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Cohort Profile: Golestan Hepatitis B Cohort Study- 
A Prospective Long Term Study in Northern Iran

ABSTRACT

 Hepatitis B virus (HBV) infection is the most common cause of end stage 
liver disease in Iran and in Golestan province. Large-scale population-based 
prospective cohort studies with long term follow-up are the method of choice 
to accurately understand the natural course of HBV infection. To date, several 
studies of HBV epidemiology, natural history, progression to cirrhosis and as-
sociation with HCC have been reported from other countries. However, few 
of these are prospective and fewer still are population-based. Moreover, the 
underlying molecular mechanisms and immunogenetic determinants of the 
outcome of HBV infection especially in low and middle income countries re-
mains largely unknown. Therefore, the hepatitis B cohort study (HBCS), nest-
ed as part of the Golestan Cohort Study (GCS), Golestan, Iran was established 
in 2008 with the objective to prospectively investigate the natural course of 
chronic hepatitis B with reference to its epidemiology, viral/host genetic in-
teractions, clinical features and outcome in the Middle East where genotype 
D HBV accounts for >90% of infections. In 2008, a baseline measurement of 
HBV surface antigen (HBsAg) was performed on stored serum samples of all 
GCS participants. A sub-cohort of 3,505 individuals were found to be HBsAg 
positive and were enrolled in the Golestan HBCS. In 2011, all first degree rela-
tives of HBsAg positive subjects including their children and spouses were 
invited for HBV serology screening and those who were positive for HBsAg 
were also included in the Golestan HBCS.
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Why was the cohort set up?
Hepatitis B virus (HBV) infection is a major chronic global health 

problem with an estimated prevalence of 400 million infected people 
at risk for the subsequent development of cirrhosis and hepatocellular 
carcinoma (HCC).1,2 HBV causes a spectrum of chronic liver diseases 
with a variable natural history.3 Upon initial infection with the virus, 
there is an immunotolerant phase in which high levels of viral DNA 
and HBeAg are detected. Nevertheless, due to the lack of an effective 
immune response to the infection, there is little histological liver in-
jury and serum aminotransferases are usually within the normal range. 
Subsequently, the immune system mounts a robust response against 
HBV-infected hepatocytes resulting in hepatic necroinflammation. 
This stage is manifested by elevated serum aminotransferases and a 
decrease in the level of viral DNA. In most patients, this immune re-
sponse is followed by a low- or non-replicative phase of the disease 
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marked by HBeAg seroconversion. The time to se-
roconversion from the first evidence of an immune 
response varies between individuals and hence dif-
ferent degrees of liver injury and fibrosis are ob-
served. A proportion of patients will subsequently 
develop further immune activation against HBV 
despite seroconversion. These individuals as well 
as a minor proportion of patients with persistent 
serum HBeAg are at an increased risk of disease 
progression to cirrhosis and HCC.4-7 

Large-scale population-based prospective cohort 
studies with long term follow-up are the method of 
choice to accurately define the natural history of 
chronic hepatitis B (CHB). To date, several such 
studies have been reported from other countries.8-16 
However, few of these are prospective and fewer 
are population-based.8,15 The hepatitis B cohort 
study (HBCS), nested as part of the Golestan Co-
hort Study (GCS), Golestan, Iran17 was therefore 
established in 2008 with the principle objective of 
prospectively investigating the natural history of 
CHB in the Middle East, where genotype D HBV is 
the prevalent genotype. 

In Iran, an estimated 2 million patients are posi-
tive for HBV surface antigen (HBsAg) and CHB is 
the most common cause of end stage liver disease 
and liver transplantation. Currently, the ideal strat-
egy to treat genotype D HBV infected patients in 
Iran is largely unknown.  Several national and in-
ternational guidelines for the management of CHB 
are already in place including the American Asso-
ciation for the Study of Liver Disease (AASLD), 
European Association for the Study of Liver dis-
ease (EASL) and Asian Pacific Association for the 
Study of Liver (APASL); however, these are based 
on studies of non-D genotype HBV infection.16,18-21 
Therefore a second objective of the Golestan HBCS 
was to investigate the best strategy to manage CHB 
in Iran and other neighbouring countries.

Who is in the cohort?  
The GCS is a prospective study of 50,045 (58% 

female) adults (age 40-75 years) recruited between 
2004 and 2008, designed to assess upper gastro-
intestinal cancers in Northern Iran. GCS subjects 

comprise 74% of Turkmen ethnicity and 80% live 
in rural areas. Eighty eight percent were married, 
83% were non-smokers, and 70% had no formal 
education.17 Golestan province, shown in figure 1, 
is known to have a high prevalence of CHB (up to 
9.7%).22,23 Therefore, for the purposes of Golestan 
HBCS, a baseline measurement for HBsAg was 
performed on stored serum samples of all GCS par-
ticipants. Among the participants, 3,505 individuals 
were found to be HBsAg positive and were enrolled 
in the Golestan HBCS. All HBsAg positive individu-
als as well as their first degree family members were 
subsequently invited to consent to participate in the 
Golestan HBCS. At this stage we were able to obtain 
a new blood sample from 2,590 of the original 3,505 
HBsAg positive subjects. The reasons for failure to 
obtain blood samples from the rest of the HBsAg 
positive subjects are discussed later in this report. 
We also collected blood samples from 5,644 family 
members including 5,488 first degree family mem-
bers (spouses and children) of the 3,505 subjects 
who were HBsAg positive at the enrolment phase. 

All subjects signed the consent before being 
interviewed and prior to blood sample collection. 
The study protocol and the text of the consent was 
reviewed and approved by the ethical committee 
of the Digestive Disease Research Institute, of the 
Tehran University of Medical Sciences. 

 
How are they being followed?

Golestan HBCS is divided into three distinct 
phases (Figure 2). In phase I (enrolment in the 
GCS: 2004-2008), participants of the cohort were 
interviewed by well-trained and educated staff, ex-
amined by general practitioners and screened for 
CHB by measuring HBsAg. The participants were 
then contacted annually by telephone to ascertain 
major illnesses or mortality. In case of death, in ad-
dition to collection of all medical documents from 
the hospital or home including pathology and labo-
ratory reports, a verbal autopsy was performed. 
The reliability of verbal autopsy in GCS has been 
previously established.24 In phase II (enrolment in 
Golestan HBCS and repeated measurements: 2008-
2012), HBsAg positive individuals and their imme-
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diate family members (spouses and children) un-
derwent blood sampling for (re)assessment of HBV 
infection in a central cohort clinic where they were 
re-interviewed using structured questionnaires. The 
questionnaires addressed different aspects includ-
ing socio-demographic factors, general health and 
family medical history, quality of life information 
and risk factors for HBV infection. Immediate fam-
ily members who were found to be HBsAg positive 
were enrolled in Golestan HBCS. All participants 
in Phase II were contacted by telephone for annual 
follow-up. All family members who tested negative 
for HBsAg were offered HBV vaccination. It is the 
intention of Golestan HBCS to annually follow all 
participants during phase III (2012-2022). Subjects 
who need treatment were introduced to a special 
HBV follow-up clinic at Atrak centre in Gonbad 
that is staffed by a visiting gastroenterologist. 

 
What has been measured?

 Blood samples were collected from all GCS 
participants at the time of enrolment. Serum was 
separated and stored initially at -70°C. In 2008, all 
serum samples were tested for HBsAg using a com-
mercially available (Enzygnost® HBsAg6.0) kit 
according to the manufacturer’s instructions (Sie-
mens Healthcare Diagnostics Products, Marburg, 
Germany). The kit has a specificity of 99.89% and 
the cut-off to detect HBsAg is below 0.02 U/ml. 
Samples which were equivocal for HBsAg were 
re-evaluated. HBsAg positive individuals and their 
immediate relatives (spouses and children) were 

then invited to attend the central cohort clinic and 
their blood, nail, hair, and urine samples were col-
lected and stored at -70°C. Serum was separated 
and examined for HBsAg, HBsAb (DIA.PRO, Mi-
lano, Italy: Sensitivity of 100% and specificity of 
98.8%) and HBcAb (DIA.PRO, Milano, Italy: Sen-
sitivity of 94.9% and specificity of 99.5by enzyme-
linked immunoassays). Serum samples were also 
tested for a complete blood count, liver function 
tests, renal function, electrolytes and lipid profiles.

What has the Golestan HBCS found? 
Golestan HBCS is unique because CHB in this 

region is almost 90% of the D genotype. It is still 
too early to be able to provide prospective results, 
but we have analyzed and are going to present data 
on prevalence, baseline demographic characteris-
tics, and outcomes including the incidence of end 
stage liver disease and hepatocellular carcinoma. 
This study also has the potential to explore several 
aspects of the natural history of D genotype CHB, 
such as the rate of spontaneous clearance of HBsAg 
and its determinants, the indications for therapy and 
defining the phenotypes that need to be treated. The 
high prevalence of nonalcoholic fatty liver disease 
(NAFLD) in GCS represents a good opportunity to 
study the impact of NAFLD on HBV infection and 
its management.

HBV prevalence 
Of 50,045 GCS individuals, 3,505 (7%) were 

initially positive for HBsAg with a mean (SD) age 
of 52 (8.9) years at enrolment. The prevalence of 
HBsAg positivity was higher (9%) in men than in 
women (5.4%, p=0.0001) (figure3a). The preva-
lence of HBsAg positivity in different male age 
groups was similar (9.4%, 9%, and 8.5% in 50-59, 
40-49 and ≥60 year-old age groups, respectively). 
The prevalence of HBsAg positivity in women was 
highest in the 50-59 year-old age group (6%). As 
expected, the prevalence of HBsAg positivity in 
women was lower in both the 40-49 and ≥60 year-
old age groups (5.2%, p=0.009) (figure3b). 

With respect to the first degree relatives (spouses 
and children) of the initially HBsAg positive sub-
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Fig. 1: Geographic location of the cohort
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jects, the overall HBsAg seropositivity rate was 
6.6% with a male predominance (8.6% vs 5.6% 
in women, p=0.0001). The higher prevalence of 

HBsAg positivity in men is in accordance with 
the gender difference observed in infections with 
HBV reported from elsewhere.8,25,26 The prevalence 

Phase I Phase II Phase III

Socioeconomic Status
Ethnicity
Education Level
Anthropometricmea-
sures 
HBsAg and HCVAb 

Golestan Hepatitis 
Cohort Study

Check initially 
HBsAg+ subjects and 
their family members 
for HBsAg, HBcAb, 
HBsAb and other lab 
test including ALT, 
AST, FBS, cholester-
ol, HDL and LDL and 
HBV risk Factors 

Information Brochure,
Treatment,
Vaccination of at risk 
subjects
Annual Interview
Annual Blood Test
Host/Viral Genetics 
studies
Liver Ultrasound
Liver Fibroscan
Liver Biopsy, if indicated

GCS

Fig. 2: Cohort time plan

A B

Fig. 3: Gender (A) and age (B) dependent prevalence of HBsAg positivity in the main cohort (N=3,505) 
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of HBV in our cohort is similar to that of previous 
reports from Golestan province (5.1% and 9.7%) 
and higher than that of previous reports from other 
regions of Iran (2.3% and 2.1% in Tehran and Hor-
mozgan respectively).23,27 

The introduction of HBV vaccination in Iran’s 

expanded program on immunization (EPI) since 
1993, as well as screening all pregnant women 
and implementation of a mass HBV vaccination 
campaign for adolescents who were born between 
1989 to 1992 by the Ministry of Health (MOH), 
has resulted in a significant reduction in the inci-

Table 1: Characteristics of the 3,505 initially HBsAg positive individuals and the 2,590 HBsAg positive participants that took part in 
the second assessment

Variable/characteristic Initially HBsAg positive individuals 
(n=3,505)

Participants in the repeat assessment 
(n=2,590)

Mean (SD) age at enrolment /year 52 (8.9) 51.4 (8.8)

Age distribution at 
sampling(year)

<40 n 0 0

40-49 n (%) 1618 (46.1%) 638 (25%)

50-59 n (%) 1182 (33.7%) 1162 (45%)

≥60 n (%) 708 (20.2%) 791 (30%)

Male gender n (%) 1929 (55%) 1336 (51.6%)

Marital status (married) n (%) 3476 (99%) 2516 (97%)

Ethnicity
Turkmen n (%)               2808(80%) 2086 (80.5%)

Non-Turkmen  n (%) 700 (20%) 501 (19.5%)

Place of residence
Urban n (%) 539(15.4%) 440(17%)

Rural n (%) 2969 (84.6%) 2150 (83%)

                        
Table 2: Demographic characteristics of 5,388 first degree family members of initially 
HBsAg positive individuals

Variable Spouses (n=1,454) Children (n=3,934)

Mean (SD) age years 53.1(8.8) 26.5 (8.6)

Male gender n (%) 451 (31%) 1452 (37%)

Place of residence
Urban n (%) 226 (15.6%) 496 (12.5%)

Rural n (%) 1228 (84.4%) 3438 (87.5%)

HBsAg & HBcAb positive n (%) 32 (2.2%) 310 (7.9%)

HBcAb positive (exposure rate) n (%) 769 (52%) 914 (23%)

GCS 
n=50,045

Initially HBsAg +             
n= 3,505

Spouses and children 
of initially HBsAg+, 

n=5,388

Repeated Measure-
ment of initially 

HBsAg+, n=2,590

HBsAg – 
HbsAb –
HBcAb + 

n= 101

HBsAg – 
HBsAb ±
HbcAb + 

n=175

HBsAg +
HBsAb ± 
HBcAb + 
n= 2260

HBsAg +
HBsAb ± 
HBcAb + 

n= 342

HBsAg –
HBsAb+ 
HBcAb –
n= 1,291

HBsAg – 
HBsAb –
HbcAb–
n=2,393

Fig. 4: Cohort Flow Diagram 
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dence of HBV infection nation-wide.22,29,30 Our main 
cohort population (3,505 initially HBsAg+ individu-
als) were all born before establishment of the vaccina-
tion program. Thus, the high prevalence of CHB in 
the GCS cohort can be explained in part by the spe-
cific age structure of the unvaccinated population. The 
aforementioned population consisted of older patients 
(76% >45 years) and most of them (85%) were/are 
living in rural areas with a lower socioeconomic level, 
which together with poorer social and health literacy 
in previous decades can all contribute to the higher 
prevalence of HBV infection in Golestan. 

Characteristics of the cohort at phase II
During repeated measurement after an average 

4.8 years, we re-assessed HBV infection using se-
rological markers (HBsAg, HBcAb and HBsAb) 
in the 3,505 subjects initially positive for HBsAg. 
We were not able to obtain a second blood sample 
from 915 subjects because of death (303 subjects), 
inability to participate because of co-morbidity (75 
subjects), relocation (72 subjects), and reluctance 
to give another blood sample (365). Other miscella-
neous reasons accounted for failure of sampling in 
the remaining 100 individuals. Thus, we evaluated 
HBV serological markers in 2,590 individuals. 

Selected baseline characteristics of this group 
of participants are shown in table 1. The mean 
(SD) age at enrolment (initial baseline sampling) 
was 51.4 (8.8) years. The mean (SD) age at sec-
ond blood sampling was 56.1 (8.7) years and 1,336 
(51.6%) subjects were male. More than 95% of 
HBsAg positive individuals were married, 83% of 
them living in rural areas, and ~70% of them were 
illiterate.

With respect to family members of the ini-
tially HBsAg positive subjects, blood samples 
were obtained in 5,644, including 5,488 children 
and spouses. A small number (156) of other rela-
tives [grandchildren (n=81), sisters (n=31), broth-
ers (n=29), and parents (n=15)] were also tested. 
This latter group was excluded from further analy-
sis but was referred to the clinic for treatment and 
follow-up. Sera from 100 first degree family mem-

bers were not suitable for further analysis and were 
also excluded from the study. The remaining 5,388 
first degree family members included 3,934 chil-
dren and 1,454 spouses with a mean (SD) age of 
33.7 (8.8) years (range: 8-85 years) at the time of 
blood sampling. The number of first degree fam-
ily members screened was 1-15 persons per family. 
Selected baseline characteristics of the 5,388 first 
degree family members are summarized in table 2. 
The mean (SD) age of spouses was 53.1 (8.8) years 
(range: 25-85 years) of whom 451 (31%) were hus-
bands. The mean (SD) age of the children was 26.5 
(8.6) years (rage: 8-60 years) and 37% (n=1,452) 
were male (Table 2).

Outcome of repeated measurement in 2,590 initial-
ly HBsAg positive individuals

Of the 2,590 individuals, 2,269 (87.6%) were 
still HBsAg positive and 321 (12.4%) were HB-
sAg negative of whom 135 were also negative for 
HBcAb and HBsAb (figure 4). Among the 321 HB-
sAg negative individuals, 175 (54.5%; annual rate: 
1.4%) had positive HBcAb and 75 (23.4%; annual 
rate: 0.6%) developed HBsAb. Annual spontaneous 
HBsAg seroclearance thus occurred in 0.6%-1.4% 
of individuals during a follow-up period of 12,107 
person-years. 

Spontaneous HBsAg seroclearance is a favor-
able outcome of HBV infection and is reported as 
a rare event in the natural course of CHB. Annual 
HBsAg  seroclearance rate in carriers have been re-
ported as between 0.1% and 2.38% depending on 
the endemicity of the area for CHB, the mean age 
of participants at study entry, the study population 
type, and the years of follow-up.30-33 If we consid-
er Iran as an area of intermediate endemicity for 
CHB in which Golestan province has a higher rate 
of HBsAg positivity, the reported rate of spontane-
ous seroclearance may be slightly high, but this is 
likely attributable to the higher average age of par-
ticipants in this study. 

Rates of end stage liver disease and liver cancer
All 3,505 HBsAg positive individuals were fol-
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lowed up for an average of 7 years (25,785 person 
years). During this period,32 CHB infected subjects 
(<1%) died of end stage liver disease (annual mor-
tality rate: 1.2 per 1,000 persons). Despite the high 
prevalence of CHB in our cohort (7%), we observed 
a very low incidence of CHB (D genotype)-induced 
hepatocellular carcinoma (HCC). Only 13 (<0.5%) 
HBV infected individuals developed HCC with an 
overall incidence of 0.53 per 1000 person-years. 

Ongoing and planned studies
A specialized HBV clinic was established in 

Atrak centre at Khatam Hospital in Gonbad city 
and all HBCS members are being invited to attend. 
In addition to a complete blood count, liver func-
tion tests, serum HBV DNA, abdominal sonogra-
phy and liver elastography are being performed free 
of charge.

Our future plan is to offer therapy with Tenofovir 
in all subjects who have an indication for therapy 
based on available guidelines. We plan to follow all 
HBCS cohort members for the next 10 years.

The related data of Golestan HBCS participants 
has been compiled into a password protected com-
puterized database. The true rate of HBsAg sero-
clearance and its determinants will be determined 
and a large subgroup of subjects who do not need 
therapy will be identified. The cost benefit of screen-
ing for HCC in this group will also be investigated.

Strengths and weaknesses 
Strengths
This is the first prospective large scale cohort study 
of predominantly genotype D CHB and their imme-
diate family members in the Middle East. 

• We expect to undertake long term (2004-2022) 
follow-up (15 years) in all participants with a 
very low attrition rate. 

• We have the unique opportunity to study the 
natural history and the true rate of HBsAg se-
roclearance in individuals who have acquired 
infection vertically (perinatally) or horizontally 
during early childhood. 

• We will have the opportunity to undertake a 

nested interventional trial to treat subjects at 
high risk for end-stage liver disease and to de-
termine the efficacy of therapy 

• We will have a unique opportunity to study the 
interaction between NAFLD and HBV infec-
tion and their role in contributing to end stage 
liver disease.

• We will have access to liver stiffness assess-
ments for a large subset of cohort participants.

• We have established infrastructure for (inter)
national collaborative research on all aspects of 
HBV infection. International collaboration is 
already happening which will provide the op-
portunity to combine datasets and therefore to 
strengthen our findings.

Weaknesses
• The majority of Golestan HBCS participants 

are adults who were >40 years old at enroll-
ment. This age structure of the participants is 
not representative of the general population of 
Golestan, or of Iran. 

• Lack of liver function tests and serum HBV 
DNA measurement at the time of enrolment.

Can I get hold of the data? Where can I find out 
more? 

Information about the study design, updated in-
terim analyses, on-going new analysis, studies and 
interventions, and relevant publications are available 
at www.ddrc.ac.ir. Specific proposals for national 
and international collaborations are welcome. 

Suggestions and new proposals, which should in-
clude at least a 2 page summary including the aims 
and methods of the study, the required data and sam-
ples, should be submitted to the principle investiga-
tor H.P (h.poustchi@gmail.com). The proposals will 
be discussed within the steering committee, which 
includes other principal investigators of the study 
and, if necessary, external experts.
Funding: This study was supported by the Digestive 
Disease Research Center of Tehran University of 
Medical Sciences (grant number 87/21) and Iranian 
Association of Gastroenterology and Hepatology.
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