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 � Abstract
Background: Type 2 diabetes mellitus (TIIDM) 
is a metabolic disorder in which the level of glucose 
is elevated in the blood as a consequence of insulin 
resistance. Spexin (SPX) is a peptide involved in the 
regulation of blood glucose and lipid metabolism. Aims: 
The study aims were targeting the pathophysiology of 
TIIDM in postmenopausal women (PMW), where it 
focused on the evaluation of SPX levels in the serum 
of TIIDM-PMW. Results: There was a significant 
(P<0.001) difference in waist circumference and waist-
to--to- height ratio between TIIDM and non-diabetic 
PMW, which indicates more central fat in patients. 
FSG, HbA1c, insulin, and HOMA-IR levels were 
elevated significantly in TIIDM PMW, indicating 
poor glycemic control. SPX and SOD levels were 
significantly reduced in TIIDM patients, while MDA, 

CRP, and IL-6 levels were significantly increased, 
reflecting oxidative stress and inflammation. The lipid 
profile was changed significantly in TIIDM PMW. 
Moreover, the correlation in TIIDM PMW indicated 
a positive association between SPX and MDA, SPX 
and age, CRP and IL-6, CRP and age, IL-6 and FSG, 
SOD and insulin, and a negative association between 
SPX and waist-to-height ratio, SPX and FSG, SPX and 
HOMA-IR, and MDA and insulin. At last, SPX has 
shown excellent sensitivity in the prognosis of TIIDM 
in PMW. Conclusion: SPX has been shown to play 
an important role in the pathophysiology of TIIDM in 
PMW. Targeting SPX may provide a novel technique 
to maintain good glycemic control in diabetic patients.

Keywords: Type 2 Diabetes Mellitus, Lipid Profile, 
MDA, CRP, IL-6.

1. Introduction
 pexin (SPX), is a newly identified neuropeptide 
 hormone encoded by the Ch12orf39 gene, 
 which is located on the q short arm of 
chromosome 12 in humans. The Spexin gene contains 
six exons and five introns. Spexin is co-evolved with 
the galanin/Kisspeptin family [1]. Glucose homeostasis 
improves glucose tolerance & insulin resistance in type 
2 diabetes (TIIDM), and decreases serum SPX level in 
TIIDM [2, 3]. Spexin is also likely to be involved in 
reproduction, cardiovascular/renal function and harmful 
effects. The precise function of SPX in these activities, 
despite the widespread expression of SPX, is unknown 
due to a lack of knowledge about the SPX receptor in 
human tissues indicates its potential involvement in 
many still-to-be-established physiological functions 
[4]. Spexin is well-known in TIIDM, but its relation 
to cardiovascular problems such as insulin resistance 
and dyslipidemia needs to be demonstrated. Since 
cardiovascular morbidity and mortality are more likely to 

develop in people with metabolic syndrome. Therefore, 
it is interesting to examine the relationship between 
plasma insulin levels and the LDL/HDL cholesterol 
ratio in diabetes mellitus [5]. Chronic conditions such 
as insulin resistance, obesity, and TIIDM were reported 
to have reduced amounts of circulating SPX [6-9]. The 
study aims were targeting the pathophysiology of TIIDM 
in postmenopausal women (PMW), where it focused 
on the evaluation of SPX levels in the serum of TIIDM 
PMW, predicting its role in the pathophysiology of the 
disease, and the possibility of using it as a biomarker 
for predicting the diabetic complications. Moreover, 
the correlation of SPX with sugar profile, lipid profile, 
oxidative stress including malondialdehyde (MDA) and 
superoxide dismutase (SOD), inflammatory indicators 
including C-reactive protein (CRP) and interleukin-6 
(IL-6) was aimed in this study. 

2. Materials and Methods
Sample collection: Samples were taken from women 
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from diabetes and endocrinology centres in the Thi-
Qar Governorate, while controls were collected from 
Al-Hussein Teaching Hospital in the same governorate. 
The Ethical Committee of Al-Hussein Teaching Hospital 
granted the study approval (IRB number: 01/2023). The 
samples were obtained from (2/28 to 4/17/2023), taking 
into account the name, age, and family history at the 
time of the search mechanism. The obtained samples 
are placed in clean, plain test tubes and allowed to clot 
for at least 15 minutes at room temperature. Following 
this, the samples are centrifuged at (3600 rpm) for 10 
minutes to separate the serum for biochemical analysis. 
Hemolysis samples were discarded, and the recovered 
serum was divided into various tubes and refrigerated 
at -20 °C for analysis later. The tests indicated below 
will be performed in line with the procedure (kit user 
handbook) laid out by the product’s manufacturer. ELISA 
kits (catalogue numbers KBH3507 and L-4260, Krishgen 
Biosystems India) were used to measure the serum SPX 
levels in accordance with the manufacturer’s protocol. 

Methods: The study included 180 PMW from Thi-
Qar, Iraq. Ninety women were recently diagnosed with 
TIIDM disease, while the other 90 were non-diabetic 
PMW. The age, weight, height, and waist circumference 
of each woman were registered, and the vein blood was 
withdrawn. The whole blood was used to analyze glycated 
haemoglobin (HbA1c) while the rest of the blood was left to 
clot, then centrifuged to collect the serum which was used 
for the analyses of SPX, MDA, SOD, CRP, fasting blood 
glucose (FSG), insulin, lipid profile, and IL-6. The levels 
of FSG and insulin were used to evaluate the HOMA-IR 
level. All obtained data were processed statistically for 
mean comparison using an independent sample t-test, 
correlation using Pearson’s analysis, and receiver operating 
characteristic (ROC) for predicting the sensitivity of the 

tests as biomarkers for disease prognosis. 
Included criteria: Women with new diabetes were 

diagnosed by the doctors of the above-mentioned centre. 
This criterion was based on the causes of TIIDM in 
the menopausal stage, which are frequent urination, 
obesity, autoimmunity, and insulin resistance. 

Statistical analysis: The gathered data were displayed as 
mean±SD. One-way analysis of variance to determine the 
difference between more than two groups, Bonferroni’s 
analysis was employed. The parameters are correlated 
using the Pearson correlation (r) coefficient. For the 
investigation, an SPX parameter’s diagnostic viability 
was evaluated using ROC curve analysis, or receiver 
operating characteristic curve analysis. Statistics were 
judged significant at p<0.001 . All statistical analysis was 
carried out utilising IBM’s SPSS software, version 24. 

3. Results 
Anthropometrics: The anthropometric indications of 

healthy and diseased PMW are shown in Table 1. The 
average age of postmenopausal participants was in the 
mid-fifties, where the differences were non-significant 
(P<0.001) between control (54.97±4.31 years) and TIIDM 
patients (56.21±4.37 years. The waist circumference of 
healthy PMW (78.98±5.21 cm), and PMW with newly 
diagnosed TIIDM (80.70±5.77cm) were statistically 
significant (P<0.001) where the patients showed higher 
waist circumference than control. The differences 
in the BMI were non-significant (P<0.001) between 
postmenopausal healthy women (25.70±1.63kg/m2) and 
postmenopausal women with TIIDM (26.11±1.64kg/
m2). PMW with a new diagnosis of TIIDM disease 
(0.494±0.039) has shown significant (P<0.001) differences 
of waist to waist-to-height ratio (WHtR) compared to 
postmenopausal healthy women (0.483±0.032).

Table 1: The Basic Anthropometric Criteria of the Study Subgroups.
Parameter (means±SD) Health PMW (N=90) PMW/newly Diagnosed TIIDM (N=90) p value

Age: year 54.97±4.31 56.21±4.37 0.056
Waist circumference: cm 78.98±5.21 80.70±5.77 0.037

BMI: kg/m2 25.70±1.63 26.11±1.64 0.096
WHtR 0.483±0.032 0.494±0.039 0.030

The sugar profile included fasting serum glucose 
(FSG), glycated haemoglobin (HbA1c), insulin, and 
HOMA-IR, all are shown in Table 2. The level of FSG 
was significantly higher (P<0.001) in PMW with newly 
diagnosed TIIDM (10.25±2.15 mmol / L) compared to 
postmenopausal healthy women (5 .09±0.33mmol/L). 
The level of HbA1c was significantly higher (P<0.001) 
in PMW with newly diagnosed TIIDM (8.30±1.39 
%) compared to postmenopausal healthy women (5 

.16±0.37%). The level of insulin was significantly 
higher (P<0.001) in PMW with newly diagnosed TIIDM 
(15.77±2.43 µIU / mL) compared to postmenopausal 
healthy women (8.65±2.75µIU / mL). The level of 
HOMA-IR was significantly higher (P<0.001) in PMW 
with newly diagnosed TIIDM (7.21±2.04 mmol / L×µIU 
/ mL) compared to postmenopausal healthy women (1 
.96±0.64 mmol / L×µIU / mL).

Table 2: Sugar Profile Levels in the Study Participants.
Parameter (means±SD) Health PMW (N=90) PMW/newly Diagnosed TIIDM (N=90) p value

Serum Fasting glucose (mmol/L) 5.09±0.33 10.25±2.15 <0.001*
HbA1c (%) 5.16±0.37 8.30±1.39 <0.001*

Serum Insulin (µIU/mL) 8.65±2.75 15.77±2.43 <0.001*
HOMA-IR (mmol/L × µIU/mL) 1.96±0.64 7.21±2.04 <0.001*



The Association between Spexin Levels, Lipid Profiles, 
Glucose Metabolism, and Immune Function in Newly 
Diagnosed Diabetes in Postmenopausal Iraqi Women

The Review of DIABETIC STUDIES
Vol. 19· No. 3· 2023

168

Rev Diabet Stud (2023) 19:166-170 Copyright © by Lab & Life Press

150

100

50

0

1 3 6 9 12 15

a a a ab b b

Days

Sp
O

2 %

Figure 1: The ROC Curve of SPX in the 
Prognosis of PMW with TIIDM Disease.
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Figure 2: The ROC Curve of CRP in the 
Prognosis of PMW with TIIDM Disease.

The level of SPX was reduced significantly (P<0.001) 
in postmenopausal women with newly diagnosed TIIDM 

(38.64±11.70pg/mL) compared to postmenopausal healthy 
women (64.26±15.43 pg/mL), as shown in Table 3.

Table 3: The Level of SPX in the Study Participants.
Parameter (means±SD) Health PMW (N=90) PMW/newly Diagnosed TIIDM (N=90) p value

SPX (pg/mL) 64.26±15.43 38.64±11.70 <0.001*

The results of lipid profile parameters including; 
TGs, TC, HDL, LDL, and VLDL are shown in Table 
4. The level of TGs was increased significantly 
(P<0.001) in PMW with newly diagnosed TIIDM 
(137.75±27.63mg/dL) compared to postmenopausal 
healthy women (120.15±20.83mg/dL). The level of 
TC was increased non-significantly (P<0.001) in 
PMW with newly diagnosed TIIDM (167.17±27.11mg/
dL) compared to postmenopausal healthy women 
(159.82±23.80mg/dL). The level of HDL was 
reduced significantly (P<0.001) in PMW with newly 

diagnosed TIIDM (39.00±6.01mg/dL) compared to 
postmenopausal healthy women (40.92±5.66mg/dL). 
The level of LDL was increased non-significantly 
(P<0.001) in PMW with newly diagnosed TIIDM 
(100.62±25.90 mg/dL) compared to postmenopausal 
healthy women (94.87±23.77mg/dL). The level of 
VLDL was increased significantly (P<0.001) in 
PMW with newly diagnosed TIIDM (27.55±5.53mg/
dL) compared to postmenopausal healthy women 
(24.03±4.17mg/dL).

Table 4: The Level of Lipid Profile Parameters in the Study Participants.
Parameter (means±SD) Health PMW (N=90) PMW/newly Diagnosed TIIDM (N=90) p value

TGs (mg/dL) 120.15±20.83 137.75±27.63 <0.001*
TC (mg/dL) 159.82±23.80 167.17±27.11 0.055

HDL (mg/dL) 40.92±5.66 39.00±6.01 0.029
LDL (mg/dL) 94.87±23.77 100.62±25.90 0.123

VLDL (mg/dL) 24.03±4.17 27.55±5.53 <0.001*

The ROC test of SPX indicated an excellent 
sensitivity (AUC=0.909) of using SPX as a biomarker 
for the prognosis of TIIDM disease in PMW. Moreover, 
the cut-off value was evaluated as 46.33 pg/mL with 
85.6% sensitivity and 77.8% specificity (Table 5, 
Figure 1). The ROC test of CRP was indicated as 

good sensitivity (AUC=0.853) of using CRP as a 
biomarker for the prognosis of TIIDM disease in 
PMW. Moreover, the cut-off value was evaluated as 
8.87 mg/L with 78.8% sensitivity and 80% specificity 
(Table 5, Figure 2).

Table 5: ROC Analysis Outcomes.
Parameters (means ± SD) AUC Standard error p-value Cut-off value Sensitivity Specificity

SPX (pg/mL) 0.909 0.020 <0.001 46.33 85.6% 77.8%
CRP (mg/L) 0.853 0.029 <0.001 8.87 78.8% 80%
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4. Discussion
The average age of postmenopausal participants was in 

the mid-fifties, where the differences were non-significant 
(P <0.001) between control (54.97±4.31years) and TIIDM 
patients (56.21±4.37years). Age is a crucial risk factor for 
many health disorders, including TIIDM disease. Since this 
study was conducted on PMW, the age of the participants 
was above 45, but it was restricted upon the selection of 
the study participants to maintain the differences between 
control and patients in the non-significant region. This 
would result in the elimination of age involvement in the 
fluctuations of the studied parameters. Moreover, the BMI 
was also treated similarly to avoid any influence of obesity/ 
overweight on the levels of the studied parameters. Yet, 
there was a significant difference in the values of waist 
circumference and WHtR between controls and patients 
[10, 11]. The sugar profile included fasting serum glucose 
(FSG), glycated haemoglobin (HbA1c), insulin, and 
HOMA-IR (Table 2). The level of FSG was significantly 
higher (P<0.001) in PMW with newly diagnosed TIIDM 
(10.25±2.15 mmol / L) compared to postmenopausal 
healthy women (5.09±0.33mmol/L).

The diagnosis of TIIDM depends on the levels of 
FSG and HbA1c, while insulin resistance is indicated 
by the level of HOMA-IR. The levels of FSG and 
HbA1c indicated poor glycemic control (HbA1c>8%) 
of the postmenopausal patients with TIIDM disease 
[12]. Poor glycemic control can lead to the deterioration 
of patients’ health by increasing the risk of infection, 
the risk of cancer recurrence, symptom severity, pain 
severity, hospitalization, and mortality, and it can cause 
a reduction in the quality of life [13]. Karaca et al. 
(1019), have reported a significant increase in FSG and 
HbA1c in patients with TIIDM disease [14]. Tejaswi et 
al. (2021), have reported a significant increase in HbA1c 
and insulin levels in TIIDM patients, indicating the 
presence of insulin resistance in patients [15]. Gowdu 
et al. (2021) have reported a significant increase in FSG 
and HOMA-IR in TIIDM patients [16].

The level of SPX was reduced significantly (P<0.001) in 
PMW with newly diagnosed TIIDM (38.64±11.70pg/mL) 
compared to postmenopausal healthy women (64.26±15.43 
pg/mL) (Table 3) Karaca et al. (2019), have reported a 
significant reduction in the serum level of SPX in patients 
with TIDM and TIIDM diseases. They have concluded that 
the expression of SPX is reduced in the pancreas of patients 
regardless of their glycemic control [14]. Kolodziejskiet al. 
[17], have indicated that the administration of SPX in obese 
and diabetic mice has improved the glycemic state and 
metabolic functions during 30 days of administration [17]. 
They have concluded that SPX exhibited anti-inflammatory, 
hormonal regulating, and glycemic control effects [17-19].

The results of lipid profile parameters including; TGs, 
TC, HDL, LDL, and VLDL (Table 4) show the level of 
TGs was increased significantly (P<0.001) in PMW with 
newly diagnosed TIIDM (137.75±27.63mg/dL) compared 
to postmenopausal healthy women (120.15±20.83mg/dL), 
Tejaswiet al. [15], have reported significant alteration in 
the levels of lipid profile parameters, where the levels 
of TGs, TC, LDL, and VLDL were elevated while the 
level of HDL was reduced in TIIDM patients [15].

This means that when the level of SPX drops below 46.33 
pg/mL in the serum of PMW, there would be a chance of 
85.6% that the women would have TIIDM disease. This 
means that when the level of CRP rises above 8.87mg/L in 
the serum of PMW, there would be a chance of 78.8% that 
the women would have TIIDM disease. In addition to these 
aforementioned impacts of diabetes on SPX levels other 
proinflammatory cytokines released by cells into localized 
milieu [20-22] should be also considered. 

5. Conclusion
PMWs with TIIDM disease have shown low-grade 

inflammation caused by ageing, hyperglycemia, and insulin 
resistance. Spexin level was reduced significantly in PMW 
with TIIDM disease, which reflects a state of regulation 
of glucose homeostasis and lipid metabolism. Targeting 
SPX in TIIDM patients may improve the glycemic state of 
postmenopausal patients. PMW with TIIDM disease has 
shown a significant increase in MDA levels with a significant 
decrease in SOD, indicating a condition of oxidative stress. 
Abdominal fat in PMW with TIIDM disease may be a major 
contributor to poor glycemic control and severe symptoms. 
The fluctuation in lipid profile parameters in PMW with 
TIIDM disease is a major responsible for the development 
of diabetic complications.
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