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Abstract
Background: Metabolic risk factors play a critical role in metabolic syndrome (MetS),
and endothelial dysfunction is important in its development. On the other hand,
Helicobacter pylori (H. pylori) infection has an essential role in MetS. The goal
of present study was to evaluate the effect of H. pylori infection on endothelial
dysfunction in MetS patients.
Methods: Based on the International Diabetes Federation (IDF) criteria, 80 MetS
patients (59 females and 21 males, mean age: 48.94 ± 10.00 years) were selected.
Plasma samples were assayed for H. pylori IgG using the ELISA method. Endothelial
function was also evaluated by measuring plasma concentrations of endothelin-1 (ET-1),
E-selectin, and intracellular adhesion molecule-1 (ICAM-1) using ELISA method. Also,
NO2

− and NO3
− concentrations were measured by Griess method.

Results: Fifty patients (62.5%) had H. pylori infection. Plasma concentrations of ET-
1, NO2

−, and NO3
− were significantly higher in MetS patients with positive H. pylori

infection than in MetS patients with negative H. pylori infection (ET-1: 2.92 ± 2.33 vs
1.9 ± 1.4 pg/ml; P = 0.037; NO2

−:19.46 ± 7.11 vs 15.46 ± 4.56 μM; P = 0.003; NO3
−: 20.8

± 10.53 vs 16.85 ± 6.03 μM, P = 0.036). However, plasma concentrations of ICAM-1
and E-selectin did not show any significant difference in the two groups.
Conclusion: The results showed a relationship between H. pylori infection and
endothelial dysfunction. H. pylori infection can lead to atherosclerosis by causing
chronic inflammation and affecting the factors contributing to the MetS.
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1. Introduction

Helicobacter pylori (H. pylori) is a gram-negative and urease-positive bacterium that
is found in gastritis epithelium. It is one of the most common infections with a preva-
lence of over 50% worldwide [1]. Although developing countries have a high preva-
lence (50.8%) of H. pylori, but 34.7% of developed countries are infected [2]. Chronic
infection in individuals with H. pylori infection results in the release of inflammatory
cytokines such as tumor necrosis (TNF), interleukin-1 (IL-1), and interleukin-6 (IL-6) [3],
and increased c-reactive protein (CRP) and intracellular adhesion molecule-1 (ICAM-1)
[4], which affects vasomotor microvascular function and cause vasoconstriction and
endothelial dysfunction. This evidence shows that H. pylori infection participates in
the atherosclerosis pathogenesis through the development of chronic inflammation
along with other mechanisms such as hyperhomocysteinemia, dyslipidemia, impaired
glucose metabolism, and endothelial dysfunction [4]. The same pathogenesis is also
found in metabolic syndrome (MetS), which increases the risk of cardiovascular disease
or atherosclerosis through proinflammatory factors [5]. MetS is a multiplex risk factor for
atherosclerotic cardiovascular disease and type 2 diabetes [6]. Endothelial dysfunction
is one of the early stages of atherosclerosis [7] and numerousmarkers have been utilized
to evaluate endothelial dysfunction and inflammatory activation of endothelium, includ-
ing cell adhesion molecule (CAM) [8]. Endothelial E-selectin, which is absent in inactive
cells, is caused by inflammatory damage. ICAM-1 is also expressed by endothelial cells
in response to inflammatory cytokines [9]. Also, the factors involved in the regulation
of vasoconstriction and vasodilation, and evaluation of endothelial dysfunction include
decreased nitric oxide (NO) as a vasodilator and increased endothelin-1 (ET-1) as a
vasoconstrictor [10]. On the other hand, some studies have reported that clinical markers
of MetS and systemic inflammation improve after treatment and destruction of H. pylori
infection, indicating the role of H. pylori infection in MetS [11, 12]. In this study, we studied
endothelial function and H. pylori infection in patients with MetS and their possible
association.

2. Methods

In this cross-sectional study (from 2011 to 2012), following the International Diabetes
Federation (IDF) criteria [35], 80 patients with MetS (59 females and 21 males, mean
age: 48.94 ± 10.00 years) were selected. IDF defines a MetS patient as a person with
central obesity (waist circumference: ≥80 cm for women and ≥94 cm for men), plus
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two of the following four factors: (1) raised blood pressure (BP): systolic BP ≥130 mmHg
or diastolic BP ≥85 mmHg, or treatment of previously diagnosed hypertension; (2)
reduced high density lipoprotein-cholesterol (HDL-C): <50 mg/dL in women, <40 mg/dL
in men, or specific treatment for this lipid abnormality; (3) raised triglyceride (TG):
≥150 mg/dL, or specific treatment for this lipid abnormality; and (4) raised fasting blood
sugar (FBS) ≥100 mg/dL, or previously diagnosed type 2 diabetes. In this study, central
obesity and high BP were present in all patients. Patients were studied as two groups:
MetS patients with positive and negative H. pylori infection. Research exclusion criteria
included: pregnancy, smoking, taking any drug that affects glucose or fat metabolism,
hypoglycemic or hypolipemic drug use, renal dysfunction, advanced heart failure, history
of untreated thyroid disease, acute and chronic inflammatory disease, surgery in the
last three months, and malignancies. Diastolic and systolic BP values of all patients
in mmHg, abdominal circumference in cm, weight in kg, and height in meters were
measured. After at least 12 hr of fasting, 8 ml of intravenous blood was collected from
all subjects using sterile Venugect syringes including ethylenediamine tetraacetic acid
(EDTA) anticoagulants and blood samples were centrifuged at 3000 g for 7 min to obtain
plasma. The plasma samples were stored at –80ºC until analysis. TG, total cholesterol
(TC), glucose, HDLc, low density lipoprotein-cholesterol (LDL-C) were detected by the
photometric method using an automated analyzer by kits (Pars azmoon, Iran); ET-1,
ICAM-1, E-selectin were detected by ELISA method using kit (IBL, Hamburg, Germany);
and NO2

− and NO3
− weremeasured by Griess method using kit (Cayman, USA).H. pylori

exposure was distinguished via plasma IgG test by kit (Globe diagnostics, Italy) using
ELISA method. The SPSS (v. 16) software was used for data analysis and significance
was considered as P < 0.05. Results were presented as mean ± SD.

3. Results

Patients were evaluated in two groups: 50 MetS patients with positive H. pylori infection
and 30 MetS patients with negative H. pylori infection. The clinical and demographic
characteristics of patients are shown in Table 1. The systolic BP in MetS patients
with positive H. pylori infection was significantly higher than in those with negative
H. pylori infection (P = 0.033). However, no significant difference was seen in age,
waist circumference, body mass index (BMI), TG, FBS, TC, LDL-C, HDL-C, and diastolic
BP between the two groups. Plasma concentrations of ET-1, ICAM-1, E-selectin, NO2

−,
and NO3

− in MetS patients with positive and negative H. pylori infection are shown
in Table 2. Plasma concentration of ET-1 showed a significant increase (P = 0.037) in
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MetS patients with positive H. pylori infection (2.92 ± 2.33 pg/ml) compared with MetS
patients with negative H. pylori infection (1.9 ±1.4 pg/ml). On the other hand, significant
differences existed in plasma concentrations of NO2

− and NO3
− between MetS patients

with positive H. pylori infection (19.46 ± 7.11 and 20.8 ± 10.53 mM, respectively) and
MetS patients with negative H. pylori infection (15.46 ± 4.56 and 16.85 ± 6.03 μM,
respectively). Plasma concentrations of ICAM-1 and E-selectin were not different in both
groups of MetS patients with positive and negative H. pylori infection.

Table 1: Clinical and demographic characteristics of MetS patients with positive and negative H. pylori
infection.

Variable MetS patients with H.
pylori (+)

MetS patients with H.
pylori (–)

P-value

Gender (man/woman) 50 (11/39) 30 (7/22) 0.492

Age (yr) 50.18 ± 8.76 46.76 ± 11.64 0.184

BMI (kg/m2) 33.92 ± 5.30 32.26 ± 4.45 0.138

Waist circumference
(cm)

109.72 ± 10.1 107.166 ± 9.18 0.250

Systolic blood
pressure (mmHg)

149.6 ± 21.1 140.6 ± 15.50 0.033

Diastolic blood pres-
sure (mmHg)

94.50 ± 7.30 92.80 ± 8.60 0.089

FBS (mg/dl) 98.52 ± 13.01 105.53 ± 16.18 0.049

TG ( mg/dl) 275.54 ± 153.22 225.83 ± 176.55 0.206

TC (mg/dl) 241.50 ± 37.2 248.33 ± 79.05 0.659

LDL-C (mg/dl) 146.08 ± 33.85 141.53 ± 35.32 0.573

HDL-C (mg/dl) 59.26 ± 9.62 59.23 ± 14.05 0.993

BMI: body mass index; FBS: fasting blood sugar; TG: triglyceride; TC: total cholesterol; LDL-C:
low density lipoprotein-cholesterol; HDL-C: high density lipoprotein-cholesterol

Table 2: Plasma concentration of endothelial function markers-C in MetS patients with positive and negative
H. pylori infection.

Variable Patients of MetS with
H. pylori (+)

Patients of MetS with
H. pylori (–)

P-value

ET-1 (pg/ml) 2.92 ± 2.33 1.90 ± 1.40 0.037

E-selectin (ng/ml) 10.66 ± 4.37 10.33 ± 5.24 0.770

ICAM-1 (ng/ml) 39.21 ± 14.55 37.74 ± 18.57 0.695

NO2
− (µM) 19.46 ± 7.11 15.46 ± 4.56 0.003

NO3
− (µM) 20.80 ± 10.53 16.85 ± 6.03 0.036

ICAM-1: intercellular adhesion molecule-1; ET-1: Endothelin-1; NO2- : nitrite; NO3-: nitrate.
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4. Discussion

MetS patients have a two-fold increased risk of developing cardiovascular disease [13].
MetS occurs worldwide with a prevalence of 10–40% [14]. Mozumdar’s study reports
that the prevalence of this syndrome was higher in women than the men [15]. This
study showed that MetS patients had a higher incidence of H. pylori infection (62.5%)
indicating a relationship between MetS and H. pylori infection. This incidence is also
higher in women than the men. As shown in the Tsung-po Chen study,H. pylori infection
is positively related to MetS in women [16]. H. pylori infection is associated with a
decrease in HDL-C, an increase in TC, LDL-C, and TG [17], which increases TG. and
decreased HDL-C as lipid markers are criteria for MetS, but no significant increase
in TG and decrease HDL-C were seen among patients with positive and negative H.

pylori infection. Obesity is another feature of patients with MetS [18]. Insulin resistance
is associated with obesity [19]. The previous studies have demonstrated that MetS and
H. pylori infection are associated with insulin resistance [20, 21]. On the other hand,
insulin resistance [22], increased TG, and decreased HDL-C levels lead to inflammatory
conditions [23] and obesity is also associated with inflammation [18]. The investigations
have shown that the elimination of H. pylori infection leads to a decrease in inflammatory
cytokines, which indicates a link between H. pylori infection and inflammation [24].

In a meta-analysis, Upala et al. demonstrated that H. pylori infection is related to
systolic BP [25]. This study also showed that systolic BP in MetS patients with positive
H. pylori infection was significantly higher than in MetS patients with negative H. pylori

infection. As in the present investigation, hypertension was the inclusion criteria for
all subjects with MetS, this observation indicates that H. pylori infection induces a
significant increase in systolic BP in these patients.

These inflammatory conditions in MetS patients with H. pylori infection provide the
basis for endothelial dysfunction and progression to atherosclerosis [26]. Activation of
blood inflammatory cells also results in the oxidation of LDL-C, which is one of the early
stages of atherosclerosis [27]. Oxidized LDL-C increases the expression of E-selectin and
ICAM-1 [28]. Studies have also shown that there is a significant relationship between H.

pylori infection and increased ICAM-1 [29], however, in this study, no association between
E-selectin and ICAM-1 was found between MetS patients with positive and negative H.

pylori infection. NO and EN-1 are markers involved in regulating CAM expression on
endothelial cells in response to inflammatory stimuli [30]. Low levels of NO play an
essential role in patients with MetS [31]. Another study found that measurement of
dimethyl arginine (as a potent inhibitor of endogenous nitric oxide synthase) before and
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after the eradication of H. pylori infection showed a significant decrease of dimethyl
arginine after infection eradication. The results of the current study indicate that H.
pylori infection induces endothelial dysfunction and atherosclerosis through increased
dimethyl arginine and inhibition of endothelial nitric oxide synthase [32]. In this study,
NO2− and NO3− levels were higher in MetS patients with positive H. pylori infection
than in MetS patients with negative H. pylori infection, which indicates a decrease in
NO levels due to increasedmetabolites that can play a role as an endothelial dysfunction
marker. NO as a vascular regulator conflicts with the ET-1, and the imbalance between
these two markers results in impaired endothelial function [33]. Expression of ET-1 gene,
which produces preproET-1, is increased by internal mediators such as cytokines. On the
other hand, NO inhibits ET-1 expression [34]. In the present study, plasma concentrations
of ET-1 in MetS patients with positive H. pylori infection were higher than in those with
negativeH. pylori infection which is one of the characteristics of endothelial dysfunction.

5. Conclusion

Therefore, it can be concluded that in this study, from four markers that influence
endothelial dysfunction process, MetS patients with positive H. pylori infection is influ-
enced by inflammatory conditions and consequently increases ET-1 and decreases NO.

Acknowledgements

The authors sincerely appreciate the Urmia University of Medical Science and Tehran
Islamic Azad University and the people and patients who supported their research.

Ethical Considerations

The research design of this study was approved by the ethics committee (1390.869) of
Urmia University of Medical Sciences.

Competing Interests

The authors declare no conflict of interest.

DOI 10.18502/sjms.v18i4.14722 Page 423



Sudan Journal of Medical Sciences Yousef Rasmi et al

Availability of Data and Material

The data and material of this study are available from the corresponding author upon
request.

Funding

The authors declare that this research supported by research grant (No.1390.369) from
the Urmia University of Medical Sciences, Urmia, Iran.

References

[1] McColl, K. E. (2010). Clinical practice. Helicobacter pylori infection. The New England

Journal of Medicine, 362(17), 1597–1604. https://doi.org/10.1056/NEJMcp1001110

[2] Zamani, M., Ebrahimtabar, F., Zamani, V., Miller, W. H., Alizadeh-Navaei, R., Shokri-
Shirvani, J., & Derakhshan, M. H. (2018). Systematic review with meta-analysis: The
worldwide prevalence of Helicobacter pylori infection. Alimentary Pharmacology &

Therapeutics, 47(7), 868–876. https://doi.org/10.1111/apt.14561

[3] Guclu, M., & Faruq Agan, A. (2017). Association of severity of Helicobacter

pylori infection with peripheral blood neutrophil to lymphocyte ratio and mean
platelet volume. Euroasian Journal of Hepato-Gastroenterology, 7(1), 11–16.
https://doi.org/10.5005/jp-journals-10018-1204

[4] Vijayvergiya, R., & Vadivelu, R. (2015). Role of Helicobacter pylori infection in
pathogenesis of atherosclerosis. World Journal of Cardiology, 7(3), 134–143.
https://doi.org/10.4330/wjc.v7.i3.134

[5] Bokhari, A. S., Alshaya, M. M., Omar Badghaish, M. M., Albinissa, M. A., Al-
Harbi, K. D., Almoghrabi, M. Y., . . .. (2018). Metabolic syndrome: Pathophysiology
and treatment. The Egyptian Journal of Hospital Medicine, 70(8), 1388–1392.
https://doi.org/10.12816/0044654

[6] Grundy, S. M. (2016). Metabolic syndrome update. Trends in Cardiovascular

Medicine, 26(4), 364–373. https://doi.org/10.1016/j.tcm.2015.10.004

[7] Packard, R. R., & Libby, P. (2008). Inflammation in atherosclerosis: From vascular
biology to biomarker discovery and risk prediction. Clinical Chemistry, 54(1), 24–38.
https://doi.org/10.1373/clinchem.2007.097360

[8] Paulus, P., Jennewein, C., & Zacharowski, K. (2011). Biomarkers of endothelial
dysfunction: Can they help us deciphering systemic inflammation and sepsis?

DOI 10.18502/sjms.v18i4.14722 Page 424



Sudan Journal of Medical Sciences Yousef Rasmi et al

Biomarkers, 16(sup1), S11–S21. https://doi.org/10.3109/1354750X.2011.587893

[9] Malerba, M., Nardin, M., Radaeli, A., Montuschi, P., Carpagnano, G. E., & Clini, E.
(2017). The potential role of endothelial dysfunction and platelet activation in the
development of thrombotic risk in COPD patients. Expert Review of Hematology,

10(9), 821–832. https://doi.org/10.1080/17474086.2017.1353416

[10] Aflyatumova, G. N., Nigmatullina, R. R., Sadykova, D. I., Chibireva, M. D., Fugetto,
F., & Serra, R. (2018). Endothelin-1, nitric oxide, serotonin and high blood pressure
in male adolescents. Vascular Health and Risk Management, 14, 213–223.
https://doi.org/10.2147/VHRM.S170317

[11] Ando, T., Ishikawa, T., Takagi, T., Imamoto, E., Kishimoto, E., Okajima, A., Uchiyama,
K., Handa, O., Yagi, N., Kokura, S., Naito, Y., Mizuno, S., Asakawa, A., Inui, A.,
& Yoshikawa, T. (2013). Impact of Helicobacter pylori eradication on circulating
adiponectin in humans. Helicobacter, 18(2), 158–164. https://doi.org/10.1111/hel.12028

[12] Gen, R., Demir, M., & Ataseven, H. (2010). Effect of Helicobacter pylori eradication
on insulin resistance, serum lipids and low-grade inflammation. Southern Medical

Journal, 103(3), 190–196. https://doi.org/10.1097/SMJ.0b013e3181cf373f

[13] Kim, H.-L., Chung, J., Kim, K.-J., Kim, H.-J., Seo, W.-W., Jeon, K.-H., Cho, I., Park, J. J.,
Lee, M. H., Suh, J., Lim, S. Y., Choi, S., & Kim, S. H. (2022). Lifestyle modification
in the management of metabolic syndrome: statement from Korean Society of
CardioMetabolic Syndrome (KSCMS). Korean Circulation Journal, 52(2), 93–109.
https://doi.org/10.4070/kcj.2021.0328

[14] Grundy, S. M. (2008). Metabolic syndrome pandemic. Arteriosclerosis, Thrombosis,

and Vascular Biology, 28(4), 629–636. https://doi.org/10.1161/ATVBAHA.107.151092.

[15] Mozumdar, A., & Liguori, G. (2011). Persistent increase of prevalence of metabolic
syndrome among U.S. adults: NHANES III to NHANES 1999-2006. Diabetes Care,

34(1), 216–219. https://doi.org/10.2337/dc10-0879

[16] Chen, T. P., Hung, H. F., Chen, M. K., Lai, H. H., Hsu, W. F., Huang, K. C., & Yang,
K. C. (2015). Helicobacter pylori infection is positively associated with metabolic
syndrome in Taiwanese adults: A cross�sectional study. Helicobacter, 20(3), 184–
191. https://doi.org/10.1111/hel.12190

[17] Adachi, K., Mishiro, T., Toda, T., Kano, N., Fujihara, H., Mishima, Y., Konishi, A.,
Mochida, M., Takahashi, K., & Kinoshita, Y. (2018). Effects of Helicobacter pylori

eradication on serum lipid levels. Journal of Clinical Biochemistry and Nutrition,

62(3), 264–269. https://doi.org/10.3164/jcbn.17-88

[18] Stępień, M., Stępień, A., Wlazeł, R. N., Paradowski, M., Banach, M., & Rysz, J.
(2014). Obesity indices and inflammatory markers in obese non-diabetic normo-

DOI 10.18502/sjms.v18i4.14722 Page 425



Sudan Journal of Medical Sciences Yousef Rasmi et al

and hypertensive patients: A comparative pilot study. Lipids in Health and Disease,

13(1), 29. https://doi.org/10.1186/1476-511X-13-29

[19] Wondmkun, Y. T. (2020). Obesity, insulin resistance, and type 2 diabetes:
Associations and therapeutic implications. Diabetes, Metabolic Syndrome and

Obesity, 13, 3611–3616. https://doi.org/10.2147/DMSO.S275898

[20] Asrih, M., & Jornayvaz, F. R. (2015). Metabolic syndrome and nonalcoholic fatty liver
disease: Is insulin resistance the link? Molecular and Cellular Endocrinology, 418,
55–65. https://doi.org/10.1016/j.mce.2015.02.018

[21] Polyzos, S. A., Kountouras, J., Zavos, C., & Deretzi, G. (2011). The association
between Helicobacter pylori infection and insulin resistance: A systematic review.
Helicobacter, 16(2), 79–88. https://doi.org/10.1111/j.1523-5378.2011.00822.x

[22] Yan, Y.-Z., Ma, R.-L., Zhang, J.-Y., He, J., Ma, J.-L., Pang, H.-R., Mu, L.-T.,
Ding, Y.-S., Guo, H., Zhang, M., Liu, J.-M., Rui, D.-S., Wang, K., & Guo, S.-X.
(2016). Association of insulin resistance with glucose and lipid metabolism: Ethnic
heterogeneity in far Western China. Mediators of Inflammation. 2016, 3825037.
https://doi.org/10.1155/2016/3825037.

[23] Moore, K. J., & Tabas, I. (2011). Macrophages in the pathogenesis of atherosclerosis.
Cell, 145(3), 341–355. https://doi.org/10.1016/j.cell.2011.04.005

[24] Riad, M. (2021). Association of Helicobacter pylori infection with coronary artery
disease: Is it an independent risk factor? The Egyptian Heart Journal, 73(1), 1–6.
https://doi.org/10.1186/s43044-021-00185-2

[25] Upala, S., Jaruvongvanich, V., Riangwiwat, T., Jaruvongvanich, S., & Sanguankeo, A.
(2016). Association between Helicobacter pylori infection and metabolic syndrome:
A systematic review and meta-analysis. Journal of Digestive Diseases, 17(7), 433–
440. https://doi.org/10.1111/1751-2980.12367

[26] Kountouras, J., Papaefthymiou, A., Polyzos, S. A., Deretzi, G., Vardaka,
E., Soteriades, E. S., Tzitiridou-Chatzopoulou, M., Gkolfakis, P., Karafyllidou,
K., & Doulberis, M. (2021). Impact of Helicobacter pylori-related metabolic
syndrome parameters on arterial hypertension. Microorganisms, 9(11), 2351.
https://doi.org/10.3390/microorganisms9112351

[27] Mehu, M., Narasimhulu, C. A., & Singla, D. K. (2022). Inflammatory cells in
atherosclerosis. Antioxidants, 11(2), 233. https://doi.org/10.3390/antiox11020233

[28] Zhao, W., Wu, C., & Chen, X. (2016). Cryptotanshinone inhibits oxidized LDL-induced
adhesion molecule expression via ROS dependent NF-κB pathways. Cell Adhesion
& Migration, 10(3), 248–258. https://doi.org/10.1080/19336918.2015.1119361

DOI 10.18502/sjms.v18i4.14722 Page 426



Sudan Journal of Medical Sciences Yousef Rasmi et al

[29] Testerman, T. L., Semino-Mora, C., Cann, J. A., Qiang, B., Peña, E. A., Liu, H., Olsen,
C. H., Chen, H., Appt, S. E., Kaplan, J. R., Register, T. C., Merrell, D. S., & Dubois,
A. (2019). Both diet and Helicobacter pylori infection contribute to atherosclerosis
in pre- and postmenopausal cynomolgus monkeys. PLoS One, 14(9), e0222001.
https://doi.org/10.1371/journal.pone.0222001

[30] Cardillo, C., Mettimano, M., Mores, N., Koh, K. K., Campia, U., & Panza, J.
A. (2004). Plasma levels of cell adhesion molecules during hyperinsulinemia
and modulation of vasoactive mediators. Vascular Medicine, 9(3), 185–188.
https://doi.org/10.1191/1358863x04vm546oa

[31] Carlström, M., Larsen, F. J., Nyström, T., Hezel, M., Borniquel, S., Weitzberg, E.,
& Lundberg, J. O. (2010). Dietary inorganic nitrate reverses features of metabolic
syndrome in endothelial nitric oxide synthase-deficient mice. Proceedings of the

National Academy of Sciences of the United States of America, 107(41), 17716–17720.
https://doi.org/10.1073/pnas.1008872107

[32] Aydemir, S., Eren, H., Tekin, I. O., Harmandar, F. A., Demircan, N., & Cabuk, M. (2010).
Helicobacter pylori eradication lowers serum asymmetric dimethylarginine levels.
Mediators of inflammation, 2010, 685903. https://doi.org/10.1155/2010/685903.

[33] Bourque, S. L., Davidge, S. T., & Adams, M. A. (2011). The interaction between
endothelin-1 and nitric oxide in the vasculature: New perspectives. American Journal

of Physiology. Regulatory, Integrative and Comparative Physiology, 300(6), R1288–
R1295. https://doi.org/10.1152/ajpregu.00397.2010

[34] Khimji, A. K., & Rockey, D. C. (2010). Endothelin—Biology and disease. Cellular
Signalling, 22(11), 1615–1625. https://doi.org/10.1016/j.cellsig.2010.05.002

[35] Zimmet, P., Magliano, D., Matsuzawa, Y., Alberti, G. and Shaw, J. (2005) The
metabolic syndrome: A global public health problem and a new definition. Journal
of Atherosclerosis and thrombosis, 12, 295–300. http://dx.doi.org/10.5551/jat.12.295

DOI 10.18502/sjms.v18i4.14722 Page 427


	Introduction
	Methods 
	Results
	Discussion
	Conclusion
	Acknowledgements
	Ethical Considerations
	Competing Interests
	Availability of Data and Material
	Funding
	References

