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Abstract

Background: Assessment of hearing is important to know the type, extent of hearing impairment in diabetics which
helps to take decisions on rehabilitative and preventive measures. Objectives: Present study is focused on
relationship between body mass index (BMI) with pure tone average (PTA) values in type 2 diabetics. Materials
and methods: Type 2 diabetic patients with (WHI) and without (WoHI) hearing impairment, both the gender was
included with age limit between 35-55 years and also ten normal subjects were included as controls. Pure tone
average (PTA) is the average of hearing threshold levels at the frequencies 500Hz, 1000Hz, 2000Hz and 4000Hz.
This value gives information about an individual’s hearing level in each ear. Statistical analysis: All the data were
expressed as mean + SE. The mean were analyzed by one way ANOVA. Pearson correlation test was done to see the
relationship between right and left ear PTA values in normal subjects, WoHI and WHI groups with BMI values.
Results: The right ear of WoHI (P= 0.716) and WHI (P=0.474) group and left ear of WHI (P=0.399) group shows
negative correlation with BMI. Conclusion: The PTA is useful to know the status of hearing sensitivity and type,
severity of the hearing impairment in the T2DM patients. The BMI values are correlated with PTA values in all
subjects.
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Introduction

Type 2 diabetes mellitus (T2DM) affects all systems in
the body including auditory system and results as
sensorineural hearing impairment with difficulty in
hearing and understanding of speech [1]. So it requires
hearing assessment to know the status of hearing and to
prevent the further damage. The present study is
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carried out as cross sectional study with and without
hearing impairment to determine the hearing loss in
T2DM with pure tone audiometry in relation to the
BMI.Pure tone audiometry is commonly used to assess
hearing impairment and is a psychoacoustic test and
based on determining the thresholds of hearing and it is
tested at a single frequency. Both air conduction and
bone conduction thresholds are tested in pure tone
audiometry; air conduction tests the performance of the
whole auditory system, whereas bone conduction tests
the performance of the inner ear and auditory nerve [2].

Materials

Study design: It is a cross-sectional study.
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Inclusion criteria: The present study was carried out
after getting the ethics committee approval (FWA
00002084; dated 16/03/2015). Type 2 diabetic patients
with hearing impairment (WHI) (n=50) and without
hearing impairment (WoHI) (n=50), both the gender
was included with age limit between 35-55 years;
minimum duration of diabetes after the diagnosis was 5
years and also ten normal subjects were included as
controls. The participants were enrolled in the study
after acquired the informed consent.

Exclusion criteria: Participants who had a history of
immune/metabolic diseases like hyperbilirubinaemia/
kernicterus, type 1 diabetes, anoxia/hypoxia,
sarcoidosis, rheumatoid arthritis, uraemia, Guillain-
Barré Syndrome; chronic infections like Leprosy,
AIDS, Borreliosis, Ramsey Hunt syndrome; using
heavy metals like lead, cobalt, mercury; drugs like
carboplatin, methyldopa and reserpine; neoplasma /
intracranial cystic lesions, chronic middle ear diseases,
cranial trauma, ear surgeries, recent surgeries,
congenital problems, noise exposure, smoking,
alcoholism,  hypertension, stroke and hepatic
encephalopathy were excluded from the study.

Methods

Calculation of BMI: Height and weight were
measured on the subjects in standing position. The
weighing scales and the measuring tapes were
calibrated periodically. BMI was calculated from the
formula, BMI = weight (kg) / height?> (mts). BMI
normal values are below 18.5 (underweight), 18.5-24.9
(normal), 25.0-29.9 (pre obesity), 30.0-34.9 (obesity
class 1), 35.0-39.9 (Obesity class 1) and Above 40
(Obesity class I11).

Measurement of pure tone average (PTA): Pure tone
audiometry is the basic subjective audiological
evaluation that assists to rule out the presence or

absence of hearing loss with testing the air conduction
(AC) and bone conduction (BC) mechanisms in both
the ears and is carried out in a sound attenuated room.
The obtained results are plotted as decibels in graph
called audiogram; it serves to establish severity of
hearing loss. In the present study pure tone audiometry
is done by using instrument “Elkon 3N3 multi
diagnostic audiometer with TDH-49 P headphones and
B71 RADIO EAR bone vibrator”. The stimulus used is
pure tone, continuous in nature and method is
Hughson-Westlake descending method.Pure tone
average (PTA) is the average of hearing threshold
levels at the frequencies 500Hz, 1000Hz, 2000Hz and
4000Hz. This value gives information about an
individual’s hearing level in each ear and these
frequencies are considered to be most important for
understanding speech. It is calculated by pure tone
audiometry.

Statistical analysis:All the data were expressed as
mean = SE. The mean were analyzed by one way
ANOVA (Student-Newman-Keuls method). Pearson
correlation test was done to see the relationship
between right and left ear PTA values with BMI and
HbAlc values in normal subjects, WoHI and WHI
groups. For all the statistics and graph plotting,
SigmaPlot 13.0 (Systat software, USA) was used. P
<0.05 was considered as significant.

Results

The comparison of PTA values was done by one way
analysis of variance in normal subjects, WoHI and
WHI groups with their mean and standard error of
mean represented in table - 1 and in figure - 1. PTA
values of WHI group showed statistically significant
difference from the normal subjects, WoHI group in
the right and left ears (P <0.001).

Table 1: One way analysis of variance of PTA in normal subjects, T2DM WoHI and WHI groups

Parameter Ear Normal subjects T2DM WoHI T2DM WHI P-Value
(Mean+SEM) (Mean+SEM) (Mean+SEM)
PTA (dB) Right 5.420+0.653 12.882+0.235 33.926+0.895 Givenin
Left 8.310+0.818 13.200+0.204 34.162+0.678 figure 1
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Fig 1: The pure tone average (PTA) in normal subjects, type 2 diabetes without (WoHI) and with (WHI)
hearing impairment.
Mean + SE (n + 50 each in WoHI and WHI groups, n+10 in normal subjects).
The ‘F’ and P values are comparing normal subjects, WoHI and WHI of right and left ear.
a — significantly different from normal subjects
b — significantly different from WoHI group

The correlation of PTA values and BMI values for both were given in table - 3. The BMI (P<0.0001) values

the ears in normal subjects were given in table - 2. The were statistically positively correlated with PTA values

age, BMI, HbAlc values are not correlated with PTA of both ears in all subjects. This showed that with

values in normal subjects. The correlation of PTA increase in BMI levels, the PTA values are increased in

values and BMI values for both the ears in all subjects diabetic subjects with increased hearing threshold.
Table 2: Correlation of independent variables and PTA in normal subjects

S.No Independent variable Dependent variable PTA (dB) r-value p-value
1 BMI (sg.m) Right ear 0.276 0.441
Left ear 0.132 0.717

Table 3: Correlation of independent variables and PTA in all subjects

S.No Independent variable Dependent variable PTA (dB) r-value p-value
1 BMI (sg.m) Right ear 0.382 <0.001
Left ear 0.404 <0.001
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The correlation of pure tone average values and BMI
for both the ears in WoHI and WHI groups were given
in figure - 2. In both the groups pure tone average
values are not statistically correlated with BMI. The

right ear of WoHI (P= 0.716) and WHI (P=0.474)
group and left ear of WHI (P=0.399) group shows
negative correlation with BMI.
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Fig 2: Correlation of pure tone average (dB) and BMI (Sg.m) in type 2 diabetes, without (WoHI) and with
(WHI) hearing impairment.The ‘r’ and P values are correlating WoHI and WHI right and left ear

Discussion

In T2DM many audiometric studies described
progressive, bilateral and mild to moderate sensori-
neural hearing loss for higher frequencies [3-8].

T2DM shows harmful effects on auditory system along
with other systems, so awareness about the changes
happened in the auditory system in diabetes are
required [9]. In the present study, pure tone average
values were increased in both ears of WHI group when
compared with normal subjects, WoHI group; similar
findings found in previous research in line with the

present study [10, 11]. To study the effect of diabetes
on hearing is difficult because of many confounding
factors like presbycusis, hypertension and obesity.
Vaughan et al (2006) have shown that though the other
researchers found hearing loss in diabetes, other factors
like noise exposure, ototoxic drugs, duration of disease,
metabolic control and the presence and degree of
complications and presbycusis also affect both glucose
metabolism and cochlear function. Due to this, the
establishment of association between hearing loss and
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diabetes is difficult [12].In the present study there was
no difference between the right and the left ear pure
tone average values in the WHI group, it may be due to
diabetic systemic changes affect the body as a whole,
thus leading to symmetrical hearing loss in both ears of
WHI group [13].In the present study, pure tone average
values are not statistically correlated with BMI in both
the ears of WoHI and WHI groups indicates that
without raising in BMI the chances for hearing loss
increases in the T2DM patients. This result is in line
with a study conducted by Jung et al (2016), which
stated that the BMI was not advantageous for the
prediction of age related hearing loss and in future
epidemiological studies, BMI as a covariate of obesity
may be replaced by other active metabolic parameters
that have better predictive ability of age related hearing
loss than BMI [14].

In the present study, the BMI is correlated with PTA
values in all subjects. Previous research performed by
some have mentioned that there is increase in BMI,
worsens the hearing function in T2DM patients [15-
20]. Some studies found relationship between the
diabetes, obesity and BMI [21-23]. When the BMI is
increased, it indicates obesity. This causes insulin
resistance and releases high amount of non-esterified
fatty acids, glycerol, hormones, pro-inflammatory
cytokines involved in the development of T2DM.
Increase in BMI and development of T2DM shows
some genetic involvement with environmental factors
[24- 26]. Previous studies mentioned that diabetes and
hyperlipidaemia were the independent risk factors for
sensorineural hearing loss and that the combination of
these two had the greatest effect on hearing.

The incidence of hearing loss was more with hyper-
lipidaemia in the diabetics possibly due to the vascular
complications which were produced by diabetic
dyslipidemia[5]. The lipoproteins get glycated, which
predisposes them to atherosclerosis. The advanced
glycation end-products (AGES) bind to the macrophage
receptors and stimulate them to secrete Interleukin-1
(IL-1) and Tumour Necrosis Factor (TNF) which
causes vessel wall damage, resulting in micro-vascular
disease, atherogenesis and macro-vascular disease [27].
The saturated fatty acids may play a role in
determining the dysmetabolic state in a subset of
sensorineural hearing loss patients [28].

Conclusion

The PTA is useful to know the status of hearing
sensitivity and type, severity of the hearing impairment
in the T2DM patients. Correlated the BMI values in
relation to PTA in WoHI and WHI groups for both the

ears and found that hearing impairment is not
correlated with BMI values in the WHI group for both
the ears. The right ear of WoHI (P= 0.716) and WHI
(P=0.474) group and left ear of WHI (P=0.399) group
showed negative correlation with BMI. The BMI
values are correlated with PTA values in all subjects.
The present study can be helpful to the physicians to
screen all old and newly diagnosed diabetic patients
with pure tone audiometry, even if the patient does not
have any complaint.

Acknowledgement

Research reported in this publication was conducted by
scholars at the Fogarty International Center of the NIH
training program under Award Number D43 TW
009078. The content is solely the responsibility of the
authors and does not necessarily represent the official
views of the National Institute of Health.

References

1. Bainbridge KE. Hearing impairment - an under
recognized complication of diabetes?. Diabetes
Voice. 2009; 54(1): 13-16.

2. Hersh MA and Johnson MA. Assistive technology
for the hearing-impaired, deaf and deafblind.
Springer-Verlag, London. 2003; pp: 279.

3. Maia CA and Campos CA. Diabetes mellitus as
etiological factor of hearing loss. Rev Bras
Otorrinolaringol. 2005; 71: 208-214.

4. Aimoni C, Bianchini C, Borin M, Ciorba A, Fellin
R and Martini A et al. Diabetes, cardiovascular
risk factors and idiopathic sudden sensorineural
hearing loss: a case-control study. Audiol
Neurootol. 2010; 15(2): 111-5.

5. Swaminathan A, Sambandam R, Bhaskaran M.
Evaluation of the auditory effects of hyper-
lipidaemia and diabetes mellitus by using
audiometry. JCDR. 2011; 5(8): 1528-1532.

6. Rajendran S, Anandhalakshmi, Mythili B and
Viswanatha Rao. Evaluation of the incidence of
sensorineural hearing loss in patients with type 2
diabetes mellitus. Int J Biol Med Res. 2011; 2(4):
082-987.

7. Shafeeq M, Mohammed NA, Somayaji G,
Mubeena and Kallikkadan HH. Sensorineural
hearing loss in Type 2 diabetes mellitus. IOSR-
JDMS. 2015; 14(11); Ver. I1: 56-61.

8. Meena RL, Sonkhya D, Sonkhya N and Gupta DP.
Hearing status in type 2 diabetes mellitus. J Evid.
Based Med. Healthc. 2016; 3(32): 1527-1531.

Paluru etal
www.ijhcr.com

International Journal of Health and Clinical Research, 2020; 3(11):154-159

158


http://www.ijhcr.com/

International Journal of Health and Clinical Research, 2020;3(11):154-159

e-1SSN: 2590-3241, p-1SSN: 2590-325X

10.

11.

12.

13.

14,

15.

16.

17.

18.

Wolfe AK, Honaker JA and Decker TN. Exploring
the association of hearing loss with diabetes
mellitus: A critical review. Seminars in Hearing.
2011; 32 (4): 332-342.

Kakarlapudi V, Sawyer R and Staecker H. The
effect of diabetes on sensorineural hearing loss.
Otol Neurotol. 2003; 24(3): 382-6.

Weng SF, Chen YS, Hsu CJ and Tseng FY.
Clinical features of sudden sensorineural hearing
loss in diabetic patients. Laryngoscope. 2005;
115(9): 1676-80.

Vaughan N, James K, McDermott D, Griest S and
Fausti S. A 5 year prospective study of diabetes
and hearing loss in a veteran population. Otol
Neurotol. 2006; 27(1): 37-43.

Sousa CS, Castro Junior N, Larsson EJ and Ching
TH. Estudo de fatores de risco para presbiacusia
em individuos de classe sdcio-econdémica média.
Braz J Otorhinolaryngol. 2009; 75(4): 530-6.

Jung DJ, Jang JH, Yup K and Lee KY. Is body
mass index associated with the development of
age-related hearing impairment in Koreans? The
Korean  National  Health and  Nutrition
Examination Survey 2009-2012. Clin Exp
Otorhinolaryngol. 2016; 9(2): 123-130.

Fransen E, Topsakal V, Hendrickx JJ, Van Laer L,
Huyghe JR andVan Eyken E et al. Occupational
noise, smoking, and a high body mass index are
risk factors for age-related hearing impairment and
moderate alcohol consumption is protective: A
European population-based multicenter study. J
Assoc Res Otolaryngol. 2008; 9(3): 264-76.
Bainbridge KE, Hoffman HJ and Cowie CC.
Diabetes and hearing impairment in the United
States: audiometric evidence from the National
Health and Nutrition Examination Survey, 1999 to
2004. Ann Intern Med. 2008; 149(1): 1-10.
Mitchell  P,Gopinath B, McMahon CM,
Rochtchina E,Wang JJ and Bovages SC et al.
Relationship of type 2 diabetes to the prevalence,
incidence and progression of age-related hearing
loss. Diabet Med. 2009; 26(5): 483-488.

Helzner EP, Patel AS and Prattt S et al. Hearing
sensitivity in older adults: Associations with
cardiovascular risk factors in the Health, Aging

Conflict of Interest: Nil
Source of support:Nil

19.

20.

21.

22.

23.

24,

25.

26.

217.

28.

and Body Composition Study. J Am Geriatr Soc.
2011; 59: 972-979.

Curhan SG, Eavey R, Wang M, Stampfer MJ and
Curhan GC. Body mass index, waist
circumference, physical activity, and risk of
hearing loss in women. The Am J Med. 2013; 126
(12) : 1142, el1-8.

Linssen AM, Van Boxtel MPJ, Joore MA and
Anteunis LJ. Predictors of hearing acuity: cross
sectional and longitudinal analysis. J Gerontol A
Biol Sci Med Sci. 2014; 69(6): 759-765.

Meisinger C, Thorand B, Schneider A, Stieber J,
Doring A and Lowel H. Sex differences in risk
factors for incident type 2 diabetes mellitus: the
MONICA Augsburg cohort study. Arch Intern
Med. 2002; 162(1): 82-9.

Kumari M, Head J and Marmot M. Prospective
study of social and other risk factors for incidence
of type 2 diabetes in the Whitehall 11 study. Arch
Intern Med. 2004; 64(17): 873-80.

Almdal T, Scharling H, Jensen JS and Vestergaard
H. Higher prevalence of risk factors for type 2
diabetes mellitus and subsequent higher incidence
in men. Eur J Intern Med. 2008; 19(1): 40-5.

Kahn SE, Hull RL and Utzschneider KM.
Mechanisms linking obesity to insulin resistance
and type 2 diabetes. Nature. 2006; 444(7121): 840-
6.

O'Rahilly S and Farooqi IS. Genetics of obesity.
Philos Trans R Soc Lond B Biol Sci. 2006; 361
(1471): 1095-105.

Hebebrand J and Hinney A. Environmental and
genetic risk factors in obesity. Child and Adolesc
Psychiatric Clin N Am. 2009; 18(1): 83-94.

Kasper DL, Fauci AS, Hauser SL, Longo DL, J
Jameson L and Loscalzo J. Harrison’s Principles
of Internal Medicine.2011; 18" Edn (vol 2). pp:
3610.

Cadoni G, Scorpecci A, Cianfrone F,
Giannantonio S, Paludetti G and Lippa S. Serum
fatty acids and cardiovascular risk factors in
sudden sensorineural hearing loss: a case control
study. Ann Otol Rhinol Laryngol. 2010; 119(2):
82-88.

Paluru et al

www.ijhcr.com

International Journal of Health and Clinical Research, 2020; 3(11):154-159

159


http://www.ijhcr.com/

