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Abstract

Background: Antiviral treatment for chronic hepatitis B (CHB) is largely unavailable in sub-Saharan Africa; hence,
little is known about the prognosis after initiating treatment in African CHB patients. In this study we aimed to
assess predictors of mortality in one of the largest CHB cohorts in sub-Saharan Africa.

Methods: Two-hundred-and-seventy-six CHB patients who started treatment with tenofovir disoproxil fumarate at a
public hospital in Ethiopia between March 18, 2015, and August 1, 2017, were included in this analysis. Patients
were followed up until October 1, 2017, and deaths were ascertained through hospital records and telephone
interview with relatives. Decompensated cirrhosis was defined as current or past evidence of ascites, either by
clinical examination or by ultrasonography. Cox proportional hazard models were used to identify independent
predictors of mortality.

Results: Thirty-five patients (12.7%) died during follow-up, 33 of whom had decompensated cirrhosis at
recruitment. The median duration from start of treatment to death was 110 days (interquartile range 26–276). The
estimated survival was 90.3, 88.2 and 86.3% at 6, 12 and 24 months of follow-up, respectively. Independent
predictors of mortality were decompensated cirrhosis (adjusted hazard ratio [AHR] 23.68; 95% CI 3.23–173.48; p = 0.
002), body mass index < 18.5 kg/m2 (AHR 3.65; 95% CI 1.73–7.72; p = 0.001) and older age (per 1-year increment;
AHR 1.06; 95% CI 1.02–1.10; p = 0.007).

Conclusions: Decompensated cirrhosis, low body mass index and older age were independent predictors of
mortality. Improved access to antiviral treatment and earlier initiation of therapy could improve the survival of
African CHB patients.

Trial registration: NCT02344498 (ClinicalTrials.gov identifier). Registered 16 January 2015.
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Background
Chronic infection with hepatitis B virus (HBV) is a
major cause of mortality worldwide, responsible for
887,000 deaths in 2015. Globally, an estimated 257 mil-
lion people are living with chronic hepatitis B (CHB),
with the highest prevalence rates observed in East Asia
and sub-Saharan Africa [1]. In May 2016, the World
Health Assembly endorsed the Global Health Sector

Strategy on Viral Hepatitis and called for the elimination
of viral hepatitis as a public health threat within 2030,
by reducing new infections by 90% and mortality by 65%
[2]. However, access to hepatitis B testing and treatment
is severely restricted in most resource-limited settings,
and in 2015 the World Health Organization (WHO) es-
timated that only 9% of HBV-infected persons had been
formally diagnosed, and among those diagnosed only 8%
were receiving antiviral treatment [3].
Antiviral therapy of CHB has been shown to effectively

prevent complications and improve survival. In a landmark
study by Marcellin and colleagues, the development of liver
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fibrosis and cirrhosis was halted and even reversed in CHB
patients who received long-term antiviral therapy [4]. Fur-
thermore, Kim and colleagues have shown that antiviral
treatment of CHB prevents the development of hepatocel-
lular carcinoma (HCC) [5]. Unfortunately, in sub-Saharan
Africa, treatment is largely unavailable for several reasons,
which include lack of funding, shortage of molecular diag-
nostic tests, regulatory restrictions on antiviral drugs, and
lack of commitment from policy makers [6].
Studies of prognostic markers have been the basis for

the development of treatment guidelines for CHB from
various international liver societies. The Risk Evaluation
of Viral Load Elevation and Associated Liver Disease
(REVEAL) study, which followed more than 3500 un-
treated CHB patients in Taiwan for a mean duration of
11 years, demonstrated that higher levels of HBV viral
load, elevated alanine aminotransferase (ALT), older age,
and male sex were independent predictors of cirrhosis
and HCC [7, 8]. Moreover, a follow-up study of 3233 un-
treated Chinese CHB patients with a mean follow-up of
46.8 months found that male sex, presence of hepatitis
symptoms, older age, and low albumin levels were inde-
pendently associated with shorter survival [9].
More recently, several studies have identified prognos-

tic markers in CHB patients after initiation of antiviral
therapy, which can be useful to identify those who re-
quire closer follow-up or liver transplantation. Indeed, a
recent study from the Republic of Korea found that the
presence of ascites and model for end-stage liver disease
(MELD) score above 25 increased the risk of mortality
and liver transplantation in CHB patients with severe
acute exacerbation and hepatic decompensation during
antiviral treatment [10].
Studies that assess predictors of mortality in CHB pa-

tients in sub-Saharan Africa are absent, and experiences
from East Asia and North America are not necessarily
applicable in this setting. Better knowledge of the factors
that portend a poorer prognosis would allow
prioritization of treatment and closer follow-up of indi-
viduals at high risk, thus potentially reducing mortality.
The present study aimed to assess clinically relevant pre-
dictors of mortality in patients who started antiviral
treatment in one of the largest treatment programs for
CHB in sub-Saharan Africa.

Methods
Study setting and participants
A prospective cohort study was established in February
2015 at St. Paul’s Hospital Millennium Medical College,
a tertiary care hospital in Addis Ababa, Ethiopia.
Ethiopia is the second most populous nation in Africa
with a population size close to 100 million [11], and an
estimated seroprevalence of hepatitis B surface antigen
(HBsAg) of 7.4% [12].

Patients who started antiviral therapy between March
18, 2015, and August 1, 2017, were included in this
study. The participants were adults (≥18 years) with
chronic hepatitis B, defined as having a positive HBsAg
for at least 6 months. Patients were referred to the treat-
ment center based on symptoms of chronic liver disease,
or they were asymptomatic individuals found to be
HBsAg positive by routine screening at blood banks,
antenatal clinics, etc. Patients co-infected with human
immunodeficiency virus (HIV) were excluded from the
study, as were patients with known HCC or other ter-
minal disease. As this was the first public treatment cen-
ter in the country, many of the initial patients were
enrolled with clinical signs of advanced liver disease.
Early experiences from the treatment center was pub-
lished previously [13].

Treatment, monitoring and endpoints
Treatment eligibility criteria were based on the Euro-
pean Association for the Study of the Liver (EASL) 2012
guidelines, with some modifications as previously de-
scribed [13, 14]. The standard therapy was tenofovir dis-
oproxil fumarate (TDF) 300 mg once daily. After initial
adherence counselling, TDF was dispensed for 1 month;
thereafter the patients received drug supply for 3 months
at each follow-up visit.

The following laboratory tests were performed during
follow-up:

� Every 3 months: complete blood count, liver
enzymes (ALT and aspartate aminotransferase
[AST]), creatinine, and HIV rapid test

� Every 6 months: HBsAg, HBV viral load

Liver fibrosis was assessed with transient elastography
(Fibroscan 402, Echosense, France) prior to starting
treatment and was repeated 6-monthly thereafter. Sig-
nificant fibrosis (Metavir score F2–4) was defined as >
7.9 kPa and cirrhosis (Metavir score F4) as > 9.9 kPa [15,
16]. Decompensated cirrhosis was defined as current or
past evidence of ascites, either by clinical examination or
by ultrasonography. Clinical examination was done at
the initial visit and was focused on signs of liver disease.
Ultrasound of the liver was performed in all patients
who started antiviral treatment, and was repeated annu-
ally, mainly to detect HCC.
Body mass index (BMI, weight in kilograms divided by

height in meters squared) was used to assess nutritional
status. Body weight was measured at baseline using a
manual scale, and height was measured using a stadi-
ometer mounted on the scale. BMI below 18.5 kg/m2
defined underweight, in accordance with the WHO clas-
sification [17].
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Deaths were confirmed from hospital records or by tele-
phone interview with the relatives of the patients. Other re-
corded outcomes included: patients who self-stopped
treatment, were transferred to other clinics (HIV or HCC
care), or were lost to follow-up. Patients who missed more
than two consecutive scheduled visits and could not be
traced through phone calls were considered lost to follow-up.

Statistical analysis
Baseline characteristics were summarized using descrip-
tive statistics. The date of death was recorded from hos-
pital records or by telephone interview with relatives.
The date of the last follow-up visit was taken as the cen-
soring date for patients who were transferred out,
self-stopped treatment, or were lost to follow-up. Indi-
viduals who were alive and in care were right-censored
at October 1, 2017.
Kaplan-Meyer survival curves were used to compare

mortality across baseline categories of nutritional status
and cirrhosis. Multicollinearity was investigated using
Spearman’s correlation coefficient with a cutoff at 0.7. Cox
proportional hazards models were used to assess factors
associated with mortality. Univariable Cox regression ana-
lysis was performed for the following baseline variables:
gender, age, BMI, ALT, HBV viral load and cirrhosis. Vari-
ables with a P-value below 0.20 in univariable analysis
were included in the multivariable model.
SPSS version 23.0 software (SPSS Inc., Chicago, IL,

USA) was used to analyze the data. The level of signifi-
cance was set at P < 0.05. Results were reported in ac-
cordance with the Strengthening the Reporting of
Observational studies in Epidemiology (STROBE) state-
ment guidelines [18].

Ethics
The study was approved by the National Research Ethics
Review Committee (Ref. No.: 3.10/829/07) in Ethiopia
and by the Regional Committees for Medical and Health
Research Ethics (Ref. No.: 2014/1146) in Norway. The
study was conducted in accordance with the Declaration
of Helsinki. Written informed consent was obtained
from all study subjects.

Results
Patient characteristics
Among 1303 CHB patients enrolled in the program, 276
individuals started antiviral therapy. Of these, 215
(77.9%) were men and 222 (80.4%) were between 18 and
45 years of age. The majority had a normal ALT level (<
40 U/L; n = 163, 59.1%) and BMI within the normal
range (≥18.5 kg/m2; n = 212, 78.8%). Eighty-five patients
(30.8%) had a viral load below 2000 IU/ml, and 50
(19.2%) had no or only mild fibrosis based on transient
elastography (Table 1).

Mortality
Thirty-five patients (12.7%) died during the follow-up
period, 33 of whom had decompensated cirrhosis at
recruitment. Four patients (1.4%) were transferred
out, 12 (4.3%) were lost to follow-up, and 8 (2.9%)
self-stopped treatment. Baseline characteristics of pa-
tients who died during follow-up are depicted in
Table 1.
The median duration from start of treatment to death

was 110 days (interquartile range 26–276). Overall, the
estimated survival was 90.3, 88.2 and 86.3% at 6, 12 and
24months of follow-up, respectively.

Table 1 Baseline characteristics and associated mortality among
patients with chronic hepatitis B who started antiviral treatment
in Ethiopia

Characteristics Number of patients
(%) (n = 276)

Number of deaths
(%) (n = 35)

Sex

Male 215 (77.9) 29 (82.9)

Female 61 (22.1) 6 (17.1)

Age (years)

18–25 58 (21.0) 4 (11.4)

26–35 101 (36.6) 11 (31.4)

36–45 63 (22.8) 9 (25.7)

> 45 54 (19.6) 11 (31.4)

ALT (U/L)

< 40 163 (59.1) 19 (54.3)

40–79 78 (28.3) 11 (31.4)

≥ 80 35 (12.7) 5 (14.3)

Body mass index (kg/m2)a

< 18.5 57 (21.2) 14 (41.2)

≥ 18.5 212 (78.8) 20 (58.8)

HBV viral load (IU/m)b

< 2000 85 (30.8) 12 (34.3)

2000-19,999 42 (15.2) 2 (5.7)

≥ 20,000 149 (54.0) 21 (60.0)

Transient elastography (kPa)

< 8.0 50 (19.2) 1 (3.1)

8.0–9.9 37 (14.2) 1 (3.1)

≥ 10.0 173 (66.5) 30 (93.8)

Cirrhosis assessment

No cirrhosis 86 (31.2) 1 (2.9)

Compensated
cirrhosisd

74 (26.8) 1 (2.9)

Decompensated
cirrhosise

116 (42.0) 33 (94.3)

an = 269; bn = 251; cn = 260. dDefined as transient elastography ≥10.0 kPa.
eDefined as clinical/ultrasonographic evidence of ascites
ALT alanine aminotransferase, HBV hepatitis B virus
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Predictors of mortality
Figure 1 illustrates the survival in patients with decom-
pensated cirrhosis compared to those with compensated
cirrhosis and no cirrhosis. Estimated survival in patients
with decompensated cirrhosis was 75.9, 72.1 and 70.1%
at 6, 12 and 24months of follow-up, respectively. Indi-
viduals with compensated cirrhosis, on the contrary, had
an excellent prognosis; 100.0, 100.0 and 98.4% were esti-
mated to be alive at 6, 12 and 24months, respectively.
Figure 2 compares the survival in patients with BMI

below and above 18.5 kg/m2. Estimated survival in
underweight patients was 77.0, 75.0 and 75.0% at 6, 12
and 24 months, respectively, compared to 93.6, 91.5 and
89.7% in those with a BMI above 18.5 kg/m2.
Significant predictors of mortality in univariable ana-

lysis were low BMI and decompensated cirrhosis. In the
adjusted analysis, significant predictors of mortality were
decompensated cirrhosis (vs. no cirrhosis; adjusted haz-
ard ratio [AHR] 23.68; 95% CI 3.23–173.48; p = 0.002),
low body mass index (< 18.5 kg/m2 vs. ≥18.5 kg/m2;
AHR 3.65; 95% CI 1.73–7.72; p = 0.001), and older age
(per 1-year increment; AHR 1.06; 95% CI 1.02–1.10; p =
0.007) (Table 2). Transient elastography was not in-
cluded in the adjusted model as it was strongly corre-
lated with the cirrhosis variable (Spearman’s correlation
coefficient 0.808, p < 0.001).

Discussion
The overall mortality in this CHB treatment cohort was
12.7%, with most deaths occurring within the first 6
months after initiation of antiviral treatment. The high
early mortality observed in this program was probably a
direct consequence of the lack of antiviral therapy in the
country. At the time this program was established,

antiviral treatment for CHB was unavailable except
through the private sector or “black market”, and hence,
symptomatic patients desperate for life-saving treatment
were overrepresented in the early phase. Indeed, 33 of
35 patients who died had decompensated cirrhosis at en-
rollment. The same phenomenon was observed in HIV
programs a decade ago when patients with advanced,
symptomatic disease often were overrepresented in new
treatment programs, and the corresponding early mor-
tality was high [19]. Interestingly, in our program the
mortality was low after the initial 6 months, even in pa-
tients with decompensated cirrhosis, indicating favorable
long-term benefit of therapy.
Decompensated cirrhosis was the strongest predictor

of mortality in this cohort, increasing the risk of mortal-
ity 24-fold. This is in line with a recent study from the
Republic of Korea, which showed that the presence of
ascites yielded a 10-fold increased risk of death or liver
transplantation [10]. Similar studies from low- and mid-
dle income countries are scarce, but a small study from
India found that a MELD score above 20 was an inde-
pendent predictor of mortality in CHB patients with de-
compensated cirrhosis treated with TDF; however,
clinical ascites was not evaluated in this study [20].
Low BMI was another strong predictor of mortality in

the current study. Although protein-calorie malnutrition
is a common feature of advanced chronic liver disease
[21], there are limitations with using BMI as a surrogate
for nutritional status in this patient group. While it is
easy to perform with minimal cost, BMI is inaccurate in
patients with ascites and/or edema as the level might be
falsely elevated. A recent study from Portugal found that
the use of triceps skinfold was a better measure of nutri-
tion in patients with chronic liver disease; this variable

Fig. 1 Kaplan-Meier survival curves in patients with decompensated cirrhosis (red), compensated cirrhosis (blue) and no cirrhosis (green) at baseline
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also predicted mortality [22]. Unfortunately, this meas-
urement was not obtained in the present study. The as-
sociation between poor nutritional status and mortality
in cirrhotic patients has been well described in studies
from Europe, North America and Asia; indeed, malnutri-
tion has been shown to be an independent predictor of
various complications including variceal bleeding, refrac-
tory ascites and liver related mortality [23–25]. To the
best of our knowledge, however, our study is the first to
describe the association between malnutrition and mor-
tality in CHB patients in a low-income setting, where
malnutrition is common in the general population. Fur-
ther studies are needed to assess whether nutritional
screening, assessment, and intervention might improve
survival in this patient population.

Increasing age was also significantly associated with
mortality in the present study. This has been consist-
ently reported in previous studies, both in untreated
CHB and in treated cohorts, and probably reflects the
longer duration of HBV infection [7–9].
The present study identified simple prognostic tools

which can be used in settings with limited resources
such as Ethiopia. Established scoring tools recom-
mended in international guidelines, such as MELD score
or Child-Pugh score, make use of certain laboratory tests
such as INR that are not widely available in
resource-limited settings. Since ascites and malnutrition
can be diagnosed with minimal equipment and costs,
early detection of high-risk patients can be ensured even
in settings without access to advanced diagnostics. These

Fig. 2 Kaplan-Meier survival curves according to baseline body mass index

Table 2 Hazard ratios of mortality according to baseline variables in HBV-infected patients starting antiviral treatment in Ethiopia (n= 276)

Baseline variables Unadjusted P Adjusted P

HR (95% CI) HR (95% CI)

Sex (male vs. female) 1.44 (0.60–3.48) 0.413 –

Age (years) 1.03 (1.00–1.06) 0.106 1.06 (1.02–1.10) 0.007

ALT (≥80 U/L vs. < 80 U/L) 1.19 (0.46–3.06) 0.722 –

BMI (< 18.5 kg/m2 vs. > 18.5 kg/m2) 2.84 (1.43–5.62) 0.003 3.65 (1.73–7.72) 0.001

Transient elastography (kPa)

< 8.0 1 N/D a

8.0–9.9 1.29 (0.08–20.57) 0.859

≥ 10.0 9.06 (1.24–66.43) 0.030

Cirrhosis assessment

No cirrhosis 1 1

Compensated cirrhosis 1.12 (0.07–17.95) 0.935 0.89 (0.06–14.42) 0.937

Decompensated cirrhosis 28.10 (3.84–205.51) 0.001 23.68 (3.23–173.48) 0.002
aTransient elastography could not be included in the adjusted model because of a strong correlation with one of the other variables
HR hazard ratio, CI confidence interval, ALT alanine aminotransferase, BMI body mass index
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patients should be prioritized for immediate antiviral
treatment and would require closer follow-up in order
to manage complications aggressively.
There were some limitations of our study. First, as this

was the first and only treatment center in the country, there
might be a selection bias towards patients with more ad-
vanced disease being recruited. However, this would not
have affected the main analysis in the study. Second, mor-
tality might be under-reported in this study, since some pa-
tients who were lost to follow-up may have died at home
without being reported. Since under-reporting of mortality
is likely to be non-differential, the effect estimates in the
present study would, if anything, be underestimated [26].
The main strength of our study was that it was carried out
in low-middle income country with consistent data collec-
tion and included a large volume of patients.

Conclusion
The current study showed that mortality was high dur-
ing the initial 6 months after treatment initiation for
CHB. Clinical signs of decompensation, older age and
low BMI were independent predictors of mortality.
Screening CHB patients for the presence of ascites and
malnutrition could be a simple, affordable, and practical
way to identify high-risk individuals in settings with lim-
ited resources. Improved access to diagnostics and earl-
ier initiation of therapy - before progression to
decompensated cirrhosis – could improve the survival of
chronic hepatitis B patients in sub-Saharan Africa.
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