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Abstract 
 
Background: Infection with parenterally transmitted viruses, such as hepatitis B and C viruses, is thought to be 
more common in patients with type 2 diabetes for several reasons. Diabetic foot ulcers are a serious complication 
of diabetes that can lead to more frequent hospital admissions, longer hospital stays and the need for more 
invasive procedures. Given their complicated conditions, we hypothesized that the prevalence of hepatitis B and 
C infections might be higher in patients with diabetic foot ulcers. 
Materials and Methods: A total of 440 patients with type 2 diabetes, 220 with diabetic foot ulcers (group 1) and 
220 without (group 2), who were tested for hepatitis B surface antigen (HBsAg), anti-HBs and anti-hepatitis C 
antibodies (anti-HCV), were retrospectively included in the study. Anti-HBs titers <10 IU/mL were defined as lack 
of protective immunity, titers of 10-99 IU/mL were considered protective, and titers of ≥100 IU/mL were consi-
dered high immunity. 
Results: HBsAg seropositivity was detected in 7 patients (3.2%), both in group 1 and group 2 (p=1.0). The presence 
of anti-HCV seropositivity was detected in 5 patients (2.3%) in group 1 and in 3 patients (1.4%) in group 2 
(p=0.724). A titer of less than 10 mIU/mL of anti-HBs antibody was found in 118 (55.4%) patients in group 1 and 
in 112 (52.6%) patients in group 2 (p=0.609). 
Conclusions: No significant differences were observed in HBsAg, anti-HCV, or relative anti-HBs seropositivity 
between type 2 diabetic patients with and without diabetic foot ulcer. It was found that 54.0% of patients with 
type 2 diabetes had anti-HBs antibody titers below 10 mIU/mL. 
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 Öz 
 
Amaç: Tip 2 diyabetli bireylerde, hepatit B ve C virüsleri gibi parenteral yolla bulaşan virüslerin neden olduğu 
enfeksiyonlar daha yaygın görülebilmektedir. Diyabetik ayak ülserleri, artan sayıda hastaneye yatış ihtiyacı, inva-
ziv prosedür gereksinimi ve uzayan yatış süreleri ile ilişkili olan diyabetin kronik ve ciddi bir komplikasyonudur. 
Komplike durumları göz önüne alındığında, diyabetik ayak ülserli bireylerde hepatit B ve C enfeksiyonlarının pre-
valansının daha yüksek olabileceğini varsayarak bu çalışmaya planladık. 
Materyal ve Metod: HBV yüzey antijeni (HBsAg), anti-HBs ve anti-hepatit C antikor (anti-HCV) düzeyleri bakılmış 
olan 220’si diyabetik ayak ülseri olan (grup 1) ve olmayan 220 kişi (grup 2) olmak üzere toplam 440 tip 2 diyabet 
hastası, retrospektif olarak çalışmaya dahil edildi. Anti-HBs titrelerinin <10 IU/mL olması bağışıklığın yokluğu,  
10-99 IU/mL olması koruyucu bağışıklık ve ≥100 IU/mL titreler ise yüksek bağışıklığın varlığı olarak kabul edildi. 
Bulgular: HBsAg seropozitifliği her iki grupta benzer bir şekilde 7’şer hastada (%3.2) tespit edildi (p=1.0). Grup 
1'de 5 hastada (%2.3), grup 2'de ise 3 hastada (%1.4) anti-HCV seropozitifliği saptandı (p=0.724). Grup 1'de 118 
(%55.4) hastada, grup 2'de ise 112 (%52.6) hastada anti-HBs antikor titrelerinin 10 mIU/mL'nin altında seyrettiği 
tespit edildi (p=0.609). 
Sonuç: Diyabetik ayak ülseri olan ve olmayan tip 2 diyabet hastaları arasında HBsAg, anti-HCV veya göreceli anti-
HBs antikor seropozitifliği açısından anlamlı bir fark saptanmadı. Hastaların önemli bir kısmında (%54.0) anti-HBs 
antikor titrelerinin düşük (10 mIU/mL'nin altında) olduğu tespit edildi. 
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Introduction 
Hepatitis B virus (HBV) infection is one of the leading causes 
of chronic liver disease (CLD) and remains endemic in many 
countries despite widespread vaccination efforts. As with 
HBV, the hepatitis C virus (HCV) can also cause liver fibrosis, 
hepatocellular carcinoma (HCC), and liver-related deaths (1). 
In 2019, it is estimated that the global prevalence of chronic 
HBV infection was 4.1% and chronic HCV infection was 0.8% 
for all ages (2, 3). In a study conducted in Turkey in 2015, the 
incidence of HBV and HCV infections was reported as 4.0% 
and 1.0%, respectively (4). In more recent studies, the preva-
lence of HBV infection has been reported to be declining, 
with a detection rate of 2.5% in 2018 and 1.9% in 2020 (5,6) 
Infection with parenterally transmitted viruses, such as HBV 
and HCV, is believed to be more common in patients with 
type 2 diabetes (T2DM) for several reasons. These reasons 
include frequent hospitalizations and invasive procedures, 
regular blood tests, and the potential misuse of fingertip de-
vices (7-14). Further, T2DM has adverse effects on HBV and 
HCV-related liver infections and is associated with an increa-
sed risk of hepatic fibrosis, cirrhosis, and HCC (15, 16). 
Diabetic foot ulcers (DFUs) usually occur as a serious compli-
cation of uncontrolled and prolonged diabetes. Patients with 
DFU have a higher mortality rate and require an increasing 
number of hospital visits, hospitalizations and invasive pro-
cedures (17). The increased prevalence of HBV and HCV in-
fections and associated risk factors in DM patients has been 
well documented in many studies. Despite this, there are no 
data regarding the prevalence of HBV and HCV infections in 
patients with DFU. Given their complicated conditions, we 
hypothesized that the prevalence of HBV and HCV infection 
may be higher and anti-HBs antibody titres may be lower in 
patients with DFU. In addition, as there are very few studies 
on the seroprevalence of HBV and HCV as well as anti-HBs 
seropositivity in patients with DM worldwide, particularly in 
Turkey, we believe that our study will make a valuable cont-
ribution to the existing literature in this area. 
 
Materials and Methods 
This study was conducted in accordance with the Declaration 
of Helsinki and approved by the clinical research ethics com-
mittee (date: 07.08.2023, number: HRÜ/23.14.22). Medical 
records of T2DM patients hospitalized in our endocrinology 
clinic from 2020 to 2022 were retrospectively reviewed. 
Since there were a limited number of patients with type 1 
diabetes, they were excluded from the study. In addition, in-
dividuals with acute viral hepatitis, decompensated liver di-
sease, malignancy, and those receiving immunosuppressive 
treatment were excluded from the study due to their poten-
tial impact on antibody responses.  

 
Consequently, 440 patients (220 with DFU and 220 without 
DFU) whose HBV surface antigen (HBsAg), anti-HBs and he-
patitis C antibody (anti-HCV) levels were tested as part of the 
viral serological examination were included in the study. 
Those with DFU were categorized as group 1, while those 
without DFU were categorized as group 2. Anti-HBs titers <10 
IU/mL were defined as lack of protective immunity, titers of 
10-99 IU/mL were considered protective, and titers of ≥100 
IU/mL were considered high immunity (18). In our labora-
tory, the upper limit of anti-HBs titers was 1,000 IU/ml and 
patients with an anti-HBs titer >1,000 IU/ml were considered 
above the upper limit. Besides age and gender, glycated he-
moglobin A1c (HbA1c), serum creatinine (sCr), estimated glo-
merular filtration rate (eGFR), sedimentation and C-reactive 
protein (CRP) levels were also recorded.  
 

Statistical Analysis 
The statistical analyses were conducted using SPSS (version 
20.0, SPSS Inc., Chicago, IL, USA). The Kolmogorov-Smirnov 
test was used to check the normality of continuous variables. 
According to the distribution of the data, the mean±standard 
deviation or median and interquartile range were calculated. 
Categorical data were represented by numbers and percen-
tages. The continuous variables were analyzed using inde-
pendent samples t-tests or Mann-Whitney U tests, based on 
their distribution. We compared categorical variables with 
the Chi-square test.  
 

Results  
The study analysed data from 440 patients with T2DM, of 
whom 233 (53%) were females and 207 (47%) were males. 
The percentage of male patients in group 1 (53.6%) was sig-
nificantly higher than in group 2 (40.5%) (p=0.006). The mean 
age was 60.8±9.2 years in group 1 and 59.1±9.7 years in 
group 2 (p=0.057) (Table 1).  
In the viral serological examination, HBsAg seropositivity was 
detected in seven patients (3.2%), both in group 1 and group 
2. Despite anti-HCV seropositivity being detected in 5 pati-
ents (2.3%) in group 1 and in 3 patients (1.4%) in group 2, this 
difference was not statistically significant (p=0.724). Additio-
nally, there was no significant difference in anti-HBs antibody 
titers between the two groups (p=0.964). A comparison of 
hepatitis B and C seroprevalence between groups is illustra-
ted in Table 2.  
A titer of less than 10 mIU/mL of anti-HBs antibody was fo-
und in 118 (55.4%) patients in group 1 and in 112 (52.6%) 
patients in group 2. There were no significant differences 
between the two groups in terms of relative anti-HBs sero-
positivity (p=0.609) (Table 3). 

 

Table 1. Clinical characteristics of the study groups 
Variables Total (n=440) Group 1 (n=220)                                     Group 2 (n=220) p 
Age (years) 59.9±9.5 60.8±9.2 59.1±9.7 .057 a 
Gender (male), n(%) 207 (47.0) 118 (53.6) 89 (40.5) .006 b 

Data are expressed as the mean and standard deviation or the number (%) of patients. 
A p<0.05 was considered significant. Significant p values between group 1 and 2 are highlighted in bold. a Independent samples t-test.  b Chi-square test. 
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Table 2. Comparison of hepatitis B and C seroprevalence between groups 
Variables Total Group1 Group 2 p-value 
HBsAg (+), n (%) 14 (3.2) 7 (3.2) 7 (3.2) 1.0 a 

Anti-HBs (IU/mL) 7.2 (0.6-114) 7.7 (0.8-78) 6.2 (0.5-134) 0.964 b 

Anti-HCV (+), n (%) 8 (1.8) 5 (2.3) 3 (1.4) .724 a 

Abbreviations: HBsAg, hepatitis B surface antigen; anti-HBs, antibodies against HBsAg, anti-HCV, hepatitis C antibody 
Data are expressed as the number (%) of patients or median (first and third quartile) values. 
a: Chi-square test, b: Mann-Whitney U test 

 
Table 3. Comparison of the relative levels of anti-HBs seropositivity between groups (for HBsAg-negative individuals) 

Variables Total 
(n=426) 

Group1                                                       
(n=213) 

Group 2 
(n=213) p 

Anti-HBs (<10 IU/mL), n (%) 230 (54.0) 118 (55.4) 112 (52.6)  
0.609 a Anti-HBs (10-100 IU/mL), n (%)  85 (20.0) 44 (20.7) 41 (19.2) 

Anti-HBs (>100 IU/mL), n (%)  111 (26.0) 51 (23.9) 60 (28.2) 
Data are expressed as the number (%) of patients. A p<0.05 was considered significant. 
a: Chi-square test 

 
Discussion 
This study revealed that the prevalence of HBsAg and anti-
HCV seropositivity was higher in patients with T2DM com-
pared to those in the general population screenings. It was 
also found that 230 (54.0%) patients with T2DM had anti-
HBs antibody titers below 10 mIU/mL. No significant diffe-
rences were observed in HBsAg, anti-HCV, or relative anti-
HBs seropositivity between T2DM patients with and without 
DFU. 
Vaccination is the most effective way to prevent HBV infec-
tion and its complications. It is documented that universal 
vaccination against HBV significantly reduces the prevalence 
of acute and chronic HBV infection as well as the incidence 
of HCC and hepatic events (19, 20). WHO recommends he-
patitis B vaccination for all newborns, children up to 18 years 
of age, and adults at high risk of infection (21). In the United 
States, the Centers for Disease Control and Prevention (CDC) 
recommends the hepatitis B vaccine for all newborns, child-
ren up to age 18, adults 19-59 years of age, and adults 60 
and older who are at high-risk for infection (22). Post-vacci-
nation immunity should be assessed using a method that al-
lows the determination of the protective level of anti-HBs 
(≥10 mIU/mL). People with anti-HBs levels below 10 mIU/mL 
after receiving a full dose of HBV vaccine are recommended 
to re-vaccinate according to their risk status (23). 
We found an overall HBsAg seropositivity of 3.2% (14/440) 
in the present study. A significant decrease in chronic HBV 
infection, particularly among children, has been observed 
since the introduction of the hepatitis B vaccine. It is estima-
ted that there was a 31.3% decrease in prevalence across all 
ages between 1990 and 2019. Along with this significant 
decline over the years, there are also large regional differen-
ces in HBsAg seropositivity. The Western Pacific region had 
the highest prevalence of 7.1%, followed by the African re-
gion with 6.5%. The lowest prevalence of 1.1% was found in 
the Europe region (2). The prevalence of HBV in Turkey is 
higher than in European countries and is one of the count-
ries with an intermediate prevalence of HBV (24). Following 
the introduction of a universal vaccination programme for 

all children and high-risk groups in Turkey in 1998, a decline 
in prevalence has been observed (25). According to the 
TURHEP study conducted in 2015, HBsAg was found in 4% of 
5,460 participants from both rural and urban areas, with a 
higher prevalence in eastern regions. In the Southeastern 
Anatolia Region, where our study was conducted, the HBsAg 
positivity rate was found to be 7.3%, notably higher than the 
results obtained in our study (4). This may be partly due to 
the general decline in HBsAg positivity rates observed over 
the years. In 2018, another study found that there was a 
2.5% prevalence of HBsAg positivity in Turkey, based on 
61,943 volunteers from 73 provinces (5). A further study 
published in 2020, in which 1,486 patients were screened, 
showed that the seropositivity rate for HBsAg was 1.9% (6). 
However, it's important to note that the prevalence studies 
mentioned above were carried out in the general adult po-
pulation, not in specific patient groups. The rate of HBsAg 
seropositivity in our study (3.2%) was higher than that found 
in general population studies in recent years. It should be 
noted that there are very few studies evaluating HBsAg se-
ropositivity in patients with DM in our country. A study pub-
lished in 2008, compared the HBsAg seropositivity rates of 
630 diabetics and 314 non-diabetics. The results showed 
that 5.1% of diabetics were seropositive, while only 3.8% of 
non-diabetics were seropositive (10). In another study pub-
lished in 2017, it was found that 3.7% of diabetics and 0.8% 
of non-diabetics were seropositive for HBsAg (p<0.001) (11). 
These results are consistent with our findings and reveal a 
decrease in HBsAg seropositivity over the years in Turkey. 
Vaccination against HBV is recommended for all patients 
with DM who are under the age of 60. For diabetics over 60 
years of age with an anti-HBs level below 10 mIU/mL, vacci-
nation may also be recommended, depending on their phy-
sician's advice (23). Older adults have impaired vaccine res-
ponses, and this impairment is further demonstrated in ol-
der adults with DM, particularly those with comorbid kidney 
disease. Although patients with DM have an adequate hu-
moral immune response to vaccination, an impaired cellular 
response may account for less robust antibody production 
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following hepatitis B vaccination (26). In a study comparing 
adults with and without T2DM, it was found that patients 
with T2DM had lower antibody response rates compared to 
healthy controls. Although a lower antibody response was 
associated with increasing age and BMI, advanced age was 
reported as the most clinically significant factor. For this re-
ason, it is recommended to receive the hepatitis B vaccine 
as soon as possible after the diagnosis of DM (27). In our 
study, we found that 230 patients (54.0%) had anti-HBs an-
tibody titers below 10 mIU/mL. However, we lacked infor-
mation regarding our patients' vaccination history and did 
not assess anti-HBc IgG levels. As a result we were unable to 
determine whether this response in patients with protective 
anti-HBs levels (>10 mIU/mL) was triggered by the vaccine 
or a previous HBV infection. In a recent study conducted by 
Kaya et al., it was found that the rate of anti-HBs seropositi-
vity in the general population was 54.2%. Moreover, the 
study revealed that this rate was approximately 70% among 
individuals under 30 years old, while it dropped to below 
40% in those over 30 years old. It has also been observed 
that anti-HBs seropositivity begins to rise again after the age 
of 70, probably due to increased exposure to HBV (6). Anot-
her similar study published in 2016 found that the seroposi-
tivity of anti-HBs was 85.5% in the age group of 0-12, 25% in 
the age group of 20-50, and 41% in individuals over 50 years 
old. It was believed that the high anti-HBs seropositivity in 
the younger age group was a result of the national vaccina-
tion program initiated in Turkey in 1998. It was also thought 
that the higher seropositivity observed in the older age 
group was associated with increased exposure to HBV (28). 
According to data from the WHO in 2019, the estimated glo-
bal prevalence of HCV infection in the general population is 
0.8%. The mortality rate from hepatitis C has decreased 
since 2019 due to the availability of more effective antiviral 
treatment options. However, it is estimated that 78% of HCV 
infections remain undiagnosed. In this regard, screening 
programs have been recommended to eliminate the dise-
ase, particularly in high-risk individuals (3). In Turkey, the 
prevalence of HCV infection is generally estimated to be low, 
at about 1% (4). Evidence suggests that patients with DM are 
at a higher risk of HCV infection, which may be related to 
either the disease itself or frequent parenteral exposure (10-
14). Despite this, only a limited number of studies have been 
conducted on the prevalence of HCV infection among DM 
patients in Turkey. In our study, we found that the preva-
lence of HCV infection in patients with DM was 1.8%. Altho-
ugh we observed a higher prevalence of HCV infection in pa-
tients with DFU compared to those without (2.3% versus 
1.4%), this difference was not statistically significant. Our re-
sult is higher than the reported prevalence of HCV infection 
in the general Turkish population, which is 1% (4). According 
to three separate studies conducted in the Turkish popula-
tion in 2008, 2015 and 2017, the prevalence of HCV infection 
in patients with DM was found to be 3.2%, 3.3% and 2.2%, 
respectively (10-12). The prevalence of HCV infection in our 
study (1.8%) was found to be lower than in previous studies. 

The decline over the years can be explained by improved 
screening strategies, increased awareness of effective pre-
vention methods, and the availability of more effective tre-
atment options against HCV infection. However, this decre-
ase may vary depending on the patient profiles included in 
the studies and regional differences.  
 
Strengths and Limitations of the Study 
Our study had some limitations. Firstly, the study is retros-
pective, conducted in a single center, and the number of pa-
tients included is relatively small. Secondly, since we were 
unable to examine the levels of anti-HBc antibodies, we co-
uld not determine whether the positivity in patients who 
tested positive for anti-HBs was a result of the vaccine or a 
previous infection. Our study stands out as one of the few 
studies conducted in Turkey to investigate the prevalence of 
HBV and HCV infection and anti-HBs levels in patients with 
T2DM. This study is also the first to compare viral serology 
between diabetic patients with and without DFU. 
 
Conclusion 
No significant differences were observed in HBsAg, anti-
HCV, or relative anti-HBs seropositivity between T2DM pati-
ents with and without DFU. It was found that 54.0% of pati-
ents with T2DM had anti-HBs antibody titers below 10 
mIU/mL. In addition, the rates of HBsAg and anti-HCV sero-
positivity in our study were higher than those reported in 
screenings of the general healthy population in Turkey in re-
cent years. 
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