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Abstract

Background Increasing evidence suggests that leptin is involved in the pathology of autism spectrum disor-
der (ASD). In this study, our objective was to investigate the levels of leptin in the blood of children with ASD
and to examine the overall profile of adipokine markers in ASD through meta-analysis.

Methods Leptin concentrations were measured using an enzyme-linked immunosorbent assay (ELISA) kit, while adi-
pokine profiling, including leptin, was performed via meta-analysis. Original reports that included measurements

of peripheral adipokines in ASD patients and healthy controls (HCs) were collected from databases such as Web of Sci-
ence, PubMed, and Cochrane Library. These studies were collected from September 2022 to September 2023 and fol-
lowed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. Standardized
mean differences were calculated using a random effects model for the meta-analysis. Additionally, we performed
meta-regression and explored heterogeneity among studies.

Results Our findings revealed a significant increase in leptin levels in children with ASD compared to HCs
(p=0.0319). This result was consistent with the findings obtained from the meta-analysis (p <0.001). Furthermore,
progranulin concentrations were significantly reduced in children with ASD. However, for the other five adipokines
analyzed, there were no significant differences observed between the children with ASD and HCs children. Hetero-
geneity was found among the studies, and the meta-regression analysis indicated that publication year and latitude
might influence the results of the meta-analysis.

Conclusions These findings provide compelling evidence that leptin levels are increased in children with ASD com-
pared to healthy controls, suggesting a potential mechanism involving adipokines, particularly leptin, in the patho-
genesis of ASD. These results contribute to a better understanding of the pathology of ASD and provide new insights
for future investigations.
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Introduction

Autism spectrum disorder (ASD) is a neurodevelopmen-
tal disorder characterized by early impairments in social
communication and interaction, as well as restricted and
repetitive behaviors [1, 2]. It affects approximately 1% of
the global population, with a higher prevalence in males
than in females [3]. Both genetic and environmental fac-
tors have been suggested to contribute to the develop-
ment of ASD [4].

Recent studies have associated elevated plasma lep-
tin levels in early childhood with a higher incidence of
autism, as observed in the Boston Birth Cohort [5]. Lep-
tin, originally known for its role in regulating food intake
and energy balance [6], has gained increased attention in
the field of psychiatry [7]. Leptin is in the same protein
family as interleukin (Il)-6, an inflammatory cytokine,
and its dysregulation has been associated with psycho-
pathology, and evidence suggests that this relationship
is related to leptin’s inflammatory function [8-10]. It has
been implicated in various psychiatric disorders such as
schizophrenia [11, 12], major depressive disorder [13],
and bipolar disorder [14, 15]. The role of leptin in ASD
has also become a subject of interest, but the underlying
mechanisms remain to be determined. Other adipokines,
which are inflammatory mediators mainly secreted by
adipose tissue and some immune cells, have also gar-
nered increasing attention in ASD research.

Adipokines have the potential to impact immune
responses and are believed to play a role in the
pathophysiology of ASD [16]. Several studies have
reported alterations in adipokine levels in ASD, including
downregulation of adiponectin [17], among others.
However, the findings regarding adipokines in ASD
are inconsistent, possibly due to differences in patient
populations, variations in methodologies, or small
sample sizes lacking statistical power.

To address these discrepancies and clarify the
relationship between adipokines and autism, this study
aimed to investigate serum leptin levels in ASD patients
and HCs, and to conduct a systematic review of the
literature. This comprehensive review, the first of its
kind, will assess studies that have measured adipokines
in both ASD patients and control groups. By doing so,
we hope to identify potential differences in adipokine
profiles associated with the development of ASD and
shed light on the possible involvement of adipokines in
the pathogenesis of autism.

Material and method

Subjects and sample collection

A total of 42 patients with autism spectrum disorder
(ASD) were recruited from Hunan Provincial Maternal
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and Child Healthcare Hospital. The diagnosis of ASD
was made according to the Diagnostic and Statistical
Manual of Mental Disorders, Fifth Edition. Additionally,
42 healthy control (HC) subjects without psychiatric ill-
nesses, as evaluated by trained psychiatrists, were also
recruited from the same hospital via advertisement. The
age of the enrolled children was between 3-7 years old,
and there was no other medical history. Autistic children
with a history of seizure or psychotic disorders, severe
head injury, or any other acute or chronic mental disease,
inflammatory illness, or comorbidities were excluded.
Control participants with a history of any immunologi-
cal or infectious illness; or metabolic, psychiatric, or neu-
rological disorders were also excluded. The demographic
and clinical characteristics of the patients and controls
are presented in Fig. 1A. Written informed consent was
obtained from all participants, and the study protocol
was approved by the Ethics Committee at Minzu Uni-
versity of China, adhering to the principles of the Dec-
laration of Helsinki. Peripheral blood was collected from
all participants in the morning, between 7 and 8 AM.
Blood samples were collected in anticoagulation tubes,
and serum samples were obtained by centrifugation at
5,000 rpm for 15 min. The samples were stored at -80 °C
until further analysis.

Leptin concentration measurement

Leptin levels in peripheral blood were measured using a
commercially available ELISA kit (Wuhan Eiaab Science
Incorporated Company, Wuhan, China), following the
manufacturer’s instructions.

Article selection process

This study followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses guidelines [18].
Two investigators systematically searched PubMed, Web
of Science, and Cochrane Library from September 2022
to September 2023. The search was conducted using
specific keywords related to autism spectrum disorder
and adipokines: (autism or autistic disorder or ASD)
and (leptin or ghrelin or adiponectin or soluble leptin
receptor or lipocalin or resistin or insulin or omentin
or obestatin or osteopontin or chemerin or visfatin or
vaspin or apelin or progranulin or dipeptidyl peptidase
4 or retinol-binding protein 4 or adipokines). Only peer-
reviewed English articles published between January
1971 and January 2023 were included for analysis. The
inclusion criteria involved studies that provided serum
or plasma adipokine data for children with ASD and
controls. Studies were excluded if they lacked necessary
data, involved animal models, lacked a healthy control
group, used samples other than serum or plasma, or did
not involve patients with ASD.



Chen et al. BMC Psychiatry (2024) 24:479

Page 3 of 9
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Fig. 1 Serum leptin levels in ASD patients and HC subjects. A Demographic and clinical characteristics of patients and controls. B Serum leptin
levels in ASD patients and HC subjects. C Serum leptin levels in male ASD patients and male HC subjects. D Serum leptin levels in female ASD
patients and female HC subjects. E ROC curves evaluating the accuracy of serum leptin levels in differentiating between ASD patients and HC

subjects. * p<0.05, ** p<0.01, *** p<0.001

Data extraction

Data extraction included potential adipokine concentrations
with standard deviation (SD), sample size, and P values for
effective size (ES) generation. Information such as country,
gender, age, sampling source, publication year, assay type, and
diagnosis were also recorded for each included study (eTa-
ble 1). The quality of the included studies was assessed using
the Newcastle—Ottawa Quality Assessment Scale (€Table 2).

Data analysis

Comprehensive Meta-analysis software was used to
analyze the extracted data. When necessary, sample size
and P values were utilized for ES generation due to a lack
of direct data on adipokine concentrations. The random-
effects model was employed when significant between-
study heterogeneity was present, while the fixed-effect
model was used otherwise. Hedge’s g statistic analysis,
sensitivity analysis, 12 statistic, Cochrane Q test, meta-
regressions, and Egger’s test were performed as previously
described [19]. Statistical significance was set at P<0.05,
except for the Cochrane Q test, where P<0.10 was
considered statistically significant.

Results

Investigation of serum leptin concentrations in ASD
patients

The demographic and clinical characteristics of patients
and controls are presented in Fig. 1A. The ELISA assay

revealed that serum leptin levels were significantly
increased in ASD patients compared to HC subjects
(Mean difference =5.589, 95% confidence interval (CI)
of difference=0.4946 to 10.68, p=0.0319) (Fig. 1B).
Further analysis showed a significant reduction in
serum leptin levels in male ASD patients (Mean dif-
ference=9.194, 95% CI of difference=0.2013 to 18.19,
p=0.0453) (Fig. 1C), while no significant difference
was observed in female ASD patients (Mean differ-
ence=-2.270, 95% CI of difference=-7.607 to 3.068,
p=0.3955) (Fig. 1D). Receiver Operating Characteris-
tic curve (ROC) analysis indicated that leptin demon-
strated limited accuracy in differentiating between ASD
patients and controls, with an area under curve (AUC)
of 0.660 (95% CI: 0.542—0.778) (Fig. 1E).

Meta-analysis of adipokines

After thorough screening, a total of 19 articles were
included in the meta-analysis, providing data on 2196
participants, including 740 ASD subjects and 1456
healthy controls. The distribution of the literature selec-
tion process is presented in Fig. 2.

Differences in peripheral marker concentrations

Significant differences in peripheral adipokine concen-
trations were observed between ASD and HC groups
for two analytes. Leptin levels in the blood were signifi-
cantly higher in ASD children compared to HC children
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Literature searching through database
Pubmed: n =384

Web of Science: n =99
Cochrane Library: n =43
Other:n=2
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Records screened (n = 528)

Full-text studies scrutinized for

Records excluded (n = 465)

Studies excluded for reasons (n = 44)
* No necessary data (n = 35)

Eligibility (n = 63)

Studies included (n = 19)

Fig. 2 PRISMA flowchart depicting the literature search process

(Hedges g (95% CI): 1.310 (0.684 to 1.936), Q=149.362,
p<0.001, 11 studies) (Table 1 and Fig. 3A). Conversely,
progranulin concentrations were significantly decreased
in ASD children compared to controls (Hedges g (95%
CI): -0.778 (-1.130 to -0.427), Q=0.022, p=0.882, 2 stud-
ies) (Table 1 and Fig. 3B). However, adiponectin, insu-
lin, ghrelin, resistin, and dipeptidyl peptidase-4 did not
show significant associations with ASD (Table 1). Fur-
ther investigation of heterogeneity was conducted for
the leptin analysis due to the limited number of studies
available for progranulin. High levels of heterogeneity
were observed in the plasma leptin analysis (I2=93.905;
9 articles) (Fig. 3C). However, adiponectin, insulin, ghre-
lin, resistin and dipeptidyl peptidase-4 did not show
the significantly difference in ASD children compared
to HC children (Fig. 4A-E), which may require further
researches.

Investigation of heterogeneity

Meta-regression analysis indicated a significant asso-
ciation between publication year and leptin concen-
trations (p=0.0065) (Fig. 5A). Additionally, latitude
was found to be a confounding factor in the regression

* Adipokines were measured in animal
model (n =2)

*  Without a healthy control (n = 3)

* Samples were not from serum or plasma

(n=1)
* Samples were not from patients with
ASD (n=3)

analysis (p=0.0009) (Fig. 5B). However, age and gender
did not demonstrate a significant effect on the study out-
comes (Fig. 5C, D). No evidence of publication bias was
detected through funnel plots, Egger’s test, or trim and
fill tests (eFigure).

Discussion

This study examined the significant increase in serum
leptin levels in ASD patients compared to healthy
controls. Additionally, a meta-analysis of 19 studies with
a total sample size of 740 patients and 1456 controls
revealed alterations in leptin and progranulin levels in
individuals with ASD. The analysis highlights that the
significant difference in leptin levels primarily focuses on
plasma and suggests a potential influence of publication
year and latitude on the observed heterogeneity. It is
important to note that the results for progranulin present
limitations, requiring further studies for confirmation.

It is widely recognized that children with ASD have a
higher risk of overweight or obesity compared to those
with typical development [20-22]. This study explored
the role of leptin, an adipocyte-derived factor, in ASD
and its potential involvement in the development of the
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Raghavan et al. 2018
Rodrigues et al. 2014
Sadic et al. 2021
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B Progranulin
Study name Hedges's g
0,
Hedges's and 95%Cl
g p-Value
AL-ayadhi et.al 2011 -0.757  0.001
Ozgeris et.al 2015 -0.812  0.005
-0.778  0.000
-2.00 -1.00 0.00 1.00 2.00
Progranulin decreased in ASD  Progranulin increased in ASD
C Leptin
Group by Study name Hedges's g and 95% CI
Source
Hedges's
p-Value
Plasma A-Zaid et al. 2014 0718  0.007
Plasma Ashwood et al. 2008 0.515  0.006
Plasma Blardi et al. 2009 1416  0.000
Plasma Blardi et al. 2010 1.106  0.000
Plasma Lisik et al. 2016 0.726  0.014
Plasma Musthafa et al. 2011 15119 0.000 ——
Plasma Raghavan et al. 2018 0.296  0.084
Plasma Rodrigues et al. 2014 4.795  0.000 | |
Plasma Sadic et al. 2021 0.781  0.000
Plasma 1684  0.000 L4
-20.00 -10.00 0.00 10.00 20.00

Leptin decreased in ASD Leptin increased in ASD

Fig. 3 Forest plots illustrating the effect sizes for leptin (A) and progranulin (B) in ASD patients compared to HC subjects. Forest plot demonstrating
pooled results and heterogeneity analysis for leptin levels between ASD patients and HC subjects, stratified by source of sampling (plasma).
Heterogeneity: Q=131.262, p<0.001, 12=93.905, 9 studies
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C

Study name Hedges's g
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g p-Value

Al-Zaid et al. 2014 -0.745  0.005

Sadic et al. 2021 0.582  0.007
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Study name

Statistics for each study

Hedges's g and 95% ClI
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Fig. 4 Forest plots illustrating the effect sizes for adiponectin (A), insulin (B), ghrelin (C), resistin (D) and dipeptidyl peptidase-4 (E) in ASD patients
compared to HC subjects
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Fig.5 Meta-regression analysis examining the relationship between leptin levels and publication year (A), latitude (B), age (C), and gender (D). Association
between publication year (Regression coefficient [SE]: -0.0399 [0.0147], 95% Cl:-0.0687 t0 -0.0112, p=0.0065), latitude (Regression coefficient [SE]: -0.0409
[0.0123],95% CI:-0.0650 to -0.0167, p=0.0009), age (Regression coefficient [SE]:-0.0071 [0.0079], 95% CI: -0.0226 to 0.0083, p=0.3651), and gender
(Regression coefficient [SE]: -0.0058 [0.0035], 95% Cl:-0.0127 to -0.0011, p=0.0972) with effect size (Hedges's g) for leptin levels

disorder. While previous research supports the critical
role of leptin as a regulator of food intake and energy
expenditure, recent studies have proposed that dys-
regulation of leptin is a mechanism for psychopatholo-
gies, including ASD [23]. This proposal is based on the
observed comorbidity between obesity and various men-
tal illnesses [24]. Moreover, inflammation is posited to be
a potential mechanism through which leptin may impact
ASD, given its pro-inflammatory cytokine properties
[25, 26]. Additionally, altered leptin levels have been
associated with structural and functional brain changes,
including lower brain weight, reduced myelin content,
neuronal soma size, and synaptic protein levels [27-29].
Notably, studies have observed a higher concentration of
leptin in the anterior cingulate gyrus of individuals with
autism compared to controls [30]. Furthermore, leptin
has been found to suppress serotonin synthesis, suggest-
ing another potential biological pathway through which
leptin may impact ASD [31].

As brain samples are challenging to obtain, research-
ers often examine peripheral leptin levels to elucidate on
the underlying mechanisms involved. A study compar-
ing 70 children diagnosed with ASD to 99 age-matched
control children reported a significant increase in lep-
tin levels in autism, with higher levels observed in early
onset cases compared to regressive autism [32]. Similarly,

another study demonstrated increased leptin levels in
autistic patients over a one-year period [23]. Consist-
ent with these findings, our study also revealed a signifi-
cant increase in leptin levels in ASD patients compared
to healthy controls. Furthermore, we analyzed the rela-
tionship between gender and leptin concentration, find-
ing higher leptin levels in boys with ASD compared to
healthy boys, while no significant difference was observed
in girls. Our results, combined with the meta-analysis
findings, highlight the potential of leptin as an impor-
tant focus in ASD research. However, our ROC curve did
not exhibit high specificity or sensitivity for leptin, likely
due to the small sample size. Although elevated periph-
eral leptin may not serve as a unique biomarker for ASD,
the consistent increasing trend in ASD patients pro-
vides confidence in its potential significance. To explore
changes in other adipokines, we conducted a meta-anal-
ysis, which revealed decreased levels of progranulin in
ASD compared to control, while other adipokines did
not exhibit significant differences. This lack of significant
findings may be attributed to the limited research on adi-
pokines in the context of ASD, emphasizing the need for
further studies to identify multiple factors and establish
new diagnostic approaches for ASD.

Although the significant results remained robust
when considering factors such as age, 1Q, BMI, and
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medication status, heterogeneities were observed
among studies investigating leptin in ASD [32]. The
sampling source (serum or plasma) did not account for
these heterogeneities. Meta-regressions conducted in
our study indicate that publication year and latitude
significantly ~ influence the associations between
leptin and ASD. This analysis partially addresses the
between-study heterogeneities through subgroup
and meta-regression analyses, which strengthens the
present meta-analysis. Moreover, it is important to
acknowledge that other adipokines can also modulate
brain functions [33]. Previous research has shown
changes in the levels of ghrelin and adiponectin in
ASD children [17, 34]. However, the limited research
investigating the relationship between ASD and
adipokines poses challenges in explaining the underlying
mechanisms involved. In our study, we identified only
two studies reporting changes in progranulin levels
in ASD patients, underscoring the need for increased
attention to adipokines in future research endeavors.

Despite these findings, it is essential to acknowledge the
inherent limitations of this study. The first limitation is the
small sample size, although the meta-analysis approach
helps to confirm the trend of leptin level changes. The sec-
ond limitation is the scarcity of studies focusing on adi-
pokines in the context of ASD, highlighting the need for
further development in future meta-analyses. Last, while
this study investigated changes in adipokine concentra-
tions in the peripheral blood of ASD children, the extent to
which these measurements reflect brain activity remains
unknown, despite the potential involvement of leptin
resistance mechanisms [35].

Conclusion

Our study demonstrated a significant increase in periph-
eral blood leptin levels in ASD patients compared to
healthy controls. Additionally, a meta-analysis involving
19 studies provided evidence of altered leptin levels in
ASD. Furthermore, progranulin exhibited a contrasting
trend, suggesting the significant potential of adipokines
as biomarkers for ASD, albeit requiring further analysis.
Future investigations into adipokines, particularly leptin,
as potential diagnostic markers and therapeutic targets
for ASD are essential.
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