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Summary 
Biomechanical properties of erythrocytes play an important role 
in health and disease. Deformability represents intrinsic property 
of erythrocytes to undergo deformation that is crucial for their 
passage through the narrow capillaries. The erythrocyte damage 
can lead to compromised tissue perfusion and consequently play  
a role in the pathogenesis of various diseases including 
neurological ones. Data available in databases indicate that 
erythrocytes in autism spectrum disorder (ASD) are altered. This 
may affect the clinical symptoms of ASD. The aim of our study 
was to determine erythrocyte deformability in 54 children with 
ASD and correlate it with clinical symptoms. We found significant 
negative correlation between erythrocyte deformability and score 
in C domain of the Autism Diagnostic Interview-Revised (ADI-R) 
diagnostic tool describing the measure of restrictive, repetitive, 
and stereotyped behaviors and interests, mainly observable in  
C1 and C2, but not in C3 and C4 subdomains. This supports the 
findings of other authors and suggest that behavioral domain C 
comprises of more subcategories with different underlying 
etiology. Our results also indicate that abnormalities in 
erythrocyte deformability may be involved in ASD pathomecha-
nisms and contribute to its clinical manifestation. Further 
research is necessary to bring more data and identify erythrocyte 
deformability as prognostic biomarker in ASD. 
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Introduction 
 

Autism spectrum disorder (ASD) is a group of 
lifelong neurodevelopmental disorders that manifests 
mostly in the first three years of life. ASD are defined by 
their core symptoms including difficulties in social 
communication and social interaction; and restricted, 
repetitive patterns of behavior, interests or activities. 
Aside from typical behavioral characteristics, individuals 
with ASD may also suffer from a wide range of somatic 
disturbances, e.g. immunological (Edmiston et al. 2017), 
gastrointestinal (Kushak et al. 2016), sleep disorders 
(Richdale and Schreck 2009) and others (Muskens et al. 
2017), with much higher rates than general population. 
Associated medical conditions negatively affect the core 
symptoms of ASD, and increase the probability of 
challenging behaviors. It is not known yet, whether the 
health disturbances are a cause, consequence, 
comorbidity or coincidence of ASD (Mazurek 2016). At 
present time, ASD represent a serious health problem due 
to their increasing prevalence, serious clinical 
presentation, unclear etiology and absence of causal 
treatment (Lyall et al. 2017). 

Red blood cells (RBCs) are the most numerous 
blood elements. Their main function is transport of 
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oxygen to all tissues in human body. To accomplish this 
function, RBCs with the diameter of 7.2 µm have to pass 
through capillaries, which have smaller diameters  
(3-7 μm) than RBCs themselves (Lim et al. 2018). To do 
so, RBCs must be able to repeatedly change their shape 
without taking any damage. This ability is referred to as 
deformability of RBCs. There is much evidence for  
a long time, that RBC deformability is crucial for 
effective microcirculation and adequate delivery of 
oxygen to the tissues (Schmid-Schonbein 1976). 
Moreover, due to their short lifespan, RBCs may serve as 
indicators of health, and could play a role in tracking 
disease progression and treatment (Diez-Silva et al. 2010, 
Pretorius et al. 2016). Worsening of RBC deformability 
plays an important role in the ethiopathogenesis of 
various diseases including cardiovascular (Radosinska 
and Vrbjar 2016) and neurological ones (Chang et al. 
2007, Tanashyan et al. 2018). 

Various research teams observed the presence of 
echinocytes, anisocytes, poikilocytes, dacrocytes, 
schistocytes and other abnormal shapes of the RBCs in 
peripheral blood of autistic children (Nabila et al. 2012, 
Ciccoli et al. 2013, Bolotta et al. 2018). Furthermore, 
abnormal shape of RBCs was identified as one of three 
unrecognized, but typical RBC-related biological markers 
in autism (together with RBC membrane oxidative 
damage, and β-actin alterations) (Ciccoli et al. 2013). The 
RBC shape morphology changes are related to alterations 
of RBC deformability (Diez-Silva et al. 2010). Indeed, 
lower deformability of RBCs was found in children with 
ASD when compared with neurotypical children (László 
et al. 2013). Nevertheless, to the best of our knowledge, 
no study has described relationship between RBC 
deformability and severity of clinical manifestation in 
ASD yet. We presumed that severity of ASD symptoms 
may be also influenced by quality of RBCs, and 
specifically by their deformability. Thus, the aim of our 
study was to determine RBC deformability in a sample of 
Slovak children suffering from ASD and to assess 
relationship between RBC deformability and severity of 
clinical symptoms in autistic children. 
 
Methods 
 
Study design 

Our study involved 54 non-verbal children 
diagnosed with ASD (44 boys and 10 girls). The median 
age of children was 3.5 years (minimum 2.6, maximum 
6.9 years). Children with suspect ASD were diagnosed at 

Academic Research Centre for Autism, Institute of 
Physiology, Faculty of Medicine, Comenius University in 
Bratislava using Autism Diagnostic Observation 
Schedule – second edition (ADOS-2) and Autism 
Diagnostic Interview-Revised (ADI-R) to confirm the 
diagnosis. All participants were administered module 1 of 
ADOS-2. This module was designed for children, who 
are over 31 months old and do not consistently use phrase 
speech. Right after diagnostic procedures, venous blood 
was drawn from each participant. 

The study was approved by the Ethics 
Committee of Faculty of Medicine, Comenius University 
in Bratislava, Slovak Republic. Informed consent was 
obtained from all subjects or their caregivers included in 
the study. The study conformed to the code of ethics 
stated in the Declaration of Helsinki. 
 
ASD symptoms assessment 

ASD was diagnosed according to DSM-V 
criteria (American Psychiatric Association 2013) as 
described previously (Babinská et al. 2017). We used 
ADI-R (Lord et al. 1994) and ADOS-2 (Lord et al. 2012) 
as diagnostic tools. ADI-R is a structured interview 
conducted with a parent. Each symptom of ASD can be 
quantified on scale 0-3 (0-behavior not present,  
3-extreme severity of behavior). ADI-R consists of five 
main sections. Three of them focus on the core deficits of 
ASD. The diagnostic algorithm used in our study consists 
of three main domains. Domain A evaluates qualitative 
abnormalities in reciprocal social interaction. There are 
4 subdomains (A1-4) which score failure to use 
nonverbal behaviors to regulate social interaction (A1), 
failure to develop peer relationships (A2), lack of shared 
enjoyment (A3) and lack of socioemotional reciprocity 
(A4). Domain B evaluates qualitative abnormalities in 
communication and has 4 subdomains (B1-4). B1 is used 
to rate lack of, or delay in, spoken language and failure to 
compensate through gesture and B4 for lack of varied 
spontaneous make-believe or social imitative play.  
B2 relative failure to initiate or sustain conversational 
interchange and B3 (stereotyped, repetitive or idiosyn-
cratic speech) can only be evaluated in verbal individuals. 
Domain C is also composed of 4 subdomains (C1-4) and 
is used to evaluate restricted, repetitive, and stereotyped 
patterns of behavior. C1 scores encompassing preoccu-
pation or circumscribed pattern of interest, C2 apparently 
compulsive adherence to nonfunctional routines or 
rituals, C3 stereotyped and repetitive motor mannerisms 
and C4 preoccupations with part of objects or non-
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functional elements of material. ADOS-2 is  
a diagnostic method of direct observation of the children. 
This scale evaluates core ASD symptoms in two 
domains: social affect, and restricted and repetitive 
behavior scores. Child is assigned to one of 5 modules 
(Toddler, M1-4) depending on expressive language level 
and age of individual with suspected ASD. 
 
Deformability of red blood cells 

Venous blood was taken into EDTA-containing 
vacutainer tubes right after diagnostic tests. There are 
many ways to determine RBC deformability, the filtration 
is one of the oldest methods (Kim et al. 2015). It 
considers behavior of multiple RBCs, not only single 
cells. RBC deformability was determined by filtration 
method as described previously (Radosinska et al. 2016). 
Briefly, blood was centrifuged at 1150 g for 5 min at 4 °C 
immediately after venous blood sampling. The plasma, 
buffy coat and upper 20 % of RBCs were removed and 
discarded. Rest of the RBCs was washed in saline 
solution for three times. Washed RBCs were diluted in 
Cellpack solution (diluent for Sysmex blood analyzer, 
1:1000, V:V) and filtered by centrifugation at 175 g 
through membrane filters with 5 μm pores in diameter 
(Ultrafree-MC SV Centrifugal Filter; Merck Millipore 
Ltd.). RBC deformability was calculated as  
a ratio of filtered RBCs to their number before filtration. 
Together with RBC counting, Sysmex blood analyzer 
also provided information about mean cell volume 
(MCV) that reflects the size of individual RBC. 
 
Statistical analysis 

Data are presented as means ± standard 
deviations (SD) when normally distributed, or as medians 
with minimum and maximum values when distribution of 
data was not Gaussian. Normality of data was analyzed 
by D'Agostino and Pearson normality test. Spearman’s 
correlation test (or Pearson’s correlation test if data 
passed the normality test) was used to correlate RBC 
deformability, MCV, and behavioral parameters of  
ADI-R and ADOS-2. Values p<0.05 were considered as 
statistically significant. As our study was explorative and 
we did not test specific hypothesis, we did not perform 
multiple testing correction and our p values are 
unadjusted. GraphPad Prism 7 software was used for all 
statistical analyses. 
 
Results 
 

An average RBC deformability was 

72.81±5.60 % in ASD children that participated in our 
study. We observed neither significant difference 
between boys and girls (72.85±5.89 % in boys, 
72.60±4.35 in girls, p=0.9, Fig. 1) in RBC deformability, 
nor correlation between RBC deformability and the age 
of participants (r=0.15, p=0.27, Fig. 2). 

 

 
 
Fig. 1. Erythrocyte deformability in boys and girls in our group of 
participants suffering from autism spectrum disorder. The data 
are presented as means ± SD. Sample size: boys – n=44,  
girls – n=10. 
 

 
 
Fig. 2. Correlation between erythrocyte deformability and age of 
participants suffering from autism spectrum disorder (r=0.15, 
p=0.27). 
 
 

We found a significant negative correlation 
between RBC deformability and C domain of ADI-R 
diagnostic tool. Children with lower deformability of 
RBCs suffered from more severe symptoms in the area of 
restrictive, repetitive, and stereotyped behaviors and 
interests (Fig. 3). Similar significant negative correlations 
were found in two C subdomains (C1 and C2). The less 
deformable RBCs in ASD children were associated with 
more significant clinical manifestation in form of 
encompassing preoccupation or circumscribed pattern of 
interest (C1) and an apparently compulsive adherence to 
non-functional routines or rituals (C2). No relationship 
between RBC deformability and A (Qualitative 
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Abnormalities in Reciprocal Social Interaction), 
B (Qualitative Abnormalities in Communication) 
domains, and C3 (Stereotyped and repetitive motor 
mannerisms) and C4 (Preoccupations with part of objects 
or non-functional elements of material) subdomains was 
detected. Summary of correlations between the individual 
domains and subdomains of ADI-R diagnostic tool and 
RBC deformabilities in children with ASD is presented in 
Table 1. Figure 4 illustrates scores of participants in 
individual main domains and C subdomains of ADI-R 
diagnostic tool. 

An average MCV was 75.31±4.52 fl in our 
participants. We observed no statistically significant 
correlation between MCV and RBC deformability  
(r=-0.20, p=0.15). Similarly, we found no relation 
between MCV and scores in C domain (r=-0.08, p=0.58) 
as well as in C1 (r=-0.11, p=0.44) and C2 (r=0.01, 
p=0.97) subdomains of ADI-R diagnostic tool. 

 
 
Fig. 3. Correlation between erythrocyte deformability and score 
in C domain of ADI-R diagnostic tool. C domain consists of four 
subdomains, each consisting of two items included in the 
diagnostic algorithm. Each item represents distinct symptom for 
ASD and is usually rated on the scale 0-3. Score in C domain was 
calculated according to the ADI-R manual (using either 
summation or maximum value), maximal score can theoretically 
reach 18. Statistical significance: Spearman r=-0.4 (95 % 
confidence interval -0.608 to -0.1397), p=0.0027. Abbreviation: 
ADI-R – Autism Diagnostic Interview-Revised. 

 
 
Table 1. Correlations between the individual domains and subdomains of ADI-R diagnostic tool and erythrocyte deformabilities in 
autistic children. 
 

Domains of ADI-R r p value Significance 

A domain -0.21 0.1241 ns 
B domain -0.09 0.5259 ns 
C domain -0.40 0.0027 ** 
C1 subdomain -0.43 0.0014 ** 
C2 subdomain -0.30 0.0290 * 
C3 subdomain 0.05 0.7463 ns 
C4 subdomain -0.21 0.1244 ns 

 
Abbreviation: ADI-R – Autism Diagnostic Interview-Revised, r – Spearman´s correlation coefficient, * p<0.05, ** p<0.01. 
 
 

 
 
Fig. 4. Scores of participants in individual main domains and  
C subdomains (data in A and B domain and C4 subdomain 
passed the normality test). 

Discussion 
 

In our study, we found a link between the ability 
of RBCs to change their shape, i.e. RBC deformability 
and severity of several behavioral parameters in children 
with ASD. In capillaries, where RBCs must deform to 
enter and transit vessels that are smaller than the resting 
RBC diameter, their deformability is the most important 
factor affecting the blood flow (Parthasarathi and 
Lipowsky 1999, Baskurt and Meiselman 2003). Impaired 
RBC deformability may lead to lowered tissue oxygen 
supply in various organs, central nervous system 
included, which may have an adverse effect on behavior 
of children with ASD. Nevertheless, it remains unclear to 
what extent the impaired RBC deformability in ASD is 
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directly responsible for more severe clinical 
manifestation of ASD, or the decreased RBC 
deformability and more severe ASD phenotype have the 
same causal origin. 

One mechanism, that may explain changes of 
RBC deformability in autistic children, is an effect of free 
radicals on the RBCs. Imbalance in oxidative status is 
a common factor impairing deformability of the RBCs in 
numerous pathological conditions such as diabetes 
mellitus, thromboembolic stroke, rheumatoid arthritis, 
Alzheimer and Parkinson´s disease or systemic 
inflammation (Pretorius et al. 2016). Systemic pro-
inflammatory status (Babinská et al. 2014) and increased 
oxidative stress is also present in patients with ASD 
(Smaga et al. 2015). High free radical levels cause 
structural changes in RBC membrane and cytoskeleton, 
impairing their deformability (Pretorius et al. 2016, Arese 
et al. 2005, Mohanty et al. 2014). 

It was shown that the decrease in deformability 
and increase in rigidity of RBCs is accompanied by  
an imbalance of oxidative status, impaired antioxidant 
enzymes in RBCs and oxidative alteration of RBC 
membranes in children with ASD (László et al. 2013). 
Other authors found that autistic children have decreased 
RBC membrane fluidity, decreased activity of  
Na, K-ATPase in RBC membranes and higher levels of 
lipid peroxidation products in RBCs. In addition, they 
described a relationship between hyperactivity in ASD 
and some parameters of the lipidomic profile and 
membrane fluidity of RBCs (Ghezzo et al. 2013). 
Chauhan et al. (2004) observed decreased levels of 
phosphatidylethanolamine and increased phosphatidyl-
serine in RBC membranes of autistic children compared 
with their non-autistic siblings and suggested that higher 
oxidative stress in autism leads to externalization of 
phosphatidylserine. This mechanism leads to eryptosis, 
e.g. apoptosis-like cell death of RBCs (Qadri et al. 2017). 
In addition, activities of antioxidant enzymes such as 
superoxide dismutase, catalase, glutathione reductase, 
and glutathione peroxidase are decreased in autistic 
children (Meguid et al. 2011). Interestingly, in vitro 
incubation of RBCs from subjects with ASD with 
antioxidants normalized their morphology (Bolotta et al. 
2018). 

As we have found significant correlation neither 
between MCV and RBC deformability nor between MCV 
and scores in C domain (as well as its subdomains), we 
can conclude that differences in RBC deformability are 
not consequences of differences in MCV in our 

participants. 
In our study, we found significant correlation 

between RBC deformability and restrictive, repetitive, 
and stereotyped behaviors and interests, more specifically 
subdomains focused on preoccupations, circumscribed 
interests and adherence to routines. However, we were 
unable to find correlation between RBC deformability 
and other two subdomains of this domain. This may be in 
agreement with several author’s findings showing that 
behavioral domain of restricted and repetitive behaviors 
and interests (domain C) is comprised of more 
subcategories (Bishop 2013, Tao et al. 2016), with 
different underlying etiology. It may be important for 
future research to better conceptualize the clinical 
subtypes of ASD when searching for its biomarkers, as 
different biomarkers can contribute to a variety of 
behavioral symptoms of ASD. 

We are aware of potential limitations of our 
study. Relatively small group of participants was 
included and we were not able to guarantee their identical 
life-style including diet. Although, our statistically 
significant correlation coefficients show only weak 
negative relations between RBC deformability and 
individual scores reflecting ASD symptomatology, we 
suggest that determination of RBC deformability could 
have an independent and powerful contribution in 
multivariate predictive models that assess severity of 
ASD. 
 
Conclusions 
 

Abnormalities in RBC deformability may at 
least partially be involved in pathomechanisms of ASD 
and contribute to its clinical manifestation. RBC 
deformability has a potential to become a clinical tool 
that could be used as peripheral biomarker of ASD in 
terms of its earlier diagnosis or prediction of prognosis. 
Moreover, further research is necessary in order to bring 
more data and to establish if RBC deformability can serve 
as prognostic biomarker in ASD. 
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