
Journal of
Neurophysiology and Neurological Disorders

©2023 The Authors. Published by the JScholar under the terms of the Crea-tive Com-
mons  Attribution  License  http://creativecommons.org/licenses/by/3.0/,  which  per-
mits unrestricted use, provided the original author and source are credited.

JScholar Publishers J Neurophysiol Neurol Disord 2023 | Vol 11: 101

Research Article Open Access

DHA/Arachidonic  Acid  Ratio  Contribute  to  Lipid  Peroxidation  in  Social  Be-
haviors  of  Individuals  with  Autism  Spectrum  Disorder

Kunio Yui1*, George Imataka1, Tomoyo Hayashi2 and Yuki Shiko3

1Department of Pediatrics, Dokkyo Medical University, Tochigi, 321-0293, Japan
2Ashiya University Graduate School of Education, Ashiya, 659-8511, Japan
3Clinical Research Center, Chiba University Hospital, Chiba, 260-8677, Japan

*Corresponding author: Kunio Yui, Department of Pediatrics, Dokkyo Medical University, Tochigi, 321-0293, Japan, E-mail:

yui16@bell.ocn.ne.jp

Received Date: January 07, 2023    Accepted Date: February 07, 2023    Published Date: February 10, 2023

Citation: Kunio Yui, George Imataka, Tomoyo Hayashi, Yuki Shiko (2023) DHA/Arachidonic Acid Ratio Contribute to Lipid

Peroxidation in Social Behaviors of Individuals with Autism Spectrum Disorder. J Neurophysiol Neurol Disord 11: 1-16.

Abstract

Lipid  peroxidation contributes  to  the  development  of  autism spectrum disorder  (ASD).  Polyunsaturated  fatty  acids  (PU-

FAs)  undergo  lipid  peroxidation,  and  conversion  to  malondialdehyde  (MDA).  MDA  reacts  with  acetaldehyde  to  form

malondialdehyde-modified  low-density  lipoprotein  (MDA-LDL).  MDA-LDL is  known as  a  marker  of  lipid  peroxidation.

However, the association between PUFAs and MDA-LDL in the pathophysiology of ASD is unclear. We studied this associa-

tion in 18 young individuals with ASD and 8 age- and sex-matched normal healthy controls. Social behaviors were assessed

using  the  Social  Responsiveness  Scale  (SRS).  To  overcome  the  small  sample  size,  three  measures  were  conducted:  firstly,

adaptive Lasso was used to enhance the accuracy of interpretability; second, the coefficient of variation was estimated for ap-

propriate variable selection; and finally, appropriate variables were selected. Plasma MDA levels and DHA/omega 6 PUFA

arachidonic acid ratio were significantly higher, whereas plasma levels of superoxide dismutase were significantly lower in

the ASD group than in the control group. The total SRS scores in the ASD group were significantly higher than those in the

control  group.  Multiple  linear  regression  analysis  and  the  adaptive  Lasso  revealed  association  of  increased  plasma

DHA/ARA  ratio  with  the  SRS  total  scores  and  increased  plasma  MDA-LDL  levels.  These  associations  between  plasma

DHA/ARA ratio and increased plasma MDA-LDL levels contributed to autistic social behaviors.

Keywords: Lipid Peroxidation; Autism Spectrum Disorder; Social Autistic Behaviour; Malondialdehyde-Modified Low-Den-

sity Lipoprotein (MDA-LDL); Docosahexaenoic Acid (DHA); Arachidonic Acid
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List of Abbreviations

ASD = Autism Specrum Disorder

DHA = Docosahexaenoic acid

ARA = Arachidonic acid

PUFA = Polyunsaturated Fatty acid

MDA = Malondialdehyde

MDA-LDL = Malondialdehyde-Modified Low-density Lipoprotein

4-HNE = 4-hydroxy-2-nonenal (4-HNE)

SOD = Supeoxide dismutase

Figure:

Introduction

Lipid  peroxidation  is  a  process  under  which  oxi-

dants attack lipids containing carbon-carbon double bonds,

especially polyunsaturated fatty acids (PUFAs), and play an

important role in cell biology and human health [1]. Polyun-

saturated acids are sensitive to lipid peroxidation, inducing

numerous physiological processes [2]. The oxidative degra-

dation of lipids preferentially induces two main lipid peroxi-

dation  products:  malondialdehyde  (MDA)  and  4-hydrox-

y-2-nonenal  (4-HNE) [2].  Oxidative  stress  has  been impli-

cated  as  an  important  mechanism  that  is  associated  with

lipid  peroxidation  in  humans  [3].  Many  neurological

studies  have  revealed  an  important  role  of  lipid  peroxida-

tion  in  the  pathophysiology  of  autism  spectrum  disorder

(ASD) [4]. However, there have been few studies on the rela-

tionship between omega-3 PUFA docosahexaenoic acid (D-

HA) and omega-6 PUFA arachidonic acid (ARA), and lipid
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peroxidation in ASD.

With respect to plasma MDA levels in ASD, previ-

ous  studies  reported  that  plasma  MDA  levels  were  signifi-

cantly  higher  in  20  children  with  ASD  than  in  20  age--

matched controls [5], and that blood MDA levels in 45 autis-

tic  children  (age  3–11  years)  were  higher  than  those  in  42

age-matched  controls  [6].  However,  between  PUFA  and

MDA-LDL, which variable is the main contributor to the de-

velopment of autistic social symptoms remains unclear.

Numerous clinical and animal studies have indicat-

ed an association between lipid peroxidation and major an-

tioxidant  protein  superoxide  dismutase  (SOD),  Of  refer-

ence, a previous study revealed that the reduction of hyperg-

lycemia  by  sodium  tungstate  reduced  lipid  peroxidation

and caused alteration in the antioxidant system in the sali-

vary  glands  of  streptozotocin   -induced  diabetic  rats  [7],

and that  vitamin C-induced nephrotoxicity  decreased lipid

peroxidation  and  increased  SOD  in  a  human  kidney  cell

line  [8].The  major  antioxidant  protein  superoxide  dismu-

tase (SOD) might be associated with MDA in erythrocytes.

This  enzyme  plays  an  important  role  in  protecting  tissues

by  scavenging  oxidative  stress-related  reactive  oxygen  spe-

cies  (ROS)  [9].  Serum  levels  of  SOD  were  increased  in  20

children  with  ASD in  comparison  to  25  age-matched  con-

trols, suggesting that the activity of the antioxidant defense

mechanism was reduced [5]. Serum SOD levels were signifi-

cantly lower in autistic children of <6 years of age in com-

parison  to  age-matched  controls,  while  the  MDA  levels  of

these  children  were  significantly  higher  in  comparison  to

controls [10]). These studies indicate a close association be-

tween  lipid  peroxidation  markers  and  SOD.  However,

definitive blood SOD levels in children with ASD remain un-

clear.

ASD  group  (n  =  27)  exhibited  increased  erythro-

cyte SOD activity as compared with normal group (n = 26)

in  related  to  lipid  peroxidation  [11].  Additionally,  ASD

model  mice  injected  with  VPA  exhibited  neurobehavioral

deficits typical of ASD exhibited that changes in the activity

of SOD increased lipid peroxidation [12]. These findings in-

dicated  that  a  close  association  between  lipid  peroxidation

and total antioxidant of SOD.

One of  the  components  of  the  lipid  profile,  low--

density lipoprotein (LDL), plays an important role in brain

development. A previous clinical study reported significant-

ly higher blood levels  of  LDL in 22 adult  subjects with As-

perger’s syndrome (mean age, 40.8 ± 10.8 years) in compari-

son to 22 age-matched controls (44.6 ± 14.8 years), indicat-

ing  abnormal  cholesterol  metabolism  [13].  Thus,  blood

LDL levels may contribute to the pathophysiology of ASD.

MDA  easily  reacts  with  acetaldehyde  to  form

malondialdehyde-modified  low-density  lipoprotein  (M-

DA-LDL)  [14].  MDA-LDL  is  a  good  marker  of  oxidative

stress  and  lipid  peroxidation  [15].  However,  the  role  of

MDA-LDL in the pathophysiology of ASD has not been in-

vestigated  in  detail.  This  is  the  first  study  to  examine  the

role of MDA-LDA in ASD. Collectively, the product of lipid

peroxidation MDA is combined with LDL, inducing MDL-

LDL

Taken together, the following avenues of investiga-

tion were proposed: (a) the type of PUFA (omega-3 or ome-

ga-6)  that  mainly  contributes  to  MDA  formation;  (b)  be-

tween  PUFA  and  MDA-LDL,  which  variable  is  the  main

contributor to the development of autistic social symptoms;

(c)  the  role  of  MDA-LDL  in  the  pathophysiology  of  ASD,

and (d) the association between lipid peroxidation and the

antioxidant SOD with respect to autistic social impairment.

This  study  mainly  addressed  to  the  role  of  PUFAs  and

MDA-LDL in the social impairment of ASD. We employed

the  adaptive  Lasso  technique  to  emphasize  the  accuracy  of

prediction. This offers consistent variable selection and is es-

sential for identifying important variables [16] in small sam-

ples [17]. (Abd)

Subjects and Methods

Ethics Approval

All  participants  gave  their  written  informed

consent  before  voluntary  enrollment.  This  study  was  per-

formed  with  the  approval  of  the  Ethics  Committee  of

Dokkyo  Medical  University,  Japan.  Written  informed

consent  was  obtained  from  the  respective  participants

and/or  their  parents.
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Subjects

Eighteen  individuals  with  high-functioning  ASD

and 8 age-matched and healthy male and female control in-

dividuals were included in this study. Each of the 18 individ-

uals with ASD had received an independent clinical diagno-

sis  of  ASD.  The  18  patients  with  ASD  included  12  males

and 6 females (mean age: 10.9 ± 5.6 years. The 8 healthy con-

trols  included  5  males  and  3  females  (mean  age:  9.6  ±  4.0

years; age range: 5-21 years) (Table 1). One member each of

the ASD and control groups was 21 years of age because the

two subjects hoped to participate in this study to learn their

plasma  levels  of  lipid  and  omega-3  and  omega-6  PUFAs

metabolites, including DHA. All participants were Japanese,

and were born and lived in Hyogo, or Osaka Prefecture (cen-

tral  Japan).  Based on interviews and,  the diagnosis  of  ASD

was made based on the Diagnostic and Statistical Manual of

Mental Disorders, Fifth Edition (DSM-5). The Autism Diag-

nostic  Interview-Revised  (ADI-R)  was  also  conducted  by

one of the authors (KY), who was already experienced and

reliable  in  the  diagnosis  of  autism  using  the  Japanese  ver-

sion  of  the  ADI-R.  The  ADI-R  is  a  semi-structured  inter-

view  that  is  conducted  with  a  parent,  usually  the  mother,

and is  used to confirm the diagnosis  and evaluate  the core

symptoms of ASD. These 18 individuals with ASD had the

core  symptoms  of  the  DSM-5  diagnostic  criteria  for  ASD,

without any abnormal neurological symptoms. The 18 indi-

viduals with ASD and the 8 normal controls were matched

with respect to feeding habits, age and full intelligence quo-

tient (IQ) scores (Table 1). No participants had any abnor-

malities in the results of their physical examinations and lab-

oratory  findings.  We  used  the  Wechsler  Intelligence  Scale

for  Children,  third  edition  (WISC-III),  to  exclude  subjects

with a full-scale IQ of <70. We excluded comorbid psychia-

tric illnesses using the Structured Clinical Interview for DS-

M-5.  Individuals  were excluded from the study if  they had

epileptic seizures, obsessive-compulsive disorder, or were di-

agnosed with any additional psychiatric or neurological con-

ditions.  All  individuals  with  ASD  were  drug-naïve  and  no

individuals with ASD were taking dietary supplements.

Table 1: Subject characteristics and plasma levels of and antioxidant proteins, and the ABC total

Variables ASD n = 18 Controls n=8 U p value

Age (Year) 10.9± 5.6 9.6 ± 4.0 63 0.64

Sex (male/female) 12-06 05-03 χ2 = 0.042 0.84

Scores of Autism Diagnostic

Interview-Revised

Domain A (social) 24.4 ± 3.7 N/A

Domain B (communication) 12.0 ± 2.3 N/A

Domain C (stereotyped) 10.8 ± 3.5 N/A

Plasma biomarkers levels

Cp (mg/dl) 28.17 ± 7.02 24.63 ± 6.78 55 0.37

Tf (mg/dl) 275.39 ± 41.89 261.25 ± 24.07 56 0.4

MDA-LDL (mg/dl) 91.00 ± 16.7 74.50 ± 18.88 36.5 0.047*

SOD (U/ml) 2.53 ± 0.46 5.36 ± 4.39 12.5 0.003*

Total scores of the SRS 83.39± 35.44 20.13 ±27.86 9 0.000***

Data are represented as mean ± SD (Mann-Whitney U test). * p<0.05, *** p <0.001, versus normal controls. Cp, ceruloplasmin; Tf, transfer-
rin; SOD, superoxide dismutase; MDL- LDL, malondial-dehyde modified low-density lipoprotein; SRS, Social Responsiveness Scale

The healthy control subjects were recruited locally

by advertisement. All control individuals underwent a com-

prehensive assessment of their medical history to exclude in-

dividuals with neurological or other medical disorders. The
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SCID was conducted to exclude any personal history of past

or present psychiatric illness.

The IQ was assessed  using the Wechsler Intelli-

gence Scale for children and adolescents of 6-16 years of age

(Wechsler intelligence scale for children [WISC-V] or the

respective  scale  for  adults  (Wechsler  Adult  Intelligence

Scale, WAIC-R).

Precautions for Mitigating the Effects of Small Sam-
ple Sizes

As  the  small  sample  size  in  this  study  may  limit

the  interpretation  of  the  results,  we  employed  three  mea-

sures. First, the importance of selecting the most appropri-

ate method is needed [18]. A modified least absolute shrink-

age and selection operator (adaptive Lasso) is useful for se-

lecting  appropriate  covariates  to  account  for  confounding

bias and thereby maintain statistical  efficiency [19].  There-

fore,  we  used  adaptive  Lasso.  Second,  standard  deviations

(SDs) are useful for expressing variability. Therefore, the da-

ta reliability was evaluated using the coefficient of variation

(CV, %), which is defined as the SD/the mean value [20] to

measure the relative variation of a random variable. The CV

was used to determine between- and within-subject reliabili-

ty [21]. Finally, appropriate and valid variables were chosen

by selecting good candidates for small-sample studies [22].

Assessment of Social Behaviors

Social behaviors were assessed using the social re-

sponsiveness scale (SRS), which is used to distinguish ASD

from other psychiatric disorders. The SRS is a 65-item ques-

tionnaire completed by the parents of subjects for the quan-

titative assessment of autistic traits to distinguish ASD from

other  psychiatric  conditions  [23]  and  is  used  to  assess  the

severity of autism symptoms [24].

Controlling  for  Dietary  Intake  and  Assessment  of
Nutrient  Intake

As plasma fatty acid levels may be confounded by

prior dietary intake [25], all 18 participants received the “Ja-

panese Food Guide” (Ministry of Health, Labour and Wel-

fare, and Ministry of Agriculture, Forestry and Fishers, Japa-

nese  Food Guide.  2012),  which  outlines  the  recommended

daily  intake  of  nutrients  and food based  on the  “Overview

of Dietary Reference Intake for Japanese (2010) (Ministry of

Health,  Labour,  and  Welfare.  The  National  Nutrition  Sur-

vey in Japan., 2010). All individuals’ parents were provided

with a sample of the diet meal plan and menu (KAWASAKI

FOODMODEL)  (http://item.rakuten.co.jp/  foodmod-

el/751741/),  which  was  edited  according  to  the  “Japanese

Food Guide” (Ministry of Health, Labour and Welfare, and

Ministry  of  Agriculture,  Forestry  and  Fishers,  Japanese

Food  Guide.  Ministry  of  Health,  Labour  and  Welfare,  and

Ministry of Agriculture, Forestry and Fishers, Tokyo, 2012).

Moreover,  to  assess  the  daily  food  and  nutrient  intake,  a

semi-constructive  questionnaire  for  the  Japanese  (DHQ)

was  conducted  (DHQ  Support  Center,

http://www.ebnjapan.org/).  The  DHQ15  consisted  of  72

questions on the frequency of intake of 150 food and bever-

age items and cooking methods. The DHQ15 was conduct-

ed one month before the study with randomly selected sub-

samples of the 18 individuals with ASD and 8 normal con-

trols  according of  the order of  the submission of  the ques-

tionnaires to our medical consultation during January 2020

and June 2021. The validity of the DHQ15 has been verified

[26].

Measurement  of  Plasma  levels  of  PUFAs,
Cp,  SOD  and  Tf

Blood Sampling Procedures

Whole-blood samples were collected by venipunc-

ture into EDTA tubes after  3-hour fasting and then placed

on ice. Nine to 12 hours of fasting before triglyceride mea-

surement  has  been  considered  appropriate  [27].  Non-fast-

ing triglyceride levels  may replace fasting levels  in  evaluat-

ing  cardiovascular  disease  risk  [28].  Thus,  the  fasting  time

of 3 hours after breakfast, which was applied in the present

study, should be reasonable. The blood samples were frozen

at - 80°C until  the plasma levels of variables were analyzed

at a clinical laboratory (SRL Inc., Tokyo, Japan).

Plasma Levels of PUFAs

Blood  samples  were  drawn  from  study  partici-

pants  after  at  least  12  h  of  fasting.  The  serum  specimens

were separated, frozen, and stored at −80°C until use. Plas-

ma fatty acid levels of the samples were measured using the
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gas chromatography method (SRL, Tokyo). Twenty-four po-

lyunsaturated  fatty  acid  fractionations,  including  EPA,

DHA,  and  AA  concentrations,  were  measured.  The  intra-

and inter-assay coefficients of ARA were 110.14 μg/ml (stan-

dard  deviation  [SD],  3.87;  coefficient  of  variation  [CV],

5.28%) and 100.63 μg/ml (SD, 5.51; CV, 5.48%), respective-

ly,  while  those  of  DHA  were  73.87  μg/ml  (SD,  2.30;  CV,

3.11%) and 68.07 μg/ml (SD, 2.30; CV, 3.33%). The plasma

levels were expressed as the mean ± SD weight (%) of the to-

tal PUFAs.

Plasma Levels of SOD

Plasma  SOD  was  estimated  by  the  cytochrome  c

method  using  an  SOD  Assay  Kit  (Takara  Bio  Inc.,  Inc.,

Kusatsu, Japan) by a clinical analytical laboratory (SRL Inc.,

Tokyo,  Japan).  The assay sensitivity  was 0.3  U/mL The in-

tra-  and  inter-assay  coefficients  were  2.11  and  2.10  U/mL,

respectively.

Plasma Levels of Cp

For  estimation  of  plasma  CP  levels,  a  Bering  BN

IINephelometer (Siemens Healthcare Diagnostics K.K., US-

A) was used. The assay sensitivity was 3.0 mg/dl.

Plasma Levels of Tf

A standard turbidimetric assay and an automated

biochemical  analyzer  (JCA-BM8000  series,  JEOL  Ltd.,

Tokyo,  Japan)  were  utilized  to  estimate  plasma  Tf  levels.

Plasma Levels of MDA-LDL

An enzyme-linked immunosorbent assay (ELISA)

was used to measure plasma levels of MDA-LDL; the mea-

surement  was  performed by a  clinical  analytical  laboratory

(SRL Inc.,  Tokyo,  Japan).  The detection limit  was  6.3  U/L,

and  the  intra-  and  inter-assay  coefficients  were  <5.6% and

<9.4% respectively [29].

Statistical Analyses

Relationships  between  plasma  variables  and  SRS

scores in the two groups were confirmed by a multiple lin-

ear regression analysis (Table 2). To identify the most effec-

tive variables for the interpretation of small sample data, an

adaptive  Lasso  was  used.  The  adaptive  Lasso  is  useful  for

consistent variable selection and identifying important vari-

ables  [18]  in  small-sized  samples  [19].  All  of  the  statistical

analyses were performed using SPSS version 27.0.

Table 2: The intake of nutrients in the random subsamples of 7 of the 17 individuals and 5 of the 7 normal controls

 ASD (n = 7) Control (n = 5) U p value

Age (years) 11.4 ± 4.3 11.4 ± 3.2 14.0 0.87

Fat (g/day) 72.2 ± 30.1 87.4 ± 25.8 12.0 0.43

Unsaturated fatty acid (g/day) 14.8 ± 4.4 18.7 ± 5.5 9.0 0.2

Omega-3 PUFAs (g/day) 2.6 ± 0.8 3.1 ± 0.5 9.0 0.2

Omega-6 PUFAs (g/day) 12.1 ± 3.9 15.9 ± 5.1 11.0 0.34

EPA (mg/day) 181.2 ± 118.7 176.2 ± 73.6 15.5 0.76

DHA (mg/day) 332.6 ± 170.4 345.0 ± 83.31 15.5 0.76

ARA (mg/day) 168.1 ± 17.1 221.0 ± 87.7 11.5 0.34

Protein (g/day) 78.1 ± 25.8 89.2 ± 25.8 13.0 0.53

Animal protein (mg/day) 32.0 ± 9.1 30.4 ± 14.7 14.0 0.64

Cholesterol (mg/day) 139.1± 186.4 31.9 ± 10.3 17.0 1.00

Carbohydrates (g/day) 286.2 ± 62.1 304.21 ± 72.4 14.0 0.64

Copper (mg/day) 1.0 ± 0.2 1.3 ± 0.5 7.0 0.56

Iron (mg.dad) 7.4 ±1.6 9.2 ± 3.5 6.0 0.41
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EPA, eicosapentaenoic acid; DHA, docosahexaenoic Acid; ARA, arachidonic acid. Values are mean ± SD.

Results

Characteristics of the Individuals with ASD

The results of the Mann-Whitney U Test revealed

that the age of the ASD and control groups did not differ to

a statistically significant extent (U = 63.00, p = 0.664).  The

18 individuals with ASD were characterized by impaired so-

cial  communication  behaviors  (n  =  18).  Their  mean  total

SRS  score  was  83.39  ±  35.44  (Table  1).  As  the  total  SRS

scores of 150 participants of 5-21 years of age with a diagno-

sis  according  to  the  DSM-5  criteria  was  119  ±  27

(121.5-180)  [30]  (Table  1),  the  total  SRS scores  in  the  pre-

sent study indicated mild impairment of social communica-

tion behaviors.

Dietary Nutrients

There were no significant differences between the

ASD and control groups in weight, height, energy intake, or

in the intake of protein (p = 0.91), cholesterol (p = 0.55), vi-

tamin B2 (p = 0.97), vitamin B12 (p = 0.97), vitamin C (p =

0.18), omega-6 (p = .44), omega-3 (p = 0.50), iron (p= 0.55)

or copper (p = 0.55) (Table 2).

Plasma Levels of MDA-LDL, SOD and PUFAS

In the ASD group,  plasma MDA-LDL levels  were

significantly higher and plasma SOD levels were significant-

ly lower in comparison to the control group. The plasma lev-

el of DHA, and the plasma DHA/ARA ratio were significant-

ly higher and the plasma level of adrenic acid (AdA), which

is  an  omega  6  PUFA,  was  significantly  lower  than  that  in

the control group (Table 1).

Results of the Multiple Linear Regression Analysis

The  multiple  linear  regression  analysis  revealed

that the plasma DHA level (R2 = 0.997, p = 0.000), and plas-

ma DHA/ARA ratio (R2 = 0.972, p = 0.001) were significant-

ly  associated  with  adjustment  in  the  plasma  variables  and

the total SRS scores in the two subject groups (Table 3). Th-

ese findings revealed that  the plasma DHA level,  and plas-

ma DHA/ARA ratio may predict these variables in the two

groups. The use of plasma alpha-linolenic acid levels as a de-

pendent variable showed the significant contribution of the

plasma  DHA/ARA  level  (unstandardized  coefficients,  B=

-0.267  ±  0.102,  β  =  -0.316,  p  =  0.04)  (Table  3).  Therefore,

the  plasma  DHA  level  and  plasma  DHA/ARA  ratio  fit  the

models that distinguished the ASD group from the control

group.

Table 3: Results of the multiple linear regression analysis

Model Model R2 Model p-value Coefficients B Beta coefficients p value

DHA 0.991 0.000**

α-linolenic acid 0.535 ± 0.155 0.107 0.013

DPA 0.498 ± 0.193 0.088 0.04*

GLA -1.166± 0.306 -0.157 0.007*

SODd 0.036± 0.015 -0.170 0.03*

SRS total 0.000009 ± 0.001 0.092 0.057

Group (1 = ASD, 2=control) -0.057 0.102 -0.26 0.591

DHA.ARA 0.972 0.000**

ARA -0.057 ± 0.102 -0.541 0.01*

α-linolenic acid - 0.267 ± 0.102 - 0.316 0.04*

Adrenic acid - 0.070± 0.147 - 0.037 0.65

SOD 0.016 ± 0.015 0.242 0.326
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SRS total score 0.000009 ± 0.001 -0.023 0.901

Group (1 = ASD, 2=control) 0.020 ± 0.057 0.05 0.731

R2, R-squared values; B, Unstandardized coefficients; SOD Superoxide dismutase; MDL-LDL,malondialdehyde-modified low-density lipopro-
tein; SRS, Social Responsiveness Scale

Results of the Adaptive Lasso Analysis

The plasma DHA/ARA ratio (standardized coeffi-

cient=61.15; 95%CI, 7.544 to 114.8; p=0.0254) was selected

for the SRS total score and MDA-LDL levels (standardized

coefficient= 5.63, 95% CI, -25.72 to 36.87; p=0.723) (Table

3). For plasma MDA-LDL levels, plasma levels of SOD (stan-

dardized  coefficient=40.66,  95%CI,  -60.13  to  21.19,

p<0.0001) were selected (Table 4). Collectively, these statisti-

cal findings indicated that plasma DHA/ARA levels were

more significantly associated with total SRS scores and plas-

ma MDA-LDL levels.

Table 4: Results of adaptive Lasso

 Standardized coefficient SE 95% CI P-value

Lower bound Upper bound

ABC total scores      

DHA/ARA 61.155 27.353 7.544 114.766 0.025

MDA-LDL      

DHA/ARA 5.633 15.921 -25.572.32 36.837 0.723

SOD -40.66 9.935 -81.321 < 0.001

DHA, docosahexaenoic acid; ARA, arachidonic acid; MDL-LDL, malondialdehyde-modified low-density lipoprotein; SOD, superoxide dis-
mutase

Coefficients of Variation

The mean CVs for plasma PUFAs in the ASD and

control groups were 0.03 (3.0 %) and 0.096 (9.6%), respec-

tively.

Discussion

Due to the small sample size, three measures were

employed to overcome the limitations of the data interpreta-

tion.  First,  the  adaptive  Lasso  technique  was  used to  select

appropriate  covariates  in  order  to  maintain  statistical  effi-

ciency [19]. Second, data reliability was evaluated using coef-

ficients of variation (SD/mean values, CV, %) [20]. Finally,

appropriate  and  valid  variables  were  chosen  by  selecting

good  candidates  for  small-sample  studies  [22].  In  the  pre-

sent study, the mean CV for plasma PUFA was 0.03 (3.0 %)

in the 18 individuals with ASD and 0.096 (9.6%) in the con-

trol group. The mean CVs of the pharmacokinetics and tol-

erability of an oral evening dose of HLD 200 (54 mg), which

is a psychostimulant used for the treatment of attention-de-

ficit/hyperactivity  disorder  (ADHD),  in  18  subjects  with

ADHD and 11 healthy adults was 7.8–17.7% [31]. The CVs

of plasma prostaglandin J2 in human plasma samples of dia-

betic patients with an HbA1C > 9% were 11.8% (intra-day)

and 14.7% (inter-day) in 25 diabetic patients [32]. Taking th-

ese previous reported findings into account, the CV in the

present study was appropriate.

Previous studies suggested that  lipid peroxidation

was induced by the downregulation of endogenous antioxi-

dant defense [33] and that the antioxidant defense was not

sufficient to prevent oxidative stress damage [34]. Examina-

tion  of  confocal  microscopy  images  showed  significantly

higher levels of neuronal lipid peroxidation products MDA

in idiopathic autism [35]. Previous animal studies indicated

that DHA attenuates lipid peroxidation [36], and that DHA

reduced lipid peroxidation [37].

Therefore,  vulnerability  of  antioxidant  capacity

and DHA may be related to lipid peroxidation. In the pre-
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sent study, a dietary assessment revealed no significant dif-

ferences  in  dietary  intake  between  the  ASD  and  control

groups.  Considering  the  above  described  findings  on  lipid

peroxidation, the present finding suggested that the 18 sub-

jects with ASD may have endogenous vulnerability to oxida-

tive stress, inducing lipid peroxidation. Of reference, imbal-

ance  between  oxidative  stress  and  antioxidant  capacity  or

vulnerable  antioxidant  capacity  may  have  contributed  to

lipid peroxidation. Moreover, the decreased DHA/ARA ra-

tio (0.57);  as a result,  DHA showed less potent antioxidant

capacity.

The  plasma  levels  of  MDA-LDL  and  the  plasma

DHA/ARA ratio were significantly higher, whereas those of

SOD  and  the  omega-6  PUFA  fraction,  AdA,  were  signifi-

cantly  lower  in  the  ASD  group  than  in  the  control  group

(Table 1). Notably, a multiple linear regression analysis iden-

tified  that  the  plasma  DHA/ARA  ratio  fit  the  models  for

distinguishing  the  ASD  group  from  the  control  group.  Of

reference,  DHA  plays  an  important  role  in  lipid  mediator

production [38]. Synaptic connectivity and cortical matura-

tion are promoted by DHA [38]. Furthermore, DHA has an

important  role  in  synaptogenesis  and  the  synaptic  expres-

sion of synapsin, which has positive effects on neuronal plas-

ticity  [39].  DHA  is  a  substrate  of  cyclooxygenases  and

lipoxygenases, resulting in an array of lipid mediators and is

susceptible  to  peroxidation  by  lipid  peroxidation  [40].  A

higher DHA ratio in the liver of NASH rats might regulate

the inflammatory response through a low n-6 ratio and di-

minished oxidative stress [41]. These previous reported find-

ings  indicated  an  important  role  of  DHA  and  ARA  in  the

peroxidation  [40].  Of  reference,  the  DHA/ARA  balance  is

important for cognitive and behavioral  development in in-

fants [42]. We previously showed that a higher plasma ome-

ga-3/omega-6 ratio, reflecting a lower plasma ARA level, re-

ducing the plasma level of the signaling protein ceruloplas-

min, and plasma DHA/ARA ratios were significantly associ-

ated with total ABC scores and plasma levels of MDA-LDL

[43].  Fish  oil  containing  80%  DHA  might  be  a  protecting

mechanism,due to the general improvement of antioxidant

defense  observed  in  those  rats  [44].  Values  of  34  or  25

mg/100  kcal  for  ARA  and  17  mg/100  kcal  for  DHA  (D-

HA/ARA ratio (0.68) have been recommended for nervous

system  development  in  infants  [45]  As  clinical  evidence

suggests that an ARA/DHA ratio greater than 1/1 is associat-

ed with improved cognitive  outcomes [46].  Additionally,  a

higher ARA/DHA ratio induces greater ROS effects [47]. In

the present study, the DHA/ARA ratio was 0.57. This ratio

indicated  decreased  plasma  DHA,  resulting  in  less  potent

antioxidant capacity. Importantly, this lower DHA/ARA ra-

tio may be related to the increased plasma levels of the final

lipid peroxidation product, MDA-LDL, and the subsequent

reduction in plasma SOD.

With  respect  to  increased  plasma MDA-LDL lev-

els  and decreased plasma SOD levels  in lipid peroxidation,

former  clinical  studies  indicated  that  a  total  of  50  diabetic

patients had significantly higher levels of MDA and signifi-

cant  decreases  in  levels  of  SOD as  compared with controls

in patients with diabetes [48], and that plasma MDA levels

were elevated and plasma SOD levels were decreased in 17

patients  with  head and neck squamous cell  carcinoma due

to elevated lipid peroxidation [49]. Collectively, the relation-

ship between increased plasma MDA and decreased plasma

SOD was induced in association with oxidative stress-relat-

ed lipid peroxidation.

ARA  is  metabolized  by  two  pathways,  leading  to

the  formation  of  prostaglandins,  among  which  prostag-

landin E2 (PGE2) is an important mediator of synaptic plas-

ticity [50]. Since the Wnt pathway is crucial to brain devel-

opment  and  organization,  cross-talk  between  PGE2  and

Wnt signaling in neuronal cells contributes to the develop-

ment of ASD [51]. A previous study reported that erythro-

cyte ARA-derived 4-HNE levels in 20 autistic patients were

significantly increased in comparison to 18 controls, indicat-

ing  impairment  of  the  redox  status  [52].  Therefore,  ARA

may be related ASD via ARA-derived 4-HNE. A metabolic

link  between  DHA and/or  the  DHA-derived  4-HHE path-

way may provide a therapeutic strategy against oxidative da-

mage  due  to  cerebral  ischemia,  and  other  brain  injuries

[40].  Thus,  ARA  may  contribute  to  neurodegeneration,

while  DHA  may  have  therapeutic  potential.

The plasma level of AdA (a member of the n-6 PU-

FA family) in the ASD group was significantly lower in com-

parison to the control group. AdA could play a role in reso-

lution of inflammation in vivo [53], and induce lipid proxi-

dation  [54].  As  neuroinflammation  has  been  suggested  in

pathophysiology of ASD [55], AdA may contribute to lipid
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peroxidaion in neuroinflammation related ASD.

MDA is an endogenous material that is a product

of enzymatic and oxygen radical-induced lipid peroxidation

[56]  and  plays  a  role  as  a  signaling  molecule  [40]  (Yang).

The production of MDA is elicited by DHA [57]. MDA　is

including in the brain during a specific form of oxidative

stress, such as following daily activities and sleep depriva-

tion [58] via breaking the homeostasis between excitatory

and inhibitory neurons. MDA-modified low-density lipo-

protein (MDA-LDL) is related to oxidative stress [59], but

not cell proliferation [60]. Therefore, plasma MDA-LDL in-

crease oxidative stress, inducing lipid peroxidation.

The results of adaptive Lasso revealed that the asso-

ciation between increased plasma MDA-LDA levels and de-

creased  plasma  SOD  levels.  Early  studies  revealed  that

serum  MDA  levels  were  increased  in  association  with  de-

creased serum SOD levels in neurodegeneration [61, 62]. Re-

duced SOD levels in children with ASD may indicate the in-

volvement  of  mitochondrial  (Mn)  SOD  in  pathogenesis  of

ASD  [63].  We  previously  reported  that  reduced  plasma

SOD levels may be related to decreased endogenous antioxi-

dant capacity [64], the present finding that elevated plasma

levels of MDA-LDL are associated with decreased plasma

levels of SOD may be reasonable.

Taken  together,  the  findings  of  the  present  study

suggest  that  lower  plasma  SOD  levels  may  be  involved  in

neuronal deficitsin in social impairment in the 18 individu-

als with ASD. However, further detailed studies are needed.

This present study was associated with some limi-

tations. First, the most prominent products are 4-hydro- xy-

hexenal  (4-HHE) from DHA and 4-hydroxynonenal  (4-H-

NE) from ARA [40]. Of reference, MDA-LDL appears to be

the  most  mutagenic  final  product  of  lipid  peroxidation,

whereas 4-HHE and 4-HNE are recently considered to be a

bioactive  marker  of  lipid  peroxidation  [40].  However,

MDA-LDL is well known as a biomarker of lipid peroxida-

tion  of  omega-3  and  omega-6  PUFAs  [1].  Therefore,  we

used  plasma  MDA-LDL  as  a  biomarker  of  lipid  peroxida-

tion in this study.

The  small  sample  size  may  induce  the  likelihood

of  a  false  null  hypothesis  (type  II  and  type  I  errors),  and

skews  the  results  and  reduce  the  power  of  the  study.  The

adaptive Lasso is very competitive in terms of variable selec-

tion,  estimation  accuracy,  and  high  efficiency  when  small

sample sizes are used [16, 17]. Thus, adaptive Lasso in statis-

tical analyses may improve the reproducibility and sensitivi-

ty  of  the  findings  and  reduce  the  likelihood  of  type  II  and

type I errors. Moreover, the present findings suggested a sig-

nificant  correlation  between  increased  plasma  MDA-LDL

and decreased plasma SOD. A previous review article report-

ed  similar  results  [9,  65,  66]  ngs  regarding  the  importance

of the plasma DHA/ARA ratio are consistent with those of

previous  studies  [40,  66-69],  we  applied  three  measures  to

ameliorate the difficulty in drawing significant conclusions

from a small sample. Third, the ratio of case-to-control con-

trol  subjects  in  the  present  study  was  small  (2.5:  1).  In  a

case-control  evaluation  of  pulmonary  and  extrapulmonary

findings  of  incidental  asymptomatic  COVID-19  infection

4:1 control:case ratio on the PET-CT scanning [70].  More-

over, in a previous case-control genomic study, ratios of up

to 3:1 to 4:1 induced significant results in comparison to ra-

tios of 1:1 or 2:1 [71]. Therefore, this ratio of our study (2.2:

1) may be reasonable.

Conclusion

The present findings might provide useful informa-

tion  the  association  between  increased  plasma  DHA/ARA

ratio  and  increased  plasma  MDA-LDL  levels,  which  may

counteract plasma SOD levels, reducing plasma SOD levels.

This neurobiological phenomenon may induce neuronal de-

ficit  related  to  autistic  social  behavior  in  individuals  with

ASD. Importantly, imbalance in metabolism between ome-

ga  -3  and  omega  6  PUFAs  might  induce  increased  plasma

DHA/ARA ratio.
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