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Abstract
Purpose Spexin, a novel 14-amino acid peptide, has multiple physiological functions. The purpose of this paper was to system-
atically evaluate the current literature on the role of Spexin neuropeptide in obesity and its related comorbidities, food intake and
overall metabolic status in human, animal and in vitro studies.
Methods Multiple databases, including PubMed, EMBASE, ProQuest, Scopus and Google Scholar were searched for English-
language papers published since inception until December 2018, that investigated Spexin levels in relation to chronic metabolic
diseases, overall metabolism control and feeding-related behaviors.The quality of the included observational studies was assessed
by a version of the Newcastle Ottawa Scale (NOS) designed for non-randomized studies and SYRCLE’s assessment tool for
animal models.
Results Out of 224 records screened, search results led to a total of 24 related studies (12 human studies (ten cross-sectional
studies, one cohort study, and one longitudinal study) and 12 studies in either animals or in vitro).Nine of the included cross-
sectional studies and one Longitudinal study had moderate to good study quality, and one cross-sectional and one cohort study
had high-quality (or low risk of bias).
Conclusion It appears that Spexin has a positive impact on overall metabolic status. As a novel appetite-regulating peptide,
Spexin can act as an anorexigenic factor. Information about Spexin is very limited, and well-designed randomized controlled
clinical trials are warranted for replicating, validating, and extending the current findings.
PROSPERO registration number CRD42018117198).
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Introduction

Spexin, a novel 14-amino acid neuropeptide, also referred to
as neuropeptide Q, was discovered in 2007 [1]. Spexin is

encoded by the C12orf29 gene, which is located in the
12thchromosome of the human genome [2].This neuropeptide
is predominantly produced in human white adipose tissue
[1],but can also be expressed in other various tissues/organs,
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including the brain, heart, lung, liver, thyroid, adrenal, muscle,
ovary, testis, pancreas, stomach, and diverse sections of the
gastrointestinal (GI) tract, as reported by the studies in either
fish (e.g. goldfish) or mammals (e.g. rodents & human) [1, 3,
4].

The role of Spexin is not well-established yet; however,
results from the preliminary studies indicate a probable role
for it in regulation of obesity, energy homeostasis, appetite
control, satiety, glucose and lipid metabolism, fatty acid uptake,
cardiovascular/renal functions, endocrine homeostasis, repro-
duction and GI function [5].Spexin expression in adipose tissue
and its circulating levels have been found to be remarkably
decreased in obese individual [6, 7]. Furthermore, according
to the serum data collected from obese vs. non-obese subjects,
a negative correlation has been detected between Spexin and
leptin [8, 9], and a low serum level of Spexin has been postu-
lated to be a biomarker for childhood [6] and adult obesity [7].
On the other hand, based on the results from animal studies,
Spexin might also act as an anorexigenic factor. In goldfish,
injection of Spexin to the brain, inhibited both basal and neu-
ropeptide Y (NPY)-induced food consumption, and decreased
the expression of orexigenic factors, while augmented that of
the anorexigenic factors, and increased brain levels of Spexin
mRNA in the post-prandial state [3].

The limited studies conducted in humans thus far, have
revealed that Spexin has an inverse correlation with blood
glucose, hemoglobin A1C (HbAlc), triglyceride and low-
density lipoprotein (LDL)-cholesterol; lower spexin levels
have been found in type 2 diabetes mellitus (T2DM) patients
as compared to non-diabetic individuals, which suggests that
Spexin might affect glucose and lipid metabolism [11, 12].
Since obesity contributes substantially to the prevalence of
diabetes, which adversely affects public health [13], investi-
gating the role of Spexin in glucose homeostasis might help
discover novel functions for it. Human pancreatic islets ex-
press Spexin; this implies that Spexin might be released to-
gether with insulin [14].

In obese women, serum Spexin had a negative correlation
with serum levels of the hormones insulin and glucagon; this
observation raises the possibility that Spexin might be impli-
cated in insulin resistance and glucose metabolism [8].This
idea is also in accord with the findings from a study in obese
type 2 diabetic mouse model, in which Spexin administration
not only reduced body weight but also enhanced glucose tol-
erance by decreasing insulin resistance as well as HbAlc [15].
However, no correlations between serum Spexin and diabetes,
serum levels of the insulin sensitivity-related parameters, or
blood lipids were demonstrated in adolescents afflicted with
type 2 diabetes [16]. On the other hand, a study by Kumar
et al., showed significantly lower Spexin concentrations in
obese in comparison with lean adults and adolescents, and
suggested a probable satiety-inducing role for the neuropep-
tide in humans [6].

The role of Spexin in humans is yet to be discovered. Recent
findings suggest Spexin as a favorable candidate biomarker for
the assessment of cardio-metabolic risk. Because progression of
CVD is silent and the final end-points of CVD are not frequent-
ly seen in childhood,surrogate biomarkers are required to assess
andmodify these end-points [17]. In one study, the serum levels
of high-sensitivity C-reactive protein (hs-CRP) revealed a pos-
itive correlationwith low Spexin, and high leptin levels in obese
adolescents, indicating that the Spexin signal might be associ-
ated with the risk of cardiovascular disease [9]. Similarly to
adult data, C-reactive protein (CRP) is probably the most stud-
ied biomarker for inflammation in children. An independent
association between CRP and raised lesions in the abdominal
aorta and right coronary artery in the PDAY study also sug-
gested CRP’s role in the early phases of preclinical atheroscle-
rosis [18]. Spexin levels have also been shown to be signifi-
cantly and positively correlated with Interleukin IL-1ß; this
association warrants further investigation as to the probable role
of Spexin in modulation of immune function [19]. This review
is aimed to appraise the findings of all studies that have evalu-
ated the role of the Spexin neuropeptide in obesity and its re-
lated comorbidities, food intake and overall metabolic status in
human, animal, and in vitro studies.

Methods

Data sources and search strategy

A systematic literature search was carried out based on
MOOSE reporting checklist(Meta-analyses of Observational
Studies in Epidemiology) [20] and PRISMA (Preferred
Reporting Items for Systematic reviews and Meta-Analyses)
statement [21], using PubMed, EMBASE, ProQuest, Scopus,
and Google Scholar electronic databases. The keywords
searched included “spexin” or “neuropeptide Q” as text word
and/or medical subject heading (MeSH) terms. The search
was limited to human studies, animal studies, and in vitro
original studies. The initial search was conducted in
March 2018; as the project lasted more than six months, an
update search was performed in December 2018 to find the
relevant articles published between March and December.
The review protocol was registered at the PROSPERO data-
base of Systematic Reviews (registration number:
CRD42018117198).

Eligibility criteria

Peer-reviewed studies published in the English language were
included; book chapters, conference publications, letters, and
review articles were excluded. Studies were eligible if they
met the following criteria: all epidemiologic studies (including
cohort, case-control, and cross-sectional studies)(2) clinical
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trials (3) animal studies (4) and in vitro studies that evaluated
the role of spexin in feeding-related behaviors, metabolic state
and other conditions that related to obesity and its related
disorders. Papers with insufficient information were excluded.

Data extraction

The systematic search in electronic databaseswas done by a librar-
ian specializing in medical information. Two of the co-authors
independently screened the titles and abstracts of the retrieved
articles, according to the inclusion and exclusion criteria; the stud-
ies which did not meet the criteria were excluded at this step.

Quality assessment

The full texts of the eligible papers were retrieved for quality
assessment and data extraction. These papers were analyzed
according to a checklist of aims, research question, and inclu-
sion and exclusion criteria. Then, a third reviewer assessed the
quality of the included studies; any disagreements between the
reviewers were resolved through a discussion of the article
among all the three reviewers. Data extracted from the eligible
studies are summarized in Tables 1 and 2.Authors,
Participants and number, Study design, aim and main out-
comes for human studies and authors, animal model/ Cell line,
Intervention/ duration, aim and main outcomes for animal/cell
line studies are presented in these tables.

The quality of the included observational studies was
assessed by a version of the Newcastle Ottawa Scale (NOS)
designed for non-randomized studies [22]. Based on this
scale, each study can get a maximum of 9 scores: 4 for selec-
tion and assessment of exposure, 2 for comparability, and 3
for assessment of outcome. Studies with scores of 5 points or
more are considered to be of moderate to good study quality,
and 7 scores or moreare considered to be of high study quality.
The quality of animal studies was evaluated bySYRCLE’s
assessment tool for animal models [23]. According to this
scale, a “yes” judgment shows a low risk of bias; a “no”
judgment indicates high risk of bias; the judgment will be
“unclear” if insufficient details have been reported to assess
the risk of bias properly.Any discrepancies were resolved by
consultant with principal investigator. The quality of the
in vitro study (Kolodziejski et al. 2018) was not assessed,
since no valid tools have been suggested, thus far. The results
are presented in Supplementary Tables 1 and 2.

Results

Study and participant characteristics

Figure 1 illustrates the flowchart of the study selection process
for the present systematic review. In the primary search

conducted in March2018, a total of 168 potentially eligible
articles were retrieved by the search strategy: EMBASE
(n = 37), ProQuest(n = 66), PubMed(n = 29), Scopus (n =
24), and google scholar(n = 12). After removal of the dupli-
cate records,87 titles and abstracts were left for further screen-
ing. Fifty-nine of these were excluded, because they did not
meet the inclusion criteria; the full texts of the other 28 articles
were searched for their full text. Fourteen articles were exclud-
ed, as they were unrelated to the study aims, or their full texts
could not be retrieved. Finally, 14 relevant full-text studies
were reviewed.

The complementary search in December 2018resulted in
an extra 56 potentially eligible articles: EMBASE (n = 13),
ProQuest (n = 9), PubMed (n = 9), Scopus (n = 16), and goo-
gle scholar (n = 9). Following removal of duplicate and unre-
lated records, 10 full-text studies were reviewed. Finally, a
total of 24 articles (12 animal studies and 12 human studies)
were selected for qualitative synthesis. It should be noted that
a number of articles consisted of two phases (human plus
animal study, or animal plus cell line study);we reported the
results of these studies in one table, and included the data
regarding the other phase, below the corresponding study.
Participants of the selected human studies included healthy
male and females and subjects with obesity, DM, or metabolic
syndrome (MetS); the age of the subjects in various studies
ranged between 15 and 52 years.

Of the 12 selected human studies, eight evaluated the
Spexin status in relation with glucose homeostasis (fasting
blood glucose (FBG),insulin resistance, Homeostatic model
assessment of insulin resistance(HOMA-IR), insulin, and
HbA1c).Nine studies examined the relationship between obe-
sity and Spexin. Five human studies reported spexin and a
number of biochemical factors assumed to be involved in food
intake. Eight studies reported the correlation between Spexin
and inflammation, and seven studies reported lipid profile in
association with Spexin serum levels.

From the 12 selected animal studies, eight studies investi-
gated the Spexin role in feeding- related factors (NPY,
Agouti-related protein (AgRP), apelin, etc.).Five studies eval-
uated the relationship between Spexin and glucose homeosta-
sis parameters, five reported lipid profile in association with
Spexin serum level, and two studies reported the role of
Spexin in weight management and obesity.

Methodological quality and risk of bias

Out of 224 records screened, search results led to a total of 24
related studies (12 human studies (ten cross-sectional studies,
one cohort study, and one longitudinal study) and 12 studies
in either animals or in vitro. Nine of the included cross-
sectional studies and one Longitudinal study had moderate
to good study quality(NOS ≥ 5) and one cross-sectional and
one cohort study had high-quality (or low risk of bias; NOS ≥
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Table 1 Characteristics of the included human studies

Author Year,
(Reference)

Participants and number Study design aim Main Outcomes

Karaca et al.
2018 [11]

29 type 1 and 30 type 2 diabetic
patients and a control group of 23
healthy subjects

cross-sectional
study

to measure levels of spexin in lean
type 1 diabetic patients and its
relevance to glycemic parameters
without the presence of obesity or
insulin resistance

spexin levels:
- significantly lower in patients with

diabetes than in control subjects
- not correlated with glycemic

parameters, lipids, BMI, cortisol
levels and thyroid stimulating
hormone

- no association between age and
spexin levels in Regression models

- no association with spexin levels
within each group in Regression
models including cortisol, BMI,
HbA1c

Lin et al.
2018 [30]

68 healthy adult women aged are in a
wide range (minimum: 23; median:
38.5; maximum: 64

cross-sectional
study

the relationship between circulating
spexin levels and age and to study
their interaction effects on body
mass index (BMI), fasting glucose,
and -lipids

Serum spexin levels:
- significantly correlated with age,

BMI, fasting glucose and TG
- independently predict the risk of

high BMI and high
fasting glucose
- No interaction effects of spexin and

age on BMI and fasting glucose

Lin et al.
2018 [30]

91 healthy adults)age of 18–65 years( Cross sectional Association between spexin and bile
acid metabolism.

serum spexin:
- negatively correlated with TBA and

TC levels,serum levels of GCDCA
or TCDCA

Al-Daghi et
al. 2018
[12]

102 Saudi pregnant women (63
non-GDM and 39 GDM

prospective
study

to determine whether circulating
spexin (SPX) is modified during
the course of pregnancy and
whether it is affected by the
presence of glucose intolerance,
i.e., Gestational Diabetes Mellitus
(GDM)

In GDM patients, SPX levels:
- increased significantly after

6-months, in parallel with a
borderline significant increase in
glucose

In non-GDM patients SPX levels:
- decreased from baseline to 6-months

and this change was not associated
with changes in glucose levels.

Change in glucose from baseline to
6-months was positively associated
with change in SPX in GDM
patients only

Al-Daghri et
al. 2018
[12]

124 participants (41 males and 83
females; aged 42.4 ± 10.3 y) (MetS
group) and 136 (21 male and 115
females; aged 33.1 ± 8.7 y)
(non-MetS group)

cross-sectional
study

to determine whether circulating
levels of spexin (SPX) is associated
with components of metabolic
syndrome (MetS)

SPX levels
- significantly lower in participants

with MetSvs. non-MetS
- associated with MetS only in women

with Stratification according to sex.
- this significance was lost after

adjustment for age and BMI

Al-Daghri et
al. 2018
[12]

N = 117 (n = 63 women with
gestational diabetes mellitus
(GDM) N = 54 without GDM)

Cross-sectional
study.

Relationship between sepxin and
glucose hemostasis, lipid profile
and inflammatory factors in GDM

levels of SPX:
- not significantly different in

pregnant women with and without
GDM.

- positive associations with total
cholesterol, LDL-cholesterol,
25(OH)D, and IL1b.

- modest associations with glucose
and HOMA in all subjects

Kumar et al.
2018 [9]

(12 girls with severe obesity;
age = 16.7 ± 1.5 years;
BMI = 51.6 ± 2.9 kg/m 2).

Longitudinal
study

effect of Roux-en-Y gastric bypass
(RYGB) surgery on endogenous
spexin concentration and various
risk factors of type 2 diabetes and

Serum spexin
- increased at 6 months after surgery

and stabilized afterward

1946 J Diabetes Metab Disord (2020) 19:1943–1957



7).Supplementary Table 1 presents further details on the qual-
ity of human studies. Details on the quality of animal studies,

based on the bySYRCLE’s assessment tool, are presented in
Supplementary Table 2.

Table 1 (continued)

Author Year,
(Reference)

Participants and number Study design aim Main Outcomes

cardiovascular disease in youth
with severe obesity.

- correlated negatively with:
homeostatic model assessment
insulin resistance, HOMA

- correlated positively with: high
molecular weight adiponectin.

- The change in spexin, from baseline
to 6 months after surgery, inversely
correlated with: the corresponding
change in BMI

- the 6-month changes in spexin and
HOMA-IR, inversely correlated
even after adjusting for the change
in BMI

Kolodziejski
et al. 2018
[8]

healthy female (n = 15, meanBMI
22.50 ± 0.58)

and obese patients (n = 15, mean BMI
40.23 ± 1.31)

cross-sectional
study

Relationship between sepxin and
KISS with obesity and glucose
hemostasis

Serum spexin and KISS
- significantly lower in obese patients

compared to non-obese.
- SPX negatively correlated

with:BMI, HOMA-IR, insulin,
glucagon,active ghrelin and leptin

- positively correlated with: serum
levels of obestatin, GLP-1 and
adiponectin and orexin-A

Kumar et al.
2018 [9]

N = 19 adolescents with obesity
Mean ages = 15.8 ± 1.7 years)

Cross-sectional
study

Relationship between sepxin and
adiposity and inflammatory
hormones

Spexin inversely related with leptin.
the odds of having ‘low spexin and

high leptin’ in participants with
higher hs-CRP (≥ 3 mg/L) were
12.25 times higher than those of
participants with lowerhs-CRP
(<3 mg/L).

Hodges et al.
2017 [16]

12healthy normal weight and 10
obese adolescents

mean age = 16 years
12obese with T2DM

Cross sectional Relationship between spexin and
obesity

Spexin was not significantly
correlated with any of the body
composition, fitness, or blood
biochemical measurements

Kumar et al.
2016 [6]

51 obese and18 normal weight; Mean
age = 15.3 ± 0.26. N = 69

cross-sectional
study

Relationship between sepxin and
weight and cardio-metabolic
hormones

Spexin levels:
- were significantly lower in obese vs

normal-weight children,
- not correlate with other adipokines

and/or insulin and glucose levels.

Gu et al.
2015 [14]

121 subjects with T2DM and 105
healthy individuals

12 healthy volunteers (aged:
52.8 ± 9.2 years with BMI:
23.3 ± 1.8 kg/m2) including 5
males and 7 females

Cross sectional to examine circulating spexin levels
after glucose load in T2DM
patients.

- Serum spexin level: significantly
lower inT2DM

- significant negative correlation:
between spexin and FBG, HbA1c,
TG and LDL-C

- During the OGTT:
- negative correlation of blood glucose

with spexin
- spexin exhibited a progressive and

significant decrease from time 0 to
60 min and returned gradually to
the basal values at 180 min

-Abbreviation: TBA: total bile acid, GCDCA:glycocheno-deoxycholate, TCDCA:tauro-chenodeoxycholate, SPX: spexin, GDM: Gestational diabetes
mellitus, MetS:Metabolic syndrome, KISS:kisspeptin, HOMA-IR: Homeostatic Model Assessment of Insulin Resistance, OGTT:oral glucose tolerance
test
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Table 2 Characteristics of the animal model/ Cell linestudies

Author Year,
(Reference

animal model/ Cell line Intervention/ duration aim Main Outcomes

Sassek et al.
2018 [33]

male Wistar rats/INS-1E
cells and pancreatic islets

treated for 3 days with
spexin

To identify the role, connections, and
potential functions of spexin in
endocrine pancreas.

Insulin secretion:
- was reduced by spexin at 16 mM

glucose level from cultured cells
and isolated

- Was decreased after injection with
spexin in obese rats

Spexin treatment:
- increase in cultured cells and

pancreatic islets cell viability and
proliferation and proliferating cell
nuclear antigen protein level.

- decrease in insulin and Pdx gene
expression.

Sassek et al.
2018 [33]

A pancreas obtained from a
pig

three concentrations of
glucose (1, 6, and
16 mM) and two
periods of incubation
(90 min and 24 h)

To identify the potential role of
spexin in the physiology of the
endocrine pancreas

1- presence of spexin inside the
endocrine structures of the pancreas

2- glucose administration:
- increase in spexin release from islets

after a shortterm
- decrease in spexin release after a long

term
- negative feedback loops between

spexin andinsulin were found

Kolodziejski
et al. 2018
[35]

murine 3 T3-L1 cell
adipocytes and/or
isolated human
adipocytes.

treated with different
concentrations of SPX
(1.0, 10, 100,
1000 nM)

To investigate the effects of SPX on
proliferation, cell viability,
lipogenesis and lipolysis

SPX:
- inhibits adipogenesis
- down-regulates mRNA expression of

pro-adipogenic genes such as
PPARγ, C/EBPα, C/EBPβ and
Fabp4.

- Stimulates: lipolysis by increasing
the phosphorylation of (HSL).

- inhibits lipogenesis and glucose
uptake in human adipocytes and
murine

3 T3-L1 cells.
- no effect on murine 3 T3-L1 cell

proliferation and viability

Deng et al.
2018 [24]

spotted scat fish fasting and refeeding
periods(for 2 or
7 days)

To clarify the roles of Spx in the
regulation of food-intake and
reproduction in the spotted scat

A significant increase of:
- spx expression in hypothalamus was

observed after 2 and 7 days of food
deprivation.

A significant decrease of:
- the spx transcript levels in the 7 day

fasting group after refeeding 3 h
after the scheduled feeding time

Wang et al.
2018 [25]

Tongue sole fish - fasting and refeeding
periods(for 2, 7, or
35 days)

-tongue sole SPX14 (100
and 1000 ng/g BW
dosage)

(1)to study the expression profiles of
spexin mRNA in various tissues,
(2) to evaluate the effects of
feeding status on spexin mRNA
levels, (3) to investigate the
potential role of SPX in the control
of appetite and reproduction of
tongue sole

spexin mRNA:
- could be detected in various tissues,

notably in the brain.
- Stimulated by fasting(the

hypothalamic expression of SPX)

He et al.
2017

goldfish (hepatocytes and
brain cell culture)

IP injection of D-(+
)-glucose or human
insulin

To study the Functional Link
Between Food Intake and Spexin
Expression

feeding could elevate:
- plasma levels of glucose, insulin, and

SPX with concurrent rises in insulin
and SPX (mRNA) expression in the
liver.

Injection of glucose and insulin:
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Table 2 (continued)

Author Year,
(Reference

animal model/ Cell line Intervention/ duration aim Main Outcomes

- elevate in SPX mRNA level in the
liver and brain areas involved in
appetite control respectively

insulin signal induced by glucose
shows dual role in SPX regulation

- (1) acting as an autocrine/paracrine
signal to trigger SPX mRNA
expression in the liver

- (2) serving as an endocrine signal to
induce SPX gene expression in the
brain

Zheng et al.
2017 [27]

zebrafishspx1−/− mutant
lines

Intracranial
administration of
SPX1

Spexin role in Food Intake in
zebrafish tissue

the spx1−/− mutant fish:
- higher food intake than the wild type

(WT) fish.
- Higher level of (AgRP1),
- higher glucose, triacylglycerol and

cholesterol in the serum than WT
fish

Intracranial administration of SPX1:
- reduce the mRNA expression of the

AgRP1.

Wu et al.
2016 [28]

Ya-fish
(Schizothoraxprenanti)

Feeding- re feeding
periods

identification, tissue distribution and
mRNA expression of spexin
responses to peri-prandial and
fasting

SPX mRNA expression:
- significantly increased in fed group

than unfed groups after a meal,
while the unfed group at 1 and 3 h
substantially decreased than
pre-prandial groups

- significantly decreased during fasting
for a week and sharply increased
after refeeding on the 7th day, and
then return to normal level on the
9th day.

Li et al. 2016
[10]

orange-spotted grouper fish
(Epinepheluscoioides)

- IP administration of
spexin-14(100 and
1000 ng/g BW)

-Feeding- re feeding
periods

Molecular cloning and functional
characterization of
spexininorange-spotted grouper

Tissue expression analysis:
-spexin is highly expressed in the

brain, liver and ovary
Real time-PCR analysis:
- up-regulation of hypothalamic

expression of spexin by food
deprivation.

IP administration of spexin-14:
-significantly elevated the mRNA

levels of (POMC)
- suppressed the orexin expression in

the hypothalamus

Ge et al.
2016 [15]

Mouse Models of Fatty
Liver Disease

IPadministrationof spexin
(25 μg/kg) daily for
28–29 days

To examined the effects of spexin, on
obesity, type 2 diabetes mellitus
(T2DM), and HS in thigh fat diet
induced obesity mice

spexin treatment cause:
- weight loss in DIO mice
- improved glucose tolerance
- decrease insulin resistance and

HbAlc
- reduce: hepatic lipids by 60%, serum

ALT and AST
Incubation with spexin;
- inhibited LCFA uptake by

hepatocytes isolated from DIO mice
- Spexin treatment

Walewsk et
al. 2014
[7]

C57BL/6 J mice with
DIO,Obese (DIO) adult
female Wistarrat,omental

Spexin (35 mg/kg/day
SC) in rats
(25 mg/kg/day IP) in
mice

Effects of Spexin on Adipocyte
Uptake of Long Chain Fatty Acids

and Weight in Rodents with
Diet-Induced Obesity

Spexin injection in rats:
- reduction in caloric intake 32% with

corresponding weight loss
- meal pattern was not affected
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Spexin and regulation of food intake

As mentioned above, eight animal [3, 7, 10, 24–28] and five
human studies [6, 8, 9, 19, 29]investigated the role of Spexin

in regulation of food intake. Several human studies showed an
inverse relationship between Spexin and feeding hormones
like leptin, and some studies showed a direct association be-
tween Spexin and ghrelin, obestatin, and adiponectin.

Records screened after duplicates removed (n=101)

Records identified through search (n=224) in electronic databases

(PubMed, Scopus, EMBASE, ProQuest, Google Scholar)noitacifitnedI

Duplicate records (n=123)

Records screened for full text)

(n=39)

Articles were excluded (n=15) because 

did not find full text or were unrelated 

in full text or were two part studies

(animal and human) that reported only 

in one table

gnineercS

Full-text articles assessed for eligibility 

(n =24)

- Animal models and in vitro (n=12)

- Human study (n=12)

ytilibigilE

Articles excluded, because of not 

providing sufficient information and 

criteria (n =0)

In
cl
ud

ed

Articles were excluded (n=62) because 

did not meet inclusion criteria:

Articles included for review 

(n=24)

Fig. 1 Flow diagram of the
literature search and study
selection process

Table 2 (continued)

Author Year,
(Reference

animal model/ Cell line Intervention/ duration aim Main Outcomes

and subcutaneous human
fat samples

Spexin injection in mice:
- significantly reduction in the (RER)

at night, and increased locomotion.
Spexin incubation in vitro:
- significantly inhibition of facilitated

fatty acid (FA) uptake into DIO
mouse adipocytes.

Wong et al.
2013 [3]

Goldfish
(Carassiusauratus)

ICV injection of Goldfish
SPX

To clarify the function of SPX
as a satiety factor in gold fish

SPX mRNA levels:
- elevated by food intake in the

telencephalon, optic tectum, and
hypothalamus

brain injection of SPX:
- inhibited both basal and NPY- or

orexin induced feeding behavior
and food consumption.

- reduction in expression of NPY,
AgRP, and apelin,

- rises in CCK, CART, POMC, MCH,
and CRH mRNA levels in brain
areas

Abbreviation:Spx; Spexin,IP: Intraperitoneal, SC:subcutaneous, ICV: Intracerebroventricular, POMC;pro opiomelanocortin, DIO: Diet Induced
Obesity, HSL: hormone sensitive lipase,AgRP1:agouti-relate protein 1, LCFA: long chain fatty acid,RER: respiratory exchange ratio CCK: cholecys-
tokinin, CART: Cocaine-andamphetamine-regulated transcript, MCH: melanin-concentrating hormone, CRH: corticotropin-releasing hormone
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Kolodziejski et al reported that obese patients had low Spexin
and kisspeptin (KISS) levels compared to normal-weight sub-
jects, and that Spexin was inversely correlated with BMI, lep-
tin, glucagon and active ghrelin. In his study, a positive cor-
relation was found between Spexin and serum levels of
obestatin, glucagon-like peptide 1 (GLP-1), adiponectin and
orexin-A [8].In a study by Kumar et al in 2016, no significant
correlation was observed between Spexin levels and leptin
and total adiponectin [6]. By contrast, her study in 2018
showed that Spexin was inversely correlated with leptin
[9].In another study by the same research group, six months
after Roux-en-Y gastric bypass (RYGB) surgery in women
with severe obesity, Spexin level positively correlated with
high molecular weight adiponectin (Spearman correlation
r = 0.691, P = 0.011) [6, 29].Al-Daghri et al. Reported that
Spexin levels were significantly associated with leptin (R = -
0.43,P < 0.01)in pregnant women; this association was not
significant for adiponectin [19]. In the report by Deng et al.
a significant increase in Spexin expression in hypothalamus
was found after two and seven days of food deprivation.
However, on the seventh day of fasting, refeeding the animals
3 h after the scheduled feeding time resulted in a reduction in
the Spexin transcript levels [24]. In another study, fasting
stimulated the expression of Spexin mRNA in hypothalamus
of Tongue sole fish [25].

In one animal study on goldfish, the authors indicated that
feeding could raise plasma levels of glucose, insulin, and
Spexin; this was concurrent with rises in insulin and Spexin
mRNA expression in the liver. Likewise, increased Spexin
mRNA levels was observed in the liver and brain areas that
are involved in appetite control in goldfish, following intra-
peritoneal injection of glucose and insulin, respectively
[26].Zheng and his colleagues showed that the spx1−/− mu-
tant fish had greater food intake than the wild type (WT).
AgRP1 (a significant appetite stimulant) expression levels
were significantly higher in spx1−/−mutant fish after feeding,
as well. Intracranial administration of Spexin could also di-
minish mRNA expression of the AgRP1 [27]. Hongwei et al.
reported the same result in Ya-fish. In addition, Spexin
mRNA expression in forebrain was considerably decreased
(P < 0.01) during a one-week fasting and abruptly augmented
(P < 0.01) after re-feeding on the seventh day, and then
returned to its normal level on the ninth day [28].

Wong et al. study revealed that food intake led to elevated
Spexin mRNA levels in the telencephalon, optic tectum, and
hypothalamus of goldfish brain. However, injection of gold-
fish Spexin into the brain hindered both basal and NPY/
orexin-induced feeding behavior and food intake. Transcript
expression of NPY, AgRP, and apelin were decreased by a
similar intervention; rises in cholecystokinin (CCK), Cocaine-
and amphetamine-regulated transcript (CART), POMC,
melanin-concentrating hormone (MCH), and corticotropin-
releasing hormone (CRH) mRNA levels were found in

different brain areas assessed, simultaneously. The differential
effects of Spexin administration on expression of NPY, CCK,
and MCH transcripts could be noted in vitro in brain cell
culture of goldfish, as well [3]. Li et al. demonstrated that
the hypothalamic expression of Spexin was up-regulated by
food deprivation. Intra-peritoneal administration of Spexin-14
peptides to grouper fish caused a significant increase in the
mRNA levels of POMC, and suppressed the orexin expres-
sion in the hypothalamus [10]. Spexin also could reduce ap-
petite in an animal model; 35 mg/kg/day subcutaneous (SC)
injection of Spexin led to an approximately 32% reduction in
caloric intake with corresponding weight loss in rats.
Similarly, intra-peritoneal injection of Spexin at a dose of
25 mg/kg/day significantly decreased the respiratory ex-
change ratio (RER) at night, in mice [7].

Spexin, obesity and glucose homeostasis

Totally Nine human studies, and two animal studies reported
obesity-related outcomes [6–8, 11, 12, 15, 16, 19, 29,
30].Three cross-sectional studies and one prospective study
have focused on Spexin in association with diabetes in pa-
tients with type 1, type 2 and gestational diabetes mellitus
(GDM) parameters [11, 14, 19, 31]. and Four studies reported
fasting glucose, insulin concentration and HOMA-IR status in
relation with Spexin in obese subjects [6, 8, 29, 30].

Kumar et al in 2018 found that Spexin levels decreased
after gastric bypass surgery, and had an inverse correlation
with the corresponding change of BMI (Spearman correlation
r = −0.573, P = 0.051) in girls with severe obesity. In this
sudy, serum Spexin concentrations increased six months after
Roux-en-Y gastric bypass (RYGB) surgery(P = 0.01),but sta-
bilized afterwards and Circulating levels of Spexin inversely
correlated with HOMA-IR (Spearman correlation r = −0.796,
P < 0.001).The changes in Spexin and HOMA-IR observed
six months after the surgery, were negatively correlated (slope
[standard error; SE] = − 0.0084 (0.0019), P = 0.001)], even
when the analyses were adjusted for the change in body mass
index (BMI) [29]. The same authors had previously shown
that Spexin levels were significantly lower in obese children
compared to their normal-weight peers Median (inter quartile
range; IQR): 0.33 ng/mL [0.27–0.44] vs. 0.42 ng/mL [0.33–
0.55]; P = 0.024).When analyzed as ordinal categorical vari-
able, Spexin showed a strong reverse association with obesity.
Cluster analysis of Spexin and BMI z scores allowed for cat-
egorizing the study participants into normal-weight and obese
groups with great accuracy and in Contrary to Kumar’s new
study there were not any significant correlation between
Spexin levels and fasting insulin or glucose levels in children,
[6].In agreement with the study by Kumar et al.(2018),
Kolodziejski reported that Spexin was negatively correlated
with HOMA-IR [8] in this study, obese patients had lower
Spexin and KISS levels as compared to non-obese participants

1951J Diabetes Metab Disord (2020) 19:1943–1957



[8].Lin et al. indicated that serum Spexin levels were correlat-
ed with age (Spearman r = −0.277, P = 0.022), BMI
(Spearman r = −0.45, P < 0.001), fasting glucose (Spearman
r = −0.302, P = 0.014) and TG (Spearman r = −0.324, P =
0.008). Spexin levels could predict the risk of high BMI, in-
dependently of other factors. The authors observed no inter-
action effects of Spexin and age on BMI or FBG [30]. They
concluded that Spexin serum concentrations independently
predicted the risk of developing high FBG [30].

Karaca et al. in 2018 reported that Spexin levels were not
associated with BMI in neither healthy subjects nor diabetic
patients. and in this study Spexin level was significantly lower
in patients with diabetes(type 1 and type 2) than in the control
subjects(P = 0.008, and P = 0.041, respectively);but Spexin
level was not correlated with glycemic parameters (fasting
plasma glucose, postprandial plasma glucose, Insulin and
HbA1c), though (P > 0.05) [11]. A similar study reported the
same results (Spexin level in subjects with diabetes:2.04 ±
0.70 ng/mL versus the control group:3.65 ± 0.73 ng/mL,
P < 0.001); however, a significant negative correlation was
reported between Spexin and fasting glucose level(r =
−0.686, P < 0.001), HbA1C(r = −0.632, P < 0.001), TG (r =
−0.236, P < 0.001), and LDL-C(r = −0.382, P < 0.001) in this
study[14]I[32]n another cross-sectional study, Spexin was not
significantly correlated with body composition, fitness, or
blood biomarkers [16]. Al-Daghri et al. in 2018 reported that
Spexin concentrations were significantly lower in participants
with MetS in comparison with non-MetS (0.18 ng/ml (0.13–
0.24) vs. 0.26 ng/ml (0.17–0.50); P < 0.001). Stratification
based on sex showed that Spexin was associated with MetS
only in females, the significance of which was lost after
adjusting for age and BMI [12].

In another study, Al-Daghri, found no significant differ-
ence in the Spexin levels between pregnant women with and
without GDM. In all the study participants, Spexin had mod-
est associations with glucose and HOMA-IR. Spexin concen-
tration elicited significant positive associations with BMI in
non-GDM pregnant women(R = 0.40; P < 0.01) [19]. Based
on the results of another study led by the same authors, Spexin
circulating levels significantly augmented in GDM patients
after six months, with a parallel borderline significant rise in
glucose levels (P = 0.07);changes in glucose from baseline to
6-months was positively associated with changes in Spexin in
GDM patients only (R = 0.37; p < 0.05) [31].

Only two animal studies have directly addressed the role of
spexin in weight loss; Walewsk et al. reported that Spexin
(35 mg/kg/day SC) decreased caloric intake by 32%with con-
sistent weight loss in rats [7].In another research, Spexin treat-
ment (25 μg/kg/day)caused weight loss in mice with Diet-
Induced Obesity(DIO) [15].

& Among the included animal studies, five reported glucose
homeostasis-related biomarkers (FBG, glucose tolerance

test, insulin resistance and HbAlc). Sassek reported in
2018 that insulin secretion from both cultured cells and
isolated islets was decreased by Spexin injection at the
glucose level of 16 mM. In obese rats, insulin secretion
was diminished after Spexin injection. Spexin treatment
consequently led to increased viability and proliferation of
both cultured and pancreatic islets cell, and also higher
levels of proliferating cell nuclear antigen protein. On
the other hand, a reduction in insulin and gene expression
of Pdx (a gene that encodes insulin promoter factor 1),
were revealed [33].

& In another study, the same group reported that Spexin was
present inside beta cells, and described three main
outcomes:1)in response to glucose administration,
Spexin release from the islets increased in short
term(90 min incubation) but diminished in long term
(24 h); 2)At 6 mM glucose levels, a remarkable decline
in Spexin secretion was detected after 90 min of incuba-
tionwith three varying concentrations of insulin(1, 10, and
100 nM);when the incubation was prolonged to 24 h, a
statistically significant diminution was observed in Spexin
secretion at insulin concentrations of 10 and 100 nM); 3)
when 6 mM glucose was used in incubations, 100 and
1000 nM of Spexin resulted in a statistically significant
reduction in insulin secretion; in Spexin-free medium, in-
sulin concentrations were1.4- and 1.3- fold higher, respec-
tively [32] .Similar to this study, Ge et al .reported that in
mice fed a high fat diet for 30 days, Spexin treatment for
four weeks led to improved/normalized oral glucose
tolerance,insulin resistance (HOMA-IR)(P < 0.05), and
HbA1C (P = 0.024) [15].

& Ma et al. found that feeding goldfish could increase plas-
ma levels of glucose, insulin and Spexin as well as hepatic
mRNA expression of insulin and Spexin. Similar eleva-
tion was observed in the liver and brain (which are in-
volved in appetite control) of goldfish after intra-
peritoneal injection of glucose and insulin, respectively.
In experiments with goldfish hepatocytes and brain cell
cultures, insulin signal induced by glucose exerted a dual
role in regulation of Spexin:(1) an autocrine/paracrine sig-
nal to trigger hepatic mRNA expression of Spexin (2) an
endocrine signal to up regulate the Spexin gene in the
brain [26].In another study, spx1−/− mutant fish showed
higher serum glucose than wild type [27].

Spexin and lipid metabolism

Lin et al .in 2018reported that serum Spexin was inversely
correlated with total bile acid (TBA) (P = 0.0042), and total
cholesterol(TC) levels (P = 0.0031). Explicitly, significant
negative correlations were found between Spexin and circu-
lating levels of glycocheno-deoxycholate (GCDCA) and
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tauro-chenodeoxycholate(TCDCA)in the 91 healthy volun-
teers [34].In another study by the same group, Spexin levels
were reported to be correlated with TG in healthy adult wom-
en (Spearman r = 0.324, P = 0.008) [30].Al-Daghri et al. re-
ported that serum Spexin level was associated with lipid pro-
file (except for high-density lipoprotein(HDL)-cholesterol) in
women [19]. In a study carried out on patients with MetS in
2018,low levels of Spexin showed an inverse relationship
with high levels of triglycerides (1.8 mmol/l, P < 0
001).Lower Spexin levels were also associated with low
HDL-cholesterol(1.0 ± 0.3 mmol/l, P < 0 001) in the MetS
group [12].Gu et al. reported that serum Spexin levels were
lower in T2DM, and had a significant correlation with circu-
lating glucose and lipid levels [TG (r = −0.236, P < 0.001),
LDL-C (r = −0.382, P < 0.001] [14].However, Karaca et al.
failed to find any correlation between Spexin levels and lipids
in diabetic patients [11].Hodges et al .reported that Spexin was
not significantly correlated with lipid profile (TC, HDL-C,
LDL-C, TG, non-esterified fatty acids(NEFA)), or total fat
mass in adolescents [16].five animal studies have assessed
lipid metabolism in association with Spexin [7, 15, 27,
35].Kolodziejski et al found that Spexin obstructs adipogene-
sis and reduces mRNA expression of pro-adipogenic genes.
Spexin was also found to stimulate lipolysis by enhancing the
phosphorylation of hormone sensitive-lipase (HSL). This neu-
ropeptide hinders lipogenesis and glucose uptake in human
adipocytes and murine3 T3-L1 cells [35].Zheng et al. reported
that spx1−/− mutant fish demonstrated higher serum TG and
cholesterol than the wild type fish [27].

Ge et al. reported that incubation with Spexin directly re-
pressed long chain fatty acid (LCFA) uptake by70% in hepa-
tocytes obtained from DIO mice with HS/NAFLD (Mouse
Models of Fatty Liver Disease). Spexin treatment in vivo for
four weeks diminished hepatic lipids by 60%, and decreased
serum alanine and aspartate aminotransferases [15].In another
report, Spexin incubation in vitro significantly prohibited fa-
cilitated fatty acid (FA) uptake by adipocytes of DIO mouse
[7]. Lin et al. .reported that, spexin (300 μg/kg) could signif-
icantly reduce hepatic and circulating total bile acids (TBA)
level compared with the controls and long-term
treatment(28 days)by spexin injection at 25 μg/kg significant-
ly slowed down body weight gain and decrease serum TBA
levels In rats [34].

Spexin and inflammation

Al-Daghri et al .showed a positive association between Spexin
levels and IL-1β (R = 0.41,P < 0.01), 25(OH)D (R = 0.22,P =
0.04),and leptin (R = -0.43,P < 0.01).The association between
spexin and TNF-α,IL-6,and adiponectin were not statistically
significant. Stepwise regression indicated that IL-1β and lep-
tin were the best predictors of the neuropeptide Spexin [19].
Kumar et al.(2018)showed that the odds of having low spexin

and high leptin were 12.25 times higher in subjects with
higher hs-CRP (≥3 mg/L) compared to those with hs-CRP <
3 mg/L..However, the authors did not find any significant
correlation between Spexin levels and any of the adipokines
and CRP [9].

In another study Spexin was not significantly correlated
with CRP in adolescents [16].One human study found posi-
tive correlations between Spexin and serum levels of
adiponectin [8]. In another study conducted among 12 girls
with severe obesity six months after a Roux-en-Y gastric by-
pass (RYGB) surgery, Spexin level correlated positively with
high molecular weight adiponectin (Spearman correlation r =
0.691, P = 0.011) [29].By contrast, the study by Kumar et al
.in 2016 reported no significant correlation between Spexin
levels and leptin or total adiponectin [6].A recent research
showed that Spexin levels were significantly associated with
leptin (R = -0.43,P < 0.01)in pregnant women; this association
was not significant for adiponectin, though [19].Karaca et al.
showed that Spexin levels were not correlated with cortisol
levels (P > 0.05) [11].Figure 2 presentsthe Spexin regulatory
effects on overall metabolic status and feeding related-
behaviors in in vivo/in vitro studies, animal models or human
subjects with/without conditions, including obesity, diabetes
and MetS.

Discussion

To explore the potential effects of Spexin on obesity and re-
lated comorbidities, this systematic review was performed.
Spexin is a novel neuropeptide chiefly produced in human
white adipose tissue, and is now implicated as a potential
signal which might affect regulation of body weight, energy
and glucose homeostasis, satiety, lipid metabolism and im-
mune responses. Several human studies have reported that
obese patients have lower Spexin level compared to non-
obese individuals [6, 8, 9].On the other hand, some others
have found no significant correlations [11, 16].Microarray
studies on fat biopsies surgically isolated, revealed that
Spexin gene is the most down-regulated gene in human fat
of the obese in comparison with that of non-obese subjects [6].

Spexin has been found to facilitate weight loss in animal
models [7].

Several mechanisms have been proposed in this regard;
diminished food intake, augmented energy expenditure,
changes in the respiratory exchange ratio (promoted burning
of fat in preference to carbohydrate), and regulation of adipose
tissue function through directly inhibiting LCFA uptake by
the adipocytes, are some of these mechanisms [7].Studies sug-
gest that regulation of LCFA uptake by the adipocytes is an
important control point for adiposity [36].Administration of
Spexin inhibited the uptake of LCFA into adipocytes in one
animal study, and the authors speculated that the absence of
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Spexin might be a key element of the hormonal dysregulation
observed in obese fat, and that repletion of the serum Spexin
may help re-establish normal feeding behaviors and energy
balance in obese animals and man [7]. Actually,feeding be-
havior is regulated by particular areas in the brain, so-called
feeding centers [37].

In mammals, the feeding centers seem to be limited to the
hypothalamus, and are under the control of hormones secreted
by the brain and the periphery. Neuro-hormones produced by
the brain, specifically the hypothalamic area, regulate energy
balance by preventing (through anorexigenic factors) or mo-
tivating (through orexigenic factors) feeding. Circulating bio-
chemical (e.g. glucose) or endocrine (e.g.GI hormones)
factors pass into the brain through the blood brain barrier
(BBB), and have a direct action on feeding centers.
Peripheral sensory information (mechanical or endocrine)
carried by the vagus nerve can also influence the feeding
centers, by innervation from the brainstem [37].

Reports on the role of Spexin in glycemic parameters are
controversial. Some studies found no significant correlation
between Spexin levels and glycemic parameters [6, 11,

16],but others reported significant results [8, 14, 29, 31].
The heterogeneous findings can be due to different study de-
signs, different characteristics of the participants including
age, gender and health conditions, as well as difference in
quality of the studies. In total, studies which reported signifi-
cant results had higher quality than others (of the four studies
with positive results, two had high quality) [8, 31].

The endocrine part of the pancreas which produces hor-
mones, plays a vital role in regulating metabolic homeostasis.
Co-localization of Spexin and insulin in β cells has been
established in humans and pigs, but not in rats [4, 14,
32].This means that Spexin could possibly influence pancreas
function. Sassek et al. in their study observed that Spexin may
be strictly involved in the pathogenesis of DM or its recovery;
this is attributed to the probable effects of Spexin on insulin
release as well as cell viability and proliferation, observed in
in-vitro and in- vivo studies [33].In one study no changes in
insulin mRNA expression were observed in pancreatic islet
cells after Spexin treatment. This suggests that Spexin affects
the secretion, and not the expression of insulin [32].Spexin
can activate the human GALR2/3 receptors, which suggests

Fig. 2 Spexin regulatory effects
on overall metabolic status and
feeding related behaviorsin
in vivo/in vitro studies and animal
models or human subjects with/
without tconditions, including
obesity, diabetes and metabolic
syndrome
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that Spexin is a natural ligand for galanin 2/3. Extensive dis-
tribution of spexin, GALR2 and GALR3 in various tissues
from central nervous system to peripheral tissues indicates that
spexin might have multiple biological functions [38]. A pos-
itive association between galanin and T2DM/ MetS has been
previously described [39–42]. Endogenous galanin decreases
insulin resistance by enhancing glucose transporter type 4
(GLUT4) content, and increasingGLUT4 transportation from
the intracellular membranes to the plasma membranes in adi-
pocytes [43]. These results suggest that Spexin may act in the
same manner as galanin.

The role of Spexin in lipid metabolism has been reported in
several human studies. Some studies have reported a signifi-
cant negative correlation [12, 14, 19, 30, 34], while the others
have not found significant correlations [11, 16]. Differences in
the health status of the participants, age ranges and number of
the study participants can be the reason of heterogeneous find-
ings. The quality of studies with significant results and non-
significant results was similar (moderate to good).The Spexin
receptor, GALR3, has been proposed to be involved in mod-
ulating cholesterol and triglyceride levels in mouse
[44].Moreover, Spexin has been found to efficiently reduce
total lipids in the liver [15], suggesting a key role for it in lipid
metabolism in mammals. Lin et al. highlighted the role of
Spexin in bile acid synthesis in rats. He reported that Spexin
could significantly diminish hepatic and circulating TBA
levels in comparison with the controls. The gene encoding
cholesterol 7α-hydroxylase 1 (CYP7A1) in the liver, was
down-regulated by Spexin injection. Both GALR2 and
GALR3 antagonists inverted the inhibitory effects of Spexin
on serum concentrations of TBA and 7 α-hydroxy-4-
cholesten-3-one (C4), as well as hepatic CYP7A1 expression
[34].

In another study, Spexin substantially depleted hepatic TG
both biochemically and histologicaly, in a mouse model with
hepatic steatosis [15].Kolodziejski et al .reported that Spexin
impedes adipogenesis and down-regulates pro-adipogenic
genes such as PPAR-γ, C/EBPα, C/EBPβ, and FABP4.
Spexin induces lipolysis by promoting the phosphorylation
of HSL. Spexin has also been shown to inhibit lipogenesis
in human adipocytes and murine 3 T3-L1 cells. These results
suggest that this neuropeptide regulates fat tissue metabolism
in murine 3 T3-L1 adipocytes and human adipocytes [35].

The association between Spexin and some inflammatory
biomarkers has been assessed in some studies. Spexin levels
were significantly and positively correlated with IL-1β [19].
The significant association between Spexin and IL-1β is sig-
nificant, since IL-1β is known for its role in autoimmune and
inflammatory conditions [45].However, this significant asso-
ciation might merely be an indirect one, due to the inverse
association between Spexin and leptin [8, 9, 19], which is a
more established cytokine well-known to moderate both the
adaptive immune system, and the inflammatory responses as

well as development of particular autoimmune disorders [46,
47]. It is generally believed that leptin can directly link nutri-
tional status to pro-inflammatory T helper 1 (Th1) immune
responses; leptin has been implicated in the pathogenesis of
chronic inflammation, and its elevated serum levels in obesity
seems to contribute to the low-grade inflammatory back-
ground. It is noteworthy that inflammation makes obese indi-
viduals more vulnerable to cardiovascular diseases, T2DM, or
degenerative diseases such as autoimmunity and cancer
[48].On the other hand, results on the association between
Spexin and other biomarkers including adiponectin and hs-
CRP are controversial. Some authors have reported significant
correlations [8, 9, 29], while the others have not [6, 16, 19].
Decreased plasma and expression levels of adiponectin, and
elevated plasma level of hs-CRP may serve as biomarkers of
increased metabolic and inflammatory risk [49].Establishing
the association of Spexin with inflammatory-related factors
requires further studies to assess the role of Spexin in modu-
lation of immune system. The exact mechanisms through
which Spexin exerts its effects are still unclear, because there
is little information on the Spexin receptors [50].

The results of the current systematic review should be
interpreted in light of few limitations. as a wide range of study
designs and different study populations were used in the
reviewed studies and and limitation in transparency of
reviewed studies, it was not possible to apply statistical
methods such as meta-analysis to test association between
the Spexin and obesity and its related comorbidities.

Conclusions and future directions

Despite the limitations and/or inconsistencies in the current
findings, Spexin appears to have a positive impact on overall
metabolic status and feeding-related behaviors in human, an-
imals and in vitro. Evidence on the role of Spexin in satiety
and metabolism are accumulating, and these suggest multiple
physiological functions of the neuropeptide due to its expres-
sion in various tissues. e. Once its safety established by further
animal studies, clinical trials are warranted to assess the po-
tential therapeutic effects of Spexin. Well-designed cell line
and animal studies are also encouraged to shed more light on
the probable mechanisms of action.
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