
EXCLI Journal 2025;24:542-557 – ISSN 1611-2156 

Received: January 31, 2025, accepted: April 02, 2025, published: April 07, 2025 

 

 

 

542 

Review article: 

THE EFFECT OF SULFORAPHANE ON AUTISM SPECTRUM  

DISORDER: SYSTEMATIC REVIEW AND META-ANALYSIS 
 

Rui Wang2# , Zhenhui Ren2# , Yamin Li1, 2*  

 
1 Hunan Provincial People’s Hospital and The First-Affiliated Hospital of Hunan  

Normal University, Changsha, Hunan, China 
2 Xiangya School of Nursing, Central South University, Changsha, Hunan, China 

 
# These authors contributed equally to this work. 

 

* Corresponding author: Yamin Li, PhD, RN, Professor, Hunan Provincial People’s  

Hospital and The First-Affiliated Hospital of Hunan Normal University, Changsha,  

Hunan 410005, China. 61 Jiefang West Road of Furong District, Changsha 410011, China. 

Phone: +86 159-7313-3336; E-mail: amin5433@163.com 

 

 
https://dx.doi.org/10.17179/excli2025-8239 

 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License  
(https://creativecommons.org/licenses/by/4.0/). 
 
 

ABSTRACT 

Autism spectrum disorder (ASD) is a complex neurodevelopmental disorder lacking effective treatments. This 

systematic review and meta-analysis assesses the efficacy and safety of sulforaphane (SFN) for ASD. Eight data-

bases were searched from inception to September 2024, identifying six randomized controlled trials for inclusion. 

Efficacy outcomes included ASD symptoms measured by the mean difference (MD) or standardized mean differ-

ence (SMD), while safety outcomes included adverse events measured by relative risk. Risk of bias was assessed 

using the Cochrane tool, and evidence certainty was evaluated via the Grade of Recommendations Assessment 

Development and Evaluation (GRADE). Results showed that SFN significantly improved total symptoms (SMD 

= -0.27, 95 % confidence interval (CI), -0.42, -0.12), aberrant behavior (SMD = -0.43, 95 % CI, -0.66, -0.19), 

hyperactivity (SMD = -0.58, 95 % CI, -1.03, -0.13), social interaction (SMD = -0.43, 95 % CI, -0.59, -0.27), social 

communication (SMD = -0.24, 95 % CI, -0.35, - 0.12), and restricted and repetitive behaviors (RRB) (SMD =  

-0.16, 95 % CI, -0.31, -0.00). Effects on irritability, anxiety, sensory sensitivity, total social skills, social aware-

ness, social cognition, and social motivation were not statistically significant. Adverse events were similar between 

intervention and control groups. In conclusion, SFN shows potential in improving ASD symptoms without signif-

icant adverse effects. However, results should be interpreted cautiously due to potential influences from assessment 

tools, outcome assessors, and treatment duration. Further research is needed to confirm the long-term efficacy and 

safety of SFN for ASD. 
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INTRODUCTION 

Autism spectrum disorder (ASD) is a 

common neurodevelopmental disorder char-

acterized by difficulties in social interaction 

and communication alongside restricted inter-

ests and repetitive behaviors (Battle, 2013). 

The prevalence of ASD is increasing signifi-

cantly. According to the latest data from the 

Centers for Disease Control and Prevention 

(CDC), 1 in 36 children aged 8 years are now 

diagnosed with ASD. Since 2000, the preva-

lence of ASD has increased by 317 % 
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(Maenner et al., 2023). ASD is typically rec-

ognized at age 3, and its symptoms can persist 

into adulthood, imposing a serious burden on 

individuals, their families, and society. Com-

pared with those without ASD, individuals 

with ASD face a markedly higher rate of 

premature mortality (OR = 2.56; 95 % CI 

2.38-2.76) (Hirvikoski et al., 2016), with an 

average life expectancy of only 36 years 

(Guan and Li, 2017). Parenting stress affects 

70 % of parents of children with ASD, lead-

ing to significant psychiatric distress (Shep-

herd et al., 2021) and financial burdens re-

lated to work-related exhaustion, as well as 

the costs associated with education and train-

ing for ASD (Rogge and Janssen, 2019). Life-

time social cost analysis for the United States 

is projected to reach $ 15 trillion by 2029 

(Cakir et al., 2020). Consequently, ASD has 

emerged as a significant global public health 

issue. However, the pathogenesis of ASD re-

mains unclear, and effective treatments are 

still unavailable (McCracken et al., 2021). 

Therefore, it is essential to explore safe and 

effective treatments to improve ASD. 

Several potential pathogenic mechanisms 

of ASD provide the possibility of discovering 

new therapeutic strategies (Liu et al., 2016). 

First, abnormal synaptic junctions induced by 

mTOR signaling and improper synaptic prun-

ing are associated with ASD (Ebert and 

Greenberg, 2013; Paolicelli et al., 2011). Sec-

ond, neuroinflammation is observed in ASD 

and is characterized by the overexpression of 

inflammatory immune-related genes, in-

creased levels of proinflammatory cytokines, 

and alterations in inflammatory markers 

(Hughes et al., 2023; Gorji, 2022). Third, ox-

idative stress, such as a low GSH/GSSG re-

dox ratio and disruption of the balance of 

ROS/RNS, has been identified in individuals 

with ASD (Rossignol and Frye, 2014). 

Fourth, epidemiological studies indicate that 

approximately 80 % of children with ASD ex-

hibit reduced electron transport chain activity. 

Fifth, heat shock plays a key role in the devel-

opment of ASD (Goh et al., 2014). Studies 

have demonstrated that fever can temporarily 

alleviate behavioral abnormalities in individ-

uals with ASD. Fever triggers the heat shock 

response (HSR), leading to the upregulation 

of heat shock proteins (HSPs). This response 

enhances suppressed long-range cortical syn-

aptic activity and improves neural signaling 

among individuals with ASD (Grzadzinski et 

al., 2018). 

Sulforaphane (SFN) is an isothiocyanate 

derived from cruciferous plants, such as broc-

coli (Ruhee and Suzuki, 2020). It can cross 

the blood‒brain barrier and directly affect the 

central nervous system, offering potential 

therapeutic benefits against the aforemen-

tioned pathological mechanisms. Studies 

have shown that SFN can reverse iron-in-

duced synaptic alterations (Lavich et al., 

2015), inhibit mTOR-dependent neuronal 

apoptosis (Zhou et al., 2016), and exert anti-

neuroinflammatory effects on microglia by 

inhibiting the JNK/AP-1/NF-κB pathways 

and activating Nrf2/HO-1 (Subedi et al., 

2019). It also induces antioxidant enzymes by 

modulating the Keap1/Nrf2/ARE pathway 

(Hu et al., 2011; Magesh et al., 2012) and ac-

tivates the heat shock response through the 

upregulation of Hsp27 (Gan et al., 2010). 

Therefore, SFN represents a promising thera-

peutic agent for ASD. However, the conclu-

sions regarding the efficacy of SFN against 

ASD in clinical trials have been inconsistent. 

Although a network meta-analysis explored 

the effects of SFN on ASD, only three studies 

were included, and little is known about the 

factors that moderate the effects of SFN on 

ASD (Siafis et al., 2022). Thus, a comprehen-

sive investigation of the effect of SFN on 

ASD is still needed. 

This study aims to explore the efficacy 

and safety of SFN for treating ASD, and the 

quality of evidence on the efficacy of SFN 

against ASD. Also, we aim to perform the 

subgroup analysis to analyze moderators of 

the efficacy of SFN against ASD, including 

the country of study performed, the age of 

participants, measurement tool, assessor of 

outcome indicators, and the duration of the 

SFN intervention, thus to identify the charac-

teristics of effective SFN interventions and 
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provide a reference for clinical practice and 

future research. 

 

METHODS 

Study protocol and pre-registration 

The study followed the Preferred Report-

ing Items for Systematic Reviews and Meta-

Analyses (PRISMA) statement (Haddaway et 

al., 2022) and the Cochrane Handbook’s Pre-

ferred Reporting Items for Meta-Analyses 

(Cumpston et al., 2019). The protocol was 

registered with PROSPERO 

(CRD42024489376). Two researchers com-

pleted the processes independently and then 

reviewed the results together. Any disagree-

ments were resolved through discussion with 

a third party or by mutual agreement. 

 

Search strategy and selection criteria 

A comprehensive search was performed 

across 6 English databases (PubMed, Em-

base, CINAHL, ProQuest Dissertations & 

Theses Global, Web of Science, and 

Cochrane Library) and 2 Chinese databases 

(China National Knowledge Infrastructure 

and Wanfang) from inception to September 

2024. The search terms were a combination of 

Medical Subject Heading terms and key-

words, and the constructs were as follows: 

“autis*” AND Sulforaphane. The complete 

search strategy is shown in Supplementary 

Table 1 in the “Supplementary information”. 

In addition, the same search strategy was used 

to search for clinicaltrials.gov 

(https://www.clinicaltrials.gov/) and WHO-

ICTRP (https://trialsearch.who.int/). We also 

screened the references of the included stud-

ies to avoid omissions. Studies were included 

if they met the PICOS criteria as follows: P 

(Participants): Participants were ASD pa-

tients diagnosed with at least one of the fol-

lowing tools: ① Diagnostic and Statistical 

Manual of Mental Disorders (4th or 5th edi-

tion) (Mandy et al., 2012); ② Autism Diag-

nostic Interview or Autism Diagnostic Inter-

view-Revised (De Bildt et al., 2004); ③ Au-

tism Diagnostic Observation Schedule 

(ADOS) (Gotham et al., 2007); and ④ Child-

hood Autism Rating Scale (CARS) (Chle-

bowski et al., 2010). I (Intervention): SFN. C 

(Comparison): Control conditions including 

placebo or a treatment plan that does not in-

clude SFN. O (Outcomes): ① Efficacy: The 

symptoms of ASD should be assessed with 

validated instruments and reported as contin-

uous variables, including means and standard 

deviations (SDs) or other formats that can be 

converted to means and SDs. ② Safety: The 

incidence of adverse events (including insom-

nia, irritability, and headache). S (Study de-

sign): Randomized controlled trials (RCTs). 

Studies were excluded if they (1) were non-

Chinese or non-English articles; (2) did not 

explore the independent role of SFN in im-

proving the efficacy of ASD; or (3) were du-

plicate publications. 

 

Study selection and data extraction 

All retrieved articles were imported into 

Endnote (version 20.0) to remove duplicates. 

Titles and abstracts were reviewed for initial 

screening, followed by a full-text review to 

identify the final included literature. 

The following characteristics of the in-

cluded studies were extracted via a prede-

signed worksheet: first author, year of publi-

cation, demographics of the participants 

(country, age, percentage of males, ethnicity, 

diagnostic criteria for autism, mental retarda-

tion, and gastrointestinal symptomatology), 

details of the intervention group (source, 

form, dose, frequency, and duration of SFN), 

details of the control group (form, dose, fre-

quency and duration of placebo), assessment 

tools and assessors of the outcomes. 

We only included data measured immedi-

ately after the intervention. Missing study in-

formation and data were obtained by contact-

ing the corresponding author. 

 

Risk of bias and GRADE assessment 

The Cochrane Risk of Bias tool 2 (ROB 

2) (Sterne et al., 2019), which contains five 

domains, including the randomization pro-

cess, deviations from intended interventions, 

missing outcome data, measurement of the 

outcome, selection of the reported result, and, 

https://www.clinicaltrials.gov/
https://trialsearch.who.int/
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finally, overall bias, was used to assess the 

quality of the included studies. There are mul-

tiple different signaling questions under each 

domain, and each signaling question gener-

ally has 5 choices: Yes (Y), Probably Yes 

(PY), Probably No (PN), No (N), and No In-

formation (NI). The risk of bias for each do-

main was categorized into three levels: “low 

risk of bias”, “some concerns”, and “high risk 

of bias” (Liu et al., 2021). 

The Grade of Recommendations Assess-

ment Development and Evaluation (GRADE) 

system was used to evaluate the quality of ev-

idence (Brozek et al., 2009a, b, 2011). The 

quality of evidence can be categorized as 

“high”, “medium”, “low” or “very low”. 

Given that all of the individual studies we an-

alyzed were randomized controlled trials, the 

initial assessment was designated “high” and 

then downgraded to “moderate” (step 1) on 

the basis of various factors that reduce the 

quality of the evidence (e.g., high risk of 

bias), “low” (step 2) or “very low” (step 3). 

However, reductions in quality may be offset 

by other factors that may increase quality, 

such as large effect sizes and dose-effect re-

sponse gradients. 

 

Statistical analysis 

Review Manager 5.4 and Stata 14.0 soft-

ware were used for data analysis. Changes in 

the means and SDs of ASD-related symptoms 

(referred to as changes in scores in subsequent 

articles) were calculated with the formulas 

recommended in the Cochran manual. For 

continuous variables, the standardized mean 

difference (SMD) and its corresponding 95 % 

confidence interval (CI) were chosen if the 

same outcome was measured with different 

assessment tools; otherwise, the weighted 

mean difference (WMD) and its 95 % CI were 

used (Nasser, 2020). The effect size was cat-

egorized into 3 levels: an effect size < 0.2 was 

considered a small effect, an effect size = 0.2-

-0.5 was considered moderate, and an effect 

size > 0.5 was considered large. For dichoto-

mous variables, the relative risk (RR) and 

95 % CI were used as effect indicators. Het-

erogeneity was tested via the Cochran Q chi-

square test and I2 statistic. The fixed-effects 

model (P ≥ 0.1 and I2 < 50 %) or a random-

effects model (P < 0.1 or I2 ≥ 50 %) was cho-

sen based on the P and I2 values (Nasser, 

2020). Subgroup analyses were performed to 

analyze the moderating effects of drug effi-

cacy. The combined estimates of the different 

subgroups were compared by examining 

whether the 95 % CIs of the subgroups over-

lapped. If the 95 % CIs overlapped, the differ-

ences between subgroups were considered 

statistically insignificant; otherwise, they 

were considered statistically significant (Nas-

ser, 2020). 

 

Sensitivity analysis 

Sensitivity analysis was used to assess the 

robustness of the meta-analysis results. If ef-

fect sizes remained relatively stable after ex-

cluding a particular study, the results were 

considered robust. Conversely, if the results 

change significantly or if diametrically oppo-

site conclusions emerge, the findings may be 

less stable and should be interpreted with cau-

tion. 

 

Publication bias 

Publication bias occurred when statisti-

cally significant results were more likely to be 

published, leading to an unrepresentative 

view of the overall research in the field. To 

assess whether publication bias affected the 

reliability of the results, if there were more 

than ten studies, we conducted publication 

bias assessment via a funnel plot and Egger’s 

test (Sterne et al., 2011). If the funnel plot dis-

played a symmetrical inverted funnel shape or 

if Egger’s regression results were not signifi-

cant, publication bias had a minimal effect on 

the meta-analysis results (Egger et al., 1997; 

Light and Pillemer, 1984; Rosenthal, 1979). 

 

RESULTS 

Study selection 

A total of 574 articles were retrieved from 

8 databases, and the other one (Study Regis-

tration Date: 2016-09-21; Clinical trial num-

ber: NCT02909959) was from clinicaltri-

als.gov (https://www.clinicaltrials.gov/) 

https://www.clinicaltrials.gov/
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(Politte, 2020). After 164 duplicates were re-

moved and 411 titles and abstracts were 

screened, 11 full texts were assessed for eligi-

bility. Finally, 6 studies were included in the 

meta-analysis. The process of literature scree-

ning and the results are shown in Figure 1. 

 

Study characteristics 

The specific characteristics of the in-

cluded studies were listed in Table 1. The six 

included studies were published from 2014-

2023; three studies were from the United 

States (Singh et al., 2014; Zimmerman et al., 

2021; Politte, 2020), one was from the Czech 

Republic (Magner et al., 2023), one was from 

Iran (Momtazmanesh et al., 2020), and one 

was from China (Ou et al., 2024). The major-

ity of participants were male (63.3 %-100 %) 

and aged 3 to 30 years, with four studies in-

volving minors (Momtazmanesh et al., 2020; 

Magner et al., 2023; Zimmerman et al., 2021; 

Ou et al., 2024) and two involving adults 

(Singh et al., 2014; Politte, 2020). The fre-

quency of intervention for each study was 

once daily. The intervention duration varied 

across studies (from 10 to 36 weeks). Except 

for one study with an intervention dose of  

 

 

Figure 1: Flowchart for study selection 
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50 μmol (Magner et al., 2023), the other stud-

ies were according to the participants’ body 

weight. The intervention dose, period, and 

frequency of the control group were the same 

as those of the corresponding intervention 

groups. Zimmerman et al. (2021) changed the 

assessment of the OACIS-I scale in the fol-

lowing way: for the OACIS-I, the general 

score and subscale values were recoded as 

follows: a score of 4 (indicating no change) 

was changed to 0; scores from 3 to 1 were 

changed to +1 to +3 to indicate improvement; 

and scores from 5 to 7 were changed to -1 to 

-3 to indicate worsening. 

 

Risk of bias and GRADE assessment 

All six studies (Momtazmanesh et al., 

2020; Singh et al., 2014; Magner et al., 2023; 

Zimmerman et al., 2021; Ou et al., 2024; 

Politte, 2020) (100 %) were categorized as 

low risk (Figure 2). The details of the assess-

ment of the risk of bias are shown in Supple-

mentary Table 2. We used the GRADE 

method to assess the quality of the study out-

comes (Table 2), in which the quality of 3 out-

come indicators was assessed as high, 10 as 

moderate, 2 as low, and 1 as very low. The 

detailed results are presented in Supplemen-

tary Table 3. 

 

Publication bias 

Owing to the small number of studies  

(< 10) that were ultimately included, no test 

for publication bias was performed. 

 
A. Risk-of-bias assessment 

B. Percentage of studies within each risk-of-bias category 

Figure 2: Risk-of-bias summary of the included studies 
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Table 1: Characteristics of the included studies 

First 

author, 

year 

Study 

de-

sign 

Participants Intervention Control Meas-

ure-

ment 

(eval-

uator) 

Coun-

try 

Age 

range  

(mean 

± SD) 

 % Male Race Diag-

nostic 

crite-

ria 

and 

col-

labo-

rative 

tools 

Inclu-

sion 

and 

propor-

tion of 

intellec-

tual 

disabil-

ity 

Inclu-

sion 

and 

pro-

por-

tion 

of GI 

symp-

toms 

Dose Dura-

tion 

Fre-

quency 

SFN 

sources 

Form Form Dose Dura-

tion 

Fre-

quency 

Politte, 

2020 

RCT United 

States 

17.2 ± 

4.0 

100 % 4.2 % 

Asian, 

6.3 % 

Black or 

African 

American, 

83.3 % 

White, 

6.3 % 

More than 

one race 

DSM-5 

and 

ADOS-

2 

NR NR Weight-

based: 

46.5 µmol SF 

if < 100 lb; 

77.5 µmol SF 

if 100-125 lb; 

93 µmol SF if 

126-175 lb; 

108.5 µmol 

SF if 176-199 

lb; 

124 µmol SF 

if ≥ 200 lb; 

12 

weeks 

Once 

daily 

Broccoli 

seed extract 

(glu-

coraphanin) 

and broccoli 

sprout ex-

tract (active 

myrosinase 

enzyme) 

Tab-

let 

Identi-

cal in 

shape, 

size, 

and 

color 

to the 

inter-

ven-

tion 

tablets 

Same 

as 

the 

inter-

ven-

tion 

Same 

as 

the 

inter-

ven-

tion 

Same 

as the 

inter-

vention 

SRS-2 

(care-

giver); 

ABC 

(care-

giver);  

CGI 

(clini-

cian); 

RBS-R 

(care-

giver) 

Magner, 

2023 

RCT Czech 

Re-

public 

IG: 4.6 

± 1.0 

CG: 

4.4 ± 

1.5 

86 % NR DSM-5 NR NR 50 μmol 36 

weeks 

Once 

daily 

Broccoli 

sprout 

(Brocco-

Phane®)/red 

radish 

sprout (pro-

duced in lo-

cal laborato-

ries) 

Pow-

der 

Spin-

ach 

puree 

pow-

der 

Same 

as 

the 

inter-

ven-

tion 

Same 

as 

the 

inter-

ven-

tion 

Same 

as the 

inter-

vention 

SRS 

(care-

giver);  

ADOS-

2 (cli-

ni-

cian); 

ABC 

(care-

giver) 
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First 

author, 

year 

Study 

de-

sign 

Participants Intervention Control Meas-

ure-

ment 

(eval-

uator) 

Coun-

try 

Age 

range  

(mea

n ± 

SD) 

 % Male Race Diag-

nostic 

crite-

ria 

and 

collab-

ora-

tive 

tools 

Inclu-

sion 

and 

propor-

tion of 

intellec-

tual dis-

ability 

Inclu-

sion 

and 

pro-

por-

tion 

of GI 

symp-

toms 

Dose Duration Fre-

quency 

SFN 

sources 

Form Form Dose Dura-

tion 

Fre-

quency 

Mom-

taz-

manes

h, 2020 

RCT Iran IG: 

6.87 ± 

2.06 

CG: 

7.67 ± 

2.35 

IG: 63.3 % 

CG: 70.0 % 

NR DSM-

5, ADI-

R and 

moder-

ate se-

verity 

on the 

ABC-C 

For ex-

clusion

：intel-

lectual 

disability 

(IQ < 70) 

NR 50 μmol and 

100 μmol SF 

per day for 

patients 

weighing < 

45 kg and 45-

90 kg, re-

spectively 

10 

weeks 

Once 

daily 

NR Cap-

sule 

Identi-

cal in 

shape, 

size, 

and 

color 

to the 

inter-

ven-

tion 

tablets 

Same 

as the 

inter-

ven-

tion 

Same 

as 

the 

inter-

ven-

tion 

Same 

as the 

inter-

vention 

ABC 

(care-

giver) 

Singh, 

2014 

RCT United 

States 

IG: 

17.9 ± 

3.9 

CG: 

16.6 ± 

3.5 

100 % 88.6 % 

White, 

4.5 % 

Black, 

2.3 % 

Hispanic, 

4.5 % 

Asian 

DSM-4 

and 

moder-

ately to 

se-

verely 

autistic 

on the 

CGI-S 

NR NR Weight-

based:  

50 µmol for < 

100 lb; 

100 µmol for 

101-199 lb; 

 150 µmol for 

> 200 lb 

18 

weeks 

Once 

daily 

Broccoli 

seed extract 

(glu-

coraphanin) 

and daikon 

sprouts (ac-

tive myrosi-

nase en-

zyme) 

Cap-

sule 

Identi-

cal in 

ap-

pear-

ance 

to the 

inter-

ven-

tion 

tablets 

Same 

as the 

inter-

ven-

tion 

Same 

as 

the 

inter-

ven-

tion 

Same 

as the 

inter-

vention 

ABC 

(care-

giver); 

SRS 

(care-

giver); 

OACI

S (cli-

nician) 
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First 

author, 

year 

Study 

de-

sign 

Participants Intervention Control Meas-

ure-

ment 

(eval-

uator) 

Coun-

try 

Age 

range  

(mean 

± SD) 

 % Male Race Diag-

nostic 

crite-

ria 

and 

collab-

ora-

tive 

tools 

Inclu-

sion 

and 

propor-

tion of 

intel-

lectual 

disabil-

ity 

Inclu-

sion 

and 

pro-

por-

tion 

of GI 

symp-

toms 

Dose Duration Fre-

quency 

SFN 

sources 

Form Form Dose Dura-

tion 

Fre-

quency 

Zim-

merma, 

2021 

RCT United 

States 

IG：

7.4 ± 

3.0 

CG：

7.0 ± 

2.5 

90.0 %~90.9 % IG:77.3 % 

White, 

22.7 % 

Others; 

CG:65.2 % 

White, 

34.8 % 

Others. 

Moder-

ate to  

severe 

ASD 

on the 

ADOS-

2. 

Baseline 

overall 

Vineland 

score：

57.5-

57.6; 

Baseline 

Leiter 

compo-

site IQ 

Score：

70.4-

70.8 

NR Weight-

based:  

30-50 lbs, 

45 µmol/day; 

50-70 lbs, 

60 µmol/day;  

70-90 lbs, 

90 µmol/day;  

90-110 lbs, 

105 µmol/day;  

110-130 lb, 

120 µmol/day. 

15 weeks Once 

daily 

Broccoli 

seed ex-

tract (glu-

coraphanin) 

and broc-

coli sprout 

extract (ac-

tive myrosi-

nase en-

zyme) 

Tab-

let 

Identi-

cal in 

size 

and 

similar 

in ap-

pear-

ance 

to the  

inter-

ven-

tion 

tablets 

Same 

as 

the 

inter-

ven-

tion 

Same 

as 

the 

inter-

ven-

tion 

Same 

as the 

inter-

ven-

tion 

OACIS 

(clini-

cian); 

SRS 

(care-

giver); 

ABC 

(care-

giver) 

Ou, 

2022 

RCT China IG:9.0 

± 3.6  

CG:9.1 

± 3.8 

94 % Asian DSM-

5, ADI-

R and 

ADOS 

No Re-

strictions 

NR Weight-

based:  

24 μmol/day 

for 10-29 lb;  

36 μmol/day 

for 30-49 lb;  

48μmol/day 

for 50-69 lb; 

72μmol/day 

for 70-89 lb; 

84μmol/day 

for 90-109 lb;  

96μmol/day 

for 110-130 lb 

12 weeks Once 

daily 

Broccoli 

seed ex-

tract (glu-

coraphanin) 

and broc-

coli sprout 

extract (ac-

tive myrosi-

nase en-

zyme) 

Tab-

let 

Identi-

cal in 

shape, 

size, 

and 

color 

to the 

inter-

ven-

tion 

tablets 

Same 

as 

the 

inter-

ven-

tion 

Same 

as 

the 

inter-

ven-

tion 

Same 

as the 

inter-

ven-

tion 

OARS-

4 (cli-

ni-

cian); 

SRS 

(care-

giver); 

RBS-R 

(care-

giver); 

ABC 

(care-

giver); 

CGI 

(clini-

cian) 

Abbreviations: ADOS-2, The Autism Diagnostic Observation Schedule-2nd Edition; ADI-R, Autism Diagnostic Interview-Revised; ABC-C, Aberrant Behavior Checklist-Community Edition; IG, Interven-
tion Group; CGI-S, Clinical Global Impression of Severity; ADOS, The Autism Diagnostic Observation Schedule; SF, Sulforaphane; GI, Gastrointestinal; SRS-2, Social Responsiveness Scale-2; ABC, 
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Aberrant Behavior Checklist; RBS-R, Repetitive Behavior Scale-Revised; CGI-I, Clinical Global Impression of Improvement; OACIS, Ohio Autism Clinical Impression Scale; OARS-4, OSU Autism 
Rating Scale-DSM-IV; NR, Not Reported 

 

Table 2: Meta-analysis summary of the included outcomes 

Outcomes No. of studies No. of participants SMD/MD (95 % CI) I2, % Certainty of the 

evidence (GRADE) 

Total Symptoms 5 1508 -0.27 (-0.42 to -0.12) 49.00 ⨁⨁⨁◯ Moderate 

Aberrant Behavior 2 308 -0.43 (-0.66 to -0.19 19.00 ⨁⨁⨁⨁ High 

Hyperactivity 4 586 0.58 (-1.03 to -0.13) 85.00 ⨁⨁◯◯ Low 

Social Interaction 4 646 -0.43 (-0.59 to -0.27) 13.00 ⨁⨁⨁⨁ High 

Social Communication 5 1206 -0.24 (-0.35 to -0.12) 22.00 ⨁⨁⨁⨁ High 

Restricted Interests and  

Repetitive Behavior 

6 1801 -0.16 (-0.31 to -0.00) 60.00 ⨁⨁⨁◯ Modrate 

Irritability 3 318 -1.17 (-2.65 to 0.31) 95.00 ⨁◯◯◯ Very low 

Anxiety 2 268 -0.35 (-0.77 to 0.07) 63.00 ⨁⨁⨁◯ Moderate 

Sensory Sensitivity 2 308 -0.12 (-0.35 to 0.12) 0.00 ⨁⨁⨁◯ Moderate 

Total Social Skills 5 914  -0.03 (-0.16 to 0.10) 2.00 ⨁⨁⨁◯ Moderate 

Social Awareness 2 198 -0.46 (-1.62 to 0.70) 0.00 ⨁⨁⨁◯ Moderate 

Social Cognition 2 198 0.80 (-1.31 to 2.91) 0.00 ⨁⨁⨁◯ Moderate 

Social Motivation 3 516 -0.02 (-0.31 to 0.27) 63.00 ⨁⨁◯◯ Low 

Abbreviations: SMD: Standardized Mean Difference; MD: Mean Difference; CI: Confidence Interval; GRADE: the Grade of Recommendations Assessment Development and Evaluation 
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META-ANALYSIS RESULTS 

Efficacy 

Table 2 illustrated the meta-analysis sum-

mary for all the outcomes. SFN had a signifi-

cant positive effect on total symptoms (5 stud-

ies (Politte, 2020; Singh et al., 2014; Zimmer-

man et al., 2021; Magner et al., 2023; Ou et 

al., 2024), containing 27 data and 1508 partic-

ipants; SMD = -0.27, 95 % CI, -0.42, -0.12; P 

= 0.002, I2 = 49 %), aberrant behavior (2 stud-

ies (Singh et al., 2014; Zimmerman et al., 

2021), containing 8 data and 308 participants; 

SMD = -0.43, 95 % CI, -0.66, -0.19; P = 0.28, 

I2 = 19 %), hyperactivity (4 studies (Politte, 

2020; Singh et al., 2014; Zimmerman et al., 

2021; Momtazmanesh et al., 2020) with 14 

data and 586 participants; SMD = -0.58, 95 % 

CI, -1.03, -0.13; P < 0.001, I2 = 85 %), social 

interaction (4 studies (Singh et al., 2014; Zim-

merman et al., 2021; Magner et al., 2023; Ou 

et al., 2024), containing 13 data and 646 par-

ticipants; SMD = -0.43, 95 % CI, -0.59, -0.27; 

P = 0.31, I2 = 13 %), social communication (5 

studies (Politte, 2020; Singh et al., 2014; Zim-

merman et al., 2021; Magner et al., 2023; Ou 

et al., 2024), containing 28 data and 1206 par-

ticipants; SMD = -0.24, 95 % CI, -0.35,  

- 0.12; P = 0.15, I2 = 22 %), restricted and re-

petitive behaviors (RRB) (6 studies (Momta-

zmanesh et al., 2020; Singh et al., 2014; Mag-

ner et al., 2023; Zimmerman et al., 2021; Ou 

et al., 2024; Politte, 2020), containing 37 data 

and 1801 participants; SMD = -0.16, 95 % CI, 

-0.31, -0.00; P < 0.001, I2 = 60 %). The effect 

sizes of hyperactivity were large; those of to-

tal symptoms, aberrant behavior, social inter-

action and social communication were me-

dium; and those of RRB were small. 

SFN had nonsignificant effect on the irri-

tability (3 studies (Politte, 2020; Zimmerman 

et al., 2021; Momtazmanesh et al., 2020), 

containing 7 data and 318 participants; SMD 

= -1.17, 95 % CI, -2.65, 0.31; P < 0.001, I2 = 

95 %), anxiety (2 studies (Singh et al., 2014; 

Zimmerman et al., 2021), containing 7 data 

and 268 participants; SMD = -0.35, 95 % CI, 

-0.77, 0.07; P = 0.01, I2 = 63 %); sensory sen-

sitivity (2 studies (Singh et al., 2014; Zimmer-

man et al., 2021), containing 8 data and 308 

participants; SMD = -0.12, 95 % CI, -0.35, 

0.12; P = 0.93, I2 = 0 %), total social skills (5 

studies (Singh et al., 2014; Magner et al., 

2023; Zimmerman et al., 2021; Ou et al., 

2024; Politte, 2020), containing 16 data and 

914 participants; SMD = -0.03, 95 % CI,  

-0.16, 0.10; P = 0.43, I2 = 2 %), social aware-

ness (2 studies (Politte, 2020; Zimmerman et 

al., 2021), containing 5 data and 198 partici-

pants; MD = -0.46, 95 % CI, -1.62, 0.70; P = 

0.92, I2 = 0 %), social cognition (2 studies 

(Politte, 2020; Zimmerman et al., 2021), con-

taining 5 data and 198 participants; MD = 

0.80, 95 % CI, -1.31, 2.91; P = 0.44, I2 = 0 %), 

social motivation (3 studies (Politte, 2020; 

Zimmerman et al., 2021; Momtazmanesh et 

al., 2020), containing 12 data and 516 partici-

pants; SMD = -0.02, 95 % CI, -0.31, 0.27; P 

= 0.002, I2 = 63 %). The forest plots for each 

study metric are shown in Supplementary Fig-

ure 1. 

 

Adverse effects 

Three studies reported the adverse effects 

of SFN interventions on ASD, including in-

somnia (3 studies (Politte, 2020; Singh et al., 

2014; Zimmerman et al., 2021), containing 3 

data and 143 participants; RR = 0.80, 95 % 

CI, 0.27, 2.33, P = 0.68; P = 0.17, I2 = 43 %), 

irritability (3 studies (Politte, 2020; Singh et 

al., 2014; Zimmerman et al., 2021), contain-

ing 3 data and 143 participants; RR = 1.46, 

95 % CI, 0.49, 4.34, P = 0.50; P = 0.43, I2 = 

0 %, and headache (3 studies (Politte, 2020; 

Singh et al., 2014; Momtazmanesh et al., 

2020), containing 3 data and 148 participants; 

RR = 1.34, 95 % CI, 0.45, 3.95, P = 0.60; P = 

0.96, I2 = 0 %). There were no statistically sig-

nificant differences in the incidence of the 

three adverse events between the intervention 

group and the control group (Details shown in 

Supplementary Figure 2). 

 

Sensitivity and subgroup analysis 

The leave-one-out sensitivity analyses did 

not significantly change the results, suggest-

ing the robustness of the outcomes (Supple-

mentary Figure 3). 
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Subgroup analyses were conducted ac-

cording to the age of the participants, meas-

urement tool, assessor of outcome indicators, 

and duration of intervention in the efficiency 

of SNF against ASD. 

Among them, the measurement tool, the 

assessor of the outcome indicator, and the du-

ration of intervention significantly affected 

the efficiency of SFN against ASD, with the 

following results: (1) Measurement tool. SFN 

significantly improved social communication 

in the OACIS-I subgroup (MD, -0.32; 95 % 

CI, -0.44, -0.20) but not in the SRS subgroup 

(MD, 2.03; 95 % CI, -0.67, 4.73). SFN signif-

icantly improved total symptoms in the 

OACIS-I subgroup (MD, -0.18; 95 % CI. -

0.35, -0.01) but not in the ABC (MD, -8.20; 

95 % CI, -17.32, 0.93) and OACIS-S (MD,  
-0.06; 95 % CI, -0.23, 0.10) subgroups; SFN 

significantly improved RRB in the ABC sub-

group (MD, -0.53; 95 % CI, -0.93, - 0.14) but 

not in the RBS-R (MD, 2.80; 95 % CI, -0.19, 

5.78), SRS (MD, -0.34; 95 % CI, -3.05, 2.38), 

or OACIS-I (MD, -0.10; 95 % CI, -0.22, 0.03) 

subgroups. (2) Assessors of outcome indica-

tors. The results indicated that SFN signifi-

cantly improved social communication in the 

professional subgroup (SMD, -0.33; 95 % CI, 

-0.46, -0.20) but not in the caregiver subgroup 

(SMD, 0.10; 95 % CI, -0.15, 0.34). (3) Dura-

tion of the intervention. The results indicated 

that SFN significantly improved aberrant be-

havior in the ≥ 10-week subgroup (SMD,  

-0.50; 95 % CI, -0.80, -0.20) but not in the < 

10-week subgroup (SMD, -0.31; 95 % CI,  

-0.70, 0.07), and SFN significantly improved 

hyperactivity in the ≥ 10-week subgroup 

(SMD, -0.73; 95 % CI, -1.42, -0.03) but not in 

the < 10-week subgroup (SMD, -0.41; 95 % 

CI, -1.00, 0.19). 

The remaining subgroup analyses did not 

reveal statistically significant differences 

across subgroups. The results of the subgroup 

analyses are shown in Supplementary Figure 

4. 

 

DISCUSSION 

To the best of our knowledge, this study is 

the first meta-analysis to systematically ex-

plore the efficiency and safety of SFN for 

treating ASD. The results demonstrated that 

SFN safely improves the core symptoms of 

ASD, including total symptoms, RRB, social 

interactions, social communication, hyperac-

tivity, and aberrant behavior, but it did not in-

crease the irritability, anxiety, sensory sensi-

tivity, total social skills, social awareness, so-

cial cognition, or social motivation of ASD 

patients. Moreover, the conclusions were well 

founded because of the high-quality evidence. 

These findings provide a new choice for 

healthcare personnel to treat ASD.  

SFN has the potential to treat ASD mainly 

because it can improve abnormal synaptic 

function (Lavich et al., 2015), inhibit neu-

ronal apoptosis (Zhou et al., 2016), reduce 

neuroinflammation (Subedi et al., 2019) and 

oxidative stress (Hu et al., 2011; Magesh et 

al., 2012), and activate the heat shock re-

sponse (Gan et al., 2010); however, these po-

tential mechanisms need to be revealed by 

further RCTs. Among the six RCTs included 

in our study, only Zimmerman et al. (2021) 

with their small sample size and cross-sec-

tional design, explored biomarkers (including 

glutathione redox status, mitochondrial respi-

ration, inflammatory markers and heat 

shock), which limits our understanding of the 

mechanisms by which SFN affects ASD. Fu-

ture research should employ robust and scien-

tific experimental designs and analytical strat-

egies to identify biodiagnostic markers with 

high specificity, sensitivity, and reliability of 

SFN against ASD. Additionally, none of the 

included studies measured the participants’ 

gut flora. Importantly, the composition of gut 

microorganisms can influence the bioavaila-

bility of broccoli sprouts, which in turn affects 

the efficacy of SFN against ASD (Bouranis et 

al., 2021). Therefore, future research should 

consider the impact of participants’ gut flora 

profiles on the efficacy of SFN against ASD. 

Notably, we found that the SFN has dif-

ferent effects on different types of social be-
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haviors. The SFN can improve social commu-

nication and social interaction, which are the 

final steps in social behavior involving choos-

ing actions or responses that maximize re-

wards or minimize disadvantages, while it 

does not improve social awareness, social 

cognition, or social motivation—the early 

stage of social behavior that involves recog-

nizing, perceiving, and valuing social infor-

mation. Further research is needed to explore 

the reasons for this difference. Meanwhile, 

when evaluating the efficacy of SFN against 

ASD, it is important not to treat all ASD 

symptoms as a monolithic group. 

Additionally, the incidence of adverse ef-

fects of SFN against ASD did not signifi-

cantly differ between the intervention and 

control groups, suggesting that SFN is safe. 

These findings are consistent with the previ-

ous systematic review, which indicates that 

SFN is a safe and effective therapeutic option 

for ASD (McGuinness and Kim, 2020). Cur-

rently, aripiprazole and risperidone are the 

two FDA-approved medications for ASD; 

however, they may cause serious side effects, 

such as obesity, diabetes, and movement dis-

orders (Lynch et al., 2017; Fung et al., 2016). 

Therefore, the findings of our study provide a 

new option for treating ASD. 

Subgroup analyses revealed that the as-

sessment tools and assessors of the outcome 

indicators significantly influence the efficacy 

of SFN against ASD. These findings suggest 

that the method used to assess ASD is the 

main factor influencing the efficacy of SFN 

against ASD. Given the lack of biomarkers 

for ASD, the evaluation of ASD mainly de-

pends on the scales being subjectively rated. 

The differences between the results of differ-

ent scales highlight the limitations of subjec-

tive assessments and underscore the need to 

identify biomarkers for ASD. Additionally, 

the duration of the intervention is another fac-

tor affecting the efficacy of SFN against ASD. 

These results indicated that SFN improves ab-

errant behavior and hyperactivity of ASD 

only when the duration of SFN is 10 weeks or 

more. Notably, this meta-analysis only exam-

ined the immediate efficacy of SFN against 

ASD and did not assess the long-term impact 

of SFN on ASD. Currently, it is unclear 

whether and how the duration of SFN inter-

vention affects its efficacy. Future studies 

should compare the impact of different length 

of SFN against ASD to identify the minimum 

duration required for achieving long-term 

benefits. 

 

Limitations 

There are several limitations of this study. 

First, only the Chinese and English literature 

was searched in this study, which may intro-

duce selection bias and limit the comprehen-

siveness of the search results. Second, the out-

come indicators were measured via various 

scales, and despite the use of the recom-

mended SMD, some indicators exhibited high 

heterogeneity, which reduced the interpreta-

bility and applicability of the results. Finally, 

only post-intervention data were analyzed be-

cause of inconsistent and inadequate report-

ing of follow-up data in the included studies. 

 
CONCLUSION 

This meta-analysis finds high-quality evi-

dence that SFN can safely and effectively im-

prove the core symptoms of ASD. Only per-

forming SFN no less than 10 weeks can affect 

aberrant behavior and hyperactivity of ASD. 

Additionally, the efficacy of SFN against 

ASD may be influenced by the assessment 

tool and the assessor of the outcome indicator, 

which highlights the necessity of exploring 

biomarkers of ASD. Our findings provide 

guidance for the healthcare personnel to im-

plement SFN for improving ASD. High-qual-

ity RCTs with follow-up studies are recom-

mended to provide more robust evidence for 

these findings. 
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