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A B S T R A C T   

Background: The highest prevalence of chronic suppurative otitis media is seen among children in Greenland. The 
purpose of this study was to investigate the prevalence of hearing loss among school children in Sisimiut, the 
second-largest city in Greenland. 
Material and method: All 423 children from 5th to 10th grade from the two schools in Sisimiut and the nearby 
settlements were invited to participate. Participants filled out a questionnaire at home with their parents before 
ear-examination and audiometry. Risk factors for hearing loss and otitis media (OM) related otoscopy findings 
were analyzed by binomial logistic regression. 
Results: A total of 185 children between 9 and 15 years of age (median: 11 years, IQR: 10–13) were included; 60% 
(n = 111) were girls. Fifty-four children (29%) were found to have hearing impairment using a PTA of 15 dB for 
either low or high frequencies or both as threshold. When using 25 dB as threshold, the number of children with 
hearing impairment was 18 (10%). None of the children had hearing aids. Of 355 otoscopies available for 
evaluation, the majority were normal (n = 249, 70.1%). Perforation of the tympanic membrane was found in six 
ears (1.7%), of which all were unilateral. Other sequelae related to OM (i.e., circular atrophy and myringo-
sclerosis) were found in 37 ears (10.4%). Children with OM-related otoscopy findings had significantly lower 
hearing tresholds compared to children without. 
Conclusion: A high prevalence of untreated hearing loss was found among examined school children in Sisimiut. 
Children with otoscopy findings indicating prior OM had significantly lower hearing tresholds compared to 
children without.   

1. Introduction 

Hearing loss constitutes a major public health problem in both the 
developed and developing parts of the world, with 466 million people 
affected worldwide [1]. The causes of hearing loss differ, but one of the 
most common is chronic ear infection, especially chronic suppurative 
otitis media (CSOM). CSOM is a chronic inflammation of the middle ear 
with discharge through a perforation in the tympanic membrane, which 
often develops during early childhood. The related sequelae, that is, 
chronic perforations and scarring of the tympanic membrane, often 
result in a hearing loss. Additionally, the chronic state of inflammation 
and discharge in the middle ear can lead to erosion of the middle ear 
bones, worsening the hearing loss. Because hearing loss frequently is 

established in early childhood, it leads to difficulties in language and 
speech development and associated cognitive development. This again 
can result in impaired social and emotional capabilities, lower educa-
tional achievements, and restricted employment opportunities [2,3]. 

The prevalence of CSOM is especially high among indigenous pop-
ulations around the world, in particular in the arctic population [4,5]. 
Prior reports indicate that Greenland has the highest prevalence of 
CSOM in the world, pointing to several contributing risk factors fora 
high prevalence in the Inuit population: from socio-economic status and 
housing conditions, lifestyle factors, to family histories of ear infection 
and early life conditions such as breastfeeding [4–6]. 

At the moment, there are no ear-nose-throat (ENT) specialists based 
in Greenland. The major cities are visited by an ENT specialist from 
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Denmark once a year and an audiologist every third year. However, the 
remaining people living in smaller towns and settlements might not see 
an ENT specialist at all. This will inevitably result in a deficiency of 
adequate treatment and, therefore, a high prevalence of CSOM-related 
hearing loss. Previous studies have shown a prevalence of hearing loss 
among children in Greenland above 50% [6–8]. 

The purpose of this study isto investigate the prevalence of hearing 
loss and otitis media-related sequelae among school-age children in 5th 
to 10th grades in Greenland and to investigate potential risk factors for 
hearing loss and otitis media-related otoscopy findings. 

2. Materials and methods 

This present cross-sectional study included school-age children in 
Sisimiut in Greenland. Data was collected in September 2020. The two 
schools in Sisimiut (Minngortunngup Atuarfia and NalunnguarfiupA-
tuarfia—henceforth referred to as school 1 and school 2), had a total of 
approximately 800 students, [9,10]. Also, there was one school in each 
of the two settlements (Itilleq and Sarfannguit) near Sisimiut with eight 
students in each. All children from the 5th to 10th grades from the two 
schools in Sisimiut and the nearby settlements were invited to partici-
pate, corresponding to423 children. Data were collected during one 
week at school 1, two weeks at school 2, and one day at the schools in the 
settlements. 

Participants filled out a questionnaire with their parents or guardians 
before ear-examination and audiometry, and parents or guardians pro-
vided informed consent before taking part in the clinical examinations. 

2.1. Questionnaire 

The questionnaire was constructed mainly of questions from Health 
Behavior in School-aged Children (HBSC) Greenland, which is the 
Greenlandic contribution to the HBSC global survey, including recently 
developed questions about impaired hearing. The development of 
questions measuring impaired hearing has been described previously 
[11]. Additionally, questions measuring risk factors for CSOM were also 
included in the questionnaire. These questions originated from prior 
investigations of CSOM in Greenland [5,12] and consisted of questions 
related to the history of otitis media among the mother and siblings, 
number of people sleeping in the same room, indoor smoking at home, 
length of breastfeeding, and mother’s educational level. The question-
naire was available in Danish and Greenlandic. 

2.2. Ear examination 

Ear examination was performed with an Interacoustics VIOT™ video 
otoscope. Otoscopy findings were categorized in the categories: normal 
tympanic membrane (TM), perforation, circular atrophy, myringo-
sclerosis, other abnormal TM (i.e. fibrosis or retraction), and ear wax 
block. The category ear wax block included both cases in which minor 
fragments of ear wax hindered the insight to the tympanic membrane 
and cases with cerumen impactum. Ear wax was not removed before 
audiometry, as no instruments for this were available in the test set-up at 
the schools. Cases with ear wax block were not excluded from the 
audiometric measurements. Tympanometry was performed with Inter-
acoustics Titan tympanometer as a supplement to the otoscopy. 

2.3. Audiometric measures 

Audiometric measures were conducted by the first author (JSJ), who 
received training in the audiometry simulator “Otis—the virtual patient 
and clinical training in audiometry” at the Department of Audiology, 
Bispebjerg Hospital, Copenhagen, Denmark. Audiometry was conducted 
at the schools in Sisimiut in selected rooms to avoid background noise. 
Background noise was measured daily at randomly selected times using 
an iPhone app called “dB meter.” AnInteracoustics Callisto™ 

audiometer was used with a TDH39 headset. The audiometer was cali-
brated according to the American National Standard Institute (ASNI) 
and connected to a laptop where data were stored using OtoAcces® 
audiometric software (Interacoustics). 

Air conduction (AC) thresholds were obtained at six frequencies: 
250, 500, 1000, 2000, 4000, and 6000 Hz. If the threshold at 250 Hz or 
6000 Hz were >20 dB, the thresholds for 125 Hz and 8000 Hz were 
tested as well. Thresholds were determined manually according to the 
American Speech-Language-Hearing Association (ASHA) guidelines 
[13]. The 1000 Hz frequency was tested twice in each ear as a measure 
of reliability. If the AC thresholds differed by more than 40 dB between 
the ears, masking of the better ear was performed. 

If AC thresholds in one or more of the four frequencies 500, 1000, 
2000, or 4000 Hz were >20 dB, bone conduction (BC) thresholds were 
obtained for all these four frequencies. BC was always performed with 
masking of the opposite ear. If BC thresholds were normal (i.e., 15 dB or 
lower) and the difference between the AC and BC thresholds (i.e., air- 
bone gap) was10 dB or more at one or more frequencies, the hearing 
loss was categorized as conductive. If the air-bone gap was less than 10 
dB, the hearing loss was categorized as sensorineural. If the air-bone gap 
was 10 dB or more and the BC threshold was> 15 dB, the hearing loss 
was categorized as a mixed type. 

Hearing loss severity was based on the pure-tone average (PTA) for 
the low frequencies (i.e., 500, 1000, and 2000 Hz) and for the high 
frequencies (i.e., 4000 and 6000 Hz), and divided in slight (>15 to ≤ 25 
dB), mild (>25 to ≤ 40 dB), and moderate or worse (>40 dB). Further, 
hearing loss was divided into the mutually exclusive categories uni- and 
bilateral hearing loss. The severity of bilateral hearing loss was based on 
the worst ear. Additionally, hearing loss was also categorized according 
to the WHO criteria, where a PTA for the frequencies 500, 1000, 2000, 
and 4000 Hz at 25 dB or higher in any ear defines hearing loss [1]. 

A noise-induced hearing loss was defined by a specific audiogram 
configuration (noise notch): The threshold values had to be normal at 
500 and 1000 Hz (≤15 dB); The maximum threshold value at 4000 or 
6000 Hz should be at least 15 dB higher (worse) than the highest (worst) 
threshold value for 500 and 1000 Hz; and the threshold value at 8000 Hz 
should be more than 10 dB lower (better) than the maximum threshold 
at 4000 or 6000 Hz. These criteria have been used in previous popula-
tion studies of noise-induced hearing loss [6,14]. 

Every child with a threshold >20 dB in any frequency between 250 
and 6000 Hz was informed about the finding and referred to the health 
care center in Sisimiut for confirmation of the finding and assessment of 
potential treatment intervention. 

2.4. Statistical analyses 

Univariate logistic regression was used to assess whether a number of 
variables identified as potential risk factors were associated with hear-
ing loss. The following risk factors were included one-by-one; age, 
gender, school, parents’ place of birth, number of people sleeping in the 
same room, mother’s history of OM, sibling’s history of OM, indoor 
smoking at home, mother’s educational level, and length of breast-
feeding. The potential risk factors were also analyzed using univariate 
logistic regression to assess the association to OM-related otoscopy 
findings (i.e., perforation, circular atrophy, or myringosclerosis). 

For both hearing loss and OM-related otoscopy findings, four pre- 
selected variables were analyzed in multivariate analysis. These were: 
number of people sleeping in the same room, mother’s history of OM, 
indoor smoking at home, and mother’s educational level. These vari-
ables were chosen as they were considered the most important variables 
from a clinical point of view. 

Assessment of the risk factors’ association with hearing loss was 
based on odds ratios, and p-values <5% were considered statistically 
significant. Statistical analyses were performed using SPSS v.27 for 
Windows. 
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3. Results 

A total of 185 (44%) of the invited children between 9 and 15 years 
of age (median: 11 years, IQR: 10–13) participated; 60% (n = 111) were 
girls. This accounted for 30% (n = 63) of the invited children at school 1, 
55% (n = 116) of the invited children at school 2, and 100% (n = 6) of 
the invited children at the schools in the settlements. 

For 79% of the children, both parents were born in Greenland; for 
7%, one parent was born in Greenland, for the remaining 14%both 
parents were born outside Greenland or had unknown birthplace. 

3.1. Hearing 

The average background noise in the rooms where the audiometric 
measures were conducted was 30.3 dB. Fifty-four children (29%) had 
hearing impairment using a PTA threshold of 15 dB for either low or 
high frequencies or both (Table 1). Among these, 33 (61%) had unilat-
eral hearing impairment, and 21 (39%) had bilateral hearing impair-
ment. The majority had high-frequency hearing impairment (n = 46, 
85%). When using 25 dB as the threshold, the number of children with 
hearing impairment decreased to 18 (10%). Among these, seven (39%) 
had unilateral hearing impairment, and 11 (61%) had bilateral hearing 
impairment. 

According to the WHO criteria (PTA>25 dB for 500, 1000, 2000, and 
4000 Hz), 19 (10.3%) children had hearing impairment in one or both 
ears. There was no difference in the distribution of children with hearing 
loss in any category between the two schools in Sisimiut. 

BC was measured for 23 children (i.e., all children with at least one 
threshold>20 dB, without noise-induced hearing loss configuration). 
Among these, 15 children (65%) had conductive hearing impairment, 
one had a sensorineural hearing loss, and seven had mixed hearing loss. 

Based on the audiogram configuration, at least 15 children could 
benefit from a hearing aid. Of these, 13 had an air-bone gap >30 dB on 
either one or both ears and would benefit from uni- or bilateral bone- 
anchored hearing systems. The remaining two from a normal hearing 
aid. Additionally, five children could be candidates to a hearing aid 
depending on the variability of symptoms. 

Ten children (5.4%) had an audiogram configuration compatible 
with noise-induced hearing loss. 

3.2. Otoscopy findings 

Among the 185 included children, 355 video otoscopies were 
available for evaluation (i.e. one otoscopy per ear); 15 were missing or 
unreliable due to lack of cooperation from the children or loss of the 
video. The majority had normal tympanic membrane (n = 249, 70%). 
Perforation of the tympanic membrane was found in six ears (2%), of 
which all were unilateral. OM with effusion was found in only three ears 
and otorrhea in one ear. Other sequelae related to OM (i.e., circular 
atrophy and myringosclerosis) were found in 37 ears (10%) (Table 2). 

3.3. Risk factors for hearing loss and otitis media-related otoscopy 
findings 

Perforation and other OM-related otoscopy findings were signifi-
cantly associated with lower thresholds for both high and low fre-
quencies when compared to normal ears. There were no significant 
differences between ears with perforation and other OM-related oto-
scopy findings (Figs. 1 and 2). 

No significant associations were identified in either univariate or 
multivariate logistic regression of the risk factors age, sex, school, par-
ents’ birthplace, mother’s history of OM, siblings’ history of OM, indoor 
smoking at home, number of people sleeping in the same room, mother’s 
educational level, and length of breastfeeding on hearing loss or OM- 
related otoscopy findings. However, the number of people sleeping in 
the same room, mother’s history of OM, and sibling’s history of OM all 
showed a tendency towards increased risk of hearing loss and increasing 
frequency of OM, but did not reach statistical significance. (Table S1). 

A sub-analysis was conducted that excluded cases with ear wax 
block. The results of this sub-analysis showed no noteworthy differences 
from when cases with ear wax blocks were included (Table S2). 

4. Discussion 

Compared to prior reports on hearing loss among children in 
Greenland, we found a considerably lower overall prevalence [6,7]. 
Prior studies have found the overall prevalence to be above 50% when 
using a PTA >15 dB as the definition of hearing loss. Using the same 
definition, we found a prevalence of 29%. The studies by Jensen and 
Avnstorp differ in their study population as they included participants 
from previous cohort studies in Greenland, whereas all children in 5th to 
10th in Sisimiut and the nearby settlements were invited to participate 
in the present study [6,7]. Since approximately half of the invited 
children participated in this study, it can be speculated both whether 
children with known problems were more interested in undergoing ear 
examinations, which would result in a biased higher prevalence, or that 
children with known problems would choose not to participate, as they 
were examined elsewhere, which would result in biased lower preva-
lence. Generally, children participating in surveys with physical exam-
inations and parental consent are more advantaged, however, the 
setting with examinations at the premises during school hours was 
intended to minimize this bias. 

There was a lower participation rate at school 1 than school 2, which 
was most likely explained by there being only one week of data collec-
tion possible at school 1 compared to two weeks at school 2. However, 
there was no statistically significant difference in the distribution of 
children with hearing loss in any category between the two schools, 
which indicates that the participating children at the two schools were 
roughly similar. 

The average background noise in the rooms where the audiometric 
measures were conducted was 30.3 dB, which we consider as an 
acceptable level, corresponding to a quit room with noise from e.g. 
computers. In combination with the TDH39 that also reduces back-
ground noise, it is currently the best obtainable field-testing conditions, 

Table 1 
Prevalence of hearing loss among 185 school-age children in 5th to 10th grade in 
Sisimiut, Greenland.   

Slight or 
worse 
>15 dB 

Slight 
>15 dB to 
<25 dB 

Mild 
>25 dB to 
<40 dB 

Moderate or 
worse 
>40 dB 

Any HL 54 (29.2%) 36 (19.5%) 9 (4.9%) 9 (4.9%) 
high- 

frequency 
HL 

46 (24.9%) 28 (15.1%) 9 (4.9%) 9 (4.9%) 

low-frequency 
HL 

33 (17.8%) 20 (10.8%) 6 (3.2%) 7 (3.8%) 

Unilateral HL 33 (17.8%) 26 (14.1%) 4 (2.2%) 3 (1.6%) 
Bilateral HL 21 (11.4%) 10 (5.4%) 5 (2.7%) 6 (3.2%)  

Table 2 
Otoscopy findings among school-age children in 5th to 10th grade in Sisimiut, 
Greenland. Unreliable or missing otoscopies not included.   

Number of ears % of all ears 

Normal TM 249 70.1 
Perforation 6 1.7 
Circular atrophy 18 5.1 
Myringosclerosis 19 5.4 
Abnormal TM 12 3.4 
Ear wax block 51 14.4 
Total 355 100 

TM: tympanic membrane. 
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as there are no sound-proof booths in Greenland. 
Even though the overall prevalence of hearing loss may have 

decreased since previous investigations, the finding of 29% with hearing 
loss is still a very high prevalence from an international perspective. The 
prevalence of children with moderate or worse hearing loss was at the 
same level as the prior investigations (i.e., approximately 5%) [6,7]. 
School screening with audiometry is a part of the children’s health 
program in Greenland, however only few cases found in the present 
study had been identified earlier. Systematic audiometric screening of 
all children during the first years of school would support the identifi-
cation of those with hearing problems, and a comprehensive ear and 
hearing program in the health care system for diagnosis and treatment 
would substantially benefit the affected children. 

None of the participating children with hearing loss had hearing aids, 
and it was uncertain whether any measures were taken at the schools to 
accommodate the children with additional needs in terms of hearing 
ability (e.g., letting children with hearing loss sit at the front row in the 
classes). One of the examined children with a bilateral PTA above 50 dB 
and tympanic membranes with substantial sequalae from infections 
attended most of the schooling in remedial classes because of concen-
tration and learning difficulties, but not because of hearing loss. This 
child might function well in a regular class if treated with a bone- 
anchored hearing system. This example illustrates that improving con-
ditions for children with hearing loss offers a remarkable public health 
impact. 

In Greenland cochlear implants have been used to treat severe 
sensorineural hearing loss with mixed benefit, as the important follow- 
up and training with speech language therapists was inadequate. Bone 
anchored hearing systems are currently not offered to children in 
Greenland, even though they do not require the same follow up to gain a 
benefit. The challenge with conventional hearing aids in CSOM prone 
children is the dynamic nature of the disease with recurrent otorrhea 
and the associated variations in hearing levels. In these cases, bone 
anchored hearing systems would give a stable hearing regardless of any 
CSOM exacerbations. 

Improvements will first and foremost happen by offering hearing 
aids to those who would benefit from it, which in the study cohort was at 
least 15 of the 185 children. Further, teachers need to be informed about 
the occurrence of hearing loss among their pupils and be introduced to 
ways of accommodating their special needs in a class setting. 

All of the ten children with audiogram configuration compatible 

with noise-induced hearing loss occasionally went reindeer and musk ox 
hunting with their family. Since there is no tradition for using hearing 
protection while shooting, there is great potential for the prevention of 
this type of hearing loss. Using hearing protection while shooting is a 
simple precaution that could be taken to avoid lifelong damage to the 
hearing. 

As the possible decrease in hearing loss prevalence compared to prior 
studies is not attributable to action in the health care system on a sys-
tematic ear and hearing program, explanations must be found else-
where. One explanation may be the introduction of the 13-valent 
pneumococcal vaccine to the Greenlandic childhood vaccination pro-
gram in 2010. A Danish study has shown a higher risk of childhood otitis 
media associated with low compliance with the vaccination program 
[15]. However, this has not been found in a recent register study from 
Greenland [16]. 

Another possible explanation is associated with a general improve-
ment in an overall higher level of social circumstances, which is a pro-
tective factor for hearing loss. A general higher wealth is supported by 
data from Statistics Greenland, since the average income per person in 
Greenland has increased by more than 60% since 2000, and the per-
centage of the population that has completed 14 years of education or 
more has increased by 50% in the same period [17]. It must be pointed 
out that many other factors could contribute to the findings of the pre-
sent study, and none of the aforementioned suggestions has been 
investigated in this study. 

The data collection was conducted in September 2020 during the 
COVID-19 pandemic. However, only very few people have been infected 
in Greenland, and at the time of the data collection there were no pos-
itive cases in Greenland. The low rate of cases was maintained through 
restricted travelling and efficient post-arrival disease control measures. 
As schools, childcare centers and the rest of the Greenlandic society 
remained open, it is likely that the transmission rate of upper respiratory 
viruses and secondarily the occurrence of OM, were at endemic levels. 

Lower hearing thresholds were significantly associated with perfo-
ration of the tympanic membrane or other OM-related otoscopy find-
ings. However, none of the investigated potential risk factors for hearing 
loss and OM-related otoscopy findings were significant. This is incon-
sistent with previous studies in Greenland, where older age and male 
gender were significant risk factors for hearing loss, and the mother’s 
history of OM wasa significant risk factor for CSOM [5,6,12]. The lack of 
statistical significance could be due to the small sample size, which is a 

Fig. 1. Median hearing thresholds per ear among school-age children in 5th to 10th grade in Sisimiut, Greenland, with normal tympanic membranes, perforation, 
and other OM-related sequelae (circular atrophy, myringosclerosis, and other not normal tympanic membrane). 

J.S. Jensen et al.                                                                                                                                                                                                                                



International Journal of Pediatric Otorhinolaryngology 149 (2021) 110865

5

common issue when conducting field studies in small communities. No 
previous power calculations were made as all children within the 
selected age-group for the study were invited. 

None of the six children in the settlements Itilleq and Sarfannguit had 
hearing loss, and all had normal tympanic membranes. An explanation 
for this might be that the settlements are below a threshold in the 
number of inhabitants to keep infection rates high. It may be that when 
an infection is cleared, it reoccurs only when brought from someone 

outside. Definitive conclusions would require examination of more 
children living in settlements. However, examining children in settle-
ments is made difficult by the long and sometimes complicated distances 
to travel by boat or helicopter, with season and weather as additional 
challenges. 

In conclusion, the present study found a high prevalence of untreated 
and unrecognized hearing loss and otitis media-related otoscopy find-
ings among children in 5th to 10th grades in Sisimiut, Greenland, 

Fig. 2. Boxplot depicting PTA per ear for low frequencies (A) and high frequencies (B) among school-age children in 5th to 10th grade in Sisimiut, Greenland, with 
normal tympanic membranes, perforation, and other OM-related sequelae (circular atrophy, myringosclerosis, and other abnormal tympanic membrane). 
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although the incidence rate was relatively lower compared to prior re-
ports. Children with otoscopy findings indicating prior OM had signifi-
cantly lower hearing tresholds compared to children without. Further, 
there was a non-significant trend towards increased risk of hearing loss 
with increasing number of people sleeping in same room, and high 
frequency of OM among the mother and siblings. 
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