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ABSTRACT

Autism Spectrum Disorder (ASD) is a complex neurodevelopmental disorder, progressive disruption of brain development
and synaptic connections, which causes impaired communication and behavioral disorders. However, the etiology is
unknown. A damaged perinatal environment causes chronic nerve inflammation in genetically susceptible children of ASD,
dysregulation of the immune system, which leads to ASD. The ratio of Neutrophil to Lymphocyte (NLR) as one of the markers
of inflammation is frequently associated with inflammation-related psychiatric diseases and is potentially used as a diagnostic
instrument. A cross-sectional study was carried out from June to November 2019 by using medical records of Outpatients with
growth and development disorders and ASD and involving 69 children. The diagnosis of ASD was confirmed by the fifth
edition Diagnostic and Manual of Mental Disorders criteria (DSM-V). A routine hematology test was carried out with a flow
cytometry method. Diagnostic tests were performed in 43 children with developmental disorders (mean NLR 1.01+0.07) and
26 ASD children (mean NLR 1.02+0.06), with a cut-off value of 0.68. Sensitivity, specificity, positive predictive value, negative
predictive value and accuracy of NLR were 84.62%; 27.9%; 41.51%; 25%; and 50.2%, respectively. Neutrophil to lymphocyte is
sensitive to diagnose ASD but its accuracy is low. Immune dysfunction and complex neurodevelopmental disorders that are
affected by chronic inflammation play a role in the occurrence of ASD. Other inflammatory markers are needed to improve the

accuracy of laboratory tests to diagnose ASD.
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INTRODUCTION

Autism, or Autism Spectrum Disorder (ASD), is a
neurodevelopmental disorder characterized by
disturbances in social interaction and
communication, along with behavioral patterns and
interests that are often limited and repetitive." The
prevalence of autism in the world is increasing. Until
2000, the prevalence of autism was 2-5 to 15-20 in
1000 births, 1-2 in 1000 world population. The
Autism Society of America (ASA) data in 2000
showed there were 60 cases per 10000 births, with a
total of 1:250 population. Meanwhile, in the 2001
Centers for Disease Control and Prevention (CDC)
USA data showed the ratio between cases and
residents of 1:150, while that in the USA/UK that was
1:100. In 2012 and 2014 CDC data showed that 1:88
and 1:68 children in the USA had autism,
respectively.” In March 2012 the US CDC issued a
press release that described the results of a
long-term study on the annual prevalence rate of
autism in 8 year old children. They reported that 1 of

88 children aged 8 years had been diagnosed with
autism in or before 2008. This represented a 78%
increase from the estimation in 2004.” World Health
Organization (2018) estimated that 1 of 160 children
suffered from ASD, and the prevalence continues to
increase." However, there has been no definitive
data of its prevalence in Indonesia. It is estimated
that the incidence and prevalence of ASD are two
new cases per 1000 population per year and 10 cases
per 1000 population. Because the population of
Indonesia is 237.5 million with a population growth
rate of 1.14%, it is estimated that people with ASD in
Indonesia are 2.4 million people with an additional
500 new patients/year.**

Autism is a complex developmental disorder in
children which is influenced by many factors,
including genetic, environmental, immune system
disorders, and inflammation.’ Inflammation is one of
the causes of system immune dysregulation and
neuroinflammation. Neuroinflammation can impair
brain tissue through several mechanisms, including
plaque formation, abnormal neuron growth, and
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increased release of proinflammatory cytokines.’
Inflammation occurs when the cytokines/mediators
are released in extracellular fluid. Cytokines
modulate brain function so that inflammation occurs
as a response of the brain. There are increased TNF-a
and IL-6 levels both in the blood and brain of Autistic
patients. High levels of proinflammatory cytokines
will trigger chronic neuroinflammation in autism.”’

Neuroinflammation has been associated with
many neurological and neuropsychiatric diseases.’
Cytokines have been shown to regulate the growth
and cell proliferation of neuronal tissue and to
modulate host responses to infection, injury,
inflammation, and diseases with uncertain etiology.
The dynamic expression of different cytokines can
modify immune system function; increased levels of
interferon-gamma (IFN-y) and IL-6 can induce
inflammation, whereas increased production of
(TGF-B) can negatively regulate inflammation. Many
recent studies have demonstrated that the levels of
various inflammatory cytokines differ in the blood
mononuclear cells, serum, plasma, brain tissue, and
cerebrospinal fluid of autistic subjects compared
with normal subjects, which might impair immune
capacity in the Central Nervous System (CNS)
reported in children with autism; in particular,
reduced cytotoxic activity and elevated levels of
certain pro-inflammatory cytokines produced by
peripheral blood mononuclear cells, such as tumor
necrosis factor (TNF-a) and IL-1pB, have been shown
to disrupt neurodevelopment.® IL-6 and TNF-a. two
pro-inflammatory cytokines, are found in high
amounts in the brain, causing disruption or decrease
of adhesion and neuronal migration, which results in
disruption of the blood-brain barrier that functions
to maintain normal homeostasis of the central
nervous system. Chronic neuroinflammation is one
of the causes of autism disorders in children. Autism
is also referred to as a neurodevelopmental
disorder.’

Immune dysfunction that causes
neuroinflammation has been studied in many ways
as one of the etiologies of ASD, although no exact
mechanism is known. An increased inflammatory
activity in children with ASD is demonstrated by the
increase in pro-inflammatory cytokines. Increase of
pro-inflammatory cytokines was found in the plasma
of 97 treatment-free and healthy children (aged 2 to
5 years) with ASD, who were recruited as case
controls compared to children of the same age with
developmental disorders.’ In addition to plasma, an
increase of pro-inflammatory Th-2 cytokines in
lymphocyte cells was also found in peripheral blood

mononuclear monocyte cells of twenty children
(from ages 3 to 10 years) with ASD compared to
controls with normal development according to their
age.” Both Thl and Th2 cytokines have been
reported to increase in ASD children, and most
recently, increased IL-1B, IL-6, IL-17, IL-12p40, and
IL-12p70 levels were found in 17 children (3-9 years)
with a clinical diagnosis of ASD compared to 15 age
children with normal development.®*

The Endocannabinoid (EC) system is a complex
network of neurotransmitters of the lipid pathway
composed of arachidonic acid derivatives expressed
in the central and peripheral nervous systems.
Besides autism, the EC system is also involved in
several other psychiatric disorders (i.e. anxiety,
severe depression, bipolar disorder, and
schizophrenia). This system is a major regulator of
metabolism and cellular pathways involved in
autism, such as food intake, energy metabolism, and
immune system control. Early studies with animal
models showed that changes in the brain EC system
were found. Autism is also characterized by
dysregulation of the immune system including
changes in the differentiation of monocyte and
macrophage responses and abnormal levels of
cytokines and T lymphocytes. Cellular, monocyte,
and macrophage the EC system dysfunction
show that mRNA and CB2 receptor protein
(G-protein-coupled cannabinoid receptor (GPCR)
type 1 (CB1)) and EC enzymes are significantly
regulated in immunological disorders related to
autism.”” Monocyte and lymphocyte macrophage
cells are derived in-vitro from individuals with ASD
with dysregulation of the EC system. This indicates
the involvement of the EC system in autism-related
to immunological disorders because monocytes and
lymphocytes are cells responsible for the
inflammatory response.”"

Epithelial cell-derived neutrophil-activating
peptide 78 (ENA-78) is a chemokine that can attract
and activate neutrophils. In autism, there is a
disfunction ofimmunity and neuroinflammation that
triggers an inflammatory response by inducing
neutrophil infiltration. Significantly higher ENA-78
levels were found in children with autism compared
to healthy children.”

Neuroinflammation is one of the causes of ASD.
Neutrophils, monocytes, and lymphocytes play an
important role in the inflammatory process. A routine
hematological test can be used to improve the
accuracy of the diagnosis of ASD, due to its lower cost
and simple use. Ashwood et al. found a higher absolute
number of B cells and natural killer cells in children with
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autism compared to controls.”® The Neutrophil-
Lymphocyte Ratio (NLR) has been extensively studied
in association with psychiatry that occurs due to
neuroinflammation. Neutrophil-lymphocyte ratio was
investigated as a predictive and prognostic parameter
in several psychiatric diseases associated with
schizophrenic inflammation, bipolar disorder, and
major depressive disorder.””” Neutrophil to
lymphocyte ratio is known to have a negative
correlation with ASD and its severity.” It is important to
determine the accuracy of NLR in ASD as an
inexpensive, simple, and practical laboratory test for
inflammation.

METHODS

This study was a diagnosticstudywitha  cross-
sectional approach to determine the accuracy of NLR
for diagnosis of autism spectrum disorders in
Outpatients at the Pediatric Social Development
Clinic at dr. Mohammad Hoesin Hospital,
Palembang. The population in this study was
patients aged 18 months -18 years with growth
disordersand ASD.

The sample size in this study was determined
using a diagnostic research formula with the output
of the Area Under Curve (AUC). The number of
samples obtained from the formula was 69 patients.

The diagnosis of ASD was carried out by
pediatricians, based on criteria of DSM-V (Diagnostic

and Statistical Manual of Mental Disorders, Fifth
Edition (DSM-V)) in 2013 or ICD-10issued by WHO in
1993 (American Psychiatric Association, 2013). A
complete hematologic test was performed with a
hematology analyzer using the flow cytometry
method to obtain absolute neutrophil and
lymphocyte count from the device. Also, the
neutrophil/lymphocyte ratio was obtained from the
division of the percentage of neutrophils by the
percentage of lymphocytes.

Medical record data were analyzed from January
to October 2019. Complete data were taken if the
inclusion and exclusion criteria were met. Patients
with suspected acute or chronic infection, allergies,
and malignancies were excluded from this study.
Data were collected and processed using statistical
software.

This study was approved by Health Research
Ethics Committee of the Faculty of Medicine, Sriwijaya
University and Mohammad Hoesin Central General
Hospital (number 560/kepkrsmhfkunsri/2019).

RESULTS AND DISCUSSION

The research data were taken from medical
records of patients with differential diagnosis or a
diagnosis of autism monitoring from January to
October 2019. Subjects in this study were 69 people,
consisting of 43 patients with developmental/
non-ASD and 26 patients with a diagnosis of ASD.

Table 1. Demographic characteristics of research subjects (n=69)

L. ASD (n=26) ASD Negative (n=43)
Characteristics
Total (n) Percentage (%) Total (n) Percentage (%)

Age

18 months — < 5 year 20 76.9 32 74.4

5- < 6 year 1 38 4 9.3

6— < 10 year 5 19.2 5 11.6

10- < 18 year 0 0 2 47
Average age+SD (year) 3.84+1.73 3.65+£0.35
Gender

Male 21 80.8 36 83.7

Female 5 19.2 7 16.3

Table 2. The average of the neutrophil count, lymphocyte count, and NLR (n=69)

Laboratory Test Results

Average Value

ASD (n=26) Negative ASD (n=43)
Absolute neutrophils count(lOg/pL) 3.88+0.24 4.01+0.22
Absolute lymphocytes count (10%/uL) 4.15+0.3 424+0.21
NLR 1.01+0.07 1.02+0.06
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This study found a higher number (21 patients,
80.8%) of male subjects with ASD compared to female
subjects. Most ASD subjects aged 18 months-< 5
years (20 patients, 76.9%) with an average age of
3.84+1.73 years (Table 1).

The mean absolute neutrophil count of all
subjects with ASD was 3.88+0.24 x 10°/uL. The mean
absolute lymphocyte count was 4.15+0.3 x 10°/uL.
The average NLR was 0.01 + 0.07 x 10°/uL (Table 2).

Diagnostic tests were performed to determine
the accuracy of NLR to diagnose ASD with a gold
standard (the diagnosis was made by pediatricians
using DSM-V criteria). The analysis was first carried
out by determination of the Area Under Curve (AUC)
and determination of the value of the intersection
point. The cut-off value was then used to determine
the NLR category. Diagnostic test results can be seen
inthe 2x2 table (Table 3).

Table 3. 2x2 table of NLR

Gold Standard

NLR ( DSM-V criteria)
Positive Negative
Positive (<7 x 10 */pL) 20 14
Negative (>7 x 10°/uL) 6 9

The cut-off value was determined using the
Youden Index and a cut-off value of 0.68 was
obtained (Figure 1). The cut-off point was then used
as the point to determine the positive and negative
categories of NLR examination. The AUC was
obtained at 0.502. At the cut-off value of 0.68, to
diagnose ASD, the NLR showed a sensitivity,
specificity, positive predictive value, negative
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Figure 1. The cut-off value was determined using the
YoudenIndex (0.68)

predictive value, positive likelihood ratio, negative
likelihood ratio, prevalence, pre-test odds, and
accuracy of 84.62%, 27.9%, 41.51%, 25%, 1.17, 0.55,
37.68%, 1.03,and 50.2%, respectively.

In this study, it was found that the subjects with
ASD mostly (76.9%) aged 18 months - < 5 years old,
with an average age of 3.84+1.73 years. Symptoms
of ASD are usually detected at less than 2 years of
age. But it can also arise after children aged between
12-24 months (regressive autism). Children with
regressive autism can develop normally, speak, and
responsive; however, between the ages of 12-24
months they are unable to develop, there is a
regression in the communication and social
interaction, less eye contact, and speech before its
loss.”* The results of the study by Kutlu et al. showed
that the average age of ASD patients was 3.43+1.03
years. This is due to screening for ASD starting from
the age of 18 months.”

Klienman et al. suggested that the ratio of males
and females with ASD was close to 4:1, following this
study, which found the percentage of males with
ASD was 80.8% and females with ASD was 19.8%.”
This is caused by the male hormone testosterone,
which plays a role in microglial genes and the
production of neurotransmitters in the brain. The
higher risk of oxidative stress is also found in boys.”*

The mean absolute neutrophil count of ASD
patients in this study was 3.88+0.24 x 10°/uL. Kutlu et al.
found that the mean absolute neutrophil count was
3,450 x 10°/uL.” Kulaksizoglu et al. found that the mean
absolute neutrophil count was 4.95+2.49 x 10°/uL.”®

This research found that the mean absolute
lymphocyte count was 4.15+0.3 x 10°/uL. This was in
accordance with the study of Kutlu et al,, that mean
absolute lymphocyte countwas 3.97+1.63x 103/uL.*
This finding result was slightly higher than
Kulaksizoglu et al, which found the mean absolute
lymphocyte countwas 3.26+1.30x103/uL.*

The average NLR was 1.01+0.07. Kutlu et al. found
that the ratio was 0.96, while Kulaksizoglu et al.
found that the ratio was 1.69+0.81.”* Sahin et al.
found that the magnitude of monocyte lymphocytes
ratio in ASD patients was 1.19+0.69.”

This study showed that the ability of NLR to
diagnose ASD (sensitivity) was 84.62% and the ability
of NLR to diagnose a negative-ASD child (specificity)
was 27.9%. The proportion of true subjects with ASD
and NLR > 0.68 (positive predictive value) was
41.51%, while the proportion of true subjects without
ASD but with NLR > 0.68 (negative predictive value)
was 25%. The estimated value is influenced by the
prevalence of the disease. If the disease prevalence is
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low, the positive predictive value will decrease and
the negative predictive value will increase.”

The NLR of > 0.68 showed a positive likelihood
ratio of 1.17; NLR > 0.68 showed a negative
likelihood ratio of 0.55. The ability of NLR to
diagnose ASD (accuracy) of 50.2% was interpreted as
very weak.”

The NLR is a ratio that represents 2 types of
leukocytes from 2 different inflammatory pathways.
Neutrophils mainly play a role in the mechanism of
acute inflammation, while lymphocytes are cells that
play a role in chronic inflammation. Decreased
lymphocytes and increased neutrophils are
characteristic of acute inflammation, and
lymphocytes will increase as neutrophils will
decrease if the inflammation becomes more
chronic.”? The severity of ASD symptoms can also
affect inflammatory parameters. The
pathophysiology underlying ASD is inflammation of
the brain. It is possible that inflammation of the brain
is formerly acute, before subsequently develop to
chronicinflammation.”?

Autism spectrum disorder patients also have
immune-specific diseases, which were only observed
by researchers through a history of the patient's
disease, indicating a high possibility of false positives
or false negatives. Comorbidities such as infections,
asthma, allergies, and skin rashes that cannot be
explained are found in many ASD patients. Various
non-physical comorbidities are also found in
children with ASD, such as intellectual disability,
Attention Deficit Hyperactivity Disorder (ADHD), and
affective disorders.”

Neutrophils and lymphocytes involved in
inflammation not only underlie the mechanism of
ASD but also other psychiatric conditions, which are
a differential diagnosis of ASD. Di Marco et al. stated
that ASD and intellectual disability are based on the
same mechanism asimmune dysfunction.

There are still many contradictive studies about
ASD. The research by Kutlu et al. and Sahin et al.
showed that there was a significant correlation
between NLR and ASD, although the two studies did
not support each other. Kutlu et al. stated that the
NLR value in ASD patients was significantly higher
than in controls, while Sahin et al. stated that the NLR
value in ASD patients was significantly lower than in
controls. This certainly can affect the diagnostic
value of NLR.**

CONCLUSION AND SUGGESTION
The results of this study found that to diagnose

autism spectrum disorders, the NLR ratio showed a
sensitivity, specificity, positive predictive value,

negative predictive value, positive likelihood ratio,
negative likelihood ratio, prevalence, pre-test odds,
and accuracy of 84.62%, 27.9%, 41.51%, 25%, 1.17,
0.55,37.68%, 1.03, and 50.2%, respectively.

Further research by using primary data and other
inexpensive and widely available inflammatory
markers was needed.
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