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Abstract

Context: Sickle cell disease (SCD) causes
abnormal  hemoglobin, leading to
complications such as vaso-occlusive
crises, chronic anemia, and organ damage.
One significant  but  underreported
complication is sensorineural hearing loss
(SNHL), which often starts with gradually
elevated hearing thresholds and can lead to
permanent hearing loss. This study aimed
to compare the hearing thresholds of
children and adolescents with SCD to those
with normal hemoglobin (HbAA).
Method and Materials: This hospital-

based, cross-sectional case-control study

evaluated 125 children and adolescents

(ages 5 to 16 yrs) with sickle cell disease
(subjects) in a steady state, compared to 125
healthy controls with haemoglobin AA
genotype. Subjects were recruited from the
haematology outpatient clinic, while
controls were selected from the general
outpatient clinic at Ahmadu Bello
University Teaching Hospital (ABUTH).
Results: The mean hearing thresholds in
both ears for SCD subjects (20.0£2.5 dB;
t=12.918; p<0.001) were significantly
higher than those for controls with the
HbAA genotype (14.2+3.4 dB; t=12.918;
p<0.001). Adolescents with SCD exhibited
elevated mean hearing thresholds at both
low and high frequencies, with an increase
in hearing thresholds as they aged. There
was no significant difference in mean
hearing thresholds between genders
(Males: 21.1 dB; Females: 21.2 dB).
Conclusion: The study concluded that
children and adolescents with sickle cell
disease (SCD) have significantly higher
hearing thresholds than their peers with

normal HbAA genotype. This hearing loss
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increases with age and affects both genders
equally. These findings underscore the
importance of regular hearing evaluations

and targeted care for individuals with SCD.

Keywords: Hearing threshold,
Sensorineural hearing loss, Sickle cell

disease, Steady stat

Introduction

Sickle cell disease (SCD) refers to a
collection of genetic blood disorders
characterized by the presence of a
haemoglobin variant called sickle cell
haemoglobin (HbS). It is the most common
autosomal recessively inherited genetic
disease and the most debilitating
haematological genetic disorder affecting
the black race today.!'). The global burden
of sickle cell disease (SCD) remains
significant and is increasing. The total
number of people living with SCD
worldwide has increased by 41.4%,
reaching approximately 7.74 million in
2021. Nigeria plays a significant role in the
global burden of SCD. As one of the

countries with the highest incidence rates, it

is part of a group that accounts for nearly
half of the global SCD incidence at birth.
Efforts to manage and mitigate the impact
of SCD (of which hearing loss is one but
underreported) in these regions are crucial,
given the high mortality rates among
children under five and the significant

health disparities that exist.[ 1]

Hearing thresholds refer to the quietest
sound that can be heard by an individual,
measured in decibels (dB) and is used to
determine the degree of hearing loss. The
degree of hearing loss a person has can be
characterized by how loud a sound has to
for the person to be able to hear it. Normal
hearing threshold in children and
adolescents is defined as 15 decibels (dB)
or better (less). In children and adolescents
with sickle cell disease (SCD), studies have
consistently shown that these thresholds are
often elevated compared to their peers with

normal hemoglobin (HbAA). [4-12]

Hearing loss in sickle cell disease (SCD)
results from several interrelated

mechanisms influenced by the disease's
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pathology!'3"'"] One primary factor is vaso-
occlusion and ischemia, where the sickling
of red blood cells leads to blockages in
small blood wvessels, including those
supplying the cochlea. This causes
ischemia and subsequent cochlear damage,
resulting in sensorineural hearing loss
(SNHL){!#2% Chronic anemia, another key
aspect of SCD, exacerbates this issue by
reducing the oxygen-carrying capacity of
the blood. The inner ear is particularly
sensitive to oxygen deprivation, and
prolonged hypoxia can damage cochlear
hair cells, further contributing to hearing

lossT?!> 22!

Compounding this problem,
children with SCD are prone to recurrent
infections due to impaired spleen function.
Frequent ear infections (otitis media) can
initially cause conductive hearing loss, and
severe or repeated infections can lead to
permanent  sensorineural damage.?*-")
Additionally, opioids such as hydrocodone,
oxycodone, morphine, and codeine are

frequently used to manage moderate to

severe vaso-occlusive crises (VOCs) in

SCD. There have been reports of rapid-
progression hearing loss associated with
hydrocodone abuse, and a few cases have
identified hearing loss as an adverse effect
of opioid use?®3% These findings highlight
the need for cautious use of these common
drugs in SCD to avoid exacerbating hearing
loss. Moreover, chronic blood transfusions,
a common treatment for SCD, can lead to
iron overload. Excess iron deposits in
various organs, including the cochlea, cause
oxidative stress and cellular damage that
impair hearing.*!~*3 Finally, genetic factors
may play a role in the variability of hearing
loss among SCD patients, as certain genetic
variants may increase susceptibility to
hearing damage, explaining why some
patients experience more severe hearing

[20,34-39]

loss than others. Understanding

these interconnected mechanisms
underscores the need for comprehensive
care and regular auditory evaluations in
individuals with SCD to detect and manage
hearing loss early, thereby improving their

quality of life.[*"]
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Overall, Children and adolescents with
sickle cell disease (SCD) tend to have
higher hearing thresholds and a greater
prevalence of sensorineural hearing loss
compared to their peers with normal
hemoglobin.[*!**3! The Northwest region of
Nigeria significantly contributes to the
national SCD burden, yet there are few
studies on the hearing thresholds of affected
individuals in this area. This study aims to
evaluate the hearing thresholds of children
and adolescents with SCD in comparison to
their peers with normal hemoglobin

patterns.

Methods

Study Design and Setting

A hospital-based, cross-sectional case-
control study was conducted at Ahmadu
Bello University Teaching Hospital
(ABUTH) in Zaria, North-West Nigeria.
ABUTH's Sickle Cell Clinic, which serves
Zaria and nearby areas, sees 60 — 70

children with SCD weekly.

Study Population and Source

The study included children and
adolescents aged 5-16 years with sickle cell
disease (Subjects) from the Sickle Cell
Clinic and those with normal hemoglobin
(controls) from the General Outpatient
Department at Ahmadu Bello University
Teaching Hospital (ABUTH), Zaria.
Participants were those who attended these
clinics during the study period.
Inclusion criteria for subjects and
controls: Subjects: Patients with
documented hemoglobin genotypes
SS, SC, or SS+F and regular clinic
follow-up; Controls: Individuals
with an HbA A genotype. Consent or
assent ~was obtained before
recruitment.
Exclusion criteria for subjects and
controls: Children with SCD in
acute crisis or with other
hemoglobinopathies. Those with a
family history of hearing loss, ear
surgery, head trauma, radiotherapy,
stroke, chronic blood transfusions,

excessive noise exposure, diabetes,
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HIV, TB, measles, mumps,

meningitis, or ototoxic drug intake.

Sample Size Estimation

The required sample size was calculated
using the single population proportion
formula,* assuming a 95% confidence
interval (CI), a 5% margin of error, and an
8% proportion of children and adolescents
with elevated hearing thresholds —
sensorineural hearing loss (based on a study
by Ogisi et al."® in Southeastern Nigeria).
This initial calculation yielded a sample
size of 113. After accounting for a 10%
non-response rate, the final sample size was
determined to be 125. Hence, the sample
size calculated was 125 subjects with Sickle
cell disease and 125 age- and -sex matched

controls.

Sampling Technique

Subjects meeting the inclusion criteria were
randomly selected using a random number
table. An average of ten participants
(subjects and controls) were recruited
weekly over six months (June—December,

2021). Recruited subjects underwent Pure

Tone Audiometry (PTA) and
Tympanometry on the same day. Age and
sex-matched controls from the outpatient
departments had their haemoglobin
genotype determined before the audiologic

tests.

Data Collection

A pretested, structured interviewer-
administered questionnaire was used to
collect data from subjects and their
caregivers, covering bio-data, socio-
demographic characteristics, and hearing
loss symptoms. The diagnosis of SCD
(HbSS, HbSC, or HbSS+F) for subjects was
verified from case notes, while controls
(HbAA) had their haemoglobin genotype
confirmed by electrophoresis during the
study.
Audiologic Evaluation: An
otolaryngologist conducted a thorough
physical examination of both study subjects
and controls using an otoscope to rule out
any middle ear infections, impacted

earwax, or ear perforations. Only

individuals with clear ear canals and intact
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eardrums were included in the study. If any
patients had impacted earwax, it was
removed, and their auditory testing was
postponed for one week before proceeding.
Middle ear function in all participants,
including controls, was evaluated using
tympanometry by two clinical audiologists,
each possessing over 10 years of
experience—one from the National Ear
Center and the other from Ahmadu Bello
University  Teaching Hospital. The
assessment was conducted with a TYMP 87
Clinical Middle Ear Analyzer,
manufactured by GN Otometrics in
Copenhagen, Denmark. Only those with
normal Type-A tympanograms and an
acoustic reflex, indicating normal middle
ear function, were allowed to continue with
audiometric testing. Diagnostic audiometry
was carried out by the clinical audiologists
using a calibrated audiometer (MADSEN
ITERA, also by GN Otometrics,
Copenhagen, Denmark), along with

properly fitting TDH 35 earphones. Testing

took place in a double-walled, soundproof

cabin to ensure accuracy. The audiometer
was pre-calibrated for the frequencies of
125 Hz, 250 Hz, 500 Hz, 1 KHz, 2 KHz, 4
KHz, 6 KHz, and 8 KHz, and air conduction
measurements of pure tone thresholds were
recorded for each ear across these
frequencies. Hearing loss was classified
based on WHO criteria, with the average
hearing threshold between 500 Hz and 4000
Hz used to categorize loss as mild,
moderate, moderate-severe, severe, or
profound..®

Data Analysis

Data entry and analysis were performed
using IBM SPSS statistical software
version 25 (IBM Corporation, Armonk, NY,
USA). Student t-test or one-way analysis of
variance (ANOVA) was used to determine
the statistical significance of mean values
of hearing thresholds. Differences were
considered statistically significant only if p

value <0.05.

Ethical Clearance

Institutional approval with ethical clearance

(ABUTH/HREC/K6/2021) was obtained
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from the Health Research Ethics
Committee of Ahmadu Bello University
Teaching Hospital, Zaria, Nigeria. Written
informed consents and assent were
obtained from the participants and

parents/caregivers of the participants.

Results
Socio-demographic  characteristics  of
participants

Of the 125 subjects aged 5-16 years, 68
(54.4%) were males and 57 (45.6%) were
females, with a male-to-female ratio of
1.2:1 and a mean age of 10.17 + 3.35 years.
The Chi-squared test indicated no
significant differences in age and sex
distribution between subjects and controls
(X2 = 0.75; P = 0.69), showing effective
matching. Among the subjects, 85 (68%)
had homozygous HbSS, while 6 (4.8%) had
HbSC and HbSS + F accounted for 34
(27.2%). All controls were HbAA. The
majority of study participants were of
Hausa ethnicity (84.8%), followed by
Yoruba (7.2%), Igbo (1%), and others

(7.2%). Among the subjects with sickle cell

anaemia, two-thirds (83.3%) were from a
low socioeconomic class. Additionally,
38.4% of the subjects had poor follow-up
clinic attendance, and 43.2% demonstrated
poor adherence to routine medication

regimens.

Mean Middle Ear Volumes in Subjects and
Controls

The mean middle ear volumes for both the
right and left ears among subjects (Right
Ear: 0.74 +£ 0.10 mL; Left Ear: 0.73 £ 0.12
mL) and controls (Right Ear: 0.72 + 0.09
mL; Left Ear: 0.71 £ 0.07 mL) show no
significant statistical differences. For the
right ear, the t-test value is t=1.660, p=0.09;
for the left ear, the t-test value is t=1.610,
p=0.10, with a degree of freedom (df) of
248. These results indicate that there is no
significant difference in middle ear volume

between the subjects and controls.

Mean Hearing Thresholds in Subjects and
Controls

Subjects with sickle cell disease (SCD)
consistently had higher mean hearing

thresholds than controls at all tested
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frequencies in both ears (Figure 1). SCD

subjects perceived spoken words at high

normal thresholds (20.0 + 2.5 dB in the

right ear; 20.2 + 2.5 dB in the left ear)

compared to controls, who had normal

hearing thresholds (14.2 + 3.6 dB in both

ears) across all frequencies and age groups.

10

15

Hearing threshold (Mean) in dB

20

25

Frequency (Hz)
125 250 500 1000 2000 4000 8000

- Right (SCD)
~de=Right (Ctrl)
= Left (SCD)

e Lt (Citr)
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‘7_./-=t==—°~t<

Figure 1: Mean PTA Hearing Thresholds

of SCD Subjects and Control HbAA
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Table 1: Comparison of Mean Hearing threshold in Subjects and Controls by Age distribution

Mean hearing thresholds in subjects and controls by age distribution (using ANOVA)

Mean Hearing Thresholds (dB £ SD)

Sickle cell disease (n=125)

Mean Hearing Thresholds (dB £ SD)

Controls (Hb AA) n=125

Frequency [(5-8)yrs (>8- (>12- Statistics (6-8yrs  (>8- (>12- Statistics
12)yrs 16)yrs 12)yrs 16)yrs
(Hz) | n=45 n=47  n=33  Fvalue® Pvalue n=45 n=47  n=33  Fvalue’| P value
R 125 215+34 225+47 249+47 2.76 0.067 16.3+29 166+3.7 16.0+31 0.46 0.633
R 250 206+29 20.7+3.6 243+104 4.49 0.013* 153+40 150+40 14040 0.86 0.427
R 500 194+27 21.0+40 22.6+114 2.19 0.116 142+33 142+32 13.2%+35 1.00 0.369
R1000 19.8+27 20.6+51 23.0+12.3 1.94 0.148 136+3.2 146+36 13.6%3.7 1.20 0.305
R2000 19.8+27 208+7.1 23.9+134 2.52 0.085 134+35 134+39 143+38 0.62 0.542
R4000 203+£3.7 21.0+7.1 249+159 251 0.085 129+36 133+3.7 148x4.2 2.89 0.059
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R8000

L 125

L 250

L 500

L1000

L2000

L4000

L8000

20.0+5.2 221+9.7 27.4+154

215+ 3.6

20.6 +3.8

20.0+2.9

20.0+2.7

199+23

202+34

201+41

22.6 +3.5

21.6 +3.6

20.8+4.3

20.8+5.0

199+7.2

21.2+7.8

23.4+8.9

23.1+3.2

21.7+£3.2

21.2+35

216 +4.4

21.8+43

226+6.1

253+9.2

4.88 0.009* 126+3.6 131+39 13.0%4.6 0.15
2.27 0.108 139+41 139+41 147+48 0.50
1.26 0.288 135+3.0 148+4.0 151+43 211
1.17 0.315 140+3.0 140+34 13.7+33 0,09
1.71 0.186 147+30 147+35 13.8+4.0 0.97
1.77 0.175 141+29 13.7+33 13.8+3.2 0.42
1.51 0.226 145+36 144+38 13.7+3.7 0.55
3.63 0.030* 133+36 148+38 143+38 1.83

0.858

0.610

0.125

0.909

0.382

0.660

0.579

0.165

*Statistically

significant difference; R = Right ear; L = Left ear; dB = decibel of hearing; SD = Standard deviation; *df = 3 and 12

2
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Table 2 : Mean Hearing threshold in subjects and controls by Gender distribution

Mean Hearing Threshold (dB+SD) Using Student t-test

Sickle Cell Disease Statistics Controls (HbAA) Statistics
Freq Male Female Male Female
(Hz) n =68 n=57 tvalue pvalue n=68 n=57 t P
value  value

R 125 227+78 229%+42 -0.216 0829 16.6%+35 16.1+29 0.932
R 250 21777 216%+3.6 0130 0897 142+36 157+3.8 -2.342
R 500 21.3+84 201+34 0842 0402 134%+35 146+3.1 -1.899
R1000 21.4+88 204%x49 0.766 0445 13.7+3.6 141+3.4 -0.805
R2000 21.7+99 20.7+6,6 0.613 0940 13.8+40 13.6+34 0.304
R4000 224+116 21.0+6.6 0.825 0411 139%+39 13.0+x3.7 1.297

R8000 23.7+122 21.7+84 1.046 0.297 131%+40 127+39 0.657

L 125 225+35 221+35 0.702 0484 143+43 139+43 0.508
L 250 209+32 21.7+40 -1263 0210 144+40 145%+3.6 -0.137

L 500 20.0+31 214+41 -2243 0.027* 138+31 141+33 -0.454

0.353

0.021*

0.060

0.423

0.762

0.197

0.513

0.613

0.891

0.651
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L1000 206+29 209+50 -0.520

L2000 20.3+29 20.5+7.0 -0.262

L4000 21.6+50 20.7+7.1 0.408

L8000 239+73 222+83 1.245

0.604 146+3.2 143+38 0.527 0.599

0.794 134+31 142+33 -1.348 0.180

0455 13.8+35 148+39 -1.457 0.148

0215 140+3.8 143+39 -0.337 0.737

*Statistically significant difference; degree of freedom= 123; dB = decibel of hearing; SD =

Standard deviation; R = Right ear; L = Left ear; Freq = Frequency

Mean Hearing Thresholds in Subjects
and Controls by Age Distribution

Table 1 shows that in subjects with sickle
cell disease (SCD), mean hearing levels
increase with age at all frequencies in both
ears. In contrast, children with normal
hemoglobin (controls) consistently
perceived spoken words at normal hearing
levels (10-15 dB) in both ears across all age
groups. Among controls, mean hearing

levels did not significantly increase with

age at any frequency.

Mean Hearing Thresholds in Subjects and
Controls by Gender Distribution

The overall mean hearing thresholds for the
male subjects with SCD were 21.1+9.5 dB
Right ear; and 21.1+4.0 dB Left Ear while

for the females, it was 21.2+5.4 dB Right

Ear and 21.1+5.6 dB in Left Ear. For the
control groups the total mean hearing
thresholds for the male were 14.1+3.6 dB
Right Ear; and 14.0+3.6 dB Left Ear while
for the female it was 14.3+3.7 dB in either
ear. The mean hearing thresholds by gender
distribution showed no statistically
significant difference among subjects with
SCD and among the control group across
the frequencies tested except for isolated
R250Hz (t = - 2.342; P = 0.021 Right Ear)
for control and L500HZ (t = - 2.243; p =

0.027) for the subjects (Table 2).

Discussion

All  participants, including controls,
demonstrated a ‘Type A’ tympanogram,
characteristic of healthy ears, which

indicates normal ear canal volume, an intact
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tympanic membrane, properly functioning
ossicles, and the presence of an acoustic
reflex. This finding effectively rules out
middle ear pathologies such as otitis media,
perforations, or abnormal middle ear
pressure. Consequently, the hearing
threshold abnormalities observed in this
study were confined to the inner ear
structures, specifically indicating
sensorineural hearing impairment. This
impairment reflects the typical otologic
manifestations seen in individuals with
sickle cell disease, compared to those with
normal hemoglobin (HbAA), underscoring
the primary etiologic role of sickle cell

disease in affecting auditory function.[!%-3¢

42,46, 47]

This study evaluated the hearing thresholds
of children and adolescents with sickle cell
disease (SCD) in comparison to those with
normal hemoglobin (HbAA). The results
revealed that the mean hearing thresholds
for subjects with SCD were significantly

higher than those of the control group, with

average thresholds in both ears measuring
20.0 = 2.5 dB for SCD subjects, while
controls averaged 14.2 + 3.4 dB. This
finding indicates a notable elevation in
hearing thresholds among children with
SCD, which is corroborated by several
studies.[!7: 3642461 yagir Nuhu Jibril ef al.l”]
in Nigeria assessed cochlear function in
children with SCD and reported abnormal
cochlear function, specifically elevated
hearing thresholds compared to their
healthy counterparts, supporting the current
study's results. Similarly, Tantawya et al.[**]
found that children and adolescents with
SCD exhibited inner ear complications,
including higher hearing thresholds,
reinforcing the evidence of auditory
dysfunction in this population. Rissatto-
Lago et al.'® conducted a systematic review
and meta-analysis that  highlighted
dysfunction of the auditory system in
individuals with SCD, further validating the
observed elevated hearing thresholds. This
comprehensive analysis indicates a broader

trend of auditory impairment in SCD
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patients across various studies.
Additionally, Olajuyin et al.'%l documented
significant otological burdens in Nigerian
children with SCD, noting considerable
hearing loss consistent with the findings of
the current study, which underlines the
widespread nature of this complication
within the SCD population in the region.
Furthermore, Stuart and Smith*®! examined
the emergence and prevalence of hearing
loss in children with homozygous SCD,
discovering that these children are at a
heightened risk of elevated hearing
thresholds. The evidence from multiple
studies confirms the increased vulnerability
of the SCD population to hearing
impairment, emphasizing the need for

ongoing monitoring and intervention for

auditory dysfunction in this group.

The elevated hearing thresholds in subjects
with sickle cell disease (SCD) affect both
ears equally, indicating a bilateral hearing
impairment. This condition can be

attributed to the systemic nature of SCD,

where vaso-occlusive events, chronic
anemia, and recurrent infections have a
uniform impact on both ears. Rissatto-Lago
et al® highlighted in their systematic
review and meta-analysis that auditory
system dysfunction in SCD is typically
bilateral, further  reinforcing  the
observations of this study. Similarly,

48] found that inner ear

Tantawya et al.
complications in SCD patients are
generally bilateral, which supports the
systemic impact of the disease on hearing.
Bois et al!'? also reported bilateral
sensorineural hearing loss in children with
SCD, emphasizing the uniform nature of
auditory impairment across this population.
Furthermore, the study by Olajuyin et al.['"
indicated that Nigerian children with SCD
commonly experience bilateral hearing loss
due to the pervasive effects of the disease
on the auditory system. Additionally, Yasir
Nuhu Jibril ez al.l”! confirmed that cochlear
function is equally affected in both ears of

SCD patients, aligning with the observed

bilateral nature of hearing loss. Finally,
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Stuart et al.* noted that hearing loss in
children with SCD is typically bilateral,
consistent with the overall pattern of
systemic complications associated with the
disease. However, it is important to
acknowledge that some authors!!® 4% 30, 511
have reported unilateral elevated hearing
thresholds in cohorts of children and
adolescents with SCD, although this pattern

is not typical given the mechanisms of

hearing loss in this group.

The study revealed a significant influence
of age on hearing thresholds, with older
children with sickle cell disease (SCD)
exhibiting elevated thresholds at both low
and high frequencies. This trend aligns with
the findings of Emilie Bois et al.'”! who
observed progressive hearing loss in older
children with SCD, suggesting that the
SCD-related

cumulative  effect  of

complications exacerbates hearing
impairment over time. Tantawya et al.[*®!
similarly =~ found that inner  ear

complications, including elevated hearing

thresholds, became more pronounced as
children with SCD aged, indicating that
prolonged exposure to the
pathophysiological impacts of the disease
worsens auditory function. Yasir Nuhu
Jibril et all” also highlighted the
progressive nature of cochlear damage in
SCD patients, noting that older children
experienced more significant hearing loss
compared to their younger counterparts.
Rissatto-Lago et al.l® lconfirmed through a
systematic review and meta-analysis that
the severity of auditory dysfunction in SCD
patients correlates with age, further
validating the observations of this study.
Additionally, Olajuyin et al."”! found that
older Nigerian children with SCD exhibited
more significant hearing loss, emphasizing
age as a critical factor in the progression of
auditory impairment. Heather K. Schopper
et al.®? supported these findings, noting
higher hearing thresholds in older children
with SCD in the United States,
underscoring the pervasive nature of age-

related hearing loss in SCD across different
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regions. However, in contrast to these
findings, Friedman et al.>*' (USA), Alabi et
al*?! (Nigeria), Ajulo et al.’* (United
Kingdom), and Al-Dabbous et al.*%! (Qatif,
Saudi Arabia) did not observe an increased
incidence of elevated hearing thresholds
with advancing age among their studied
subjects. This discrepancy suggests that
age-related hearing loss might not be
universal and indicates that other factors,
such as genetic variability or differing
healthcare standards, could influence
hearing outcomes. This highlights the
complexity of auditory impairment in SCD
and underscores the need for further

research to explore these discrepancies.

Gender did not significantly influence the
mean hearing thresholds in this study, as
both male and female subjects with sickle
cell disease (SCD) exhibited similar
hearing thresholds, which were higher than
those of their HbAA counterparts. This lack
of gender disparity is consistent with

findings from Alabi et al!**!, who also

reported no significant difference in hearing
loss between male and female children with
SCD. Similarly, Todd et al.>! found that
gender did not play a significant role in
hearing threshold variations among
children with SCD, and Tantawya et al.[*"]
corroborated these findings, indicating no
notable gender differences in hearing loss
within their cohort of SCD patients. Mgbor

[17] observed that the prevalence and

et al.
severity of hearing loss were comparable
between male and female children with
SCD, further supporting the current study’s
conclusions. Olajuyin et al'” provided
additional confirmation by reporting no
gender-based differences in the auditory
profiles of Nigerian children with SCD, and
Alison et al*® found that both genders
experienced similar degrees of hearing
impairment, reinforcing the idea that
gender does not significantly impact
hearing thresholds in children with SCD.
However, in contrast to these findings, later

studies by Aderibigbe et al.[*!l, Onakoya et

al% and Al-Okbi er al®! described
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poorer audiometric test results in female
subjects compared to male subjects with
SCD. Aderibigbe et al*! suggested that
menstrual blood flow, which is partly
responsible for lower packed-cell volume
in females, may place additional
hemodynamic stress on female patients
with SCD, potentially predisposing them to
worse cochlear damage during vaso-
occlusive crises. Despite this, the
proportion of adolescents in our study who
had attained menarche was very small
(0.2%), making it difficult to draw
definitive ~ conclusions  about  this
hypothesis. We propose that these varying
findings may be due to a complex interplay
of factors influencing care, as well as
differences in the quality and access to

optimal care, which may have been difficult

to fully assess across these studies.

Conclusion
This study demonstrates that children and
adolescents with sickle cell disease (SCD)

have significantly higher mean hearing

thresholds compared to their peers with
normal hemoglobin (HbAA), with hearing
impairment affecting both ears equally. The
findings suggest that the cumulative effects
of SCD-related complications over time
exacerbate hearing loss, particularly in
older children. Additionally, the study
highlights the socioeconomic disparities
among SCD patients, with the majority
coming from low  socioeconomic
backgrounds, coupled with poor follow-up
attendance and medication non-adherence.
These factors may further compound the
health  challenges faced by these
individuals, emphasizing the need for a
more comprehensive and  accessible
approach to SCD care. No significant
gender differences were observed in
hearing thresholds, reinforcing the systemic
and pervasive nature of hearing loss in SCD
patients across different demographic

groups.

Limitation of the Study
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The study had several limitations that
should be acknowledged. Firstly, the
hospital-based nature of the research may
introduce sample bias, as participants were
drawn from a specific clinical setting.
Also, the study focuses on particular
outcomes, such as hearing improvement,
and does not explore quality-of-life
measures or psychosocial impacts, it might
provide an incomplete picture of the true
burden and treatment efficacy for patients

with SCD.

Recommendations

Given the findings, it is essential that
routine  audiometric  evaluations are
integrated into the standard care for
children and adolescents with SCD,
particularly those from lower
socioeconomic backgrounds who may be
more vulnerable to poor follow-up and
medication non-compliance. Healthcare
systems must develop targeted

interventions to improve clinic attendance

and adherence to medication regimens,

such as community-based health outreach
programs and caregiver education.
Multidisciplinary care involving
pediatricians, haematologists, audiologists,
and social workers is crucial to addressing
both the medical and socioeconomic
challenges these patients face. In addition,
healthcare providers should be trained to
recognize the unique needs of SCD
patients, ensuring that both auditory and
general health outcomes are monitored
closely. Policymakers should also prioritize
accessibility to routine evaluations and
medications, possibly through subsidies or
national healthcare programs. Finally,
further research is needed to explore the
interaction between socioeconomic status,
healthcare access, and the progression of
hearing loss in SCD patients, as well as the
potential role of genetic predispositions in
determining the severity of auditory

complications.

Acknowledgements

NIGERIAN JOURNAL OF BASIC AND CLINICAL SCIENCES / JAN-APR 2025/ VOL 22 | ISSUEN 1




Shofoluwe et al. Hearing Thresholds in Sickle Cell Disease

We would like to express our heartfelt
gratitude to the staff of the Sickle Cell and
General Outpatient Clinics for their
unwavering  support.  Our  deepest
appreciation goes to the children and their
parents/caregivers for their participation
and cooperation in this study. Special
thanks to Mallam Saad Saidu of the
National Ear Center, Kaduna, and Hajiya
Hadiza Ibrahim of the ENT Unit, ABUTH
Zaria, for their invaluable clinical
audiology assistance. We are also grateful
to our research assistants for their dedicated

efforts throughout this project.

Financial support
Nil
Conflicts of interest

There are no conflicts of interest.

References

1. Adekile AD, Adeodu OO.
Haemoglobinopathies. In

Paediatrics and Child Health in a

Tropical Region. 2nd ed. . 2007,
Owerri -  Nigeria:  African
Educational services

Okpala IE. The concept of
comprehensive care of sickle cell
disease. In : Practical Management
Of Haemoglobinopathies, ed.
Okpala IE. 2004,
Massachusettes,USA:  Blackwell
Publishing Ltd.

Chakravorty S, Williams TN. Sickle
cell disease: A neglected chronic
disease of increasing global health
importance. Archives of Disease in
Childhood 2015;100(1):48-53.
Campbell K. Basic Audialagic
Assessment. In: Essential
Audialagy far Physicians. 1st ed.
DauhaeuriJ, ed. Landan: Singular
Publishing Ltd. 1998:1-1 1.
American Academy for Audiology.
American Academy for Audiology
Clinical Practical Guidelines for
Childhood Hearing Screening.

2011.

NIGERIAN JOURNAL OF BASIC AND CLINICAL SCIENCES / JAN-APR 2025/ VOL 22 | ISSUEN 1




Obi Peter Adigwe, Solomon Oloche
Onoja, Godspower Onavbavba. A
Critical Review Of Sickle Cell
Disease Burden And Challenges In
Sub-Saharan Africa. Journal of
Blood Medicine 2023;14:367-76.
Yasir Nuhu Jibril, Khadija Ahmad
Shamsu, Auwal Adamu, Hamisu
Abdullahi, Emmanuel Sara Kolo,
Sagir Gumel Ahmed. Assessment of
Cochlear Function in Children with
Sickle Cell Anemia. Indian Journal
of Otology 2022;27:203-8.
Rissatto-Lago MR, Fernandes LD,
Alves AA, de Oliveira AC, de
Andrade CL, Salles C, et al
Dysfunction of The Auditory
System In Sickle Cell Anaemia: A
Systematic Review With
Meta-Analysis. Trop Med Int
Health 2019;24:1264-76.
Rissatto-Lago MR, da Cruz
Fernandes L, Lyra IM T-RR,
Teixeira R SC, Teixeira Ladeia AM.

Hidden hearing loss in children and

10.

11.

12.

13.

Shofoluwe et al. Hearing Thresholds in Sickle Cell Disease

adolescents with sickle cell anemia.
Int J Pediatr Otorhinolaryngol
2019;116:186-91.

Olajuyin  OA, Olatunya OS,
Adegbiji AW, Oyenibi AS, Faboya
OA. Otological Burdens Of
Nigerian Children With Sickle Cell
Disease. Int J Pediatr
Otorhinolaryngol 2017;2018:1-5.
Zachary Monroe Kiser, Kristen A
Clark, Janem L Sumner, Gregory M
Vercellotti, M.Dawn  Nelson.
Association between Sensorineural
Hearing Loss and Homozygous
Sickle Cell Anemia: A Meta-
Analysis. Blood 2019;134(1):3453.
Bois E, Francois M, Benkerrou M,
Van Den Abbeele T, Teissier N.
Hearing loss in children with sickle
cell disease: a prospective French
cohort study. Pediatr Blood Cancer
2019;66:€27468.

David Strum MD, Elina Kapoor
BA, Timothy Shim BS, Sunny Kim

BA, Parisa Sabetrasekh MD,

NIGERIAN JOURNAL OF BASIC AND CLINICAL SCIENCES / JAN-APR 2025/ VOL 22 | ISSUEN 1




Shofoluwe et al. Hearing Thresholds in Sickle Cell Disease

14.

15.

16.

17.

Ashkan Monfared MD. Prevalence
of Sensorineural Hearing Loss in
Pediatric Patients with Sickle Cell
Disease: A Meta-analysis. The
Laryngoscope 2020;00:1-10.
Farrell A.N, Landry A.M, Yee M.M,
Leub S.L, Goudy R.M.
Sensorineural hearing loss in
children with sickle cell disease. Int.
J. Pediatr. Otorhinolaryngol
2019;118:110-14.

Ogisi FO, Okafor LA. Assessment
of auditory function in sickle cell
anemia patients in Nigeria. Trop.
Georgr. Med 1986;39:28-31.
Odetoyinbo O, Adekile A.
Sensorineural hearing loss in
children with sickle cell anemia.
Ann  Otol  Rhinol  Laryngol
1987;96:258-60.

Mgbor N, Emordi F. Sensorineural
hearing loss in Nigerian children
disease.

with sickle cell

International Journal of Paediatric

18.

19.

20.

21.

Otorhinolaryngology
2004;68(11):1413-16.

Wong AC, Ryan AF. Mechanisms of
Sensorineural Cell Damage, Death
And Survival In the Cochlea. Front.
Aging Neurosci 2015;7:58.
Morgenstein K, Manace E.
Temporal bone histopathology in
sickle cell disease. Laryngoscope
1969;79:2172-80.
Ghasem Miri-Aliabadl, Majid
Naderi, Aziz Eghbali, Ebrahim
Pirasteh, Farzad Hamzehpour,
Asma Erish. Prevalence of Hearing
Loss In Patients With Sickle Cell
Disease In The Southeast Of Iran.
Iran J Ped Hematol Oncol 2024;14,
No 2:148-54.

Mohammed SH, Shab-Bidar S,

Abuzerr S, Habtewold TD,
Alizadeh S,  Djafarian K.
Association of Anemia With

Sensorineural Hearing Loss: A

Systematic Review And Meta-

NIGERIAN JOURNAL OF BASIC AND CLINICAL SCIENCES / JAN-APR 2025/ VOL 22 | ISSUEN 1




Shofoluwe et al. Hearing Thresholds in Sickle Cell Disease

22.

23.

24.

25.

Analysis. BMC Res Notes
2019;12:283.

Grant D. Varieties of nerve 26.
deafness. J  Laryngol  Otol
1902;17:169.

Annie N. Farrella, April M.

Landrya, Marianne E. Yeea,

Roberta M. Leua e, Steven L.
Goudya. Sensorineural hearing loss
in children with sickle cell disease.

International journal of pediatric

otorhinolaryngology 2019;108:110- 217.

14.
Andrew Stuart, Madeline R. Smith.
The emergence and prevalence of

hearing loss in children with

homozygous sickle cell disease. 28.

International journal of pediatric

otorhinolaryngology 2019;123:69-

74.
Alison S. Towerman, Susan 29.
S.Hayashi, Robert J. Hayashi,

Monica L. Hulbert. Prevalence and
nature of hearing loss in a cohort of

children with sickle cell disease.

Pediatric  Blood &  Cancer
2018;e27457.

Azza A.G. Tantawya, Safaa W.
Ibrahima, Togan T. Abdel-Azizb,
Amr N. Rabiec, Sara M.
Makkeyaha, Iman A. Ragaba. Inner
Ear Complications in Children and
Adolescents with Sickle Cell
Disease. International journal for
hemoglobin research 2020;44:411-
17.

Kikuhe HH, Kakande E,
Namwagala J. Hearing Loss Among
Children With Sickle Cell Anaemia
in Uganda. Int J Otorhinolaryngol
Head Neck Surg 2019;5:840—44.
Oroei M, Peyvandi A.A,
Mokhtarinejad F. Opioid Drugs and
Sensorineural Hearing Loss. Addict
Health 2018;10:64-66.

Lopez I.A, Ishiyama A.G. Sudden
Sensorineural Hearing Loss Due To
Semin  Hear

Drug  Abuse.

2012;33:251-60.

NIGERIAN JOURNAL OF BASIC AND CLINICAL SCIENCES / JAN-APR 2025/ VOL 22 | ISSUEN 1




Shofoluwe et al. Hearing Thresholds in Sickle Cell Disease

30.

31.

32.

33.

34.

Friedman R.A, House J.W, Luxford
W.M, Gherini S, Mills D. Profound
Hearing Loss Associated With
Hydrocodone/Acetaminophen
Abuse. Am J Otol 2000;21:188-91.
Fretham S, Carlson E, Georgieft M.
The Role of Iron In Learning and
Memory. Advances in Nutrition
2011;2:112-21.

Schieffer KM, Chuang CH, Connor
J, Pawelczyk JA, Sekhar DL.
Association of Iron Deficiency
Anemia with Hearing Loss in US
Adults. JAMA Otolaryngol Head
Neck Surg 2017;143:350-54.
Akash Grampurohit, S. Sandeep, P.
Ashok, C Shilpa, Thanzeemunissa.
Study of Association of Sensory
Neural Hearing Loss with Iron
Deficiency Anaemia. Indian J
Otolaryngol Head Neck Surg 2022
74(Suppl 3):3800-05.

Babadoko AA, Oluwatosin AS,
Lawan MI, Tikau IH, Umar MK.

Otorhinolaryngological

35.

36.

37.

38.

Manifestations of Pediatric Patients
With Sickle Cell Disease In Nguru.
Nigeria. Ann  Trop  Pathol
2018;9:155-60.

Taipale A, Tuula P, Luis B, Heikki
P, Anne P. Hearing loss in Angolan
children with sickle-cell disease.
Paediatrics International
2012;54:854-57.

Al-Dabbous 1A, Al Jam’a AH,
Obeja SK , Murugan  ANR,
Hammad HA. Sensorineural
Hearing loss in homozygous Sickle
Cell Disease in Qatif, Saudi Arabia.
Ann Saudi Med 1996;16(6):64144.
Strum D, Kapoor E, Shim T, Kim S,
Sabetrasekh P, Monfared A.
Prevalence  of  Sensorineural
Hearing Loss in Pediatric Patients
with  Sickle Cell Disease: A
Metaanalysis. Laryngoscope
2021;131:1147-56.

Al Jabr 1. Hearing Loss Among
Adults With Sickle Cell Disease In

An Endemic Region: A Prospective

NIGERIAN JOURNAL OF BASIC AND CLINICAL SCIENCES / JAN-APR 2025/ VOL 22 | ISSUEN 1




Shofoluwe et al. Hearing Thresholds in Sickle Cell Disease

39.

40.

41.

42.

43.

Case-Control Study. Ann Saudi med
2016;36:135-38.

Sarac ET, Boke B, Okuyucu S.
Evaluation of Hearing and Balance
Functions of Patients with Sickle
Cell Anemia. Audiol Neurotol
2018;23:122-25.

Lieu JE. Unilateral Hearing Loss In
Children: Speech-Language And
School  Performance.  B-ENT
2013;21:107-15.

Aderibigbe A, Ologe FE, Oyejola
BA. Hearing thresholds in sickle
cell anemia patients: emerging new
trends? J Natl Med Assoc
2005;97:1135-42.

Alabi S, Ernest K, Eletta P, Owolabi
A, Afolabi A, Suleiman O.
Otological findings among Nigerian
children with sickle cell anaemia.
Int J Pediatr Otorhinolaryngol
2008;72(5):659-63.

Al Okbi MH, Alkindi S, Al Abri
RK, Mathew J, Nagwa AA, Pathare

AV. Sensorineural hearing loss in

44,

45.

46.

47.

sickle cell disease--a prospective
study from Oman. Laryngoscope
2011;121(2):392-96.
Araoye MO. Research
Methodology with Statistics for
Health and Social Sciences. 2004,
Saw-Mill, Ilorin, Nigeria: Nathadex
Publishers. Pg115-21.

Bolajoko O Olusanya, Adrian C
Davis, Howard J Hoffmanc.
Hearing Loss Grades and The
International ~ Classification  of
Functioning, Disability and Health.
Bull World Health Organ 2019
97(10):725-28.
Alison S. Towerman, Susan
S.Hayashi, Robert J. Hayashi,
Monica L. Hulbert. Prevalence and
nature of hearing loss in a cohort of
children with sickle cell disease.
Pediatr Blood Cancer
2018;66:€27457.

Tsibulevskaya G, Oburra H, Aluoch

JR. Sensorineural hearing loss in

patients with sickle cell anaemia in

NIGERIAN JOURNAL OF BASIC AND CLINICAL SCIENCES / JAN-APR 2025/ VOL 22 | ISSUEN 1




Shofoluwe et al. Hearing Thresholds in Sickle Cell Disease

48.

49.

50.

51.

52.

Kenya. FEast Afr Med J
1996;73(7):471-73.

Tantawya AAG, Ibrahima SW,
Abdel-Azizb TT, Rabiec AN,
Makkeyaha SM, Ragaba IA. Inner
ear complications in children and
adolescents with sickle cell disease.
Hemoglobin 2020;44:411-7.

Stuart A, Smith MP. The Emergence
And Prevalence Of Hearing Loss In
Children With Homozygous Sickle
Cell Disease. Int J Pediatr
Otorhinolaryngol 2019;123:69-74.
Elwamy S, Kamel T. Sensorineural
hearing loss in sickle cell crisis.
Laryngoscope 1988;98(4):38689.
Muhammed HA, Salam A, Rashid
KA, Afarida AN, Anil VP
Sensorineural hearing loss in sickle
cell disease — A prospective study
from Oman. Laryngoscope
2011;121:392-96.
Heather K,  Schopper BS,

Christopher F, D’Esposito BA, John

53.

54.

55.

56.

S, Muus BS, et al. Childhood
Hearing Loss in Patients With
Sickle Cell Disease in the United
States. J Pediatr Hematol Oncol
2019;41:124-28.

Friedman EM, Luban NLC, Herer
GR, Williams I. Sickle cell anemia
and hearing. Ann Otol Rhinol
Laryngol 1980;89:342-47.

Ajulo SO, Osiname Al, Myatt HM.
Sensorineural hearing loss in sickle
cell anemia-a United Kingdom
Study. J  Laryngol Otol
1993;107:790-94.

Todd G, Sergeant G, Larson M.
Sensorineural hearing loss in
Jamaicans with sickle cell disease.
Acta Otolaryngol 1973;76:268-72.
Onakoya PAI, Nwaorgu OG
Shokunbi ~ WA.  Sensorineural
hearing loss in adults with sickle

cell anaemia. Afr J Med Sci

2002;31(1): 21-24.

NIGERIAN JOURNAL OF BASIC AND CLINICAL SCIENCES / JAN-APR 2025/ VOL 22 | ISSUEN 1




Shofoluwe et al. Hearing Thresholds in Sickle Cell Disease

2

NIGERIAN JOURNAL OF BASIC AND CLINICAL SCIENCES / JAN-APR 2025/ VOL 22 | ISSUEN 1 3




