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eTable 1: Characteristics of included studies measuring blood oxidative stress markers

Study/Year Markers Measured Countr Samples (g:'\r;lo;?;) Mean Age Age/Gender Diagnosis Sample Assay type S?ltejgl:fr? o BMI

y Y | (ASDIHC) (ASD/HC) | matched g Source yyp Y | (ASD/HC)

(ASD/HC) volunteers
Adams JB et al.2006 VB6 USA 11/11 73/90.9 7.2/7.8 Y/N NA plasma NA Local community NA
VA, VB6, VB9, VB12, lasma. | LC-MS. MS
Adams JB et al.2011|VC, VD, VE, Na, Mg, Ca, USA 55/44 89/89 10/11 YIY NA P ' ' ’ |Local community NA
e serum HPLC
Fe, Se, Met, Ferritin
DSM-1V,
Adams M et al.2007 VB9, VB12, Hcy USA 17/16 NA NA Y/N ADOS serum |CLIA, HPLC NA NA
CARS,
Afrazeh et al. 2015 SOD Iran 27/18 77.8/55.6 NA YIY DSM-IV serum ELISA NA 18.23/20.96
. CARS, .
Al-Farsi et al.2013 | VB9, VB12, Hcy, Met Oman 40/40 50/50 4.8/4.8 YIY DSM-IV-TR serum HPLC Hospital NA
Al-Gadani etal. |VE, VC, GPx, CAT, SOD, . . Commercially
2009 GSH Saudi Arabia| 30/30 |73.33/66.67 NA Y/N DSM-1V plasma available kits NA NA
. DSM-IV- .
Ali et al.2011 Hcy, VB9, VB12 Oman 40/40 NA NA YIY serum EIA Hospital NA
TR, CARS
VD, Hcy, VB6, VB9, CARS,
Altun et al. 2018 VB12, Ca Turkey 60/45 86.7/80 5.8/6.7 YIY DSM-IV-TR| ~ Serum ELISA NA 18.6/19.6




Study/Year Markers Measured Countr Samples (‘()iel\r;li(i;) Mean Age /Age/Gender Diagnosis Sample Assay type S%Léglcfr? o BMI
y Y | (asp/Hcy | L0 (ASD/HC) | matched g Source ytyp y (ASD/HC)
(ASD/HC) volunteers
GSSG, tGSH, GST, . . ADI-R, Commercially .
Al-Yafee et al. 2011 GSH/GSSG Saudi Arabia| 20/20 100/100 NA YIY ADOS, 3DI plasma available Kits Hospital NA
DSM-1V,
Arastoo et al.2018 VD Iran 31/31 83.9/90.3 | 9.17/9.31 YIY ADI-R serum ELISA Schools NA
DSM-1V,
Bala KA et al.2016 | VB9, VB12, VD, Ferritin Turkey 16/27 62.5/48.1 | 7.88/9.80 YIY DSM-V, serum CLIA Hospital NA
CARS
. ADOS, Commercially| Primary Health
Bener et al.2014 VD, Ca, Mg, Ferritin UK 254/254 | 64.9/56.7 NA Y/N ADI-R serum available Kits Care Centers NA
e ECLIA
Bicikova et al. 2019 VD Czech 45/40 100/100 NA YIY NA serum method NA NA
. HPLC-
Bugajska et al.2017 Met Poland 27/13 100/100 | 4.37/5.00 YIY NA plasma UVIVIS NA NA
. . DSM-1V, .
Cai et al.2016 Hcy China 51/51 82.4/82.4 | 3.69/3.69 YIY CARS plasma LC-MS Kindergarten NA
ADI-R, serum, |Commercially Unaffected
Chauhan et al.2004 Cp, Tf, MDA USA 19/19 NA 4.4/6.0 YIY ADOS-G plasma | available kits Siblings NA
Chen et al. 2016 Hey, VB12, VD China 68/68 | 78/78 | 385385 | viy | OSMVo L gorym  [Commerciallyl g porvarten | 26.4/26.2
CARS available kits




Study/Year Markers Measured Countr Samples (Soel\r;lielg) Mean Age \Age/Gender Diagnosis Sample Assay type Sﬂgglcfr? o BMI
y Y |(ASDIHC) (ASD/HC) | matched g Source yyp y (ASD/HC)
(ASD/HC) volunteers
DSM-V, spectrophotom| Kindergartens and
Cheng et al. 2020 VA China 323/180 | 84.8/78.9 | 4721474 |  YIY CARS, | serum [Pectrop derg 15.96/16.25
etry primary school
SRS, ABC
DSM-V,
Cortelazzo et al.2016 TG, TC Italy 30/30 80/66.67 | 12.0/11.7 YIY ADOQOS, plasma NA NA NA
ABC

Coskun et al.2016 VD Turkey 85/82 84.7/65.8 |3.617/3.925 Y/N DSM-V serum ELISA Local community NA
D’Eufemia et al.1995 Met Italy 40/46 67.5/58.6 |12.33/11.17 Y/N DSMIII-R serum HPLC NA NA
El-Ansary etal. 2010| Ca, K, Na, Mg, MDA | Saudi Arabia| 30/30 |73.33/66.67| NA YIN DSM-IV | plasma gsggglrg'sl'g NA NA

El-Ansary AK et . . ADI-R, Commercially .
al.2011 Ca, Mg, Saudi Arabia| 25/16 100/100 NA YIY ADOS, 3DI plasma available Kits Hospital NA

. . ADI-R, .
El-Ansary et al. 2016 GST Saudi Arabia| 20/20 100/100 717 YIY ADOS. 3D plasma [HPLC, ELISA Hospital NA

VE, VC, GSH, CAT, GPx, . . ADI-R, .
El-Ansary et al. 2017 SOD Saudi Arabia| 30/30 |73.33/66.67 NA Y/N ADOS, 3DI plasma ELISA Hospital NA

DSM-IV- Unaffected
El-Ansary et al.2018 VD Saudi Arabia| 28/27 100/100 7.0/7.2 YIY TR, CARS,| plasma |HPLC, ELISA siblings NA
SRS




Study/Year Markers Measured Countr Samples (Soel\r;lielg) Mean Age \Age/Gender Diagnosis Sample Assay type Sﬂgglcfr? o BMI
y Y |(ASDIHC) (ASD/HC) | matched g Source yyp y (ASD/HC)
(ASD/HC) volunteers
Essa et al. 2012 MDA, NO Oman 19/19 |78.95/52.63 NA Y/N DSM-1V, plasma Commerua_lly Local community NA
CARS available kits
Eto et al.1992 VB9 USA 16/11 63/33 |12.31/10.44 N/N DSM-IIIR| plasma HPLC Local community NA
. DSM-1V, .
Fatemi et al.2002 Cp USA 28/8 78.5/50 7.4/38.3 N/N ADI serum NA Local community NA
Feng J et al.2016 VD China 215/285 |80.47/78.95| 4.76/512 |  YIY ABC, serum HpLc | Childrenactivity |
CARS centers
DSM-V,
Garipardic et al.2017| Ferritin, VB9, VB12, VD Turkey 18/25 61.1/48 8.11/9.90 Y/N DSM-IV- serum CLIA Local community NA
TR, CARS
Geier et al.2009 Cys, GSH, GSSG USA 38/120 89/ 6.0/ Y/N CARS plasma HPLC, LC |Local community NA
Ghodsi et al. 2019 MDA Iran 36/18 75/77.8 | 8.64/75 YIY DSM-V plasma ELISA NA NA
. DSM-1V, .
Gong et al.2013 VD, Ca, Mg China 48/48 |83.33/83.33| 3.67/3.67 YIY CARS serum NA Kindergarten 15.8/16.3
DSM-V, Commercially
Grayaa et al. 2018 TC, TG Italy 36/38 |63.89/65.79| 4.62/4.61 Y/N CARS plasma available kits NA 17.21/19.10

Abbreviations: ASD, Autistic Spectrum Disorder; HC, Healthy Control; Y/N, yes/no; BMI, Body Mass Index; VA ,Vitamin A; VB6, Vitamin B6; VB9, Vitamin B9;
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Study/Year Markers Measured Countr Samples (Soel\r;lielg) Mean Age \Age/Gender Diagnosis Sample Assay type Sﬂgglcfr? o BMI
y Y |(ASDIHC) (ASD/HC) | matched g Source yyp y (ASD/HC)
(ASD/HC) volunteers
. DSM-V, .
Gunes et al.2017 Ferritin, Fe Turkey 100/100 NA 8.36/ 11.01 YIY CARS serum NA Hospital NA
VA, VB9, VB12, VD, DSM-V,
Guo et al. 2018 Ferritin, Ca, Mg, Fe, Zn, China 274/97 (86.13/51.54| 4.06/ 4.24 Y/N ABC, SRS,| serum HPLC Local community NA
Cu GDS
DSM-V,
Guo et al. 2019 VA, VD China 332/197 |(86.14/81.72| 4.87/4.75 Y/N ABC, serum HPLC NA NA
CARS,
Commercially
Hanetal.2015 | HCY» Cys, IGSH, GSH, China 50/50 78/78 | 7.64/838 |  YIN CARS, | serum |available kits,|  Schools NA
GSSG ABC
HPLC
ELISA,
Hassan et al.2019 TC Egypt 73/73 100/100 NA YIY CARS serum |Commercially Hospital NA
available Kits
GSH, Cys, Hcy, SAH, DSM-IV- .
Hodgson et al. 2014 SAM/SAH USA 27127 81.5/74.1 5.3/5.5 YIY TR, CARS serum HPLC Hospital NA
SAM, SAH, SAM/SAH,
James et al. 2004 | Hcy, CTH, Cys, GSSG, USA 20/33 70/75.76 6.4/7.4 YIY DSM-IV plasma HPLC NA NA
tGSH, tGSH/GSSG
SAMISAN, Hoy,Cis DSM-IV,
James et al.2006  TICY, Y5, USA 80/73 89/ 7.3/10.8 N/N ADOS, plasma HPLC NA NA
tGSH, GSSG, CTH, CARS
GSH/GSSG, tGSH/GSSG
Met, SAM, SAH,
SAM/SAH, Hcy, DSM-1V,
James et al. 2009 Cys.1GSH, GSH, GSSG, USA 40/42 82/ 4.8/4.5 N/N CARS plasma HPLC NA NA

GSH/GSSG, tGSH/GSSG

VB12, Vitamin B12; VC, Vitamin C; VD, Vitamin D; VE, Vitamin E; GSH, reduced glutathione; GSSG, oxidized glutathione; tGSH, total glutathione; GPX,
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Study/Year Markers Measured Countr Sample (Soel\r;lielg) Mean Age \Age/Gender Diagnosis Sample Assay type Sﬂgglcfr? o BMI
y Y |(ASD/HC) (ASD/HC) | matched g Source yyp y (ASD/HC)
(ASD/HC) volunteers
. DSM-III-R,
Kim et al.2010 TC, TG South Korea 29/29 100/100 | 10.1/10.9 YIY DSM-IV plasma NA School 20.2/18.6

DSM-V, Commercially

Kondolot etal. 2016 | MDA GFX SOB- SR ey | 5150 | 7880 | 5856 Y/Y | DSMIV- | plasma |available kits,|  Hospital NA
TR, CARS HPLC
. . DSM-1V, .
Li SO et al.2014 Zn, Cu China 60/60 80/80 3.78/3.78 YIY CARS serum NA Kindergarten NA
Main et al. 2014 VB12, Hey Australia | 35/25 | 94.3/92 | 7.57/856 | Y/N  |DSM-IVTR| serum 232:{25{5'@:2’ Local community|  NA
. DSM IV, .

Meguid et al.2010 VD, Ca Egypt 70/42 NA 5.3/6.1 Y/N ADI-R serum RIA Hospital NA

. DSM-IV- Commercially
Meguid et al.2011 SOD, GPx, MDA Egypt 20/25 90/92 4.7/6.0 N/N TR, CARS plasma available Kits NA NA

Met, SAM, SAH, DSM-IV
Melnyk et al.2012 | SAM/SAH, Hcy, Cys, USA 40/54 NA 5.8/6.3 YIN ADOS, | plasma | HPLC-UV |Local community| NA
GSH, GSSG, GSH/GSSG, CARS
\VR9. VR12

Mostafa et al. 2010 GPx Egypt 44/44 30/44 NA YIY DSM-IV | plasma |COmmerciallyl  cnital NA

available kits
Mostafa et al.2012 VD Saudi Arabia|  50/30 78/80 | 8.24/863 |  YIY DSM, | cerum ELISA Unaffected NA

CARS siblings

Glutathione peroxidase; GST, Glutathione-S-transferases; SOD, Superoxide dismutase; MDA, Malondialdehyde; CAT, Catalase; 8-OHdG, 8-hydroxy--
2deoxyguanosine; Cys, cysteine; CTH, cystathionine; Hcy, homocysteine; Met, methionine; SAM, S-adenosyl methionine; SAH, S-adenosyl homocysteine; TC,
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Study/Year Markers Measured Countr Samples (gifl\r;li?;) Mean Age \Age/Gender Diagnosis Sample Assay type Sﬂgglcfr? o BMI
y Y | (ASD/HC) (ASD/HC) | matched g Source yyp y (ASD/HC)
(ASD/HC) volunteers
. . DSM-V, .
Ning et al. 2018 Hcy China 102/102 |78.43/78.43| 4.5/4.5 YIY CARS serum ELISA Kindergarten 16.6/17.4
Oshodi et al. 2017 | GSH, SOD, GST, MDA Nigeria 42/23 71.4/60.9 8.4/ Y/N DSM-V plasma NA Hospital NA
SOD, GSH, CAT, Hey, DSM-IV Commerciall
Parellada et al.2012 | VB12, VA, VE, GPX, Spain 35/34 94.2/91.1 |12.89/12.79 YIY ’ plasma . y Schools NA
ADOS available kits
MDA, Tf, Cp, Cu, Zn, Fe
Pasca et al.2006 Hcy, GPx Romania 12/9 75/67 8.29/8.33 Y/N DSM-IV plasma HPLC NA NA
Met, Hey, Cys, CTH, VB9 . plasma GS-MS,
Pasca et al.2009 ’ ’ ; ' ' Romania 39/43 79.4/67.4 | 7.44/8.31 N/N DSM-IVR " |Commercially NA NA
VB12 serum . .
available kits
Ramaekers et al.2013 VB9 Belgium 75/30 81.3/63.3 6.8/7.6 Y/N NA Plasma NA NA NA
Unaffected
Rose etal. 2012 | GSH, GSSG, GSH/GSSG USA 38/41 84/49 5.42/6.16 N/N DSM-IV plasma HPLC siblings NA
DSM-IV Health Research
Russo et al. 2011 Cu, Zn USA 152/18 | 88.15/NA | 11.52/NA YIY ADI-R ’ plasma MS Institute/Pfeiffer NA
Treatment Center
DSM-IV- Hospitals and
Saad et al. 2016 VD Egypt 122/100 75/75 5.09/4.88 YIY TR, CARS,| serum ELISA preas an NA
ABC unaffected siblings

Total Cholesterol; TG, Triglycerides; Tf, transferrin; Cp, ceruloplasmin; NO, Nitric Oxide; Cu, copper; Zn, zinc; Ca, calcium; Fe, iron; Se, selenium; Mg,
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Study/Year Markers Measured Countr Samples (gifl\r;li?;) Mean Age \Age/Gender Diagnosis Sample Assay type Sﬂgglcfr? o BMI
y Y |(ASDIHC) (ASD/HC) | matched g Source yyp y (ASD/HC)
(ASD/HC) volunteers
DSM-V,
Saad et al.2017 VD Egypt 32/30 68.75/66.7 | 2.9/3.1 YIY CARS serum ELISA NA NA
Saha et al.2019 VB9, VB6 India 79/30 82.5/ 6.016 YIY DSM IV plasma ELISA NA NA
Shimmura et al.2011 Met, Cys Japan 23/22 100/100 | 13.5/12.2 YIY ADI-R plasma HPLC NA 18.6/17.8
. ICD-10, Commercially
Skalny et al.2017(a) | Cu, Zn, Ca, Mg, Se, Fe Russia 48/48 NA 6.6/6.5 YIY CARS serum available Kits NA NA
Skalny et al.2017(b) Cu, Fe, Se, Zn Russia 70/70 57.1/57.1 6.4/6.3 YIY ICD-10 serum | Spectrometry NA NA
i DSM-1V, Kindergarten and
Sogit et al.2003 SOD, GPx, MDA Turkey 27/30 59.2/53.3 | 4.7/5.1 YIY CARS plasma NA school NA
Met, Cys, CTH, SAH DSM IV HPLC, Pfeiffer treatment
Suh et al.2008 &S, ' ’ USA 31/11 87/82 4.2/6.9 N/N ’ plasma |Commercially NA
SAM, Hcy, GSH ADI-R . . center
available Kits
DSM-1V, Community
Sun et al. 2016 VB9, VB12, Hey, tGSH, China 29/29 NA NA YIY CARS, plasma HPLC Health Care NA
GSSG, tGSH/GSSG
ABC Center
Sweeten et al. 2004 NO USA 29/27 86/85 6.1/6.5 viy | PSMIV asma  [COmmerciallyly oo community|  NA
ADI-R available Kits




Study/Year Markers Measured Countr Samples (Soel\r;lielg) Mean Age \Age/Gender Diagnosis Sample Assay type Sﬂgglcfr? o BMI
y Y |(ASDIHC) (ASD/HC) | matched g Source yyp y (ASD/HC)
(ASD/HC) volunteers
DSM-1V,
Sweetman et al.2019 Zn, VA Ireland 74172 88/56 9.99/6.43 N/N ADOS serum MS NA NA
Tirouvanziam et ADI-R, .
al.2011 Met USA 27120 77.8/45 7/7.33 Y/N ADOS plasma LC-MS |Local community NA
Tostes et al.2012 NO Brazil 24124 75/75 7.4/7.2 YIY DSM-IV plasma ELISA School NA
Chemilumines
Tu et al.2013 Hcy, VB9, VB12 China 30/30 |83.33/83.33| 3.55/3.55 YIY DSM-IV serum cence NA NA
immunoassay
Vergani et al.2011 Ca, Zn, Cu, Fe Italy 28/32 75/63 NA N/N DSM-IV plasma ICP-AES NA NA
. DSM-V, .
Wang et al.2016 SOD, Hcy China 98/98 79.6/79.6 | 3.85/3.85 YIY CARS serum NA Kindergarten (16.22 /16.93
DSM-1V,
Yektas et al.2019 VB12, VB9, Hcy Turkey 35/35 80/100 NA N/N CARS serum Spectrometry NA NA
. ADI-R, Unaffected
Yenkoyan et al. 2018 SOD, CAT, MDA Armenia 10/10 40/40 NA YIY ADOS plasma | Spectrometry siblings NA
Yorbik et al.2002 SOD, GPx Turkey 45/41 87/85 6.4/6.7 YIY DSM IV Plasma | Spectrometry School NA
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Study/Year Markers Measured Countr Samples (gifl\r;li?;) Mean Age |Age/Gender Diagnosis Sample Assay type Sﬂgglcfr? o BMI
y Y | (ASD/HC) (ASD/HC) | matched g Source yyp y (ASD/HC)
(ASD/HC) volunteers
. DSM-V, Commercially .
Yui et al. 2016(a) SOD Japan 20/12 65/66.67 | 11.1/14.3 YIY ADI-R plasma available Kits Local community NA
. DSM-IV- Commercially .
Yui et al.2016(b) Cp, Tf, SOD Japan 28/21 71.4/71.4 | 13.5/13.9 YIY TR, ADI-R plasma available kits Local community NA
. DSM-IV- Commercially .
Yui et al.2016(c) SOD, Cp, Tf Japan 30/20 66.67/70 | 13.6/13.2 YIY TR, ADI-R plasma available kits Local community NA
DSM-V, Commerciall
Yui et al. 2017 SOD Japan 20/11 65/63.63 | 10.7/14.7 YIY ADI-R, plasma . y NA NA
available kits
ADOS
. DSM-1V,
Zaki et al.2017 Met, Cys, Egypt 42/26 81/81 NA YIY ADI-R plasma HPLC NA NA
Zhang et al.2015 Hey China 80/100 | 78.75/79 | 3.82/3.79 |  YIY CARS serum gsggglrg'sl'g Kindergarten |15.52/16.83
. DSM-V,
Zhou W et al.2018 VA, Hcy China 81/81 79/79 3.8/3.8 YIY CARS serum ELISA NA 16.8/17.7

magnesium; DSM-1V-TR, Diagnostic and Statistical Manual of Mental Disorders-4th Edition Text Revision; ADI-R, Autism Diagnostic Interview—Revised,

ADOS, Autism Diagnostic Observation Schedule; 3DI, Developmental, dimensional diagnostic interview; ABC, Autism Behavior Checklist; CARS, Childhood
Autism Rating Scale; HPLC, High Performance Liquid Chromatography; ELISA, enzyme linked immunosorbent assay; LC-MS, liquid chromatography-tandem
mass spectroscopy; CLIA, Chemiluminescence method; EIA, enzyme immunoassay; HPLC-UV/Vis, High Performance Liquid Chromatography-Visible

Spectrophotometer; RIA, Radioimmunoassay; GS-MS, gas chromatography/mass spectrometry; ICP-AES, Inductively Coupled Plasma Atomic Emission
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Spectrometer.
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eTable 2. Newcastle-Ottawa quality assessment scale for included studies.

Between-Group Studies Selection Comparability Exposure Total
Adams JB et al.2006 Hkk * * 5
Adams JB et al.2011 Hkk Hox *x 7
Adams M et al.2007 *x * * 4
Afrazeh et al. 2015 Fkkk Hk *% 3
Al-Farsi et al.2013 Fkkk Hk e 8
Al-Gadani et al. 2009 * *ok s 5
Ali et al.2011 *kk *k *k 7
Altun et al. 2018 bkl Hk *% 6
Al-Yafee et al. 2011 kK ok s 7
Arastoo et al.2018 Hkk Hk ey 7
Bala KA et al.2016 Hkk Hox * 6
Bener et al.2014 *k *k * 5
Bic¢ikova et al. 2019 * *k * 2
Bugajska et al.2017 *x *k * 5
Cai et al.2016 HkKk *k * 6
Chauhan et al.2004 bk *ok * 5
Chen et al. 2016 kKK *x ey )
Cheng et al. 2020 Fkkk *x o 8
Cortelazzo et al.2016 falaad Hox e 7
Coskun et al.2016 Fekdke *k * 6
D’Eufemia et al.1995 bk Hk * 5
El-Ansary AK et al.2011 Fkk *k ok 7
El-Ansary et al. 2010 * *x * 4
El-Ansary et al. 2016 FkK *k * 6
El-Ansary et al. 2017 FkK *k o 7
El-Ansary et al.2018 Hkk *k *k 7
Essa et al. 2012 *k ok *x 6
Eto et al.1992 FhAK ok >k )
Fatemi et al.2002 * *k % 5
Feng J et al.2016 Fekkk *%x *% 3
Garipardic et al.2017 Hkk * ey 6
Geier et al.2009 *x * *x 5
Ghodsi et al. 2019 * * % 2
Gong et al.2013 Fkdkk *k *k 8
Grayaa et al. 2018 *k *x *x 6
Gunes et al.2017 Hkx * ok 6
Guo et al. 2018 Rl * ok 7
Guo et al. 2019 *kk * * 5
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Between-Group Studies Selection Comparability Exposure Total

Han et al.2015 . % s 3
Hassan et al.2019 *k e *x 6
Hodgson et al. 2014 Hokk ey s 7
James et al. 2004 Hkk s ** 7
James et al.2006 *k wox * 5
James et al. 2009 *k * * 1
Kim et al.2010 Fkk *k * 6
Kondolot et al.2016 Hkk e s 7
Li SO et al.2014 *k >k oy 6
Main et al. 2014 * * * 3
Meguid et al.2010 FkKk * s 7
Meguid et al.2011 kK ey s 7
Melnyk et al.2012 ok * s 5
Mostafa et al. 2010 *x *x *x 6
Mostafa et al.2012 *x *x * 5
Ning et al. 2018 e ey * .
Oshodi et al. 2017 *kek s = 5
Parellada et al.2012 Hkk s * 6
Pasca et al.2006 * wox s 5
Pasca et al.2009 Hkk >k ok 7
Ramaekers et al.2013 * o * 7
Rose et al. 2012 *k ** * 5
Russo et al. 2011 *kk e > 5
Saad et al. 2016 Hkk o * 6
Saad et al.2017 Hk x e 5
Saha et al.2019 Hk * e 5
Shimmura et al.2011 Hk e * 5
Skalny et al.2017(a) Fekk *%k *ox 7
Skalny et al.2017(b) * * *x 5
Sogit et al.2003 *x o "y 6
Suh et al.2008 *k *x * 5
Sun et al. 2016 e *x es 7
Sweeten et al.2004 kK *x * 6
Sweetman et al.2019 Fkx ** * 6
Tirouvanziam et al.2011 kK ok * 6
Tostes et al.2012 * ** * Z
Tu et al.2013 *kk —y > 5
Vergani et al.2011 * s * 4
Wang et al.2016 e ey s 7
Yektas et al.2019 *k * *x 5
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Between-Group Studies

Selection

Comparability

Exposure

Total

Yenkoyan et al. 2018

**x

**

*

ol

Yorbik et al.2002

**

**

*

Yui et al. 2016(a)

*k*k

**

**

Yui et al.2016(b)

*kkk

**

**

Yui et al.2016(c)

*k*k

**

Yui et al. 2017

**

**

Zaki et al.2017

*kk

**

Zhang et al.2015

**

**

Zhou W et al.2018

*kk

**

~N(Oo|01o|0 (|0l
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eTable 3. Sub-group analysis stratified by source of healthy volunteer for homocysteine, methionine, vitamin B9, vitamin B12, vitamin
D and GSH.

Main Effect Heterogeneity
Marker Subgroup
A P 12
Hedges g (95% CI) Score P Value Q Statistic  df Value Statistic
. Clinical center 0.874(0.618 to 1.131) 6.684 <001 158.361 4 <001 97.474
Homocysteine  Kindergarten/Primary
School 0.558(0.428 to 0.688) 8.404 <.001 74.798 6 <.001 91.978
Methionine Local community -0.319(-0.576 to -0.062) -2.429 0.015 9.480 2 0.009 78.903
Vitamin B9 Clinical center -0.897(-1.188 to -0.606) -6.038 <.001 126.912 3 <.001 97.636
Local community -0.232(-0.400 to -0.064) -2.705 0.007 7.677 4 0.104 47.896
Vitamin B12 Clinical center -0.520(-0.768 to -0.272) -4.106 <.001 13.291 3 0.004 77.429
Local community 0.052(-0.111 to 0.216) 0.628 0.530 19.837 4 0.001 79.836
Clinical center -0.382(-0.499 to -0.265) -6.389 <.001 18.428 3 <.001 83.720
Vitamin D Kindergarten/Primary
School -0.677(-0.911 to -0.444) -5.682 <.001 1.635 2 0.441 0.000
Local community -0.060(-0.223 t0 0.103) -0.721 0.471 44.361 3 <.001 93.237
GSH Clinical center -0.292(-0.542 to -0.043) -2.294 0.022 6.028 3 0.110 50.235
Local community -1.141(-1380 to -0.901) -9.316 <.001 12.806 2 0.002 84.382

Abbreviations: df, degrees of freedom; ASD, Autism spectrum disorder; GSH, Reduced glutathione.
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eFigure 1

Literature searching through database
Pubmed: n = 3900

Web of Science: n= 5935
Cochrane Library - n =230

Records screened (n = 10M4G5)

Full-text studies scrutimzed for

Records excluded (n = 9853)

Eligibility (n=212)

Studies melnded (n= &7)

17

Studies excluded for reasons (n = 125)

* Mo necessary data(n="T73)

« Paper was retracted (n=1)

* Omidative stress markers were measured
i animal model (n=2)

«  Without a healthy control {n = 24)

+  Samples were not from senun or plasma
n=21)

+  Samples were from adult patients with
ASD (n=4)




Homocysteine Homocysteine

eFigure 2

Group by Study name Statistics for each study Hedges's g and 95% CI Group by Study name Statistics for each study Hedges's g and 95% CI
Source . Age matching B
Hedges's Lower Upper Hedges's Lower Upper
g limit  limit p-Value g limit  limit p-Value
A plasma Caietal.2016 2616 2.090 3.143 0.000 —- N James et al. 2004 -0.494 -1.049 0.061 0.081
plasma James et al. 2004 -0.494 -1.049 0.061 0.081 N James et al.2006 -0.239 -0.556 0.078 0.139
plasma James et al.2006 -0.239 -0.556 0.078 0.139 N Pasca et al.2009 -0.331 -0.763 0.101 0.133
plasma James et al. 2009 -0.130 -0.560 0.299 0.552 N Suh et al.2008 -0.492 -1.175 0.191 0.158 —
plasma Melnyk et al.2012 0.136 -0.270 0542 0510 N Yektas et al.2019 0.813 0.331 1.296 0.001 -
plasma Parellada et al.2012 -0.128 -0.651 0.394 0.631 N -0.135 -0.591 0.320 0.560 L 4
plasma Pasca et al.2006 1023 0.137 1908 0.024 —a— Y Adams et al.2007 0.240 -0.429 0.909 0.482 —1—
plasma Pascaetal.2009 -0.331 -0.763 0.101 0.133 Y Al-Farsi et al.2013 0.657 0.211 1.103 0.004 —
plasma Suh et al.2008 0492 -1.175 0.191 0.158 Y Alietal.2011 3745 3.021 4.470 0.000 —
plasma Sunetal. 2016 0.546 0.029 1.064 0.038 Y Altunetal. 2018 7.191 6.145 8236 0.000
plasma 0.238 -0.305 0.780 0.390 Y Cai etal.2016 2,616 2.090 3.143 0.000 —a—
serum Adams et al.2007 0.240 -0.429 0.909 0.482 Y Chenetal. 2016 0.082 -0.252 0417 0.629 -
serum Al-Farsi et al.2013 0.657 0211 1.103 0.004 - Y Han et al.2015 0.447 0.053 0.841 0.026 —-—
serum Alietal. 2011 3745 3.021 4470 0.000 — Y Hodgsonetal. 2014~ 0.717 0.174 1.260 0.010 ——
serum Altun et al. 2018 7191 6.145 8236 0.000 Y James et al. 2009 -0.130 -0.560 0.299 0.552 —
serum Chenetal. 2016 0.082 -0.252 0417 0.629 - Y Main etal. 2014 0394 -0.118 0.905 0.131 a—
serum Han et al.2015 0447 0053 0841 0.026 - Y Melnyk et al.2012 0.136 -0270 0.542 0.510 -
serum Hodgson et al. 2014 0717 0.174 1.260 0.010 —a— Y Ning et al. 2018 0.696 0.415 0.978 0.000 -
serum Main et al. 2014 0.394 -0.118 0.905 0.131 il Y Parellada et al.2012 -0.128 -0.651 0.394 0.631 —
serum Ning et al. 2018 0.696 0.415 0.978 0.000 = Y Pasca et al.2006 1.023 0.137 1.908 0.024 —
serum Tuetal 2013 1399 0.840 1958 0.000 — Y Sunetal. 2016 0.546 0.029 1.064 0.038 =
serum Wang et al.2016 0.475 0.193 0.758 0.001 = Y Tuetal.2013 1.399 0.840 1.958 0.000 —a—
serum Yektas et al.2019 0.813 0.331 1.296 0.001 — Y Wang et al.2016 0.475 0.193 0.758 0.001 -
serum Zhang et al.2015 0.500 0.203 0.797 0.001 = Y Zhang et al.2015 0.500 0.203 0.797 0.001 -
serum Zhou W et al.2018 1073 0745 1401 0.000 - Y ZhouW et al.2018 1073 0.745 1401 0.000 -
serum 1206 0719 1693 0.000 L 2 Y 1.060 0.631 1.490 0.000 L 4
-4.00 2.00 0.00 2.00 4.00 -4.00 -2.00 0.00 2.00 4.00
Homocysteine decreased in ASD  Homocysteine increased in ASD Homocysteine decreased in ASD  Homocysteine increased in ASD

Homocysteine

Group by Study name Statistics for each study Hedges's g and 95% ClI
Gender matching
Hedges's Lower Upper

g limit limit  p-Value
N Adams et al.2007 0.240 -0.429 0.909 0.482
N James et al. 2004 -0.494 -1.049 0.061 0.081
N James et al.2006 -0.239 -0.556 0.078 0.139
N James et al. 2009 -0.130 -0.560 0.299 0.552
N Main et al. 2014 0.394 -0.118 0.905 0.131
N Melnyk et al.2012 0.136 -0.270 0.542 0.510
N Pasca et al.2006 1023 0137 1908 0.024 ——
N Pasca et al.2009 -0.331  -0.763 0.101 0.133 —H
N Suh et al.2008 -0.492 -1.175 0.191 0.158 —ar
N Yekias et al.2019 0.813 0331 129 0.001 -
N 0.055 -0.229 0.338 0.706 »
Y Al-Farsi et al.2013 0.657 0211 1103 0.004 -
Y Ali etal.2011 3745 3.021 4.470 0.000 —i
Y Altun et al. 2018 7191 6.145 8236 0.000
Y Cai et al.2016 2616 2090 3.143 0.000 ——
Y Chen et al. 2016 0.082 -0.252 0.417 0.629 -
Y Han et al.2015 0.447 0.053 0.841 0.026 -
Y Hodgson et al. 2014 0717 0174 1260 0.010 ——
Y Ning et al. 2018 0.696 0415 0.978 0.000 -
Y Parellada et al.2012 -0.128 -0.651 0.394 0.631 —a—
Y Sun et al. 2016 0546 0.029 1.064 0.038 -
Y Tu et al.2013 1399 0.840 1958 0.000 ——
Y Wang et al.2016 0.475 0193 0.758 0.001 -
Y Zhang et al.2015 0.500 0.203 0.797 0.001 -
Y Zhou W et al.2018 1073 0745 1401 0.000 -
Y 1333 0799 1.866  0.000 -

-4.00 -2.00 0.00 2.00 4,00

Homocysteine decreased in ASD  Homocysteine increased in ASD

Forrest plot showing pooled results comparing homocysteine levels between ASD patients and HC subjects stratified by source of sampling (plasma heterogeneity: Q = 111.997, P < 0.001, I? = 91.964, 10 studies; and serum heterogeneity:
Q =248.685, P < 0.001, 1 = 94.773, 14 studies), age matching (N heterogeneity: Q = 18.688, P = 0.001, 1= 78.596, 5 studies; and Y heterogeneity: Q = 332.029, P < 0.001, I>= 94.579, 19 studies) and gender matching (N heterogeneity: Q
=29.061, P <0.001, 1= 69.031, 10 studies; and Y heterogeneity: Q = 303.569, P < 0.001, I>= 95.718, 14 studies). The sizes of the squares are proportional to study weights.
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eFigure 2

B

Tirouvanziam et al.2011

Group by Study name
Source

plasma Adams et al.2011
plasma Bugajska et al.2017
plasma James et al. 2004
plasma James et al.2006
plasma James et al. 2009
plasma Melnyk et al.2012
plasma Pasca et al.2009
plasma Shimmura et al.2011
plasma

plasma Zaki et al.2017
plasma

Methionine

Statistics for each study

Hedges's Lower Upper
g limit limit  p-Value
0.150 -0.244 0.544 0.455
-0.203 -0.853 0.447  0.540
-1.614 -2.242 -0.987 0.000
-1.257 -1.603 -0.912 0.000
-0.844 -1.291 -0.396 0.000
-0.674 -1.091 -0.258  0.002
-0.830 -1.278 -0.383  0.000
0.385 -0.195 0.965 0.193
-0.650 -1.234 -0.067 0.029
-0.850 -1.354 -0.345 0.001
-0.643 -1.009 -0.276  0.001

-4.00

Methionine decreased in ASD  Methionine increased in ASD

Group by

Hedges's g and 95% ClI

oy '

-2.00 0.00 2.00

Study name

Gender matching

< <<X<X<<zZZZZZZZZ

D’Eufemia et al. 1995

James et al. 2004
James et al.2006
James et al. 2009
Melnyk et al.2012
Pasca et al.2009

Tirouvanziam et al.2011

Adams et al.2011
Al-Farsi et al.2013
Bugajska et al.2017

Shimmura et al.2011

Zaki et al.2017

Methionine

Group by Study name Statistics for each study Hedges's g and 95% ClI
Age matching Hedges's Lower Upper
g limit limit  p-Value

N James et al. 2004 -1.614 -2.242 -0.987 0.000 -+Hi—
N James et al.2006 -1.257 -1.603 -0.912 0.000 E 3
N Pasca et al.2009 -0.830 -1278 -0.383  0.000 -
N -1.197 -1.589 -0.804  0.000 <@
Y Adams et al.2011 0.150 -0.244 0.544 0.455 -
Y Al-Farsi et al.2013 -0.441 -0.880 -0.001 0.049 —
Y Bugajska et al.2017 -0.203 -0.853 0.447 0.540 —
Y D’Eufemia et al. 1995 -0.119 -0.539 0.301 0.579 —a—
Y James et al. 2009 -0.844 -1.291 -0.396 0.000 -
Y Melnyk et al.2012 -0.674 -1.091 -0.258 0.002 -
Y Shimmura et al.2011 0.385 -0.195 0.965 0.193 T
Y Tirouvanziam et al.2011 -0.650 -1.234 -0.067 0.029 ——
Y Zaki et al.2017 -0.850 -1.354 -0.345 0.001 ——

400 Y -0.366 -0.653 -0.079 0.012 L 2

’ -4.00 -2.00 0.00 2.00 4.00

Methionine decreased in ASD  Methionine increased in ASD
Methionine
Statistics for each study Hedges's g and 95% CI
Hedges's Lower Upper

[} limit limit  p-Value

-0.119 -0.539 0.301 0.579

-1.614 -2.242 -0.987 0.000 -+

-1.257 -1.603 -0.912  0.000 =

-0.844 -1.291 -0.396  0.000 -

-0.674 -1.091 -0.258  0.002 -

-0.830 -1.278 -0.383  0.000 -

-0.650 -1.234 -0.067 0.029 ——

-0.841 -1.183 -0.498  0.000 <

0.150 -0.244 0.544  0.455

-0.441 -0.880 -0.001 0.049

-0.203 -0.853 0.447 0.540

0.385 -0.195 0.965 0.193

-0.850 -1.354 -0.345  0.001 -

-0.196 -0.623 0.230  0.367

-4.00 -2.00 0.00 2.00 4.00

Methionine decreased in ASD  Methionine increased in ASD

Forrest plot showing pooled results comparing plasma methionine levels (heterogeneity Q = 52.702, P < 0.001, I?> = 82.923, 10 studies), age matching (N heterogeneity: Q = 4.375, P = 0.112, I?=54.291, 3 studies; and Y heterogeneity: Q =
25.631, P =0.001, I>= 68.788, 9 studies) and gender matching (N heterogeneity: Q = 23.760, P = 0.001, I> = 74.747, 7 studies; and Y heterogeneity: Q = 14.472, P = 0.006, I?> = 72.361, 5 studies) between ASD patients and HC subjects. The
sizes of the squares are proportional to study weights.
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Cysteine Cysteine
C o Group by Study name Statistics for each stud Hedges's g and 95% CI

Group by Study name Statistics for each stud Hedges's g and 95% ClI Age matching
Source Hedges's Lower Upper

Hedges's Lower Upper g limit  limit p-Value

9 limit — limit  p-Value N James etal. 2004 -2.360 -3.068 -1.652 0.000 —ﬂ—
plasma Geier et al.2009 -0.879 -1.299 -0.459  0.000 L 3 N James et al.2006 2289 -2.696 -1.882 0.000
plasma James et al. 2004 -2.360 -3.068 -1.652  0.000 : zaical:l‘:g‘;og 'g-ig 'g-;gg gégz 8;3
un etal. -0.! -0.! . B
plasma James et al.2006 -2.289 -2.696 -1.882 0.000 N 1241 2478 0004 0.049 -
plasma James et al. 2009 -0.890 -1.340 -0.440  0.000 . 5 v Geier et a1.2009 0870 1299 0459  0.000 =
plasma Melnyk et al.2012 -0.578 -0.992 -0.165  0.006 . 3 Y Han et al.2015 0559 -0.955 -0.162 0.006 -
plasma Pasca et al.2009 -0.296 -0.728 0.135 0.178 Y Hodgson et al. 2014 0541 0.005 1.076 0.048
plasma Shimmura et al.2011 0.162 -0.414 0.737 0.582 Y James et al. 2009 -0.890 -1.340 -0.440  0.000 -
plasma Suh et al.2008 0019 -0.693 0.656 0.957 Y Melnyk et al 2012 -0578 -0.992 -0.165 0.006 -
plasma Zaki et al.2017 0736 -1235 -0.237  0.004 - M Shimmuraetal.20ll 0162 0414 0737 0582
Y Zaki et al.2017 -0.736 -1.235 -0.237  0.004 -
plasma -0.875 -1.422 -0.328  0.002 <@ v 0443 0812 -0074 0018 Py
-4.00 -2.00 0.00 2.00 4.00 -4.00 -2.00 0.00 2.00 4.00
Cysteine decreased in ASD ~ Cysteine increased in ASD Cysteine decreased in ASD  Cysteine increased in ASD
Cysteine
Group by Study name Statistics for each study Hedges's g and 95% CI

Gend tchi
ender matching Hedges's Lower Upper

g limit  limit p-Value
N Geier et al.2009 -0.879 -1.299 -0.459 0.000 -
N James et al. 2004 -2.360 -3.068 -1.652 0.000 ——
N James et al.2006 -2.289 -2.696 -1.882 0.000 -
N James et al. 2009 -0.890 -1.340 -0.440 0.000 -
N Melnyk et al.2012 -0.578 -0.992 -0.165 0.006 -
N Pasca et al.2009 0.296 -0.728 0.135 0.178 -
N Suh et al.2008 -0.019 -0.693 0.656 0.957 ——
N -1.039 -1.677 -0.402 0.001 -
Y Han et al.2015 -0.559 -0.955 -0.162 0.006 E
\ Hodgson et al. 2014 0.541 0.005 1.076 0.048 HEl-
Y Shimmuraetal.2011  0.162 -0.414 0.737 0.582
Y Zaki et al.2017 -0.736 -1.235 -0.237 0.004 E o
\4 -0.165 -0.743 0413 0576

-4.00 -2.00 0.00 2.00 4.00

Cysteine decreased in ASD ~ Cysteine increased in ASD

Forrest plot showing pooled results comparing plasma Cysteine levels (heterogeneity Q = 91.02, P < 0.001, I = 91.211, 9 studies), age matching (N heterogeneity: Q = 65.923, P < 0.001, I?> = 95.449, 4 studies; and Y heterogeneity: Q =
26.673, P <0.001, , I = 77.505, 7 studies) and gender matching (N heterogeneity: Q = 75.520, P < 0.001, I> = 92.055, 7 studies; and Y heterogeneity: Q = 16.306, P = 0.001, I> = 81.602, 4 studies) between ASD patients and HC subjects.
The sizes of the squares are proportional to study weights.
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eFigure 2 Vitamin B9

Vitamin B9
Group by Study name Statistics for each study Hedges's g and 95% ClI
- . Age matching s
D Group by Study name Statistics for each study Hedges's g and 95% CI Hedges's Lower Upper
Source g limit limit p-Value
Hedges's Lower Upper
9 limit  limit p-Value N Eto etal.1992 0573 -0.187 1332 0.140 r—
N Pasca et al.2009 0.317 -0.115 0.749 0.151
serum Adams JB et al.2011 -0.147 -0.541 0.247  0.463 N Yektas et al.2019 0.813 0331 1.296 0.001 )
serum Adams M et al.2007 0.071 -0.595 0.737 0.835 N 0547 0.227 0.867 0.001 ¢*
serum Al-Farsi et al.2013 -0.757 -1.207 -0.308 0.001 B Y Adams JB et al.2011 -0.147 -0.541 0.247 0.463 -
serum Ali et al.2011 -8.352 -9.717 -6.987  0.000 — Y Adams M et al.2007 0071 -0595 0737 0.835 -+
serum Altun et al. 2018 -3.974 -4634 -3314  0.000 » Y AlFarsi etal. 2013 -0.757 -1.207 -0.308  0.001 -
serum Bala KA et al.2016 0167 -0.441 0775 0591 y Aozt SR AT e e T 4
serum Garipardic et al.2017 0.167 -0.429 0.763  0.582 v Bala KA et al.2016 0167 -0441 0.775 0591 4
serum Guo et al. 2018 -0.352 -0.585 -0.120 0.003 Y Garipardic et al.2017 0167 -0.429 0.763 0.582 i .
serum Pasca et al.2009 0.317 -0.115 0.749 0.151 Y Guo et al. 2018 -0.352 -0.585 -0.120 0.003 -
serum Ramaekers et al.2013 0.427 0.003 0.852 0.048 Y Melnyk et al.2012 -0.371 -0.779 0.038 0.076 -
serum Tu et al.2013 -4.447 -5.386 -3.507 0.000 Y Ramaekers et al.2013 0.427 0.003 0.852 0.048
serum Yektas et al.2019 0.813 0.331 1.296  0.001 B Y Sahaetal.2019 0062 -0.356 0479 0.772 T
serum 1213 2033 -0.393  0.004 P Y Sunetal. 2016 0.777 -1.305 -0.250 0.004 -
Y Tuetal.2013 -4.447 -5386 -3.507 0.000 —-r
-8.00 -4.00 0.00 4.00 8.00 Y -1.270 -1.983 -0556 0.000 <o
Vitamin B9 decreased in ASD  Vitamin B9 increased in ASD -8.00 -4.00 0.00 4.00 8.00
Vitamin B9 decreased in ASD Vitamin B9 increased in ASD
Vitamin B9
Group by Study name Statistics for each study Hedges's g and 95% ClI
Gender matching Hedges's Lower Upper
g limit limit  p-Value
N Adams M et al.2007 0.071 -0595 0737 0.835
N Eto et al.1992 0573 -0.187 1332  0.140
N Garipardic et al.2017 0.167 -0.429 0.763 0.582
N Guo et al. 2018 -0.352 -0.585 -0.120 0.003
N Melnyk et al.2012 -0.371  -0.779 0.038 0.076
N Pasca et al.2009 0.317 -0.115 0.749 0.151
N Ramaekers et al.2013 0.427 0.003 0.852 0.048
N Yektas et al.2019 0.813 0.331 1.296 0.001 =
N 0.176 -0.163 0.515 0.309
Y Adams JB et al.2011 -0.147 -0.541 0.247 0.463
Y Al-Farsi et al.2013 -0.757 -1.207 -0.308 0.001
Y Ali etal.2011 -8.352 -9.717 -6.987 0.000 j—
Y Altun et al. 2018 -3.974 -4.634 -3.314 0.000 : 3
Y Bala KA et al.2016 0.167 -0.441 0.775 0.591
Y Saha et al.2019 0.062 -0.356 0.479 0.772
Y Sun et al. 2016 -0.777 -1.305 -0.250 0.004 =
Y Tu etal.2013 -4.447 -5.386 -3.507 0.000
Y -2.176  -3.468 -0.885 0.001 _.I—’

-8.00 -4.00 0.00 4.00 8.00

Vitamin B9 decreased in ASD Vitamin B9 increased in ASD

Forrest plot showing pooled results comparing serum vitamin B9 levels (heterogeneity: Q = 376.382, P < 0.001, 12 = 97.077, 12 studies), age matching (N heterogeneity: Q = 2.263, P = 0.323, I = 11.631, 3 studies; and Y heterogeneity: Q =
346.128, P < 0.001, I? = 96.533, 13 studies) and gender matching (N heterogeneity: Q = 31.353, P < 0.001, I?> = 77.674, 8 studies; and Y heterogeneity: Q = 299.251, P < 0.001, 12 = 97.661, 8 studies) between ASD patients and HC subjects.
The sizes of the squares are proportional to study weights.
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eFigure 2 Vitamin B12 Vitamin B12

Group by Study name Statistics for each study Hedges's g and 95% C Group by Study name Statistics for each study Hedges's g and 95% CI
E Source Hedges's Lower Upper Age matching :
9 . Ppe Hedges's Lower Upper
g limit  limit  p-Value g limit  limit p-Value
plasma Adams JB et al.2011 0.101 -0.293 0.494 0.616 Y Adams JB et al.2011 0.101 -0293 0494 0.616
plasma Melnyk et al.2012 0.015 -0.391 0.420 0.944 v Adams M et al.2007 0482 -0.194 1.158 0.162
plasma Parellada et al.2012 -0.126 -0.593 0.341  0.598 v Al-Farsi et a.2013 0757 -1.207 -0.308 0.001 B
plasma Sun et al. 2016 0.143 -0.365 0.652 0.581 v Ali etal. 2011 0.441 0880 -0001 0.049
plasma Yektas et al.2019 -0.813 -1.296 -0.331 0.001 |} v Altun et al. 2018 3538 -4.152 -2.925 0.000 »
plasma -0.127-0.453 0199 0.445 Y BalaKAetal2016  -1.324 -1.993 -0.656 0.000 . 3
serum Adams M et al.2007 0.482 -0.194 1.158 0.162
. Y Chen etal. 2016 0.138 -0.197 0.473 0.419
serum Al-Farsi et al.2013 -0.757 -1.207 -0.308 0.001 = . .
cerum All ot 12011 0441 0830 -0.001 0049 Y Garipardic etal.2017 ~ -1.382 -2.045 -0.720  0.000 =
) . : . ’ Y Guo etal. 2018 0.191 -0.040 0.423 0.106
serum Altun et al. 2018 -3.538 -4.152 -2.925 0.000 - v Main et al. 2014 0.207 -0301 0715 0.425
serum Bala KA et al.2016 -1.324 -1.993 -0.656  0.000 - v Ma'ln i at'aj 2012 0015 0391 0420 0.94a
serum Chen et al. 2016 0138 -0.197 0473 0.419 v Pe "I’I’ de 2012 0126 0893 031 0598
serum Garipardic et al.2017  -1.382 -2.045 -0.720  0.000 - arefla Iaet al 0.126--0. : :
serum Guo et al. 2018 0191 -0.040 0423 0.106 M Sunetal. 2016 0143 -0.365 0652 0581
serum Main et al. 2014 0207 -0301 0715 0.425 Y Tuetal 2013 -0564 -1.074 -0.055  0.030
serum Pasca et al.2009 0.203 -0.634 0227 0.354 Y -0.467 -0.900 -0.035  0.034
serum Tuet al.2013 -0.564 -1.074 -0.055 0.030 -8.00 -4.00 0.00 4.00 8.00
serum -0.634 -1.183 -0.086 0.023
Vitamin B12 decreased in ASD Vitamin B12 increased in ASD
-8.00 -4.00 0.00 4.00 8.00
Vitamin B12 decreased in ASD Vitamin B12 increased in ASD
Vitamin B12
Group by Study name Statistics for each study Hedges's g and 95% ClI
Gender matching .
Hedges's Lower Upper
g limit limit  p-Value
N Adams M et al.2007 0.482 -0.194 1158 0.162
N Garipardic etal.2017 ~ -1.382 -2.045 -0.720  0.000 E
N Guo et al. 2018 0191 -0.040 0423 0.106
N Main et al. 2014 0207 -0.301 0715 0425
N Melnyk et al.2012 0015 -0.391 0420 0944
N Pasca et al. 2009 -0.203 -0.634 0227 0.354
N Yektas et al.2019 -0.813 -1.296 -0.331  0.001 =
N -0.193 -0.587 0202 0.338
Y Adams JB et al.2011 0101 -0.293 0494 0616
Y A-Farsi et al.2013 -0.757 -1.207 -0.308  0.001 =
Y Ali et al.2011 -0441 -0.880 -0.001  0.049
Y Altun et al. 2018 -3538 -4.152 -2.925  0.000 -
Y Bala KA et al.2016 -1.324 -1.993 -0.656  0.000 -
Y Chen et al. 2016 0138 -0.197 0473 0419
Y Parellada et al.2012 -0.126 -0.593 0.341  0.598
Y Sun et al. 2016 0143 -0.365 0.652 0581
Y Tu etal.2013 -0.564 -1.074 -0.055  0.030
Y -0.687 -1318 -0.055  0.033
-8.00 -4.00 0.00 4.00 8.00

Vitamin B12 decreased in ASD Vitamin B12 increased in ASD

Forrest plot showing pooled results comparing vitamin B9 levels between ASD patients and HC subjects stratified by source of sampling (plasma heterogeneity: Q = 10.578, P = 0.032, I> = 62.187, 5 studies; and serum heterogeneity:
164.768, P < 0.001, 1 = 93.931, 11 studies), age matching (Y heterogeneity: Q = 172.258, P < 0.001, I> = 92.453, 14 studies) and gender matching (N heterogeneity: Q = 33.251, P < 0.001, 12 = 81.956, 7 studies; and Y heterogeneity:
132.385, P <0.001, I? = 93.957, 9 studies) between ASD patients and HC subjects. The sizes of the squares are proportional to study weights.

Q:
Q:
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eFigure 2

F

Group by Study name
Source

serum Altun et al. 2018
serum Arastoo et al.2018
serum Bala KA et al.2016
serum Bener et al.2014
serum Bicikova et al. 2019
serum Chen et al. 2016
serum Coskun et al.2016
serum Feng J et al.2016
serum Garipardic et al.2017
serum Gong et al.2013
serum Guo et al. 2018
serum Guo et al. 2019
serum Meguid et al.2010
serum Mostafa et al.2012
serum Saad et al. 2016
serum Saad et al.2017
serum

9

-2.656
-0.975
-1.573
-0.385
-0.221
-0.574

0.571
-0.220
-1.775
-0.643
-0.305
-0.232
-0.776
-0.782
-2.686
-1.318

Hedges's Lower

p-Value

0.000
0.000
0.000
0.000
0.305
0.001
0.000
0.015
0.000
0.002
0.010
0.010
0.000
0.001
0.000
0.000

Vitamin D
Statistics for each study
Upper
limit limit
-3.181 -2.130
-1.496 -0.454
-2.265 -0.881
-0.560 -0.210
-0.645 0.202
-0.915 -0.233
0.263 0.879
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heterogeneity: Q = 245.413, P < 0.001, 1> = 95.518, 12 studies) between ASD patients and HC subjects. The sizes of the squares are proportional to study weights.
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Forrest plot showing pooled results comparing plasma GSH levels (heterogeneity: Q = 90.649, P < 0.001, I?> = 87.865, 12 studies), age matching (N heterogeneity: Q = 14.173, P = 0.001, I?> = 85.889, 3 studies; and Y heterogeneity: Q =
77.621, P <0.001, I = 87.117, 11 studies) and gender matching (N heterogeneity: Q = 41.470, P < 0.001, I>=80.709, 9 studies; and Y heterogeneity: Q = 25.738, P < 0.001, I> = 84.459, 5 studies) between ASD patients and HC subjects.
The sizes of the squares are proportional to study weights.
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eFigure 3 Meta-regression for Cysteine

C Regression of Hedges's g on Age Regression of Hedges's g on Gender
4,00 4.00
3.00 o 3.00 +
200 4 200 4

1.00 1.00
. K 0.00 O

Hedges's g
°

N

Hedges's g

-1.00 H -1.00 -
1 O Q ’ OOC O
-3.00 -3.00 4
-4.00 - -4.00 o
-5.00 T T T T T T T T -5.00 T T T T T
4.20 5.23 6.27 7.30 8.33 9.37 10.40 11.43 12.47 13.50 70.00 75.00 80.00 85.00 90.00 95.00 100.00
Age Gender
Regression of Hedges's g on Publication year Regression of Hedges's g on Latitude
4.00 4.00
3.00 - 3.00
2.00 o 2.00
1.00 o 1.00
(=2} Q S
» 0.00 o O O i 0.00 3
[ )
R °
7} -1.00
@ -1.00 4
T I
¢ O O O
3.00 300 7
-4.00 —
-4.00 o
-5.00
-5.00 T T T T T
23.40 26.00 28.60 31.20 33.80 36.40 39.00 41.60 44.20 46.80
2004 2006 2008 2011 2013 2015 2017

P Latitude
Publication year

Association between age (Regression coefficient[SE]: 0.0457 [0.1188], 95%ClI: -0.1871 to 0.2785, p = 0.7005), gender (Regression coefficient[SE]: 0.0396 [0.0395], 95%CI: -0.0377 to 0.1169, p = 0.3155),
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eFigure 3 Meta-regression for Vitamin B9
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Association between age (Regression coefficient[SE]: 0.3497 [0.1331], 95%CI: 0.0889 to 0.6105, p = 0.0086), gender (Regression coefficient[SE]: -0.0361 [0.0281], 95%ClI: -0.0911 to 0.0189, p = 0.1985),
publication year (Regression coefficient[SE]: -0.0291 [0.0511], 95%Cl: -0.1292 to 0.0710, p = 0.5688), latitude (Regression coefficient[SE]: 0.0233 [0.0311], 95%Cl: -0.0376 to 0.0842, p = 0.4532) and effective
size (Hedges’sg) for vitamin B9.

28



eFigure 3 Meta-regression for Vitamin B12
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A Homocysteine D Vitamin B9

Funnel Plot of Precision by Hedges's g

eFigure 4

Funnel Plot of Precision by Std diff in means

Funnel plots for studies analyzing blood homocysteine, methionine, cysteine, vitamin B9, vitamin B12, vitamin D and GSH levels
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