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Abstract

Type 2 Diabetes Mellitus (T2DM) is the furthermost common form of DM which
is identified by hyperglycemia, insulin resistance, and relative insulin deficiency.
This study aims to detect the role of interleukin-17 (IL-17) in patients with T2DM
compared with the healthy control and to investigate the relationship between IL-17
and insulin resistance. The study involved 50 Iragi T2DM patients, randomly
selected with an age range of 33-71 years .For the purpose of comparison, 30 Iraqi
healthy persons with an age range of 33-71 years were also included. Patients and
control groups were characterized in terms of gender, age, body mass index (BMI),
homeostatic model assessment-insulin resistance(HOMA-IR),fasting serum glucose
(FSG) and lipid profile. The means of IL-17 (368.45 vs. 128.50 pg/ml), HOMA-IR
(7.94vs. 2.14),FSG (152.82 vs. 81.53 mg/dl), fasting serum insulin (FSI) level (19.37
vs. 10.71 plU/ml), Triglycerides (TG), High Density Lipoprotein (HDL),and Very
Low Density Lipoprotein (VLDL) were significantly higher in T2DM patients as
compared to controls. While, levels of Total Cholesterol (TC)and Low Density
Lipoprotein (LDL)showed non-significant differences. In conclusion, IL-17 seems
to play a significant role as a risk factor for the development of T2DM.Also, higher
(HOMA-IR) gives rise to a hyperglycemic state and is a major risk factor for the
development of T2DM.
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Introduction

Type 2 Diabetes Mellitus (T2DM) is the furthermost common form of DM which is identified via
hyperglycemia, insulin resistance, and relative insulin deficiency [1]. T2DM represents approximately
90% of all types of diabetes. In T2D, hyperglycaemia is the outcome of insufficient production of
insulin and inability of the body to react fully to insulin, a case that is well-defined as insulin
resistance [2]. The risk of developing T2DM rises with obesity, age, and physical inactivity. It occurs
more recurrently in those with dyslipidemia or hypertension [3]. It was appraised that in 2017 there
were 451 million (age 18-99 years) individuals with diabetes worldwide [4]. The prevalence of T2D
in Iraq reached epidemical proportions in 2007, impacting about 2 million people or 7.43% of the
total Iragi population [5].

Interleukin-17 (IL-17) is a pro-inflammatory cytokine secreted via activated T-cells, which
produces an immune response to exogenous fungal and bacterial pathogens and plays a role in the
development of inflammatory and autoimmune diseases [6].1L-17A, also called IL17, is the most
important IL from the IL17 family which comprises 6 members (IL17A—IL17F). IL17 is produced
by T helper 17 cells and contributes to both acquired and innate immune responses against exogenous
pathogens. The roles of Th17 and its cytokines (IL17 and 22) have been recognized in inflamed
tissues in different autoimmune diseases[7]. IL-17 acts on a broad range of cells such as endothelial
cells, fibroblasts, keratinocytes and macrophages, promoting the expression of cytokines(IL-1, TNF,
and 1L-6), metalloproteinases and chemokines[8]. There is a correlation between the existence of pro-
inflammatory adipose tissue macrophage (M1ATM) and CD4+ Th17 cells in obese adipose tissue
(AT). Thus, IL-6, IL-1pB, and IL-23, which are produced by M1 ATM, have been linked with the
expansion and declension of Th17 cells in obese and T2D patients[9].

Insulin resistance (IR) is known as an impaired biologic response to insulin stimulation of target
tissues, predominantly liver, adipose tissue, and muscles. IR impairs glucose disposal, causing a
compensatory rise in beta-cell insulin production and hyperinsulinemia[10]. IR cause impaired
protein catabolism and glycogen synthesis in skeletal muscles and inhibit lipoprotein lipase activity in
adipocytes leading to an increased release of free fatty acids and inflammatory cytokines such as IL-6,
TNFa, and leptin. Additionally, the liver accounts for 30% of insulin-stimulated glucose disposal and
insulin resistance leads to impaired glucose output and fatty acid metabolism leading to increased
triglyceride content and VVLDL secretion from liver [11].This study aims to detect the role of IL-17 in
patients with T2DM and to investigate the relationship between IL-17 and insulin resistance.

Material and Methods

A total of 50 Iragi T2DM patients, 30 females and 20 males with an age range of 33-71 years,
were randomly selected from those attending the National Diabetes Center for Treatment and
Research at Al-Mustansiriyah University (Baghdad- Iraq) from February — May 2018. The diagnosis
of T2DM was performed on the basis of the recommended criteria by WHO (2006).

492



Abbas et al. Iragi Journal of Science, 2020, Vol. 61, No. 3, pp: 491-498

For the purpose of comparisons, 30 Iragi control subjects who were comparable to the diabetes
mellitus patients in respect to age (33-72 year) and gender (17 females and 13 males) were included.
Control and patients were characterized in terms of gender, age, BMI, family history of diabetes,
HOMA- IR, W/H, lipid profile and FSG.

From each subject, 5 mL of blood was collected by venipuncture after 10-12 hours of fasting
between 9:00 P.M. and 11:00 A.M. Blood was transferred into gel plain tubes and left to coagulate for
30 min at room temperature, then serum was collected after centrifugation at 3000 xg for 10 min. The
collected serum was divided into two parts; the first part was used for the biochemical assays,
whereas the second part was frozen at -20 c® in Eppendorf tubes until use.

Serum concentrations of IL-17 and Insulin were assayed by enzyme- linked Immunoabsorbant
assays (ELISA) according to the manufacturer’s procedures (elabscienceUSA and Monobind Inc.
USA, respectively).

Total cholesterol was determined by enzymatic hydrolysis and oxidation while Triglycerides
concentration was determined using enzymatic colorimetric test(Biolabo kit triglycerides — France).
Total cholesterol, triglycerides and HDL were assayed by commercial kits. LDL was calculated using
Friedwald’s formula.

BMI was measured by dividing weight (kilograms) by the square height (meter), whereas HOMA-
IR was calculated by the following equation:

HOMA-IR = (FSI xFSG) / 22.5
where FSG is expressed with mg/dL and FSI by plU / mL units[12].
Statistical Analysis

Analysis of data was carried out using the available statistical package of SPSS-25 (Statistical
Packages for Social Sciences-version 25). Data were presented in simple measures of frequency,
percentage, mean, standard deviation, and range (minimum-maximum values). The significance of the
difference of different means (quantitative data) was tested using Students t-test for difference
between two independent means or Paired t-test for difference of paired observations (or two
dependent means). Statistical significance was considered whenever the p- value was less than 0.05.
Results

The mean values of FSG (152.82 vs. 81.53 mg/dL), FSI (19.37 vs. 10.71 plU/mL), HOMA-IR
(7.94vs. 2.14),and 1L-17 (368.45 vs. 128.50 pg/mL) were significantly higher in T2DM patients as
compared to the controls (Table-1).

Table 1-Means of FSG, FSI, HOMA-IR, IL-17 and W/H in T2DM patients and controls

Parameter Mean+SE (Range) P value <
Patients (n=50) Controls (n=30)
FSG (mg/dL) 152.82+70.58 81.53+7.43 0.0001
FSI 19.37+£17.29 10.71+£5.77 0.010
(WIU/mL)
HOMA-IR 7.94+9.33 2.14+1.24 0.001
IL-17 (pg/mL) 368.45+311.86 128.50+98.80 0.0001

Results of total Cholesterol, TG, HDL, LDL, and VLDL of the control and patient groups are
listed in Table-2.0ur results showed significantly higher levels of TG, HDL and VLDL in the
patients group in comparison with the controls group (p= 0.0001, 0.005, and 0.0001,respectively),
while levels of TC and LDL showed non-significant differences (p=0.748 and 0.692,respectively).

Table 2-Lipid profile levels in the control and T2DM patient groups

MeanzSE (Range)
<
Parameter Patients (n=50) Controls (n=30) Pralps
158.40+31.32 160.60+34.56 N.S
TC (mg/dL) 0.748
TG (mg/dL) 140.76+69.09 78.79+44.51 0.0001
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HDL-C  (mg/dL) 37.21£7.85 44.18+14.70 0.005
LDL-C (mg/dL) 95.28+27.16 98.00+38.57 0|\I6.9S2
VLDL-C (mg/dL) 28.12+13.92 15.70+8.91 0.0001

As shown in Table-3,only the levels of FSG and FSI showed positive significant linear correlations

with HOMA-IR in patient and control groups.

Table 3-The correlation coefficient of HOMA-IR with a set of selected parameters for all subjects

HOMA-IR
Diabetics (n=50) Controls (n=30)
r 0.424 0.432
FSG (mg/dL)
P 0.002 0.017
r 0.937 0.972
FSi (uIU/mL)
P 0.0001 0.000
r 0.259 0.141
IL-17 (pg/mL)
P 0.069 0.458
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Figure 1-The correlation coefficient of HOMA-IR with FSG for all subjects
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Figure 2-The correlation coefficient of HOMA-IR with FSI for all subjects.

494




Abbas et al.

Iragi Journal of Science, 2020, Vol. 61, No. 3, pp: 491-498

From Table-4, it is clear that only the levels of TG and VLDL showed positive significant linear

correlations with IL-17 inpatient and control groups.

Table 4-The correlation coefficient of IL-17 with a set of selected parameters for all subjects

IL-17 (pg/ml)
Diabetics (n=50) Controls (n=30)
. . r 0.404 0.577
Triglycerides (mg/dL
gy (mg/dL) P 0.004 0.001
r 0.401 0.563
VLDL (mg/dL)
P 0.004 0.001
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Figure 4-The correlation coefficient of IL-17 with VLDL for all subjects.
Discussion

Our present study demonstrated significantly higher levels of FSG, FSI, HOMA-IR, 1L-17, W/H,
TG, HDL and VLDL in T2DM patients when compared with control subjects. T2DM usually displays
hyperglycemia due to the impaired response to insulin, B-cell dysfunction, and the reduced blood
sugar control, indicating the role of hyperglycemia in the elevation of inflammatory injury in diabetes
patients[13]. IR denotes a state in which cells of the peripheral tissue have a lowered level of response
to insulin, a hormone secreted by R cells of pancreas to maintain normal levels of blood glucose. As a
result, a large amount of insulin is produced, which leads to chronic hyperinsulinemia [14]. These

results are in agreement with Al-Hakeim and Abdulzahra[15].
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IR precedes and strongly predicts the development of T2DM and its estimation IR has been helpful in
the detection of early complications and selecting the treatment options. In addition, a high score of
HOMA-IR is associated with increased risk of diabetic neuropathy, retinopathy, coronary artery
disease(CAD), nephropathy, and peripheral vascular disease[16].

Indeed, obesity-induced adipose tissue inflammation is the key process causing the activation of

pro-inflammatory pathways that are known to inhibit insulin signaling and induce insulin resistance.
On the other hand, activation of inflammatory pathways in adipocytes impairs triglyceride storage and
increases the release of free fatty acids (FFAS), an excess of which is known to induce IR in muscles
and liver [17]. The increase in pro-inflammatory cytokine production has been recognized as an
important marker of obesity and the accompanying metabolic changes[18].
IL-17 has been implicated in the pathogenesis of inflammatory conditions, and it has been shown that
the blood level of IL-17 increases in obesity [19]. Chen et al., 2016 reported that IL-17 might
participate in the pathogenesis of T2DM together with other inflammation cytokines[20]. Therefore, it
is possible that IL-17 might participate in the local inflammation and results in the destruction of
cells in the pancreas in synergy with these inflammation cytokines[21].

W/H has been utilized as measures of central obesity (where visceral adipose tissue is stored), while

BMI (kg/m2) has been utilized as a measure of general obesity [22, 23]. Central obesity has been
linked with decreased glucose tolerance, adjustments in glucose - insulin homeostasis, downgraded
metabolic clearance of insulin, and reduced insulin-stimulated glucose disposal [24].
The current results show lower mean levels of TC and LDL in the patients group in comparison to the
control group, towing to the fact that most of T2DM patients in our study were treated with statins.
The 3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) reductase inhibitors, more commonly
referred to as statins, are a class of cholesterol-lowering agents used for the treatment of dyslipidemia.
Through inhibition of HMG-CoA reductase, statins ultimately prevent the endogenous production of
cholesterol. Additionally, the resultant reduction in cholesterol concentration within hepatocytes
triggers up-regulation of low-density lipoprotein (LDL)-receptor expression, which promotes the
uptake of LDL and LDL-precursors from the systemic circulation[25].

The state of hypertriglyceridemia is of a considerable anxiety from a clinical point of view as this

combination can more lead to dysregulation in glucose metabolism via inducing IR and beta - cell
dysfunction [26].
The present study is consistent with Dixit et al.,(2014) and Ozder (2014) who reported that
hypertriglyceridemia may be due to the increased hepatic secretion of VLDL and delayed clearance of
TG rich lipoproteins, which is predominantly due to increased levels of substrates for TG production,
FFAs and glucose[27].

Lipoprotein lipase (LPL) activity is considered the rate-limiting step of very-low-density
lipoprotein triglycerides (VLDL-TG) tissue storage, and has been suggested to relate to the
development of obesity as well as IR and T2D [28]. There is increasing evidence that fat distribution,
especially in the abdominal area, is correlated with the most severe state of IR. Obesity in general and
visceral obesity, in particular, is considered as the most important factor for the causation of IR [29].
This study shows a weak positive correlation of HOMA-IR with FSG, along with a strong positive
correlation of HOMA-IR with FSI, in T2DM patient and the control groups.

IL-17 was shown to promote antiadipogenic responses and IR in adipocytes that are likely to
contribute to the development of T2D in obese subjects [30]. Our results showed that there was a
weak positive correlation of serum level of IL-17 with TG and VLDL in T2DM patient and the
control groups.

A previous study reported that elevated serum levels of IL-17, TG, and VLDL may play a role in the
development of endothelial damage and vascular dysfunction, then causing systemic inflammation
and endothelial dysfunction and may be involved in the pathogenesis of DM[31].

Conclusions

Increased HOMA-IR gives rise to a hyperglycemic state and is a major risk factor for the
development of T2DM.A higher significant increase in the serum level of TG and VLDL has been
found in T2DM patients compared with controls. From our results, we can conclude that obesity is a
risk factor to the development of T2DM. IL-17 has been shown to promote antiadipogenic responses
and IR in adipocytes, likely contributing to the development of T2D in obese subjects. Also, a higher
value of W/H has been found in T2DM patients compared with the controls.
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We can conclude that the visceral adipose tissue and IL-17are risk factors for the development of
T2DM via their implications in the pathogenesis of inflammatory conditions.

References

1.

2.

10.

11.

12.

13.

14.

15.

16.

Olokoba, A. B., Obateru, O. A. and Olokoba, L.B. 2012. Type 2 diabetes mellitus: a review of
current trends. Oman medical journal, 27(4): 269-273.doi: 10.5001/0mj.2012.68.

Al-Rifai, R. H. and Aziz, F. 2018. Prevalence of type 2 diabetes, prediabetes, and gestational
diabetes mellitus in women of childbearing age in Middle East and North Africa, 2000-2017:
protocol for two systematic reviews and meta-analyses. Systematic reviews, 7(1):
96.doi: 10.1186/s13643-018-0763-0.

Umpierrez, G. and Korytkowski, M. 2016. Diabetic emergencies—Kketoacidosis, hyperglycaemic
hyperosmolar state and hypoglycaemia. Nature reviews Endocrinology, 12(4):222.doi:
10.1038/nrendo.2016.15

Cho, N., Shaw, J. E., Karuranga, S., Huang, Y., da Rocha Fernandes, J. D., Ohlrogge, A. W. and
Malanda, B. 2018. IDF Diabetes Atlas: Global estimates of diabetes prevalence for 2017 and
projections for 2045. Diabetes research and clinical practice, 138: 271-281. doi: 10. 1016/ j.
diabres.2018.02.023

Ali, NojdarSalahuddinM., Allela, Omer Q., Salih, Hishyar M. and Ahmed, I. H. 2018. Prevalence
of Type 2 Diabetes Associated Complications in Kurd-istan Region Irag. Journal of Basic and
Clinical Pharmacy, 9(2): 263.https://www.researchgate.net/publication/330579407

Akbulut, U. E., Cebi, A. H., Sag, E., Ikbal, M. and Cakir, M. 2017. Interleukin-6 and interleukin-
17 gene polymorphism association with celiac disease in children. Turkish Journal of
Gastroenterologyl, 28(6): 471-5.doi: 10.5152/tjg.2017.17092

Shirazian, S., Aghahosseini, F., Salehi, E., Vatanpour, M., Banijamali, S. N. Pourshahidi, S. 2017.
Comparison of interleukin 17 and 22 in saliva of oral lichen planus patients with healthy
people. An International Peer Reviewed Open Access Journal For Rapid Publication, 587-
591.doi: 10.21786/bbrc/10.3/37

Hunter N. S., Heba M. Mashaly, Dina A., Dorgham,Olfat g. Shaker, and Sarah I. Ismail. 2016.
Estimation of Matrix Metalloproteinase-9 and Interleukin-17 Tissue Levels in Stable, Non-
Segmental Vitiligo, Medical Journal of Cairo University, 84(2):153-157 .www.medicaljournal
ofcairouniversity.net

Chehimi, M., Vidal, H. and Eljaafari, A. 2017. Pathogenic role of IL-17-producing immune cells
in obesity, and related inflammatory diseases. Journal of clinical medicine, 6(7), 68 .doi: 10.33
90 /jcm6070068

Freeman AM, Soman-Faulkner K, Pennings N. 2019. Insulin Resistance. In: StatPearls [Internet].
Treasure Island (FL): StatPearls Publishing; 2019  Jan-.Available  from:
https://europepmc.org/books/NBK507839;jsessionid=95F2A36F14509DEA84D150D3621F1BC9
Ormazabal, V., Nair, S., Elfeky, O., Aguayo, C., Salomon, C. and Zufiiga, F. A. 2018. Association
between insulin resistance and the development of cardiovascular disease. Cardiovascular
diabetology, 17(1): 122.doi: 10.1186/s12933-018-0762-4.

Wallace, Tara M., Levy, Jonathan C. and Matthews, David R. 2004. Use and abuse of HOMA
modeling. Diabetes care, 27(6): 1487-1495.doi:10.2337/diacare.27.6.1487

Zeng, C., Shi, X., Zhang, B., Liu, H., Zhang, L., Ding, W. and Zhao, Y. 2012. The imbalance of
Th17/Thl/Tregs in patients with type 2 diabetes: relationship with metabolic factors and
complications. Journal of molecular medicine, 90(2): 175-186. doi:10.1007/s00109-011-0816-5
Choi K, and Kim Y-B. 2010. Molecular mechanism of insulin resistance in obesity and type 2
diabetes. The Korean journal of internal medicine. 25(2). doi: 10.3904/kjim.2010.25.2.119
Al-Hakeim, H. K. and Abdulzahra, M. S. 2015. Correlation Between Glycated Hemoglobin and
Homa Indices in Type 2 Diabetes Mellitus: Prediction of Beta-Cell Function from Glycated
Hemoglobin/KorelacijalzmeduGlikoliziranogHemoglobina I Homalndeksa U
DijabetesMelitusuTipa 2: PredvidanjeFunkcije Beta Celija Na Osnovu Glikoliziranog
Hemoglobina. Journal of medical biochemistry, 34(2):191-199. doi: 10.2478/jomb-2014-0033
Purohit A. and Tiwari V. 2015. Study of Insulin Resistance in Type 2 Diabetes Mallitus by Homa-
IR Score, International Journal of Medical Research and Review, 3(1). doi:10.17511
[ijmrr.2015.i01.02

497


https://dx.doi.org/10.1186%2Fs13643-018-0763-0
https://doi.org/10.1038/nrendo.2016.15
https://doi.org/10.1016/j.diabres.2018.02.023
https://doi.org/10.1016/j.diabres.2018.02.023
https://www.researchgate.net/publication/330579407
https://www.researchgate.net/publication/330579407
https://dx.doi.org/10.3390%2Fjcm6070068
https://dx.doi.org/10.3390%2Fjcm6070068
https://europepmc.org/books/NBK507839;jsessionid=95F2A36F14509DEA84D150D3621F1BC9
https://dx.doi.org/10.3904%2Fkjim.2010.25.2.119
https://dx.doi.org/10.2478%2Fjomb-2014-0033

Abbas et al. Iragi Journal of Science, 2020, Vol. 61, No. 3, pp: 491-498

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

29.

30.

31.

Guilherme, A., Virbasius, J. V., Puri, V. and Czech, M. P. 2008. Adipocyte dysfunctions linking
obesity to insulin resistance and type 2 diabetes. Nature reviews Molecular cell biology, 9(5):
367-377. doi: 10.1038/nrm2391.

Sumarac-Dumanovic, M., Stevanovic, D., Ljubic, A., Jorga, J., Simic, M., Stamenkovic-Pejkovic,
D. and Micic, D. 2009. Increased activity of interleukin-23/interleukin-17 proinflammatory axis
in obese women. International journal of obesity, 33(1): 151-156.doi: 10.1038/ij0.2008.216.
Zareian, P. and Dizgah, I.M. 2014. Serum interleukin 17 in type 2 diabetes mellitus. Journal of
Archives in Military Medicine, 2(4). doi : 10.5812/jamm.24689.

Chen, C., Shao, Y., Wu, X,, Huang, C. and Lu, W. 2016. Elevated interleukin-17 levels in
patients with newly diagnosed type 2 diabetes mellitus.Biochemistry & Physiology, 5(206): 2-10.
doi: 10.4172/2168-9652.1000206.

Miljkovic, D., Cvetkovic, I., Momcilovic, M., Maksimovic-lvanic, D., Stosic-Grujicic, S., and
Trajkovic, V. 2005. Interleukin-17 stimulates inducible nitric oxide synthase-dependent toxicity in
mouse beta cells. Cellular and molecular life sciences, 62(22): 2658. doi:10.1007/s00018-005-
5259-0.

Vazquez, G., Duval, S., Jacobs Jr, D. R. and Silventoinen, K. 2007. Comparison of body mass
index, waist circumference, and waist/hip ratio in predicting incident diabetes: a meta-
analysis. Epidemiologic reviews, 29(1): 115-128.doi:10.1093/epirev/mxm008.

Reddy C., Tirupathi, B., Suryanarayana, R., Siddeswari, I., Sudarsi, B. and Manohar. S. 2015. A
Study of Correlation of Body Mass Index, Waist Hip Ratio and Lipid Profile in Type Il Diabetes
Mellitus Subjects, International Journal of Scientific and Research Publications, 5(4). www. ljsrp
.org

Molarius, A. and Seidell, J. C. 1998. Selection of anthropometric indicators for classification of
abdominal fatness—a critical review. International journal of obesity, 22(8): 719-727. http://dx.
doi. org /10.1038/sj.ij0.0800660.

McFarland, A., Anoopkumar-Dukie, S., Arora, D., Grant, G., McDermott, C., Perkins, A. and
Davey, A. 2014. Molecular mechanisms underlying the effects of statins in the central nervous
system. International journal of molecular sciences, 15(11): 20607-20637. doi: 10.3390 /ijms 15
1120607.

Nayak, V. K. R., Nayak, K. R., Vidyasagar, S. and Kamath, A. 2018. Body composition analysis,
anthropometric indices and lipid profile markers as predictors for prediabetes. PloS one, 13(8):
€0200775.doi: 10.1371/journal.pone.0200775.

Ozder, A. 2014. Lipid profile abnormalities seen in T2DM patients in primary healthcare in
Turkey: a cross-sectional study. Lipids in health and disease, 13(1): 183. doi: 10.1186/1476-
511X-13-183.

Andersen, I. R., Sgndergaard, E., Sgrensen, L. P., Nellemann, B., Gormsen, L. C., Jensen, M. D.,
and Nielsen, S. 2016. Increased VLDL-TG fatty acid storage in skeletal muscle in men with type
2 diabetes. The Journal of Clinical Endocrinology & Metabolism, 102(3): 831-839. https: //doi
.0rg /10.1210/jc.2016-2979

Premanath, M., Basavanagowdappa, H., Mahesh, M. and Suresh, M. 2014. Correlation of
abdominal adiposity with components of metabolic syndrome, anthropometric parameters and
Insulin resistance, in obese and non-obese, diabetics and non-diabetics: A cross sectional
observational study.(Mysore Visceral Adiposity in Diabetes Study). Indian journal of
endocrinology and metabolism, 18(5): 676 -682.doi: 10.4103/2230-8210.139231.

Dalmas, E., Venteclef, N., Caer, C., Poitou, C., Cremer, I., Aron-Wisnewsky, J. and André, S.
2014. T Cell-derived I1L-22 amplifies IL-1p-driven inflammation in human adipose tissue:
relevance to obesity and type 2 diabetes. Diabetes, 63(6): 1966-1977.doi: 10.2337/db13-1511.
Cao, W., Wang, X., Chen, T., Xu, W., Feng, F., Zhao, S. and Xie, B. 2018. Maternal lipids, BMI
and IL-17/IL-35 imbalance in  concurrent gestational diabetes mellitus and
preeclampsia. Experimental and therapeutic medicine, 16(1): 427-435.doi: 10.3892/ etm. 2018.
6144.

498


http://dx.doi.org/10.5812/jamm.24689
http://dx/
https://doi.org/10.1210/jc.2016-2979
https://doi.org/10.1210/jc.2016-2979

