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Evaluation of inflammatory markers in childhood-onset psychiatric
disorders by using artificial intelligence architectures
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ABSTRACT

Objective: One of the mechanisms proposed in the etiology of psychiatric disorders is the immunological and in-
flammatory processes. The aim of this study was to evaluate the neutrophil/lymphocyte ratio (NLR), platelet/ lym-
phocyte ratio (PLR), monocyte/lymphocyte ratio (MLR) and mean platelet volume (MPV) levels as an inflammatory
marker in childhood-onset psychiatric disorders and to evaluate the inflammation parameters in the etiology. Meth-
ods: The hemogram data of 165 patients with early onset schizophrenia, bipolar disorder, depressive disorder and
anorexia nervosa and 70 healthy children and adolescents were evaluated. In this study, artificial neural networks
(ANN) are used for artificial intelligence-based computer aided system (CAS) design which can be able to help pediatric
psychiatry specialists to diagnose easily and quickly. The data belonging to the patients were subjected to the nor-
malization process in the designed system. Then, normalized data was entered to ANN and five outlets including
four diseases and one test group were determined. The ANN model used has features of multilayer sensor network
design. A three-tier cross validation method was used to test the success of the designed system. The three-tier
cross-validation method is further divided into three parts. In each stage the first part was used for the test and the
second and third parts was used for training. Results: The accuracy value of the model were calculated as 99%.
Conclusion: These results show that the designed model gives robust and reliable results and can help the physi-
cians in prediagnosis and differential diagnosis in clinical practice. (Anatolian Journal of Psychiatry 2020;
21(3):301-309)

Keywords: artificial intelligence, childhood onset psychiatric disorder, monocyte/lymphocyte ratio, neutrophil/
lymphocyte ratio, platelet/lymphocyte ratio

Cocukluk cagi baglangicli psikiyatrik hastaliklarda

yapay zeka mimarileri ile inflamatuvar degerlendirme

6z

Amag: Psikiyatrik hastaliklarda etiyopatogenezde 6ne siiriilen mekanizmalardan biri immiinolojik ve inflamatuvar
streclerdir. Son yillarda ucuz ve kolay bakilabilir bir yéntem olan hemogram verilerinin inflamatuvar belirte¢ olarak
kullanilmasina olan ilgi giderek artmaktadir. Bu calismada cocukluk cadi baslangicli psikiyatrik bozukluklarda
inflamatuvar belirte¢ olarak giindeme gelen nétrofil/lenfosit orani, platelet/lenfosit orani, monosit/lenfosit orani ve
ortalama trombosit hacmi diizeylerinin karsilagtiriimasi ile etiyolojide inflamasyon parametrelerinin degerlendiriime-
si amacglanmigtir. Yontem: Calismada ¢ocuk psikiyatrisi yatakli servisinde tedavi géren erken baslangigli sizofreni,

bipolar bozukluk, depresif bozukluk ve anoreksiya nervozali 165 hasta ve 70 saglikli cocuk ve ergenin hemogram
verileri kullanildi. Bu ¢alismada cocuk psikiyatrisi uzmanlarinin hastalara tani koymada zaman ve hiz bakimindan
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yardimci olabilecek yapay sinir agi (YSA) tabanl bilgisayar destekli tani sistemi (BDTS) tasarlandi. Tasarlanan
sistemde ilk olarak hastalarin verileri normalizasyon islemine tabi tutuldu. Daha sonra normalize olan veriler YSA'nin
girisine verilerek dért bozukluk ve bir test grubuna iliskin bes ¢ikis belirlendi. Kullanilan YSA modeli Cok Katmanl
Algilayici Ag Mimarisinin (CKAA) ézelliklerine sahiptir. Tasarlanan sistemin basarisinin sinanmasi igin (¢ katmanli
capraz dogrulama yéntemi kullanildi. Bu yéntemin veri kiimesi de (i¢ parcaya ayrildi. Her asamada bir parca test
icin, ikinci ve Uglncl pargalar ise egitim igin kullanildi. Sonuglar: Tasarlanan sistemin kullanilan veri setindeki
bozukluklari siniflandirmadaki dogruluk orani %99 olarak hesaplandi. Tartisma: Bu sonuglar bu modellemenin hizli
ve glivenilir bir yéntem olarak ¢ocuk psikiyatrisinde yukarida tanimlanan hasta gruplari icin 6n tani ve ayirici tanida
kullanilabilecegini géstermektedir. (Anadolu Psikiyatri Derg 2020; 21(3):301-309)

Anahtar sézciikler: Yapay zeka, cocukluk cagi psikiyatrik bozukluklari, monosit/lenfosit orani, nétrofil/ lenfosit

orani, platelet/lenfosit orani

INTRODUCTION

The relationship between the brain and the
immune system is related to each other in a wide
range.l?

It has been suggested that many different im-
munological and inflammatory mechanisms are
mediated in different psychiatric disorders. A
member of the immune system that mediates
inflammation is leukocytes.? Neutrophils, a vari-
ety of leukocytes, are responsible for the secre-
tion of chemical mediators in inflammation.* After
neutrophil to lymphocyte ratio (NLR) has been
shown to be an inflammatory marker,® as well
as neutrophil quantity, these markers have in-
creasingly been used in psychiatric disorders58
and other medical conditions.®'* Other CBC
parameters, including monocyte/lymphocyte
ratio (MLR) and platelet/lymphocyte ratio (PLR)
have also been used as inflammatory markers in
several diseases including cardiovascular dis-
eases,'>16 psoriasis,” cancer,® and psychiatric
diseases,®?0 as well as NLR. The studies inves-
tigating the role of mean platelet volume (MPV)
in inflammatory processes have also been con-
ducted as well as the other CBC parameters.
MPV was found to be an indicator of platelet
activation.?! In addition, it has been shown that
MPV ratio increase in inflammatory diseases,
which supports the relationship between MPV
and inflammation.22-25

In the literature, many methods have been de-
fined in the diagnosis of diseases. However, the
diagnosis process can be long and costly with
existing diagnostic systems. Today, computer
aided systems (CAS) are frequently used in
many applications such as control and system
identification, image and voice recognition, esti-
mation and prediction, fault analysis, medicine,
communication, traffic, and production manage-
ment. The use of CASs in diagnosing diseases
can increase the ability of specialists to make
decisions. In the literature, architectures such as
artificial neural networks (ANN) are used fre-

qguently in artificial intelligence-based CAS de-
sign.26-29 ANNs can make generalizations. They
can product a response to any input data they
have never used. Artificial neural networks, due
to this ability to learn and generalize, have found
wide application area in many fields of science.
They have the ability to product solutions to com-
plex problems.2” The ANN learn through exam-
ples, similar to humans. Therefore, the data set
is divided into two parts including training and
test sets.?7-2°

In this study, a CAS was proposed by using arti-
ficial neural networks (ANN) in order to facilitate
the classification of early onset schizophrenia,
bipolar disorder, major depressive disorder, and
anorexia nervosa. Two goals was proposed: 1.
investigation of the relationship between early
onset psychiatric diseases and inflammatory
markers, 2. whether these parameters can be
used in the preliminary diagnosis and differential
diagnosis.

METHODS

This study was planned as a retrospective study.
The data used for childhood onset psychiatric
diseases were obtained by screening the files of
the inpatients between 2017 and 2019 retro-
spectively through the hospital system of inéni
University, Turgut Ozal Medical Center Child and
Adolescent Psychiatric Clinic. Data of patients
with early onset schizophrenia, bipolar disorder,
depressive disorder and anorexia neurosis were
included in the study according to DSM-5 criteria.
Data from patients were compared with the
control group consisted of healthy individuals
matched by age and gender. Ethical approval is
obtained from the Board of Scientific Research
and Publication of inénii University with the
Decision No. 2019/7-3.

Inclusion criteria

CBC values used in the study were obtained
from the first assays applied to the patients on
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the first day of hospitalization. Patients with a
known infection at the time of blood collection
with symptoms of any disease such as fever,
pain, diarrhea chronic disease, history of sub-
stance use or active psychiatric disease, which
can be associated with substance use were
excluded from the study. In addition, the patients
with a history of trauma and surgery were ex-
cluded from the study. How long the patients on
psychiatric medication used these drugs and the
names of the drugs were noted in detail. The
data of the patients who were used outside the
psychiatric medicine were not included in the
study. All patients who participated in the study
had an acute attack. Patients with bipolar disor-
der were in manic attack period. Patients with
leukocytosis or thrombocytosis suggestive of
infection according to CBC data were excluded
from the study.

Adolescents in the control group were examined
by a child psychiatrist according to DSM-5 cri-
teria. Individuals with any psychiatric or medical
illness were excluded from the study. CBC data
of healthy children and adolescents without any
known psychiatric or medical illnesses were
taken as control group. Children and adoles-
cents included in the control group were
matched with the patient group by age and
gender.

Sixteen patients who did not meet the inclusion
criteria were excluded. The CBC data of 165
patients and 70 healthy children and adoles-
cents who met all inclusion criteria were used in
this modeling study.

Statistical analysis

SPSS 22 software was used for statistical ana-
lysis of the data. Qualitative data is expressed as
a percentage. One-way ANOVA test, Kruskal
Wallis test and Pearson’s chi-square test and
reciever operator characteristics curve analysis
were used to analyze the data. A value of p<0.05
was considered statistically significant.

Artificial neural networks

The computer on which the CAS is designed has
a 2.8 GHz processor and 16 GB of memory.
Program codes were written in MATLAB 2018
program.

In the designed CAS, the CBC parameters
including leukocyte count, lymphocyte count,
neutrophil count, monocyte count, platelet count,
NLR, PLR, MLR, MPV, age and sex parameters
were normalized and entered as ANN input para-
meters. Then, based on these data, the classifi-

cation of early onset schizophrenia, bipolar dis-
order, depressive disorder and anorexia nervosa
diseases were performed by using ANN. At first
stage of the modelling the input data were
normalized. These normalized data were applied
to the ANN models to predict four diseases and
one test group. Totally five output parameters
were predicted. The ANN model is multi-layer
perceptron. Three-fold cross validation test was
used to calculate the performance of the de-
signed CAS. In addition, accuracy was used as
performance parameters. In three-fold cross
validation method, the data set was divided into
three parts. At each stage, the first part was used
for the testing, and the second and third parts
were used for the training. Thus, the accuracy
rate of the designed CAS has been determined
effectively.

RESULTS

Among the children and adolescents included in
the study, the mean age for SCH was
15.70+£1.28, 15.13+1.83 for BAD, 15.13+1.62 for
AN, 15.89+1.39 for MDD, and 15.41+1.87 for
control group. 57 SCH patients, 23 BD patients,
61 MDD patients, 24 AN patients and 70 healthy
controls were included in the study. There were
no statistically significant differences between
the patient group and the control group in terms
of gender and age (p>0.05). Thirty-five out of
165 patients included in the study were using a
psychiatric drug.

The mean and standard deviation rates of hemo-
gram parameters and the results of the analysis
of the patient and control group are given in
Table 1. There was a statistically significant
difference between the groups in terms of leuko-
cytes (p=0.007), lymphocytes (p=0.001), mono-
cytes (p<0.001), neutrophils (p=0.004), MPV
(p<0.001), NLR (p=0.001) and MLR (p=0.001).
The post hoc test results revealed that the statis-
tical difference was caused by AN-BAB, AN-
SCH and AN-MDB binary subgroups for leuko-
cytes; MDB-SCH and MDB-control binary com-
parisons for lymphocytes; AN-SCH, AN-MDB
and AN-BAB for monocytes; AN-SCH and AN-
BAB for neutrophils; Control-AN, Control-BAB
and Control-MDB for MPV; AN-SCH AN-BAB,
and MDB-SCH for NLR; and AN-SCH and AN-
BAB for MLR.

The results of ROC analysis for NLR, MLR and
PLR rates for bipolar disorder and schizophrenia
patients are given in Table 2. The area under the
curve for MLR and NLR was significant for bipo-
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Table 1. Comparison of mean blood values

Parameters Anorexia nervosa Bipolar dis. Schizophrenia Major depr. dis. Healthy control p

Leukocytes 6.11+1.42 7.37£1.39 7.33+1.60 7.45+1.50 6.91+1.83 0.007
Lymphocytes 2.29+0.63 2.14+0.65 2.13+0.67 2.64+0.69 2.28+0.76 0.001
Monocytes 0.42+0.13 0.61+0.14 0.58+0.20 0.61+0.17 0.53%0.15 <0.001
Neutrophils 3.0611.14 4.33+1.15 4.36+1.52 3.96+1.13 3.86%1.46 0.004
Platelets 255.16+66.41 261.08+54.58 270.82+53.5 291.57+54.02 267.08t67.75 0.058
MPV 9.72+1.56 10.07+£1.40 9.04+1.60 10.17£1.09 8.52+1.47 <0.001
NLR 1.42+0.59 2.34+1.38 2.32+1.39 1.61+0.65 2.04+1.94 0.001
MLR 0.19+0.06 0.321+0.16 0.29+0.12 0.24+0.08 0.26+0.14 0.001
PLR 119.73+45.66 135.87£70.50  139.24+53.25 117.06£33.11  136.24+103.8 0.283

MPV: Mean platelet volime; NLR: Neutrophil/lymphocyte ratio; MLR: Monocyte/lymphocyte ratio; PLR: Platelet/lymphocyte ratio

Tablo 2. NLR, MLR and PLR ROC analysis results for BD, Sch and MDD patients

95% Confidence interval

Values Area Std. error p Lower Upper
Bipolar disorder (BD)
NLR 0.640 0.061 0.038 0.520 0.761
MLR 0.644 0.063 0.033 0.521 0.768
PLR 0.506 0.066 0.930 0.377 0.635
Schizophrenia (Sch)
NLR 0.612 0.050 0.028 0.514 0.710
MLR 0.603 0.050 0.043 0.505 0.702
PLR 0.560 0.051 0.238 0.460 0.660
Major depressive disorder (MDD)
NLR 0.454 0.050 0.371 0.356 0.553
MLR 0.513 0.051 0.802 0.351 0.550
PLR 0.450 0.051 0.332 0.413 0.613

NLR: Neutrophil/lymphocyte ratio; MLR: Monocyte/lymphocyte ratio; PLR: Platelet/lymphocyte ratio

lar patients and the area under the curve for NLR
and MLR was significant for patients with schizo-
phrenia.

Cut off values of different sensitivity and specifi-
city values were found for each disease group.
For example, the NLR rate was 3.89 in SCH
patients and the sensitivity was 5% (cut off:
5.37). The LR value for the BAD group was 3.08,
whereas the sensitivity for MLR was 12% (cut
off: 4.79). When the cut-off values of the signifi-
cant variables for each patient group were exa-
mined, the LR (+) values were below 2 in the cut
off values which have a high direct positive ratio
for all parameters, i.e. false positivity rates in-
crease. On the other hand true positive rates
were found to be very low in high LR (+) values.
The use of MLR and NLR as a diagnostic test for
bipolar and schizophrenia patients was found to
be based on poor evidence. The result of the
statistical evaluations showed that measured

variables have different effects on the decision
making for these diseases. However, each vari-
able was evaluated individually for each disease
group. Similarly, in the literature, it is seen that a
single variable is insufficient in explaining these
diseases and there is no biomarker that can be
used in the preliminary diagnosis of psychiatric
diseases. However, in this study, an Artificial
Neural Network (ANN) based Computer Aided
Diagnostic System (BDTS) was designed. In the
designed model, an artificial intelligence based
decision support system was created to help
specialists in the diagnosis of the diseases by
evaluating 11 variables and the complex rela-
tionship between these variables, instead of a
single variable as in other statistical methods. In
this way, reliability has increased significantly.
ANN parameters are given in Table 3. The clas-
sification results of the simulation designed for
the diagnosis of the disease depending on the
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Table 3. ANNs model and training parameters

Architecture
The number of layers 3
The number of neuron on the layers
The initial weights and biases
Activation functions

Training parameters
Learning rule

Learning rate 0.01
Mean-squared error 0.0000001
Maximum epochs number 3000

Input: 11, Hidden: 12, Output: 1
Random
Tangent-Sigmoid Linear

Levenberg-Marquardt Back-Propagation

Class

+ reel data
o predicted|

1 D : : :
0 10 20 30 40

Sample

50

60 70 80

Figure 1. Simulation results of the designed CAS (1: Anorexia Nervosa, 2: Bipolar disorder
manic attack, 3: Early onset schizophrenia, 4: Depressive disorder, 5: Healthy control group)

input parameters are presented in Figure 1, the
horizontal axis shows the sample number in
dataset. The numbers 1, 2, 3, 4, 5 in the vertical
axis indicate output labels such as anorexia ner-
vosa, bipolar disorder, early onset schizophre-
nia, depressive disorder and healthy control
group, respectively. In Figure 1, ‘+’ shows the
actual data ‘o’ shows the predicted data. In the
simulation results interlocking of ‘+’ and ‘0’ sym-
bols means that CAS classifies diseases suc-
cessfully.

The training performance graph of ANN CAS
model is given in Figure 2. The accuracy value
of the model were calculated as 99%.

DISCUSSION

One of the features of childhood-onset psychiat-
ric disorders is the variability of the clinical pic-
ture, therefore, the diagnosis process becomes
more difficult. Faster and more reliable tools are
needed for a diagnosis. Moreover, as discussed
below, in the literature only one or two kinds of
parameters are studied in the differential diag-
nosis of diseases. Therefore, it is controversial
to use the data obtained in the primary diagnosis
and differential diagnosis. In the CAS system
designed in this study, the accuracy rate in the
diagnostic process was determined as 99% with
11 different input parameters. The aim of this

Anadolu Psikiyatri Derg 2020; 21(3):301-309
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Figure 2. Training performance

study is to introduce a practical, fast and reliable
diagnostic system to psychiatrists by using CAS,
which is based on CBC parameters, which is a
cheap and easily accessible method. The results
of the study showed that the use of 11 para-
meters together, significantly increased reliabi-
lity.

In the studies, leukocyte count, monocyte count,
neutrophil count, lymphocyte count, NLR, MLR,
PLR, MPV parameters have been used as
inflammatory biomarkers. In the study of Cakir et
al., neutrophil count, lymphocyte count and NLR
were found to be significantly higher in bipolar
patients.3% In a multicenter study, conducted by
Semiz et al. blood parameters of schizophrenic
patients and healthy individuals were compared.
In this study, neutrophil, lymphocyte, and NLR
were found to be significantly higher in the
schizophrenia group than the healthy control
group, similar to the results in bipolar patients.3!
In another study, NLR level in adult schizo-
phrenia patients was investigated and NLR
levels were found to be significantly higher in
schizophrenia patients. In the same study, neut-
rophil and lymphocyte levels were found to be
significantly higher in schizophrenic patients,
and the ROC analysis for the neutrophil/lym-
phocyte ratio showed 76% sensitivity and 77%
specificity for LR (+) 3.34, cut off norm 1.98, and
the area under the curve was 0.885. In this study,
the diagnostic value of NLR was emphasized.”
Ozdin et al. in their study compared NLR, MLR

and PLR levels in adult schizophrenia patients at
different stages of the disease; they found that,
NLR, MLR and PLR levels were significantly
higher in remission period compared to the con-
trol group, and these levels were significantly
higher in patients with relapse than those in
remission period. MLR and PLR levels were
found to be important markers.3? In a prospective
study on bipolar patients, it was found that higher
NLR and PLR levels were associated with more
anxiety and lower functions, more frequent
attacks and more frequent hospitalization.33 In
another meta-analysis, NLR and PLR were
investigated in patients with mood disorders. It
was found that people with bipolar disorder had
higher NLR and PLR compared to healthy con-
trol group.®* In a retrospective study of NLR,
MLR, PLR ratio in patients with schizophrenia
and bipolar disorder, all rates for both groups
were found to be significantly higher.1® In a study
evaluating the rates of NLR and PLR in out-
patients and inpatients at different levels of major
depression, higher PLR levels were found in
psychotic depression cases.3®

Regarding MPV, there are limited studies exa-
mining the relationship between MPV levels and
psychiatric disorders. In a study comparing
ADHD patients with the healthy control group,
MPV rates were found to be higher in ADHD
patients and it was suggested that it could be
used as an inflammatory marker in the patho-
physiology of ADHD.3® In a study conducted on
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patients with schizophrenia, unipolar depres-
sion, and bipolar disorder, it was found that there
were significant differences for platelets and
MPYV values between study groups. A significant
percentage of patients with bipolar disorder had
abnormal (too low or too high) number of plate-
lets and positive correlation between age and
MPV levels was found in patients with schizo-
phrenia.?” In another study MPV and NLR levels
have been associated with the type of suicide
attempt.3® MPV values were examined in various
psychiatric disorders such as schizophrenia,
panic disorder and generalized anxiety disorder.
Significant differences were found between
patients with generalized anxiety disorder (GAD)
and control groups.® In the anxiety group, MPV
was significantly higher and platelet count was
significantly lower. The area under the ROC
curve of MPV levels for GAD is 0.655. Ransing
etal., in their study conducted in 2017, found that
patients with panic disorder had higher MPV and
higher platelet distribution width.4°

CBC studies were predominantly focused on
adult patients. The findings for childhood onset
psychiatric disorders are limited and contra-
dictory results have been reported. Bustan et al.
in their study conducted on psychotic adoles-
cents, found that NLR and leucocyte amount
were higher in those patients and NLR was
significantly decreased in remission period.® The
results indicate that psychosis is associated with
higher levels of peripheral inflammation markers
in the early period of the disease and levels of
these markers decrease in clinical remission. In
another study, in the autism spectrum disorder
(ASD) NLR levels were found to be significantly
higher than the control group and the importance
of inflammation in the etiology was emphasized.
In this study, high neutrophil counts, low platelet
and lymphocyte counts were found in ASD
patients and it was suggested that NLR could be
indicator for ASD.*! In the study conducted by

Cevher et al. on bipolar adolescents in the euthy-
mic stage, there was no difference in NLR and
PLR compared to healthy children. They inter-
preted these results to be due to lower inflam-
matory response in the euthymic phase of bipo-
lar disorder.*?

In patients with anorexia nervosa, the number of
studies evaluating CBC data is significantly
lower than in other patient groups. Moderate
changes in CBC values were observed on ad-
mission and most of these changes were rever-
sible after weight gain. Patients with more weight
loss, those with lower body mass index (BMI),
and those with a history of psychotropic drug use
are more likely to develop these hematological
abnormalities.*® In addition, it has been empha-
sized that altered immune response in chronic
anorexia nervosa patients may lead to an in-
crease in infection risk and mortality rates.*3

In the studies, a suitable cut off value for NLR
ratio was not reported. In some studies, patients
were categorized according to NLR intervals.*
In a recent study on a non-geriatric healthy
group, the cut-off value for NLR was reported
between 0.78 and 3.53.5 However, although
differences in CBC data are detected in different
psychiatric disorders, it is unclear at which
stages NLR or other CBC parameters can be
used in the diagnostic process. The accuracy
rate of the designed system is calculated as
99%. This ratio revealed that the system de-
signed based on CBC data can be used as a
quick and reliable tool in early childhood psychi-
atric disorders.

Limitations

Some of the patients included in the study were
using psychiatric medication when the blood
samples were collected. The most important
limitation of this study is that it has not been per-
formed completely during the drug-free period.
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