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INTRODUCTION

Irisin is a peroxisome proliferator-activated receptor-γ 
coactivator-1α (PGC-1α)-dependent myokine which 
is released mainly by skeletal muscle. Certain tissues, 
such as adipose tissue, liver, brain, heart, stomach, 
and subcutaneous gland also secrete irisin in low 
concentration.1 The predecessor of  irisin, fibronectin 
type  III domain containing 5 (FNDC5), undergoes 
proteolytic cleavage and releases irisis.2 Irisin is known 
to be expressed and secreted in response to exercise, and 
also it improves insulin resistance by reducing obesity 
through the browning of  white adipose tissue.3 Brown 
adipose tissues affect body metabolism through its role 

in thermogenesis by its action on uncoupling protein 1 
(UCP1). Enhancing thermogenesis may improve glucose 
tolerance, reduce fat mass, lower body weight, and increase 
insulin sensitivity.4,5

Irisin is also known to have its effect on several complications 
of  obesity including dyslipidemia, metabolic syndrome, 
and type 2 diabetes mellitus (T2DM).6 Furthermore, irisin 
through its effect on the expression of  UCP1 increases the 
expenditure of  energy and consumption of  lipid reserves 
thereby, contributing to metabolic diseases.7 Dyslipidemia 
in diabetes is characterized by raised total cholesterol 
(T-Chol), triglyceride (TG), high-density lipoprotein 
(HDL), and normal or increased low-density lipoprotein 
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(LDL).8 Diabetic patients often have risk factors for 
cardiovascular diseases as they exhibit an atherogenic lipid 
profile.9 However, various studies have shown inconsistent 
relations between irisin and dyslipidemia. Therefore, this 
study was taken up to find out the association between 
them by measuring the lipid profile, serum irisin, and 
fasting blood sugar (FBS) levels in patients with T2DM 
and healthy individuals.

Aims and objectives
1.	 To estimate the level of  serum irisin, fasting blood 

sugar and lipid profile in T2DM cases and healthy 
controls

2.	 To compare and find any correlation among them.

MATERIALS AND METHODS

With permission from the Regional Institute of  Medical 
Sciences Ethical Board, the case–control study was carried 
out in the Biochemistry and Medicine Departments in 
Imphal, Manipur. It was conducted from October 2019 
to September 2021. The study population comprised 40 
T2DM patients and 40 healthy controls.

Inclusion criteria
Age, sex, and body mass index (BMI) matched adult-
diagnosed cases of  T2DM and normal healthy individuals 
as controls.

Exclusion criteria
Pregnancy, anorexia nervosa, metabolic syndrome, chronic 
renal disease, coronary artery disease, type 1 diabetes, and 
a history of  vascular illnesses were excluded.

Biochemical parameters
About 5  mL of  fasting blood was drawn from the 
antecubital vein. Enzyme-linked immunosorbent assay 
method was employed for the estimation of  serum irisin, 
FBS was estimated using glucose oxidase/phenol 4 amino 
phenazone method, and fasting lipid profile estimation was 
done by enzymatic colorimetric assay.

Statistical analysis
For data analysis, IBM: SPSS version 21.0 was employed. 
The independent samples t-test and the Chi-square test 
were employed to compare the means. To establish the 
correlation between the variables, Pearson’s correlation 
was used. P<0.05 was regarded as significant.

RESULTS

In our research, the age, sex, and BMI of  the two categories, 
that is, 40 cases and 40 controls, were matched. In comparison 

to the control group (86.6±9.2 mg/dL), the FBS in cases 
(163.6±64 mg/dL) was substantially higher (P˂0.05).

Figure 1 shows that serum irisin level was significantly decreased 
(P=0.00) in cases of  T2DM (mean=14.5±8.6 ng/mL) as 
compared to controls (mean=28.4±3.9 ng/mL).

Figure 2 shows that T-Chol, TG, and LDL levels were higher 
in cases of  T2DM as compared to controls though both 
the values were in the normal range. The HDL value was 
lower than normal in T2DM cases but normal in controls.

Figure 3 shows that there is a good amount of  clumping 
in this scattered diagram with the pattern of  dots sloping 
from left upper to right lower side which indicates a 
negative correlation between serum irisin and FBS which 
was statistically significant (r=−0.32, P=0.04).

Table 1: This table shows that FBS is positively correlated 
with T-Chol, TG, and LDL and negatively correlated with 
HDL levels though the correlation is low and statistically 
significant only for the value of  LDL (P=0.041).

Figure  2: Graphical representation of lipid profile in cases versus 
controls

Figure 1: Serum irisin level in cases and controls
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Table 2: This table shows that irisin is negatively correlated 
with T-Chol, TG, and LDL and positively correlated with 
HDL levels though the correlation is low and statistically 
significant only for the value of  LDL (P=0.031).

DISCUSSION

The present study found that dyslipidemia improved with 
higher irisin levels and worsened with higher FBS levels, 
though the correlation was statistically significant only with 
LDL levels for both associations.

In this study, the mean level of  irisin in T2DM cases 
(14.5±8.6  ng/mL) is significantly lower than that of  
controls (28.4±3.9 ng/mL) as shown in Figure  1. Such 
similar findings were witnessed by Xuan et al., Balaban 
et al., and Elizondo-Montemayor et al.,10-12 in their studies. 
Some researchers believe that reduced irisin levels in 
T2DM can be explained by lower PGC-1α activity in the 
muscle tissue which leads to reduced synthesis of  FNDC5, 
ultimately lowering irisin production.13,14 PGC-1α has also 
been shown to operate on white adipocytes in vitro and 
in vivo, promoting UCP1 expression and changing the 
expression of  many molecules that resemble brown fat.5 
This conversion enhances thermogenesis leading to an 
improved sensitivity toward insulin and glucose tolerance 
along with the reduction in body weight in mice.5,15 Beta cell 
regeneration and expression of  betatrophin are stimulated 
by UCP-1 mediated action of  irisin resulting in improved 
insulin sensitivity. Therefore, these findings suggested that 
irisin can act as a sensitive biomarker of  insulin resistance.16

Our study has shown a better lipid profile in controls as 
compared to cases of  T2DM as shown in Figure 2. Previous 
studies have reported dyslipidemia as being a risk factor in 
diabetes.17 Studies published by AL-Bahrani and Yassin and Azad 
et al., have demonstrated an association between dyslipidemia 
and glycemic control in patients with type 2 diabetes.9,18

There is an inverse correlation between FBS and serum 
irisin (Figure 3) in cases of  T2DM (r=−0.32, P=0.04) which 
is similar to the findings observed in the studies done by 
He et al., and Xiang et al.,19,20 These observances suggest 
that insulin resistance might be an outcome of  reduced 
serum irisin levels.

High TG and low HDL together with elevated T-Chol 
were seen in T2DM patients in the research conducted by 
Bhowmik et al., which is similar to our observation as shown 
in Table 1.8 Actions of  cholesteryl ester transfer protein 
(CETP), regulation of  lipoprotein lipase, effects of  insulin 
on apoprotein production by the liver along with actions of  
insulin on muscle and adipose tissues are related to diabetic 
dyslipidemia.21 Insulin resistance in hypertriglyceridemia is 
mainly caused by the elevated release of  very low-density 
lipoprotein particles by the liver, reduced levels of  lipoprotein 
lipase, and post-prandial hyperlipidemia. The current 
hypertriglyceridemia facilitates the transfer of  TG from TG-
rich lipoproteins (CETP mediated) leading to the formation of  
HDL-C enriched with TG. Hepatic lipase reduces the amount 
of  total HDL by breaking down big HDL particles into smaller 
ones that the kidneys can eliminate more quickly.22,23

Dyslipidemia combined with increased blood glucose 
levels aggravates atherosclerosis-associated inflammation.24 

Figure 3: Correlation between serum irisin and fasting blood sugar in 
type 2 diabetes mellitus cases (scattered diagram)

Table 1: Correlation of fasting blood sugar with 
lipid profile in cases of T2DM
Lipid profile FBS

r‑value* P‑value
Total cholesterol 0.216 0.180
Triglyceride 0.289 0.071
LDL 0.325 0.041
HDL −0.269 0.094

*Pearson correlation (0.2≤r ≤ 0.39: Low correlation), LDL: Low‑density lipoprotein, 
HDL: High‑density lipoprotein, T2DM: Type 2 diabetes mellitus, FBS: Fasting blood 
sugar

Table 2: Correlation of serum irisin with lipid 
profile in cases of T2DM
Lipid profile Irisin

r‑value* P‑value
Total cholesterol −0.294 0.066
Triglyceride −0.237 0.140
LDL −0.341 0.031
HDL 0.238 0.139

*Pearson correlation (0.2≤r ≤ 0.39: Low correlation), LDL: Low‑density lipoprotein, 
HDL: High‑density lipoprotein, T2DM: Type 2 diabetes mellitus
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Newly diagnosed asymptomatic T2DM patients have 
also demonstrated a large extent of  coronary artery 
calcification.25 In addition to being a significant risk 
factor for macrovascular problems, dyslipidemia has also 
been linked to microvascular problems associated with 
type  2 diabetes, including diabetic retinopathy, diabetic 
neuropathy, and diabetic nephropathy.26-29

According to this study, irisin had a favorable correlation 
with HDL and a negative correlation with T-Chol, TG, 
and LDL in T2DM patients even though it is a low 
correlation and significant only for LDL. Similar findings 
were observed by Xiong et al., Zhang et al., Morelli et al., 
and Tang et al.30-33

A study done by Xiong et al. shows that FNDC5 
overexpression and irisin perfusion reduced the serum 
T-Chol, TG, free fatty acid, and FBS levels which were 
elevated in mice fed with a high-fat diet, this indicates 
that irisin efficiently attenuates the derangement of  lipid 
metabolism in obesity.30

In addition, this work has demonstrated that FNDC5/irisin 
enhances lipolysis and decreases hyperlipidemia through the 
phosphorylation of  hormone-sensitive lipase (HSL) and 
perilipin, which serves as an HSL-protecting coat for adipocytes. 
Phosphorylation of  perilipin exposes stored lipids to HSL 
leading to lipolysis.30,34-36 Perilipin must be phosphorylated by 
protein kinase A to cause the translocation of  HSL from the 
cytosol to the surface of  lipid droplets and start lipolysis.37,38 
Thus, perilipin downregulation and HSL upregulation induced 
by irisin are partially responsible for its lipolysis-promoting 
effect.30 The beneficial effect of  FNDC5/irisin in increasing 
lipolysis by upregulation of  UCP1 expression, which in 
turn increases the expenditure of  energy which reduces the 
accumulation of  lipids in tissues. This decreases serum lipid 
levels and attenuates glucose/lipid metabolic abnormalities and 
insulin resistance. Thus, FNDC5/irisin can be considered an 
effective therapeutic approach in the management of  glucose/
lipid metabolic disorders.30

Limitations of the study
The limitations of  the study were restricted study duration 
which resulted in smaller sample size and uncertain 
duration of  dyslipidemia.

CONCLUSION

This study showed that T2DM patients have significantly 
lowered levels of  serum irisin when compared with controls 
and it also showed an inverse correlation with FBS and 
related with improved lipid profile. FBS level also showed 
an inverse relationship with better lipid profile in cases 

of  T2DM. Irisin, secreted by muscles and adipocytes in 
response to exercise, is suggested to have an essential role 
in glucose utilization and lipid metabolism. Due to its anti-
diabetic and anti-obesity properties, there is a hope that irisin 
can be used as an injection for treatment using recombinant 
DNA technology. Hence, irisin may be essential as an 
adjunctive therapeutic target in the management of  T2DM. 
Moreover, exercise may be encouraged for potential 
prevention and a better prognosis of  T2DM.

ACKNOWLEDGMENT

We would like to express our gratitude to our lab-mates 
and technicians who helped in our study.

REFERENCES

1.	 Khajebishak Y, Faghfouri AH, Soleimani A, Ilaei S, Peyrovi S, 
Madani S, et al. The potential relationship between serum irisin 
concentration with inflammatory cytokines, oxidative stress 
biomarkers, glycemic indices and lipid profiles in obese patients 
with type  2 diabetes mellitus: A  pilot study. J  ASEAN Fed 
Endocrine Soc. 2023;38(1):45-51.

	 https://doi.org/10.15605/jafes.038.01.13
2.	 Mai S, Grugni G, Mele C, Vietti R, Vigna L, Sartorio A, et al. Irisin 

levels in genetic and essential obesity: Clues for a potential dual 
role. Sci Rep. 2020;10(1):1020.

	 https://doi.org/10.1038/s41598-020-57855-5
3.	 Nabi G, Ahmad N, Ali S and Ahmad S. Irisin: A  possibly new 

therapeutic target for obesity and diabetes mellitus. World J 
Zool. 2015;10(3):205-210.

	 https://doi.org/10.5829/idosi.wjz.2015.10.3.9556
4.	 Park KH, Zaichenko L, Brinkoetter M, Thakkar B, Sahin-Efe A, 

Joung KE, et al. Circulating irisin in relation to insulin resistance 
and the metabolic syndrome. J  Clin Endocrinol Metab. 
2013;98(12):4899-4907.

	 https://doi.org/10.1210/jc.2013-2373
5.	 Yang X, Enerbäck S and Smith U. Reduced expression of 

FOXC2 and brown adipogenic genes in human subjects with 
insulin resistance. Obes Res. 2003;11(10):1182-1191.

	 https://doi.org/10.1038/oby.2003.163
6.	 Al-Daghri NM, Mohammed AK, Al-Attas OS, Amer OE, Clerici M, 

Alenad A, et al. SNPs in FNDC5 (irisin) are associated with 
obesity and modulation of glucose and lipid metabolism in Saudi 
subjects. Lipids Health Dis. 2016;15:54.

	 https://doi.org/10.1186/s12944-016-0224-5
7.	 Bonfante IL, Chacon-Mikahil MP, Brunelli DT, Gáspari AF, 

Duft RG, Oliveira AG, et al. Obese with higher FNDC5/Irisin levels 
have a better metabolic profile, lower lipopolysaccharide levels and 
type 2 diabetes risk. Arch Endocrinol Metab. 2017;61(6):524-533.

	 https://doi.org/10.1590/2359-3997000000305
8.	 Bhowmik B, Siddiquee T, Mujumder A, Afsana F, Ahmed T, 

Mdala IA, et al. Serum lipid profile and its association with 
diabetes and prediabetes in a rural Bangladeshi population. Int 
J Environ Res Public Health. 2018;15(9):1944.

	 https://doi.org/10.3390/ijerph15091944
9.	 AL-Bahrani SM and Yassin BA. Lipid profile and glycemic control 

in type 2 diabetic patients. Arab Board Med J. 2022;23(1):21-27.



Devi, et al.: Irisin in type 2 diabetes mellitus

Asian Journal of Medical Sciences | Feb 2025 | Vol 16 | Issue 2	 61

	 https://doi.org/10.4103/abmj.abmj_3_22 
10.	 Xuan X, Lin J, Zhang Y, Zhou L, Xu L, Jia J, et al. Serum irisin 

levels and clinical implication in elderly patients with type  2 
diabetes mellitus. J Clin Med Res. 2020;12(9):612-617.

	 https://doi.org/10.14740/jocmr4261
11.	 Balaban YA, Yilmaz N, Kalayci M, Unal M and Turhan T. Irisin 

and chemerin levels in patients with type  2 diabetes mellitus. 
Acta Endocrinol (Buchar). 2019;15(4):442-446.

	 https://doi.org/10.4183/aeb.2019.442
12.	 Elizondo-Montemayor L, Gonzalez-Gil AM, Tamez-Rivera O, 

Toledo-Salinas C, Peschard-Franco M, Rodriguez-Gutierrez NA, 
et al. Association between Irisin, hs-CRP, and metabolic status 
in children and adolescents with type  2 diabetes mellitus. 
Mediators Inflamm. 2019;2019:6737318.

	 https://doi.org/10.1155/2019/6737318
13.	 Mootha VK, Lindgren CM, Eriksson KF, Subramanian A, Sihag S, 

Lehar J, et al. PGC-1 alpha-responsive genes involved in 
oxidative phosphorylation are coordinately downregulated in 
human diabetes. Nat Genet. 2003;34(3):267-273.

	 https://doi.org/10.1038/ng1180
14.	 Gamas L, Matafome P and Seica R. Irisin and myonectin 

regulation in the insulin resistant muscle: Implications to adipose 
tissue: Muscle crosstalk. J Diabetes Res. 2015;2015:359159.

	 https://doi.org/10.1155/2015/359159
15.	 Bostrom P, Wu J, Jedrychowski MP, Korde A, Ye L, Lo JC, 

et al. A  PGC1-α-dependent myokine that drives brown-fat-
like development of white fat and thermogenesis. Nature. 
2012;481(7382):463-468.

	 https://doi.org/10.1038/nature10777
16.	 Sanchis-Gomar F, Alis R, Pareja-Galeano H, Romagnoli M and 

Perez-Quilis C. Inconsistency in circulating irisin levels: What is 
really happening? Horm Metab Res. 2014;46(8):591-596.

	 https://doi.org/10.1055/s-0033-1363283
17.	 Habib SS. Frequency distribution of atherogenic dyslipidemia in 

Saudi type 2 diabetic patients. Pak J Physiol. 2006;2(2):31-34.
	 https://doi.org/10.69656/pjp.v2i2.686
18.	 Azad AH, Khan HR, Nasir GM and Afzal M. Lipid profile 

abnormalities in controlled and uncontrolled diabetic patients: A 
comparative study. Ann Pak Inst Med Sci. 2017;13(2):208-212.

19.	 He WY, Bai Q, La-Ta A, Tang CS and Zhang AH. Irisin levels 
are associated with urotensin II levels in diabetic patients. 
J Diabetes Investig. 2015;6(5):571-576.

	 https://doi.org/10.1111/jdi.12331
20.	 Xiang L, Xiang G, Yue L, Zhang J and Zhao L. Circulating irisin 

levels are positively associated with endothelium-dependent 
vasodilation in newly diagnosed type 2 diabetic patients without 
clinical angiopathy. Atherosclerosis. 2014;235(2):328-333.

	 https://doi.org/10.1016/j.atherosclerosis.2014.04.036
21.	 Goldberg IJ. Clinical review 124: Diabetic dyslipidemia: Causes 

and consequences. J Clin Endocrinol Metab. 2001;86(3):965-971.
	 https://doi.org/10.1210/jcem.86.3.7304
22.	 Badimón JJ, Santos-Gallego CG and Badimón L. Importance 

of HDL cholesterol in atherothrombosis: How did we get here? 
Where are we going? Rev Esp Cardiol. 2010;63(2):20-35.

	 https://doi.org/10.1016/S0300-8932(10)70150-0
23.	 Santos-Gallego CG, Ibanez B and Badimon JJ. HDL-cholesterol: 

Is it really good? Differences between apoA-I and HDL. Biochem 
Pharmacol. 2008;76(4):443-452.

	 https://doi.org/10.1016/j.bcp.2008.04.020
24.	 Taskinen MR and Borén J. New insights into the pathophysiology 

of dyslipidemia in type 2 diabetes. Atherosclerosis. 2015; 
239(2):483-495.

	 https://doi.org/10.1016/j.atherosclerosis.2015.01.039
25.	 Mrgan M, Funck KL, Gaur S, Øvrehus KA, Dey D, Kusk MW, et 

al. High burden of coronary atherosclerosis in patients with a new 
diagnosis of type 2 diabetes. Diab Vasc Dis Res. 2017;14(6):468-476.

	 https://doi.org/10.1177/1479164117728014
26.	 Wu L and Parhofer KG. Diabetic dyslipidemia. Metabolism. 

2014;63(12):1469-1479.
	 https://doi.org/10.1016/j.metabol.2014.08.010
27.	 Rema M, Srivastava BK, Anitha B, Deepa R and Mohan V. 

Association of serum lipids with diabetic retinopathy in urban 
South Indians--the Chennai Urban Rural Epidemiology Study 
(CURES) Eye Study--2. Diabet Med. 2006;23(9):1029-1036.

	 https://doi.org/10.1111/j.1464-5491.2006.01890.x
28.	 Rutledge JC, Ng KF, Aung HH and Wilson DW. Role of 

triglyceride-rich lipoproteins in diabetic nephropathy. Nat Rev 
Nephrol. 2010;6(6):361-370.

	 https://doi.org/10.1038/nrneph.2010.59
29.	 Al-Ani FS, Al-Nimer MS and Ali FS. Dyslipidemia as a 

contributory factor in etiopathogenesis of diabetic neuropathy. 
Indian J Endocrinol Metab. 2011;15(2):110-114.

	 https://doi.org/10.4103/2230-8210.81940
30.	 Xiong XQ, Chen D, Sun HJ, Ding L, Wang JJ, Chen Q, et al. 

FNDC5 overexpression and irisin ameliorate glucose/lipid 
metabolic derangements and enhance lipolysis in obesity. 
Biochem Biophys Acta. 2015;1852(9):1867-1875.

	 https://doi.org/10.1016/j.bbadis.2015.06.017
31.	 Zhang HJ, Zhang XF, Ma ZM, Pan LL, Chen Z, Han HW, 

et al. Irisin is inversely associated with intrahepatic triglyceride 
contents in obese adults. J Hepatol. 2013;59(3):557-562.

	 https://doi.org/10.1016/j.jhep.2013.04.030
32.	 Morelli C, Avolio E, Galluccio A, Caparello G, Manes E, Ferraro S, 

et al. Impact of vigorous-intensity physical activity on body 
composition parameters, lipid profile markers, and irisin levels in 
adolescents: A cross-sectional study. Nutrients. 2020;12(3):742.

	 https://doi.org/10.3390/nu12030742
33.	 Tang H, Yu R, Liu S, Huwatibieke B, Li Z and Zhang W. Irisin 

inhibits hepatic cholesterol synthesis via AMPK-SREBP2 
signaling. EBioMedicine. 2016;6:139-148.

	 https://doi.org/10.1016/j.ebiom.2016.02.041
34.	 Smith CE and Oardovás JM. Update on perilipin polymorphisms 

and obesity. Nutr Rev. 2012;70(10):611-621.
	 https://doi.org/10.1111/j.1753-4887.2012.00515.x
35.	 Saha PK, Kojima H, Martinez-Botas J, Sunehag AL and Chan L. 

Metabolic adaptations in the absence of perilipin: Increased beta-
oxidation and decreased hepatic glucose production associated 
with peripheral insulin resistance but normal glucose tolerance 
in perilipin-null mice. J Biol Chem. 2004;279(34):35150-35158.

	 https://doi.org/10.1074/jbc.M405499200
36.	 Bartness TJ, Liu Y, Shrestha YB and Ryu V. Neural innervation 

of white adipose tissue and the control of lipolysis. Front 
Neuroendocrinol. 2014;35(4):473-493.

	 https://doi.org/10.1016/j.yfrne.2014.04.001
37.	 Souza SC, de Vargas LM, Yamamoto MT, Lien P, Franciosa MD, 

Moss LG, et al. Overexpression of perilipin A and B blocks the 
ability of tumor necrosis factor alpha to increase lipolysis in 3T3-
L1 adipocytes. J Biol Chem. 1998;273(38):24665-24669.

	 https://doi.org/10.1074/jbc.273.38.24665
38.	 Souza SC, Muliro KV, Liscum L, Lien P, Yamamoto MT, Schaffer JE, 

et al. Modulation of hormone-sensitive lipase and protein kinase 
A-mediated lipolysis by perilipin A in an adenoviral reconstituted 
system. J Biol Chem. 2002;277(10):8267-8272.

	 https://doi.org/10.1074/jbc.M108329200 

https://doi.org/10.4103/abmj.abmj_3_22
https://doi.org/10.1016/S0300-8932(10)70150-0
https://doi.org/10.1074/jbc.M108329200


Devi, et al.: Irisin in type 2 diabetes mellitus

62	 Asian Journal of Medical Sciences | Feb 2025 | Vol 16 | Issue 2

Authors’ Contributions:
WDD- Concept, design, manuscript preparation, literature survey, preparing the first draft of the manuscript, implementation of the study protocol, data 
collection, data analysis, and editing; OPD- Concept, design, manuscript editing, review manuscript; UK- Concept, design, literature survey, review manuscript 
and Edit; TPS- Concept, design, manuscript editing, review manuscript, and manuscript revision.

Work attributed to:
We would like to attribute this study to our senior faculties for their guidance and support.

Orcid ID:
Wahengbam Diana Devi -  https://orcid.org/0000-0002-2616-5458
Oinam Prabita Devi -  https://orcid.org/0009-0000-1431-1975
Ursula Khwairakpam -  https://orcid.org/0009-0002-5571-6682
Dr. Takhelmayum Paras Singh -  https://orcid.org/0000-0001-9222-3305

Source of Support: Nil, Conflicts of Interest: None declared.

https://orcid.org/0000-0002-2616-5458
https://orcid.org/0009-0000-1431-1975
https://orcid.org/0009-0002-5571-6682
https://orcid.org/0000-0001-9222-3305

