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Abstract Objective: The frequency of metabolic syndrome is 
increasing in both children and adults. In addition 
to metabolic complications such as obesity, hyper-
tension, cardiovascular diseases, insulin resistance, 
and type 2 diabetes, metabolic syndrome may affect 
all systems of the body. The aim of the present study 
was to investigate the effect of metabolic syndrome on 
hearing in childhood.
Methods: A prospective, controlled study was per-
formed on 38 obese children diagnosed with metabolic 
syndrome and 34 healthy children. Anthropometric 
measurements and biochemical studies were per-
formed. All individuals underwent pure-tone audiom-
etry, tympanogram, and transient evoked otoacoustic 
emission (TEOAE) tests. The hearing thresholds of 
the patients were compared with healthy volunteers.
Results: There was no significant difference in terms 
of age and gender between the groups (p>0.05). 

There was no significant difference in mean hearing 
levels between the groups. When frequencies were 
compared, significantly increased hearing threshold 
levels were determined at low frequencies in children 
with metabolic syndrome. Analysis of the TEOAE 
results elicited no statistically significant variation 
in terms of signal-to-noise ratio values, signal am-
plitudes, or test reproducibility values between the 
study groups.
Conclusion: Identification of the potential hearing 
losses early by means of detailed hearing examinations 
in children with metabolic syndrome is important. To 
the best of our knowledge, this is the first study to 
examine the effect of metabolic syndrome on hearing 
in  this age group.
Keywords: Childhood, metabolic syndrome, hearing, 
audiometry

Öz Amaç: Metabolik sendrom insidansı hem çocuklarda 
hem de erişkinlerde giderek artmaktadır. Obezite, hi-
pertansiyon, kardiovasküler hastalıklar, insulin diren-
ci ve tip 2 diabet gibi metabolik komplikasyonların 
yanı sıra, metabolik sendrom vücuttaki tüm sistemleri 
etkileyebilmektedir. Bu çalışmada, çocuklarda meta-
bolik sendromun işitme üzerine etkilerini araştırmayı 
amaçladık.
Yöntemler: Bu ileriye dönük kontrollü çalışma; meta-
bolik sendrom tanısı almış 38 obez ve 34 sağlıklı çocuk 
ile yapıldı. Biyokimyasal incelemeler ve antropometrik 
ölçümlerden sonra tüm katılımcılara saf ses odyometri, 
timpanometri ve geçici uyarılmış otoakustik emisyon 
(GUOAE) testleri uygulandı. Hasta çocukların işitme 
eşik değerleri sağlıklı çocuklarla karşılaştırıldı. 
Bulgular: İki grup arasında yaş ve cinsiyet bakımın-
dan anlamlı farklılık yoktu (p>0.05). İki grup arasında 

ortalama işitme eşik seviyeleri bakımında da anlamlı 
farklılık gözlenmedi. Ayrı ayrı frekanslar karşılaştı-
rıldığında, metabolik sendromlu çocuklarda düşük 
frekanslarda anlamlı derecede yüksek işitme eşik 
seviyeleri izlendi. GUOAE sonuçlarının analizinde 
sinyal-gürültü oran değerleri, sinyal amplitüdleri ve 
test tekrarlanabilirlik değerleri bakımından iki grup 
arasında anlamlı fark izlenmedi. 
Sonuç: Metabolik sendromlu çocuklarda detaylı işit-
me muayeneleri ile potansiyel işitme kayıplarını erken 
dönemde tanımak önemlidir. Bildiğimiz kadarıyla, bu 
çalışma metabolik sendromun çocuklarda işitme üze-
rine etkisini inceleyen ilk çalışmadır. 
Anahtar kelimeler: Çocukluk çağı, metabolik send-
rom, işitme, odyometri
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Introduction
The International Diabetes Federation (IDF) has 
defined metabolic syndrome as the presence of two 

of the following findings in addition to obesity: 
increased triglyceride (TG), low high-density li-
poprotein (HDL) cholesterol, high blood pressure, 
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or high plasma glucose levels (1, 2). Currently, up to one-quarter 
of the adult population is reported to have metabolic syndrome, 
and the prevalence of the disease is increasing rapidly among 
children and adolescents due to the rise in obesity among young 
people. Obesity is recognized as a “sine qua non” for metabolic 
syndrome. It has currently become a major health problem in 
children, as well as in adults. The World Health Organization 
reported that 41 million children below the age of 5 years in 
2014 are overweight or obese, and that the number has doubled 
since 1990 (3). In addition, the harmful effects of obesity on 
health beginning in childhood are reported to be greater than 
those beginning in adulthood (4).

Metabolic syndrome arising in childhood can lead to problems 
affecting several systems, including respiratory problems, mus-
culoskeletal system diseases, and a predisposition to some forms 
of cancer, in addition to cardiovascular complications and dia-
betes. In hearing, the most important receptors in the inner ear 
are the hair cells in the cochlea. Mature cochlear hair cells in 
mammals cannot be regenerated, and losses result in permanent 
hearing impairment. Cochlear injury equates to damage to all or 
part of the inner ear and causes sensorineural hearing loss.

To the best of our knowledge, this is the first study to specif-
ically examine auditory functions in children with metabolic 
syndrome compared with control subjects with no metabolic 
syndrome. Hearing loss emerging in association with various 
etiological factors in children is too common to be ignored. 
Mild hearing loss may be undetected by both families and phy-
sicians performing routine examinations (5, 6). The aim of the 
present study was to investigate whether hearing loss develops 
in children with metabolic syndrome.

Methods
This prospective, controlled study included patients under out-
patient observation due to metabolic syndrome at the Pediatric 
Endocrinology Department and healthy children. The local eth-
ical committee of Atatürk University School of Medicine ap-
proved the study (admission no. 2017:1-2). Parental consent was 
obtained for children to be enrolled in the present study.

All children included in the study were weighed and measured. 
Measurements were performed by the same individual, with 
children removing their shoes and outer clothing, using the 
same scales and measures. An ideal body weight and body mass 
index were calculated for each child using the height and weight 
values obtained. The ideal body weight was obtained by divid-
ing the actual weight by ideal weight and multiplying by 100. 
Children were classified by weight by comparing ideal weight 
values obtained for each child with age-adjusted international 
cut-off values.

Participants within 90%-110% of the ideal body weight per-
centage were enrolled in the control group (CG), whereas those 
above 120% were included in the obese group. Subjects with 
an ideal body weight percentage of 110%-120% were excluded 
from the study.

Body mass index (BMI) was calculated as weight in kilograms 
divided by height in meters squared. Subjects with a BMI for 
height and weight in the 85-95th percentiles were classified as 
overweight, and those above the 95th percentile as obese.

Blood pressure was measured using a standard cuffed manome-
ter. Two measurements were performed at a 10-minute rest pe-
riod interval with an age-appropriate cuff covering two-thirds of 
the left upper arm. The mean value was recorded. Subjects with 
systolic or diastolic blood pressure above the 95th percentile for 
sex and age were classified as hypertensive.

Venous blood specimens were collected from all children fol-
lowing a 12-hour overnight fasting for glucose, insulin, cho-
lesterol, and TG level measurements. An oral glucose test was 
administered to all children.

Biochemical analysis
Venous blood specimens collected following a 12-hour over-
night fasting were placed in straight tubes and centrifuged at 
4000 rpm for serum separation. Then, specimens were stored at 
−80°C until use to investigate biochemical parameters. Speci-
mens were removed on the day of the study and left to thaw at a 
room temperature of 22oC.

Total TG, HDL, and glucose were studied using a Roche kit 
and an auto analyzer. Insulin was measured by a chemilumines-
cence method using a BIO-DPC kit and an IMMULITE 2000 
device (Siemens, Germany).

A fasting blood glucose level ≥100 mg/dL was considered as im-
paired fasting glucose, and a level ≥126 mg/dL was defined as di-
abetes. In the oral glucose tolerance test, a dose of 1.75 g glucose/
kg was used until a maximum of 75 g. Venous plasma glucose 
and insulin levels were collected at 0, 30, 60, and 120 minutes. A 
second-hour blood glucose <140 mg/dL was defined as normal, 
140–200 mg/dL as impaired glucose tolerance, and ≥200 mg/dL 
as diabetes. Insulin resistance was calculated using the homeo-
stasis model assessment of insulin resistance (HOMA-IR; fast-
ing insulin pmol/L × fasting glucose mmol/L/22.5) method. The 
presence of insulin resistance was defined as HOMA-IR >3.16 
(7). A fasting HDL level ≤40 mg/dL and a fasting TG level ≥110 
mg/dL were defined as dyslipidemia. Diagnosis of metabolic dis-
ease was based on the criteria set out by the IDF (1).

Hearing evaluation
Otolaryngological examination was performed by an experienced 
otolaryngologist. All examinations were carried out by the same 
otolaryngologist, after which tympanogram, pure-tone audiome-
try (PTA), and transient evoked otoacoustic emission (TEOAE) 
tests were conducted. Children below 8 years were excluded from 
the study owing to their inability to perform PTA.

Tympanometry
Tympanometry and acoustic reflex tests were performed on all 
subjects using Interacoustics AT 235h tympanometer (Inter-
acoustics, Middelfart, Denmark).
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Pure-tone audiometry
All children underwent PTA using a Maico MA 53 device 
(Maico Diagnostics, Berlin, Germany). The test was performed 
in a commercially available double-walled, sound-treated room 
by an experienced audiologist. Sound at different frequencies 
and loudness levels was administered directly to the patients’ 
ears. Then, they were told to respond by raising their hands or 
pushing the button when they heard the sound tone. The min-
imum level of response was adopted as the threshold level for 
each frequency. Air conduction thresholds were recorded at 
250, 500, 1000, 2000, 4000, and 8000 Hz, and bone thresholds 
were recorded at 500, 1000, 2000, and 4000 Hz frequencies. The 
mean hearing thresholds across frequency and for individual fre-
quencies were compared with those of the control subjects.

Transient evoked otoacoustic emissions
All subjects’ TEOAE tests were conducted by an experienced 
audiologist inside a specially sound-proofed room using a Vi-
vosonic Integrity Evoked Potentials System device (Vivosonic 
Inc., Toronto, Canada). The click stimulus method was em-
ployed. The signal-to-noise ratio (SNR) was determined at four 
separate frequencies (1, 2, 3, and 4 kHz). The SNR findings from 
the study group and CG were measured for each frequency and 
then compared. The SNR defines the difference between emis-
sion amplitude and noise floor. Signal amplitude and test repro-
ducibility findings were also recorded for all participants.

On physical examination, patients with acute or chronic otitis 
media, tympanic membrane perforation, a previous history of 
otological surgery, non-type A results at tympanogram, a fail 
report at acoustic reflex test, or air-bone gap observed at audi-
ometry were excluded from the study. Subjects with syndromic 
obesity (e.g., Alström syndrome and Bardet–Biedl syndrome) 
were also excluded.

Power analysis
The preliminary outcome of the study was the difference in 
hearing thresholds. In our preliminary study, the main differ-
ence was observed at 250 and 500 Hz frequencies. The standard 
deviation (SD) of hearing thresholds at 250 Hz was determined 
at 5.3 in the study group and 5.0 in the CG. The expected differ-
ence in the hearing threshold was at least 5 dB. Therefore, with 
38 patients in the study group and 34 individuals in the CG, the 
power of the study was calculated as 98%, with an alpha error of 
0.05 using a Russ Lenth Piface Java module.

Statistical analysis
Statistical analysis was performed by SPSS for Windows 17.0 
software (SPSS Inc., Chicago, IL, USA). Data were expressed as 
mean±SD. The Mann–Whitney U test was used to compare the 
quantitative values. A p-value <0.05 was accepted as statistically 
significant.

Results
The study group consisted of 38 patients (18 males and 20 fe-
males) aged 8-18 years who were diagnosed with metabolic syn-
drome. The CG included 34 healthy volunteers (16 males and 

18 females) aged 10-17 years. The mean ages of the study group 
and CG were 13.1±2.5 years and 13.0±2.8 years, respectively. 
There was no statistically significant difference in terms of age 
between the groups (p=0.72). Table 1 summarizes the anthropo-
metric measurements and blood pressure values of the groups. 
Table 2 shows the biochemical analysis.

For all frequencies, the mean hearing thresholds were 12.6 dB 
in the right ears and 11.9 dB in the left ears in the study group 
and 13 dB in the right ears and 12.2 dB in the left ears in the 
CG. There was no significant difference in mean hearing levels 
between the groups. When frequencies were compared individ-
ually, the hearing thresholds of the patient group at 250 and 500 
Hz were significantly higher than those of the control subjects 
in the left ears, and the hearing thresholds at 250, 500, and 1000 
Hz were higher in the right ears (Figure 1, 2).
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Table 1. Anthropometric measurements and blood pressure values of 
the groups

Study group 
n=38

Control group 
n = 34

 
p

Height (cm) 149.3±17.4 148.7±16.8 p>0.05

Weight (kg) 62.1±19.4 42.5±13.6 p<0.001*

BMI (kg/m2) 28.1±3.4 18.6±2.2 p<0.001*

Relative weight (%) 143.2±18.5 101±6.8 p<0.001*

Systolic blood pressure 
(mm Hg)

118.0±17.9 99.8±13.2 p<0.05*

Diastolic blood pressure 
(mm Hg)

71.0±8.3 69.2±7.9 p>0.05

*Statistically significant
BMI: body mass index

Table 2. Biochemical analysis of the study and control groups

Study group  
n=38

Control group 
n=34 p

Fasting blood glucose level 106±5.3 79.2±8.1 <0.001*

Fasting insulin 18.5±5.6 10.3±5.2 <0.05*

HOMA-IR 3.9±2.5 2.1±2.1 <0.05*

HbA1c 5.9±0.3 5.1±0.2 <0.001*

Triglyceride 152.3±76.4 98.2±42.7 <0.001*

Total cholesterol 168.6±32.9 108.1±29.7 <0.001*

HDL 38.8±6.4 45.8±7.8 <0.05*

LDL 11.8±22.3 76±24.5 <0.001*

AST 38.2±10.1 29.4±9.1 >0.05

ALT 32.7±5.6 26.1±4.5 >0.05

*Statistically significant
HOMA-IR: homeostasis model assessment of insulin resistance; HbA1c: hemoglobin 
A1c; HDL: high-density lipoprotein; LDL: low-density lipoprotein; AST: aspartate 
aminotransferase; ALT: alanine aminotransferase



Analysis of the TEOAE results elicited no statistically signif-
icant variations between the two groups’ SNR values or signal 
amplitudes. In addition, there was no statistically significant dif-
ference in terms of test reproducibility values between the study 
group (62±9.6 in the right ear and 59.4±12.2 in the left ear) and 
the CG (64.1±8.4 in the right ear and 61.4±7.2 in the left ear) 
(p>0.05). Table 3 shows the TEOAE test parameters.

Discussion
Metabolic syndrome is a disease that affects numerous systems 
in the body, with the most significant finding being obesity. Ex-
cessive weight gain beginning in childhood sets the framework 
for adult obesity. Overweight in childhood is a powerful marker 
of overweight at later ages (4, 7). Obesity can cause significant 
complications both physical and psychological. Complications 

arise earlier and more frequently as the duration and severity 
of obesity increase. This also increases the significance of child-
hood obesity. This disease affects the psychosocial state, as well 
as the endocrine system, gastrointestinal system, skin, genito-
urinary system, and musculoskeletal system, in varying degrees. 
It is known that obesity in childhood and adolescence leads to 
diabetes mellitus, hypertension, stroke, dyslipidemia, cardiovas-
cular diseases, gall bladder diseases, respiratory system problems, 
cancer, arthritis, and gout in adulthood. The risk factors for obe-
sity should be investigated, and early diagnosis should be made 
to prevent obesity-related complications (8, 9).

Results of previous studies investigating the relationship between 
obesity and hearing loss are controversial. Some studies have re-
ported no association between obesity and hearing loss. However, 
there is still inconsistency in studies reporting that obesity leads 
to hearing loss regarding the frequency range affected. In their 
study of men aged 40-74 years, Shargorodsky et al. (10) conclud-
ed that obesity is not a risk factor for hearing loss. Hwang et al. 
(11) reported that obesity is associated with hearing loss involv-
ing high frequencies in women aged over 55 years and with hear-
ing loss at both high and low frequencies in men below 55 years. 
Their study also determined no correlation between hearing and 
obesity in men aged over 55 years or women below 55 years (11). 
Kim et al. (12) suggested that an increased visceral adipose tissue 
in adult obese women increases hearing thresholds, but observed 
no such relationship in men. In addition, they observed that a 
decrease in adipose tissue improves hearing thresholds. Ucler et 
al. (13) showed that high-frequency hearing thresholds in adult 
obese women are significantly higher than those in the CG.  
Lalwani et al. (14) also determined that low-frequency thresh-
olds in obese adolescents are significantly higher than those in 
the CG. However, they noted no significant difference between 
the two groups in terms of high-frequency ranges. In a study of 
4083 patients, Fransen et al. (15) reported that high body weight 
impairs hearing thresholds at low frequencies, but that high BMI 
values are associated with both low- and high-frequency hearing 
losses. In our study, we also determined that low-frequency hear-
ing thresholds in children with metabolic syndrome were signifi-
cantly higher than those in the CG.

The other components of metabolic syndrome, in addition to 
obesity, are impaired glycemic control, hypertension, and dyslip-
idemia. Many studies have also revealed the effects of these con-
ditions on hearing. In their study of type 2 diabetes and hearing, 
Zivkovic-Marinkov et al. (16) reported significantly impaired 
hearing in patients with type 2 diabetes compared with the CG 
and also suggested that prolongation of uncontrolled glycemia 
exacerbates hearing loss. Bener et al. (17) found greater com-
promise of hearing in patients with diabetes with accompanying 
hypertension and also observed more widespread complications 
such as nephropathy, neuropathy, and retinopathy in patients 
with diabetes with poor hearing. Shargorodsky et al. (10) report-
ed that hypercholesterolemia increases the risk of hearing loss in 
adult men. Evans et al. (18) also noted that chronic dyslipidemia 
with accompanying high TG levels can lead to a decrease in 
hearing functions.
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Table 3. SNR levels for each frequency

Right ear Left ear

Frequency (Hz) Patients Control p Patients Control p

1000 8.3±3.4 8.6±4.2 >0.05 8.7±2.8 9.1±3.4 >0.05

2000 7.5±4.8 8.1±3.2 >0.05 7.4±3.5 8.2±3.3 >0.05

3000 7.3±3.1 7.6±3.5 >0.05 5.8±2.1 6.2±3.4 >0.05

4000 6.8±2.4 7.1±3.9 >0.05 5.7±3.1 6±3.6 >0.05

Reproducibility 62±9.6 64.1±8.4 >0.05 59.4±12.2 61.4±7.2 >0.05

SNR: signal-to-noise ratio

Figure 1. Audiological findings of patients and control group (right ear)

Figure 2. Audiological findings of patients and control group (left ear)



Although the relationship between metabolic syndrome and 
hearing loss has not been fully elucidated, the underlying mech-
anism is thought to be multifactorial. Metabolic syndrome can 
cause hearing loss either directly or indirectly. Imbalances in the 
oxidant–antioxidant system, micro- and macroangiopathies and 
neuropathies may represent factors directly affecting the co-
chlear system (19). Additionally, the components of metabolic 
syndrome such as diabetes, dyslipidemia, and hypertension can 
affect the hearing system indirectly. Indeed, an increased risk of 
low-frequency hearing loss has been reported in subjects with 
cardiovascular disease, and this has been attributed to strial dys-
function deriving from vascular disease (14). Moreover, Satar et 
al. (20) showed that dyslipidemia can cause cochlear injury, lead-
ing to edema in the outer hair cells and the strial vascular layer. 
Aladag et al. (21) reported that oxidative stress plays a major role 
in the development of hearing loss in patients with diabetes. The 
existing hypotheses in all these studies do not fully explain the 
pathophysiology of hearing loss. Since the aim of our study was 
to examine whether metabolic syndrome causes hearing loss, the 
effect of metabolic syndrome on hearing loss was not investigated.

The present study has a number of limitations. First, no in-
vestigation was performed on proinflammatory cytokines and 
oxidant–antioxidant substance levels that affect hearing. Sec-
ond, the patient population was small. Third, the present study 
represented cross-sectional research in which patients were not 
followed up long term. Further research is needed in the future 
to evaluate the effect of metabolic syndrome and associated co-
morbidities on hearing and to determine the pathophysiological 
changes involved.

Conclusion
Metabolic syndrome can affect several systems in the body and 
can have an adverse impact on the hearing system in children. 
We determined significantly higher hearing thresholds at low 
frequencies in children with metabolic syndrome compared 
with the controls. These changes in hearing can be overlooked 
by families and physicians in childhood and can have adverse 
impacts on children’s social development, academic success, and 
cognitive functions. It is therefore important for potential hear-
ing losses to be identified early by means of detailed hearing 
examinations in children with metabolic syndrome.
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