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Abstract
Introduction:

Sickle cell disease is a major hemoglobinopathy in sub-Saharan Africa, characterized by acute and
chronic complications that can affect multiple organs. Among these, hepatic involvement is a frequent
but still insufficiently characterized complication, with heterogeneous clinical and biological
manifestations that may influence patient prognosis. This study aimed to determine the frequency,
clinical and biological characteristics, and factors associated with sickle cell hepatopathy among
patients in Cameroon.

Methods

We conducted an analytical cross-sectional study from November 2025 to May 2026 among 123
patients with sickle cell disease followed at Bafoussam Regional Hospital. Participants were recruited
using non-probability consecutive sampling. Sociodemographic, clinical, therapeutic, and transfusion-
related data were collected through face-to-face interviews and supplemented by clinical examination.
Blood samples were collected for the measurement of transaminases (AST/ALT), gamma-glutamyl
transferase (GGT), and alkaline phosphatase (ALP). Data were analyzed using R software. Factors
associated with sickle cell hepatopathy were assessed using univariate logistic regression. Associations
were expressed as odds ratios (ORs) with 95% confidence intervals (Cls), and statistical significance
was set at p<0.05.

Results

Among the 123 patients included, 22 had sickle cell hepatopathy, corresponding to a prevalence of
17.9%. Patients with hepatopathy had significantly higher ALT (53.4+12.9 IU/L; p = 0.003), GGT (39.3 +
25.7 IU/L; p=0.012),and ALP (512 + 74.7 IU/L; p < 0.001) levels. Jaundice (63.6%), right upper quadrant
pain (90.9%), and hepatomegaly (81.8%) were significantly more frequent among patients with
hepatopathy. The presence of vaso-occlusive crises was strongly associated with hepatopathy (OR =
18.2;95% Cl: 5.53-60.2; p < 0.001), as were tachycardia (OR = 14.2; 95% Cl: 4.81-41.7; p<0.001) and
fever (OR =60.4; 95% Cl: 16.0-228; p < 0.001). Previous blood transfusions were also more frequent
among patients with hepatopathy (5.82 + 1.44 vs. 1.96 + 1.90; p < 0.001), while the absence of regular
medical follow-up was strongly associated with hepatopathy (OR =14.0; 95% CI: 3.11-63.4; p < 0.001).

Conclusion

Sickle cell hepatopathy was relatively common in this population and was associated with several
clinical and biological manifestations as well as exposure-related factors, particularly repeated blood
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transfusions and vaso-occlusive crises. Systematic screening for hepatic abnormalities and regular
clinical and biological monitoring may contribute to earlier identification of at-risk patients and improve
their management.

1. INTRODUCTION

Sickle cell disease (SCD) is an autosomal recessive genetic disorder resulting from a mutation in the
HBB gene, characterized by the substitution of glutamic acid by valine at the sixth position of the -
globin chain. This abnormality leads to the production of sickle hemoglobin (HbS), whose polymerization
under deoxygenated conditions causes red blood cell sickling. This results in impaired red blood cell
deformability and lifespan, as well as increased adhesion to the endothelium and other blood cells.
These mechanisms sustain a complex pathophysiological process involving chronic hemolysis,
endothelial dysfunction, inflammation, oxidative stress, platelet activation, and vaso-occlusion, leading to
acute complications and chronic multiorgan involvement [1-3].

Sickle cell disease is currently one of the most important monogenic disorders from a public health
perspective. Estimates from the Global Burden of Disease Study 2021 reported approximately 515,000
annual births of children affected by SCD worldwide in 2021, compared with approximately 453,000 in
2000, representing a 13.7% increase. Approximately 7.7 million people were living with the disease in
2021, and nearly 79% of affected births occurred in sub-Saharan Africa [4-6]. This region therefore bears
the greatest share of the global disease burden, in a context marked by persistent inequalities in
screening, access to treatment, and specialized care [4,7,8].

Cameroon is part of this high-endemicity region, with the prevalence of the sickle cell trait estimated at
20-30% in some populations [4,9,10]. In this context, improving the management of SCD requires better
characterization of its visceral complications, some of which remain underdiagnosed. The liver is
particularly vulnerable because of its vascular supply, its role in hemoglobin and bilirubin metabolism,
and its involvement in iron metabolism. Hepatic involvement may also be promoted by repeated blood
transfusions, iron overload, viral infections, gallstone disease, and biliary tract injury [11-13].

The spectrum of hepatic and biliary manifestations associated with SCD is collectively referred to as
sickle cell hepatopathy (SCH). This condition encompasses a heterogeneous clinical and biological
spectrum, ranging from transient abnormalities in liver enzymes to potentially fatal acute complications.
Acute forms include sickle cell hepatic crisis, acute hepatic sequestration, and sickle cell intrahepatic
cholestasis, whereas chronic liver involvement may be associated with iron overload, viral hepatitis,
gallstone disease, sickle cell cholangiopathy, and, in advanced cases, fibrosis or cirrhosis [11,13].

The clinical importance of hepatic involvement is now well established. In a cohort of 616 children with
SCD, at least one hepatobiliary complication was observed in 37% of patients, while 6% had experienced
a severe acute hepatic complication, including hepatic crisis, intrahepatic cholestasis, or acute hepatic
sequestration [14]. More recently, a retrospective study of 1,009 patients followed over 30 years reported
a high frequency of hepatobiliary complications, particularly gallstones or biliary sludge (42.7%) and
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hepatic iron overload (12%). Certain biological abnormalities, particularly elevated ALT levels and marked
hyperbilirubinemia, were associated with increased mortality [15]. These findings suggest that hepatic
involvement is not only a frequent complication of SCD but may also represent a potential determinant
of prognosis.

Repeated blood transfusions are a major contributor to chronic liver complications, particularly through
iron overload, which may progress to fibrosis and cirrhosis [13]. Viral infections, gallstone disease,
certain treatments, and vaso-occlusive episodes may also contribute to the heterogeneous spectrum of
hepatic manifestations [11,13]. From a diagnostic perspective, sickle cell hepatopathy remains difficult
to characterize because liver enzyme abnormalities are often mild and intermittent, influenced by the
patient's clinical status, and sometimes difficult to distinguish from the effects of hemolysis or
concomitant liver diseases. Conversely, some acute forms may rapidly progress to liver failure and
multiorgan dysfunction [11,13]. The absence of universally standardized biological criteria further
complicates screening and the comparison of findings across studies.

This issue is particularly relevant in sub-Saharan Africa, which carries the majority of the global burden
of SCD but remains underrepresented in studies investigating hepatic complications. Differences in
genetic background, transfusion exposure, prevalence of hepatic infections, access to treatment, and
availability of specialized investigations may influence the profile and severity of hepatic involvement.
Data from other regions of the world therefore cannot be directly extrapolated to African populations.
Against this background, the present study aimed to better characterize the clinical and biological
manifestations of hepatic involvement in Cameroonian patients with SCD and to identify the factors
associated with this condition.

2. METHODOLOGY
2.1. Ethical considerations

The study was conducted in accordance with the ethical principles applicable to research involving
human participants. Ethical approval was obtained from the Ethics and Quality Assurance Committee of
the University of the Mountains (CEAQ-UdM) (authorization No. 2026/031/UdM/PR/CEAQ), as well as
administrative research authorization from the Bafoussam Regional Hospital (authorization No.
039/L/MINSANTE/SG/DRSPO/HRB/D). All methods and experiments were performed in accordance
with relevant guidelines and regulations including the Declaration of Helsinki.

Written informed consent was obtained from parents or legal guardians and, where applicable, assent
was obtained from participants prior to any study procedure. Confidentiality and anonymity of
participants’ data were maintained throughout the data collection, management, and analysis processes.
Participants were informed of their right to access information concerning them and to withdraw from
the study at any time without any consequences for their medical care. All collected data and study
findings were used exclusively for scientific purposes.
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2.2. Study design, setting, and period

This was an analytical cross-sectional study conducted in the pediatric department of Bafoussam
Regional Hospital, Cameroon, over a six-month period from November 20, 2025, to May 20, 2026. The
study was conducted in the pediatric department of Bafoussam Regional Hospital, located in
Bafoussam, in the Western Region of Cameroon. This second-category referral hospital, established in
1963, provides healthcare services to the population of Bafoussam and surrounding health districts. The
pediatric department provides diagnostic and therapeutic care for children with various diseases,
including sickle cell disease. Laboratory analyses were performed in the laboratory of Bafoussam
Regional Hospital.

2.3. Participant recruitment, eligibility criteria, and
sampling

Participants were consecutively recruited among patients with sickle cell disease receiving care at the
pediatric department of Bafoussam Regional Hospital, Cameroon. A non-probability consecutive
sampling method was used, including all eligible patients presenting during the study period until the
required sample size was reached.

Patients were eligible if they had a confirmed diagnosis of sickle cell disease and provided informed
consent or assent to participate. Patients with known acute or chronic liver disease of causes other than
sickle cell disease, severe acute infection, or any other condition likely to significantly influence the
biological parameters under investigation were excluded. Patients who had recently received potentially
hepatotoxic drugs or medications likely to interfere with the biochemical parameters assessed, as well
as those who had undergone a recent blood transfusion that could affect the study results, were also
excluded. Hemolyzed or insufficient blood samples for laboratory analysis were not considered. Finally,
patients for whom parental informed consent or the required assent had not been obtained, as well as
those with insufficient clinical or biological data for analysis, were excluded.

The sample size was estimated using the Daniel Schwartz formula for a single population proportion,
assuming a 6% prevalence of acute hepatic complications among patients with sickle cell disease, with
a 95% confidence level and a 5% absolute precision [14]. The minimum sample size was estimated at 87
participants. To improve the precision of the estimates and account for potential exclusions or missing
data, we aimed to recruit at least 100 participants.

2.4. Administrative procedures and clinical data collection

Following protocol approval, the study was submitted to the Ethics Committee of the University of the
Mountains, which granted the corresponding ethical approval. Research authorization was subsequently
obtained from the administration of Bafoussam Regional Hospital before the start of data collection.

Patients with sickle cell disease meeting the eligibility criteria were identified during consultations or
hospital admissions in the pediatric department. Parents or legal guardians were informed about the

Page 6/25



study objectives and procedures, and written informed consent was obtained prior to participation.
Participant assent was also obtained when applicable.

Clinical and sociodemographic data were collected using a standardized questionnaire and through
clinical examination. The information collected included age, sex, time since diagnosis, treatment with
hydroxyurea or other medications, frequency of vaso-occlusive crises, previous blood transfusions, use
of herbal medicine, regularity of medical follow-up, and the presence of any associated liver disease.

Vital parameters, including blood pressure and heart rate, as well as anthropometric parameters (weight
and height), were measured using standardized procedures. Blood pressure and heart rate were
measured after a period of rest using a validated electronic blood pressure monitor (OMRON). Weight
was measured in kilograms using a calibrated scale, while height was measured in centimeters using a
stadiometer. Body mass index (BMI) was calculated using the formula: weight (kg)/height? (m?).

A systematic clinical examination was also performed according to the standard steps of inspection,
palpation, percussion, and auscultation. Particular attention was paid to clinical signs suggestive of liver
involvement, including pallor, jaundice, right upper quadrant pain, and hepatomegaly, as well as any other
relevant clinical findings.

2.5. Biological sample collection

A 5 mL venous blood sample was collected from each participant under aseptic conditions and
distributed into EDTA tubes for hemoglobin electrophoresis and plain tubes for biochemical analyses.
Samples were appropriately labeled and transported to the laboratory under suitable conditions.

Quantitative hemoglobin electrophoresis on alkaline agarose gel was performed for each participant
according to the HELLABIO protocol to identify and quantify the different hemoglobin fractions. Following
electrophoretic migration, the fractions were visualized after Ponceau Red staining and quantified by
densitometry.

For biochemical analyses, blood collected in plain tubes was allowed to clot and then centrifuged to
obtain serum. The activities of aspartate aminotransferase (AST), alanine aminotransferase (ALT),
alkaline phosphatase (ALP), and gamma-glutamyl transferase (GGT) were determined in serum using
kinetic spectrophotometric methods with appropriate reagents and a Mindray spectrophotometer. EDTA
blood samples were used for the hematological analyses specified in the study protocol.

2.6. Biochemical analysis of liver enzymes

Enzyme activities were determined using kinetic spectrophotometric methods with a Mindray
spectrophotometer and expressed in international units per liter (IU/L).

2.6.1. AST and ALT activities
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AST and ALT activities were determined using the Accucare kit according to a kinetic enzymatic method.
Aminotransferases catalyze the reversible transfer of an amino group between an amino acid and an a-
keto acid. AST catalyzes, in particular, the following reaction:

L-aspartate + a-ketoglutarate = oxaloacetate + L-glutamate.

The enzymatic reactions are coupled to a reaction system involving malate dehydrogenase (MDH) or
lactate dehydrogenase (LDH), respectively, with consumption of NADH. The reaction mixture was
incubated at 37°C, and the change in absorbance was monitored kinetically at 340 nm. The rate of
change in absorbance, which is proportional to enzymatic activity, was used to determine AST and ALT
activities, expressed in IU/L.

The reference intervals used were < 42 IU/L for ALT, < 38 IU/L for AST in males, and < 31 IU/L in females
[16,17].

2.6.2. Gamma-glutamyl transferase activity

GGT activity was determined using the Carboxy-GPNA kit according to a kinetic spectrophotometric
method based on the principles recommended by the International Federation of Clinical Chemistry and
Laboratory Medicine (IFCC). GGT catalyzes the transfer of a y-glutamyl group from a donor substrate to
an acceptor molecule, with glycylglycine serving as the acceptor:

y-glutamyl donor + acceptor — y-glutamyl acceptor + reaction product [18].

The reaction system included a y-glutamyl substrate, glycylglycine, a buffer, and the activators required
for enzymatic activity. Following addition of serum to the working reagent and incubation under
controlled conditions, formation of the reaction product was monitored spectrophotometrically at 405
nm. The change in absorbance over time was used to calculate GGT activity, expressed in IU/L[19].

The reference intervals used were 5-32 IU/L in females and 10-55 IU/L in males. GGT activity was also
considered in conjunction with ALP activity when interpreting potential hepatobiliary involvement.

2.6.3. Alkaline phosphatase activity

Alkaline phosphatase (ALP) activity was determined using the SGM kit according to a kinetic
spectrophotometric method. ALP comprises a group of isoenzymes capable of hydrolyzing various
phosphate esters under alkaline conditions, particularly p-nitrophenyl phosphate, resulting in the
formation of p-nitrophenol [20].

The working reagent, containing an alkaline buffer and substrate, was brought to 37°C and then mixed
with serum. The enzymatic reaction was monitored kinetically by measuring absorbance at 405 nm. The
change in absorbance over time, proportional to enzymatic activity, was used to determine ALP activity
according to the conversion factor specific to the reagent. Results were expressed in |U/L.
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According to the reference values used by the laboratory, the reference interval for ALP was 98-280 IU/L
[21].

Interpretation of enzyme activities

Enzyme activities were interpreted according to the laboratory reference intervals. An activity above the
upper limit of the reference range was considered abnormal. Results were interpreted in conjunction with
other available liver function parameters, particularly bilirubin and prothrombin time. The combination of
elevated ALP and GGT was considered compatible with a hepatobiliary origin, whereas isolated elevation
of ALP with GGT within the reference range could suggest an extrahepatic, particularly bone, origin [21].

2.7. Data management and statistical analysis

Sociodemographic, clinical, and biological data were checked, coded, and entered into Microsoft Excel,
then exported for statistical analysis using R version 4.1.1. Data consistency, completeness, and quality
were assessed before statistical analyses. Missing data were identified and their proportion assessed;
analyses were performed using available observations when the frequency of missing data was low.

Quantitative variables included age, weight, height, body mass index (BMI), vital signs, time since
diagnosis, serum AST, ALT, GGT and ALP activities, as well as the number and duration of vaso-occlusive
crises and the number of previous transfusion episodes. Qualitative variables included sex, sickle cell
disease genotype, clinical status, treatment with hydroxyurea or other medications, use of herbal
medicine or alcohol, family history, and clinical signs including jaundice, pallor, right upper quadrant pain,
hepatomegaly, and splenomegaly.

Quantitative variables were described using mean + standard deviation when their distribution was
approximately normal, or median and interquartile range otherwise. Qualitative variables were presented
as frequencies and percentages. Enzyme activities were initially analyzed as continuous variables and
interpreted according to the laboratory reference intervals. For analyses requiring clinical categorization,
enzyme activities were classified as normal or elevated according to the corresponding age- and/or sex-
specific upper reference limit, when available.

Definition of liver involvement profiles

In this study, sickle cell hepatopathy (SCH) was defined as hepatobiliary involvement occurring in the
context of sickle cell disease and identified on the basis of a concordant set of clinical and laboratory
findings, after exclusion of the main alternative causes of liver abnormalities. Given the absence of
universally established diagnostic criteria for sickle cell hepatopathy, an operational definition was used,
adapted to the data available in our study setting. Classification was primarily based on the presence of
clinical manifestations suggestive of hepatobiliary involvement, including jaundice, right upper quadrant
pain, and/or hepatomegaly, associated with abnormalities in liver parameters, particularly ALT, GGT,
and/or ALP. Isolated AST abnormalities were not considered sufficient to define SCH, given the potential
contribution of hemolysis to elevated AST levels in patients with sickle cell disease. Acute liver
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involvement was subsequently characterized according to its clinical and biochemical profile. A cytolytic
pattern was defined as an elevation of ALT and AST above the upper limit of the reference range. A
cholestatic pattern was defined by elevated ALP and GGT levels, whereas a mixed pattern combined
abnormalities in transaminases and cholestatic markers. Acute hepatic crisis and acute hepatic
sequestration were identified separately based on their respective clinical and laboratory characteristics.
This approach is consistent with the current understanding of sickle cell hepatopathy as a spectrum of
acute and chronic liver disorders rather than a single diagnostic entity [13,22-24].

The associations between the variables studied and liver involvement profiles were assessed. For

comparisons of quantitative variables between two groups, the Student's t-test was used when the
assumptions of normality and homogeneity of variances were met; otherwise, an appropriate non-
parametric test was applied. Qualitative variables were compared using the chi-square test (x2) or

Fisher's exact test, as appropriate according to the observed frequencies.

Binary logistic regression was used to assess factors associated with sickle cell hepatopathy. Each
potential explanatory variable was first analyzed separately in a univariable logistic regression model.
Results were expressed as odds ratios (ORs) with 95% confidence intervals (Cls). Given the limited
number of SCH cases, no multivariable model was fitted.

3. RESULTS

Among the 123 patients included, the mean age was approximately 10 years, with a male predominance
and a substantial proportion of underweight patients. Most participants were regularly followed up, had
a history of blood transfusions, and experienced recurrent vaso-occlusive crises, while the use of herbal
medicine was frequently reported. Clinically, jaundice, right upper quadrant pain, and hepatomegaly were
the main manifestations suggestive of liver involvement. Biologically, abnormalities mainly involved AST,
ALT, and ALP, whereas GGT elevation was less frequent. Overall, these findings highlight the frequency of
hepatic abnormalities among patients with sickle cell disease and support the need for systematic
biochemical screening. At the end of the study, 22 of the 123 patients included had sickle cell
hepatopathy, corresponding to a prevalence of 17.9%.

3.1. Distribution of sociodemographic parameters and clinical profile of the study population according
to sickle cell hepatopathy

3.1.1. Sociodemographic characteristics of the study population according to sickle cell hepatopathy
Table | below describes the sociodemographic characteristics of the study population according to the
presence of sickle cell hepatopathy (SCH).

Table I: Sociodemographic parameters according to sickle cell hepatopathy
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Parameters Categories SCH-(N= SCH+(N= Total (N = P
101) 22) 123) value
n(%) n(%) n(%)
Sex F 35 (34.7) 18 (81.8) 53 (43.1) <
M 66 (65.3) 4(18.2) 70 (56.9) —
Age (years) Mean + SD 10.2+5.12 8.18 + 5.01 9.80+5.14 0.105
Educational None 5(4.95) / 5(4.07) 0.007
fevel Primary 54 (53.5) 18 (81.8) 72 (58.5)
Secondary 40 (39.6) 2 (9.09) 42 (34.1%)
Higher education 2 (1.98) 2 (9.09) 4 (3.25)
Occupation None 4(5.00) / 4(4.40) 0.128
None 5 (4.95) / 5(4.07)
Student/pupil 94 (93.1) 20 (90.9) 114 (92.7)
University 2(1.98) 2 (9.09) 4 (3.25)
student

SCH + = positive sickle cell hepatopathy; SCH- = negative sickle cell hepatopathy; n = number of
participants; N = total number of participants; % = frequency; Mean + SD = mean + standard deviation; F =
female; M = male.

Table | shows a significant association between sex and the presence of sickle cell hepatopathy (p <
0.001), with a higher proportion of females in the SCH+ group (81.8%) compared with the SCH- group
(34.7%). A significant difference was also observed according to educational level (p = 0.007), with
patients in the SCH+ group predominantly having primary-level education (81.8%). In contrast, mean age
did not differ significantly between the two groups (8.18 + 5.01 years in the SH+ group versus 10.20 +
5.12 years in the SH- group; p = 0.105), nor did occupation (p = 0.128).

3.1.2. Distribution of the study population according to clinical profile by presence of SCH

3.1.2.1. Disease course, treatment, and medical and family history according to SH status

Table 1l describes the disease follow-up characteristics, treatment, and medical and family history
according to the presence or absence of SCH.

Table Il

Distribution of the study population according to disease course, treatment, and medical and family
history by SCH status

Page 11/25




Parameters SCH-(N= SCH+ (N = Total (N = P
101) 22) 123) value
n(%) n(%) n(%)
Age at sickle cell disease diagnosis 2.48+1.95 2.45+1.34 2.47 +1.85 0.952
(years), Mean = SD
Number of previous blood transfusions, 1.96+1.90 5.82+1.44 2.65+2.35 <
Mean £ SD 0.001
Time since last blood transfusion 11.7+16.7 3.27+1.91 10.2+15.5 <
(months), Mean + SD 0.001
Duration of crises (days), Mean 1 SD 3.45+2.61 4.73+1.86 3.67+2.53 0.010
Number of crises/year, Mean * SD 2.90+1.57 6.09 +2.60 3.47+2.17 <
0.001
Time since last crisis (weeks), Mean = SD 27.9+37.3 15.6+16.7 25.7+34.8 0.019
Use of herbal medicine 81 (80.2) 22 (100) 103 (83.7) 0.023
Paracetamol use 8(7.92) 14 (63.6) 22 (17.9) <
0.001
NSAID use 13 (12.9) 10 (45.5) 23(18.7) 0.001
Regular medical follow-up 59 (58.4) 2 (9.09) 61 (49.6) <
0.001
Hydroxyurea use 6 (5.94) 0 (0.00) 6 (4.88) 0.590
History of gallstones 0 (0.00) 4(18.2) 4 (3.25) 0.001
Family history of sickle cell disease 22 (21.8) 6 (27.3) 28 (22.8) 0.783

SCH- = negative sickle cell hepatopathy; SCH + = positive sickle cell hepatopathy; n = number of
participants; N = total number of participants; SD = standard deviation; NSAIDs = non-steroidal anti-
inflammatory drugs.

Table Il shows that several parameters related to sickle cell disease progression and treatment practices
differed significantly according to the presence of sickle cell hepatopathy. Patients in the SCH+ group
had a significantly higher mean number of previous blood transfusions (5.82 + 1.44 vs. 1.96 + 1.90; p <
0.0017) and a more recent last transfusion (3.27 + 1.91 vs. 11.7 £ 16.7 months; p < 0.001). They also
experienced a higher annual frequency of vaso-occlusive crises (6.09 +2.60 vs. 2.90 + 1.57; p<0.001),
longer crises (4.73+1.86 vs. 3.45+2.61 days; p = 0.010), and a more recent last crisis (15.6 £ 16.7 vs.
27.9 + 37.3 weeks; p =0.019). Herbal medicine use was more frequently reported among SCH+ patients
(100% vs. 80.2%; p = 0.023), as were paracetamol use (63.6% vs. 7.92%; p < 0.001) and NSAID use (45.5%
vs. 12.9%; p =0.001). Regular medical follow-up was significantly less common among SCH+ patients
(9.09% vs. 58.4%; p < 0.001), whereas a history of gallstones was reported exclusively in this group

Page 12/25




(18.2% vs. 0%; p = 0.001). In contrast, age at diagnosis, hydroxyurea use, and family history of sickle cell
disease did not differ significantly between the two groups.

3.1.2.2. Clinical manifestations according to the presence or absence of SCH

Table IIl describes the vital and anthropometric parameters, clinical signs, and diagnoses according to
the presence or absence of SCH.

Table 11l

Vital and anthropometric parameters, clinical signs, and diagnoses according to the presence or
absence of SCH
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Parameters Categories SCH-(N= SCH+(N= Total (N = P
101) 22) 123) value
n(%) n(%) n(%)
BMI Underweight 51 (50.5) 12 (54.5) 63 (51.2) 0.913
Normal BMI 50 (49.5) 10 (45.5) 60 (48.8)
Heart rate Normal 85 (84.2) 6 (27.3) 91 (74.0) <
0.001
Increased 16 (15.8) 16 (72.7) 32 (26.0)
Respiratory rate Normal 92 (91.1) 14 (63.6) 106 (86.2) 0.003
Increased 9 (8.91) 8 (36.4) 17 (13.8)
Temperature Normal 94 (93.1) 4(18.2) 98 (79.7) <
0.001
Fever 7 (6.93) 18 (81.8) 25 (20.3)
Bone pain / 11 (10.9) 6 (27.3) 17 (13.8) 0.080
Pallor / 10 (9.90) 4(18.2) 14 (11.4) 0.275
Jaundice / 4 (3.96) 14 (63.6) 18 (14.6) <
0.001
Right upper quadrant / 3(2.97) 20 (90.9) 23 (18.7) <
pain 0.001
Splenomegaly / 1(0.99) 12 (54.5) 13(10.6) <
0.001
Hepatomegaly / 4 (3.96) 18 (81.8) 22 (17.9) <
0.001
Dyspnea / 5 (4.95) 2 (9.09) 7 (5.69) 0.607
Vaso-occlusive crisis / 13 (12.9) 18 (81.8) 31 (25.2) <
(VOC) 0.001
Acute anemia / 9(8.91) 4(18.2) 13 (10.6) 0.247
Infection / 1(0.99) 4(18.2) 5(4.07) 0.004
Acute chest syndrome / 2 (1.98) 0 (0.00) 2 (1.63) 1.000
(ACS)

SCH- = negative sickle cell hepatopathy; SCH + = positive sickle cell hepatopathy; n = number of
participants; N = total number of participants; % = frequency; BMI = body mass index; VOC = vaso-occlusive
crisis; ACS = acute chest syndrome.

Table 11l shows that SCH+ patients more frequently presented with tachycardia (72.7% vs. 15.8%; p <
0.001), an increased respiratory rate (36.4% vs. 8.9%; p = 0.003), and fever (81.8% vs. 6.9%; p<0.001).
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Hepatic manifestations were particularly prominent among SCH+ patients, with a markedly higher
frequency of right upper quadrant pain (90.9% vs. 3.0%), hepatomegaly (81.8% vs. 4.0%), and jaundice
(63.6% vs. 4.0%), all significantly associated with SCH (p < 0.001). Splenomegaly was also more frequent
among SCH+ patients (54.5% vs. 1.0%; p < 0.001), as were vaso-occlusive crises (81.8% vs. 12.9%; p <
0.001) and infections (18.2% vs. 1.0%; p = 0.004). In contrast, BMI, bone pain, pallor, dyspnea, acute
anemia, and acute chest syndrome did not differ significantly between the two groups.

3.2. Distribution of biological parameters and
characterization of hepatic involvement according to SCH

3.2.1. Biological parameters among patients according to
SCH status

Table IV presents the different biological parameters of the patients according to SCH status.
Table IV

Distribution of biological parameters among patients according to SCH status.

Parameters SCH-(N=101) SCH + (N =22) Total (N = 123) P-value
n(%) n(%) n(%)

AST (U/L), Mean = SD 89.6+19.8 99.2+19.7 91.3+20.0 0.049

AST elevated 101 (100) 22 (100) 123 (100) /

ALT (U/L), Mean = SD 43.7+10.3 53.4+12.9 45.5+11.3 0.003

ALT elevated 46 (45.5) 18 (81.8) 64 (52.0) 0.006

ALT normal 53 (52.5) 4(18.2) 57 (46.3)

GGT (U/L), Mean £ SD 15.4 + 8,49 39.3+25,7 18.31+14,1 0.012

ALP (U/L), Mean = SD 355+113 512+74.7 3831123 <0.001

ALP normal 30 (29.7) / 30 (24.4) <0.001

ALP elevated 71(69.99) 22(100) 93(75.18)

Note: SCH + = patients with sickle cell hepatopathy; SCH- = patients without sickle cell hepatopathy; n
= number of participants; N = total number of participants; % = percentage; Mean * SD = mean #
standard deviation; AST = aspartate aminotransferase; ALT = alanine aminotransferase; GGT = gamma-
glutamyl transferase; ALP = alkaline phosphatase.

The biological profile showed elevated AST levels in all patients, with no difference in the frequency of
elevation between the groups, although the mean AST level was slightly higher among patients with
SCH+ (99.2+19.7 vs. 89.6 + 19.8 U/L; p = 0.049). ALT levels were also significantly higher in the SCH+
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group (53.4+12.9 vs. 43.7 £ 10.3 U/L; p = 0.003), with a higher proportion of elevated values (81.8% vs.
45.5%; p = 0.006). GGT levels were markedly higher among patients with SCH+ (39.3+25.7 vs. 15.4+8.5
U/L; p=0.012). Finally, ALP showed the most pronounced difference, with mean levels of 512 +74.7 U/L
in the SH+ group compared with 355+ 113 U/L in the SCH- group (p < 0.001); all patients with SCH + had
elevated ALP levels.

3.2.2. Biological Characterization of Hepatic Involvement
According to SCH

Table V presents the distribution of the study population according to the different types of hepatic
involvement.

Table V : Biological characterization of hepatic involvement in the study population according to SCH

Parameters SCH-(N=101) SCH+(N=22) Total (N=123) P-value
n(%) n(%) n(%)
Hepatic cytolysis 0(0.0) 22 (100) 22 (17.89) <0.001
Cholestasis 1(0.99) 6 (27.3) 7 (5.69) <0.001
Mixed cholestasis 2(1.98) 16 (72.7) 18 (14.6) <0.001
Acute hepatic crisis / 20 (90.9) 20 (16.3) <0.001
Acute hepatic sequestration / 2 (9.09) 2 (1.63) 0.031
Note: SCH + = patients with sickle cell hepatopathy; SCH- = patients without sickle cell hepatopathy; n
= number of participants; N = total number of participants; % = percentage.

Hepatic cytolysis was observed exclusively among SCH+ patients (22/22; 100%). Mixed cholestasis was
the most frequent profile among patients with sickle cell hepatopathy (16/22; 72.7%), followed by
cholestasis (6/22; 27.3%), with significant differences compared with SCH- patients (p < 0.001). An
acute hepatic crisis was identified in 20 SH+ patients (90.9%), whereas acute hepatic sequestration was
observed in 2 patients (9.1%). Overall, these findings highlight the predominance of cholestatic patterns,
particularly mixed cholestasis, among the hepatic abnormalities identified.

3.3. Factors Associated with Sickle Cell Hepatopathy

Table VI presents the factors associated with sickle cell hepatopathy (SCH) based on univariate analysis.
Table VI

Factors Associated with Sickle Cell Hepatopathy (SH)
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Parameters Category SCH-(N= SCH+ (N OR IC 95% P-
101) =22) value
n(%) n(%)
Sex F 35(34.7) 18 (81.8) 8.49 [2.66;27.0] <
0.001
M 66 (65.3) 4(18.2) Réf. Réf.
Heart rate Increased 16 (15.8) 16 (72.7) 14.2 [4.81;41.7] <
0.001
Normal 85(84.2) 6 (27.3) Réf. Réf. Réf.
Temperature Increased 7 (6.93) 18 (81.8) 60.4  [16.0;228] <
0.001
Normal 94 (93.1) 4(18.2) Réf. Réf. Réf.
Respiratory rate Increased 9(8.91) 8 (36.4) 584  [1.93;17.7] 0.003
Normal 92 (91.1) 14 (63.6) Réf. Réf. Réf.
Vaso-occlusive Yes 13 (12.9) 18 (81.8) 18.2  [5.53;60.2] <
crisis 0.001
No 88 (87.1) 4(18.2) Réf. Réf. Réf.
Hepatic cytolysis Yes 0(0,00) 22(100) 3.84 [0.84;17.5] 0.062
No 101(100) 0(0,00) Réf. Réf. Réf.
GGT Increased 1(0.99) 12 (54.5) 120 [14.1;1021] <
0.001
Normal 100 (99.0) 10 (45.5) Réf. Réf. Réf.
Regular medical Yes 59 (58.4) 2 (9.09) Réf. Réf. Réf.
follow-up
No 42 (41.6) 20 (90.9) 14.0 [3.11;63.4] <
0.001
Previous blood / 1.96+1.90 582t 1.10 [1.01;1.21] 0.036
transfusions, Mean 1.44
+sd
Note: SCH + = patients with sickle cell hepatopathy; SCH- = patients without sickle cell hepatopathy; n
= number of participants; N = total number of participants; OR = odds ratio; Cl = confidence interval; Ref.
= reference category; SD = standard deviation; GGT = gamma-glutamyl transferase.

Female sex was significantly associated with SCH, with a higher proportion among SCH+ patients than
SCH- patients (OR =8.49; 95% Cl: 2.66-27.0; p < 0.001). An increased heart rate was also significantly
associated with SCH (OR =14.2; 95% Cl: 4.81-41.7; p<0.001). Similarly, an increased respiratory rate
was more frequently observed among SCH+ patients (OR = 5.84; 95% CIl: 1.93-17.7; p = 0.003). Elevated
body temperature was strongly associated with SH (OR = 60.4; 95% Cl: 16.0-228; p < 0.001). The
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presence of a vaso-occlusive crisis was significantly associated with SCH (p < 0.001), occurring in 81.8%
of SCH+ patients compared with 12.9% of SCH- patients. Elevated GGT levels were also strongly
associated with SCH (p < 0.001). Finally, the absence of regular medical follow-up was significantly
associated with SCH (OR = 14.0; 95% Cl: 3.11-63.4; p < 0.001).

4. DISCUSSION

The primary objective of this study was to determine the prevalence of sickle cell hepatopathy (SCH) and
identify factors associated with its occurrence among patients with sickle cell disease. Hepatic
involvement is an important complication of sickle cell disease but is probably underdiagnosed. Indeed,
the clinical presentation of sickle cell hepatopathy is highly variable, ranging from isolated biochemical
abnormalities to potentially severe acute manifestations such as acute hepatic crisis, hepatic
sequestration, or sickle cell intrahepatic cholestasis. This clinical diversity, combined with the overlap
between some biochemical abnormalities related to hemolysis and those indicating genuine hepatic
injury, makes its diagnosis particularly challenging [25,26]. The literature therefore highlights the lack of a
universally accepted definition of sickle cell hepatopathy and the heterogeneity of diagnostic criteria
used across studies [27,28]. In our analytical cross-sectional study of 123 patients with sickle cell
disease, 22 patients presented with sickle cell hepatopathy, corresponding to a prevalence of 17.9%. This
frequency highlights the importance of hepatic involvement in this population and falls within the range
of estimates reported in the literature. In their review of sickle cell hepatopathy, Praharaj and Anand
emphasized that hepatic involvement is far from uncommon among patients with sickle cell disease,
while also highlighting the difficulty of determining its precise frequency because of the diversity of
clinical manifestations and diagnostic criteria used [29]. Gardner et al., in their 2014 review, similarly
reported that the prevalence of liver dysfunction among patients with sickle cell disease was difficult to
establish and had historically been estimated at approximately 10% [30]. The 17.9% prevalence observed
in our study is particularly close to that recently reported by Al-Busafi et al. in Oman, who found a
prevalence of 17% among adolescents and adults with sickle cell disease [24]. This concordance is
noteworthy despite differences in geographical setting and population characteristics. It suggests that
hepatic involvement may represent a significant complication of sickle cell disease across different
settings, including low-resource countries. Differences in prevalence across studies may, however, be
explained by several factors. First, the diagnostic criteria used to define sickle cell hepatopathy are not
standardized. Some studies consider only acute clinical manifestations, whereas others include
persistent biochemical abnormalities, biliary complications, or radiological findings. This methodological
heterogeneity represents an important source of variability in prevalence estimates [27,28]. From a
pathophysiological perspective, sickle cell hepatopathy primarily results from erythrocyte sickling and
obstruction of the hepatic microcirculation, leading to ischemia, sinusoidal congestion, and
hepatocellular injury [3,13]. Recurrent vaso-occlusive crises may therefore promote the development of
hepatic lesions, which is consistent with the association observed in our study. Other mechanisms,
including repeated blood transfusions and iron overload, as well as biliary complications, may also
contribute to hepatic involvement [15,29].
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A significant association was observed between sex and the presence of sickle cell hepatopathy, with a
predominance of females in the SCH+ group (81.8% vs. 34.7% in the SCH- group; p < 0.001). This finding
differs from that reported by Al-Busafi et al. in 2025 in Oman [24], who found a male predominance
among patients with hepatopathy. This discrepancy may be explained by differences in age,
sociodemographic characteristics, disease severity, and recruitment methods between the study
populations. The female predominance observed in our study may also be influenced by hormonal
factors, as sex hormones can modulate certain hepatic functions and biliary physiology; however, this
hypothesis requires confirmation through specifically designed studies [24]. Mean age did not differ
significantly between SH + and SCH- patients (8.18 £ 5.01 vs. 10.20 + 5.12 years; p = 0.105). This finding
differs from that reported by Al-Busafi et al. [24], in whom patients with hepatopathy were younger than
controls. This difference may be related to the markedly different age structures of the study
populations, as our study mainly included children, whereas the Omani study involved adolescents and
adults.

Previous blood transfusions were significantly more frequent among SCH+ patients (5.82 + 1.44 vs. 1.96
+1.90; p<0.001), and the most recent transfusion had also occurred more recently. This association is
consistent with the findings of Deeb et al. [28], who also reported a higher transfusion burden among
patients with hepatic involvement. Repeated blood transfusions may promote progressive iron overload,
with iron accumulating particularly in the liver and potentially inducing oxidative stress, inflammation,
and, ultimately, chronic hepatic injury [26]. However, this association may also indirectly reflect greater
disease severity among patients requiring more frequent transfusions.

SCH+ patients also had a higher annual frequency of vaso-occlusive crises (6.09 +2.60 vs. 2.90 + 1.57; p
<0.001), longer crises (4.73 £ 1.86 vs. 3.45 £ 2.61 days; p = 0.010), and a more recent vaso-occlusive
crisis (15.6 £16.7 vs. 27.9 + 37.3 weeks; p = 0.019). This relationship may be explained by erythrocyte
sickling and obstruction of the hepatic microcirculation during vaso-occlusive episodes, potentially
resulting in hypoxia, sinusoidal congestion, and hepatocellular injury [31]. Thus, the frequency and
recurrence of vaso-occlusive episodes may contribute to the development or progression of hepatic
injury.

The use of herbal medicine was also more frequently reported among SCH+ patients (100% vs. 80.2%; p
= 0.023). However, this association should be interpreted cautiously, as it does not establish a causal
relationship with hepatopathy. Some traditional preparations may contain potentially hepatotoxic
substances, but the products used were not characterized in our study. Similarly, paracetamol use
(63.6% vs. 7.92%; p < 0.001) and NSAID use (45.5% vs. 12.9%; p = 0.001) were more frequent among
SCH+ patients. This finding may primarily reflect the higher frequency of painful episodes among SCH+
patients, resulting in greater use of analgesic medications. Nevertheless, because paracetamol is
primarily metabolized in the liver, repeated use or high doses may represent an additional hepatic
stressor [29].
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Finally, regular medical follow-up was significantly less frequent among SCH + patients than among SCH
- patients (9.09% vs. 58.4%; p < 0.001). This association may suggest that inadequate medical follow-up
limits the early detection of hepatic complications and delays their management. However, given the
cross-sectional nature of our study, a causal relationship between irregular follow-up and the occurrence
of hepatopathy cannot be established. Furthermore, a history of gallstone disease was exclusively
reported among SCH + patients (18.2% vs. 0%; p = 0.001). This finding is consistent with data reported by
Deeb et al. [28] and Al-Busafi et al. [24]. Gallstone disease is a common complication of chronic
hemolysis in sickle cell disease. Increased bilirubin production promotes the formation of pigment
stones, which may cause biliary obstruction, cholestasis, and secondary hepatobiliary complications
[32]. Overall, these findings suggest that hepatopathy in our population was associated with a more
active disease profile, characterized notably by a greater transfusion burden, a higher frequency of vaso-
occlusive crises, and the presence of biliary complications.

Clinically, fever was significantly more frequent among SCH + patients than among SCH - patients
(81.8% vs. 6.9%; p < 0.001). This association may reflect the inflammatory state associated with vaso-
occlusive episodes or the coexistence of an infectious process, particularly since infection was also
more frequent among SCH + patients (18.2% vs. 1.0%; p = 0.004). Fever should therefore be interpreted
with caution, as it is not specific to hepatic involvement. In contrast, manifestations directly suggestive
of hepatobiliary involvement were markedly more frequent among SCH + patients, particularly right upper
quadrant pain (90.9% vs. 3.0%), hepatomegaly (81.8% vs. 4.0%), and jaundice (63.6% vs. 4.0%), with each
of these manifestations being significantly associated with SCH (p < 0.001). These findings are
consistent with the manifestations classically described in acute hepatic complications of sickle cell
disease [25,33]. Splenomegaly and vaso-occlusive crises were also significantly more frequent among
HP+ patients, further supporting an association between disease vaso-occlusive activity and hepatic
involvement.

Biologically, AST levels were elevated in all participants, with no difference in frequency between the
groups. This generalized elevation should be interpreted cautiously in the context of sickle cell disease,
because AST is not liver-specific and is also present in erythrocytes and muscle tissues. Chronic
hemolysis may therefore contribute to increased AST levels [34]. In contrast, ALT levels were significantly
higher among SCH + patients (53.4 + 12.9 vs. 43.7 £ 10.3 U/L; p = 0.003), with a higher proportion of
values exceeding the upper reference limit (81.8% vs. 45.5%; p = 0.006). This difference suggests greater
hepatocellular injury in the hepatopathy group, as ALT is relatively more specific for hepatic injury than
AST. These findings are broadly consistent with those reported by Deeb et al [28].

GGT and, particularly, ALP levels were also significantly higher among SCH + patients (39.3 + 25.7 vs.
15.4+8.5U/L; p=0.012and 512+ 74.7 vs. 355+ 113 U/L; p < 0.001, respectively). The concomitant
elevation of ALP and GGT among patients with SCH supports the presence of a hepatobiliary component
to the observed abnormalities. In our series, the biochemical profile was dominated by mixed
cholestasis (72.7%), followed by pure cholestasis (27.3%) among SCH+ patients. This predominance of
cholestatic profiles is compatible with the mechanisms described in sickle cell hepatopathy, including
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sinusoidal congestion, intrahepatic vaso-occlusive phenomena, and biliary complications associated
with chronic hemolysis [27,28]. However, it is important to emphasize that interpretation of ALP levels in
children requires caution, given the physiological contribution of the bone isoenzyme during growth.
Nevertheless, the concomitant elevation of GGT in a substantial proportion of SCH + patients further
supports a hepatobiliary origin of the observed ALP abnormalities.

Finally, the presence of acute hepatic crisis in 90.9% of SCH + patients and acute hepatic sequestration
in 9.1% highlights the predominantly acute nature of the hepatic complications identified in our
population. The predominance of acute hepatic crisis may partly explain the marked clinical and
biochemical abnormalities observed. These findings also suggest that, in children with sickle cell
disease, hepatic manifestations may occur in the context of active vaso-occlusive disease and require
prompt clinical and biochemical assessment.

In univariate analysis, female sex was associated with an increased likelihood of sickle cell hepatopathy
(OR =8.49;95% Cl: 2.66—27.0; p < 0.001), like some reports describing a female predominance [24].
Tachycardia, increased respiratory rate, and particularly fever were also strongly associated with SCH,
probably reflecting the acute clinical context of the hepatic complications observed. The presence of
vaso-occlusive crises (VOC) was particularly frequent among SCH + patients (81.8% vs. 12.9%; p <
0.001), supporting the hypothesis that recurrent vaso-occlusive phenomena may contribute to the
development of hepatic injury. Finally, lack of regular medical follow-up was strongly associated with
SCH (OR=14.0;95% CI: 3.11-63.4; p < 0.001) [35]. This association may reflect delayed detection of
hepatic complications among patients receiving less regular medical care [28]. However, the causal
interpretation of these associations should remain cautious.

This study has several limitations that should be acknowledged. The relatively short study period and the
modest sample size may have limited the statistical power of the study and the generalizability of the
findings. In addition, the absence of hepatobiliary imaging prevented the clinical and biochemical
findings from being complemented by a morphological assessment of hepatic involvement.

Despite these limitations, this study has several strengths. Overall, our findings show that sickle cell
hepatopathy was associated with a constellation of concordant clinical and biological characteristics,
including increased vaso-occlusive activity, greater transfusion exposure, biliary complications, clinical
signs of hepatic involvement, and a predominance of a cholestatic biochemical profile. These findings
support the value of systematic screening for hepatobiliary abnormalities in patients with sickle cell
disease, particularly those experiencing frequent vaso-occlusive crises or substantial transfusion
exposure.

CONCLUSION

At the end of this study, which aimed to determine the prevalence and factors associated with sickle cell

hepatopathy among patients with sickle cell disease in Cameroon, sickle cell hepatopathy was identified

in 22 of the 123 participants, corresponding to a prevalence of 17.9%. Clinically, the main manifestations
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associated with sickle cell hepatopathy were right upper quadrant pain, hepatomegaly, and jaundice,
observed in 90.9%, 81.8%, and 63.6% of SCH + patients, respectively, compared with 3.0%, 4.0%, and 4.0%
among SCH - patients. Vaso-occlusive crises were also markedly more frequent among patients with
hepatopathy (81.8% vs. 12.9%; p < 0.001). Biologically, SH + patients had significantly higher ALT, GGT,
and ALP levels, with mean values of 53.4 +12.9 U/L, 39.3+25.7 U/L, and 512 + 74.7 U/L, respectively.
The biochemical profile was predominantly characterized by mixed cholestasis (72.7%), followed by pure
cholestasis (27.3%), while acute hepatic crisis was identified in 90.9% of SCH + patients. In univariate
analysis, several factors were significantly associated with sickle cell hepatopathy, including male sex
(OR=8.49;95% Cl: 2.66—27.0; p < 0.001), increased heart and respiratory rates, fever, the presence of
vaso-occlusive crises (OR = 18.2; 95% Cl: 5.53-60.2; p < 0.001), elevated GGT levels, and lack of regular
medical follow-up (OR =14.0; 95% CI: 3.11-63.4; p < 0.001). The number of previous blood transfusions
was also significantly higher among SCH + patients (5.82 + 1.44 vs. 1.96 + 1.90; p = 0.036). This study
highlights the substantial occurrence of sickle cell hepatopathy in our setting and underscores the
importance of regular clinical and biochemical monitoring, particularly among patients experiencing
recurrent vaso-occlusive crises, substantial transfusion exposure, or clinical and biological features
suggestive of hepatobiliary involvement.
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