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ABSTRACT 

Oxytocin (OXT) is implicated as a novel therapy of obesity-diabetes. Nesfatin is an anorexigenic 

adipokine linked to improve insulin sensitivity and dysglycemia in obese/T2DM mice, while 

endothelin-1 (ET-1) is an endothelium vasoconstrictor that is dysregulated in metabolic insulin 

resistance. The aim of this study was to investigate OXT, ET-1, and nesfatin plasma levels and 

the correlation between these biomarkers and the various metabolic parameters in the human. In 

a cross-sectional study, MS-subjects attended the National Center for Diabetes Endocrinology 

and Genetics were enrolled based on their blood glucose levels into (82 MS-non-diabetic vs. 89 

MS-pre/diabetic patients). Plasma OXT, ET-1 and nesfatin levels were measured by competitive 

binding and sandwich enzyme-linked immunosorbent assays (ELISA). When MS-pre/T2DM 

patients were compared to MS-controls, plasma OXT concentrations (pg/mL) were significantly 

lower (P < 0.001) (mean ± SD; 1206.28 ± 507.68 vs. 2224 ± 871.22); nesfatin plasma levels 

(ng/mL) were significantly higher (P < 0.01) (1.04 ± 2.20   vs. 0.31 ± 0.25); while no differences 

were observed in ET-1 (pg/mL) plasma levels (P > 0.05) (4.21 ± 4.19 vs. 4.01 ± 3.51). In 

conclusion, the present study is the first one which demonstrates an increase in nesfatin 

concentrations in MS-pre/diabetic patients vs. MS-non-diabetic. Our study reported a decrease in 

OXT levels in MS-pre/T2DM compared to MS-control. Besides, ET-1 concentrations had no 



significant difference between non-diabetic and diabetic-MS patients, serum OXT concentrations 

correlated with several clinical parameters; this is suggestive of OXT as a pharmacologic agent 

that opposes weight gain and improves insulin resistance.  
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1. INTRODUCTION 

 

Oxytocin (OXT) is produced by hypothalamic OXT neurons; it is a nine-amino acid 

neuropeptide that is released locally in the brain or systemically. OXT acts systemically to 

mediate reproductive activities of females including laboring and lactation (6). Interestingly, 

multiple pharmacologic activities of OXT and its analogs were reported including controlling 

weight, lipid profile, insulin sensitization, insulin secretion and thus its potentials of being 

developed as a new class of small peptides for treating obesity as well as diabetes that is related 

or unrelated to obesity (7). Furthermore, the circadian release of OXT from posterior pituitary 

after being synthesized in hypothalamus directs hypothalamic regulation of feeding circadian 

rhythms to maintain body weight homeostasis. Disturbance of this control system underlies 

obesity development. Indeed, environmental over-nutrition, such as chronic fat-enriched diet, is a 

major contributor to an impaired circadian release pattern of OXT, leading to altered feeding 

rhythms and body weight imbalance (8). 

 

At the cellular level, balance between vasodilator and vasoconstrictor actions determines the 

vascular response to insulin (9). Endothelial insulin resistance is typically accompanied by 

reduced nitric oxide (NO)-dependent vasodilator actions and an intact or heightened endothelin-1 

(ET-1)-dependent vasoconstrictor actions (10). The vascular ET-1 system activity is increased in 

insulin-resistant states such as obesity, type 2 diabetes mellitus (T2DM), and metabolic 

syndrome (MS). And it is enhanced secondary to abnormalities in vascular insulin signaling, as 

well as to changes in visceral and perivascular adipose tissue (PVAT), and may contribute to the 

pathogenesis of both insulin resistance and vascular dysfunction/damage. In healthy individuals, 

PVAT seems to have anticontractile effect and this dilator effect was lost in obese patients. 

PVAT hypertrophy secondary to obesity is associated with reduced partial oxygen pressure, an 

increase in the production of inflammatory cytokines such as TNF-α and IL-6, and elevation of 

reactive oxygen species. Thus, oxidative stress and hypoxia may promote imbalance in the 

production of vasoactive compounds and may affect vascular homeostasis by activating the ET-1 

system (11).  



 

 

In 2006, nesfatin was discovered and introduced as a potential novel anorexigenic modulator of 

food intake and body weight by its interaction with other brain transmitters to exert its food 

consumption inhibitory effect (12). In nesfatin relation with T2DM/MS, functional in vitro studies 

demonstrated that nesfatin stimulates the pre-proinsulin mRNA expression and increases the 

glucose-induced insulin release in rat and mouse isolated islets or cultured cells. Extending these 

findings, NUCB2/ nesfatin released by pancreatic cell was found to be dependent on glucose 

concentration (13). This stimulation was not observed when islets cells were incubated 

with nesfatin in low glucose concentrations. Whereas, incubation in high glucose concentrations 

resulted in a four-fold increase in nesfatin release (14). Glucolipotoxic conditions, in which 

glucose and fatty acid are elevated, enhance the NUCB2 gene expression and this correlates with 

insulin gene expression, as well as with insulin secretory capacity (15). Taken together, insulin 

resistance could be a possible reason for the elevation of nesfatin levels in T2DM patients, thus 

nesfatin acts as a potent anorexigenic factor that improves insulin resistance and opposes weight 

gain (16). 

There are no previous studies to evaluate the relationship between OXT and endothelin-1 and 

nesfatin levels in T2DM patients with MS. Thus, our study is the first clinical study to evaluate 

the link between MS biomarkers (endothelin-1 and nesfatin) and plasma OXT levels in the 

metabolic syndrome-diabetic patients. 

 In case of establishing the relationship between OXT levels and obesity-diabetes biomarkers 

dysregulation (endothelin 1 and nesfatin), it would be possible to provide a therapeutic 

suggestion about the neuropeptide OXT intervention as an anti-obesity and anti-diabetic. 

 

2. EXPERIMENTAL  

2.1 Study design  

This was a cross sectional study to measure blood levels of OXT and MS biomarkers 

(endothelin-1 and nesfatin). The sample was obtained using convenient sampling technique. The 

MS-pre/T2DM group consisted of 100 newly diagnosed anti-diabetic drug-naïve patients with 

prediabetes or T2DM attending diabetes clinics, while the MS-control group consisted of 100 

MS patients without diabetes attending nutrition and cardiology clinics at the National Center for 



Diabetes Endocrinology and Genetics (NCDEG). According to Adult Treatment Panel Third 

Report (ATP III), (2001), MS disorder is defined by the three or more of the following 

contributing factors: abdominal obesity defined by waist circumference > 35 inches or 88 cm in 

women and > 40 inches or 102 cm in men, blood pressure (BP) >130/ 85 mmHg, triglyceride 

(TG) > 150 mg/dL, low fasting high density lipoprotein (HDL) < 40 mg/dL in men or < 50 

mg/dL in women, and blood glucose (BG) levels of > 100 mg/dL. 

Females who are pregnant or breast-feeding (lactating) were excluded from this study. Patients 

with prior treatment with anti-diabetic agent either for diabetes itself or for any other condition 

associated with hyperglycemia, patients with clinical evidence of life-threatening disease, 

alcohol/drug abuse or recently diagnosed untreated endocrine disorder, any individuals with 

known inflammatory or autoimmune conditions such as the inflammatory bowel disease, and 

patients with obesity secondary to endocrine derangement other than DM were as well excluded.  

 

2.2 clinical setting and duration  

The study started after obtaining approval from the Scientific Research Committee at the Faculty 

of Pharmacy and approval from the National Center for Diabetes, Endocrinology and Genetics 

Institutional Review Board (IRB) Committee. The informed consent was obtained from each of 

the participants. The study was undertaken over the course of one visit where patient’s 

anthropometric data (height, weight, waist circumference) and blood pressure were measured. 

The biochemical analysis of HbA1c, fasting blood glucose, and fasting lipid profile (TG, low 

density lipoprotein (LDL), total cholesterol and HDL) were obtained from medical files for each 

consented patient. Clinical information such as risk factors of cardiovascular disease (CVD) and 

DM including; history of delivery of baby weighing > 4 kg, polycystic ovary syndrome (PCOS), 

smoking, physical activity, and family history of DM and CVD were obtained as well. Blood 

samples were collected in lithium heparin tubes and centrifuged at 00 C, and at speed of 2000 

revolutions per minutes (rpm) for 10 minutes to obtain plasma samples then it were stored at -800 

C until biochemical analysis.  

 

 

2.3 Laboratory assay work principles for the MS-biomarkers  



Measurement of human OXT, and nesfatin was performed using human competitive binding 

ELISA kit in vitro (Abcam® OXT ELISA kit, USA), (RayBiotech. Inc., human nesfatin ELISA, 

USA), respectively. On the other hand, the measurement of ET-1 was performed using human 

sandwich ELISA kit (Abcam® human Endothelin-1 ELISA, USA).  The lithium heparinized 

plasma samples of both study groups were subjected to the ELISA determination of the 

biomarkers levels. The ELISA plate was read at O.D. absorbance of 570 and 590 for OXT, and 

at 450 nm wavelengths for ET-1 and nesfatin using the ELISA plate reader (Bio-Tek® 

Instruments, Winooski, VT, USA). Each sample was assayed, the standard curve was obtained 

and the plasma concentration of the biomarkers was expressed as pg/ml. 

 

 

2.4 Statistics 

Data were coded and entered into Statistical package for the Social Science software (SPSS), 

release 20 (SPSS® Inc., Chicago, IL). Clinical, biochemical parameters and biomarkers were 

expressed as mean and standard deviation (SD) in case of continuous variables and by 

frequencies with percentages in case of categorical variables. Independent-sample t-test and Chi-

square test were used as appropriate. All probabilities were two-tailed, and P values < 0.05 were 

regarded as statistically significant. 

 

 3. RESULTS  

3.1. Study participants 

The total number was 171 participants. The MS-control subjects were matched to MS-pre/T2DM 

subjects by age, gender distribution, and BMI categories. Figure 1 displays the study flow chart. 



 

Figure 1. The study flow chart.  

 

3.2 Patients demographic data 

The demographic characteristics of the study sample are summarized in Table 1. All patients 

were Jordanian residents, the majority of the participants were females (67.2%), and the mean 

age was 51.05 ± 10.72 years. The later coincides with the postmenopausal women average age in 

Jordan as stated elsewhere 49.6 ± 3.64 years old (17). Breuli, et al. (2014) could correlate the low 

OXT levels with women' postmenopausal state (N=1097) (18). However, the assessment of 

postmenopausal state was beyond the scope of this study. Nearly half of the patients were obese 

(53.3%), (29.9%) were morbidly obese and (15%) were overweight; with only (1.8%) of patients 

having normal body mass index (BMI); mean BMI was (33.206 ± 5.53) kg/m2. There was no 

significant difference in the demographic characteristic of patients (mean age and BMI, BMI 

categories and gender) between the MS-control and MS-pre/T2DM, which ascertains the 

homogeneity of participants' pool. 

 

 



Table 1. Demographic characteristics of patients in the total sample and study groups  

Clinical parameter  Total  sample a 

N= 171 

MS-pre/T2DM   

n= 89 

MS-Controls 

n= 82  

P b 

Age in years (mean ± 

SD)  

51.05 ± 10.72 51.9 ± 11.345 50.17 ± 10.01 0.293 

Gender, N(%)a 

Male 

Female 

 

57 (32.8) 

117 (67.2) 

 

29 (32.6) 

60 (67.4) 

 

28 (32.9) 

57 (67.1) 

 

0.960^ 

BMI (kg/m2) (mean ± 

SD)  

33.206 ± 5.53  33.7 ± 5.21 33.05 ± 5.07 0.414 

BMI category, N(%)a 

Normal weight 

Overweight 

Obese 

Morbidly obese 

 

3 (1.8) 

25 (15) 

89 (53.3) 

50 (29.9) 

 

1 (1.2)  

12 (14.3) 

42 (50) 

29 (34.5) 

 

2 (2.4) 

13 (15.7) 

47 (56.6) 

21 (25.3) 

 

 

0.587^ 

a Percent within total. b P-value by independent-sample t-test for age and BMI and ^ by Pearson 

Chi-square test between both study groups. BMI: Body mass index, SD: Standard deviation. 

3.3 Patients clinical characteristics  

The clinical characteristics of the study sample are summarized in Table 2. The systolic blood 

pressure (SBP) and diastolic blood pressure (DBP) were significantly higher in the MS-

pre/T2DM as compared to MS-controls (P = 0.034 and 0.012, respectively).  

The HbA1c was higher (P = 0.044) in the MS-pre/T2DM group (8.58% ± 14.75) than in the MS-

control group (5.31% ± 0.37). Similarly, the measured fasting plasma glucose (FPG) was 

significantly higher (P < 0.001) in the MS-pre/T2DM group (121.06 ± 32.07) mg/dL than in the 

MS-control group (101.77 ± 18.96) mg/dL. The waist circumference and fasting lipid profile 

parameters (total cholesterol, LDL, HDL, and TG) had no significant differences between the 

two groups (Table 2).  

Table 2. Clinical characteristics of participants in the total sample and the study groups  

Clinical parameter  Total sample,  

N= 174,  

(mean ± SD) 

MS-pre/T2DM  

n= 89, (mean ± 

SD) 

MS-Controls  

n= 85, 

(mean ± SD) 

P a 

 

 

SBP (mmHg) 135.75 ± 19 138.42 ± 20.54 132.11 ± 18.16 0.034 

DBP (mmHg) 81.05 ± 11.99 83.31 ± 12.57 78.76 ± 10.89 0.012 

Waist circumference (cm) 104.46 ± 11.8 3 104.03 ± 16.51 103.77 ± 11.38 0.905 

Serum creatinine (mg/dL) 0.711 ± 0.21 0.83 ± 0.62 0.66 ± 0.19 0.026 

HbA1c (%)  6.28 ± 5.905 8.58 ± 14.75 5.31 ± 0.37 0.044 



FPG (mg/dL) 
111.26 ± 27.07 121.06 ± 32.07 101.77 ± 18.96 < 

0.001 

Total cholesterol (mg/dL) 199.12 ± 47.94 195.28 ± 49.08 202.78 ± 47.13 0.406 

LDL-C (mg/dL) 138.08 ± 74.96 135.57 ± 37.53 139.63 ± 102.22 0.736 

HDL-C (mg/dL) 45.47 ± 12.77 46.02 ± 23.80 47.17 ± 13.08 0.709 

TG (mg/dL) 174 .15 ± 139.21 168.78 ± 85.01 179.95 ± 180.74 0.611 

Oxytocin (pg/mL) 1709.15 ± 873.41 1206.28 ± 507.68 2224 ± 871.22 < 

0.001 

Nesfatin (ng/mL) 0.709 ± 1.66 1.04 ± 2.20 0.31 ± 0.25 0.005 

Endothelin-1 (pg/mL) 4.11 ± 3.87 4.21 ± 4.19 4.01 ± 3.51 0.740 
aP-value by independent-sample t-test between both study groups. DBP: diastolic blood pressure, 

SBP: systolic blood pressure, FPG: Fasting Plasma Glucose, HbA1c: Hemoglobin Glycosylated 

A1C, HDL-C: High Density Lipoprotein Cholesterol, LDL-C: Low Density Lipoprotein 

Cholesterol, TG: Triglycerides, SD: Standard deviation. 

3.4 MS biomarkers (OXT, nesfatin, and endothelin-1) levels 

The clinical biomarkers shown in Table 2, OXT was significantly (P < 0.001) lower, and nesfatin 

was significantly (P = 0.005) higher in the MS-pre/T2DM patients as compared to MS-controls. 

On the other hand, endothelin-1 levels (P = 0.740) did not differ between the study groups. 

 

4. DISCUSSION  

Unprecedentedly, our study has the largest sample size compared to other similar studies. 

Beside, our study demonstrated for the first time the plasma nesfatin levels in MS patients. The 

ELISA kits were highly specific for the measurement of the selected plasma MS biomarkers. 

This study is the first step of three-stage study, in the other two steps further analysis will be 

done to find out the correlation between the biomarkers, and to do further gender-based analysis. 

Our study could have the novelty in case of establishing the relationship between OXT levels 

and obesity-diabetes biomarkers (endothelin 1 and nesfatin), and it would be possible to provide 

a therapeutic suggestion about the neuropeptide OXT and/or, similarly, ET-1 and nesfatin 

intervention as an anti-obesity and anti-diabetic. Additional possible correlations of metabolic 

biomarkers with clinical parameters; such as SBP, DBP, waist circumference, HbA1c, BMI, lipid 

profile in both MS-control and MS-pre/T2DM groups were investigated.    

 

 

 



4.1. OXT findings  

Recently, Qian, et al., (19) study enrolling 176 patients, including 88 subjects with newly 

diagnosed T2DM vs. 88 subjects with normal glucose tolerance (NGT) were allocated. All 

participants were divided based on BMI into four subgroups: T2DM-obese, T2DM-normal 

weight, NGT-obese, and NGT-normal weight (19). With regard to our study; the emphasis was 

more directed into comparisons with T2DM-obese and NGT-obese subgroups (Table 3). 

 

In the clinical trial of Qian, et al.,(19) 88 obese patients were divided into two subgroups based on 

HbA1c; T2DM-obese and NGT-obese, HbA1c was higher in T2DM than in NGT subjects (9.25 

± 1.91% and 5.34 ± 0.31%, respectively, P < 0.01) (19). Similar results were reported in our study 

for MS-pre/T2DM (8.58 ± 14.75%) and for MS-NGT (5.31 ± 0.37%) (P = 0.044). In our 

study,serum OXT concentrations were decreased in MS-pre/T2DM (1206.28 ± 507.68) pg/mL 

compared to MS-NGT (2224 ± 871.22) pg/mL (P < 0.001). These results were consistent with a 

similar results showing that the levels of OXT in T2DM patients (7.16 (6.45– 8.82)) pg/mL were 

significantly decreased (P < 0.01) compared with NGT (9.23 (8.16 -10.36)) pg/mL (19). The 

difference of OXT levels between our study and Qian study could be justified by using different 

unit. In our study, OXT levels were expressed by pg, while it were expressed by ng in Qian 

study. Furthermore, using different kits, in our study the measurement of human OXT was 

performed using human ELISA kit (Abcam® OXT ELISA kit, USA), while in Qian, OXT levels 

was measured using a commercially available human ELISA kit (human ELISA kit, IBL, 

Germany).  

 

4.2. ET-1findings  

Mather, et al.,(20) investigated the role of ET-1 in MS patients. Twenty eight subjects were 

divided into 3 subgroups: 8 lean subjects, 12 obese subjects, and 8 subjects with T2DM. The 

comparison between our results of ET-1 with those in the study by Mather, et al.,(20) is shown in 

Table 3. 

 The effect of ET-1 blockade produced no significant difference in obese and T2DM. ET-1 

concentrations did not differ between obese and T2DM patients (13.7 ± 1.5 and 14.6 ± 2.7 

pg/mL, respectively, P = 0.15) (20). Likewise, our results confirmed that ET-1 concentration was 



statistically indifferent between MS-control and MS-pre/T2DM groups (4.01 ± 3.51 and 4.21 ± 

4.19 pg/mL, respectively, P = 0.74).  

 

4.3. Nesfatin findings  

A cross-sectional study by Zhang, et al., (21) investigated the plasma nesfatin levels, enrolling 74 

patients with newly diagnosed T2DM and 73 subjects with NGT. The comparison between our 

results of nesfatin with the above study is shown in Table 3. 

The plasma nesfatin levels in Zhang, et al., (21) study were higher in T2DM (1.91 ± 0.10) ng/mL 

subjects than the NGT-controls (1.40 ± 0.10) ng/mL (P < 0.01). Interestingly, Zhang, et al., (21) 

recruited patients who were not metabolic syndrome patients; rather diabetic patients vs. healthy 

controls.   Therefore, the present study is the first one which investigates nesfatin levels in MS-

pre/diabetic patients vs. MS-non-diabetic patients. Our results were comparable to Zhang, et al. 

(2012) where nesfatin concentrations were higher in MS-pre/T2DM than in MS-control 

apparently healthy subjects (1.04 ± 2.20 and 0.31 ± 0.25 ng/mL, respectively, P = 0.005). 

 

As conflicting reports about plasma nesfatin dysregulation in association with MS were 

principally inconclusive; some animal studies reported that plasma nesfatin levels were 

significantly increased in diet-induced obese mice compared to controls (16, 22). In contrary, other 

studies reported a decrease in nesfatin levels among T2DM patients. Differences in study design, 

including patient selection (obese vs. lean, diet type, glycemic level) may have contributed to 

these discrepancies. Li, et al., (23) studied patients at various stages of the disease, some of them 

had macrovascular and microvascular complications and had antidiabetic medications; including 

oral hypoglycemic drugs and insulin, which could have affected the release of nesfatin. In 

contrast, our study patients were newly diagnosed T2DM and were not treated with any 

antidiabetic drugs. In addition to its anorexigenic effects, endogenous nesfatin peptide was most 

recently implicated, via nesfatin neutralizing antibodies, in the regulation of food intake, 

thermogenesis and energy expenditure (24). Also, nesfatin treatment proved effective in 

decreasing blood glucose and insulin resistance, and improving lipid disorder in diabetes mice 

(25). This can clearly be linked to its elevated concentrations in T2DM and impaired glucose 



tolerance subjects (21) and, most importantly, in our pool of MS-participants, possibly, as a 

compensatory mechanism. 



Table 3. Comparison between the results of OXT, ET-1, and nesfatin in our study with the results of other studies.  

Parameters, 

Mean±SD 
OXT ET-1 Nesfatin 

Findings by Qian et 

al., 2014 

Our findings  Findings by Mather et 

al., 2002 

Our findings  Findings by 

Zhang et al., 2012 

Our findings  

T2DM

-obese 

NGT-

obese 

MS-

pre/T2D

M 

MS-

Controls 

T2DM-

obese 

NGT-

obese 

MS-

pre/T2DM 

MS-

Controls 

T2DM NGT MS 

pre/T2D

M- 

MS-

Controls 

Age (Years) 46.19 ± 

11.06 

45.21 ± 

9.24 

51.9 ± 

11.345 

50.17 ± 

10.01 

44.5 ± 3.5 33.7 ±  2.6 51.9 ± 

11.345 

50.17 ± 

10.01 

54 ± 11 51 ± 7 51.9 ± 

11.345 

50.17 ± 

10.01 

Gender N 

(%)a 

Male 

Female 

46  

18 

(39.1) 

28 

(60.9) 

42  

13 (30.9) 

29 (69.1) 

89 

29 (32.6) 

60  (67.4) 

85 

28 (32.9) 

57 (67.1) 

8 

5 (62.5) 

3 (37.5) 

12  

8 (66.7) 

4 (33.3) 

89 

29 (32.6) 

60 (67.4) 

85 

28 (32.9) 

57 (67.1) 

74  

39 (52.7) 

35 (47.3) 

73  

36 

(49.3) 

37 

(50.4) 

89 

29 (32.6) 

60  (67.4) 

85 

28 (32.9) 

57 (67.1) 

BMI (kg/m2) 
27.49 ± 

2.03 

27.78 ± 

2.66 

33.7 ± 

5.21 

33.05 ± 

5.07 

38.1 ±  2.7* 34.2 ±  3.2 33.7 ± 5.21 33.05 ± 5.07 25.0 ± 3.7 24.5 ± 

3.6 

33.7 ± 

5.21 

33.05 ± 

5.07 

SBP 

(mmHg) 

128.39 

± 14.48 

128.93 ± 

16.03 

138.42 ± 

20.54* 

132.11 ± 

18.16 

  138.42 ± 

20.54* 

132.11 ± 

18.16 

- - 138.42 ± 

20.54 

132.11 ± 

18.16* 

DBP 

(mmHg) 

79.72  ± 

6.36 

82.64 ± 

12.67 

83.31 ± 

12.57* 

78.76 ± 

10.89 

  83.31 ± 

12.57* 

78.76 ± 

10.89 

- - 83.31 ± 

12.57 

78.76 ± 

10.89* 

Waist 

circumferenc

e (cm) 

94.03 ± 

4.21 

96.02 ± 

9.53 

104.03 ± 

16.51 

103.77 ± 

11.38 

- - 104.03 ± 

16.51 

103.77 ± 

11.38 

- - 104.03 ± 

16.51 

103.77 ± 

11.38 

Serum 

creatinine 

(mg/dL) 

- - 0.83 ± 

0.62* 

0.66 ± 

0.19 

- - 0.83 ± 0.62* 0.66 ± 0.19 - - 0.83 ± 

0.62 

0.66 ± 

0.19* 

HbA1c (%)  
9.25 ± 

1.91* 

5.34 ± 

0.31 

8.58 ± 

14.75* 

5.31 ± 

0.37 

10.0 ±  1.3 - 8.58 ± 

14.75* 

5.31 ± 0.37 8.8 ± 2.4 5.5 ± 

0.4* 

8.58 ± 

14.75 

5.31 ± 

0.37* 

FPG 

(mg/dL) 

175.68 

± 

49.68* 

90.18 ± 

8.28 

121.06 ± 

32.07* 

101.77 ± 

18.96 

172.81 ± 

9.8* 

97.2±  3.6 121.06 ± 

32.07* 

101.77 ± 

18.96 

196.2 ± 

68.4 

97.2  

± 7.2* 

121.06 ± 

32.07 

101.77 ± 

18.96* 

Total 

cholesterol 

(mg/dL) 

197.21 

± 45.24 

176.334 ± 

25.52 

195.28 ± 

49.08 

202.78 ± 

47.13 

174.01±  

7.73 

154.67±  

7.73 

195.28 ± 

49.08 

202.78 ± 

47.13 

203.01 ± 

54.13 

186.7

7 ± 

32.09 

195.28 ± 

49.08 

202.78 ± 

47.13 

LDL-C 

(mg/dL) 

128.38 

±  39.82 

111.36 ± 

23.58 

135.57 ± 

37.53 

139.63 ± 

102.22 

108.27±  

7.73 

108.27 ± 

3.86 

135.57 ± 

37.53 

139.63 ± 

102.22 

116.39 ± 

42.15 

104.0

2 ± 

26.29 

135.57 ± 

37.53 

139.63 ± 

102.22 

HDL-C 

(mg/dL) 

41.37 ± 

7.34 

46.79 ± 

12.37 

46.02 ± 

23.80 

47.17 ± 

13.08 

34.80 ± 3.86 38.66 ± 

3.86 

46.02 ± 

23.80 

47.17 ± 

13.08 

49.88 ± 

26.68 

49.11 

± 

11.21 

46.02 ± 

23.80 

47.17 ± 

13.08 



  

 

 

 

 

a Percent within total. * Significant differences between study groups (P<0.05).  

 

TG (mg/dL) 

231.17±  

125.77 

157.66 ± 

82.37 

168.78 ± 

85.01 

179.95 ± 

180.74 

212.57±  

26.57 

194.86 ±  

35.42 

168.78 ± 

85.01 

179.95 ± 

180.74 

184.23 ± 

138.17 

118.6

8 ± 

60.23

* 

168.78 ± 

85.01 

179.95 ± 

180.74 

Oxytocin 

(pg/mL)  

7.16 

(6.45– 

8.82)* 

9.23 (8.16 

-10.36) 

1206.28 ± 

507.68* 

2224 ± 

871.22 

14.6 ± 2.7 13.7 ± 1.5 4.21 ± 4.19 4.01 ± 3.51 1.9 ± 0.1 1.4 ± 

0.1* 

1.04 ± 

2.20 

0.31 ± 

0.25* 



4.4 Correlation between the MS biomarkers and the clinical parameters in 

MS-participants  

OXT correlated negatively with FPG and HbA1c (r = -0.293, P < 0.001 and r = -0.465, P 

< 0.001, respectively), and nesfatin correlated positively with HbA1c (r = -0.463, P < 0.001), 

while ET-1 did not correlate with HbA1c (r = -0.116, P = 0.145). In addition, OXT correlated 

negatively while ET-1 correlated positively with serum creatinine (r = -0.189, P = 0.019 and r = 

0.174, P = 0.036, respectively) in the total MS-population. 

HbA1c had positive correlation with FPG and serum creatinine (r = 0.508, P < 0.001 and 

r = 0.197, P = 0.014, respectively). Interestingly, HDL had negative correlation with both FPG 

and TG (r = -0.175, P = 0.034 and r = -0.399, P < 0.001, respectively). DBP correlated positively 

with SBP (r = 0.537, P < 0.001), waist circumference (r = 0.195, P = 0.029), BMI (r = 0.169, P = 

0.011) and serum creatinine (r = 0.159, P = 0.047). 

In the MS-control group, ET-1 correlated negatively with BMI (r = -0.246, P = 0.032), 

similarly to the whole MS-population DBP correlated positively with SBP and waist 

circumference (r = 0.582, P < 0.001 and r = 0.234, P = 0.034, respectively) (Appendix6- Table 

4-a).  

In the MS-pre/diabetic group, OXT correlated positively with LDL (r = 0.309, P = 

0.005). ET-1 correlated negatively with age, BMI and HbA1c (r = -0.291, P = 0.007, r = -0.225, 

P = 0.043 and r = -0.256, P = 0.020), and positively with serum creatinine (r = 0.259, P = 0.022). 

HbA1c correlated positively with FPG (r= 0.527, P < 0.001), and DBP correlated positively with 

SBP (r = 0.484, P < 0.001). 

  

 

 The current study was limited by its cross-sectional design which does not infer a causal 

relationship between decreased circulating oxytocin levels and the development of obesity and 

T2DM. Furthermore, gender-based allocations were not equally distributed between the two 

groups; with more females participating than males. The difficulties to recruit drug-naive 

patients with no history of any prior treatment with anti-diabetic medications represented another 



limitation. Serial changes in serum oxytocin need to be measured at different time points during 

the day according to the daily and pulsatile pattern of OXT release. Lastly, serum OXT levels 

may be influenced by possible and variable acute stress experienced by the individual subjects, 

and the MS-female participants were not questioned about their pre- or post-menopausal 

condition. 

 

In conclusion, the present study is the first one which demonstrates an increase in nesfatin 

concentrations in MS-pre/diabetic patients vs. MS-non-diabetic, our study reported a decrease in 

OXT levels in MS-pre/T2DM compared to MS-control. Besides, ET-1 concentrations had no 

significant difference between non-diabetic and diabetic-MS patients, confirming the results of 

the few earlier studies, serum OXT concentrations correlated with several clinical parameters; 

this is suggestive of OXT as a pharmacologic agent that opposes weight gain and improves 

insulin resistance.  
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