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Abstract

Background: Nigeria contributes 30% to the global sickle cell anaemia bur-
den. Cholelithiasis occurs commonly in children with sickle cell anaemia and
may remain undiagnosed, mimic abdominal vaso-occlusive crises or become
complicated by calculus cholecystitis. Early identification of children with
sickle cell anaemia who have Cholelithiasis reduces the chances of misdiag-
nosis, mistreatment and improves outcomes. There is limited knowledge
about the prevalence of Cholelithiasis among Nigerian children with sickle
cell anaemia. The present study aimed to determine the prevalence of Chole-
lithiasis in children with sickle cell anaemia in Gombe, northeast Nigeria.
Methodology: This was a cross-sectional analysis of children with sickle cell
anaemia being followed-up at the sickle cell centre of the Federal Teaching
Hospital, Gombe, northeast Nigeria. We consecutively recruited 294 children
aged 2 - 17 years while in steady state from June to November 2017. Quantit-
ative data were collected from parents/caregivers via a researcher
administered questionnaire and cholecystosonography performed after a
minimum of 8-hour fast. Predictors of Cholelithiasis were examined using
binary logistic regression. Results: The mean age of children with sickle cell
anaemia was 9.0 + 4.5 years. The prevalence of Cholelithiasis in children with
sickle cell anaemia in steady state was 4.8%. Children aged 15 - 17 years had
12 times higher odds of having Cholelithiasis [AOR = 12.268 (95% CI = 1.3 -
112.8)]. Conclusion: The prevalence of Cholelithiasis in children with sickle
cell anaemia though generally low, increases progressively with age to peak
during middle to late adolescence.
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1. Introduction

Sickle-cell disease is the most important genetic disorder globally, affecting 5%
of the world’s population [1] [2]. An estimated 200,000 children with its most
severe form—sickle cell anaemia (SCA) are born in Africa each year [2], of
which more than 50% of these are born in Nigeria [3]. Within the country, the
northeast sub-region has the highest burden of the sickle cell trait [4]. Sickle cell
anaemia is the most common disease associated with Cholelithiasis in childhood
(3].

Several pathophysiological mechanisms underlying the development of
Cholelithiasis in childhood SCA have been proposed, notable among which are
persistent and accelerated haemolysis [5] [6], gall bladder abnormalities [7] [8],
single nucleotide polymorphisms [9] [10] [11], dietary fibre abnormalities [12]
[13], biliary sludge [14], and precipitation of polymerized calcium bilirubinate
within the gallbladder lumen to form black pigment stones when the ion product
of calcium and unconjugated bilirubin exceeds its solubility [15] [16] [17].

The prevalence of Cholelithiasis in children with sickle cell anaemia is re-
ported to be as high as 19% - 50% among subjects in Europe, Asia and the
Americas [18] [19] [20]; however studies in sub-Saharan Africa [21] [22] [23]
have reported a much lower prevalence between 4% and 8%. The risk of devel-
oping Cholelithiasis has been reported to increase with age in children with SCA
[21] [24] [25] [26] and though often asymptomatic, the significance of Choleli-
thiasis lies in its ability to present with abdominal complaints or lead to the de-
velopment of calculus cholecystitis, both of which may be indistinguishable from
vaso-occlusive crises [27]. Calcium bilirubinate stones may also act as a nidus for
bacterial infections, thereby predisposing to higher morbidity manifested as both
increased hospital for “abdominal crises” and increased ambulatory hospital vis-
its [28].

Despite the high burden of sickle cell anaemia in the sub-region, there is li-
mited knowledge of the prevalence of Cholelithiasis among the affected children.
Early identification of children with SCA who have Cholelithiasis reduces the
chances of misdiagnosis, mistreatment, and allows for elective cholecystectomy
which has better outcomes compared to emergency cholecystectomy [29]. Fur-
thermore, cholecystosonography the diagnostic test of choice is cheap, readily
available, free from ionising radiation and has both high sensitivity and specific-
ity [30].

This study sought to determine the prevalence of Cholelithiasis among child-
ren with sickle cell anaemia being followed up at a tertiary hospital in northeast

Nigeria.

2. Materials and Methods

The study was conducted at the Federal Teaching Hospital, Gombe (FTHG)
which is a 450-bed tertiary health institution located in Gombe, Gombe state.

Gombe State is located in the centre of the northeast region of Nigeria between
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latitudes 90°30'N and 12°30'N, Longitudes 8°5' and 11°45' [31] [32].

The regional sickle cell centre located in the Federal Teaching Hospital serves
as a referral centre for sickle cell disease management for the northeast. It pro-
vides out-patient care for both adults and children with sickle cell diseases from
Gombe and neighboring states in the region. The sickle cell centre offers ge-
netic counselling, neonatal screening for sickle cell disease, monitoring in-
cluding transcranial ultrasonography and referrals. The paediatric clinic is su-
pervised by a Paediatrician trained in sickle cell disease management, resident
doctors, nurses and pharmacy and laboratory services. This clinic holds once a
week and attends to approximately 60 - 80 paediatric outpatients per clinic
with a total of 400 registered patients aged 0 - 17 years at the time of the study.
Each child is routinely followed up every three months or more frequently

when indicated.

3. Study Design

This was a cross-sectional analytic study.

3.1. Sample Size

A total of 322 subjects were enrolled as determined using the Fischer formula

[33] [34] and after adjusting to account for missing or incomplete data.

3.2. Study Population

The study population comprised of children aged 2 - 17 years diagnosed with
sickle cell anaemia on follow-up at the sickle cell clinic of the hospital and whose
parents/caregivers consented to the study and assent also obtained from children

=7 years.

3.3. Sampling Technique

A consecutive sampling technique was employed where all subjects who met the
inclusion criteria were consecutively recruited within the study period of 6
months (June 2017-November 2017) until the sample size was achieved. The use
of consecutive sampling was adopted in order to recruit all eligible subjects
within the study period since it could not be determined who would be in steady

state at each hospital visit.

3.4. Inclusion & Exclusion Criteria

All children aged 2 - 17 years attending the sickle cell clinic of the Federal
Teaching Hospital, Gombe who were in steady state and parents/caregivers con-
sented were recruited. Steady state was defined by the absence of infection (in-
dicated by medical history and or clinical evidence), acute complications or cris-
es for at least four weeks and no blood transfusions in the preceding four
months [35]. Children < 2 years (due to the difficulty of ensuring the overnight
fast) and those who had had cholecystectomy were excluded.
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3.5. Ethical Consideration

Prior to commencement of the study, ethical approval was obtained from the

Hospital’s Research and Ethics Committee. Data collected was anonymized.

3.6. Data Collection

On each clinic day, the children were triaged and those who were acutely ill were
referred to the children’s emergency. Parents and caregivers who brought their
wards for routine follow-up were given information about the study and signed
consent was obtained. Parents/caregivers whose children were found eligible for
the study and consented were given appointments and guidelines for

cholecystosonography. Socio-demographic data of subjects were documented.

3.7. Diagnosis of Cholelithiasis

Cholecystosonography was performed on subjects after they had fasted for at
least 8 hours using a Phillips HD3 general purpose ultrasound scanner equipped
with a 3.5 MHz curvilinear transducer. The procedure was explained to the par-
ent/caregiver and child by the researcher in simple terms. Sonography was car-
ried out on each subject with a parent or caregiver present, and where necessary,
holding the child to provide reassurance and comfort. Subjects were scanned in
the supine and left lateral decubitus positions. Warm coupling gel was applied at
the scan site—usually the right upper quadrant and transducer placed and
moved in a transverse plane cranially and caudally to display the liver image
which serves as a window to the gallbladder.

The gallbladder was visualized as a sonolucent (dark) “pear” shaped organ at
the inferior surface of the liver. Cholelithiasis was identified as curvilinear echo-
genic structures casting acoustic shadows which moved with a change in scan
position [37] [38]. Biliary sludge was identified as sand-like echogenic structures
in the gallbladder which move with a change in scan position but do not cast
acoustic shadows [36] [37].

3.8. Data Analysis

All data generated were processed and analysed using the IBM Corp SPSS statis-
tics for windows version 24.0 [39]. Age was further sub-categorized into four
groups, 2 - 5;6 - 9; 10 - 14 and 15 - 18 years for ease of analysis. Proportions and
percentages were computed for categorical variables. The mean age and standard
deviations of age was computed.

Fishers’ exact test was used when >20% of cells contained numbers <5. Results
were presented in Tables and Figures such as line graphs, and bar charts to aid
better presentation of findings.

The prevalence of Cholelithiasis was computed across the population studied.
To test the level of significant association noticed across the subgroups, the con-
fidence interval was set at 95% and p-values < 0.05 were considered to be statis-

tically significant. Binary logistic regression was employed to determine which
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subject characteristic was most predictive of Cholelithiasis.

4. Results
4.1. Descriptive Characteristics of Study Population

A total of 322 children who fulfilled the inclusion criteria were recruited. Of
these, 294 subjects returned to participate in the study and had their data
analysed. The other 28 children were excluded from analysis (22 did not return
for the procedure, 6 presented but had acute illnesses and so were referred to the
children’s emergency).

Males constituted 49% (144) and females 51% (150) of study participants. The
male-to-female ratio was approximately 1:1. The mean age of study subjects was
9.0 + 4.5 years. Females were older than males with mean age of 9.6 + 4.4 years
vs 8.5 + 4.4 years for males, and the difference was statistically significant p =
0.031.

The 10 - 14 year age category constituted the highest number of study partici-
pants 29.9% (88) followed by the 2 - 5 year age category 27.2% (80). The lowest
contributor accounting for 16.0% (47) of study participants were 15 - 18 years
(Table 1).

Five ethnic groups accounted for more than 80% of study subjects: Hausa
32.7% (96), Fulani 31.0% (91), Tera 10.9% (32), Barebare 4.1% (12); Tangale
3.4% (10). There were 27 ethnic nationalities among the study subjects (Figure
1).

4.2. Prevalence of Cholelithiasis among Children with Sickle
Cell Anaemia in Steady State

Among the 294 children with sickle cell anaemia in steady state aged 2 - 17 years,
14 were found to have Cholelithiasis, giving the prevalence as 4.8% (14/294). Bi-
liary sludge was visualized in an additional 2.7% (8/294). The prevalence of
Cholelithiasis was similar between male participants 4.9% (7/144) and females
4.7% (7/150) (p = 0.938).

The 15 - 17 years age category had the highest prevalence of Cholelithiasis
14.9% (7/47) while the 2 - 5 years age category had the lowest prevalence 1.3%
(1/80). The prevalence of Cholelithiasis increased with age from 1.3% at 2 - 5

Table 1. Description of study subjects by age-category and sex.

Male (N = 144) Female (N = 150) Total (N = 294)
Age category (years)
n (%) n (%) n (%)
2-5 44 (30.5) 36 (24.0) 80 (27.2)
6-9 42 (29.2) 37 (24.7) 79 (26.9)
10-14 40 (27.8) 48 (32.0) 88 (29.9)
15-17 18 (12.5) 29 (19.3) 47 (16.0)
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M Hausa
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Figure 1. Pie chart showing ethnic distribution of study participants. *Others:
Babur, Bajju, Bolewa, Bura, Buzu, Dadiya, Gizmawa, Gondumawa, Igbira, Jara,
Jukun, Kanakuri, Kanuri, Karekare, Kilba, Mangu, Nizom, Pero, Shua, Waja,
Wurkun, Yoruba.

years; to 2.5% at 6 - 9 years and 4.5% at 10 - 14 years. This difference in preva-
lence of Cholelithiasis by age category of subjects was statistically significant
with p < 0.001 (Figure 2).

The prevalence of Cholelithiasis was highest in the Fulani ethnic group 11%
(10/91). Fulani subjects contributed 31% (91/294) of study participants however,
71.4% (10/14) of children with Cholelithiasis were of Fulani ethnicity. The dif-
ference in prevalence of Cholelithiasis based on ethnicity of subjects was statisti-
cally significant with p = 0.012. No subjects of Hausa, Barebare or Tangale eth-
nicity had Cholelithiasis (Table 2).

Binary logistic regression indicated that age group was a significant predictor
of Cholelithiasis among children with sickle cell anaemia. The odds of having
Cholelithiasis were 12times higher in children aged 15 - 17 years than those aged
2 - 5 years (CI 1.334 - 112.825). Children of Fulani ethnicity were 2.4 times more
likely to have Cholelithiasis than those of other ethnicities (CI 0.590 - 9.758).
This finding was however not statistically significant (Table 3).

4.3. Follow-Up

At the time of data collection, all participants and their parents/caregivers who
were found to have Cholelithiasis were enlightened on the causes, likely symp-
toms, complications and definitive treatment modality and referred to the
paediatric surgical unit for further management. Questions and concerns raised

by the parents/caregivers and children were also appropriately addressed.
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Figure 2. Prevalence of Cholelithiasis by age category of study subjects.

Table 2. Prevalence of gallstone by ethnic group.

Hausa Fulani  Tera  Barebare Tangale Others Total

N= N= N= N= N= N=

Cholelithiasis 96 (%) 91 (%)  32(%) 12 (%) 10%) 53 (%) N =294 P-value*
Yes 0 (0) 10 (11) 1(3.1) 0 (0) 0 (0) 3(5.7) 14(4.8)
No 96 (100) 81 (89) 31(96.9) 12(100) 10 (100) 50 (94.3) 280 (95.2) 0.012

*Fishers’ exact test p-value.

Table 3. Binary logistic regression analysis of variables associated with Cholelithiasis in
children with sickle cell anaemia.

Variable Odds ratio 95% CI P-value
Age group
2-5 1 0.150 - 20.742 0.653
6-9 1.762 0.404 - 37.759 0.239
10 - 14 3.904 1.334 - 112.825 0.027
15-17 12.268
Ethnic group
Hausa 0.000 0.000 0.996
Fulani 2.399 0.590 - 9.758 0.221
Tera 0.573 0.048 - 6.763 0.658
Barebare 0.000 0.000 0.999
Tangale 0.000 0.000 0.999
Others 1
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5. Discussion

Our study shows a low prevalence of Cholelithiasis (4.8%) among children with
sickle cell anaemia at the Federal Teaching Hospital, Gombe. The prevalence of
Cholelithiasis in children with sickle cell anaemia established by this study is a
reflection of the generally low prevalence of Cholelithiasis reported by most au-
thors within the country [Adekile et al [39] (4.4%), Odunvbun et al. (5%), [23]
Maaji et al [40] (5.6%), Nzeh et al (4.2%) [22]]. Our findings are also compara-
ble to the low prevalence of 4% and 9.4% respectively, reported by Darko et al.
[21] and Diagne et al [41] among Ghanaian and Senegalese children with sickle
cell anaemia.

In contrast to our findings, Koueta ef al. [42] found the prevalence of Choleli-
thiasis to be 24.3% among children with sickle cell anaemia in Burkina Faso
(West Africa), despite having a study population and perhaps environmental
factors similar to this study. The higher prevalence they reported compared to
this and others within sub-Saharan Africa may be attributable to differences in
study design; the Burkina Faso study was a 10 year retrospective review of ab-
dominal ultrasound reports from their clinic over ten years. Since abdominal ul-
trasonography was not routinely done for all children with sickle cell anaemia,
the use of ultrasound reports may have skewed the findings in favour of indi-
viduals being investigated for abdominal symptoms for which abdominal ultra-
sonography was requested.

The low prevalence of Cholelithiasis from most cross-sectional studies within
the country and sub-Saharan Africa [21] [22] [23] [34] [40] [41] suggests the li-
kelihood of a lower prevalence of Cholelithiasis in children with sickle cell
anaemia in the West African sub-region compared to North-Africa [43], Asia
[44] [45], Europe [24] and the Americas [18] [20] [46]. Genetic, environmental
and lifestyle characteristics of individuals with sickle cell disease within the
sub-region when compared to other climes may explain these differences ob-
served.

The predominant diet consumed by most individuals in sub-Saharan Africa
has been reported to be high in fibre [13]. High dietary fibre intake may protect
against pigment gallstone formation in children with sickle cell anaemia by
speeding intestinal transit and the production of abundant short chain fatty ac-
ids which diminish intestinal pH, reduce biliary hydrophobic bile acids, precipi-
tate unconjugated bilirubin and sequester bile acids in the large intestine [13]
[47]. These beneficial properties of the typical “African diet” may partly explain
the lower prevalence of Cholelithiasis among individual residing in sub-Saharan
Africa relative to their counterparts in other climes [13] [47]. Large popula-
tion-based, long-term, prospective epidemiological studies aiming to identify the
protective value of dietary components have however been hampered by diffi-
culties in estimating the precise quantity and ingestion pattern of nutrients.

The prevalence of Cholelithiasis among children with sickle cell anaemia at

Federal Teaching Hospital, Gombe though higher among male participants, did
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not significantly differ from that observed in their female counterparts. The
finding of similar sex occurrence of Cholelithiasis in sickle cell anaemia patients
was also reported by Billa et al [48] in 90 adults and children with sickle cell
anaemia in steady state in Yaounde, Cameroun. The age range of subjects was 15 -
45 years and 53% (48) were 15 - 20 years. Martins et al. [49] also found a similar
equal male: female ratio of Cholelithiasis in a retrospective descriptive study of
cholecystosonography findings of all children and adults with sickle cell disease
who were on follow-up at their Teaching Hospital in Brazil (South America).
However, in contrast to these findings, researchers [23] in Benin, South-south
Nigeria have reported a wide variation in male: female ratio of 4:1 in their study
using ultrasonography to screen children aged 1 - 18 years with sickle cell
anaemia for Cholelithiasis.

This study shows a pattern of increasing prevalence of Cholelithiasis with age
in children with sickle cell anaemia from 1.3% below 5 years to 14.9% in
mid-to-late adolescence. These findings are comparable to reports by other re-
searchers [18] [21] of very low prevalence of Cholelithiasis below 5 years which
increases steadily throughout childhood to peak in late adolescence. In sickle cell
anaemia, like many other disorders associated with chronic haemolysis, Chole-
lithiasis is the end result of a pathologic process in consisting wholly or partially
of persistent hyperbilirubinaemia [17] [50], gall bladder dysfunction; genetic de-
fects in UGT activity [9] [10] [11]; biliary sludge formation [14] [50] and subse-
quent calcium deposition to produce pigment gallstones [17] [50]. The cumula-
tive likelihood of these events therefore increases progressively with age and bi-
liary sludge has been reported to be a well-known pre-Cholelithiasis phenome-
non [14]. Our study however has an advantage of having adjusted for other va-
riables like sex and ethnicity; with age remaining the only predictor of Choleli-
thiasis among children with sickle cell anaemia. This uniformity across many
studies, showing increasing prevalence of Cholelithiasis with age, among child-
ren in sickle cell anaemia may also serve as a guide towards the development of
guidelines for routine screening for Cholelithiasis in this sub-population of
children.

Children of Fulani ethnicity appeared to be slightly more affected by Choleli-
thiasis than other ethnicities. Few studies (if any) have established a relationship
between ethnicity and the pigment type Cholelithiasis commonly found in sickle
cell anaemia. The diet of most Fulani’s has been reported to be identical to those
of the sedentary communities who reside closely with them although they may
also consume high amounts of milk [51]. Glew et al. [52] reported low LDL cho-
lesterol, normal (Total and HDL) cholesterol and triglycerides in pastoral Fulani
despite diets found to be high in saturated fat. The role of ethnic differences in
predisposition to Cholelithiasis in sickle cell anaemia is therefore unclear.

Our study is limited by our inability to determine symptomatology of Chole-
lithiasis in affected children, in order to look into features which may have been
associated with the presence of Cholelithiasis. Also our non-inclusion of va-

riables such as weight in our study raises the possibility of the occurrence of
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adiposity-related cholesterol Cholelithiasis.

6. Conclusion

This study found a low prevalence of Cholelithiasis among children with sickle
cell anaemia steady state at the Federal Teaching Hospital, Gombe. The preva-
lence of Cholelithiasis increases with age and the Fulani children have a higher

prevalence than other ethnic groups.
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