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ABSTRACT 
Autism spectrum disorders (ASDs) constitute a group of neurodevelopmental disorders with 
increasing incidence. Cytokine changes may affect the integrity of the central nervous 
system, contributing to neuroinflammation and behavioral symptoms in patients with ASD. 
Single nucleotide polymorphisms (SNPs) can lead to immune disorders such as this. 
Therefore, the aim of the present study was to perform a systematic review and meta-
analysis to determine whether cytokine SNPs are more common in individuals with ASD. A 
systematic search of seven databases was conducted on September 19, 2023. Odds ratios 
(ORs) were used in the meta-analysis to test the association between each SNP and ASD. 
Six studies were included. Four cytokines were investigated: interleukin-1 (IL-1), IL-6, 
transforming growth factor beta (TGF-β) and interferon-γ (IFN-γ). Although some studies 
alone have associated genotypic and allelic variants with ASD, the pooled results of the 
studies were not statistically significant in the meta-analysis. Our systematic review 
highlights important gaps and inspires new studies to investigate significant associations 
between genetic variations in different cytokines and the development of ASD. 
 
Keywords: Autistic disorder. Single nucleotide polymorphisms. Behavioral symptoms. IL-1. 
IL-6. TGF. IFN-γ. 
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INTRODUCTION 

Autism spectrum disorder (ASD) is a group of neurodevelopmental disorders 

characterized by impairments in social interaction, communication, and stereotypical 

patterns of behavior and interests1. The incidence has increased significantly in recent 

years2. At least one in every hundred children worldwide has autism3. 

It is a multifactorial disorder with an etiology associated with genetic, epigenetic, and 

environmental factors, such as parental conditions and intrauterine and perinatal factors. 

Hundreds of genes are involved in ASD, resulting in a spectrum with different phenotypes, 

including language and social deficits, along with several associated subphenotypes4. 

Immune disorders, especially neurological development deficits, seem to be 

prominent in the pathogenesis of ASD, especially in neurological development deficits5. 

Cytokines can alter the functional and structural integrity of the central nervous system 

(CNS), contributing to neuroinflammation and influencing behavior6. Altered levels of 

cytokines, such as interleukin-1 (IL-1), IL-2, IL-6, tumor necrosis factor-α (TNF-α), TNF-β 

and interferon-γ (IFN-γ), have been found in individuals with autism7. 

IL-1β, an important proinflammatory cytokine, is expressed during crucial early 

stages of development. However, increased IL-6 levels in autistic children are positively 

correlated with autism severity, behavioral abnormalities, and increased IL-6 production8. 

IL-6 and IFN-γ are related to neurodevelopment. Reduced levels contribute to normal 

physiological development, whereas elevated levels are associated with neuroinflammatory 

processes that can cause neural abnormalities9. Transforming growth factor beta (TGF-β) is 

considered a crucial regulator of CNS development. However, studies suggest that there is 

a decrease in TGF-β1 levels in the serum of patients with autism10,11. Lower levels are 

associated with worse behavioral symptoms11. 

Understanding the factors that increase susceptibility to ASD and its development 

can improve patients' quality of life and treatment2. Therefore, single nucleotide 

polymorphisms (SNPs) in cytokine genes can modify genetic transcription and cytokine 

secretion12, thus influencing the behavioral symptoms of patients with ASD. Studies that 

evaluate genetic changes in patients with ASD analyze SNPs. However, the relationship 

between cytokine gene SNPs and autism is unclear13. Therefore, the objective of the 

present study was to carry out a systematic review and meta-analysis to determine whether 

cytokine SNPs are more common in individuals with ASD. 
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MATERIAL AND METHODS 

The present study consists of a systematic review and meta-analysis performed and 

reported following the Meta-analysis Of Observational Studies in Epidemiology (MOOSE)14 

statement and the Preferred Reporting Items for Systematic Reviews and Meta-analyses 

(PRISMA) guidelines15. 

 

SURVEY QUESTION AND ELIGIBILITY CRITERIA 

The guiding question of the research was “Are inflammatory cytokine polymorphisms 

more frequent in children with ASD?” To answer this question, case‒control studies that 

evaluated the presence of polymorphisms in neurotypical individuals (control group) and in 

individuals with ASD (group) were selected. Family-based studies, editorials, comments and 

opinions, reflection articles, projects, technical reports, reviews, and articles that did not 

answer the question were excluded from this review. 

 

DATA SEARCH STRATEGY 

A systematic search of the Embase, PubMed, Web of Science, Scopus, Science 

Direct, and Google Scholar databases was carried out to identify all relevant publications 

without language restrictions. The search strategy was structured with the following terms: 

(Interleukin OR Chemokines) AND ("Autistic Disorder" OR Autism OR TEA) AND (“Single 

Nucleotide Polymorphism” OR Polymorphism OR variant OR gene). 

 

STUDY SELECTION 

Two reviewers (MAO and RRS) independently examined the search results and 

identified potentially relevant studies on the basis of the article titles and abstracts. The 

selected articles were read in full, and only the relevant ones, consistent with the eligibility 

criteria, were included in our study. Any disagreements were resolved after discussion with 

a third reviewer (PLS). Reference lists of the retrieved studies were consulted to identify 

additional relevant studies. 

 

DATA EXTRACTION 

Data extraction from the manuscripts was carried out in accordance with the 

eligibility criteria, and the extracted data were recorded in a spreadsheet. The following 

information was extracted from each article: name of the author(s), year of publication, total 

number of subjects (cases/controls), country where the research was carried out, and 
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cytokines and SNPs. Genotype and allele counts for cases/controls, along with p values, 

are listed. 

 

QUALITY ASSESSMENT 

The Newcastle‒Ottawa Scale (NOS)16 was used to evaluate the methodological 

quality of the selected studies. Two independent reviewers (MAO and the RSS) carried out 

the validity assessment. All discrepancies were resolved by discussion between the two 

reviewers. The NOS scale is based on three perspectives: selection of study groups 

(maximum of one star for each column), comparability of groups (maximum of two stars) 

and exposure (maximum of one star for each column). Studies that received a score equal 

to or greater than 6 were considered high quality and included in the review. 

 

STATISTICAL ANALYSIS 

Data were extracted from full-text articles into structured tables containing all the 

descriptive variables and relevant outcomes. Information such as author, country and year 

of study; number of cases, controls, and polymorphisms studied; and the OR and p value of 

each group was collected. 

Odds ratios (ORs) were used in the meta-analysis to test the association between 

each SNP and autism spectrum disorder in case–control studies; 95% confidence intervals 

were included, and p values < 0.05 were considered statistically significant. Five genetic 

models for each SNP corresponding to dominant, recessive, homozygote, heterozygote, 

and allelic modes of inheritance were investigated. Heterogeneity was evaluated via the 

chi-square-based Cochran’s Q statistic and the I2 index. When high heterogeneity (p < 0.1 

for the Q test or I2 > 50%) was detected, the random-effects model was employed for meta-

analysis; otherwise, a fixed-effects model was applied. 

Sensitivity analysis was performed by excluding individual studies from the pooled 

ORs and recalculating the statistical significance to assess the stability of findings and to 

ascertain whether final pooled effect sizes were affected by a single publication. Pearson’s 

chi-square test was applied to examine Hardy–Weinberg equilibrium (HWE) in the healthy 

control group. HWE was reached if p > 0.05. For all the analyses, Review Manager Version 

5.3 software (Cochrane Collaboration, Copenhagen) was used. 
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RESULTS 

STUDY SELECTION 

The search yielded 10,352 potentially relevant records. Of these, 748 were retrieved 

from Embase, 127 from PubMed, 4,921 from Science Direct, 4,304 from Scopus, 152 from 

Web of Science and the top 100 from Google Scholar. Additionally, one article was retrieved 

from a reference. After the titles and abstracts were analyzed, 17 full texts were assessed 

for eligibility, and 6 (six)2,8,17–20 were included in the review. The flowchart of the study 

selection process and the specific reasons for exclusion are detailed in Figure 1. 

 

Figure 1: Flowchart of the bibliographic search and screening process. 

 
 

The selected studies were published between 2015 and 2022. Two studies were 

carried out in Iraq18,20, one in China2, Egypt8, Iran19 and one in Turkey17. The study 

populations ranged between 7419 and 3502 participants. Studies have evaluated 

polymorphisms in IL-1β2,8,17, IL-62,17, IFN-γ20 and TGF-β118,19. Table 1 summarizes the 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Records identified from: 
Databases (n = 10352 ) 
{Embase (748), Pubmed 
(127), Science Direct (4921), 
Scopus (4304), Web Of 
Science (152) Google 
Scholar (100)} 
Extracted from references (1) 

Records removed before 
screening: 

Duplicate records removed  
(n = 1215) 
Records marked as ineligible 
by automation tools (n = 0) 
Records removed for other 
reasons (n = 0) 

Records screened 
(n = 9138) 

Records excluded 
(n = 9121) 

Reports sought for retrieval 
(n = 17) 

Reports not retrieved 
(n = 0) 

Reports assessed for eligibility 
(n = 17) 

Reports excluded: 
Intervention (n = 6) 
Comparison (n = 1) 
Outcome (n = 4) 

Studies included in systematic 
review (n = 6) 
Reports of included meta-
analysis (n = 5) 

Identification of studies via databases and registers 

Id
e
n

ti
fi

c
a
ti

o
n

 
S

c
re

e
n

in
g

 
 

In
c
lu

d
e
d

 



 

 
Science and Connections: The Interdependence of Disciplines 

Association between IL-1, IL-6, TGF-Β and IFN-γ single nucleotide polymorphisms and autism spectrum disorder: Systematic review 

and metanalysis 

 

characteristics of the studies included in the systematic review. Table 2 shows their 

genotypic and allele frequencies. 

 

Table 1. Characteristics of the included studies. 

Study (Year) Country Cases Control Cytokine Polymorphisms studied 

Han et al (2021) China 98 252 IL-1β 16944 

Han et al (2021) China 98 252 IL-6 1800796 

Kaleel et al (2020) Iraq 94 100 IFN-γ 2430561 

Khakzad et al (2015) Iran 39 35 TGF-β1 1982073 

Khakzad et al (2015) Iran 39 35 TGF-β1 1800471 

Saad et al (2020) Egypt 80 60 IL-1β 16944 

Saad et al (2020) Egypt 80 60 IL-1β 1143627 

Smail et al (2020) Iraq 40 40 TGF-β1 1982073 

Smail et al (2020) Iraq 40 40 TGF-β1 1800471 

Uyanik et al (2022) Turkey 65 62 IL-1β 1143634 

Uyanik et al (2022) Turkey 95 84 IL-6 1800796 

 

Table 2. Genotypic and allelic frequencies present in the studies. 

Study Cases Control HWE p value 

16944 
           

Han et al AA AG GG A G AA AG GG A G 
 

 
28 51 19 107 89 67 140 45 274 230 0.0575 

Saad et al TT TC CC T C TT TC CC T C 
 

 
4 45 31 56 104 11 31 18 88 32 0.7124             

1982073 TT TC CC T C TT TC CC T C 
 

Khakzad et 
al 

20 13 6 53 25 11 17 7 39 31 0.9259 

Smail et al 11 25 4 47 33 13 21 6 47 33 0.5989             
1800796 

           

Han et al CC CG GG C G CC CG GG C G 
 

 
48 43 7 139 57 116 118 18 350 154 0.1008  
CC CG GG C G CC CG GG C G 

 

Uyanik et al 56 36 3 148 42 61 21 2 143 25 0.941             
1800471 GG GC CC G C GG GC CC G C 

 

Khakzad et 
al 

27 11 1 65 13 30 4 1 64 6 0.1091 

Smail et al 32 6 2 70 10 16 18 6 50 30 0.8003             
2430561 

           

Kaleel et al TT TA AA T A TT TA AA T A 
 

 
19 3 72 22 75 15 52 33 67 85 0.4543             

1143627 CC CT TT C T CC CT TT C T 
 

Saad et al 20 35 25 84 76 14 27 19 66 54 0.4679             
1143634 CC CT TT C T CC CT TT C T 

 

Uyanik et al 30 34 1 94 36 37 18 7 92 32 0.0569 

 

IL-1β 

Polymorphisms in IL-1β were investigated at the SNPs rs16944, rs1143627 and 

rs1143634. Saad et al. analyzed the rs16944 SNP for IL-1β-511 and detected significantly 

higher frequencies of homozygous (CC), heterozygous (TC) and allele (C) genotypic 

variants in the ASD group than in the control group (OR: 2.36, 95% CI: 1.06–5.18; OR: 
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2.04, 95% CI: 1.06–38; p = .039, respectively)8. In contrast, Han et al. reported no 

significant differences in the genotypic and allelic frequencies of polymorphisms between 

the ASD and control groups (p > 0.05)2. 

In the case of the rs1143634 polymorphism investigated by Uyanik et al., the TT 

variant genotype and the T allele were not associated with ASD (p > 0.05), but CT carriers 

were associated with an increased risk of developing ASD (OR: 2.330, 95% CI: 1.104–

4.918; p = 0.02)17. On the other hand, when rs1143627 was analyzed for IL-1β-31C/T, Saad 

et al. reported no significant difference between the groups, neither for alleles nor for 

genotypes (p > 0.05)8. 

 

IL-6 

The IL-6 polymorphism was investigated at SNP rs1800796 in two studies2,17. The 

first study revealed no significant differences in the genotypic and allelic frequencies of the 

IL-6-572C/G polymorphism between the ASD and TD groups2. In contrast, another study 

associated GC carriers with an increased risk of developing ASD (OR: 1.867, 95% CI: 

0.976–3.573; p = 0.05). However, the authors also reported no significant difference 

between the case and control groups for the alleles and other genotypes17. 

 

TGF-β 

Two studies18,19 investigated two TGF-β polymorphisms, the SNPs rs1982073 and 

rs1800471. Both studies did not detect a significant association between genotypes or 

alleles and ASD (p >0.05) when rs1982073 was analyzed. However, when rs1800471 was 

analyzed, the studies presented different results. While one19 did not significantly differ, 

another18 highlighted a significantly greater G allele frequency in the patient group than in 

the control group (OR: 4.200, 95% CI: 1.882–9.372; p = 0.0003) and a significant 

association in the recessive model (GG vs. GC/CC: OR: 6.00, 95% CI: 2.206–16.32; p = 

0.0003). 

 

IFN-ɣ 

rs2430561 of IFN-ɣ +874A/T was analyzed in only one study20. The authors reported 

a greater number of T alleles (p = 0.00) in the control group and a greater number of AA 

genotypes in the ASD group. However, the work did not present statistical analyses of the 

genotype, making it difficult to infer significance. 

 



 

 
Science and Connections: The Interdependence of Disciplines 

Association between IL-1, IL-6, TGF-Β and IFN-γ single nucleotide polymorphisms and autism spectrum disorder: Systematic review 

and metanalysis 

 

QUALITY OF THE STUDIES 

As depicted in Table 3, all studies included in this systematic review had good overall 

methodological quality, with NOS scores ranging from 6 to 7. 

 

Table 3: Risk of bias of the included studies in the systematic review using the Newcastle–Ottawa (NOS) 
quality assessment scale for case–control studies. 

Study Selection Comparability Exposure 

1 2 3 4 1 1 2 3 

Han et al ✩ - ✩ ✩ ✩✩ ✩ ✩  

Kaleel et al ✩ - ✩ ✩ ✩✩ ✩ - - 

Khakzad et 
al 

✩ - - ✩ ✩✩ ✩ ✩ - 

Saad et al ✩ ✩ - ✩ ✩✩ ✩ ✩ - 

Smail et al ✩ - - ✩ ✩✩ ✩ ✩  

Uyanik et al ✩ ✩ ✩ ✩ ✩ ✩ ✩ - 

Selection: 1. Adequate case definition; 2. Representativeness of the cases; 3. Selection of controls; 4. 
Definition of controls. Comparability: 1. Comparability of cases and controls on the basis of the design or 
analysis. Exposure: 1. Ascertainment of exposure; 2. The same method of ascertainment for cases and 
controls; 3; Nonresponse rate. 

 

METANALYSIS 

rs16944 polymorphism 

Overall, two studies2,8 involving 178 cases and 312 healthy controls were found to be 

eligible for inclusion in the quantitative analysis of the association between the rs16944 

SNP and autism spectrum disorder. The pooled OR revealed no significant associations 

between the rs16944 SNP and autism spectrum disorders across all the genotype models, 

including the dominant model (OR 0.87, 95% CI 0.56–1.36, P = 0.86), recessive model (OR 

0.56, 95% CI 0.12–2.54, P = 0.02), allelic model (OR 0.45, 95% CI 0.09–2.25, P = <00001), 

homozygote model (OR 0.5, 95% CI 0.11–2.27, P = 0.04), and heterozygote model (OR 

1.68, 95% CI 0.38–7.38, P = 0.03). The analyses of the recessive and heterozygous 

genotype groups revealed a moderate degree of heterogeneity (I2 82%; I2 80%, 

respectively) (Figure 2). 
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Figure 2: Pooled odds ratios and 95% confidence intervals for the association between the rs16944 and the 
development of ASD. 

a) 

 
b) 

 
c) 

 
(a) Dominant and recessive models. (b) Homozygous and heterozygous models. (c) Allelic model. 

 

rs1800796 polymorphism 

Two studies2,17 involving 193 cases and 336 healthy controls were considered 

eligible and included for quantitative analysis of the association between the IL-6 SNP 

rs1800796 and ASD. The pooled OR revealed no significant association between the 

rs1800796 SNP and the risk of developing ASD in any of the genotype models, including 

the dominant model (OR 0.94, 95% CI 0.42–2.12; P = 0. 78), recessive (OR 0.39–1.65, P = 

0.07), allelic (OR 0.85, 95% CI 0.49–1.45, P = 0.10), homozygous (OR 0.95, 95% CI 0.41–

2.18, P = 0.60) and heterozygous (OR 0.98, 95% CI 0.42– 2.26, P = 0.85). The analyses of 
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the recessive genotype and allele groups revealed a moderate degree of heterogeneity (I2 

70%; I2 64%, respectively) (Figure 3). 

 

Figure 3: Pooled odds ratios and 95% confidence intervals for the association between the rs1800796 and the 
development of ASD. 

a) 

 
b) 

 
c) 

 
(a) Dominant and recessive models. (b) Homozygous and heterozygous models. (c) Allelic model. 

 

rs1982073 and rs1800471 polymorphisms 

Two studies18,19 involving 79 cases and 75 healthy controls were considered eligible 

and included for quantitative analysis of the association between TGF-β1 polymorphisms 

and ASD. There was no significant association between the rs1982073 SNP and ASD 
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patients in any of the analyzed models, including the dominant model (OR 1.47, 95% CI 

0.60–3.59, P = 0.88), recessive model (OR 1.35, 95% CI 0.47–3.85, P = 0.12), allelic model 

(OR 1.55, 95% CI 0.97–2.50, P = 0.74), homozygous model (OR 1.70, 95% CI 0.63–4.56, P 

= 0.61) and heterozygous model (OR 0.78, 95% CI 0.24–2, 53, P = 0.10). The analyses of 

the recessive and heterozygous genotype groups revealed a moderate degree of 

heterogeneity (I2 59%; I2 64%, respectively) (Figure 4). 

 

Figure 4: Pooled odds ratios and 95% confidence intervals for the association between the rs1982073 and the 
development of ASD. 

a) 

 
b) 

 
c) 

 
(a) Dominant and recessive models. (b) Homozygous and heterozygous models. (c) Allelic model. 
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Our results also revealed no significant associations between the rs1800471 SNP 

and ASD risk in any of the genotypic models, including the dominant model (OR 0.66, 95% 

CI 0.04–9.94, P = 0.0004), recessive model (OR 0.40, 95% CI 0.09–1.66, P = 0.51), allelic 

model (OR 0.70, 95% CI 0.08–5.96, P = 0.001), homozygous model (OR 0.30, 95% CI 

0.05–1.72, P = 0.26) and heterozygous model (OR 1.32, 95% CI 0.27–6, 37, P = 0.57). The 

analyses of the dominant genotype and allele groups revealed a high degree of 

heterogeneity (I2 92%; I2 91%, respectively) (Figure 5). 

 

Figure 5: Pooled odds ratios and 95% confidence intervals for the association between the rs1800471 and the 
development of ASD. 

a) 

 
b) 

 
c) 

 
(a) Dominant and recessive models. (b) Homozygous and heterozygous models. (c) Allelic model. 
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DISCUSSION 

To our knowledge, this is the first systematic review and meta-analysis to examine 

whether inflammatory cytokine polymorphisms are more common in individuals with ASD. 

Our results indicate that although some studies have associated genotypic and allelic 

variants with ASD in isolation, the pooled results of the studies were not statistically 

significant in the meta-analysis. Therefore, it is not possible to infer whether there is an 

association between the investigated SNPs and ASD. Studies investigating this issue are 

scarce, and the polymorphisms of many inflammatory cytokines have not yet been 

investigated. Consequently, this review highlights major gaps and important points that 

need to be explored in future research. 

Cytokines regulate the type and magnitude of immune function, influencing 

neurodevelopment21–23. These molecules require adequate regulation to maintain a balance 

between pro- and anti-inflammatory responses. Recent systematic reviews involving 1724 

and 3825 studies have shown that the levels of the proinflammatory cytokines IL-1β, IL-6, 

and IFN-γ are increased in individuals with ASD, providing evidence of innate activation and 

dysregulation. On the other hand, other studies have detected a decrease in the level of 

TGF-β1, which has anti-inflammatory activity, in patients with autism10,11,26–28. 

Increased levels of the cytokines IL-1β and IL-6 are associated with worse behavioral 

scores29. Similarly, lower levels of TGF-β1 have been associated with worse behavioral 

symptoms11 and the severity of autism10,27,28. These findings suggest that there is a 

continuous proinflammatory state in patients with ASD, where disturbances in immune 

responses affect central behaviors. One of the factors that can influence these 

immunological disorders is the presence of polymorphisms23,30. 

SNPs are the most common form of genetic variation in the human genome and are 

becoming important markers in clinical diagnosis and genetic research31,32. Among the 

polymorphisms identified in this review, rs1800796 of IL-6 can alter the circulating levels of 

this cytokine through complex interactions according to the haplotype33. Conversely, the 

rs2430561 polymorphism of IFN-γ is associated with a decrease in the concentration of 

IFN-γ20. The IL-1β polymorphisms rs16944, rs1143634 and rs1143627 that were identified 

in the review are associated with increased expression of cytokines34,35. While rs16944 is 

related to increased transcriptional activity36, rs1143627 is associated with reduced 

promoter activity, and the rs1143627 polymorphism increases transcription factor binding37. 

Thus, functional polymorphisms of cytokine genes are considered risk factors for 

Alzheimer's disease (IL-10 rs1800871)38, Parkinson's disease (IL-6 rs1800795)39, gastric 

cancer (TNF-α rs1799724, IL-8 rs2227532 and IL-10 rs1800872)40 and bipolar disorder (IL-
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1 rs1143627, rs16944, rs1143623, and rs12621220)41. Despite their importance, SNPs 

involve only a single type of genetic and environmental interaction, especially in complex 

disorders such as ASD. However, studies that explore this association with autism are still 

scarce, and new research could contribute to understanding the development of this 

disorder. 

The present review revealed six studies that evaluated seven SNPs of four different 

cytokines. Although some of these studies revealed an association between genotypic 

variants and autism, this review is not able to prove such an association. The scarcity of 

studies and low number of participants contributed to a moderate to high degree of 

heterogeneity between studies, making it impossible to obtain conclusive results on this 

hypothesis. Therefore, considering that cytokines are important modulators of behavior and 

that polymorphisms can influence their expression, further studies investigating these 

associations must be carried out. 

 

CONCLUSION 

Although some studies have associated genotypic and allelic variants with ASD 

alone, the pooled results of these studies were not statistically significant in the meta-

analysis. Furthermore, few studies have carried out these investigations; therefore, more 

studies are needed to validate the results presented herein. Our systematic review 

highlights important gaps and inspires new studies involving larger populations and different 

ethnic groups to investigate significant associations between genetic variations in different 

cytokines and the development of ASD. 
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