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Abstract 

Background: Hybrid diabetes (or double diabetes, DD) occur when the patient which exhibits 

characteristics that combine type 1 diabetes (T1DM) and type 2 diabetes (T2DM). Formerly 

epidemiological studies found that quarter of people with T1D also had the metabolic syndrome. Subfatin, 

Also called cometin, it is a small (~27kDa) cytokine secreted by protein encoded by a gene called  

METRNL (simeler of meteorin). is much expressed in skin in the mucosal tissues and activated 

macrophages. Subfatin has also been described as a hormone that effected in some diseases such as 

metabolic diseases (including dyslipidemia), type 2 diabetes and obesity. 

Objectives: The current study objective is evaluating the subfatin in the blood serum of double diabetes 

patients to find predictive significance of diagnosis for this disease.                                                         

Subjects and methods: Eighty individuals were studied , divided them into two groups  . Forty patients 

with double diabetes represented the first group (G1), and the second group (G2), which represented the 

control group, consisted of (40) individuals, and the range ages of the study were  (18-60)years. Whole 

blood was used to determine HbA1c. Samples were centrifuged, and the obtained serum was used to 

evaluate other biochemical markers. The technique used to determine the level of subfatin in the blood 

was a quantitative sandwich enzyme-linked immunosorbent assay (ELISA). 

Results: A significant increase shown by this study in the serum levels of subfatin in (DD) patients (n = 

40) compared with control subjects (n = 40) (p value < 0.05). The ROC curves analysis for serum subfatin 

level when used as test for diagnosis subjects into of double diabetes cases (G1) and control group (G2), 

showed the AUC  ( area under curve) for serum of subfatin was (1.000) have  interval  of confidence 

(95% ) and both lower and upper bound was (1.000). 

Conclusions: serum subfatin level could be a used as a novel biomarker of double diabetes (DD) and may 

contribute to the early diagnosis of diabetes.  

Keywords: Double diabetes, Subfatin.   
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INTRODUCTION 

       The ’double diabetes’ (DD) term, using 

when  the patient   demonstrates  a mixture of 

T1DM and T2DM characteristics [1]. A 

previous studies have found that a quarter of 

patients with T1DM also presented with 

metabolic syndrome [1] in addition to the 

effect of hereditary factors, changes in 

environmental factors can be linked to the 

incidence increase of T1DM recorded during 

the past ten years, especially in children under 

the age of five[2].  It is very likely that the 

increasingly sedentary lifestyle and weight 

gain, both of which occur in industrialized 

countries, are the cause of the significant rise 

in the T2DM incidence  in adolescents and 

children  . Recently, there has been many 

number of adolescents and children  with a 

diabetes as combination of the two forms  (i.e., 

individuals who are obese and/or display 

symptoms of insulin resistance as well as 

positively markers of an autoimmune response 

to cells), Despite the lack of epidemiological 

evidence for such a hypothesis. According to 

the current classification, it is challenging to 

pinpoint the specific type of diabetes that these 

young patients have because they could be 

labeled as either T1DM or T2DM depending 

on their level of obesity and insulin 

resistance[3]. These individuals have 

overlapping T1DM and T2DM diabetes 

phenotypes, indicating that the present 

categorization of diabetes needs to be updated 

to include  novel kind of this diabetes, often 

called  "double diabetes" or "hybrid diabetes" 

[4] 

Subfatin is a small (about 27 kDa) cytokine, 

encoded protein  by a specific gene called  

METRNL (similer of meteorin). It is highly 

expressed in the skin ,mucosal tissues and the 

activated macrophages , subfatin or metrnl  

also has been described as a hormone ,In the 

skin-related diseases showed highly 

expression of METRNL in psoriasis, nodular 

pruritus, atopic dermatitis and actinic 

keratosis. Also METRNL is  up regulated in 

the synovial membranes of human rheumatoid 

arthritis [5]. obesity-induced insulin resistance 

counteracts  by metrnl which is  improving 

adipose function, that lead inhibition of 

inflammation  ,activation of metabolism,  and 

adipocyte differentiation.  metrnl  serum levels 

of may be a risk factor for coronary artery 

disease and type 2 diabetes.  Low level of 

subfatin with type 2 diabetes patients is plays 

important role in pathogenesis (the disease 

complications developments) which lead to 

increasing the insulin resistant. subfatin 

elevated levels have important role to prevent 

releasing inflammatory mediators (are 

chemical substances secreted by inflammatory 

cells and responsible of all changes occur with 

inflammation), subfatin elevated levels  

enhanced intercellular insulin signal , glucose 

tolerance[6]. 

Subjects and Methods:  

In this study collection and analysis of the 

samples carried out  in Baghdad  Specialized 

Center for Endocrinology and Diabetes and in 

Najaf Specialized Center for Endocrinology 

and Diabetes  during the period between 

December 2021 and March 2022, where the 

disease was diagnosed by specialized doctors. 

Eighty persons joined study whose ages 

ranged between (18-60) years, were divided 

them for two groups: 

• (G1) first group that consisted of (40) 

patients with double diabetes, including (20) 

males and (20) females. 

• (G2) second group, which represented the 

control group, consisted of (40) subjects, 

including (20) males and (20) females 
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       Body mass index (BMI) has been 

calculated according to a specific formula 

which includes weight divided by the square 

of height [7]. Preparation of Sample is an 

essential task before conducting any analytical 

study [8].Ten milliliters of venous blood was 

drawn from the study cases and control 

samples and placed in a plain tube and left for 

(15 min) at room temperature. Samples were 

centrifuged at 4000rpm for 10 min. Serum that 

obtained was stored at (-20oC) unless used 

immediately. Whole blood was used in the 

determination of HbA1c. Insulin levels in 

patients and healthy subjects were determined 

by the Immunoassay for the quantitative 

method used in determination of human 

insulin[9],[10]. The electro 

chemiluminescence immune assay (ECLIA) is 

intended for use on Elecsys   and cobas 

immunoassay analyzers and Homeostatic 

Model Assessment-Insulin 

Resistance(HOMA-IR)was calculated 

according as follows equation:    

HOMA-IR=(Glucose× Insulin)/405  

This equation is used when glucose 

concentration is in mg/dL [11]. 

Serum Subfatin Levels measurement: Enzyme 

linked immunosorbent assay (ELISA) Kits are 

used to evaluate Subfatin levels (Subfatin 

ELISA kit , USA) . 

Statistical analysis : Using the accessible 

statistical tool SPSS-23, data were analyzed 

(Statistical Packages for the Social Sciences-

Version 23). Frequency, percentage, mean, 

standard deviation, and simple range 

calculations were used to present the data . 

The difference between two independent 

means (in the quantitative data) was examined 

using a Student's t-test. Using the Pearson Chi-

square test, the significance of the difference 

between the different percentages (qualitative 

data) was assessed (t-test). Each time the P 

value was equal to or less than 0.05, statistical 

significance was taken into account [12].  

Receiver operating characteristics to specify 

the use of any parameter as a diagnostic or 

screening tool and to be able to determine the 

"cut-off value" for which the best  sensitivity 

and specificity "ROC" curve technique has 

been applied. Data were analyzed using the 

statistical program available from SPSS-23 

(Social Sciences Statistical Packages  - 

Version 23). Data were represented in simple 

measures of frequency, mean, standard 

deviation,  range and percentage (minimum & 

maximum values) [13].  

Results:  

Table 1 demonstrates body mass index 

measurements (in Kg/m2) for all patients and 

control subjects. It can be noticed that the 

mean values of  BMI for double diabetes 

patients (G1) were (28.16±2.608 Kg/m2, 

while the same measurements for controls 

(G2) were (24.432±1.895Kg/m2) . 

Table 1: Comparison of the body mass index between G1 and G2 

  
G1 G2 

P value 
No. % No. % 

BMI 

(Kg/m2) 

Normal (18.5-24.9) 5 12.5 27 67.5 0.000 1* 

 

 

 

 

  

Overweight (25-29.9) 28 70 13 32.5 

Obese I (30-34.9) 7 17.5 - - 

Obese II (=>35) - - - - 

Mean ± SE of BMI 

(Kg/m2) 

28.16±0.299 24.432±0.413 

(23.34 -33.73) (19.13-29.38) 



Journal of Survey in Fisheries Sciences              10(3S) 5479-5487 2023 

5482 
 

Mean ± SE of Weight (Kg) 
77.85±1.209 68.938±1.303 

(57.5-92.5) (54-92) 

Mean ± SE of Height (cm) 
166.35±0.961 167.85±1.277 

(153-179) (158-181) 

* Highly significant difference between two means independent  (T-test) at a confidence interval of 0.05. 

   G1: Patients with double diabetes.             G2: Controls. 

The data presented in Table 2 showed a 

significant elevation in patients in G1 

compared to the control group in HbA1c and 

FBG levels, and assessment of HbA1c used to 

monitor effective glycemic control as the 

cornerstone of diabetes care [14]. 

Table 2:  Comparison of Glycemic Parameters Levels in G1 and G2. 

parameter Mean ± SE of  G1 Mean ± SE of  G2 P value 

HbA1C (4.1-5.6%) 8.48 ± 0.204 5.342 ± 0.081 0.0001* 

Fasting blood sugar(mmol/L) 196.475±6.149 93.7±1.449 0.0001* 

Insulin (μIU/mL) 15.855±0.724 5.117±0.482 0.0001* 

HOMA-IR 7.747±0.452 1.189±0.115 0.0001* 

* Highly significant difference between two means independent (T-test) at a confidence interval of 0.05. 

G1: Patients with double diabetes.             G2: Controls

Insulin levels and HOMA-IR (homeostasis 

model assessment of insulin resistance) for 

both groups, results showed highly increasing 

in insulin and HOMA-IR levels in G2 

compared to G1,in other hand Table 3 presents  

levels of blood lipids (cholesterol, TG, HDL, 

LDL and VLDL) in both studied groups. The 

results showed a significant increase in 

cholesterol, triglyceride, LDL and VLDL 

levels in G1 compared to G2 (p value < 0.05). 

While  decrease in HDL levels was observed 

when compared between the two groups (p 

value < 0.05).  

Diabetics with a lipid abnormality, known as 

"diabetic dyslipidemia", often have high levels 

of total cholesterol [T-Chol], triglycerides 

[Tg],  very low density lipoprotein 

cholesterol[VLDL] and low density 

lipoprotein cholesterol [LDL]  [15]. 

Table 3:  Comparison of Lipid Profile between  G1 and G2. 

parameter Mean ± SE of G1 Mean ± SE of G2 P value 

Serum cholesterol (mg/dL) 217.9±4.435 147.5±4.601 0.0001* 

Serum triglycerides (mg/dL) 184.025±3.683 98.07±3.136 0.0001* 

HDL  (mg/dL) 43.325±0.449 48.15±1.043 0.043* 

LDL  (mg/dL) 136.595±4.358 79.735±4.523 0.0001* 

VLDL  (mg/dL) 37.48±0.900 19.615±0.627 0.0001* 

* Highly significant difference between two means independent (T-test) at a confidence interval of 0.05. 

      G1: Patients with double diabetes.             G2: Controls. 



The Elevation of Serum Subfatin Levels in Patients with Double Diabetes  

 

5483 

The table 4 demonstrates the measurements of 

serum subfatin ( pg/mL) for all patients and 

control subjects. It can be noticed a significant 

elevation (p value < 0.05) of mean values of 

serum subfatin level for double diabetes 

patients (G1) were (727.129±23.525 pg/mL) , 

while the  measurements for controls (G2) 

were (479.177±8.329 pg/mL ) . 

Table 4:  Comparison of serum subfatin levels between G1 and G2. 

parameter Mean ± SE of G1 Mean ± SE of G2 P value 

Serum subfatin (pg/mL) 727.129±23.525 479.177±8.329 0.0001* 

* Highly significant difference between two means  independent (T-test) at a confidence interval of 0.05. 

G1: Patients with double diabetes.             G2: Controls.

    Correlation of serum subfatin with clinical 

and biochemical parameters of the groups 

under study is summarized in Table 5, serum 

subfatin levels were negatively correlated with 

FBG, insulin, HOMA-IR and HDL in G1, 

additional  correlated negatively with BMI, 

HbA1C, insulin, HOMA-IR , cholesterol, 

triglycerides and VLDL in G2. On the other 

hand,  correlated positively with others in the 

two groups 

Table 5: Correlation between serum subfatin and the clinical and biochemical parameters 

in G1 and G2. 

parameter G1 G2 

BMI (Kg/m2) 
r 0.200 -0.102 

P 0.216 0.531 

Fasting blood sugar  

( mmol/l) 

r -0.133 0.288 

P 0.414 0.071 

HbA1C (4.1-5.6%) 
r 0.111 -0.366 

P 0.497 0.020 

Insulin ( μU/mL) 
r -0.055 -0.097 

P 0.735 0.551 

HOMA-IR ( μU/mL) 
r -0.188 -0.073 

P 0.467 0.654 

Serum cholesterol (mg/dL) 
r 0.229 0.250 

P 0.156 0.120 

Serum triglycerides (mg/dL) 
r 0.070 -0.177 

P 0.669 0.275 

HDL (mg/dL) 
r -0.114 0.190 

P 0.484 0.241 

LDL (mg/dL) 
r 0.227 0.235 

P 0.160 0.145 

VLDL (mg/dL) 
r 0.087 -0.177 

P 0.595 0.275 

  r:  Pearson correlation                             p:  P-value 

    G1: Patients with double diabetes.             G2: Controls. 

Analysis of ROC curves for serum subfatin 

level, when used as a subject test in double 

diabetic patients (G1) and control subjects 

(G2), showed  area under curve (AUC) was 

(1) for subfatin level (in units pg/mL)  during 

the  interval of confidence (95%), lower  and 
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upper  limit bound was (1). As shown in Table 6 and Figure1 

Table 6: Area Under the Curve for Serum subfatin in Double Diabetes  patients and 

controls 

Test Result Variable(s) 
AUC 

Area 

Std. 

Error 
P value 

95% Confidence Interval 

Lower Bound Upper Bound 

Serum subfatin (pg/mL) 1.000 0.0001 0.0001* 1.000 1.000 

 

Figure 1: Sensitivity and Specificity of 

Double Diabetes patients and Controls for 

subfatin. 

 

Discussion: 

Both BMI and waist circumference are 

reasonable predictors of prevalent diabetes 

[16], in this study the results noted a 

significant difference in the mean BMI 

between the patient group and the control 

group (P < 0.05) in disagreement with the 

results of a previous study that showed that the 

difference in The average weight, height, and 

BMI was not statistically significant (p > 0.05) 

between groups [17]. Overweight and body 

mass rising are central to the formation and 

increased incidence of type 1 and type 2 

diabetes [18]. 

  Attempts to halt the onset of a disorder such 

as DD may be particularly important given the 

rapidly growing problems associated with 

obesity. Given that consistent cell function is 

still present in DD at the  diabetes diagnosis 

and that it might wane more slowly than in 

conventional T1D, an intervention that could 

prevent some putative disease-causing 

processes may be useful. It is said that subjects 

with long-term T2DM gradually resemble 

subjects with type 1 diabetes as their cell 

function declines[19], and thus an 

immunomodulation trial similar to that 

screened for T1D may be considered. While 

prevention of T1D remains elusive, prevention 

of T2D has been proved to be doable. 

According to the Diabetes Prevention Program 

[4], lifestyle modifications are important in 

preventing or blocking disease progression in 

individuals at risk for T2D. This is likely 

because they enhance insulin sensitivity [20]. 

Uncontrolled DM can result in high TC, LDL 

-C, high TG ,high VLDL-C, and low HDL-C 

values. Significant alterations in lipid and 

lipoprotein metabolism have been observed as 

complications of insulin resistance [21], early 

detection and assurance of optimal levels of 

HDL is done through healthy culture to 

improve diet control and avoid excessive 

weight gain and testing for non-alcoholic fatty 

liver disease (NAFLD) among patients with 

diabetes, Especially those with an abnormal 

BMI and  HDL [22].In  previous study  

founded Serum levels of Metrnl were also 

highest in patients with T2DM , and the serum 

levels of Metrnl level were higher in the 

prediabetes groups than in the NGT(normal 

glucose tolerance ) subjects, Serum levels of 



The Elevation of Serum Subfatin Levels in Patients with Double Diabetes  

 

5485 

Metrnl level between subjects with normal 

weight were significantly different when 

compared with levels in overweight and obese 

subjects[23], In other side, some studies found 

a decreases  in subfatin levels when it was 

studied  T2D patients who suffering from 

highly obesity, and this may be because of 

delayed disease and the failure of white 

adipose tissue to produce the hormone, which 

may occur after the stage of high levels 

[24],[25].Results revealed a significantly  

elevation for levels of subfatin  in G1(mean 

value =727.129) compared with G2(mean 

value =479.177) (p-value < 0.05), serum 

levels of subfatin were higher in patients with 

double diabetes compared with individuals 

with normal glucose tolerance ( NGT). 

Elevated serum subfatin levels have been 

observed in patients with T2DM which 

increases the risk of complications. After 

ranking by sex, age, and body mass index 

(BMI), serum subfatin level was closely 

associated with glucose profile, lipid profile 

and insulin resistance. Multiple logistics 

services [26]. 

Conclusion: 

It is difficult to diagnose double diabetes (DD) 

with characteristics of both T1DM and T2DM 

and therefore to consider the best treatment 

approach for these patients, the results of this 

study showed that the association between 

clinical and biochemical parameters of double 

diabetes (DD) allows serum subfatin to be a 

novel biomarker for early diagnosis of this 

type of diabetes . 

Reference 

Merger, S. R. et al. Prevalence and 

comorbidities of double diabetes. 

Diabetes Res Clin. Pr.,(2016), 119, 48–56 

. 

Salman Jasim, H, Khalid Shafeeq, N, Abass, 

E. A. A,  Vitamin D Level and its 

Relation with the Newly Diagnosed 

Diabetic Neuropathy in Women with 

Hypothyroidism, Razi Vaccine & Serum 

Research Institute(2022), Vol. 77 ,1139-

1145. 

Nibras Ala`a Hussein, Tamara Ala`a Hussein, 

Noorhan Khalid Shafeeq, Determination 

of Glucagon-Like Peptide-1 and 

Dipeptidyl Peptidase-4 Levels in Diabetic 

Nephropathy Patients, Indian Journal of 

Public Health Research & Development 

(2019) Vol. 10,  02. 

Pozzilli P, Guglielmi C, Pronina E,Petraikina 

E. Double or hybrid diabetes associated 

with an increase in type 1 and type 2 

diabetes in children and youths ,Pediatric 

Diabetes (2007): 8 (Suppl. 9): 88–95.  

Onalan E, Cavlı C, Dogan Y, Onalan E,   

Gozel N, Buran I, Yakar B, Donder E 

Low serum levels of meteorin like/ 

subfatin an indicator of diabetes   mellitus 

and insulin resistance,  Endokrynol , 2020 

, 71 5 397 403. 

Zhi-Yong Li, Si-Li Zheng, Pei Wang, Tian-

Ying Xu, Yun-Feng Guan, Yi-Jie Zhang 

& Chao-Yu Miao Subfatin is a Novel 

Adipokine and Unlike Meteorin in 

Adipose and Brain Expression ,CNS 

Neuroscinence & Therapeutics , 2013 . 

Daly, M. E., Vale, C., Walker, M., Littlefield, 

A., Alberti, K. G., & Mathers, J. C. .Acute 

effects on insulin sensitivity and diurnal 

metabolic profiles of a high-sucrose 

compared with a high-starch diet. The 

American journal of clinical nutrition, 

(1998),67(6), 1186-1196. 

Ebaa Adnan Azooz , Huda Ssafaa 

Abdulwahhab Al-Wani, Muna Shakir 

Gburi, Estabraq Hassan Badder Al-

Muhanna , Recent modified air-assisted 

liquid–liquid microextraction applications 



Journal of Survey in Fisheries Sciences              10(3S) 5479-5487 2023 

5486 
 

for medicines and organic compounds in 

various samples: A review published by 

De Gruyter, Open Chemistry 2022; 20: 

525–540. 

Mustafa H.N., I. Al –Ogaidi, EFFICACY OF 

ZINC SULFIDE- CHITOSAN 

NANOPARTICLES AGAINST 

BACTERIAL DIABETIC WOUND 

INFECTION, Iraqi Journal of 

Agricultural Sciences (2023),54(1):1- 17. 

Zainab M. M. Al-Rubaei,The Relationship 

between Interleukin-33(IL-33) and 

Oxidative Stress in Diabetic Patients with 

Cardiomyopathy,  Ibn Al-Haitham Jour. 

for Pure & Appl. Sci(2013),  Vol. 26 (3). 

Matthews. DR.; Hosker. JP.; Rudenski. AS.; 

Naylor. BA.; Treacher. DF.; Homeostasis 

model assessment : insulin resistance and 

β-cell function from fasting plasma 

glucose and insulin concentration in man 

Diabetologia . 1985 ; 28(7):415. 

Daniel, W. W., & Cross, C. L. Biostatistics: a 

foundation for analysis in the health 

sciences. Wiley, (2018). 

Zweig MH,Campbell G.Receiver-operating 

(ROC) plots: a fundamental evaluation 

tool in clinical medicine clinical 

chemistry. (1993) , 1.39(4):561-77. 

Jenkins, D. J., Kendall, C. W., Vidgen, E., 

Vuksan, V., Jackson, C. J., Augustin, L. 

S., ... & Fulgoni, V.. Effect of soy-based 

breakfast cereal on blood lipids and 

oxidized low-density lipoprotein. 

Metabolism- Clinical and Experimental, 

(2000), 49(11),1496-1500. 

Bishwajit Bhowmik, Tasnima Siddiquee, 

AninditaMujumder,Faria Afsana, Tareen 

Ahmed, Ibrahimu A. Mdala, Nayla 

Cristina do V. Moreira, Abul Kalam Azad 

Khan, Akhtar Hussain, Gerd Holmboe-

Ottesen, and Tone Kristin Omsland, 

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. 

Shivani A.Patel, RoopaShivashankar, 

Mohammed K.Ali, R.M.Anjana 

,M.Deepa,DekshaKapoor,DimpleKondal,

GarimaRautelV.Mohan K.M. Venkat 

Narayan, MasoodKadir, ZafarFatmi, 

Dorairaj Prabhakaran and Nikhil Tandon 

,Is the “South Asian Phenotype” Unique 

to South Asians?: Comparing 

Cardiometabolic Risk Factors in the 

CARRS and NHANES Studies, Elsevier 

2015,12.010. 

Adham Mottalib , Megan Kasetty , Jessica Y. 

Mar, Taha Elseaidy1 ,Sahar Ashrafzadeh 

& Osama Hamdy , Weight Management 

in Patients with Type 1 Diabetes and 

Obesity , Curr Diab Rep (2017) 17: 92 . 

Abdullah S Al-Goblan, Mohammed A Al-Alfi, 

and Muhammad Z Khan ,Mechanism 

linking diabetes mellitus and obesity 

,Diabetes Metab Syndr Obes,2014, 7: 

587–591. 

M.Q.D. Al-Lami, A.K.T.Al-Attaby, ROLE OF 

CALCIUM-REGULATING 

HORMONES,ADIPOCYTOKINES AND 

RENAL FUNCTION TEST IN THE 

PROGRESS OF TYPE 2 DIABETES 

MELLITUS IN A SAMPLE OF IRAQI 

PATIENTS, Iraqi Journal of Agricultural 

Sciences ,(2019),50(1):343-351. 

Athraa H. A. IMPACT OF AQUEOUS 

EXTRACT OF NEEM LEAVES IN 

LOWERINGBLOOD GLUCOSE AND 

LIPID PROFILE IN STZ INDUCED 

DIABETES MELLITUS MICE, Iraqi 

Journal of Agricultural 

Sciences,(2022),53(5):977- 984. 

Mohammad Alwan Iedan, Zeinab M. Malik 

Al-Rubaei, Association of fetuin- A and 

Chitotriosidase-1 in type- II diabetic 

patients with thyroid dysfunction, A 



The Elevation of Serum Subfatin Levels in Patients with Double Diabetes  

 

5487 

Thesis, College of Education for Pure 

Science (Ibn Al-Haitham), University of 

Baghdad(2019). 

Marwah Sabah Hussein, Taghreed Uloom 

Mohammad, Anmar Diah Aldeen Muhsin, 

Evaluation of Adropin, Afamin and 

VEGF-R2 Proteins in Sera of Fatty Liver 

Disease as a Complication of 

Hypothyroidism, A Thesis,College of 

Education for Pure Science(Ibn Al-

Haitham), University of Baghdad(2021). 

Kexin Wang, Fangna Li, Chuan Wang, Yang 

Deng, Zhenzhen Cao, Yixin Cui, Kai Xu, 

Peng Lin, Yu Sun, Serum Levels of 

Meteorin-Like (Metrnl) Are Increased in 

Patients with Newly Diagnosed Type 2 

Diabetes Mellitus and Are Associated 

with Insulin Resistance, Med Sci Monit, 

2019; 25: 2337-2343. 

Cundullah Cavlia, Erhan Onalana, Burkay 

Yakarb, Emir Dondera, Ilay Buranc, Ebru 

Onalanc, Low serum levels of meteorin-

like/subfatin is related to obesity and 

insulin resistance,Fam Pract Palliat Care , 

2022;7(5):137-141. 

Maryam Dadmanesh, Hassan Aghajani, Reza 

Fadaei, Khodayar Ghorban, Lower serum 

levels of Meteorin-like/Subfatin in 

patients with coronary artery disease and 

type 2 diabetes mellitus are negatively 

associated with insulin resistance and 

inflammatory cytokines, PLOS 

ONE,2018. 

Kexin Wang , Fangna Li ,  Chuan Wang , 

Yang Deng, Zhenzhen Cao , Yixin Cui , 

Kai Xu , Peng Lin ,Yu Sun ,  Serum 

Levels of Meteorin-Like (Metrnl) Are 

Increased in Patients with Newly 

Diagnosed Type 2 Diabetes Mellitus and 

Are Associated with Insulin Resistance , 

Med Sci Monit, 2019; 25: 2337-2343. 


