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					Abstract  

					Background: The COVID-19 pandemic disrupted healthcare systems globally, disproportionately affecting patients with  

					decompensated chronic liver disease (DCLD) due to interrupted care, resource diversion, and the immunosuppressive state  

					associated with DCLD.  

					In Nigeria, where viral hepatitis is endemic, evidence on the pandemic’s indirect impact on DC LD mortality remains scarce.  

					This study examined 18-year mortality trends among patients who died from DCLD in North-eastern Nigeria and evaluated the  

					influence of the COVID-19 pandemic on DCLD-related mortalities.  

					Methodology: A retrospective review of 436 adult decedents with confirmed DCLD (2006–2024) was conducted at Modibbo  

					Adama University Teaching Hospital, Adamawa State. Sociodemographic and clinical data were abstracted from records.  

					Mortality trends were analysed using Poisson regression, changepoint detection, and joinpoint analysis to identify inflection  

					years, focusing on 2020–2022 as the pandemic window.  

					Results: The mean age at death was 50.3 ± 14.4 years; 74.5 % were male, and 76.1 % were from low-income households. Viral  

					Hepatitis B & C infections were linked to 67.8 % of deaths, followed by alcohol use (30.1 %). Common complications included  

					hepatic encephalopathy (83.8 %) and portal hypertension (58.2 %). Mortality rose steadily over 18 years, with an abrupt 8.7 %  

					increase in 2020 (p < 0.01). Joinpoint analysis identified 2013 and 2020 as major inflection points.  

					Conclusion: Mortality from DCLD in North-eastern Nigeria increased sharply during the COVID-19 pandemic. Viral hepatitis  

					remains the dominant cause, compounded by late presentation and poor access to care. Strengthening hepatitis prevention,  

					integrating CLD management into non-communicable disease programs, and maintaining chronic care continuity during health  

					emergencies are crucial to mitigating future excess deaths.  
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					Introduction  

					The coronavirus disease 2019 (COVID-19) pandemic, which emerged in late 2019, exposed profound  

					deficits in global health preparedness and highlighted the fragility of health-system resilience worldwide  

					[1].  

					Patients with preexisting comorbidities such as diabetes, cardiovascular disease, and  

					immunosuppressive conditions experienced disproportionately higher rates of severe COVID-19 disease  

					[2].  

					and death  

					During the pandemic peak, healthcare systems redirected resources to COVID-19, resulting  

					[3,4]  

					in cancelled elective procedures, suspended outpatient services, and delayed care for chronic diseases  

					.

					As a consequence, mortality from non-COVID-19 conditions increased, yet this collateral impact largely  

					remained unnoticed and underreported [5,6]  

					.

					Individuals with CLD constituted a particularly vulnerable population at heightened risk of acquiring  

					COVID-19 [7,8]. CLDs are persistent inflammatory or fibrotic liver disorders lasting more than six months  

					and include chronic viral hepatitis (B/C), alcoholic liver disease, autoimmune hepatitis, metabolic liver  

					disorders, cirrhosis, and primary liver cancer (PLCC), etc. [9,10]. The transition from compensated to  

					decompensated disease is often marked by potentially lethal complications such as hepatic encephalopathy,  

					portal hypertension, etc [11]. Globally, DCLDs account for nearly two million deaths annually,  

					approximately 4% of all-cause mortality. Cirrhosis ranks among the ten leading causes of death in the  

					African region [12–14].  

					Generally, patients with underlying CLD and DCLD are of particular concern during infectious pandemics  

					[15]. The immunosuppression that characterizes an advanced liver disease predisposes them to severe forms  

					of COVID-19, while atypical clinical presentations may delay diagnosis and treatment [3,6]. COVID-19 has  

					been found to trigger acute hepatic decompensation and trigger acute-on-chronic liver failure [16]. Twenty-  

					one percent of people secondarily affected by COVID-19 with a background of CLD showed no respiratory  

					symptoms, thereby evading clinical detection [16]. Emerging global evidence suggests that DCLD-related  

					mortality increased during the COVID-19 pandemic, both due to elevated risk of infection and because of  

					[16]  

					disruptions in the continuity of requisite care [2,7,17]. Marjot et al.  

					reported a multi-centre study that  

					revealed that preexisting CLD increased mortality by 32% among those who developed superimposed  

					COVID-19, compared with 8% among those without background CLD. In addition, this aforementioned  

					study further observed that acute hepatic decompensation occurred in 45% of patients with preexisting  

					stable compensated cirrhosis [16]. COVID-19 increased the risk of death by 3.5-fold in the face of  

					background cirrhosis [18]. However, 12 of the 57 studies analysed by Yan-Fei et al. [19] in a systematic review  

					found no relationship between underlying chronic hepatitis B-related CLD and heightened COVID-19  

					disease risk.  

					Post-pandemic assessment of COVID-19's impact on CLD remains unreported, mainly in Nigeria and sub-  

					Saharan Africa. Exploring these insights is essential for strengthening health system preparedness and  

					response and ensuring continuity of chronic disease care during future public health emergencies. In  

					addition, identifying the primary drivers of DCLD could serve as a policy brief for targeted containment  

					measures.  

					Against this background, we conducted an 18-year retrospective review to quantify mortality trends in  

					DCLD and assess the effect of the COVID-19 pandemic on DCLD-related mortality. To our knowledge,  

					this is the first sub-Saharan analysis examining the COVID-19 impact on DCLD-related deaths.  
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					Materials and method  

					Study design and population  

					This retrospective review examined all documented DCLD-related deaths recorded at Modibbo Adama  

					University Teaching Hospital, Adamawa, Nigeria, from 2006 to 2024, using systematically retrieved hard-  

					copy medical records.  

					The primary outcome of this study was the mortality trend due to DCLD before and during the COVID-19  

					pandemic. In contrast, the secondary outcome assessed the annual trajectory of DCLD-related mortality  

					over the past two decades. Eligibility for inclusion required that diagnoses of DCLDs be confirmed by  

					clinical presentation supported by radiological and laboratory findings. Folders with incomplete data,  

					missing variables, and insufficient evidence of DCLD diagnoses were all excluded. Decedents younger  

					than 18 years at diagnosis or death were also excluded. Cases in which the aetiology of DCLD could not  

					be clinically established were classified as cryptogenic. Records indicating hepatitis B virus (HBV) or  

					hepatitis C virus (HCV) infection, whether mono- or co-infection, were classified and operationalized as  

					DCLD of viral origin for analytical simplicity, given that viral hepatitis remains the leading cause of CLD  

					and DCLD in Nigeria.  

					After applying these criteria, 436 case files were retained for analysis from an initial pool of about 500  

					initially retrieved from the archive.  

					To ensure data reliability, trained and certified nurses at the facility sieved and retrieved eligible case files  

					in accordance with the above eligibility criteria. They extracted relevant variables, including  

					sociodemographic information, the type and aetiology of the DCLDs, and associated risk factors, such as  

					viral hepatitis. Others were history of alcohol use and cigarette smoking. The data were extracted and  

					uploaded to an electronic mobile data collection tool, KoboToolbox.  

					Statistical analysis  

					Data were analysed using Python 3.12.12. Categorical variables (e.g., gender, tribe, marital status,  

					education, occupation) were presented as frequencies and percentages. Continuous variables (e.g., age)  

					were summarized as means.  

					Changepoint analysis identified years when DCLD mortality deviated sharply from prior patterns, while  

					joinpoint regression quantified and confirmed shifts in trends before and after these breaks. Together, these  

					methods more reliably detected pandemic-related disruptions than standard linear or Poisson models,  

					directly supporting our aim to assess whether COVID-19 represented an actual turning point in mortality.  

					COVID-19 was first detected in Adamawa in March 2020 and gradually subsided by late 2021 following  

					non-pharmaceutical interventions and the vaccine rollout. By 2022, COVID-19 was no longer considered  

					a significant public health concern in Adamawa State. This informed the selection of the 2020-2022  

					pandemic window for analysis.  

					Standard deviation.  

					After importing the dataset from Excel, the liver disease types were grouped into 7 major categories. Their  

					proportions were calculated to show the most common causes of DCLD in Adamawa.  
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					To examine changes over time, annual deaths were summarized, and a three-year moving average was used  

					to smooth year-to-year variation. Mortality trends were then assessed using linear and Poisson regression,  

					with the latter applied because the data comprised yearly death counts. Outputs included trend direction,  

					p-values, and model fit statistics.  

					Trend changes were explored using additional methods. Change-point detection and join-point regression  

					were used to identify years when mortality patterns shifted. A segmented regression model with a fixed  

					break in 2020 was applied to assess the possible impact of COVID-19 on liver-related deaths.  

					All analyses and graphs were completed using standard Python libraries (pandas, NumPy, SciPy, stats  

					models, and matplotlib).  

					Results  

					Sociodemographic Characteristics (Table 1)  

					Between 2006 and 2024, a total of 436 fatalities associated with DCLD were examined in retrospect. The  

					average age of decedents was 50.3 ± 14.4 years, with a significant male predominance (74.5%) and a male-  

					to-female ratio of approximately 3:1. Mortality was concentrated among married individuals (86%) and  

					those with low income (76.1%). Moreover, one-third (35.8%) were devoid of formal education.  

					Farmers/herders (28.7%), civil servants (22%), and dealers (19.7%) were the most impacted occupational  

					groups. Viral hepatitis (hepatitis B and C) was the predominant aetiology of DCLD, collectively accounting  

					for 68% of cases, while alcohol consumption (30.1%) and tobacco use (9.5%) emerged as significant  

					secondary risk factors.  

					Table 1 sociodemographic and characterises of decedents of chronic liver diseases (2006-  

					2024)  

					Variable  

					n (%)  

					Total participants  

					436  

					Age (years), mean ± SD  

					50.3 ± 14.4  

					4 (0.9%)  

					≤ 20  

					20–29  

					30–39  

					40–49  

					50–59  

					60–69  

					70–79  

					80–89  

					Male  

					34 (7.8%)  

					60 (13.8%)  

					96 (22.0%)  

					111 (25.5%)  

					84 (19.3%)  

					38 (8.7%)  

					8 (1.8%)  

					325 (74.5%)  
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					Female  

					111 (25.5%)  

					Divorced  

					3 (0.7%)  

					Married  

					375 (86.0%)  

					44 (10.1%)  

					14 (3.2%)  

					156 (35.8%)  

					57 (13.1%)  

					110 (25.2%)  

					113 (25.9%)  

					96 (22.0%)  

					3 (0.7%)  

					Single  

					Widowed/Widower  

					No formal education  

					Primary  

					Secondary  

					Tertiary  

					Civil servant  

					Corporate employee  

					Farmer/Herder  

					Full-time housewife  

					Healthcare worker  

					Military/Paramilitary  

					Student  

					125 (28.7%)  

					0 (0.0%)  

					4 (0.9%)  

					15 (3.4%)  

					10 (2.3%)  

					86 (19.7%)  

					14 (3.2%)  

					161 (36.9%)  

					1 (0.2%)  

					Trader/Business  

					Unemployed  

					Urban residence  

					High income  

					Medium income  

					Low income  

					103 (23.6%)  

					332 (76.1%)  

					124 (28.4%)  

					38 (8.7%)  

					59 (13.5%)  

					174 (39.9%)  

					Alcohol use (Yes)  

					Smoking (Yes)  

					HCV Positive  

					HBsAg Positive  
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					Clinical complications of CLD (Table 2) indicated advanced illness at presentation. Hepatic  

					encephalopathy (83.8%) was the predominant terminal DCLD complication, followed by portal  

					hypertension (58.2%), spontaneous bacterial peritonitis (22%), and hepatorenal syndrome (21%).  

					Table 2: Period prevalence of complications of chronic liver disease, 2006–2024  

					Complication  

					n (%)  

					331 (83.8)  

					Hepatic encephalopathy  

					Portal hypertension  

					230 (58.2)  

					Spontaneous  

					(SBP)  

					bacterial  

					peritonitis 87 (22.0)  

					Hepatorenal syndrome  

					Hypoglycaemia  

					83 (21.0)  

					30 (7.6)  

					9 (2.3)  

					Hepatopulmonary syndrome  

					Haemorrhagic shock  

					1 (0.3)  

					Annual Temporal Trends in CLD Mortality (Figures 1 and 2) indicated a progressive rise in DCLD  

					mortality from 2006, culminating in a substantial surge in 2020, coincident with the COVID-19 pandemic.  

					In 2020, mortality increased by 8.7% relative to 2019,  

					Figure 1 illustrates temporal trends in mortality across different etiological categories of chronic liver  

					disease recorded in Adamawa State from 2006 to 2024.  
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					Figure 2 displays the total number of annual deaths and the percentage contribution of deaths  

					attributed to chronic liver disease between 2006 and 2024.  

					Figure 2 shows a bar chart displaying the total number of deaths from Chronic Liver Disease (CLD)  

					recorded each year in Adamawa from 2006 to 2024. Each bar is annotated with the exact number of deaths  

					and the corresponding percentage of the total deaths over the entire 18 years.  

					Poisson regression analysis (Figure 3) revealed a statistically significant rising trend (R² = 0.33, p < 0.01),  

					corroborating the higher mortality recorded in 2020. The model's fit closely aligned with the empirical data,  

					validating that the 2020 increase surpassed random annual variations.  
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					Figure 3 Observed and Poisson Fitted Annual Deaths for Overall CLD and Decompensated Cirrhosis  

					of Viral Origin in Adamawa (2006–2024)  

					Figure 3 presents two-time series plots. The top plot shows the observed and Poisson-fitted annual deaths  

					for Decompensated Cirrhosis of Viral Origin, while the bottom plot shows the same for all Chronic Liver  

					Diseases (Overall CLD). The dashed lines represent COVID-19-related deaths during the pandemic.  

					Changepoint analysis (Figure 4). identified 2013 and 2020 as years when mortality patterns shifted  

					sharply. Both detection methods revealed that 2020–2022 represented a distinct high-mortality period  

					relative to prior years.  
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					Figure 4 depicts the changepoint detection outputs identifying years in which chronic liver disease  

					mortality patterns shifted significantly.  

					Figure 4 presents the results of two changepoint detection methods applied to the annual Chronic Liver  

					Disease (CLD) death counts in Adamawa. Panel (a) shows the observed deaths and the changepoints  

					detected by the Bayesian method. Panel (b) shows the observed deaths and the changepoints detected using  

					the Scipy (Z-score-based) method. Both plots help identify potential years where the trend in CLD mortality  

					significantly changed. The dashed red rectangle highlights the COVID-19 pandemic period (2020-2022)  

					Regression models (Figure 5). Comparison of observed deaths with linear and Poisson models  

					demonstrated a gradual upward trend pre-2020, followed by a steeper escalation during 2020–2022. Both  

					models validated that the pandemic period represented a non-linear rise rather than a background annual  

					fluctuation.  
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					Figure 5 shows observed annual death counts plotted against fitted linear and Poisson regression  

					models, demonstrating a progressively rising trend with further elevation during the 2020–2022  

					pandemic window.  

					Figure 5 displays the observed annual number of deaths from Chronic Liver Diseases (CLD) in Adamawa  

					alongside fitted lines from linear and Poisson regression. The linear fit provides a simple straight-line  

					trend, while the Poisson fit is suitable.  
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					Joinpoint analysis (Figure 6). Joinpoint analysis detected two significant inflection points (2013 and  

					~2017), with the steepest slope occurring from 2020–2022.  

					Figure 6 presents a two-break joinpoint regression curve applied to annual chronic liver disease  

					mortality, highlighting statistically significant inflection years and the sharper upward trajectory  

					during the COVID-19 period 2024)  

					Figure 6 shows the observed annual number of deaths from Chronic Liver Diseases (CLD) in Adamawa  

					from 2006 to 2024, along with a two-break joinpoint regression model fit. The joinpoint analysis identifies  

					statistically significant points in time where the linear trend of the death rate changes. The model estimates  

					the breakpoint years (approximately 2013 and 2017) and the trend slopes in each segment (k0, k1, k2). The  

					dashed red rectangle highlights the period between 2020 and 2022, representing the COVID-19 pandemic  

					era.  

					Ultimately, the Joinpoint analysis identified inflection years at 2013 and approximately 2017, within which  

					mortality rose more steeply, with the sharpest slope occurring during 2020–2022.  

					In summary, the above results depict that DCLD deaths in North-eastern Nigeria mainly affect  

					disadvantaged, middle-aged men, present late with severe complications, and are primarily driven by viral  

					hepatitis. Mortality rose sharply during the COVID-19 pandemic.  
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					Discussion  

					The striking finding of this study is the sharp surge in DCLD-related mortality in 2020. Pockets of  

					published reports across the globe are now revealing that the COVID-19 pandemic was accompanied by  

					amplification of DCLD-related mortalities [5]. While our study showed that DCLD-related mortalities  

					increased by 8.7% in 2020 compared with 2019, an Egyptian study found that COVID-19 significantly  

					increased mortality among patients with background DCLD, particularly those with Child–Pugh class C  

					disease (r = 0.40, p = 0.001) [20]  

					.

					In the United States, mortality due to DCLD increased by 21% during the pandemic, with hepatitis- and  

					alcohol-related liver diseases contributing the most to the excess deaths [7]. In contradiction, our study  

					depicted spikes in viral-related DCLD. In Brazil, cirrhotic patients secondarily infected with COVID-19  

					were shown to have experienced a higher case fatality of 51.3% as against 21.7% in non-CLD patients [17]  

					.

					The relatively younger population structure of sub-Saharan Africa is believed to have conferred some  

					degree of protection, resulting in a lower overall incidence of COVID-19 in the Sub-region during the  

					pandemic [21]. This might plausibly account for the relatively low number of DCLD-related deaths observed  

					in 2020 in this study. The excess mortality in 2020 in this study may plausibly be attributed to the dual  

					vulnerability of DCLD patients to both infection-related mortality and also indirectly due to the interruption  

					of specialized care services.  

					In this 18-year mortality review, we provided rare insight into the previously underrecognized burden and  

					mortality trends of DCLD in North-eastern Nigeria over the past two decades. These findings imply that  

					both long-standing drivers and the disruptive impact of the COVID-19 pandemic contributed to DCLD  

					mortality. While viral hepatitis infections remain the leading cause of CLD in sub-Saharan Africa and Asia  

					[10], alcoholic liver diseases (ALD) and metabolic-associated fatty liver diseases are the leading causes of  

					DCLDs in the Western world [13, 14]. Our findings are consistent with this global picture [14]. Though DCLD  

					of Cryptogenic cause also accounted for a substantial proportion of DCLD-related deaths in our study, its  

					burden falls within the reported global range of 5-30% [22]. ABrazilian study found that one-third of patients  

					presumed to have cryptogenic CLD were later diagnosed to have metabolic-dysfunction-associated fatty  

					liver disease [22]. The frequent attribution of cases to "cryptogenic DCLD" in our study underscores the  

					substantial diagnostic gaps within the health system. The burden of Metabolically-dysfunction-associated  

					fatty liver disease is on the rise in Africa [23]. In general, the increasing burden of CLD in Sub-Saharan  

					Africa is driven by aflatoxin contamination of food due to poor food storage facilities [24]  

					.

					Overall, the joint point-confirmed shift in 2020 offers quantitative evidence that the pandemic may have  

					mediated as a catalyst for increased DCLD-related mortality. In addition, the health systems and resources  

					in Nigeria, as in many countries, were redeployed in response to the global pandemic. Most Specialty  

					clinics were suspended; access to antiviral drugs and their logistics were disrupted. These factors likely  

					precipitated the decompensation of previously stable CLD into DCLD, contributing to the excess mortality  

					observed in 2020. The need for a more aggressive viral hepatitis prevention and control program is  

					indicated by the fact that decompensated cirrhosis and PLCC of viral origins accounted for most of the  

					deaths. Due to the low vaccination rates, delayed diagnosis, and limited access to antiviral treatments, virus-  

					related DCLD continue to pose a significant impact in sub-Saharan Africa despite international elimination  

					targets [25].  
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					The advanced stage of the disease in which decedents usually presented in our study is reflected by the  

					high prevalence of complications, notably hepatic encephalopathy (HE) (83.8%), portal hypertension  

					(58.2%), etc. The high cumulative prevalence of hepatic encephalopathy (84%) observed over the 18-year  

					study period slightly exceeds the reported global prevalence range of 20–80% [26].  

					Generally, outside the COVID-19 pandemic, early diagnosis and timely liver transplantation account for  

					the lower mortality observed in high-income countries [13, 14]. Conversely, mortality from  

					decompensation remains disproportionately high in resource-constrained settings such as Nigeria, driven  

					by late presentation and limited access to specialized hepatology services [27].  

					Our results highlight the urgent need to strengthen the health system, especially by improving diagnostic  

					capabilities, expanding access to antiviral and antifibrotic treatments, and expanding palliative care services  

					for advanced DCLD.  

					This study's findings have significant ramifications for public health policy and clinical practice. First, the  

					higher prevalence of viral hepatitis calls for a renewed dedication to eradication goals and programs via  

					enhanced screening, universal immunization, and government-funded antiviral medications. Liver health  

					may be incorporated into non-communicable disease (NCD) programs, given the growing burden of  

					cryptogenic DCLD. To prevent future pandemics from disrupting essential services for  

					immunocompromised populations, DCLD care may be integrated into pandemic preparedness and response  

					frameworks as a core public health policy reform.  

					Lastly, reducing the death rate from DCLD necessitates both socioeconomic investment policy and antiviral  

					therapies provision. Antivirals are usually unaffordable to the low socioeconomic class [27]. This study's  

					finding that nearly three-quarters of the decedents came from low-income families serves as a reminder  

					that social injustices, poverty, and lack of literacy continue to be significant factors influencing DCLD  

					outcomes [28, 29].  

					The strength of this study lies in its rare 18-year analysis of DCLD mortality from a major referral centre  

					serving multiple states and nearby countries, providing unusually robust insight into long-term DCLD  

					mortality trends in North-eastern Nigeria. Its large dataset, 18-year longitudinal observation, standardized  

					record review, and application of advanced statistical methods, including Poisson modelling, change-point  

					and join-point analyses, strengthen the reliability of the findings and demonstrate the possibility of a  

					pandemic-related mortality surge.  

					Limitations included a lack of control, a retrospective design, and reliance on hospital records. All these  

					have their attended biases. In addition, being a single-centre study, findings may not be generalizable to all  

					regions of Nigeria. Furthermore, excluding case files with substantial missing data and lost records may  

					have led to an underestimation of the actual burden of DCLD mortality in the region. Additionally, the  

					influence of unmeasured confounders cannot be entirely excluded.  

					Conclusion  

					In conclusion, viral hepatitis remains the dominant driver of DCLD mortality in North-eastern Nigeria,  

					compounded by a significant burden of cryptogenic DCLD, which may likely reflect an emerging metabolic  
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					liver disease. The COVID-19 pandemic amplified those outcomes, thereby exposing the fragility of  

					healthcare systems in protecting patients with underlying chronic conditions. A multi-Centre study across  

					sub-Saharan Africa is recommended to review the DCLD-related deaths that occurred during the pandemic  

					for more substantial evidence.  

					Ethical Approval: The study was approved by the Modibbo Adama University Teaching Hospital Health  

					Research Ethics Committee with reference number MAUTH/HREC/23/333 on Jun 24 2024  
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