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Abstract  

Background:  Polycystic ovary syndrome (PCOS) is a  

hormonal disorder common among women of reproductive  
age and affects over than 10% of these women. The hormonal  

derangement associated with PCOS is uniformly characterized  

by excess androgens and abnormal insulin activity.  

Aim of Study:  Estimation of serum levels of spexin (SPX)  
in women with polycystic ovary syndrome (PCOS) who had  

non-alcoholic fatty liver disease (NAFLD) and to evaluate its  
relation to the diagnostic markers of both diseases.  

Patients and Methods:  102 PCOS women with NAFLD  
were evaluated clinically and by ultrasound for estimation of  

ovarian size and determination of liver steatosis grade. Blood  
samples were obtained for estimation of serum SPX, testo-
sterone, dehydroepiandrosterone sulfate (DHEA-S), lipid  

profile, aspartate transaminase (AST) and alanine transaminase  
(ALT) and the AST/ALT ratio (AAR) was calculated.  

Results:  All women showed significantly high serum  
testosterone, DHEA-S, blood lipid profile with high homeos-
tasis model assessment of IR (HOMA-IR) score, while showed  

significantly lower serum SPX levels than control women.  
Sixty-nine women had ovarian size of >10cm

3
, and 36 and  

5 patients had steatosis of grade 1 and 2, respectively. Serum  

SPX levels showed negative significant correlations with liver  

steatosis grade, HOMA-IR, ovarian size, BMI, serum testo-
sterone, TG, TC and AAR; while showed positive significant  
correlation with serum HDL-c. Liver steatosis grade showed  

positive significant correlation with serum testosterone, ovarian  

size, BMI, AAR, HOMA-IR score, serum levels of DHEA-
S, lipids. Regression analysis defined low SPX, high testo-
sterone, LDL-c and DHEA-S levels are for high liver steatosis  

grade in PCOS women.  

Conclusion: Serum SPX concentrations were significantly  

decreased in patients had PCOS and NAFLD and was corre-
lated with their associated disturbances. Spexin could be  

considered as the cornerstone for regulation of the relation  

between PCOS and NAFLD.  
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Introduction  

POLYCYSTIC  ovary syndrome (PCOS) is a hor-
monal disorder common among women of repro-
ductive age [1]  and affects over than 10% of these  

women [2] . The hormonal derangement associated  

with PCOS is uniformly characterized by excess  

androgens and abnormal insulin activity [3] . PCOS  
presents with multiple clinical manifestations,  
which vary among patients, but is characterized  

by polycystic ovary morphology and rare or ano-
vulation [4]  and the altered hormonal milieu sec-
ondary to PCOS may extend during pregnancy and  

affect the normal fetal development [3] .  

Non-alcoholic fatty liver disease (NAFLD) is  
a highly prevalent major type of chronic liver  

disease [5]  that may progress to end-stage liver  

diseases [6] . The pathophysiology underlying  
NAFLD involves a multitude of interlinked proc-
esses [7] . Inflammation plays key roles in NAFLD  

pathogeneses and continuous inflammation pro-
motes the progression of nonalcoholic steatohepa-
titis [5] . Lipids are essential cellular components  

that participate in metabolic and endocrine regula-
tion and reproductive functions [9] , but altered  
oxidant/antioxidant balance causes chronic impair-
ment of lipid metabolism [10] .  

Spexin (SPX) is a highly conservative amidated  

14-amino acid peptide hormone that was discovered  

in 2007 by bioinformatics methods [11] . Animal  
studies detected expression of SPX gene and its  
protein product in a wide range of organs including,  

adrenal medulla [12] , brain [13]  and contribute to  
CNS-mediated control of arterial blood pressure  
and salt and water balance and modulate nocicep-
tive responses [14] . Spexin mRNA and protein are  
associated with weight loss in rodents of diet-
induced obesity [15]  and are inversely related to  

blood glucose and lipids in T2DM, suggesting a  
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possible role for SPX in glucose and lipid metab-
olism [16] .  

Aim of the study:  

Estimation of serum levels of spexin (SPX) in  

PCOS women with NAFLD and to evaluate its  
relation to the diagnostic markers of both diseases.  

Patients and Methods  

This Two-arm prospective observational study  
was conducted at Departments of Gynecology &  
Obstetrics, Hepatology and Clinical Pathology,  
Faculty of Medicine, Benha University, since Jan.  
2019 till March 2020 after approval of the study  
protocol by the Local Ethical Committee. This  
study was designed as two-arm study; so, all women  

attending the Gynecology outpatient clinic com-
plaining of infertility or amenorrhea were evaluated  
for the Rotterdam diagnostic criteria of PCOS and  

those fulfilling at least two of these three criteria  

were referred to Hepatology outpatient clinic for  

evaluation of liver for presence of NAFLD and  

were collected as group A. On the other arm, all  

women attending the Hepatology outpatient clinic  
with manifestation of NAFLD were asked about  
their fertility status and menstrual history and any  

woman with these problems were referred to Gyne-
cology outpatient clinic for evaluation for Rotter-
dam diagnostic criteria of PCOS and were collected  

as group B. The study included 30 healthy fertile  

women of cross-matched age and BMI, and free  
of PCOS and NAFLD as control group for estimat-
ed serum spexin.  

Evaluation parameters:  

1- Obesity was evaluated depending on calculation  

of body mass index (BMI) according to the  
equation BMI (kg/m2) = Weight (kg)/height  
(m2) [17]  and was graded according to WHO  
guidelines as average weight (BMI <24.9  

kg/m2), overweight (BMI=25-<30 kg/m 2) obese  
(BMI=30-<35 kg/m2) and morbid obese (BMI  
>35kg/m2) [18] .  

2- Diagnosis of PCOS: PCOS was diagnosed de-
pending on the Rotterdam diagnostic criteria  

which included the following criteria: Amenor-
rhea of oligomenorrhea defined as less than 8  
spontaneous menstrual cycles per year for at  

least 3 years before enrollment, serum total  

testosterone of >0.8ng/ml, and on ovarian  
transabdominal ultrasonography (TAU) or trans-
vaginal ultrasonography (TVU) there were >12  
follicles of 2–9mm range and/or an ovarian  

volume of > 10ml per ovary [19,20,21] .  

3- Diagnosis of NAFLD:  

-  Regarding the non-specific clinical presenta-
tion of patients with NAFLD [22] , it can be diag-
nosed depending on the presence of abnormal liver  

enzyme serum levels especially aspartate transam-
inase (AST) and alanine transaminase (ALT). The  
AST/ALT ratio (AAR) was calculated to evaluate  

the presence of fibrosis, where AAR<1 indicated  

no or minimal fibrosis and AAR> 1 indicated pres-
ence of fibrosis-to-cirrhosis [23] .  

-  TAU was performed to determine hepatic and  

renal parenchymal echogenic density on a grayscale  

and an average of three repeated measurements  

was used to calculate hepatorenal index (HRI) by  

the formula: HRI=Mean liver echogenicity divided  

by mean kidney echogenicity [24] . The optimal  
cutoff value for HRI to define significant steatosis  

was a value of > 1.27 that showed 100% sensitivity  

and negative predictive values with a specificity  
value of 54% [25]  and a HRI in the range of 1-1.04  
indicates normal liver, while hepatic steatosis was  
classified as mild if HRI was 1.05-1.24, moderate  
if HRI was 1.25-1.64 or severe if HRI was 1.65  

[26] .  

4- Insulin resistance (IR) was evaluated using the  

homeostasis model assessment of IR (HOMA-
IR) score that was calculated according to the  

formula: Fasting serum insulin (µU/ml) x [FBG  

(mg/ml)/18])/22.5; HOMA-IR score of >2 is  

considered abnormal [27] .  

Exclusion criteria:  

Amenorrhea secondary to other pathologies,  
evident endocriopathy, diabetes mellitus, previous  

pelvic surgery involving the ovaries, hepat-
osplenomegaly, other causes of chronic liver dis-
eases, hereditary lipoprotein disorders, PCOS with-
out NAFLD, and NAFLD without PCOS.  

Inclusion criteria:  

All women with PCOS and NAFLD and accept-
ed to sign the written fully informed consent were  

enrolled in the study. For comparative purposes,  

30 fertile women with age- and BMI-matched and  
free of PCOS and NAFLD and of other exclusion  
criteria were collected from family planning clinic  

and enrolled as control group for US and laboratory  

data.  

Blood sampling:  
All enrolled women were asked to attend the  

hospital lab fasting for 12 hours and gave blood  
sample for estimation of blood lipid profile and to  
re-attend on the second day fasting 6 hours and  
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gave another blood sample for estimation of fasting  
blood glucose and hormonal profile. Blood samples  
were obtained under complete aseptic condition  
and divided into two parts:  

1-The first part was put in a tube containing sodium  

fluoride (2mg sodium fluoride/ml blood) to  

prevent glycolysis for estimation of blood glu-
cose levels.  

2- The second part was collected in plain tube,  

allowed to clot, centrifuged at 1500xg for 15min  

and the serum samples were collected, divided  
into two parts; the first part was used for esti-
mation of lipid profile and hormonal profiles  
and the 2nd  part was collected in clean Eppin-
dorff tube and stored at –20ºC for estimation  
of estimation of serum spexin levels.  

Estimated parameters:  

1- Blood glucose levels were estimated by glucose  
oxidase method by glucose oxidase method  
using BT 1500 Automatic biochemistry analyzer  

(SPAN Diagnostics, Gujarat India).  

2- Serum levels of total cholesterol (TC), triglyc-
erides (TG), high-density lipoprotein (HDL)  
and low-density lipoprotein (LDL), AST and  

ALT were estimated by photoluminescence  
methods using BT 1500 Automatic biochemistry  

analyzer (SPAN Diagnostics, Gujarat India).  

3- Serum levels of insulin, testosterone (T), dehy-
droepiandrosterone sulfate (DHEA-S) and Pro-
lactin using Automatic Immunoassay Analyzer  
(MAGLUMI 600, Snibe Diagnostic Co., Ltd.,  
China).  

4- Serum levels of human spexin was estimated  
using ELISA kit provided by Assay Genie Co  

(HUFI03307; Auckland, USA).  

Study outcome:  

Study outcome is the relation between serum  
levels of SPX and biochemical and ultrasonographic  

diagnostic markers for PCOS and NAFLD.  

Statistical analysis:  
Data are presented as mean, standard deviation  

(SD), numbers, percentages, median and interquar-
tile range (IQR). Parametric results were analyzed  

one-way Anova test and non-parametric results  
were analyzed using Chi-square test and Mann-
Whitney test. Correlation analysis was performed  

using Pearsons' correlation analysis and Regression  

analysis was performed using the Stepwise method.  

Statistical analysis was conducted using  
IBM® SPSS® Statistics (Version 22, 2015; Ar-
monk, USA) for Windows statistical package. p-
value <0.05 was considered statistically significant.  

Results  

During the study duration, 60 women of 325  

women who had attended the Gynecology outpa-
tient clinic, had at least two of the Rotterdam  

diagnostic criteria of PCOS and were found to  

have the diagnostic criteria for NAFLD for 18.5%  
incidence of NAFLD among PCOS women (Group  

A). On the other side, 42 women of 169 women  
who had attended the Hepatology outpatient clinic,  

had the diagnostic criteria of NAFLD and showed  

at least two of the Rotterdam diagnostic criteria  

of PCOS for 24.9% incidence of PCOS among  

women had NAFLD (Group B). These 102 women  

who had the diagnostic criteria of PCOS and  

NAFLD were enrolled in the study and underwent  
the study evaluation and investigations (Fig. 1).  

Demographic and clinical data evaluation showed  

non-significant (p>0.05) differences between pa-
tients of both groups (Table 1).  

Eligible NAFLD women (n=169)  

127 women  

  

PCOS & NAFLD  
women (n=60; 18.5%)  

 

NAFLD & PCOS  
women (n=42; 24.9%)  

Enrollment  

  

  

   

Group A (n=60)  

 

Group B (n=42)  

Evaluation  

          

          

 

Group A (n=60)  

 

Group B (n=42)  

   

Fig. (1): Consort flow sheet.  
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Table (1): Demographic and clinical data of patients of both  

groups.  

Data  
Group A  
(n=60)  

Group B  
(n=42)  

p- 
value  

Age (year):  
Categories:  

<20  
20-25  
>25-30  

3 (5%)  
26 (43.3%)  
24 (40%)  

1 (2.4%)  
18 (42.9%)  
14 (33.3%)  

0.526  

>30  7 (11.7%)  9 (21.4%)  

Mean (±SD)  26.2 (±3.9)  27 (±4.7)  0.354  

Body mass index (kg/m 2):  
Categories:  

Overweight (24.9-29.9)  13 (21.7%)  8 (19%)  0.259  
Obese (<30-34.9)  39 (65%)  23 (54.8%)  
Morbid obese (>30)  8 (13.3%)  11 (26.2%)  

Mean (±SD)  32.4 (±2.5)  33.4 (±2.7)  0.053  

Marital history:  
Married  35 (58.3%)  30 (71.4%)  0.176  
Single  25 (41.7%)  12 (28.6%)  

Fertility status of married:  
Fertile  14 (40%)  9 (30%)  0.321  
Infertile  

• Primary  10 (28.6%)  14 (46.7%)  
• Secondary  11 (31.4%)  7 (23.3%)  

-  Data are presented as mean, standard deviation (SD), range, numbers,  

percentages; p-value indicates the significance of difference between  

both groups; p>0.05 indicates non-significant difference.  

The results of all laboratory investigations  

showed significant difference between patients and  

controls. Estimated FBG and serum insulin levels  
were non-significantly (p=0.362 & 0.288, respec-
tively) higher in patients of group B in comparison  
to patients of group A. Moreover, 31 women of  

group A (51.7%) and 29 women of group B (69%)  
had HOMA-IR score >2, with non-significantly  
(p=0.079) higher frequency of IR among women  
of group B. Estimated levels of TC and LDL-c  

were significantly higher (p=0.044 & 0.026, re-
spectively), while estimated levels of TG were  

non-significantly (p=0.188) higher, but estimated  
levels of HDL-c were non-significantly ( p=0.132)  
lower in patients of group B in comparison to  
patients of group A. Moreover, estimated serum  

levels of testosterone and DHEA-S were signifi-
cantly higher in patients in comparison to controls  
with non-significantly higher levels in women of  

group A than women of group B. On contrary,  
serum prolactin levels were non-significantly higher  
in patients of both groups in comparison to controls  
with non-significantly higher levels in patients of  

group B (Table 2).  

Estimated serum AST and ALT levels were  
significantly higher in patients of both groups in  
comparison to control women with non–signifi-
cantly higher levels in patients of group B in  
comparison to patients of group A. Considering  

AAR of <1 indicated no fibrosis; fortunately, all  
patients and controls had mean AAR of <1 despite  

of the significantly higher AAR in patients than  

controls and the non-significantly higher ration for  
patients of group B in comparison to patients of  

group A (Table 2).  

All control women had unilateral ovarian size  
of <10cm

3
, while only 33 of studied women had  

ovarian size of <10cm
3
, while 69 women had  

ovarian size of more than 10cm
3
. The frequency  

of women had ovarian size of <10cm
3 
 was signif-

icantly lower in patients of both groups in compar-
ison to controls with non-significantly higher fre-
quency among women of group A in comparison  

to women of group B. Ultrasonographic evaluation  

of liver steatosis grade defined 51 patients and 25  

controls of grade 0, 36 patients and 5 controls of  
grade 1 steatosis, and 5 patients of grade 2 steatosis.  

The frequency of steatosis was significantly higher  

among patients of group A (p=0.036) and B (0.027)  
in comparison to control group with non-
significantly higher frequency of steatosis among  

women of group B than women of group A (Table  

3, Fig. 3).  

Estimated serum spexin levels in patients of  
both groups were significantly (p 1<0.0001) lower  
in comparison to control levels. Interestingly, serum  
spexin levels in patients of group A were signifi-
cantly (p2=0.005)  higher in comparison to its levels  
estimated in patients of group B (Table 4, Fig. 4).  

Serum spexin levels showed negative significant  
correlations with liver steatosis grade, HOMA-IR,  

ovarian size, BMI, serum testosterone, TG, TC and  
AAR, in decreasing order of significance; while  

showed positive significant correlation with serum  
HDL-c. On contrary, liver steatosis grade showed  
positive significant correlation with serum testo-
sterone, ovarian size, BMI, AAR, HOMA-IR score,  

serum levels of DHEA-S, TC, LDL-c and TG, in  

decreasing order of significance (Table 5). Regres-
sion analysis defined low serum spexin, high serum  
testosterone, LDL-c and DHEA-S as the predictors  

for high liver steatosis grade in PCOS women  

(Table 6).  
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Table (2): Laboratory data of patients of both groups.  

Variables  Parameter  
Control  
(n=30)  

Group A  
(n=60)  

Group B  
(n=42)  

IR data  FBG (mg/dl):  
Mean (±SD)  
p-value  

111.6 (8.1)  138.7 (15.8)  141.5 (14.2)  

p 1  <0.0001  <0.0001  
p2  0.362  

Serum insulin:  
Mean (±SD)  
p-value  

1.735 (0.48)  5.545 (1.42)  5.83 (1.18)  

p 1  <0.0001  <0.0001  
p2  0.288  

HOMA-IR score:  
<2  30 (100%)  31 (51.7%)  29 (69%)  
>2  
p-value  

0  29 (48.3%)  13 (31%)  

p 1  <0.0001  <0.0001  
p2  0.079  
Mean (±SD)  
p-value  

0.48 (0.14)  1.9 (0.56)  2.05 (0.5)  

p 1  
p2  

<0.0001  <0.0001  

Lipid profile  TC (mg/dl):  
Mean (±SD)  
p-value  

159.5 (10.6)  183.6 (17.1)  190.2 (14.5)  

p 1  <0.0001  <0.0001  
p2 0.044  

TG (mg/dl):  
Mean (±SD)  
p-value  

41 (11.8)  88.5 (15.5)  92.4 (13.2)  

p 1  <0.0001  <0.0001  
p2  0.188  

HDL-c (mg/dl):  
Mean (±SD)  
p-value  

46.2 (4.6)  43.3 (6.1)  41.5 (5.5)  

p 1  0.03  0.0016  
p2  0.132  

LDL-c (mg/dl):  
Mean (±SD)  
p-value  

72.4 (13.7)  122.6 (17.6)  130.2 (15.4)  

p 1  <0.0001  <0.0001  
p2  0.026  

Hormonal profile  Testosterone (ng/ml):  
Mean (±SD)  0.65 (0.16)  3.08 (0.7)  2.95 (0.46)  
p-value  <0.0001  
p 1  <0.0001  
p2  0.283  

DHEA-S (µg/ml):  24.6 (3.77)  
Mean (±SD)  15.1 (1.66)  23.1 (4.47)  
p-value  <0.0001  
p 1  <0.0001  
p2  0.068  

Prolactin (ng/ml):  9.17 (1.6)  
Mean (±SD)  9 (0.9)  9.35 (1.48)  
p-value  0.753  
p 1  0.485  
p2  0.565  

Liver enzymes  AST (mg/ml):  

Mean (±SD)  
p-value  

19.4 (3.9)  25.3 (5.9)  25.8 (6.5)  

p 1  <0.0001  <0.0001  
p2  0.658  

ALT (mg/ml):  

Mean (±SD)  
p-value  

24.6 (4.2)  30.6 (6.1)  31.1 (7.8)  

p 1  <0.0001  0.0001  
p2  0.726  

AAR:  

Mean (±SD)  
p-value  

0.79 (0.058)  0.82 (0.076)  0.83 (0.06)  

p 1  0.027  0.0019  
p2  0.493  

-  Data are presented as mean, standard deviation (SD), range, median, interquartile range (IQR); FBG:  

Fasting blood glucose; HOMA-IR: Homeostasis model assessment of insulin resistance score; TC: Total  

cholesterol; TG: Triglycerides; HDL-c: High density lipoprotein cholesterol; LDL-c: low density lipoprotein  

cholesterol; DHEA-S: Dehydroepiandrosterone sulfate; AST: Aspartate transaminase; ALT: Alanine transaminase;  

AAR: AST/ALT ratio; p 1 value indicates the significance of difference between both groups in comparison  
to control group; p2 value indicates the significance of difference between both groups; p<0.05 indicates  
significant difference; p>0.05 indicates non-significant difference.  
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Table (3): US data of enrolled patients.  

Variable  
Control  
(n=30)  

Group A  
(n=60)  

Group B  
(n=42)  

Unilateral ovarian size:  
<10 cm3  30 (100%)  16 (26.7%)  17 (40.5%)  
>10 cm3  
p-value  
p 1  

0  44 (73.3%)  

<0.0001  

25 (59.5%)  

<0.0001  
p2  0.142  
Mean (±SD)  
p-value  
p 1  

6.2 (0.6)  11.1 (1.7)  

<0.0001  

10.4 (1.7)  

<0.0001  
p2  0.060  

Liver steatosis grade:  
Grade 0  25 (83.3%)  35 (58.3%)  21 (50%)  
Grade 1  5 (16.7%)  23 (38.4%)  18 (42.9%)  
Grade 2  
p-value  
p 1  

2 (3.3%)  

0.046  

3 (7.1%)  

0.027  
p2  0.557  

-  Data are presented as mean, standard deviation (SD), range, numbers,  

percentages p 1 value indicates the significance of difference between  

both groups in comparison to control group; p2 value indicates the  
significance of difference between both groups; p<0.05 indicates  
significant difference; p>0.05 indicates non-significant difference.  

Control Group A Group B  

Fig. (2): Distribution of control and studied women according  

to US measurements of unilateral ovarian size.  

Control Group A Group B  

Fig. (3): Distribution of control and studied women among  

US grades of steatosis.  

Table (4): Mean (±SD) of estimated serum spexin levels in  
patients of both groups in comparison to control  

levels.  

Control Group A Group B  
(n=30) (n=60) (n=42)  

Mean (±SD) 3.76±0.66 3±0.62 2.66±0.58  

p-value  

p 1 <0.0001 <0.0001  

p2 0.005  

-  Data are presented as mean, standard deviation (SD); p 1 value  
indicates the significance of difference between both groups in  

comparison to control group; p2 value indicates the significance of  
difference between both groups; p<0.05 indicates significant differ-
ence; p>0.05 indicates non-significant difference.  

Fig. (4): Mean levels of serum spexin estimated in patients  

of both groups in comparison to control group.  

Table (5): Correlation coefficient between serum spexin and  

liver steatosis grade and other studied parameters.  

Variables  Serum spexin  Liver steatosis grade  

Parameters  r  p 
 r  p 

 

Body mass index  –0.352  <0.001  0.333  0.001  

HOMA-IR  –0.407  <0.001  0.310  0.002  

Ovarian size  –0.359  <0.001  0.368  <0.001  

Total cholesterol  –0.248  0.012  0.240  0.015  

High density lipoprotein  0.291  0.003  –0.141  0.156  

Triglycerides  –0.329  0.001  0.227  0.022  

Low density lipoprotein  –0.171  0.105  0.231  0.020  

Testosterone  –0.335  0.001  0.413  <0.001  

DHEA-S  –0.143  0.152  0.295  0.003  

AST/ALT ratio  –0.226  0.022  0.313  0.001  

Liver steatosis grade  –0.725  <0.001  

r=Pearson's correlation coefficient; HOMA-IR: Homeostasis  

model assessment of insulin resistance score; DHEA-S: Dehydroepi-
androsterone sulfate; AST: Aspartate transaminase; ALT: Alanine  
transaminase; p-value indicates the significance of the coefficient;  
p<0.05 indicates significant difference; p>0.05 indicates non-significant  
difference.  
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Table (6): Regression analysis (Stepwise method) for studied  

parameters as predictors for liver steatosis in PCOS  
women.  

Parameters  
Standardized  

coefficient (P )  
t- 

value  
p- 

value  

Serum spexin  
Serum testosterone  
Serum Low density lipoprotein  

cholesterol  
Serum dehydroepiandrosterone  

sulfate  

–0.643  
0.171  
0.158  

0.156  

–9.561  
2.545  
2419  

2.375  

<0.001  
0.012  
0.017  

0.020  

Discussion  

All studied PCOS women and had NAFLD  
showed significant decrease of serum spexin (SPX).  

Moreover, Pearson's correlation analysis showed  
a negative significant correlation between serum  

SPX levels and BMI, HOMA-IR score and serum  
levels of TC and TG on one side and with serum  

testosterone and DHEA-S on the other side. These  

results point to a fact that serum SPX may be the  

coordinator of the relationship between PCOS and  

obesity. Similarly, Lin et al., [28]  reported that in  
healthy adult females, serum SPX levels showed  

negative significant correlation with age, BMI,  
fasting glucose and TG levels and can independ-
ently predict the risk of high BMI and high fasting  

glucose. Thereafter, Guler & Demir [29]  reported  
an inverse relation between serum SPX and andro-
gens and the unfavorable metabolic profiles in  

PCOS women, and found the increased risk of  
having PCOS was in parallel with decreased SPX  
levels. In trial to explain these relations, Behrooz  

et al., [30]  through a systemic review attributed the  
relation between SPX and BMI to its positive  

impact on overall metabolic status and appetite-
regulating effect as it can act as an anorexigenic  

factor. Experimentally, Said et al., [31]  found SPX  
attenuated the deleterious effects of metabolic  

syndrome induced in animal model by high-fructose  

diet and this effect was attributed to inhibition of  
inflammation and activation of peroxisome prolif-
erator-activated receptors- y  and adenosine mono-
phosphate-activated protein kinase. Also, El-Saka  
et al., [32]  found SPX treatment of rats maintained  
on high fat/fructose diet improved insulin resistance  

(IR), dyslipidemia, oxidative stress and inflamma-
tion.  

Moreover, the current study detected positive  
significant correlation between SPX and HDL-c  
levels; a finding that indicates a shift of cholesterol  
esterification from esterification with apolipopro-
tein B-100 towards with apo A-I and apo A-II with  

subsequent formation of HDL-c and decrease of  

LDL and VLDL. In line with these findings, Kumar  

et al., [33]  detected increased serum SPX concen-
tration 6-m after Roux-en-Y gastric bypass for  
girls with severe obesity with negative correlation  

with HOMA-IR and BMI. Thereafter, Atabey et  

al., [34]  reported significant decrease of BMI, body  

fat, fasting glucose, total and LDL-c with increased  

HDL-c and plasma SPX levels at 3 months after  

laparoscopic sleeve gastrectomy for morbid obese  

patients.  

Interestingly, the current study reported negative  

significant correlation between serum SPX and  

AAR and steatosis US grades. Moreover, steatosis  

US grade showed positive significant correlation  
with BMI, HOMA-IR and lipid profile. These  
findings illustrate the relation between SPX, obes-
ity, IR and liver steatosis. In line with these data,  

Zhang et al., [35]  detected a significantly lower  
SPX levels in patients with NAFLD in comparison  

to controls with significant correlation with HOMA-
IR and this correlation remained significant after  
adjustment for gender and BMI.  

The obtained results and these previous works  
point to a fact that serum SPX may be the modulator  

of the reciprocal relationship between PCOS and  

NAFLD. In line with this reciprocal relation be-
tween PCOS and NAFLD, Shengir et al., [36]  
reported that NAFLD is a frequent comorbidity in  

women with PCOS and is strongly associated with  
higher BMI and Taranto et al., [37]  found women  
with PCOS had a high risk of NAFLD, and a  
combination of both was associated with central  
obesity, dyslipidemia, IR, and metabolic syndrome.  
Also, Asfari et al., [38]  documented that in compar-
ison to women free of PCOS, women with PCOS  

have four times higher risk of developing NAFLD.  

More recently, Won et al., [39]  documented that  
metabolic syndrome diagnosis at PCOS diagnosis  
were risk factors associated with NAFLD.  

Furthermore, there was positive significant  
correlation between serum levels of testosterone,  

DHEA-S and insulin with a significant correlation  
between levels of these hormone and presence of  
both PCOS and NAFLD. These results point to a  
possible role for the reported disturbed hormonal  

milieu and development of both pathologies and  
their possible upcoming complications.  

In trial to explain this dilemma of disturbed  

hormonal milieu, experimentally, Cui et al., [40]  
using PCOS-like rat found long-term androgen  
excess affects mitochondrial function through  

induction of imbalance in apoptosis and autophagy  

and lead to hepatic lipid deposition and inflamma-
tion with subsequent IR and hepatic steatosis and  
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Siemienowicz et al., [41]  detected decreased fibrob-
last growth factor 21 signaling in subcutaneous  

adipose tissue with increased hepatic triglyceride,  

reduced fatty acid oxidation capacity and increased  

hepatic expression of inflammatory markers inpre-
natally androgenized sheep.  

Clinically, Qu & Donnelly [42]  through a review  
of literature described a flow of events starting  

with obesity leading to development of IR and  

NAFLD with decreased circulating levels of sex  
hormone binding protein (SHBP] depending on  
the detected negative correlation between levels  

of SHBP and IR and markers of NAFLD and sub-
sequently, the decreased levels of SHBP lead to  

increased bioavailability of androgens with subse-
quent progression of ovarian pathology, anovulation  
and the phenotypic characteristics of PCOS. As  

another explanation was provided by Bicer et al.,  
[43]  who detected increased levels of secreted friz-
zled-related protein 4, which is an adipokine in-
volving in apoptotic process during ovulation and  
energy metabolism, and found these high levels  
were associated with higher possibility of having  

PCOS and were also related to IR, hyperandrogen-
ism, ovarian follicular number and ovarian volume.  
On the other hand, Guler & Demir [29]  found  
myonectin, a myokine involving in glucose and  
lipid metabolisms, is inversely associated with  
BMI, IR, TG and free androgen index, while it  
showed a positive association with HDL-C in  
women with PCOS.  

Conclusion:  

There is an evident reciprocal relationship  
between PCOS and NAFLD and both were corre-
lated with disturbed hormonal milieu, lipid profile  
and insulin sensitivity. Serum spexin concentrations  
were significantly decreased in patients had both  
PCOS and NAFLD and was correlated with the  

associated disturbances.  

Limitation:  
Therelation between serum spexin levels and  

other adipocytokines was to be investigated. Also,  

the effect of dieting regimens, metformin, hormonal  

contraceptives and antilipotrophic factors need to  

be evaluated.  

Recommendation:  
Further wider scale studies are mandatory to  

establish the role of spexin in pathogenesis of both  
PCOS and NAFLD.  
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