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Objectives: To determine the prevalence, types and severity of hearing loss and associated
factors in a hospital population of adult Nigerians with diabetes mellitus.

Subjects and methods: This study was a prospective hospital-based study conducted at
the Otorhinolaryngology and Diabetic Clinics of the University of Nigeria Teaching Hospital
(UNTH) Ituku-Ozalla, Enugu, for a period of 12 months. Consecutively presenting eligible
adult diabetics and their age- and sex-matched healthy controls were recruited. Each case and
control participant had clinical and otologic examination, followed by pure tone audiometry.
Data were analyzed using descriptive and comparative statistics.

Results: There were 224 patients and 192 control participants. The patients comprised 112 males
and 112 females (sex ratio=1:1), whose mean age was 47.6 years (range: 26—80 years). The
prevalence of hearing loss was 46.9%. This comprised 43.8% sensorineural and 3.1% conductive
hearing losses. The distribution of hearing loss by severity was mild 25.0%, moderate 15.6%
and severe 6.3%. The controls comprised 96 males and 96 females whose mean age was 44.6
years (range: 25—79 years). The prevalence of hearing loss was significantly higher overall and
by type (sensorineural hearing loss, conductive hearing loss) in cases compared with controls.
Conclusion: The prevalence of hearing loss among diabetic adults at UNTH, Enugu, is
comparatively high. Hearing loss is predominantly sensorineural and often mild to moderate
in severity. Routine audiometric evaluation of all adult diabetics at UNTH is recommended.
Keywords: adults, diabetes mellitus, hearing threshold

Introduction

Diabetes mellitus (DM) is a disease characterized by hyperglycemia due to absolute
or relative deficiency of insulin.! Sustained hyperglycemia is associated with multisys-
temic complications and multiple end-organ damage. Currently, there is a worldwide
pandemic of DM' and by extension, the inherent complications.

The auditory apparatus is one of the vulnerable end organs in DM due to ischemic
cochlear damage resulting from diabetic microangiopathy.*® DM-related hearing
loss is a major public health issue in both low- and middle-income countries and the
developed economies. With the projected increase in the world’s diabetes burden due
to increased longevity and changes in lifestyle, its prevalence is bound to increase. It
impacts adversely on the patients’ quality of life and their capacity for independent
living.

Previous studies investigating hearing thresholds in DM, in Nigeria’ and
elsewhere,!*'® have been dominated by descriptive cross-sectional surveys, often
with widely variable results. The reported prevalence of hearing loss ranges from
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0.0% to 90.0%. Consequently, the investigators conducted
a hospital-based case—control audiometric evaluation
of adult Nigerians with and without DM to determine
the prevalence, types and profile of hearing loss and the
associated characteristics. In addition to provision of valid
comparative data, the generated data will assist public
health policymakers and implementers, and otologic care
providers in optimizing the quality of life of persons liv-
ing with DM.

Significance of the study

DM is a systemic disease with multiple systemic complica-
tions and end-organ damage. DM-related hearing loss and
its adverse impact in the quality of life is a major public
health issue across the globe. The study would provide valid
comparative data that will assist public health policymakers
and otologic care providers in optimizing the quality of life
of persons living with DM.

Subjects and methods
Background

Established in 1970 and located in Enugu, southeastern
Nigeria, the University of Nigeria Teaching Hospital
(UNTH) is one of the first-generation public tertiary health
care facilities in Nigeria. UNTH provides undergraduate
and postgraduate medical training, outpatient/inpatient
clinical care and undertakes research. At UNTH, the oto-
rhinolaryngology (synonym: Ear Nose and Throat [ENT])
department provides medical, surgical and audiometric
ENT care, while a dedicated Diabetic Unit, in the hospi-
tal’s Internal Medicine Department, provides inpatient and
outpatient diabetic care. The UNTH’s feeder population
comprises inhabitants of Nigeria’s southeast geopolitical
zone and beyond.

The study, conducted for 1 year at the ENT and Diabetic
Clinics of UNTH, was a prospective case—control study
of eligible diabetic adults and their age- and sex-matched
healthy controls.

Ethics

Prior to commencement of the study, ethics clearance was
obtained from the Medical and Health Research Ethics
Committee (Institutional Review Board) of UNTH, Enugu,
compliant with the tenets of the 1964 Helsinki Declaration
on research involving human subjects. Additionally, written
informed consent was obtained from each participant, case,
and control, before recruitment into the study.

Eligibility cases

Adults aged 19 years or older diagnosed with types 1 or2 DM
for 5 years or longer, showing absence of congenital anomalies
of, or infective/inflammatory/neoplastic lesions of the outer,
middle or inner ear were included in the study. Also excluded
were potential participants who had coexisting tuberculosis,
syphilis, sickle cell disease, hypertension, Human Immune
Deficiency Virus infection, neoplasia; or with past history of
head injury, acoustic trauma, ear surgery, familial deafness
and use of ototoxic drugs 1 month prior to recruitment.

Controls

Age- and sex-matched healthy nondiabetic adults without
any of the above conditions contraindicating enrollment were
recruited from the hospital community.

Sample size and sampling technique
A minimum sample size for the study was calculated using
Fisher’s formula.'” Consecutively presenting patients who met
the inclusion criteria were recruited into the study.

Study instrument

This was a pretested investigator-administered questionnaire/
proforma specifically designed for the study. It contained
subsections on participants’ demographic and clinical char-
acteristics, and findings of audiometric assessment.

Study procedures

A peripheral venous blood sample was obtained for fasting
blood sugar determination using AccuCheck™ (Roche Diag-
nostic GmbH, Mannheim, Germany) and human immune
deficiency virus 1 and 2 screening test with Determme
(Alere)™ (Alere Medical Co. Ltd, Chiba, Japan) from each
case and control participant. A midstream urine sample was
also obtained for urinalysis.

Subsequently, each subject (case and control) had a
general and systemic examination, and otologic examina-
tion using Led Head light (Tiger Head Battery Group Co.,
Ltd, Guangzhou, People’s Republic of China) and a battery-
powered otoscope (Welch Allyn Inc., Skaneateles Falls, N,
USA). Any impacted wax in the external auditory canal was
removed either with wax hook (Downs Surgical, Sheffield,
UK) or by instilling wax softening solution — Cerumol
(Thornton & Ross Ltd, Huddersfield, UK) before syringing
with Higginson’s syringe (Downs Surgical) filled with normal
saline (Juhel Pharmaceuticals, Awka, Nigeria) at body tem-
perature. This was followed by a re-examination of the ears
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to confirm that the external auditory canal was clear. Pure
tone audiometry, in a sound-treated room, using MEDIMATE
602 audiometer (Madsen Electronics, Taastrup, Denmark)
calibrated to ISO standard (9002) was performed on each
subject to determine the hearing threshold for octave fre-
quencies 250—-8000 Hz. The level of hearing for each subject
was determined based on pure tone audiometric finding. The
average for each frequency considered was determined, and
the degree of hearing loss for each patient was determined
based on the World Health Organization standard classifica-
tion'® (Table 1).

Data analysis

Data were entered into and analyzed using the Statistical
package for Social Sciences for Windows, version 18 (SPSS
Inc., Chicago, IL, USA). Descriptive statistics yielded fre-
quencies, percentages and proportions. Comparative statisti-
cal tests for significance of observed intergroup differences
were performed using Pearson’s chi-square test or Fisher’s
exact test for categorical variables and Student’s t-test for
continuous/metric variables. In all comparisons, a p value
<0.05, at one degree of freedom, was considered statisti-
cally significant.

Table | WHO grading of hearing impairment as modified in 1991

Grade of dBHL corresponding Description Performance
impairment audiometry ISO

value (average

of 500, 1000 and

2000 Hz)
0 <25 No No (or very slight)
impairment  hearing problem,
able to hear
whisper at | m
| 2640 Slight Able to hear and
impairment  repeat words
spoken in normal
voice at | m
2 41-60 Moderate Able to hear and
impairment  repeat words
using raised voice
at I m
3 61-80 Severe Able to hear
impairment  some words
when shouted
into the better
ear
4 >8I Profound Unable to hear
impairment  and understand
including even shouted
deafness voice

Abbreviations: dBHL, decibels hearing level; ISO, International Organization for
Standardization; WHO, World Health Organization.

Results
Two hundred and thirty cases were recruited in the study;
however, six cases with incomplete data were excluded from
the analysis.

The participants (N=416) comprised 224 cases and 192
controls. The cases consisted of 112 (50.0%) males, while
their control counterparts consisted of 96 (50.0%) males. The
cases were aged 47.6+10.9 standard deviation (SD) years
(range: 26-80 years), while the controls were aged 44.6+12.8
SD years (range: 25-79 years; Table 2). Both groups dif-
fered significantly in age (diabetics vs controls: 47.5+10.9
vs 44.6112.8, t=2.5927, p<0.0099). The mean fasting blood
sugar of the cases was significantly higher than that of con-
trols (175.3175.6 vs 76.59£10.77 mg/dL, +=7.31, p<0.05).

The prevalence of hearing loss was 46.9% among cases
and 15.6% in controls. The patient—control age match with
hearing threshold is shown in Table 3. Of the cases, normal
hearing was present in 119 (53.1%), sensorineural hearing
loss (SNHL) in 98 (43.8%) and conductive hearing loss
(CHL; air—bone gap 215 dB) in 7 (3.1%); among the controls,
hearing was normal in 162 (84.4%), SNHL was present in
30 (15.6%) and CHL in 0 (0.0%). None (0.0%) of the case
or control participants had mixed hearing loss. The profile
of hearing loss is shown in Table 4.

The diabetic patients consistently had significantly higher
mean threshold values at all frequencies in both ears (Table 5).
The prevalence of hearing loss was significantly higher overall
(p<0.0001) and by type (SNHL, p<0.0001; CHL, p=0.0168)
in diabetics compared with controls. Figure 1 shows the
audiogram of the mean hearing thresholds of DM patients
and the controls.

Discussion

There was equal sex dominance among the case and control
participants, which comprised adult participants. This is

Table 2 Age distribution of diabetes mellitus patients and controls

Age group, years Number of patients Number of controls

(%), n=224 (%), n=192
25-34 7@3.0) 30 (15.6)
35-44 49 (21.9) 42 (219)
45-54 105 (46.9) 60 (31.3)
55-64 42 (188) 30 (15.6)
65-74 14 (6.3) 24 (12.5)
75-84 7@3.0) 6(3.1)
Total 224 (100.0) 192 (100.0)
Mean 47.56 4456

SD 10.92 12.76
Range 26-80 25-79

Abbreviation: SD, standard deviation.
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Table 3 Patient—control age match with hearing threshold
Age group, Number Number Mean of hearing Mean of hearing Statistics Statistics
years threshold in dB thresholds in dB

Patients n=224 Controls n=192 Patient Control t-value p-value
25-34 7 30 18.22 14.29 0.77 >0.05
35-44 49 42 18.57 13.93 1.84 >0.05
3544 105 60 22.86 14.64 2.50 <0.05
45-54 42 30 26.71 19.93 1.89 >0.05
55-64 14 24 45.54 22.88 1.97 >0.05
75-84 7 6 27.50 10.72 0.82 >0.05

Table 4 Frequency distribution of pure tone audiogram among
study participants

Pure tone audiogram type Patients, Controls, Total (%),
n=224 n=192 N=416
Normal PTA finding 119 162 281 (67.5)
Sensorineural hearing loss 98 30 128 (30.8)
Conductive hearing loss 7 0 7(1.7)
Mixed hearing loss 0 0 0 (0.0
Total (%) 224 192 416 (100.0)

Abbreviation: PTA, pure tone audiometry.

similar to the demographic profile in the study of Ologe and
Okoro,® but differs from the report by Lasisi et al” who had
both children and adults as their study participants. The mar-
ginal age discrepancy between case and control participants,

despite measures to achieve perfect age match, suggests
that the age-determined influences on hearing threshold
might partly account for the higher prevalence of hearing
loss among diabetics. To eliminate the potential cofounding
influence of age, related future studies should aim at perfect
age match between cases and controls.

In this study, the prevalence of hearing loss, predomi-
nantly SNHL and CHL, was significantly higher among
cases (46.9%) than controls (15.6%). There has been a
wide variation in the prevalence of SNHL found in studies
involving diabetic patients. Ranges such as 0%-—93%?-%
have been quoted. There has not been any satisfactory
explanation for this wide variation. The present finding is
consistent with reports elsewhere (0%—93.0%),'% but far

Table 5 Comparison of hearing thresholds between cases and controls at all frequencies

Frequency hearing level (dB)

Hz Right ear (mean * standard deviation) Left ear (mean * standard deviation)
Case Control t p-value Case Control t p-value
250 22.50+9.24 14.53+8.22 9.2254 <0.0001 22.66+13.32 16.25+8.13 5.8049 <0.0001
500 21.88+10.61 13.28+7.58 9.3671 <0.0001 20.78+11.85 16.7219.64 3.7920 0.0002
1000 22.97+10.89 14.5315.14 9.8394 <0.0001 20.94+12.47 16.5616.65 4.3636 <0.0001
2000 24.69+10.85 13.4416.28 12.6625 <0.0001 24.69+16.16 16.567.87 6.3543 <0.0001
4000 28.75+15.81 16.72+9.56 9.1992 <0.0001 29.69+20.63 17.97£10.9 7.0592 <0.0001
8000 28.83£19.37 15.31£14.30 7.9843 <0.0001 26.43+£19.24 17.81£13.76 5.1759 <0.0001
Notes: Statistical significance, p<0.05; *frequency.
-10 -10
0 0
10 10
- 20 - 20
I 30 I 30
S 40 S 40
%’ 50 %’ 50
2 ?8 Control ears 2 ?8 Control ears
a 80 DM ears a 80 DM ears
90 90
100 100
110 110
250 500 1000 2000 4000 8000 250 500 1000 2000 4000 8000

Right ear frequency (Hz)

Figure | The audiogram of mean hearing thresholds of DM patients and controls.
Abbreviation: DM, diabetes mellitus.

Left ear frequency (Hz)
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higher than that reported by Lasisi et al’ (17.0%) in Ibadan,
Nigeria. Between-survey similarities and differences in
inclusion criteria, participants’ demographics and clinical
profile might explain these observations. While the par-
ticipants in this study were adults who have had diabetes
for 5 years or longer, the Ibadan’ report included pediatric
subjects with <5-year history of diabetes. To enable valid
comparisons between the survey results, the authors suggest
the standardization and adoption of a standard recruitment
procedure during future surveys. The high prevalence of
hearing loss among diabetics emphasizes the constant neces-
sity for routine periodic audiometric evaluation among adult
diabetics. Future longitudinal studies are needed to assess
the temporal profile of diabetes-related hearing loss and
inform the frequency of audiometric assessments. The hear-
ing thresholds of the cases compared with controls showed
significant difference at all frequencies in both right and
left ears, with the cases showing higher thresholds. This is
consistent with the findings of Ologe and Okoro® and under-
scores the constant necessity for periodic otologic screening
in all adult diabetics.

The severity of hearing loss among the cases was fre-
quently mild (25.0%) and moderate (15.6%); severe (6.3%)
hearing loss was relatively infrequent. Thus, 21.9% of
patients had moderate to severe hearing impairment, which
will add to the burden of their systemic morbidity and
adversely impact on their quality of life and performance.'®

The type-specific prevalence of hearing loss showed a
predominance of SNHL over CHL. Microangiopathy and
peripheral neuropathy, common in diabetics, might explain
this finding. Although a case—control study, the conclu-
sions drawn from this study and the extrapolation of its
findings are limited by its hospital-based cross-sectional
design, strict age criterion for enrollment and the potential
influence of age-related hearing loss. Therefore, the results
cannot be generalized to the entire population and do not
provide information on the temporal trend. Population-based
surveys across all ages, preferably of longitudinal design,
are warranted.

Conclusion

There is high prevalence of hearing loss, predominantly of
the sensorineural type, among adult diabetics at UNTH,
Enugu. This might have adverse implications for their qual-
ity of life. Routine periodic audiometric assessment of adult

diabetics is recommended to ensure early detection and
timely otologic care.
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