64 ± 0.79, 7.29 ± 1.29 
and 4.62 ± 0.82, girls: 7.23 ± 1.97, 8.01 ± 2.52, 
and 9.39 ± 2.40, respectively）.

Diagnostic accuracy of three miRNAs in abused 
children

We used ROC curve analysis to determine 
the diagnostic accuracy of hsa-miR-181a-5p, 
hsa-miR-223-5p, and hsa-miR-30b-5p. The 
sensitivity, specificity, and area under the ROC 
curve （AUC） in subtotal subjects were as 
follows: hsa-miR-181a-5p （0.818, 0.795, and 
0.8843）; hsa-miR-223-5p （0.795, 0.795, and 
0.9159）; and hsa-miR-30b-5p （0.795, 0.841, and 
0.8670） （Fig 2A）. Furthermore, we also 
analyzed the diagnostic accuracy according to 
gender. The sensitivity, specificity, and AUC in 
boys and girls were as follows: hsa-miR-181a-
5p （boys:0.69, 0.952, and 0.8　　92; girls: 0.867, 
0.87, and 0.8745）; hsa-miR-223-5p （boys:0.759, 
0.81, and 0.9217; girls: 0.867, 0.826, and 0.8986）; 
and hsa-miR-30b-5p （boys:0.759, 0.857, and 
0.867; girls: 0.867, 0.826, and 0.8703） （Fig 2B 
and C）. The hsa-miR-223-5p had the highest 
AUC score （0.9159） among the three miRNAs 

SG SG-boys SG-girls
miRNA Mean ± SD Mean ± SD Mean ± SD

103-3a 17.20 ± 10.90 40.16 ± 34.58 9.67 ± 5.73

1229-3p 3.48 ± 2.67 2.90 ± 2.26 0.80 ± 0.60

181a-5p 5.56 ± 0.83* 4.64 ± 0.79* 7.23 ± 1.97*

19b-3p 1.55 ± 0.47 3.86 ± 1.54 0.79 ± 0.19

223-5p 7.14 ± 1.21* 7.29 ± 1.29* 8.01 ± 2.52*

30b-5p 6.30 ± 0.90* 4.62 ± 0.82* 9.39 ± 2.40*

Table 1. Fold change expression of six miRNAs from the SG group compared to those of the CG group.

Asterisk indicated significant difference （p < 0.05）.
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and the highest AUC score according to 
gender （boys: 0.9217 and girls: 0.8986）. From 
the results of the ROC curve, hsa-miR-223-5p 
was considered to be a desirable biomarker 
because its expression levels were extremely 
high; however, the sensitivity and specificity 

（0.795 and 0.795, respectively） were not 
sufficient.

Correlation between hsa-miR-223-5p and other 
two miRNAs

Based on our result, hsa-miR-223-5p had the 
highest diagnostic accuracy in abused children. 
However, the sensitivity and specificity of hsa-
miR-223-5p （0.795 and 0.795, respectively） 
indicated moderate accuracy 35）. To improve 
diagnostic accuracy in identifying abused 
children, we assessed the correlation between 
hsa-miR-30b-5p or hsa-miR-181a-5p and hsa-
miR-223-5p to examine if they could be 
auxiliary biomarkers. If the expression levels 
of hsa-miR-223-5p and the other two miRNAs 
had no correlation with each other in CG, it 
was presumed that these miRNAs are 
expressed via a different transcriptional 
mechanism. We speculated that miRNA 
expressed in CG without correlation with hsa-

miR-223-5p made it a useful biomarker for SG. 
Positive correlations were observed between 
hsa-miR-223-5p and hsa-miR-181a-5p in CG and 
SG （r = 0.825; p < 0.05 and r = 0.911; p < 0.05, 
respectively） （Fig 3A）. On the contrary, the 
expression level of hsa-miR-30b-5p had positive 
correlation to that of hsa-miR-223-5p in only SG 

（r = 0.927; p < 0.05） （Fig 3B）. The correlation 
between hsa-miR-223-5p and hsa-miR-30b-5p 
was  examined  w i th in  gender .  These 
relationships were significantly associated in 
SG-boys and SG-girls （r = 0.938; p < 0.05 and r 
= 0.917; p < 0.05, respectively） but not in CG-
boys and CG-girls （r = 0.302; p > 0.05 and r = 
0.374; p > 0.05, respectively） （Fig 3C and D）.

Discussion

Childhood abuse and family discord have 
been known to adversely affect physical and 
mental health, especially emotional control and 
emotional behavior, in childhood and adulthood 
36）-39）. Such harmful experiences and 
psychological stresses received by children are 
one of the causes of borderline personality 
disorder onset such as ADHD, and PTSD 2）
-5）. In particular, child abuse is defined as the 
psychological and physical stress experienced 

Figure 2. �ROC curves for three miRNAs. （A） All subjects （n=88）; （B） Boys （n=50）; （C） Girls （n=38）. 
Green line, blue line, and red line indicate hsa-miR-181a-5p, hsa-miR-30b-5p, and hsa-miR-223-5p, 
respectively. TPF: true positive fraction; FPF: false positive fraction.
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by children. Therefore, early detection of child 
abuses ,  such as  phys ica l ,  sexua l ,  and 
psychological, negligence of abuses, and 

reduction of psychological stress are important 
for childhood and adult health. However, a 
reliable method for diagnosis of child abuse 

Figure 3. �Correlation of hsa-miR-223-5p with hsa-miR-181a-5p and with hsa-miR-30b-5p. Blue circle and red 
lined triangle indicate CG and SG, respectively. Positive correlation of the expression levels of 

（A） hsa-miR-223-5p and hsa-miR-181a-5p in CG （n=44, r=0.825） and SG （n=44, r=0.911）; （B） 
hsa-miR-223-5p and hsa-miR-30b-5p in CG （n=44, r=0.332） and SG （n=44, r=0.927）; （C） hsa-miR-
223-5p and hsa-miR-30b-5p in CG-boys （n=21, r=0.302） and SG-boys （n=29, r=0.938）; （D） hsa-
miR-223-5p and hsa-miR-30b-5p in CG-girls （n=23, r=0.374） and SG-girls （n=15, r=0.917）. FC 
indicates a fold change expression to 100 pmol of an external control, cel-39-3p.
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has not yet been established. In this study, we 
investigated whether miRNAs, which play a 
central role in physiological and psychological 
stress response pathways, can be used to 
diagnose child abuse. Normally, miRNAs are 
purified from the peripheral blood, but we 
have purified them as a noninvasive method 
from the saliva 40）,41）. Studies using saliva 
miRNA for diagnosis have already been 
reported, and this is speculated as the optimal 
method for collection from children 42）,43）. 
In the present study, we compared the 
expression levels of saliva-derived miRNAs in 
abused children with those in non-abused 
children and assessed their effectiveness as 
biomarkers for detect ing chi ld abuse . 
Additionally, as the miRNA expression differs 
depending on the gender, we examined the 
expression levels of child-abuse related miRNA 
within each gender 44）-46）.

First, we used the miRNA array to screen 
for miRNAs those expression levels are 
upregulated by child abuse （Fig 1）. As a 
result, we determined the expression levels of 
six miRNAs （hsa-miR-103-3a, hsa-miR-1229-3p, 
hsa-miR-181a-5p, hsa-miR-19b-3p, hsa-miR-223-
5p, and hsa-miR-30b-5p） were significantly 
increased in SG than those of CG. Then, we 
calculated the expression levels of those six 
miRNAs in other 88 children with quantitative 
RT-PCR. In SG, three miRNAs （hsa-miR-181a-
5p, -223-5p and -30b-5p） were significantly 
expressed higher than those of CG. Moreover, 
no difference was observed in the expression 
levels within gender. Although the hsa-miR-
103-3a was the most upregulated among the 
six miRNAs, there were no signif icant 
difference in the expression levels between CG 
and SG, and the miRNA was especially 
upregulated in SG-boys （Table 1）.

Three miRNAs （hsa-miR-181a-5p, -223-5p, 

and  - 30b - 5p） have  been  repor ted  a s 
biomarkers, and their functions have been 
revealed in several studies 47）-51）. However, 
these miRNAs have not been reported to be 
a s soc i a t ed  w i th  abus ive  s t re s s .  The 
enhancement of their expression levels with 
stress in our findings may indicate a new 
function for hsa-miR-181a-5p, -223-5p, and -30b-
5p.

Next, we investigated whether these three 
miRNAs could be effective biomarkers for the 
detection and distribution of abused children 
using ROC curve analysis. The miRNA hsa-
miR-223-5p has the highest AUC score among 
the three miRNAs （Figs 2A–C）. These 
results indicated that hsa-miR-223-5p has high 
diagnostic accuracy as a biomarker for 
detecting child abuse; however, the sensitivity 
and specificity of this diagnostic method were 
insufficient. Therefore, the diagnosis of child 
abuse can be misleading when tested alone 
with hsa-miR-223-5p. It is necessary to test not 
only hsa-miR-223-5p but also hsa-miR-181a-5p 
or hsa-miR-30b-5p to improve the diagnostic 
accuracy of detecting child abuse. We suggest 
that it is important to select either one of the 
miRNA that  does  not  depend on  the 
expression level of hsa-miR-223-5p to achieve 
high diagnostic accuracy. Thus, the expression 
level of hsa-miR-30b-5p was not significantly 
correlated with that of hsa-miR-223-5p in CG 

（Fig 3B–D）. Additionally, hsa-miR-30b-5p 
showed moderate scores, sensitivity, and 
specificity （Fig 2A to C）. Thus, it was 
speculated that hsa-miR-30b-5p can be 
considered a useful second biomarker for 
detecting child abuse.

From the easily noticeable changes in 
salivary miRNAs, it was speculated that 
chronic stress associated with child abuse that 
has a significant impact on the mental and 
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physical growth and development of children 
could be detected as soon as possible.

To detect the children who have been 
abused using the expression levels of miRNA 
in the early stage of child abuse may lead to 
save these children.

It is necessary to apply this suggestion to 
the identification of that age group of children 
who cannot complain of abuse by repeating 
the verification by cohort and for whom 
additional samples cannot be collected for 
repeat verification.

Conclusions

In summary, we speculate that hsa-miR-223-
5p and hsa-miR-30b-5p are saliva-derived 
biomarkers that can diagnose child abuse. 
These microRNAs are expected to lead to 
early detection of child abuse and provide a 
basis for preventive action. Furthermore, it is 
necessary to investigate whether the three 
miRNAs （hsa-miR-223-5p, hsa-miR-181a-5p, and 
hsa-miR-30b-5p） could be used as biomarkers 
for child abuse- and neglect-induced borderline 
personality disorder, such as ADHD, and 
PTSD. However, since these results were 
investigated in Japanese children, it will be 
necessary to scrutinize it all over the world in 
the future.
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