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Abstract 

 

Background: Hepatitis C virus infection and diabetes mellitus are two major life-threatening 

diseases in Egypt. The association between them remains ambiguous and controversial 

amongst literature. Hepatitis C virus infection is most prevalent in Egypt, globally. 

 

Aim: To investigate any significant association between hepatitis C virus infection and self-

reported diabetes mellitus and assess the association between hepatitis C virus and other 

socio-demographic, medical and surgical factors in Egypt, 2015. 

 

Methods: This was a secondary analysis of the Egypt Issue Health Survey (2015) data, which 

was a cross sectional survey. The study population was for individuals at age 15 to 59 from 

different regions in Egypt. A generalized linear regression model was used to study the 

association between hepatitis C virus infection and self-reported diabetes mellitus and to 

study the association of hepatitis C virus infection and other socio-demographic, medical and 

surgical factors in Egypt. 

 

 Results: The association between hepatitis C virus infection and self-reported diabetes mellitus 

was significantly positive. The factors that were significantly associated with hepatitis C virus 

included: respondent‘s age, sex, education level, place of residence, marital status, received 

injection to treat Schistomiasis, and blood transfusion. These factors were significant at the 95% 

confidence interval. 

Conclusion: The association between hepatitis C virus infection and self-reported diabetes 

mellitus was statistically significant in this study; however more longitudinal studies with 

biomarker tests for blood glucose and liver function tests are recommended. Awareness about 

hepatitis C virus in terms of mode of transmission, prevention and precautions should be further 

addressed in Egypt.  
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1. Introduction 

1.1 Background 

Hepatitis C virus 

The hepatitis C virus (HCV) is the causative virus for hepatitis C infection. Hepatitis C is an 

infectious disease which may lead to chronic liver disease (1) with 55–85% of HCV-infected 

individuals progressing to this stage. If not treated 15-30% of individuals chronically infected 

with HCV can be at risk of cirrhosis and hepatocellular carcinoma (2). 

Acute HCV infection is generally asymptomatic and does not cause life-threatening disease, 

almost 80% of individuals do not show any symptoms (2); globally, around 15–45% of infected 

individuals clear the virus without any treatment within 6 months (2). HCV infection can be 

cured by antiviral medicines. However, the probability of receiving the proper management is 

low (2). More than 80% of people affected by HCV live in low- and middle-income regions, 

mainly in north, west, and the center of Africa. Some middle-income countries have a high 

burden of hepatitis C such as Egypt, Nigeria, and Pakistan (3). 

 

HCV is a ribonucleic acid (RNA) blood-borne virus of the Flaviviridae family (4, 5). HCV 

prevalence varies according to population and several factors (5, 6). History of blood transfusion, 

intravenous drug use, insufficient sterilization of medical apparatus such as dental instruments, 

tattoos, and history of medical injection are all common modes of HCV transmission (2, 5). It 

can also be transmitted by sexual contact, and from an infected mother to her baby, yet such 

modes of transmission are less common (2). 

 

 There are six genotypes of the HCV; it is probable for an individual to be infected with multiple 

genotypes. Thus treatment decisions of the disease depend on the knowledge of genotype and the 

degree of liver damage (3). Between 2 weeks to 6 months is the incubation period for HCV 

infection. Many individuals do not show any symptoms. Individuals who are acutely 

symptomatic may demonstrate fever, decreased appetite, fatigue, nausea, abdominal pain, 

vomiting, joint pain, dark urine, gray stool, and jaundice (yellowing of skin eyes‖ sclera‖) (2). 

Early diagnosis of the HCV infection is infrequent since acute infection is usually asymptomatic. 

Diagnosis of HCV is performed primarily by a blood test looking for anti-HCV antibodies; a 

nucleic acid test for HCV RNA is also used to confirm chronic HCV infection (2). 
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There is no vaccine for HCV till now, yet treatment comprises of antiviral therapy plus interferon 

and ribavirin, which are effective against all genotypes of hepatitis C (2). 

 

Diabetes mellitus (DM) 

Diabetes mellitus (DM) is one of the major public health problems globally (7); more than 171 

million individuals are suffering from DM, and the number is predicted to increase up to 366 

million by 2030 (8). Most individuals with diabetes in high-income countries will be aged 65 

years or more by 2025, whilst most individuals in middle and low-income countries will be in 

their 45-64th year by 2055 (9).  

The prevalence of diabetes is rising steeply, globally. In the Middle East and North Africa 

(MENA) area, Egypt is classified as the highest in the number of individuals having diabetes 

which was estimated to be 7.5 million individuals in the age groups of 20–79 years in 2013. This 

number is anticipated to increase to 15.1 million in 2040. The increase in diabetes prevalence in 

Egypt could be understood if one observed the unhealthy lifestyle of most Egyptians, in addition 

to other related factors such as urbanization, obesity, and family history (10). 

DM is a chronic disorder of metabolism which leads to irregular glucose homeostasis (8). DM 

exists in two types, either type 1 which is caused by inherited and/or deficiency or failure of the 

pancreas to produce insulin, or type 2 which occurs when there is ineffective insulin production 

by the pancreas and the body's inability to respond to the action of insulin normally. Insulin is a 

pancreatic hormone that essentially assists glucose uptake by adipose tissue (fat), liver, and 

muscles. Insulin prevents hepatic glucose production and raises peripheral glucose uptake and 

eventually assist in glycogen synthesis. Insulin resistance (IR) is characterized by reduced 

responsiveness of these tissues to normal circulating plasma insulin (11). DM leads to an 

increase in blood glucose, which eventually leads to damage in various bodily systems (9). The 

symptoms of DM can be noticeable, quiet, or sometimes absent (9). DM may be associated with 

many health complications affecting different organs which may cause diabetic retinopathy, 

neuropathy, heart failure and foot disease (9).  

―Metformin‖ is considered as the drug of choice to treat cases of DM with chronic HCV 

infection (12). 
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1.2 Comorbidity between hepatitis C virus infection and diabetes mellitus 

The liver exhibits an essential role in the metabolism of hormones and nutrients; thus, in liver 

disease, many metabolic abnormalities can be seen (13). HCV is considered as an important root 

to extra-hepatic manifestation; at least one extra-hepatic disease can be seen in one-third of 

individuals with chronic HCV infection (14). This includes autoimmune thyroiditis, rheumatoid 

arthritis, malignant lymphoma, asymptomatic or mixed cryoglobulinemia, porphyria butane 

trade, glomerulonephritis, Sjogren syndrome, sialadenitis, and other diseases that are mostly 

immune-mediated (7,8,15,16).  

 

The association between DM and HCV infections is less acknowledged, yet several studies 

demonstrated a link between the two diseases (16, 17, 18). However, some studies denied any 

association between them (19).  In 1994 the link between HCV and DM type two was made by 

Allison et al. for the first time in the century (8). Patients who are infected with HCV have an 

increased two- to three-fold odd of having diabetes than others (12). A two-way association has 

been recognized between the two diseases (14). Many hypotheses tried to explain the association 

between the two diseases (1, 13, 14); one study revealed that interferon alpha (IFNα) a treatment 

for HCV infection has a trigger effect to induce the onset of diabetes, by its immune modulatory 

outcome (14). 

 

Another theory hypothesized that HCV infection could predispose to DM type two by hepatic 

steatosis induction (accumulation of fat in liver cells) resulting from changes in hepatic 

carbohydrate and lipid metabolism. Liver steatosis induces insulin resistance and may lead to 

diabetes. Individuals suffering from HCV infection have a higher prevalence of liver steatosis 

(50%) in comparison to other liver diseases (14). It has been confirmed by some reliable 

laboratory based research and medical observations that infection with HCV can trigger IR and 

later DM (20). It is also believed that HCV induces IR mainly by several steps including 

interfering with insulin signaling pathways in hepatocytes (8,11,21), increasing inflammatory 

response by producing cytokines such as tumor necrosis factor alpha (TNF-α) (5), and by 

decreasing in a production of genes related to glucose metabolism (11), as demonstrated in figure 

1. Insulin mainly assists glucose uptake by liver, muscles, and adipose tissue thus any alteration 

in organs tissues may explain the presence of other diseases like DM (11). 
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It is observed that insulin receptor substrates (IRS1 and IRS2), the molecules which increase the 

specificity of the insulin-signaling cascade, plays a key role in insulin-mediated glucose 

absorption. In HCV infection, degradation of IRS1 has been noticed to cause insulin resistance, 

while degradation of IRS2 leads to DM (22). 

In histological assessments of the pancreases of HCV-seropositive infected patients, a sign that 

pancreatic β-cells are infected with HCV has been shown. These cells showed both functional 

and morphological defects which may lead to diabetes (6, 13, 14). On the other hand, some 

studies suggested that DM type two comprises multifactorial pathogenic mechanisms including 

increased hepatic glucose production, and increased insulin resistance, all of which lead to 

hyperglycemia and hyperinsulinemia. Additionally, it is believed that replication of the HCV 

infection may be favored by hyperinsulinemia and/or the increased serum levels of free fatty 

acids which are frequently detected in patients with IR and DM type two. This may explain how 

diabetic patients can be at increased risk to have HCV (23). Moreover, DM type two is 

associated with an immunocompromised state, which creates a state of disorders of immune 

function (23). It is also known that many patients with DM often draw blood and do glycemic 

assessments at home which increases them to the common risk factors associated with HCV 

infection (e.g., transfusion, eventual surgical operations, and hospitalization) (23). It has been 

also suggested that because of the infected pancreas or pancreatic islets autoimmunity – type 1 

diabetes may act as a reservoir for HCV infection and may assist in the persistence of infection 

(12). 

The manifestation of HCV infection in patients with DM may also raise the risk of developing 

chronic complications of diabetes .There is some studies suggesting that HCV infection is linked 

with a greater risk of having diabetic nephropathy than it was thought before. Furthermore, end-

stage renal disease in individuals with DM type 2 and HCV co-infection develop fewer survival 

chances when they have renal replacement therapy (6). 

IR with or without explicit expression of DM badly influences the clinical outcomes in HCV-

infected individuals, in the forms of accelerated development of liver fibrosis, increased odds of 

hepatocellular carcinoma and poor response to antiviral therapy. Several experimental studies 

have shown that chronic hepatitis C (CHC) individuals with IR were prone to raises in TNF-α; 

this may support the activation of hepatic stellate cells (HSCs) and, subsequently improve 
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fibrosis progression. Insulin resistance might directly influence HSCs and increase connective 

tissue growth factor levels, leading to too much generation of Extracellular matrix (ECM) (24).  

An absolute cause-and-effect relationship between HCV and DM has not been understood; 

however the efficacy of eradication of HCV showed clear improvement in IR, mainly, in patients 

who attain a sustained virology response (SVR) which is a stage where there is no more evidence 

of HCV in the blood after receiving treatment (12). 

                     

Figure 1 Modified figure demonstrating the theories for the association between HCV and 

Diabetes, Non-alcoholic fatty liver disease (NAFLD), Hepatocellular carcinoma (HCC) (25). 
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1.3 Hepatitis C Virus in Egypt 

The highest prevalence of HCV infection in the world is in Egypt where more than 12% of the 

overall population has HCV (7). HCV infection affects at least 1 in 10 of the population aged 15 

to 59 (26).The predominant genotype of HCV is genotype 4 at 91% of HCV-infected individuals. 

HCV became an epidemic in Egypt in the 1960s-70s in rural areas when intra-venous 

schistosomiasis treatments used for a mass vaccination campaign were inadequately sterilized 

(7). There was paucity in awareness about the disease thus a reservoir of infection was 

maintained for years in the country (26). 

HCV is considered as a major challenge in Egypt. In recent years, 26 specialized centers have 

been established and 350,000 individuals have been treated. However, despite these efforts, HCV 

is continuing to spread with approximately 165,000 new infections every year (26). 

In October 2016 the World Health Organization (WHO) in Geneva stated that more than one 

million individuals in low- and middle-income countries have been treated with a new cure for 

hepatitis C. Egypt was also included in those countries (27). Despite the positive results of the 

new treatment and the reduced side effects, the treatment is at a high cost and cannot be afforded 

by every individual in the country (27). 

A national plan for hepatitis for 2013-2018, was made by the Ministry of Health, the National 

Viral Hepatitis Committee, and maintained by health partners. (26)   

The plan involved efforts by the WHO for helping the Egyptian government to pitch a national 

system to save hepatitis data to recognize trends and adjust responses where required. The WHO 

also had a vital role in managing support from international partners, such as United States 

Agency for International Development (USAID), US Centers for Disease Control, and the 

Pasteur institute (26). 

Public responsiveness has been recognized as an essential aspect, and authorities increased 

initiatives in various communications campaigns, in collaboration with the WHO and United 

Nations International Children's Emergency Fund (UNICEF) support, to inform the population 

about the requirement to avoid needless injections and to maintain that health workers use 

sterilized needles and syringes (26). 
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1.4 Rationale  

―Just about every family in Egypt is touched by hepatitis C,‖ declares Dr. Henk Bekedam, a 

WHO Representative in Egypt in 2014 (3). 

Hepatitis C virus infection and diabetes mellitus are chronic major illnesses that contribute to a 

high risk of mortality and morbidity worldwide affecting 347 million and 171 million persons, 

respectively (20). Hepatitis C symptoms can take a long time to appear worsening the problem. 

―Most people do not know they are infected, as they often do not have symptoms until they 

develop serious liver disease, which can be years later,‖ says Stefan Wiktor from the WHO‘s 

Global Hepatitis Program (3). Studies conducted in Egypt revealed the prevalence of DM type 

two among HCV patients is 25.4% (7). Egypt classified first in the number of individuals having 

DM in MENA (10). Investigating an association between two diseases will help in risk 

assessment of both diseases, therefore, studying dimensions of such a relationship is considered 

as an essential necessity. Moreover, studying the other associated factors with HCV in Egypt will 

indicate the path of the established national plan for hepatitis C for 2013-2018, and could give an 

idea of the current situation and what are the needed modification to develop the plan for getting 

better outcomes. 

 

1.5 Aim  

The association between HCV infection and DM can be demonstrated at different stages. One of 

them can be represented by studying the association between self-reported DM and HCV 

infected individual.  

Thus, the aim of this study is to identify if there are any significant associations between HCV 

infection and self-reported DM in Egypt 2015, the country of highest prevalence of HCV in the 

world (7), and investigate the factors that might increase occurrence of HCV infection in Egypt. 

 

1.5.1 Research question:  

Is there any association between Hepatitis C virus infection and Diabetes Mellitus in Egypt 

2015? 
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1.5.2 Specific Objectives 

1.    To assess the association between HCV infections and self-reported DM. 

2.  To assess the association between HCV infection and other socio-demographic, medical and 

surgical factors. 

 

1.6 Conceptual framework:  

The conceptual framework was drawn up to guide the study analysis. Socio-demographic 

characteristics (age, place of respondent residence, sex, level of education, marital status) and 

medical and surgical history characteristics (self-reported Diabetes , ever respondents had 

dental treatment, ever respondents had previous surgery, ever respondents had blood 

transfusion, ever had intravenous line , ever respondents received injection for 

schistosomiasis, ever respondents  received injection for any other purpose, ever respondents 

had dialysis) were included in this study to investigate the association of the outcome 

variable HCV infection and the self-reported DM cases and to assess the association of HCV 

infection and other socio-demographic, medical and surgical factors as shown in figure (2). 
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Figure (2) The conceptual framework showing socio -demographic, medical and surgical 

factors leading to the occurrence of hepatitis C virus among individuals at age (15-59) in 

Egypt 2015. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

2. MATERIALS AND METHODS 

 

 

 

 

 

 

 

 

 

 

(Socio-demographic characteristics) 

 Age 

 Place of residence 

 Sex 

  Level of education  

 Marital Status 

Outcome variable 

HCV infection.                                 

(Medical and surgical history 

characteristics & measurements) 

 Self-reported Diabetes 

 Ever had dental treatment 

 Ever had previous  surgery  

 Ever had blood transfusion 

 Ever had received injection to treat 

schistosomiasis 

 Ever had received injection for any 

other purpose 

 Ever had dialysis  

 

Study the association of HCV infection 

with DM.                                 
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2. Materials and methods 

2.1 Study Design 

The design implemented for this study is a secondary analysis of data from Egypt Health Issue 

Survey (EHIS) 2015 which was done on behalf of the Ministry of Health and Population 

(MOHP). The EHIS is part of Egypt Demographic and Health Survey (EDHS) which is a cross-

sectional survey. The data was retrieved by the Demographic and Health Survey (DHS) center. 

This survey covered different regions in Egypt.  

2.2 Study Setting 

The survey was carried out in Egypt which is a country in the northeast corner of the African 

continent. It is bordered to the west by Libya, in the south by Sudan, in the east by the Red Sea, 

and in the north by the Mediterranean, shown in figure 4. It occupies one million square 

kilometers of land. Yet, only 6 % of Egypt‘s land is populated since large areas of Egypt are 

deserts. Many Egyptians live either in the narrow Nile Valley south of Cairo or in the Nile Delta 

situated in the north of Egypt. Egypt consists of 27governorates (28). The population according 

to November 2006 census was 72.2 million with the exclusion of around 2.2 million people who 

were living abroad (2). The population has been increasing continually after that census, 

reaching approximately 84 million by 2013. Around 57 million of the Egyptian lives in rural 

areas (2).All respondents answered several questionnaires which were set by the DHS regarding 

demographics, medical and surgical history. 

2.3 Study population 

Although individuals aged 1-59 who were eligible for hepatitis C testing and they participated in 

the survey but only individuals at age 15-59 were included in this study; since only this aged 

group reported their diabetes status. This study focused on individuals infected with the HCV 

who had self-reported their diabetes status to explore the association of HCV infection with self- 

reported DM and assess other socio-demographic, medical and surgical factors which may have 

had an impact on the occurrence of HCV infection. The sample size composed of a total of 

16671 individuals who went under several medical tests to investigate the prevalence of HCV 

(29). 
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This study sample was relevant to answer the research question: Is there an association between 

Hepatitis C virus infection and Diabetes Mellitus in Egypt 2015? 

2.4 Sampling 

2.4.1 Sample Size Calculation 

The 2015 EHIS used and got the benefit of the national sample which was used by EDHS 2014 

(29). The EDHS 2014 was established in a total of 842 Primary Sampling Units (PSUs) chosen 

from 26 governorates. The selection sample framework used for these units was a list of all 

villages and shiakhas in Egypt. This list was obtained from the Central Agency for Public 

Mobilization and Statistics (CAPMAS) followed by updated modifications to reveal any changes 

(30). 

For the EHIS, a sub-sample of 614 PSUs (shiakhas/villages) was nominated from the 842 PSUs 

involved in the 2014 EDHS sample (30). It was estimated that nearly 16671 individuals‘ age 15 

years to 59 years were fit for the 2015 EHIS testing and interviews, and would be recognized in 

certain households (30). 

The sample for the 2015 EHIS were designated to investigate different health indicators such as 

the prevalence of HCV,  self-reported non-communicable disease, and other public health issues 

for the country and for six major subdivisions including ―Urban Governorates, urban Lower 

Egypt, rural Lower Egypt,  urban Upper Egypt, rural Upper Egypt, and Frontier 

Governorates‖(29).  

 

2.4.2 Sampling Design and Implementation 

Individuals aged 15-59 who were eligible for hepatitis C testing participated in the survey. 

During the survey, venous blood samples were collected from all respondents after obtaining the 

informed consent from them (29). 

The obtained blood samples were tested at the Central Public Health Laboratory (CPHL) in 

Cairo. The final results of these HVC tests were returned to individuals after the completion of 

the laboratory testing. Among a total of 16671 adults who were eligible for hepatitis testing, 

approximately 3 percent either rejected to participate in blood sample testing or were not at home 

at that time. Additionally, other reasons prevented the collection of blood samples such as 

inadequate volume of blood which accounted for approximately 1 percent of the eligible adults. 

Coverage of the survey included 94 percent of males and 95 percent of females (29). 
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2.5 Data collection 

Data collection took place in the 26 governorates of Egypt. Several questionnaires were used to 

collect primary data by the DHS. The 2015 EHIS composed of three categorical questionnaires: 

(a household, an adult for eligible individuals 15-59 years, and a child) (29).  

A substantial number of the questions used in the EHIS questionnaires were based upon the 

survey instruments established for DHS of 2008 Egypt. However, some of the questions were 

planned to gather information on new topics suggested by data users. All questionnaires were 

made in English followed by an Arabic version (29). 

 

2.5.1 Screening questionnaires  

The 2015 EHIS household questionnaire was used to count all house members and guests in the 

certain households and gather socioeconomic and demographic information of the households.  

These questions helped to identify the eligible persons for the individual interviews. 

There were also questions housing characteristics such as (the number of rooms, the source of 

water, the flooring material, and the type of toilet facilities) (29). 

The adult individual questionnaires were overseen to all respondents age 15-59 and were based 

on the following topics: 

• Respondent‘s background 

• Non-communicable diseases and other health issues 

• Hepatitis B and C 

• Female circumcision 

• Knowledge of HIV/AIDS 

• Reproductive health knowledge and attitudes 

• Women‘s health issues 

• Gender roles and attitudes 

• 24-hour dietary history for mothers of children under age five years 

• Biomarker testing 

• Blood pressure measurement (29). 

The DHS data was collected by field staff after undergoing training on how to use the 

questionnaires. The field work for data collection started in the second week of February 2015 

and was completed in the first week of May 2015 (29). 
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The field staff consisted of nine teams who worked in separate governorates, with each team 

consisting of: one (Supervisor, field editor), three interviewers (one male and two females), and 

two health sub-teams; each one had one physician and two technicians/nurses. There were no 

female supervisors but only male supervisors whereas the field interviewers and editors were 

either females or males (29). 

The adult individual Recode questionnaire was used for the purpose of this study and data 

analyzed from different regions in Egypt. Health Survey conducted in 2015 which is a part of 

The DHS Program, funded by the USAID (29). 

EHIS 2015 was led on behalf of the MOHP by El-Zanaty and Associates. UNICEF and United 

Nations Population Fund (UNFPA) supported the survey (29).  

2.6 Variables  

2.6.1 The Outcome Variable 

The main outcome variable was the presence of HCV for adult individuals at age 15-59 years old 

which was measured by taking the final result of the biomarker of the blood test for HCV. 

Respondents aged 15-59 who were fit to contribute in the HCV infection testing participated in 

the survey. The test consists of the collection of venous blood samples from all respondents for 

whom informed consent was attained in the survey. After completing laboratory testing, results 

were returned to respondents and documented in the findings of the survey. 

2.6.2 Predictor Variables 

The study contained 13 independent variables which were intended to be analyzed for their 

association with the outcome variable. These variables were recognized and considered for this 

study from a previously conducted literature review (Al-Alwan Noor, Literature Review, 10c, 

IMCH, Uppsala University, 2017).Variables included in the study are: self-reported DM, age of 

respondents, sex of respondent, respondent‘s residence, level of education, respondent‘s marital 

status, ever had dental treatment, ever had surgery, ever had intravenous line , ever had blood 

transfusion, ever had received injection for schistosomiasis or other injections, and ever had 

dialysis.  
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2.7 Respondents Characteristics 

 Socio-demographic characteristics 

Respondent’s age 

The current age of the respondent was calculated by using the age in last birthday variable which 

was reported by the respondent. The age variable was divided into two categories starting from 

age 15 in the first category until age 59 at last category, those categories are: (15-40), (41-

59).The reference category was (15-40). 

Place of residence                                                                                                                        

The residence was the place of residence where the respondent was either urban or rural. Rural 

residency was used as the reference. 

Sex 

Sex was calculated by measuring whether a respondent was male or female with the former 

being the reference. 

Level of education  

Education was calculated by measuring the level of education that was attained by the individual, 

and it was divided into four categories: no education, primary, secondary and higher. No 

education was used as the reference category. 

Marital Status 

Marital status was ascertained by asking if the respondents were (married, divorced, separated, 

widowed) or if they were never married before. Never married respondents were considered as 

the reference. 

 Medical and surgical history characteristics & measurements 

Medical Biomarker 

A Medical Biomarker was used to measure the final HCV status, whether it was positive or 

negative, a negative result was considered to be the reference. 
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Self-reported diabetes status 

Self-reported diabetes status answered by the question whether the respondent was ever told that 

he/she had diabetes by the doctor other than during pregnancy. No answer was considered as the 

reference.  

Ever had respondent dental treatment 

Ever had dental treatment this variable detected whether the respondent at any time in their life 

had ever had dental treatment of any type (treatment for gum disease, extraction, filling or ever 

had teeth cleaning); the answer no was considered to be the reference. 

Ever had respondent surgery 

Ever had surgery this variable detected whether the respondent at any time in their life had ever 

had surgery; the answer no was considered to be the reference. 

Ever respondent had a blood transfusion 

Ever had blood transfusion detected whether the respondent at any time in their life had ever had 

blood transfusion; the answer no was considered to be the reference. 

 Ever had respondent received an injection for schistosomiasis 

Ever had received an injection to treat schistosomiasis this variable detected whether the 

respondent at any time in their life had ever had an injection to treat schistosomiasis; the answer 

no was considered to be the reference. 

Ever had respondent received injections for any other purpose 

Ever had received an injection for any other purpose this variable detected whether the 

respondent at any time in their life had ever had an injection for any purpose; the answer no was 

considered to be the reference. 

 Ever had the respondent intravenous line  

Ever had an intravenous line this variable detected whether the respondent at any time in their 

life had ever had an intravenous line (the infusion of liquid substances directly into a vein); the 

answer no was considered to be the reference. 

 Ever had the respondent dialysis 

Ever had dialysis this variable detected whether the respondent at any time in their life had ever 

had dialysis; the answer no was considered to be the reference.  
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2.8 Statistical methods 

 R commander (Rcmdr) statistical software Version 3.3.3 was used for the purpose of analyzing 

data. A generalized linear regression model was used to study the association between HCV and 

DM. Tables were produced using Microsoft word. The P-value was significant at <0.05 and 

significant confidence interval at 95% for both crude and adjusted odds ratios in bivariate and 

multivariable analysis. 

 

2.8.1 Data Cleaning and Variable Management 

The individual recode file in the dataset was used for this study. It was sufficient to answer the 

research question. The DHS VII recode map was used to understand how the variables were 

defined. 

The individual recode file was imported to R commander. The dataset was cleaned by deleting 

all the irrelevant variables, 13 relevant variables were recognized and included in the study. 

Recording of these variables was finished by utilizing R Commander. Almost all of the included 

variables were categorical and just a few numeric variables which were converted to categorical 

variables as shown in table 1. 

 

2.8.2 Descriptive Statistics 

Descriptive statistics were performed in order to help in understanding the participants‘ 

characteristics and this was presented in tables. Two-way contingency tables were included in 

this study in order to evaluate for the distribution frequencies of the outcome variable in relation 

to the predictor variables.  

Frequency distributions were used to summarize and describe all predictor variables which are 

shown in table 2. Variables with non-significant P-value > 0.05, seen in table 2; and non-

significant confidence interval in bivariate analysis, shown in table 3 ; were not included in 

multivariable analysis as shown in table 4. 
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2.8.3 Inferential Statistics 

The data underwent inferential statistics in order to study the association between HCV infection 

and DM. For that purpose, a Generalized Linear Model (GLM) with logit link function was used. 

Primarily, bivariate analysis was done in order to assess the association of each predictor 

variable with the outcome variable. Crude Odds Ratios (CORs) were done and confidence 

interval was set significant at 95%. Secondly, multivariable analysis was also carried out using 

Adjusted Odds Ratios (AORs) and the significance level was set at 95% confidence interval.  

  

2.9 Missing Values 

2.9.1 Outcome Variable  

The outcome variable which was the presence of hepatitis C virus had 669 not applicable (NA‘s) 

and zero not completed cases.  

2.9.2 Predictor Variables  

Respondent‘s sex, age, gender, residence, education, marital status had zero NA‘s, and if ever 

respondent‘s had surgery or intravenous line or dental treatment or received treatment for 

schistosomiasis also had zero NA‘s also. Meanwhile, if respondents ever had received an 

injection for any other purpose or ever respondent‘s had dialysis both had 1 NA‘s. If the 

respondent ever had a blood transfusion had 3 NA‘s, respondent‘s self-reported diabetes mellitus 

had 174 NA‘s. These NA‘s were not removed manually but they disappeared upon the 

completion of logistic regression. However, some variables contained the (don‘t know) answer. 

Re-coding these (don‘t know) to NA‘s was done in order to allow for exclusion by R commander 

during data analysis. 

 

2.10 Ethical Considerations 

The Institutional Review Board of ICF International reviewed and approved the 2015 EHIS. The 

Institutional Review Board of ICF International complied with the United States Department of 

Health and Human Services requirements for the ―Protection of Human Subjects‖ (45 CFR 46). 

(ICF International is now known as ICF). Also, the protocol for the hepatitis C testing was 
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approved by the Scientific and Research Ethics Committee of the MOHP and the Institutional 

Review Board at ICF International. Informed consent was taken before taking blood samples for 

HCV tests from respondents. 

 

3. Results: 

3.1 Flow of Participants 

The flow of the participants is presented in the flow chart (Figure 3). The EGIQ73FL, 2015 

individual recode file was used in the study. The final sample included in the study was a total of 

16671 individuals from different regions in Egypt. Out of 16671 individuals, 16002 provided 

their HCV status after the final blood test for HCV and 16,485 individuals provided their 

diabetes status. Of those 16,002 individuals who provided their HCV Status, 951 individuals had 

a positive result and 15051 individuals had a negative result. On the other hand, 797 individuals 

out of 16485 reported that they had been told by the doctor that they have DM other than 

pregnancy and 15688 reported that they have no DM. 
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Figure (3) A Flow chart representing the flow of study participants who participated in 

HCV blood test and reported their diabetes status in Egypt 2015. 
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3.2 Characteristics of the Study Participants 

3.2.1 Respondent Characteristics 

As shown in Table 1, 5.9 % of respondents had HCV infection and 4.8 % of them reported that 

they had diabetes. The majority of respondents were in the age group of 15-40 at 69 %, followed 

by the age group of 41-59 years at 30%. More than half of the respondents 55% were females. 72 

% of respondents were married, divorced, widowed or separated and 27% of respondents were 

never married before. Almost half of the respondents lived in rural areas and the other half lived 

in urban areas. Secondary education was the most frequent highest level of education at 56%, 

followed by higher education at 15% followed by no education at 14%. The least frequent level 

was primary education at 12%. Respondents whom had previous dental treatment were 70% and 

more than 50 % had no previous surgical procedure. Almost 5% of them had a previous blood 

transfusion. The response of previous injection to treat schistosomiasis had 6% while 99% of 

them had the previous injection for other purposes. Respondents who has previous intravenous 

line had presented 56% and 99 % of them had no previous dialysis. 

Table 1: Respondents Characteristics. Percentage distribution of basic characteristics of 

respondents and their associated socio-demographic, medical and surgical factors, (N = 

16671) in Egypt, 2015. 

Variables  Number of respondents 

(N= 16671) 

Percentage % 

HCV Status 

 

  

Positive 

 

951 5.94 

Negative 

 

15051 94.06 

Self-reported diabetes status  

 

Yes 

 

797 4.83 

No 

 

 

15688 95.10 
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Not sur 

e 

 

12 0.07 

Age  

 

 

15-40 

 

11638 69.81 

41-59 5033 

 

30.19 

Sex  

Female 9209 

 

55.24 

Male 7462 44.76 

 

 

Marital status  

 

Never married 4588 

 

27.52 

Married/ divorced/ 

widowed/separated  

12083 72.48 

Residence   

urban  

 

8196 49.16 

Rural 8475 50.84 

Education 

 

 

 

no education                     2468 14.80 

Primary 2086 12.51 

secondary   9486 56.90 
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Higher 2631 15.78 

 

Ever had dental treatment  

 

 

Yes 11734 

 

70.39 

No 4935 

 

29.60 

Don‘t Know 2 

 

0.01 

Ever had a surgical procedure  

 

 

Yes 7675 

 

46.04 

No 8996 

 

53.96 

Ever had a blood transfusion  

 

Yes 831 

 

4.99 

No 15791 

 

 

94.74 

Don‘t Know 46 

 

 

0.28 

Ever 

had received injection to treat  

schistosomiasis   

 

Yes 1030 6.18 

No 15509 93.03 

Don‘t know 132 0.79 

Ever 

had received injection for any 

purpose  
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3.2.

2 Study findings in relation to the contingency table  

As demonstrated in table 2, in a sample population of 16671 individuals; respondents who self-

reported that they had been told by the doctor that they had DM other than during pregnancy and 

their final result of HCV blood test was positive presented 0.7%. Almost 4 % of respondents 

from rural areas had HCV infection, while respondents from urban areas had HCV infection at 

approximately half this percentage at 2.1%. Age group 41-59 years had a higher rate of HCV 

infection of 4.1% in compare to age group 15-40 years where 1.9% of them had HCV infection. 

3.3% of males had HCV infection while 2.6% of females had it. Married, divorced, separated or 

widowed respondents had HCV infection more than never married respondents. Married, 

divorced, separated or widowed respondents had HCV infection at 5.5%; while 0.5% of never 

married respondents had the infection. Respondents with no education and primary education 

recorded close rates of HCV infection at 1.5% and 1.3% respectively, whilst 2.4 % of secondary 

Yes 16607 

 

99.62 

No 62 

 

0.37 

Don‘t Know 1 

 

0.01 

Ever had an Intravenous line  

 

Yes 9364 

 

56.17 

No 7301 

 

43.79 

Don‘t Know 6 

 

0.04 

Ever had Dialysis  

 

Yes 24 

 

0.14 

No 16645 

 

99.85 

Don‘t Know 1 

 

 

0.01 



32 
 

educated respondents and 0.6% of higher educated respondents had HCV infection. 4.7% of 

respondents who reported that they have had dental treatment before noted to have HCV 

infection and 3.1% of respondents who reported that they have had surgery before had  HCV 

infection. Respondents who had previously a blood transfusion in their life had HCV infection at 

0.7 %. The response of previous injection to treat schistosomiasis recorded 1 % while 5.9 % of 

respondents who had the previous injection for other purposes reported that they have the 

disease. 3.8% of respondents who reported that they have had an intravenous line before had 

HCV infection but respondents who reported that they have had dialysis before recorded zero 

percentage of having HCV infection. 

 

3.3 The association of hepatitis C virus infection and self-reported diabetes mellitus  

The main objective of this study was to explore the association between HCV infection and self -

reported DM in Egypt 2015. 

Self-reported DM was significantly associated with HCV infection. Respondents who self-

reported that they had DM had 2.7 more increased odds than those who had self-reported that 

they had no DM to have HCV infection (COR=2.71; 95 % CI= 2.17-3.35), as displayed in table 

3. After adjusting to socio-demographic, medical and surgical factors, respondents who self-

reported that they had DM still had increased odds but with less value, with 34 % increased odds 

to have HCV compared to respondents who reported that they did not have DM (AOR=1.34; 

95% CI=1.06-1.69), this is demonstrated in table 4.  

 

3.4 The association of hepatitis C virus infection and other socio-demographic, medical and 

surgical factors 

Other independent variables contained within this study included socio-demographic 

characteristics (age of respondents, sex of respondent, residence of respondent, level of 

education, marital status) with medical and surgical factors (ever had respondent dental 

treatment, ever had respondent surgery, ever had respondent blood transfusion, ever had 

respondent received injection to treat schistosomiasis or other injections, ever had respondent 

intravenous line, and ever had respondent dialysis). Almost all variables were statistically 

significant; however, few variables contained non-significant results such as the primary 

category in education variable, ever had respondent received injection for any other purpose 
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other than injection to treat schistosomiasis and ever had respondent dialysis before. 

Additionally, some factors became non-statistically significant when adjusted to other variables. 

 The association of hepatitis C virus infection and residence  

Urban residence was negatively associated with HCV. Respondents who were living in urban 

areas had 45 % decreased odds of having HCV compared to those who were living in rural areas 

(COR=0.55.; 95% CI: 0.48-0.63) as demonstrated in table 3. After adjusting to other socio-

demographic, medical and surgical factors, urban residence continued to have decreased odds in 

having HCV infection by 48 %  in comparison to respondents who were living in rural areas 

(AOR=0.52; 95% CI: 0.45-0.60), as seen in table 4.  

 

The association of hepatitis C virus infection and age 

The respondent‘s age was significantly associated with HCV infection. The older the 

respondents were, the more likely they were to have HCV infection. Respondents aged 41-59 

were 5.7 times more likely to have HCV infection in comparison to the younger age group of 15-

40 (COR=5.74 ; 95% CI: 5.02- 6.66) shown in table 3. After adjusting to other socio-

demographic, medical and surgical factors, respondents aged 41-59 had 3.8 times increased risk 

to have HCV infection compared to those in the younger age group of 15-40 (AOR=3.88; 95% 

CI: 3.29-4.60), also shown in table 4.  

 

The association of hepatitis C virus infection and sex 

Female sex was negatively associated with HCV infection. Female respondents had 37% 

decreased odds to have HCV in comparison to male respondents (COR=0.63; 95 % CI= 0.55-

0.72) as displayed in table 3. After adjusting to other socio-demographic, medical and surgical 

factors, females had 42% decreased odds to have HCV infection compared to males (AOR=0.58; 

95% CI=0.50-0.67) as shown in table 4.  

 

The association of hepatitis C virus infection and marital status 

Marital status of respondents had a statistically significant association with HCV infection. 

Married, divorced, separated or widowed respondents had 4.6 increased odds to have HCV 

infection in comparison to respondents who never got married before (COR=4.61, 95% CI: 3.67- 

5.90), as demonstrated in table 3. After adjusting for marital status of respondents to other socio-
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demographic, medical and surgical factors; married, divorced, separated or widowed respondents 

had 84 % increased chance of acquiring HCV infection in comparison to  respondents who had 

never been married before (AOR=1.84; 95% CI: 1.41-2.43), this is clearly obvious in table 4.  

 

The association of hepatitis C virus infection and education 

The education of respondents had different categories; therefore, there was variation in the 

association with HCV infection. Respondents with primary education had same odds as 

respondents with no education to have HCV infection but this result was not statistically 

significant (COR=1.00, 95% CI: 0.82- 1.21), as seen in table 3. On the other hand, respondents 

with secondary education had 62% decreased odds to have HCV infection in comparison to 

respondents with no education (COR=0.38, 95% CI: 0.32-0.45), as shown also in table 3. When 

the education of respondents was adjusted to other socio-demographic, medical and surgical 

factors, respondents with secondary education had 31% decreased odds to have HCV infection in 

comparison to respondents with no education (AOR=0.69; 95% CI: 0.58-0.84),seen in table 4. 

Respondents with higher education had a 63% decreased odds to have HCV infection in 

comparison to those with no education (COR=0.37, 95% CI: 0.29- 0.48) as displayed in table 3. 

Yet, when education of respondents was adjusted to other socio-demographic, medical and 

surgical factors, respondents with higher education had 29% decreased odds to have HCV in 

comparison to those with no education (AOR=0.71, 95% CI: 0.54-0.92), as seen in table 4.  

The association of hepatitis C virus infection and ever had dental Treatment 

Respondents who reported that they have had dental treatment before were 55% more likely to 

have HCV infection in comparison to those who had no dental treatment before (COR=1.55.; 

95% CI: 1.32-1.82), shown in table 3. However, when adjusted to other socio-demographic, 

medical and surgical factors, it was no longer statistically significant (AOR=1.10; 95% CI: 0.92- 

1.30) shown in table 4. 

The association of hepatitis C virus infection and ever had previous surgical procedure  

Respondents who reported that they had surgery before had 30% increased odds to have HCV 

infection in comparison to those who had no surgical operation before (COR=1.30.; 95% CI: 
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1.14-1.49), as displayed in table 3. However, when adjusted to other socio-demographic, medical 

and surgical factors the association was not statistically significant (AOR=1.04; 95% CI: 0.88-

1.24) demonstrated in table 4. 

The association of hepatitis C virus infection and ever had blood transfusion 

Respondents who had previously a blood transfusion in their life had 2.6 times higher odds to 

have HCV infection compared to those who had no previous blood transfusion (COR= 2.62, 

95% CI: 2.10-3.23) as seen in table 3. When adjusted to other socio -demographic, medical and 

surgical factors, they had 95% increased odds to have HCV infection compared to those with no 

previous blood transfusion (AOR=1.95; 95% CI: 1.53- 2.48) as shown in table 4.  

The association of hepatitis C virus infection and ever had injection to treat schistosomiasis  

Respondents who reported that they ever had an injection to treat schistosomiasis before had 3.3 

times higher odds to have HCV infection compared to those who had no injection to treat 

schistosomiasis before (COR=3.37, 95% CI: 2.80- 4.04) table 3. When adjusting if the 

respondent ever had injection to treat schistosomiasis to other socio-demographic, medical and 

surgical factors, respondent had 68% increased odds to have HCV compared to those who had no 

injection to treat schistosomiasis before (AOR=1.68; 95% CI: 1.37-2.05), as demonstrated in 

table 4.  

 The association of hepatitis C virus infection and ever had an injection for any other purpose. 

The association of HCV infection and if respondent ever had an injection for any other purpose 

other than schistosomiasis did not show any statistically significant association (COR=0.65, 95% 

CI: 0.28-1.88), seen in table 3. 

The association of hepatitis C virus infection and ever had an intravenous line. 

Respondents who reported that they have had an intravenous line before had 37% increased odds 

to have HCV infection in comparison to those who had no intravenous line before (COR=1.37, 

95% CI: 1.19- 1.57) as seen in table 3. However, when adjusted to other socio-demographic, 

medical and surgical factors it was no longer statistically significant (AOR=1.09, 95% CI: 0.91-

1.30) as shown in table 4.  
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The association of hepatitis C virus infection and ever had dialysis  

The association of HCV and if respondents ever had dialysis was not a statistically significant 

association (COR=1.58, 95% CI: 0.25- 5.43) as seen in table 3.  
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Table of (2): A contingency table showing the association between HCV status as an outcome            

with self-reported DM and other socio-demographic, medical and surgical factors. 

 

 

Variables                                  HCV status    

Self-reported diabetes 
status   

Yes (n) = 951     ( %) No (n) = 15051    ( %) P value 

No  

 

841                           5.3 14220                    89.8            

<0.01 

Yes 

 

106                           0.7 661                         4.2     

Residence     

 

   

Rural 

 

620                           3.9 7674                      48.0   

<0.01 

Urban  

 

331                           2.1 7377                       46.1 

Age              

 

   

15-40 

 

297                           1.9 10883                     68.1  

<0.01 

41-59 

 

654                           4.1 4168                      26.0 

Sex                

 

   

Male 

 

528                           3.3 6637                       41.5  

<0.01 

Female 423                           2.6 8414                      52.6 

Marital Status      

Never married 76                             0.5 4310                       26.9  

<0.01 
Married/divorced/widow

ed/separated 

875                           5.5 10741                     67.1 

Education     

No education       248                           1.5   2148                       13.4  

 

<0.01 Primary 210                           1.3 1817                       11.4                

Secondary   392                           2.4 8781                       54.9         

Higher 

 

 

101                           0.6 2305                       14.4 
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Ever had dental 

treatment   

  

No 206                              1.3 4525                       28.3  

<0.01 

Yes 744                              4.7 10525                     65.8 

Ever had a surgical 

procedure      

   

No 453                             2.8 8181                       51.1    

<0.01 
Yes 498                             3.1 6870                       42.9 

Ever had a blood 

transfusion    

   

No 839                              5.3 14312                     89.7  

<0.01 
Yes 107                              0.7 696                           4.4 

Ever 

had received injection 

to treat schistosomiasis  

 

   

No 785                              4.9 14082                    88.7  

<0.01 
Yes 159                              1.0 845                          5.3  

Ever 

had received injection 

for any purpose   

   

No 5                                  0.0 52                            0.3  

0.36 
Yes 946                              5.9 14997                    93.7 

Ever had an 

Intravenous line  

   

No 347                              2.2 6635                       41.5  

<0.01 
Yes 604                              3.8 8410                       52.6 

Ever had Dialysis      

No 949                              5.9 15029                     93.9  

0.53 
Yes 2                                  0.0 

        

20                             0.1 
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Table (3):Crude Odds Ratios from a logistic regression model; presenting HCV status as 

an outcome in relation to Self-Reported Diabetes Status, Socio-demographic, Surgical and 

Medical Characteristics. 

 

Variables  Crud Odd Ratio (COR) 

Bivariate        

95%CI 

Self-reported diabetes status    

No Reference  

Yes 2.71 2.17-3.35 

Residence  

Rural Reference  

Urban  0.55 0.48-0.63 

Age   

15-40 Reference  

41-59 5.74 5.02- 6.66 

Sex  

Male Reference  

Female 0.63 0.55-0.72 

Marital status  

Never Married Reference   

Married/divorced /widowed/separated 4.61 3.67- 5.90 

Education  

No education       

                            

Reference   

Primary 1.00 0.82- 1.21 

Secondary   0.38 0.32-0.45 

Higher 0.37 0.29- 0.48 
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 Bold highlight indicates that the predictor was statistically significant. 

 

 

Ever had dental treatment  COR  Bivariate                                         95%CI 

No Reference  

Yes 1.55 1.32-1.82 

Ever had a surgical procedure  

No Reference  

Yes 1.30 1.14-1.49 

Ever had a blood transfusion   

No Reference  

Yes 2.62 2.10-3.23 

Ever 

had received injection to treat  

schistosomiasis   

 

No Reference  

Yes 3.37 2.80- 4.04 

Ever 

had received injection for any 

purpose  

 

No Reference  

Yes 0.65 0.28-1.88 

Ever had an intravenous line   

No Reference  

Yes 1.37 

 

 

1.19- 1.57 

Ever had dialysis   

No Reference   

Yes 1.58 0.25- 5.43 
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Table  (4): Crude and adjusted Odds Ratios from a logistic regression model of HCV status 

as an outcome in relation to Self-Reported Diabetes Status, Socio-demographic, Surgical 

and Medical Characteristics.  

Variables  Crud Odd Ratio 

(COR) Bivariate        

95%CI Adjusted Odd 

Ratio (AOR) 

Multivariable 

95%CI 

Self-reported diabetes 
status   

  

No Reference  Reference  

Yes 2.71 2.17-3.35 1.34 

 

1.06-1.69 

Residence   

Rural Reference  Reference  

Urban  0.55 0.48-0.63 0.52 

 

0.45-0.60 

Age    

15-40 Reference  Reference  

41-59 5.74 5.02- 6.66 3.88 

 

3.29-4.60 

Sex   

Male Reference  Reference  

Female 0.63 0.55-0.72 0.58 

 

0.50-0.67 

Marital status   

Never Married Reference   Reference  

 

 

Married/divorced 

/widowed/separated 

4.61 3.67- 5.90 1.84 1.41-2.43 

Education   

No education       

                            

Reference   Reference  

Primary 1.00 0.82- 1.21 1.06 0.86-1.30 

Secondary   0.38 0.32-0.45 0.69 0.58-0.84 

Higher 0.37 0.29- 0.48 0.71 

 

0.54-0.92 
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 Bold highlight indicates that the predictor was statistically significant in AOR. 

 

 

 

 

 

 

Ever had dental 

treatment  

COR  Bivariate             95%CI AOR 

Multivariable 

95%CI 

No Reference  Reference  

Yes 1.55 1.32-1.82 1.10 0.92- 1.30 

Ever had a surgical 

procedure 

  

No Reference  Reference  

Yes 1.30 1.14-1.49 1.04 

 

0.88-1.24 

Ever had a blood 

transfusion  

  

No Reference  Reference  

Yes 2.62 2.10-3.23 1.95 1.53- 2.48 

Ever 

had received injection 

to treat  schistosomiasis   

  

No Reference  Reference  

Yes 3.37 2.80- 4.04 1.68 

 

1.37-2.05 

Ever had an 

intravenous line  

  

No Reference  Reference  

Yes 1.37 

 

 

1.19- 1.57 1.09  

 

0.91-1.30 
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3.5 Multicolliniarity  

Excessive correlation or collinearity between explanatory variables, can confuse or inhibit the 

knowledge of an ideal set of explanatory variables in a statistical model (31), thus after doing 

multiple variable analyses, variables were evaluated to check for multicollinearity by calculating 

variance inflation factor (VIF). The threshold of correlation considered at VIF value of 5 and 

above. There was no multicollinearity between variables. 

4. Discussion  

4.1 Key Findings 

This present study sought to establish the association of HCV with self-reported DM using data 

from the EDHS, 2015 which was a cross-sectional survey. The study also aimed to determine the 

association of HCV infection and other socio -demographic, medical and surgical factors. Data 

was analyzed from different governorates of Egypt.  

From this study, the association of HCV infection and DM is a statistically significant 

association, respondents who reported that they had DM were more likely to have HCV infection 

than those who reported that they didn‗t have DM. 

On the other hand, the association of HCV infection and other socio-demographic, medical and 

surgical factors were also analyzed in this paper and there was variation between different 

factors. 

Age of respondents was positively significantly associated with HCV infection. While secondary 

and higher education were negatively associated with HCV infection; respondents with 

secondary or higher education were less likely to have HCV infection. 

In comparison to males, females were less likely to have HCV infection. Also, respondents who 

lived in urban areas had a decreased risk to have HCV infection in comparison to respondents 

from rural areas. 
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The association of HCV infection and the marital status was found to be a statistically significant 

association. Respondents who reported that they were married, divorced, separated, or widowed 

were more likely to have HCV infection than respondents who never got married.    

The association of HCV infection and if respondents ever had injection to treat schistosomiasis 

was also found to be a statistically significant association. Another statistically significant 

association of HCV infection was observed with if respondents ever had blood transfusion 

before. 

A non-statistically significant association was detected between HCV infections and if the 

respondent had ever had dental treatment before, ever had a surgical operation before, ever had 

intravenous line before or if respondents had dialysis before. Also, the association between HCV 

infection and if respondents ever had injection for any other purpose other than schistosomiasis 

was a non-statistically significant association. 

4.2 Study Results in Relation to Other Studies  

This study recognized the significant factors that were associated with hepatitis virus infection 

among individuals at age (15-59) in Egypt 2015. They included, respondent‘s self-reported DM 

status, respondent‘s age, respondent‘s sex, respondent‘s residence, the level of education, 

respondent‘s marital status, respondent ever had a blood transfusion and respondent ever 

received an injection to treat schistosomiasis. These factors were the independent factors that 

continued to be statistically significant even after adjusting to all the predictor variables to detect 

any confounding factors. 

 

4.2.1 Self-reported diabetes mellitus 

According to the results of this study, the association between HCV infection and self-reported 

DM is a statistically significant association. Numerous longitudinal and cross-sectional studies 

have looked for the association between the two diseases and focused on HCV influences to 

develop DM (7, 8, 16, 33); while few studies looked at the possibility of having HCV in DM 

individuals (5, 19). However, those studies were cross-sectional studies which may have been 

limited in studying the cause-effect relationship between the two diseases. This study agrees with 
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studies (5, 7, 8, 16, 32), which investigated the association between these two diseases and 

justified that there is a significant association. 

High susceptibility of diabetic patients to use syringes on daily bases and more frequent visits to 

hospitals can explain how DM can lead to HCV infection (6). 

 

4.2.2 Age  

The age of the respondents was a significant predictor of occurrence of HCV. The current study 

indicated that the older the respondent was, the higher the possibility to have HCV infection. 

Respondents who were more than 40 years old were more prone to have HCV infection than the 

younger aged respondents.  This finding agrees with results from a study conducted in Rwanda 

to evaluate the prevalence of HCV infection and its risk factors in the country (33). This can be 

explained by the fact that the older the individual the more they are subjected to the exposures 

(34, 35) also, the increase in age lead to a decrease in body immunity which makes the individual 

more prone to diseases. 

 

4.2.3 Sex 

Female respondents in this study were less likely to have HCV infection in comparison to males. 

There was a significant negative association between female sex and HCV infection, which 

proved that males were more likely to have HCV infection. This reflects the results of several 

studies (19, 33, 35). This can be explained by the difference between male and female behavior 

and activities, for instance, a man‘s daily use for blades for shaving (35), and a higher level of 

sexual activity at a younger age than females (20). It is also believed that females have an 

increased ability to clear some acute infections because of certain female-specific genetic factors 

(33). 

 

4.2.4 Residence 

Respondents who were living in urban areas were less likely to have HCV in comparison to 

respondents from rural areas. The significantly negative association of urban residency and HCV 

infection was also discussed in a study held in Pakistan to detect the prevalence of HCV (35). 

This might be explained by the fact that respondents in urban areas can access health centers 
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easily where medical equipment and instruments are kept under good hygiene practices, also 

they may have more awareness about HCV and its mode of transmission. 

 

4.2.5 Marital status 

The marital status was a significant predictor for HCV infection occurrence. Respondents who 

reported that they are married or were married (divorced, widowed, or separated) were more 

likely to have HCV infection compared to those who reported that they were never married 

before. Results of this study agree with a previous study in a community in the Nile Delta (34) 

which explained the association of marital status with HCV infection due to the increase of the 

possibility of transmission of the virus through sexual exposure, making them more prone to 

have and transmit the disease than individuals who never got married.    

 4.2.6 Level of education 

This present study showed an unsurprisingly statistically significant negative association 

between HCV and level of education. Respondents with secondary and higher level of education 

had less probability of having HCV infection. This agrees with many studies conducted looking 

for risk factors for HCV infection in different settings (19, 33, 34, 35). This result is much 

anticipated; individuals with secondary or higher education will likely be more knowledgeable 

about HCV infection in terms of prevention, precautions, and mode of transmission which 

accordingly will lead to a decrease in the number of infected cases.  

 

4.2.7 Ever had received injection to treat schistosomiasis                                         

According to this study finding, the association between respondents ever receiving an injection 

to treat schistosomiasis and the HCV infection is a statistically significant association. 

Respondents who were treated from schistosomiasis by taking injections were more likely to 

have the HCV infection. Findings of this study agree much with a previous study established in 

Egypt to investigate the role of schistosomal therapy in the spread of HCV in Egypt (36).  

Schistosomiasis started in Egypt years back. Schistosomiasis treatment became accessible in 

Egypt in 1918 by several injections with the antimony salt ―tartar emetic‖. This antimony salt 

had the ability to kill the blood flukes and treat the patient. 12–16 intravenous injections was the 

recommended treatment regimen over 2–3 weeks, however, after 1960 spacing was changed to 
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one injection per week. At that time sterilization processes were initiated, and it was noticed that 

the boiling period for the reusable needle was frequently less than 2 min. Yet, it is expected that 

sterilization between patients was omitted since of limitation in equipment and time. The full 

course of tartar emetic needed a long duration of time which assisted in those infected with HCV 

to develop infectious viremia. These outbreaks have gone unobserved because of the 

nonexistence of acute clinical symptoms and masking it with side effects of injections treatment 

(36). Thus, anti-schistosomiasis injections were considered as one of the important factors in 

transmitting HCV in Egypt. 

 

4.2.8 Ever received blood transfusion 

This study displayed a statistically significant association between blood transfusion and HCV 

infection. Respondents who had a previous blood transfusion were more prone to have HCV 

infection. This finding is supported by many other studies (33, 34, 35) that also revealed the 

positive association between blood transfusion and HCV infection. This result was not 

unexpected since HCV infection is a blood borne virus and can be easily transmitted from one 

person to another by contaminated blood.  

 

4.3 Strengths and Limitations 

4.3.1 Strengths of the Study 

The data of this study was taken from the EHIS, 2015 a part of EDHS which gave a nationally 

representative sample at the regional and national level, making the findings generalizable 

among individuals aged 15-59 in Egypt. Demographic Health Surveys assist in assessing the 

health situation in Egypt. This survey was conducted by qualified personnel. The quality of this 

data has been made certain by using special sampling strategies to reduce bias and to confirm 

representation of the findings.  

4.3.2 Limitations of the study  

Several limitations were addressed in this study, the first presented by the type of the study. A 

cross-sectional study investigates a population in specific period of time (snapshot), a snapshot is 

not a definite way to be representative, therefore when the predictor variables and the outcome 

variable was assessed at the same period of time, this blurred the determination of the 
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representing cause and effect relationship. Also, acute clinical symptoms of HCV infections are 

not present in about 80% which means the infection rapidly spread and would go mostly 

unobserved (37), which gave the possibility that many respondents had HCV but they were not 

aware of it, thus making it impossible to predict which of two diseases preceded the other. 

Moreover, survey‘s data collection was done in a self-reported way which can create a likelihood 

of bias when the respondent tries to provide a socially suitable answer; self-reporting also has a 

lack of flexibility because of fixed choice questions, for instance either yes or no with no or very 

few details. Moreover, the main aim of the study which assessed the association between HCV 

and DM underwent bias umbrella since there was no biomarker test for checking blood glucose 

level and it relied on a self-reporting basis. Many individuals may have had DM but were not 

aware of it or tried to hide it for personal and social reasons, thus potentially affecting the real 

number of diabetes cases and later may affect the results. Beside that; respondents who self-

reported that they had diabetes gave no information of which type of DM whether it was type 

one or type two DM. However, a study held in the south of Spain to determine the accuracy of 

self-reported diabetes in a representative sample of adults, revealed that this method had high 

sensitivity and specificity values (38).  

Another problem aroused when the main aim of the study lacked variables that displays liver 

status and whether the respondents had any liver disease such as cirrhosis or not. No biomarker 

for liver function test had been done; whilst numerous studies advocated the impact of liver 

cirrhosis on the association between HCV and DM. Liver cirrhosis which frequently follows the 

infection by HCV may have significant influences on glucose metabolism (7, 8). Also, the small 

number of 106 respondents who had HCV and reported that they had DM made it difficult to 

represent the association between the two diseases, seen in table 2. Additionally, since Egypt is a 

Muslim country, some information was difficult to assess such as sexual contact or sexual 

relationships out of the marriage frame, thus the only way to measure sexual relationships was 

made by measuring the marital status, although this will not give very accurate information but 

will give an approximate image and that may have affected the results.  
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Furthermore, this study was conducted among individuals aged 15-59 years thus it might not be 

generalizable to individuals younger or older than this age. Lastly, one author writing a paper 

might lead to an increased opportunity to have bias. 

4.4 Study Findings in Relation to the Conceptual Framework  

The conceptual framework hypothesized a number of factors that are associated with HCV 

infection among individuals at age (15-59). They included different socio-demographic, medical 

and surgical factors. These factors have been described and discussed in the prior sections. Yet, 

not all factors included in the conceptual framework were associated with HCV infection among 

individuals at age (15-59).  There are some factors that have not been included in the study that 

might also be associated with HCV infection among individuals at age (15-59) in Egypt. 

4.4.1 Internal Validity 

Staff that had previous training before the beginning of the survey collected DHS data. They 

were trained on how to handle the questionnaires to increase the reliability and consistency of the 

tools of data collection. Using multivariable analysis helped in removing the influence of 

confounding factors and that also played a role in increasing internal validity.  

 

4.4.2 External Validity 

Demographic Health Surveys have special kinds of questionnaires that can be adjusted to various 

settings. Study findings might be generalized to other African countries or other Middle Eastern 

countries if any is under risk of HCV infection. 

4.5 Public Health Relevance 

Several efforts have been made in Egypt to scale up awareness about HCV transmission. 

Although around 30% of HCV infected patients may be clear of the virus spontaneously, the 

essential health burden occurs in the majority of patients who have chronic HCV. Since cirrhosis 

may develop within 20 years of chronic HCV infection with the possibility to develop 

hepatocellular carcinoma, long-term consequences have put further pressures on resources in a 

basically overloaded healthcare system, within Egypt (37).  

With around 8 out of 10 new infections happening in clinics and hospitals, the country is 

working to develop training in infection control for healthcare professionals, such as nurses and 

doctors. The intention is to prevent insecure medical practices such as the repeated use of the 
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same needle and other medical instruments that should be considered as medical waste. 

However, these high standards will also need additional resources (26). 

In 2008 the Egyptian Ministry of Health devised an integrated national strategy which consisted 

of educational and awareness campaigns, subsidized anti-HCV treatment and supported infection 

control in health-care facilities. Egypt‘s public health strategy was to make HCV treatment 

accessible to everybody who visits one of the 23 centers of national treatment and achieves the 

eligibility criteria. However, an inadequate resource inhibits the treatment of everyone in need; 

per year only 40,000 persons can be treated. For around 15 years individuals were in chronic 

phase, and it is well known that individuals with HCV infection can stay alive longer than 30 

years, thus they may assist in the spreading of HCV to the general population by different health-

care procedures (intravenous catheterization, blood transfusions, injections, and surgery) or by 

unprotected sexual contact (40).  

 A New strategy has been held by the Ministry of Health of Egypt to control the HCV epidemic 

in coordination with WHO and other institutes. This strategy was called ―The Plan of Action for 

the Prevention, Care and Treatment of Viral Hepatitis 2013–2018‖. The strategy‘s goals are to 

treat 300,000 patients and to make a discount on the treatment price. Yet, the fact is that only 

patients who are treated by governmental practices are able to access this and the private cost of 

treatment is estimated at around six times the government price. Therefore, due to the inadequate 

availability and accessibility of the governmental scheme, infected HCV patients are suffering 

from unaffordable drug treatment. Yet, it is hoped that the subsidized scheme will be prolonged 

in the future which would then give the real opportunity for the eradication of HCV in Egypt for 

the first time (39).  

This study gave an idea of the status of HCV within the population of Egypt during 2015 

including an indication of the latest public health strategy efforts. It has been observed in 

previous studies and advocated by this study that individuals who live in rural areas and with a 

low level of education in society suffer the most from HCV, creating challenges both in 

affordability and access to treatment and moreover in diagnosing the problem (37). . 

Furthermore, this study showed that some modes of transmission such as blood transfusion, 

injection to treat schistosomiasis, and sexual transmission between married couples remained as 

main leading causes for HCV infection in the country. This revealed the apparent limited impact 

of public health awareness in Egypt. Public health awareness about HCV is necessary for 
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different age groups and in multiple settings such as schools, hospital, primary health care 

centers, religious societies, and Medias in order to empower the population knowledge of this 

disease. This should be addressed and organized by the ministry of health in Egypt in 

coordination with health organizations to give the needed technical support. The degree to which 

HCV has been spreading has remained not well understood; no trustworthy nationwide incidence 

estimations are available. Many Field studies have focused on the knowledge of the medical and 

surgical procedures which are most accountable for HCV transmission. Yet, until this moment, 

what interventions from the field of public health can efficiently decrease HCV transmission in 

the general population is poorly understood (39). Therefore, more studies on the effective 

interventions representing the public health role to decrease HCV are recommended. 

5. Conclusion 

Despite the stated limitations or unintentionally neglected challenges, this study explored the 

increasing evidence of the association between HCV infection and DM. However, more 

longitudinal studies are recommended to be established to study the causal relationship between 

the two diseases and to support other studies with more specific biomarker tests to empower 

outcomes.  On the other hand, this study addressed the association of HCV infection with other 

socio-demographic, medical and surgical factors in Egypt, 2015. The independent variables that 

were found to be significant were respondent‘s age, sex, residence, the level of education, marital 

status, respondent ever had a blood transfusion and respondent ever received an injection to treat 

schistosomiasis. Increased risk of HCV was observed among older age, lesser educated, male 

sex, and rural resident respondents. Also, married, divorced, separated, widowed, history of 

blood transfusion and previous injection to treat schistosomiasis still give a significant 

association with having the HCV infection. The study findings display the necessity to increase 

the awareness about the mode of transmission, precautions, and preventions of HCV.  

HCV does not often give rise to acute symptoms or makes scars like some other diseases such as 

smallpox for instance and it has a long latent period until symptoms appear which may limit 

public health interventions and decrease the urge to find solutions. 

Although there are several strategies which were initiated in the hope to prevent and treat HCV, 

it is obvious there is a limited role of public health awareness in Egypt since there is still a 
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variation in HCV prevalence between different levels of education and place of residence. It is 

clearly seen that the poorest of individuals are more likely to have HCV. Additionally, there still 

remain some essential modes of transmission today, such as blood transfusion or contaminated 

injections or even sexual transmission between married couples. 

Frequent clinical screening for all age groups and for high-risk individuals will help in the 

diagnosis of silent infections and assist in giving the right therapy to cure infected individuals 

and prevent reinfection which ultimately decreases the chances of spreading the disease.  

Early diagnosis and effective treatment with high level of awareness about the diseases in term 

of the mode of transmissions, prevention, and complications will assist in controlling the disease 

and decreasing the prevalence rate in Egypt. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



53 
 

6. References: 

1.  Hayashi T, Ogawa E, Furusyo N, Murata M, Hayashi J. Influence of insulin resistance on 

the development of hepatocellular carcinoma after antiviral treatment for non-cirrhotic patients 

with chronic hepatitis C. Infect Agent Cancer [Internet]. 2016 Dec [cited 2017 Jan 15];11(1). 

Available from: http://www.infectagentscancer.com/content/11/1/9 

2. Hepatitis C Fact Sheet [Internet]. WHO; 2016. Available from: 

http://www.who.int/mediacentre/factsheets/fs164/en/ 

3.  Edwards DJ, Coppens DG, Prasad TL, Rook LA, Iyer JK. Access to hepatitis C 

medicines. Bull World Health Organ. 2015 Nov 1;93(11):799–805. 

4.  Bo Q, Orsenigo R, Wang J, Griffel L, Brass C. Glucose abnormalities in Asian patients 

with chronic hepatitis C. Drug Des Devel Ther. 2015 Nov;6009.  

5.  Nwankiti OO, Ndako JA, Echeonwu GO, Olabode AO, Nwosuh CI, Onovoh EM, et al. 

Hepatitis C Virus infection in apparentenly healthy individuals with family history of diabetes in 

Vom, Plateau State Nigeria. Virol J. 2009;6(1):110.  

6.  Greca LF, Pinto LC, Rados DR, Canani LH, Gross JL. Clinical features of patients with 

type 2 diabetes mellitus and hepatitis C infection. Braz J Med Biol Res. 2012 Mar;45(3):284–90.  

7.  Elhawary E, Mahmoud G, EL-Daly M, Mekky F, Esmat G, Abdel-hamid M. Association 

of HCV with diabetes mellitus: An Egyption case-control study. Virology Journal. 2011 

Jan;8(367). 

8.  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. J Diabetes 

Res. 2013;2013:1–7.  

9.  Diabetes mellitus [Internet]. World Health Organization (WHO); Available from: 

http://www.who.int/mediacentre/factsheets/fs138/en/ 



54 
 

10.  Shelbaya S, Rakha S. Effectiveness and safety of vildagliptin and vildagliptin add-on to 

metformin in real-world settings in Egypt – results from the GUARD study. Curr Med Res Opin. 

2017 May 4;33(5):797–801.  

11.  Souza AFM de, Pace FH de L, Chebli JMF, Ferreira LEVV de, others. Insulin resistance 

in non-diabetic patients with chronic hepatitis C: what does it mean? Arq Bras Endocrinol 

Metabol. 2011;55(6):412–8.  

12.  Brandman D, Bacchetti P, Ayala CE, Maher JJ, Khalili M. Impact of Insulin Resistance 

on HCV Treatment Response and Impact of HCV Treatment on Insulin Sensitivity Using Direct 

Measurements of Insulin Action. Diabetes Care. 2012 May 1;35(5):1090–4 

13.  Hsu C-S, Liu C-J, Liu C-H, Chen C-L, Lai M-Y, Chen P-J, et al. Metabolic profiles in 

patients with chronic hepatitis C: a case–control study. Hepatol Int. 2008 Jun;2(2):250–7.  

14.  Hammerstad SS, Grock SF, Lee HJ, Hasham A, Sundaram N, Tomer Y. Diabetes and 

Hepatitis C: A Two-Way Association. Front Endocrinol [Internet]. 2015 Sep 14 [cited 2017 Jan 

15];6. Available from: http://journal.frontiersin.org/Article/10.3389/fendo.2015.00134/abstract. 

15. Rouabhia S. Prevalence of type 2 diabetes in Algerian patients with hepatitis C virus 

infection. World J Gastroenterol. 2010;16(27):3427. 

16.  Knobler H, Schihmanter R, Zifroni A, Fenakel G, Schattner A. Increased risk of type 2 

diabetes in noncirrhotic patients with chronic hepatitis C virus infection. In: Mayo Clinic 

Proceedings [Internet]. Elsevier; 2000 [cited 2017 Jan 15]. p. 355–9. Available from: 

http://www.sciencedirect.com/science/article/pii/S0025619611640305 

17.  Giordanino C, Bugianesi E, Smedile A, Ciancio A, Abate ML, Olivero A, et al. Incidence 

of Type 2 Diabetes Mellitus and Glucose Abnormalities in Patients With Chronic Hepatitis C 

Infection by Response to Treatment: Results of a Cohort Study. Am J Gastroenterol. 2008 

Oct;103(10):2481–7.  

18.  Rusu E, Jinga M, Enache G, Rusu F, Dragomir AD, Ancuta I, et al. Effects of lifestyle 

changes including specific dietary intervention and physical activity in the management of 

patients with chronic hepatitis C-a randomized trial. Nutr J. 2013;12(1):1. 



55 
 

19.        Watt GP, Vatcheva KP, Beretta L, Pan JJ, Fallon MB, McCORMICK JB, et al. Hepatitis 

C virus in Mexican Americans: a population-based study reveals relatively high prevalence and 

negative association with diabetes. Epidemiol Infect. 2016 Jan;144(02):297–305.  

20 Hsu Y-C, Lin J-T. Antiviral Treatment for Hepatitis C Virus Infection Is Associated With 

Improved Renal and Cardiovascular Outcomes in Diabetic Patients. American Association for 

the study of live diseases. 2014 Apr;  

21.  Lam KD, Bacchetti P, Abbasi F, Ayala CE, Loeb SM, Shah V, et al. Comparison of 

surrogate and direct measurement of insulin resistance in chronic hepatitis C virus infection: 

Impact of obesity and ethnicity. Hepatology. 2010 Jul;52(1):38–46.  

22.  Kawaguchi T, Yoshida T, Harada M, Hisamoto T, Nagao Y, Ide T, et al. Hepatitis C 

virus down-regulates insulin receptor substrates 1 and 2 through up-regulation of suppressor of 

cytokine signaling 3. Am J Pathol. 2004;165(5):1499–508.  

23.  Guo X, Jin M, Yang M, Liu K, Li J. Type 2 Diabetes Mellitus and the Risk of Hepatitis C 

Virus Infection: A systematic review. Sci Rep. 2013 Oct 18;3:2981.  

24.  Clinical Advances in Fibrosis Progression of Chronic Hepatitis B and C. J Clin Transl 

Hepatol [Internet]. 2014 Dec 15 [cited 2017 Apr 20];2(4). Available from: 

http://www.xiahepublishing.com/ArticleFullText.aspx?sid=2&jid=1&id=10.14218%2fJCTH.201

4.00029 

25.  Ballestri S, Nascimbeni F, Romagnoli D, Baldelli E, Targher G, Lonardo A. Type 2 

Diabetes in Non-Alcoholic Fatty Liver Disease and Hepatitis C Virus Infection—Liver: The 

―Musketeer‖ in the Spotlight. Int J Mol Sci. 2016 Mar 9;17(3):355.  

26.  Egypt steps up efforts against hepatitis C [Internet]. World Health Organization (WHO); 

2014. Available from: http://www.who.int/features/2014/egypt-campaign-hepatitisc/en/ 

27.  Over 1 million treated with highly effective hepatitis C medicines [Internet]. World 

Health Organization (WHO); 2016. Available from: 

http://www.who.int/mediacentre/news/releases/2016/hepatitis-c-medicines/en/ 



56 
 

28.  El-Zanaty F, Way A. Egypt Demographic and Health Survey 2008. Cairo, Egypt: 

Ministry of Health, El-Zanaty and Associates, and Macro International.; 2009 Mar.  

29.    Ministry of Health and Population, El-Zanaty and Associates, and ICF  International. Egypt 

Health Issues Survey 2015.Cairo, Egypt.2015. Rockville,    Maryland, USA. 

30.    Ministry of Health and Population, El-Zanaty and Associates, and ICF International. Egypt 

Demographic and Health Survey 2014 Cairo, Egypt and Rockville, Maryland, USA. 

31.  Thompson S. Collinearity and stepwise VIF selection [Internet]. Available from: 

https://beckmw.wordpress.com/2013/02/05/collinearity-and-stepwise-vif-selection/ 

32.  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. 

Hepatology. 2001 Jun;33(6):1554–1554.  

33.  Umumararungu E, Ntaganda F, Kagira J, Maina N. Prevalence of Hepatitis C Virus 

Infection and Its Risk Factors among Patients Attending Rwanda Military Hospital, Rwanda. 

BioMed Res Int. 2017;2017:1–7.  

34.  Karoney MJ, Siika AM. Hepatitis C virus (HCV) infection in Africa: a review. Pan Afr 

Med J [Internet]. 2013 [cited 2017 Apr 20];2. Available from: http://www.panafrican-med-

journal.com/content/article/14/44/full/ 

35.  Idrees M, Lal A, Naseem M, Khalid M. High prevalence of hepatitis C virus infection in 

the largest province of Pakistan. J Dig Dis. 2008 May;9(2):95–103.  

36.  Frank C, Mohamed MK, Strickland GT, Lavanchy D, Arthur RR, Magder LS, et al. The 

role of parenteral antischistosomal therapy in the spread of hepatitis C virus in Egypt. The 

Lancet. 2000 Mar 11;355:887–91.  

37.  Elgharably A, Gomaa AI, Crossey MME, Norsworthy PJ, Waked I, Taylor-Robinson SD. 

Hepatitis C in Egypt &ndash; past, present, and future. Int J Gen Med. 2016 Dec;Volume 10:1–

6.  



57 
 

38.  Huerta JM. Accuracy of self-reported diabetes, hypertension and hyperlipidemia in the 

adult Spanish population. DINO study findings. Revista Española de Cardiologia. 2009 

Feb;62(2):143–52.  

39.  Breban R, Arafa N, Leroy S, Mostafa A, Bakr I, Tondeur L, et al. Effect of preventive 

and curative interventions on hepatitis C virus transmission in Egypt (ANRS 1211): a modelling 

study. Lancet Glob Health. 2014;2(9):e541–9.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



58 
 

Annex: 

Figure 4: Map of Egypt  
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