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ABSTRACT 
Objective: To estimate the prevalence of type 2 diabetes in patients with chronic hepatitis C. 
Study design: Descriptive cross-sectional 
Study setting: Department of Medicine, Aziz Fatimah Medical and Dental College, Faisalabad and Mohtrama 

Benazir Bhutto Shaheed Medical College / Divisional Headquarters Teaching Hospital, Mirpur Azad Kashmir. 
Study duration:  Six months from April 2021 to September 2021. 
Methods: Study participants were recruited from the outpatient department at Aziz Fatimah Medical and Dental 

College, Faisalabad and Mohtrama Benazir Bhutto Shaheed Medical College / Divisional Headquarters Teaching 
Hospital, Mirpur Azad Kashmir for duration of six months from April 2021 to September 2021. All demographic, 
medical and laboratory information were collected. Descriptive statistics, chi-square tests of independence were 
used to analyse the data.  
Results: Out of 300 hepatitis C patients (53% males, 47% females), overall, 26% (77 out of 300) were found to 

have diabetes. When characteristics of patients with and without diabetes disease were compared using χ2 tests, 
we could not find any statistically significant relation of gender, BMI, hepatitis C disease duration, family history of 
diabetes and Child-Pugh classification of liver disease with prevalence of diabetes. Younger, middle-aged (30-50 
years) patients had significantly higher prevalence of diabetes compared to older (51-70 years) aged patients 
(28% vs. 13%, p = 0.022).  
Conclusion: 1 in 4 hepatitis C patients also manifest co-morbidity of diabetes. Having a younger or middle age (≤ 

50 years) appears to contribute to diabetes prevalence in hepatitis C patients, however, the study sample 
comprises around 4 in 5 patients aged 30-50 years. Glucose intolerance and diabetes risk assessment, and early 
non-pharmaceutical management (probably uptake of healthy eating and physically active behaviour) among 
hepatitis C patients is warranted if complications are to be prevented.  
Key Words: Hepatitis C, diabetes, Child-Pugh class 
Key Points 

 Question: What is the prevalence of type 2 diabetes in patients with chronic hepatitis C in Faisalabad setting? 

 Findings: In this one-centre study that included 300 patients with ELISA and PCR confirmed hepatitis C 

disease presented in the OPD of Aziz Fatimah Medical and Dental College, Faisalabad and Mohtrama Benazir 
Bhutto Shaheed Medical College / Divisional Headquarters Teaching Hospital, Mirpur Azad Kashmir, nearly 26% 
of patients had type 2 diabetes. Among those patients with chronic hepatitis C disease, having type 2 diabetes 
was associated with much greater odds of having under 50 years age. 
Meaning: Patients with chronic hepatitis C warrant glucose intolerance risk assessment and monitoring for 

progression of pre-diabetes/ diabetes, liver disease and the consequences of both. 

 

INTRODUCTION 
Diabetes mellitus is a growing global health issue and is a 
major cause of morbidity (e.g., blindness, cardiovascular 
complications, renal failure and lower-limb amputation) and 
mortality, accounting for 1.5 million deaths in 2019 and 1 in 
11 individuals worldwide are living with diabetes.1 Chronic 
hepatitis C is also a growing challenge and increases risk 
of liver cirrhosis and cancer, with hepatitis C attributed 
cirrhosis and hepatocellular carcinoma accounting for 
almost 290,000 deaths in 2019 and 58 million people in the 
world have chronic hepatitis C.2 Besides these hepatic 
manifestations of cirrhosis and hepatocellular carcinoma, 
hepatitis C virus (HCV) is associated with extrahepatic 
manifestation including glucose metabolism disturbance.3 

This impaired glucose metabolism can be either a classical 
type 2 diabetes if develops before cirrhosis onset or the 
hepatogenous diabetes, i.e. a manifestation of hepatic 
insufficiency which develops after cirrhosis onset.4 The 
HCV epidemic is growing the burden of disease.5 
Therefore, it can be seen that both diabetes and chronic 
hepatitis C diseases can have lifelong health impacts.  
 The comorbidity of hepatitis C and type-2 diabetes 
mellitus is often found clinically. Several epidemiological 
studies have reported a significant association between 
hepatitis C and diabetes across developed and developing 
countries.6 Among HCV infected individuals, prevalence of 
type-2 diabetes is three times more frequent than non-
infected individuals in USA,7 13.27 % in Ottawa, Canada,8 
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and 25.4% in Egypt.9 Pooled estimate from a meta-analysis 
of 14 studies suggests that individuals with HCV infection 
have two times the odds of diabetes compared to 
individuals without HCV infection (odds ratio (OR) = 2.03 
[95% confidence interval (CI): 1.52-2.54]).10 On following-
up a cohort of individuals who underwent hepatitis C testing 
in British Columbia, Canada, individuals who diagnosed 
HCV infection had a higher incidence rate of type 2 
diabetes compared to individuals who did not diagnose 
HCV infection.11 
 Some potential direct and indirect biological 
mechanisms explain the association between hepatitis C 
and diabetes. This association may be attributed to (i) HCV 
proteins-promoted insulin resistance via down-regulation of 
glucose transporters and insulin receptors,3, 6, 12, 13 (ii) HCV-
associated autoimmune disorders and HCV-triggered 
inflammatory mediators lead to diabetes6 and (iii) hepatitis 
C treatment-induced diabetes (both type 1 and type 2) e.g. 
interferon alpha elevate interleukin-1 which is cytotoxic to 
pancreatic islet cells.6, 13 The coexistence of chronic 
hepatitis C and type 2 diabetes accelerates progression of 
liver fibrosis and hepatocellular carcinoma.3, 6 
 The prevalence and association between hepatitis C 
and diabetes has also been observed in reverse direction – 
meaning that diabetes can also increase the risk of HCV 
infection. Prevalence of HCV infection in diabetic patients is 
2.42% in Southeast and Northeast region of Brazil,14 13.3% 
in South-west Nigeria15 and 19% in Myanmar.16 Compared 
to healthy individuals without non-autoimmune 
diabetes, the summary estimate from a meta-analysis of 43 
studies indicates that individuals with non-autoimmune 
diabetes have 3.6 times the likelihood of having HCV 
infection (OR = 3.6 [95% CI: 2.7-4.9]).17 This reverse 
causality can be described through exposure to bloodborne 
HCV virus in diabetic patients during blood extraction for 
glucose monitoring and insulin administration. 
 Epidemiological studies worldwide suggest that 
chronic hepatitis C can increase the risk of having the 
comorbidity of diabetes and having diabetes can make 
people vulnerable to get HCV infection – suggesting a 
bidirectional association between hepatitis C infection and 
diabetes. In Pakistan, comparable statistics on the 
prevalence and association have also been reported in 
both directions, with an estimated HCV prevalence by 
diabetes status is 13.7% in Multan18, and estimated type 2 
diabetes prevalence by HCV infection status is 26.4% in 
one public tertiary care facility in Peshawar19 and 31.5% in 
one private tertiary care facility in Hyderabad.20  
 Chronic hepatitis C – if left untreated or not treated 
successfully – can have debilitating effects and comorbid 
diabetes can augment these effects, however, studies 
about diabetes prevalence in patients with chronic hepatitis 
C remain scarce in Faisalabad to evaluate precise 
estimates. Therefore, our objective was to determine the 
prevalence of diabetes mellitus in hepatitis C individuals 
from one outpatient centre and to identify potential risk 
factors for diabetes among HCV infected individuals. 
Knowing about the prevalence of diabetes among hepatitis 
C sample population can help us to understand the 
demands on health services to manage this disease in our 
local setting. 
 

MATERIAL AND METHODS 
Study design and setting: The research was designed as 

a descriptive cross-sectional study and conducted at the 
Department of Medicine, Aziz Fatimah Medical and Dental 
College, Faisalabad and Mohtrama Benazir Bhutto 
Shaheed Medical College/ Divisional Headquarters 
Teaching Hospital, Mirpur Azad Kashmir. 
Sampling and Participants: The World Health 

Organization (WHO) sample size calculator was utilised to 
calculate the required sample size of 300 participants to 
estimate diabetes prevalence among chronic HCV infected 
individuals. Inputs were the estimated value for the 
proportion 0.2647 (26.47%),19 the 0.95 (95%) level of 
confidence and 0.05 (5%) precision of the estimate.  
 This study sample was drawn from all consecutive 
outdoor hepatitis C patients between April 2021 to 
September 2021 who had met the inclusion criteria. We 
included both male and female adults aged 30 to 70 years 
who had enzyme-linked immunosorbent assay (ELISA) 
confirmed and polymerase chain reaction (PCR) confirmed 
hepatitis C for at least last six months. People were 
excluded if they had chronic hepatitis B, human 
immunodeficiency virus (HIV) infection, clinical 
decompensated liver cirrhosis or cancer, had already been 
identified diabetic. All participants provided written informed 
consent; this research was approved by the ethical review 
committee of the Aziz Fatimah Medical and Dental College, 
Faisalabad and Mohtrama Benazir Bhutto Shaheed 
Medical College/ Divisional Headquarters Teaching 
Hospital, Mirpur Azad Kashmir. 
Procedures: Potential participants underwent a series of 

in-person assessments for study eligibility. To assess 
diabetes blood sample was collected and sent to the 
hospital pathology laboratory. All demographic, medical 
and laboratory data including age in years, gender, body 
mass index (BMI), hepatitis C diagnosis, duration of 
hepatitis C disease in years, family history of diabetes, 
diabetes status and Child-Pugh class of liver disease were 
retrieved and recorded on a proforma by first researcher 
(K.A.). 
Measures: Hepatitis C antibody enzyme linked 

immunosorbent assay (ELISA) testing and hepatitis C 
ribonucleic acid (RNA) polymerase chain reaction (PCR) 
testing were used to identify patients with chronic hepatitis 
C.  
 To be diagnosed with diabetes, an individual had to 
have fasting blood sugar (FBS) level >110 mg/dl or random 
blood sugar (RBS) level >200mg/dl two hours after a meal.  
 To assess the chronic liver disease, Child-Pugh 
classification was utilised. Scores were calculated 
according to standard conventions and categorised into 
their relative classes. 
Statistical analyses: Descriptive statistics were used to 

analyse both demographic and clinical characteristics. 
Frequency and percentages were calculated for both 
quantitative and categorical variables; and mean with 
standard deviation and median were calculated for 
quantitative variables including age, BMI and hepatitis C 
disease duration. These three quantitative variables were 
dichotomized into age ≤ 50 or > 50 years, BMI ≤ 27 or > 27 
kg/m2 and disease duration ≤ 5 or > 5 years. The patients 
were grouped depending on their diabetes diagnosis and 
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analysed on the basis of age, gender, BMI, hepatitis C 
duration, family history of diabetes and Child-Pugh 
classification of liver disease. The data were analysed 
using chi-square test with stratification for effect measure 
modification and/ or confounding factors (age, gender, BMI, 
disease duration, family history of diabetes, Child-Pugh 
class of liver disease) at 5% level of significance (i.e., p-
value ≤ 0.05). Where possible, unadjusted prevalence odds 
ratio (POR) with 95% confidence intervals (CI) as measure 
of strength of association between patient characteristics 
and prevalence diabetes were also computed and 
considered. All analyses were conducted in SPSS V-21. 
 

RESULTS 
A total of three hundred patients who had been notified as 
being positive for both hepatitis C antibody and hepatitis C 
PCR testing were identified, with a mean age of 43.07 ± 
7.88 (range 30-70) years, mean BMI of 27.55 ± 3.03 kg/m2, 
mean disease duration of 5.95 ± 2.38 years with 47% being 
women. Table I describes the summary characteristics of 
the study participants. Younger patients (30-50 years) were 
four times more frequent than older (51-70 years) patients 
(82% vs. 18%). Over one-fourth (or 29%) of the study 
sample population reported family history of diabetes.  
 
Table 1: Summary Statistics on Sample of (n=300) Hepatitis C 
Participants 

Characteristics n % 
Mean ± SD 
[Median] 

Age (years) 300 100 43.01 ± 7.88 [42] 

30-50 247 82 
 51-70 53 18 
 Gender 

   Female 141 47 
 Male 159 53 
 Duration of disease (years) 

  
5.95 ± 2.38 [5] 

≤ 5 171 57 
 >5 129 43 
 

BMI (kg/m2) 
  

27.55 ± 3.03 
[26.5] 

< 27 151 50 
 ≥ 27 149 50 
 Family history of DM 

   Yes 87 29 
 No 213 71 
 Diabetes 

   Yes 77 26 
 No 223 74 
 Child-Pugh Class 

   A 151 50.3 
 B 82 27.3 
 C 67 22.3 
  

 The overall prevalence of diabetes was 26% (77 out 
of 300 patients). Table II shows characteristics of hepatitis 
C participants by their diabetes status. Younger, middle-
aged (30-50 years) patients had higher prevalence of 
diabetes compared to older (51-70 years) aged patients 
(28% vs. 13%). Age ≤ 50 years was significantly associated 
with diabetes prevalence compared to those with age over 
50 years age (p = 0.022, POR = 2.6, 95% CI = 1.12-6.03). 
However, patients with and without diabetes did not differ 
significantly on other demographic (e.g., gender) and 

clinical characteristics including disease duration, Child-
Pugh class of liver disease.  
 
Table 2: Characteristics of hepatitis C participants by diabetes 
mellitus 

Variable 
DM + 
(n=77) 

DM - 
(n=223) 

p-
value 

Age (years)  
  ≤50 70 177 0.022 

>51 7 46 
 Gender  

  Female 37 104 0.83 

Male 40 119 
 BMI (kg/m2)  

  >27 42 107 0.321 

≤27 35 116 
 Family history of DM   
 Yes 27 60 0.174 

No 50 163 
 Hepatitis C duration (years)  

  ≤5 47 124 0.406 

>5 30 99 
 Child-Pugh Classification 

of liver disease  
  A 35 116 0.61 

B 23 59 
 C 19 48 
  

 A weak association was seen between family history 
of diabetes and diabetes prevalence among hepatitis C 
patients; however, it did not reach statistical significance (p 
= 0.174, POR = 1.46, 95% CI = 0.84-2.55). Higher BMI (> 
27 kg/m2) was also insignificantly weakly associated with 
diabetes prevalence (p = 0.321, POR =1.30, 95% CI = 
0.77-2.19) compared to those with a lower BMI (≤ 27 
kg/m2). Similarly, shorter (≤ 5 years) or longer (> 5 years) 
hepatitis C disease duration did not explain the difference 
(p = 0.406, POR = 1.25, 95% CI = 0.74-2.12). 
 

DISCUSSION 
We investigated the prevalence of diabetes in hepatitis C 
individuals in one local outpatient centre. Almost one-fourth 
(or 26%) of the study sample population of hepatitis C 
individuals have comorbidity of diabetes. Hepatitis C 
patients with ≤ 50 years age have 2.6 times the likelihood 
of prevalent diabetes compared to hepatitis C patients with 
over 50 years age. This estimator can be unbiased, 
however, may not be consistent because almost 4 in 5 
(82%) hepatitis C patients were ≤50 years in this study 
sample. Gender, BMI, hepatitis C disease duration, family 
history of diabetes and Child-Pugh classification of liver 
disease could not appear to influence diabetes prevalence 
among hepatitis C patients. 
 Strength included our study employed objective 
measures of both hepatitis C and diabetes. The current 
study has limitations. Firstly, we restricted our sample, 
generalisability is limited to hepatitis C individuals seeking 
outpatient allopathic health service. Key risk factors, such 
as middle, older age, higher BMI, family history of diabetes 
are independent predictors of diabetes in general 
population21 and HCV-infected sample6 and at least five 
years of hepatitis C disease duration contributes to 
peripheral insulin resistance and resultant type 2 diabetes;3 
however, these factors could not explain any difference in 
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this current clinically-based sample of hepatitis C patients – 
suggesting our sample size may also not have statistically 
enough power to detect such real differences. Moreover, 
dichotomisation of continuous variables (e.g., age, BMI and 
hepatitis C disease duration) in current analysis may have 
lost statistical information to detect an association between 
one unit change in variable and outcome.  
 Lastly, the inherent issue of reverse association in 
cross-sectional study hinders conclusion – hepatitis C 
infection leads to diabetes development as an extrahepatic 
manifestation or individuals with diabetes may be more 
likely to get HCV during assisted blood glucose monitoring 
and insulin administration through contaminated equipment 
(e.g., shared fingerstick devices, blood glucose meters, 
insulin pens). This can be seen in studies which have been 
identified outbreaks of hepatitis B virus (HBV) infection 
associated with assisted monitoring of blood glucose level 
and/ or administration of insulin.22 Although evidence 
identifies outbreaks of HBV, we can therefore deduce risk 
of infection for any bloodborne virus, such as HBV, HCV 
and HIV. This can be probably mediated through use of 
shared devices or assistance in blood glucose assessment 
and/ or insulin injection without compliance to hygiene 
practice of infection control.23 
 Research in this area would also benefit by examining 
and taking account of social determinants of health – non-
medical confounding factors that influence health, such as 
education and health literacy, socioeconomic status, 
unemployment, working conditions, housing and 
neighbourhood (e.g., walkability and sanitation) and 
accessibility to affordable medical care services24 – that 
can potentially increase the risk of diabetes development in 
chronic hepatitis C cohort. Furthermore, interventional 
research in preventing or delaying diabetes among 
hepatitis C patients should also be focused on modification 
of lifestyle behavioural factors. This is because liver 
becomes progressively insufficient to metabolise 
antidiabetic drugs25 which leads to drug-induced adverse 
events and further challenges.  
 The current study provides some important 
implications for clinical practice. First and foremost, it 
provides precise estimate of diabetes in hepatitis C 
individuals and the necessity of its early diagnosis. It also 
emphasises the importance for hepatitis C patients to 
receive diabetes treatment, the receipt of treatment for 
chronic diabetes management does not interfere the 
requirement of hepatitis C treatment. The bidirectional 
relationship between hepatitis C and diabetes – insulin 
resistance can be worsened by HCV infection and HCV 
attributed chronic liver disease can be worsened by 
diabetes – share the common goal of both treatments i.e., 
improved quality and functionality. Diabetes is a modifiable 
outcome. This is because evidence suggests diabetes can 
be prevented and/ or delayed by complying a healthy diet 
and engaging in regular exercise.26 Therefore, hepatitis C 
patient counselling on uptake of healthy eating and 
physically active behaviour can be beneficial to prevent 
consequences. 
 

CONCLUSION 
We conclude that nearly 1 in 4 (26%) of the hepatitis C 
patients also suffer with diabetes. Optimal public health 

intervention to alleviate the excess prevalence of diabetes 
in hepatitis C infected individuals will depend on 
understanding the factors that underlie these differences in 
health status. 
Conflict of interest: None to declare. 
Disclosure: Being part of a dissertation. 
 

REFERENCES 
1. Diabetes [Internet]. Geneva: World Health Organization;  

[updated 2021 Apr 13; cited 2021 Nov 5]. Available from: 
https://www.who.int/news-room/fact-sheets/detail/diabetes. 

2. Hepatitis C [Internet]. Geneva: World Health Organization;  
[updated 2021 Jul 27; cited 2021 Nov 5]. Available from: 
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c. 

3. Chaudhari R, Fouda S, Sainu A, Pappachan JM. Metabolic 
complications of hepatitis C virus infection. World Journal of 
Gastroenterology. 2021;27(13):1267. 

4. Orsi E, Grancini V, Menini S, Aghemo A, Pugliese G. 
Hepatogenous diabetes: Is it time to separate it from type 2 
diabetes? Liver International. 2017;37(7):950-62. 

5. Thomson BJ. Hepatitis C virus: the growing challenge. 
British medical bulletin. 2009;89(1):153-67. 

6. Hammerstad SS, Grock SF, Lee HJ, Hasham A, Sundaram 
N, Tomer Y. Diabetes and hepatitis C: a two-way 
association. Frontiers in endocrinology. 2015;6:134. 

7. Mehta SH, Brancati FL, Sulkowski MS, Strathdee SA, Szklo 
M, Thomas DL. Prevalence of type 2 diabetes mellitus 
among persons with hepatitis C virus infection in the United 
States. Annals of internal medicine. 2000;133(8):592-9. 

8. Cooper CL, Galanakis C, Donelle J, Kwong J, Boyd R, 
Boucher L, et al. HCV-infected individuals have higher 
prevalence of comorbidity and multimorbidity: a retrospective 
cohort study. BMC infectious diseases. 2019;19(1):1-15. 

9. El-Zayadi A, Selim O, Hamdy H, Dabbous H, Ahdy A, 
Moniem S. Association of chronic hepatitis C infection and 
diabetes mellitus. Tropical gastroenterology: official journal 
of the Digestive Diseases Foundation. 1998;19(4):141-4. 

10. White DL, Ratziu V, El-Serag HB. Hepatitis C infection and 
risk of diabetes: a systematic review and meta-analysis. 
Journal of hepatology. 2008;49(5):831-44. 

11. Jeong D, Karim ME, Wong S, Wilton J, Butt ZA, Binka M, et 
al. Impact of HCV infection and ethnicity on incident type 2 
diabetes: findings from a large population-based cohort in 
British Columbia. BMJ Open Diabetes Research and Care. 
2021;9(1):e002145. 

12. Wang CC, Cheng PN, Kao JH. Systematic review: chronic 
viral hepatitis and metabolic derangement. Alimentary 
pharmacology & therapeutics. 2020;51(2):216-30. 

13. Abdel-Hamid N, Al Jubori T, Farhan A, Mahrous M, Gouri A, 
Awad E, et al. Underlying pathways for interferon risk to type 
II diabetes mellitus. Current diabetes reviews. 
2013;9(6):472-7. 

14. Villar LM, Geloneze B, Vasques ACJ, Pires MLE, Miguel JC, 
da Silva EF, et al. Prevalence of hepatitis B and hepatitis C 
among diabetes mellitus type 2 individuals. PloS one. 
2019;14(2):e0211193. 

15. Ndako JA, Owolabi AO, Olisa JA, Akinwumi JA, Dojumo VT, 
Olatinsu O, et al. Studies on the prevalence of Hepatitis C 
virus infection in diabetic patients attending a tertiary health-
care facility South-west Nigeria. BMC infectious diseases. 
2020;20(1):1-10. 

16. Ni H, Moe S, Htet A. Hepatitis C virus infection in diabetes 
mellitus patients. International Journal of Collaborative 
Research on Internal Medicine & Public Health. 2012;4(5):0-. 

17. Lontchi-Yimagou E, Feutseu C, Kenmoe S, Zune ALD, Ekali 
SFK, Nguewa JL, et al. Non-autoimmune diabetes mellitus 
and the risk of virus infections: a systematic review and 
meta-analysis of case-control and cohort studies. Scientific 
reports. 2021;11(1):1-13. 

https://www.who.int/news-room/fact-sheets/detail/diabetes
https://www.who.int/news-room/fact-sheets/detail/hepatitis-c


N. Mahmood, H. Tahir, S. Yousaf et al 

 

P J M H S  Vol. 15, No.12, DEC  2021   3851 

18. Jadoon NA, Shahzad MA, Yaqoob R, Hussain M, Ali N. 
Seroprevalence of hepatitis C in type 2 diabetes: evidence 
for a positive association. Virology Journal. 2010;7(1):1-6. 

19. Rehman GU, Ali M, Shah F, Iqbal A, Ahmad A, Hayat Z, et 
al. Prevalence of diabetes type 2 in hepatitis C infected 
patients in Kpk, Pakistan. BioMed Research International. 
2017;2017. 

20. Memon MS, Arain ZI, Naz F, Zaki M, Kumar S, Burney AA. 
Prevalence of type 2 diabetes mellitus in hepatitis C virus 
infected population: a Southeast Asian study. Journal of 
diabetes research. 2013;2013. 

21. Kyrou I, Tsigos C, Mavrogianni C, Cardon G, Van Stappen 
V, Latomme J, et al. Sociodemographic and lifestyle-related 
risk factors for identifying vulnerable groups for type 2 
diabetes: a narrative review with emphasis on data from 
Europe. BMC endocrine disorders. 2020;20(1):1-13. 

22. Counard CA, Perz JF, Linchangco PC, Christiansen D, 
Ganova‐Raeva L, Xia G, et al. Acute hepatitis B outbreaks 
related to fingerstick blood glucose monitoring in two 

assisted living facilities. Journal of the American Geriatrics 
Society. 2010;58(2):306-11. 

23. Infection Prevention during Blood Glucose Monitoring and 
Insulin Administration [Internet]. USA: Centers for Disease 
Control and Prevention;  [updated 2011 Mar 2; cited 2021 
Nov 4]. Available from: 
https://www.cdc.gov/injectionsafety/blood-glucose-
monitoring.html. 

24. Braveman P, Gottlieb L. The social determinants of health: 
it's time to consider the causes of the causes. Public health 
reports. 2014;129(1_suppl2):19-31. 

25. Papazafiropoulou A, Melidonis A. Antidiabetic agents in 
patients with hepatic impairment. World Journal of Meta-
Analysis. 2019;7(8):380-8. 

26. Tuomilehto J, Lindström J, Eriksson JG, Valle TT, 
Hämäläinen H, Ilanne-Parikka P, et al. Prevention of type 2 
diabetes mellitus by changes in lifestyle among subjects with 
impaired glucose tolerance. New England Journal of 
Medicine. 2001;344(18):1343-50. 

 
 

https://www.cdc.gov/injectionsafety/blood-glucose-monitoring.html
https://www.cdc.gov/injectionsafety/blood-glucose-monitoring.html

