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Background: The global burden of liver cirrhosis is increasing, with 2.1 million incident cases and nearly 1.5 million deaths in 2019.
Despite the enormous progress in our understanding of the etiology of liver cirrhosis, significant cases of the disease have been
reported in Eastern Ethiopia due to unidentified causes. Hence, this study aimed to identify predictors of liver cirrhosis of unknown
etiology in Eastern Ethiopia.

Methods: A score of 7 out of 11 possible points on the ultrasound-based cirrhosis scale was used as a diagnostic criterion to include
127 liver cirrhosis patients. The study participants’ demographic, dietary, lifestyle, and clinical data were gathered using a structured
questionnaire and standardized reporting forms. The associations between the outcome (known and unknown etiology) and indepen-
dent variables were modeled using binary logistic regression analysis.

Results: The etiology of liver cirrhosis was known in only 23% of patients and attributed to hepatitis B virus (21%), hepatitis C virus
(0.8%), and alcohol abuse (0.8%). Sorghum consumption as a staple food (adjusted odds ratio (AOR) =3.8; 95% CI: 1.2, 12.5),
splenomegaly (AOR = 4.0; 95% CI: 1.1, 14.4), and a family history of liver disease (AOR = 0.24; 95% CI: 0.06, 0.91) were
significantly associated with liver cirrhosis of unknown etiology.

Conclusion: Sorghum consumption was found to be the determinant factor of liver cirrhosis of unknown etiology, suggesting it as
a possible source of exposure to aflatoxin B;.
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Introduction

Liver cirrhosis, known to be a well-established risk factor for hepatocellular carcinoma (HCC), represents a late stage of
progressive hepatic fibrosis characterized by distortion of the hepatic architecture and formation of regenerative nodules.’
Globally, the number of incident cases of liver cirrhosis reached 2.1 million and contributed to nearly 1.5 million deaths in 2019.>

Numerous etiological factors, the prevalence of which varies geographically, have been linked to liver cirrhosis.’
Among the major causes, alcoholic liver disease, hepatitis C virus (HCV) infection, and non-alcoholic fatty liver disease
are the most common causes in Western and industrialized countries, whereas chronic hepatitis B virus (HBV) infection
is the main etiologic factor in Asia and Africa.* In sub-Saharan Africa, 69% of liver cirrhosis cases were attributed to
HBV, HCV, and alcohol consumption. However, the etiology was unknown in the remaining percentage of cases.’
Similarly, a systematic review and meta-analysis study revealed that HBV and HCV infections, as well as alcohol
consumption, are the three most important causes of liver cirrhosis in Ethiopia. Nevertheless, the cause is yet to be
identified in 45% of the cases.

In Eastern Ethiopia, despite the high burden of liver cirrhosis of unknown etiology, fewer efforts have been made to
explore its potential determinants. In this regard, our recent case—control study found aflatoxin B; (AFB,) exposure as
a potential missing etiologic factor of liver cirrhosis in Eastern Ethiopia, where significant cases of the disease were
cryptogenic.’ Thus, it is imperative to explore the potential predictive factors for the unknown etiology of liver cirrhosis
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to obtain clues for further missing etiologies and for potential sources of exposure to AFB; and its predictors. Hence, this
study aimed to identify the possible sociodemographic, dietary, lifestyle, and clinical factors associated with the unknown
etiology of liver cirrhosis in Eastern Ethiopia.

Materials and Methods
Study Setting and Subjects

This is part of a study conducted in a tertiary hospital in Harar, Eastern Ethiopia, to explore risk factors for liver cirrhosis
from 1 January 2020 to 31 July 2021.7 In short, the study included 253 controls who had no history of liver disease and
127 verified instances of hepatic cirrhosis. After explaining the study’s objectives to the participants’, written consent
was obtained, and a professional interviewer completed a thorough questionnaire for each case and control. Only liver
cirrhosis patients (127 cases) were included in this study to identify factors associated with the unknown etiology of liver
cirrhosis in Eastern Ethiopia with a high burden of unexplained cases.

Operational Definition

Patients were screened for the presence of the most important etiologies of liver cirrhosis in Ethiopia, namely, HBV,
HCV, and alcohol abuse.® Those patients whose etiologic factor was not related to one of those mentioned etiologies were
categorized as “patients with an unknown etiology of liver cirrhosis”, and vice versa.

Statistical Analysis

Percentages were used for categorical variables. Continuous variables were thought to have a nonnormal distribution and
were expressed as medians (inter-quartile range (IQR)). To compare the features of patients with known and unknown
etiologies of liver cirrhosis, the Mann—Whitney U-test and 2 or Fisher exact tests were used for continuous variables and
categorical variables, respectively. In the univariate analysis, variables with p<0.25 were scrutinized and fitted to
multivariable analysis along with biologically relevant variables (age and gender) to identify predictive factors of
unknown etiology for liver cirrhosis. Odds ratios (ORs) along with a 95% confidence interval (CI) were calculated to
determine the strength of the relationships described above. The level of significance was considered at p<0.05 in the
final logistic regression model. Statistical analysis was performed using Statistical Package for Social Sciences (SPSS)
version 26.0.

Ethical Considerations

Ethical clearance was obtained from the Institutional Review Board of the College of Health Sciences, Addis Ababa
University (Protocol No. 064/19/SOP and Reference No. CHS/RTTD/229/2020) and the National Ethical Review
Committee of the Ministry of Science and Higher Education (Reference No. 04/246/680/21). This study was conducted
in accordance with the Declaration of Helsinki.

Results
The etiology of liver cirrhosis was determined in 29 (23%) of the 127 patients and attributed to HBV (21%), HCV
(0.8%), and alcohol abuse (0.8%).

Sociodemographic, Lifestyle and Dietary Characteristics

As shown in Table 1, 66% of the study participants were males, and the median age was 32 years (IQR: 28-45).
Majority of the patients were farmers (82%), from a rural area (84%), with no formal education (80%), and had
consumed sorghum (80.3%) as a staple food (Table 1). The proportion of patients with no family history of liver
disease and consume staple food was significantly higher (p < 0.05) in unknown etiology than known etiology group
(Table 2).
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Table | Sociodemographic Characteristics of Liver Cirrhosis Patients
in Eastern Ethiopia, 2020/21

Characteristics | Categories Etiology
Unknown 98 (%) | Known 29 (%)
Gender Male 63 (64) 21 (72)
Female 35 (36) 8 (28)
Age Median (IQR) 32 (27-46) 35 (30-47)
<35 years 51 (52) 14 (48)
3544 years 19 (20) 4 (14)
45-54 years 13 (13) 5(17)
> 55 years 15 (15) 6 (21)
Residence Urban 14 (14) 6 (21)
Rural 84 (86) 23 (79)
Formal education No 78 (80) 24 (83)
Yes 20 (20) 5(17)
Occupation Farmer 81 (82.7) 23 (79.3)
Housewife 6 (6.1) 1 (34)
Student 5(5.1) 1 (34)
Public servant I (1) 3 (10.3)
Other® 5(2) 1 (0)

Notes: N= 127; n for unknown =98; n for known =29; %Includes unemployed, daily

laborer, and merchant.

Abbreviation: IQR, inter quartile range.

Table 2 Lifestyle, Dietary and Other Characteristics of Liver Cirrhosis Patients in

Eastern Ethiopia, 2020/21

Characteristics Categories Etiology
Unknown 98 (%) | Known 29 (%)
Family history of liver disease* No 90 (92) 21 (72)
Yes 8 (8) 8 (28)
Body mass index (BMI) Normal 59 (60) 14 (48)
Underweight 34 (35) 11 (38)
Overweight 5(5) 4 (14)
Herbal medicine use No 89 (91) 26 (90)
Yes 9 (9) 3 (10)
Khat use No 38 (39) 10 (34)
Yes 60 (61) 19 (66)
Tobacco use No 78 (80) 21 (72)
Yes 20 (20) 8 (28)
History of alcohol use No 98 (100) 27 (93)
Yes 0 (0) 2(7)
Alcohol abuse No 98 (100) 28 (97)
Yes 0 (0) I (3)
Staple food* Rice/Teff/Corn 14 (14) 11 (38)
Sorghum 84 (86) 18 (62)
Source of staple food Market 41 (42) 18 (62)
Home 57 (58) 11 (38)
Staple food stored underground® No 28 (49) 7 (64)
Yes 29 (51) 4 (36)
Peanut intake No intake 48 (49) 15 (52)
Intermittent intake® 1 2 (7)
Frequent intake® 39 (40) 12 (41)

Notes: N= 127; n for unknown =98; n for known =29; *p < 0.05 (from chi-square or Fisher exact test);
when the source is from home ® 0.25 to 4 times per week; “At least once per day.
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Clinical and Ultrasound Findings

Almost all (97%) patients presented with abdominal distention, as shown in Table 3. Patients with unknown etiology
of liver cirrhosis were more likely to present with splenomegaly than those in whom the etiology was identified.
Otherwise, there were no distinguishing clinical features between the two groups. The major findings on liver
ultrasound were heterogeneous liver parenchyma (87%), undulant liver surface (66.0%), spleen size index >20cm>

(87%), and ascites (96.0%). There was a significant difference (p<0.05) in terms of spleen size index between the

two groups.

Laboratory Findings

More or less abnormal lab findings were observed in a somewhat higher percentage of patients with known etiology than
patients with unknown etiology of liver cirrhosis. However, there were no significant differences in laboratory findings

between the two groups (Table 4).

Table 3 Clinical and Ultrasound Features of Liver Cirrhosis Patients in Eastern

Ethiopia, 2020/21

Characteristics Categories Etiology
Unknown 98 (%) | Known 29 (%)
Clinical features
Jaundice No 28 (29) 10 (34.5)
Yes 70 (71) 19 (65.5)
Weight loss No 24 (24.5) 10 (34.5)
Yes 74 (75.5) 19 (65.5)
Epigastric pain No 31 (42) 9 (3I)
Yes 57 (58) 20 (69)
Abdominal distension No 33 1 (3)
Yes 95 (97) 28 (97)
Fever No 70 (71) 21 (72)
Yes 28 (29) 8 (28)
Hematemesis No 55 (76.5) 21 (72)
Yes 23 (23.5) 8 (28)
Anorexia No 18 (18) 3 (10)
Yes 80 (82) 26 (90)
Splenomegaly* No 909 8 (28)
Yes 89 (91) 21 (72)
Ultrasound features
Liver surface Smooth 4 (4) 4 (14)
Mild uneven surface 28 (29) 7 (24)
Undulant surface 66 (67) 18 (62)
Liver parenchyma Homogenous 2 (2) 0 (0)
Heterogenous 85 (87) 25 (86)
Coarse () 4 (14)
Hepatic vessel Smooth 62 (63) 17 (59)
Obscured or blurred 28 (29) 9 (3I)
Irregular & narrowed 8 (8) 3 (10)
Spleen size index* <20 cm? 9 (9 8 (28)
>20 cm? 89 (91) 21 (72)
Ascites No 33 2 (7)
Yes 95 (97) 27 (93)

Notes: N= 127; n for unknown =98; n for known =29; *p value < 0.05 from the chi-square or Fisher exact test.
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Table 4 Laboratory Findings of Liver Cirrhosis Patients in Eastern Ethiopia, 2020/21

Laboratory Findings Categories Etiology
Unknown 98 (%) | Known 29 (%)
ALT (U/L) Median (IQR) 40 (20-52) 48 (20-60)
Normal 49 (50) 14 (48)
Abnormal 49 (50) 15 (52)
AST (U/L) Median (IQR) 48 (31-73) 58 (30-101)
Normal 38 (39) 9 (1)
Abnormal 60 (61) 20 (69)
ALP (U/L) Median (IQR) 142 (89-243) 164 (95-265)
Normal 56 (57) 15 (52)
Abnormal 42 (43) 14 (48)
Bilirubin, direct (umol/L) Median (IQR) 9 (3-15) 10 (4-18)
Normal 49 (50) 13 (45)
Abnormal 49 (50) 16 (55)
Bilirubin, total (umol/L) Median (IQR) 18 (7-32) 16 (8-34)
Normal 80 (82) 23 (79)
Abnormal 18 (18) 6 (21)
Albumin (g/L) Median (IQR) 31 (23-39) 27 (24-32)
Normal 33 (34) 5(17)
Abnormal 65 (66) 24 (83)
Creatinine (umol/L) Median (IQR) 64 (48-82) 77 (49-96)
Normal 94 (96) 25 (86)
Abnormal 44 4 (14)
Platelet count (10%/L) Median (IQR) 185 (123-241) 192 (121-254)
Normal 68 (69) 21 (72)
Abnormal 30 (31) 8 (28)
APRI score® <07 43 (44) 10 (34.5)
>0.7 55 (56) 19 (65.5)
FIB-4 score® <325 69 (81) 21 (72)
>3.25 19 (19) 8 (28)
HBYV positive No 98 (100) 2(7)
Yes 0 (0) 27 (93)
HCV positive No 98 (100) 28 (97)
Yes 0 (0) I (3)

Notes: N= 127; n for unknown= 98; n for known= 29. ALT (8-40 U/L), AST (14—40 U/L), ALP (48164
U/L), Bilirubin direct (0.4-8.8 umol/L), Bilirubin total (3—38 pumol/L), Albumin (35-52 g/L), Creatinine
(47-109 pmol/L), Platelet count (126—438 x 109/L). * APRI= (AST (U/L)/ULN of AST (U/L))/platelet
count (109/L) x 100; ® FIB-4= age (years) x AST (U/L)/ (platelet count (109/L) x VALT (U/L)).

Abbreviations: ALP, Alkaline Phosphatase;

ALT, Alanine Aminotransferase; APRI, Aspartate

Aminotransferase to Platelets Ratio Index; AST, Aspartate Aminotransferase; FIB-4, Fibrosis Index
Based on 4 Factors; HBV, hepatitis B Virus; HCV, hepatitis C Virus; IQR, inter quartile range.

Predictors for Unknown Etiology of Liver Cirrhosis

Staple foods, body mass index, family history of liver disease, splenomegaly, age, gender, and abnormal serum levels of
albumin and creatinine were entered into the final logistic regression model. Family history of liver disease, consumption
of sorghum as a staple food, and splenomegaly were found to be significantly associated with unknown etiology of liver
cirrhosis (Table 5). Accordingly, patients with a family history of liver disease had a decreased odds (AOR=0.24; 95%
CI: 0.06, 0.91) of developing liver cirrhosis of unknown etiology by 76% compared with those without a family history.
Patients who consumed sorghum as a staple food were 3.8 times (AOR=3.8; 95% CI: 1.2, 12.5) more likely to be
diagnosed with liver cirrhosis of unknown etiology. Likewise, patients with splenomegaly had 4.0 times (AOR=4.0; 95%
CI: 1.1, 14.4) higher odds of having liver cirrhosis of unknown etiology than patients without splenomegaly (Table 5).
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Table 5 Predictors of Unknown Etiology of Liver Cirrhosis in Eastern Ethiopia, 2020/21

Variables Categories Etiology COR (95% CI) | AOR (95% CI)
Unknown 98 (%) | Known 29 (%)
Gender Male 63 (64) 21 (72) 0.69 (0.28, 1.71) | 0.72 (0.23, 2.22)
Female 35 (36) 8 (28) 1.00 1.00
Age <35 years 51 (52) 14 (48) 1.00 1.00
3544 years 19 (20) 4 (14) 1.30 (0.38, 4.46) | 1.75 (0.40, 7.60)
45-54 years 13 (13) 5(17) 0.71 (0.22,2.34) | 0.77 (0.19, 3.17)
> 55 years 15 (15) 6 (21) 0.69 (0.23,2.10) | 0.67 (0.17, 2.72)
Family history of liver disease No 90 (92) 21 (72) 1.00 1.00
Yes 8 (8) 8 (28) 0.23 (0.08, 0.69) | 0.24 (0.06, 0.91)*
Body mass Index Normal 59 (60) 14 (48) 1.00 1.00
Underweight 34 (35) 11 (38) 0.7 (0.3, 1.8) 0.55 (0.19, 1.59)
Overweight 5(5) 4 (14) 0.3 (0.07, 1.3) 0.49 (0.09, 2.83)
Staple food Rice/Teff/ 14 (14) 11 (38) 1.00 1.00
Corn
Sorghum 84 (86) 18 (62) 7.5 (2.2, 255) 3.8 (1.2, 12.5)*
Splenomegaly No 99 8 (28) 1.00 1.00
Yes 89 (91) 21 (72) 0.3 (0.09, 0.77) 4.0 (1.1, 14.4)*
Serum albumin Normal 33 (34) 5(17) 1.00 1.00
Abnormal 65 (66) 24 (83) 2.4 (0.85,6.97) | 0.58 (0.18, 1.84)
Serum creatinine Normal 94 (96) 25 (86) 1.00 1.00
Abnormal 44 4 (4) 3.8(0.88, 16.1) | 0.22 (0.04, 1.21)

Notes: N= 127; n for unknown =98; n for known =29; *p < 0.05.
Abbreviations: AOR, adjusted odds ratio; Cl, confidence interval; COR, crude odds ratio.

Discussion

Despite the assumed heavy burden of liver cirrhosis of unknown etiology, limited data have been available on its
predictors in Eastern Ethiopian populations.®® In this study, the magnitude of liver cirrhosis of unknown etiology was
77%, which is higher than that in a previous study performed among chronic liver disease patients in Eastern Ethiopia
(55%).® This discordance might be due to the focus of our study on the major etiologies of liver cirrhosis in Ethiopia and
the difference in the prevalence of HBV infection detected in the studies (21% vs 37%). However, the prevalence of HBV
infection in our study was similar to that in a study performed at Addis Ababa (20%).'® Thus, further investigation is
needed to determine other risk factors that contribute to liver cirrhosis in Eastern Ethiopia.

In the current study, majority of the participants consumed sorghum as a staple food (80%), and a strong and
significant association was noticed between the consumption of sorghum and liver cirrhosis of unknown etiology. It is
known that sorghum flour alone or mixed with other cereals is used for making Injera, a local circular pancake used for
serving a common meal known as “La fiso” in Eastern Ethiopia.'' Meanwhile, majority of the farmers in Eastern
Ethiopia store sorghum grain in underground pits. These pits usually elevate grain moisture and storage temperature to
levels that favor insect pests and fungi contamination, causing grain spoilage.'?

In support of this, several studies performed in the area reported a high level of AFB; in sorghum grain and sorghum

13-17

Injera samples, when compared against the limits set by the East African Community (EAC) (5 pg/kg for AFB; and

10 pg/kg for total aflatoxins).'® Accordingly, aflatoxin analysis performed on fresh or stored sorghum samples as well as
sorghum injera samples collected from this region revealed AFB, concentrations ranging from 10 to 53.3 pg/kg.'>'®
The present study also revealed that patients with splenomegaly were more likely to have an unknown etiology of liver
cirrhosis. Although there are no previous observational studies that reported such differences between patients with known
and unknown etiology of liver cirrhosis in Ethiopia, splenomegaly has been known to be the most common sign and
symptom of liver cirrhosis,'” and based on the present study, the occurrence seemed to be higher in patients with unknown

2023

etiology. Splenomegaly is known to be associated with continued exposure to environmental oxidants and parasitic
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diseases, including Schistosoma mansoni.** It is generally accepted that S. mansoni infection alone does not lead to cirrhosis
and is known to be characterized by periportal fibrosis associated with portal hypertension in the presence of preserved liver
parenchyma and function.® This, however, was not observed in our patients, ruling out the role of S. mansoni. A previous
study performed in the same area reported toxic liver injury in patients with unknown etiology of the disease and found an
association with khat consumption, a commonly used psychostimulant in the Horn of Africa, including Ethiopia.®’ However,
in our study, there was no detectable difference between patients with known and unknown etiology in terms of khat chewing
habits, casting doubt on the role of khat. On the other hand, a preliminary study performed in Kenya involving school
children reported a 43% increase in the prevalence of hepatomegaly or hepatosplenomegaly for each natural-log-unit
increase in AFB,-albumin adduct level after adjusting for S. mansoni and Plasmodium infections.*

Patients with a family history of liver disease were less likely to be diagnosed with liver cirrhosis of unknown etiology.
According to studies, various established etiologies of liver cirrhosis involve inflammation and oxidative stress as hallmarks of
pathogenesis.”**’ In this regard, variations in genes involved in the antioxidant enzymes,”® DNA repair pathway,”’ immuno-
logically important signaling pathways, and other players in combating oxidative damage were identified as predisposing factors
of the disease.’® Hence, patients with a family history of liver disease would have a lower likelihood of developing cryptogenic
hepatic cirrhosis, which is no surprise. To the best of our knowledge, this study is the first to provide an impetus for further
investigation and action on the association between dietary staple foods and the risk of cirrhosis of unknown etiology in Ethiopia,
where people feed on a diet contaminated with a high burden of AFB,. However, we acknowledge that due to the inherent
limitation of the study design, this study cannot establish an association or possible causality between the exposures and outcome.

Conclusions

In this study, majority of the patients with liver cirrhosis had an unknown etiology. Sorghum consumption, splenomegaly,
and family history of liver disease were found to be predictors of unexplained cases of the disease. The strong association
of sorghum consumption with liver cirrhosis of unknown etiology and the available evidence of its contamination with
AFB, suggest sorghum consumption as a possible source of exposure to AFB, in Eastern Ethiopia.
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