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ABSTRACT 
Background: Chronic hepatitis C virus infection is a worldwide health problem that could cause complications such as 

cirrhosis or even hepatocellular carcinoma. Hepatitis C virus (HCV) infection has increased preponderance of diabetes 

mellitus (DM) type 2 and insulin resistance.  

Objectives: Our goal is to determine whether the most recent direct acting antiviral (DAA) medications for the HCV 

treatment are linked to improvements in insulin resistance and other related glycemic parameters in type 2 DM patients. 

Patients and Methods: This prospective, observational study was conducted on 40 diabetic patients aged >18 years treated 

from HCV by DAA. Baselines HCV PCR and liver function tests were obtained before DAA. Pre-and post-treatment change 

of the glycemic profile including calculated homeostatic model assessment of insulin resistance (HOMA-IR) lab results 

were taken.  

Results: Impact of DDA drugs on our subjects’ glycemic profile showed improvements of all glycemic indices (Fasting 

plasma glucose (FPG), fasting insulin, HBA1c and HOMA-IR with p-value < 0.001.  HCV PCR changes after treatment 

was positivity correlated significantly especially with FPG and HOMA-IR (r value 0.501 and 0.478 respectively) with p-

value < 0.05.  

Conclusion: We concluded that DAAs improved insulin resistance and related glycemic control parameters after eradication 

of HCV. Our results suggest that HCV take a part in glucose homeostasis. Liver function before treatment could be a 

predictor of improvement of insulin resistance. 
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INTRODUCTION 

     Around 170 million people worldwide had hepatitis 

C virus (HCV) infection, and its other later consequences 

such as cirrhosis and liver malignancy, which are linked 

to increased mortality, are significantly increased by 

chronic hepatitis C (CHC) infection (1).  

According to epidemiological studies, hepatitis C virus 

(HCV) infection may be related to increased 

preponderance of diabetes mellitus (DM) type 2 (2). 

Moreover, having persistent HCV infection raises the 

likelihood of developing type 2 DM in patients with 

metabolic syndrome risk factors by an additional 11 times 
(3).  

Molecular mechanisms explain how HCV infection 

might raise the chance of developing type 2 DM or 

decrease glycemic control in people who already have 

condition (4).  

One study demonstrated that insulin resistance (IR) 

was linked to decreased sustained virological response 

(SVR) rates in patients undergoing interferon (IFN)-based 

therapy, independent of viral genotype (5). IFN-based 

therapy is being replaced by direct-acting antivirals 

(DAAs), which have SVR rates above 90% (1).  

Hum et al. and Wong et al. discovered that 

individuals with type 2 DM had better glycemic control 

when HCV was eradicated with direct acting antiviral 

(DAA) medications (3,6).  

 

 

Our goal is to determine whether the most recent DAA 

medications for the treatment of HCV infection improve 

insulin resistance and other related glycemic parameters 

in type 2 DM patients. 

 

SUBJECTS AND METHODS 

This prospective, observational study was 

conducted on patients treated from HCV by DAA who 

were attending medical clinics at Benha University 

Hospital for follow up.  Data were recruited from patient 

with HCV that had positive serum real time HCV PCR 

and type 2 DM. Diagnosis of DM was according to 

American Diabetes Association (ADA) 2022 (7).  

40 patients, aged >18 years old, received 

sofosbuvir, simeprevir, peg-interferon, and daclatasvir 

with or without ribavirin as a dual or triple therapy for 3 

months according to the recommendations of The 

Egyptian National Committee for Control of Viral 

Hepatitis.  

The following are our exclusion criteria; age < 18, 

HBV and/or HIV co-infection; pregnancy; liver 

malignancy; chronic kidney disease stage 4-5 (GFR less 

than 30 ml / minute); and liver or kidney transplanted 

patients.  

Age, sex, duration of diabetes, anti-diabetic 

treatments, thorough clinical examination, and body mass 

index (BMI) were registered.  
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Laboratory data in the form of complete blood 

picture (CBC), alanine aminotransferase (ALT), aspartate 

aminotransferase (AST), albumin, bilirubin, prothrombin 

time and international normalized ratio (INR), serum 

creatinine and alpha fetoprotein (AFP) were obtained. 

Fasting plasma glucose level (FPG) and hemoglobin A1c 

(HbA1c), fasting insulin level, serum PCR for HCV were 

measured before and at 12 weeks after stopping the 

treatment by DAA.  

HOMA-IR was calculated according to the 

formula: fasting insulin level x blood fasting blood 

glucose/22.5 (8)  (pre and after post - treatment, at 12 

weeks). The primary outcome of the study was to 

compare insulin resistance and HbA1c levels before and 

after treatment among those who reached SVR.  

 

Ethical approval 

The present study was approved by Medical 

Ethics Committee of Faculty of Medicine, Benha 

University, Egypt. It is consistent with the declaration 

of Helsinki principles. Written consent was taken from 

all patients before starting the study. The study no. 

was RC 36-10-2022. 

 

Statistical methods 

Quantitative data were presented with mean ± SD 

while categorical data were tabulated with number and 

percentage. Logistic regression and correlation analysis 

tests were exploited to predict the effect of certain 

variables on specific parameters confirming the cause 

effect relationships between these studied variables. 

Pearson correlation coefficient (r) test was used to 

evaluate different independent variables. Chi square test 

(x2 value) was used to compare different variables of 

categorical data IBM SPSS (version 23, 2015; Chicago, 

USA) for windows package. A significant p-value is 

considered when <0.05.  

 

RESULTS 

In our prospective observation study, 40 patients 

were recruited, and baseline characteristics (Age, gender, 

BMI, and disease duration) were obtained as shown in 

table 1. Male constitutes 60 % of selected populations 

with 13.4 years was the mean diabetic mellitus duration.  

52.5 % of the patients were treated with oral 

hypoglycemic drugs while 47.5 % were on insulin 

therapy. 

 

Table (1): Baseline characteristics of study participants 

Age mean ± S.D. 

Female/male No. (%) 

BMI, mean ± S.D. 

Disease duration, mean ± S.D. in 

years  

56.6 (8.6) 

16 (40)/24 

(60) 

27.03 (2.9) 

13.4 (7.1) 

Laboratory data  

FPG (mg/dl), mean ± S.D. 287.6 (74.2) 

HB (gm/dl), mean ± S.D. 10.2 (2.1) 

Platelets (103/µl), mean ± S.D. 270.3 (97.01) 

TLC (103/µl), mean ± S.D. 7.1 (1.7) 

ALT(U/L), mean ± S.D. 180.5 (228.5) 

AST(U/L), mean ± S.D. 190.4 (245.7) 

Albumin(g/dl), mean ± S.D.  3.5 (0.6) 

Bilirubin(mg/dl), mean ± S.D. 3.5 (1.6) 

Creatinine(mg/dl), mean ± S.D. 1.4 (0.7) 

AFP (ng/ml), mean ± S.D. 197.1 (233.9) 

INR, mean ± S.D. 1.4 (0.6) 

PCR(IU/ml) mean ± S.D. 
2330645.6 

(1199591.8) 

DM Treatment No. (%) 

Premixed insulin  13 (32) 

Insulin glargine + actrapid 2 (5) 

SU, Insulin glargine 4 (10) 

SU, DPP4 5 (12.5) 

SU, DPP4, MET 12 (30) 

SU, MET 4 (10) 

HCV Treatment No. (%) 

SOF+DAC+RIB 15 (37.5) 

SOF+LED 8 (20) 

SOF+LED+RIB 4 (10) 

SOF+PEG INT+RIB 2 (5) 

SOF+SIM 11 (27.5) 
BMI: Body Mass Index, FPG: Fasting Plasma Glucose, HB: 

haemoglobin, TLC: Total Leucocytic Count. ALT: alanine 

transaminase. AST; aspartate transaminase, AFP: Alfa 

Fetoprotein, INR: International Normalised Ratio. PCR: 

Polymerase Chain Reaction, SU: Sulfonylureas, DPP4: 

Dipeptidyl peptidase 4, MET: Metformin, SOF: sofosbuvir, 

DAC: daclatasvir, RIB: ribavirin, LED: Ledipasvir, Sim: 

Simeprevir  

  

Impact of DDA drugs on our subjects’ glycemic profile 

was achieved by paired t test that significantly showed 

improvements of all glycemic indices (FPG, fasting 

insulin, HBA1c and HOMA-IR) as shown in table (2). 
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Table (2): Impact of HCV treatment with direct acting antiviral drugs on the parameters of glycemic control 

 Before treatment (40 Patients) After treatment (40 patients) Paired t test p-value 

Mean ±SD Mean ±SD 

 FPG (mg/dl) 204.48 29.17 170.53 26.87 20.03 <0.001* 

Fasting Insulin (mIU/ml) 17.21 1.86 15.13 2.51 9.9 <0.001* 

HbA1c % 8.73 1.41 7.81 1.15 12.01 <0.001* 

HOMA-IR 8.67 1.35 6.35 1.31 16.2 <0.001* 
*: Significant, FPG: Fasting Plasma Glucose, HbA1c: hemoglobin A1c, HOMA-IR: homeostatic model assessment of insulin resistance 

 When a linger regression and correlation analysis was applied to evaluate the effect of each variable to the 

glycaemic profile, we found that HCV PCR changes after treatment was positivity correlated significantly especially with 

FPG and HOMA-IR, which denotes the effect of HCV DAA on glycemic control as shown in table (3a). 

Also, our study showed that better baseline liver function tests could be a predictor of improvements in glycemic control 

(tables 3b and 5).  

Table (3 a): Correlations between change of glycemic control parameters and different patients’ characteristics 

 HOMA-IR Change 

40 patients  

A1C Change 

40 patients 

Fasting Insulin Change  

40 patients 

FBS Change 

40 patients 

r p-value r p-value r p-value r p-value 

age -0.231 0.152 -0.203 0.209 -0.241 0.134 -0.141 0.387 

BMI -0.228 0.158 -0.115 0.480 -0.254 0.114 -0.142 0.381 

Duration of DM -0.031 0.848 -0.290 0.070 0.006 0.972 -0.065 0.692 

HCV PCR change 0.478 0.002* 0.350 0.027* 0.368 0.019* 0.501 0.001* 

*: Significant, BMI: Body Mass Index, DM: Diabetes Mellitus, HCV PCR: HCV Polymerase Chain Reaction, HOMA-IR: homeostatic 

model assessment of insulin resistance. 

Table (3b): Correlations between the change of glycemic control parameters and baseline liver function tests. 

 HOMA-IR Change A1C Change Fasting Insulin Change  FPG Change 

r p-value r p-value r p-value r p-value 

 HB  -0.183 0.258 -0.094 0.564 -0.205 0.204 -0.097 0.553 

 Platelets  0.049 0.765 0.007 0.965 0.074 0.652 0.019 0.908 

TLC  -0.223 0.166 -0.111 0.495 -0.216 0.180 -0.178 0.270 

ALT -0.609 <0.001* -0.464 0.003* -0.503 <0.001* -0.593 <0.001* 

AST -0.645 <0.001* -0.475 0.002* -0.540 <0.001* -0.611 <0.001* 

 Albumin 0.374 0.018* 0.391 0.012* 0.264 0.100 0.439 0.005* 

 Bilirubin -0.552 <0.001* -0.433 0.005* -0.396 0.012* -0.637 <0.001* 

Creatinine -0.003 0.987 -0.046 0.776 0.015 0.929 -0.028 0.864 

AFP -0.633 <0.001* -0.535 <0.001* -0.505 <0.001* -0.644 <0.001* 

INR -0.439 0.005* -0.358 0.023* -0.394 0.012* -0.368 0.019* 

*: Significant, HB: haemoglobin, TLC: Total Leucocytic Count, FPG: Fasting Plasma Glucose, ALT: alanine transaminase. AST; 

aspartate transaminase, AFP: Alfa Fetoprotein, INR: International Normalised Ratio, HOMA-IR: homeostatic model assessment of 

insulin resistance 

Furthermore, univariate, and multivariate regression analysis revealed that HCV PCR level was significant predictor for 

all glycemic profile as shown in table (4 and 5).  

Table (4): Univariate regression analyses of various variables for prediction of glycemic profile change 

 HOMA-IR Change 

40 patients 

A1C Change40 

patients 

Fasting Insulin Change 

40 patients 

FBS Change 

40 patients 

ᵝ p-value ᵝ p-value ᵝ p-value ᵝ p-value 

Age 0.23 0.15 0.2 0.2 0.24 0.13 0.14 0.39 

Sex  0.22 0.86 0.1 0.6 0.1 0.8 0.1 0.9 

BMI 0.81 0.16 0.2 0.5 0.3 0.1 0.1 0.9 

Duration of DM 0.1 0.19 0.3 0.07 0.1 0.9 0.07 0.7 

HCV PCR 0.48 0.002* 0.35 0.02* 0.37 0.02* 0.5 0.001* 
 *: Significant, FPG: Fasting Plasma Glucose, DM: Diabetes Mellitus , HCV PCR: hepatitis C virus Polymerase Chain Reaction, BMI: 

Body Mass Index. 
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Table (5): Univariate and multivariate regression 

analyses of various variables for prediction of HOMA-

IR change. 

 
Univariate analysis 

Multivariate 

analysis 

ᵝ p-value ᵝ p-value 

Age  0.23 0.15   

Sex  0.22 0.86   

BMI 0.81 0.16   

Duration 

of DM 

0.1 0.19   

PCR 0.48 0.002* -0.096 0.68 

HB  -0.89 0.26   

 Platelets  0.1 0.77   

TLC  -1.3 0.16   

ALT -0.03 <0.001* -1.095 0.155 

AST -0.03 <0.001* 1.117 0.044* 

Albumin 5.8 0.02* 0.026 0.879 

Bilirubin -3.5 <0.001* 0.192 0.323 

Creatinine -0.04 0.9   

b.AFP -0.03 <0.001* 0.662 0.158 

b.INR -7.2 0.005* -0.059 0.784 

 *: Significant 

HB: haemoglobin, TLC: Total Leucocytic Count, FPG: Fasting 

Plasma Glucose, ALT: alanine transaminase. AST; aspartate 

transaminase, HOMA-IR: homeostatic model assessment of 

insulin resistance, b.AFP : basal Alfa Fetoprotein, b.INR : basal 

International Normalised Ratio. 

 

DISCUSSION 

Although, metabolic derangements and diabetes 

mellites have been studied and explored in different 

publications even with heterogenous ethnicity including 

Egyptian chronic HCV patients (9-11), reciprocal relation 

between type 2 DM and HCV treatment still needs more 

convincing arguments (12) 

Several cohort and meta-analysis studies confirmed 

the observation that HCV is more prevalent in type 2 DM 

patients and on the contrary the rates of DM development 

and uncontrolled glucose profile in chronic HCV patients 

is much higher. More than 10 percent of chronic HCV 

patients had type 2 diabetes that was one of most common 

extrahepatic features of chronic HCV (13,14). To note, a 

meta-analysis of more than 30 studies ascertained that the 

odd ratios for new diabetes development in HCV patients 

were 1.58 (95%CI: 1.30-1.8) (15). 

 

10 years earlier, it seems the first evolving concepts 

about the association between chronic hepatitis and 

insulin resistance. It was coherent to accept this because 

the liver has a fundamental role in glucose regulation (16). 

In our study, with all enrolled oral antiviral treatment 

modalities, sustained virological response was obtained in 

all studied patients after 12 weeks in addition to 

improvement of the glycemic profile. These results are 

consistent with other studies including HCV genotype 4. 

Oxidated stress was the fundamental pathway that 

explains how chronic HCV can deteriorate glycemic 

profile so its treatment can ameliorate that effect (17,18). In 

the contrary, some studies found that although IR was 

decreased after HCV eradication, superoxide dismutase 

SOD activity was non significantly elevated, whether 

with the use of peg interferon or sofosbuvir based 

treatment (19). 

Our study is consistent with other studies’ results that 

explored the benefits gained from HCV treatment on 

insulin resistance whether to use in a diabetic or 

nondiabetic participants (20). Yosef et al. showed that 

DAA can significantly decrease HOMA-IR in non-

diabetic patients after achieving SVR (21). This could be 

explained because the effect of insulin resistance is much 

related to virological response irrespective of the antiviral 

treatment used. On the contrary, Brandman et al. found 

that virological response was not a surrogate marker to 

predict substantial decrements in insulin resistance as the 

participants showed a decrease in IR even without 

reaching SVR. These findings were related to peg-

interferon era that might give these results (22). 

Also, another study explored both HOMA-S (insulin 

sensitivity) and HOMA-β (pancreatic β function) changes 

after achieving sustained virological response. The delta 

change was not related to treatment response (23). 

 

In our study, although there was significant decrease 

of HOMA-IR with direct acting antiviral treatment, we 

cannot confirm whether HOMA-IR would be used as 

forecaster for SVR or a directly proportional to viral load. 

Large meta-analysis consists of 8 studies with nearly 

thousand patients contemplated the impact of treatment of 

chronic HCV infection on insulin resistance and found 

that there is not much statistically important difference of 

HOMA-IR changes between the HCV treatment response 

and non-response groups (1). 

Study of HOMA-IR in chronic HCV patients is of 

paramount benefit as some authors evaluated the effect of 

metformin as a treatment for insulin resistance in HCV 

patients and found that it could improve overall morbidity 

associated with chronic HCV (24). 

In our study, most baseline liver function tests were 

inversely related to change of HOMA-IR, A1C, fasting 

insulin and fasting blood sugar which may indicate a 

severity of the liver condition that could complicate 

insulin resistance normalization, so early treatment of 

chronic HCV especially with direct acting antiviral might 

be warranted to achieve a good response in insulin 

resistance.  

Some studies with large participants number explored 

the relation of liver enzymes and HOMA-IR and find a 

positive association between them (25) but to our 
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knowledge our article might be the first to evaluate the 

base line of liver enzymes and the change of HOMA-IR 

that could be a predictor of insulin resistance response to 

treatment. 

 

CONCLUSION 

We concluded that DAAs improved insulin resistance 

and related glycemic control parameters after eradication 

of HCV. These findings suggest that HCV plays a role in 

glucose homeostasis. Liver function before treatment 

could be a predictor of improvement of insulin resistance. 

Some limitations hampered our study; small study 

populations, individual antiviral regimens need to be 

assessed in detail, evaluation of insulin resistance 

according to the functional status of the HCV patients 

such as Child Pugh classification and subgroup analysis 

of HCV genotype for identification of which of them is 

associated with better glycemic improvements.  

 

Conflict of interest: There is no conflict of interest to 

declare.  

Fund: No funds were applicable for this project.  

 

REFERENCES  
1. Hu J, Chang M, Liu N et al. (2019): Effect of HCV treatment 

response on insulin resistance: A systematic review and meta-

analysis. Experimental and Therapeutic Medicine, 18(5), 3568–

3578. https://doi.org/10.3892/etm.2019.7995. 

2. Lecube A, Hernandez C, Genescm J et al. (2006): Glucose 

abnormalities in patients with hepatitis C virus infection: 

epidemiology and pathogenesis. Diabetes Care, 29:1140–1149. 

3. hum J, Jou J, Green K. et al. (2017): Improvement in glycemic 

control of type 2 diabetes after successful treatment of hepatitis C 

virus. Diabetes Care, 40(9): 1173–1180. 

https://doi.org/10.2337/dc17-0485. 

4. Copps K, White M (2012): Regulation of insulin sensitivity by 

serine/threonine phosphorylation of insulin receptor substrate 

proteins IRS1 and IRS2. Diabetologia,55:2565–2582. 

5. Andrade V, Yamashiro F, Oliveira C et al. (2018): Insulin 

resistance reduction after sustained virological response with 

direct acting antiviral: not every population improves. Arquivos 

de gastroenterologia, 55(3): 274–278. 

https://doi.org/10.1590/S0004-2803.201800000-69. 

6. Wong A, Sie J, Chen A et al. (2020): Glycemic control after 

initiating direct-acting antiviral agents in patients with hepatitis C 

virus and type 2 diabetes mellitus using the United States 

integrated healthcare system. Journal of Research in Pharmacy 

Practice, 9(1): 16–23. https://doi.org/10.4103/jrpp.JRPP_19_110. 

7. American Diabetes Association Professional Practice 

Committee (2022): 2. Classification and diagnosis of diabetes: 

Standards of medical care in diabetes-2022. Diabetes 

Care, 45(1):S17–S38. https://doi.org/10.2337/dc22-S002 

8. Matthews D, Hosker J, Rudenski A (1985). Homeostasis model 

assessment: insulin resistance and beta-cell function from fasting 

plasma glucose and insulin concentrations in 

man. Diabetologia, 28(7): 412–419. 

https://doi.org/10.1007/BF00280883 

9. Dyal H, Aguilar M, Bhuket T et al. (2015): Concurrent obesity, 

diabetes, and steatosis increase risk of advanced fibrosis among 

HCV patients: A systematic review. Dig Dis Sci.,60(9):2813–24.  

10. Wang C, Cheng P, Kao J (2020): Systematic review: chronic 

viral hepatitis and metabolic derangement. Aliment Pharmacol 

Ther.,51(2):216–30. 

11. Cuadros D, Miller F, Nagelkerke N et al. (2015): Association 

between HCV infection and diabetes type 2 in Egypt: is it time to 

split up? Annals of Epidemiology, 25(12):918–23.  

12. Angel M, Petrosyan Y, Doyle M et al. (2022): HCV infection 

characteristics, treatment uptake and outcomes in patients with 

diabetes mellitus. BMC Endocr Disord.,12:22(1):277. 

13. Mehta S, Brancati F, Strathdee S et al. (2003):  Hepatitis C 

virus infection and incident type 2 diabetes. Hepatology, 38: 50-

56 DOI: 10.1053/jhep.2003.50291 

14. Lonardo A, Ballestri S, Guaraldi G et al. (2016): Fatty liver is 

associated with an increased risk of diabetes and cardiovascular 

disease - Evidence from three different disease models: NAFLD, 

HCV and HIV. WJG.,22(44):9674.  

15. Younossi Z, Park H, Henry L et al. (2016): Extrahepatic 

manifestations of hepatitis C: A meta-analysis of prevalence, 

quality of life, and economic burden. Gastroenterology, 150: 

1599-1608 .DOI: 10.1053/j.gastro.2016.02.039 

16. Eslam M, Khattab M, Harrison S (2011): Insulin resistance and 

hepatitis C: an evolving story. Gut, 60(8):1139–51.  

17. Thompson A, Patel K, Chuang W et al. (2012): Viral clearance 

is associated with improved insulin resistance in genotype 1 

chronic hepatitis C but not genotype 2/3. Gut, 61(1):128–34 

18. Abdel Moneim A, Suleiman H, Mahmoud B et al. (2020): Viral 

clearance ameliorates hematological and inflammatory markers 

among diabetic patients infected with hepatitis C genotype 4. Clin 

Exp Med., 20(2):231–40 

19. Cázares-Cortazar A, Uribe-Noguez L, Mata-Marín J et al. 

(2020):  A decrease in hepatitis C virus RNA to undetectable 

levels in chronic hepatitis C patients after PegIFNα + RVB or 

sofosbuvir + NS5A inhibitor treatment is associated with 

decreased insulin resistance and persistent oxidative stress. Arch 

Virol., 165(12):2759–66.  

20. Gastaldi G, Gomes D, Schneiter P et al. (2019): Treatment with 

direct-acting antivirals improves peripheral insulin sensitivity in 

non-diabetic, lean chronic hepatitis C patients. PLoS ONE, 14(6): 

e0217751. https://doi.org/10.1371/journal.pone.0217751 

21. Yosef T, Ibrahim W, El-Ghandour A et al. (2021): Effect of 

different direct-acting antiviral regimens for treatment of 

nondiabetic hepatitis C virus–infected Egyptian patients on 

insulin resistance and sensitivity. Egypt J Intern Med., 33: 45. 

doi.org/10.1186/s43162-021-00075-8 

22. Brandman D, Bacchetti P, Ayala C et al. (2012):  Impact of 

insulin resistance on HCV treatment response and impact of HCV 

treatment on insulin sensitivity using direct measurements of 

insulin action. Diabetes Care, 35 (5): 1090–

1094. https://doi.org/10.2337/dc11-1837  

23. Alsebaey A, Elhelbawy M, Abdel-Razek W et al. (2019): HCV 

treatment with direct acting antivirals improves insulin 

sensitivity. Expert Review of Anti-infective Therapy , 17(9):749–

54.  

24. Harris K, Smith L (2013): Safety and efficacy of metformin in 

patients with type 2 diabetes mellitus and chronic hepatitis C. Ann 

Pharmacother.,47(10):1348–52.  

25. Liu C, Shao M, Lu L et al. (2021): Obesity, insulin resistance 

and their interaction on liver enzymes. PLoS ONE, 16(4): 

e0249299 https://doi.org/10.1371/journal. pone.0249299 

 

https://doi.org/10.3892/etm.2019.7995
https://doi.org/10.2337/dc17-0485
https://doi.org/10.1590/S0004-2803.201800000-69
https://doi.org/10.4103/jrpp.JRPP_19_110
https://doi.org/10.2337/dc22-S002
https://doi.org/10.1186/s43162-021-00075-8
https://doi.org/10.2337/dc11-1837

