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ABSTRACT: Gestational Diabetes Mellitus (GDM) is defined as an abnormal glucose metabolism with
varying severity, recognized first during pregnancy. GDM usually occurs during 2nd and 3rd trimesters
of pregnancy. The pathological changes caused by it are same as Diabetes Mellitus affecting various
organs including eyes and ears. The high fluctuations in blood glucose levels are known to produce
micro vascular changes in kidney, retina, cochlea and peripheral nerves. WHO prescribed criterion
for Glucose Tolerance Test (GTT) helps in diagnosing the condition. The aim of diagnosis of GDM is to
prevent complications of High fluctuating blood levels in the mother. A clinical study is conducted to
assess the effect of GDM on hearing acuity of the patients diagnosed with GDM in 2nd and 3rd
trimesters of pregnancies in a tertiary Hospital. MATERIALS AND METHODS: 39 pregnant women
with GDM during their antenatal checkups at the OPD of OBG department of Government General
Hospital attached to Gandhi Medical College, Secunderabad are randomly selected for this study are
termed as study group. 43 Subjects without GDM, with Body mass Index (BMI) above 25Kg/m? are
included as control group. GTT is done as prescribed by the American Association of Dialectologists
to confirm the diagnosis. The hearing acuity is assessed by pure tone audiometry by a trained
audiologist in a sound proof room. Air conduction thresholds and PTA are recorded in both the
groups after a preliminary ENT examination. RESULTS: There was no decrease in air or bone
conduction thresholds of lower frequencies and SRT in both the groups. There was decrease in air
conduction threshold levels in mid frequencies, but no decrease in bone conduction thresholds (4K,
6K) of study group. There was statistically significant fall in Air conduction thresholds of higher
frequencies (10K, 12K, and 14K) in the study group. CONCLUSIONS: Gestational Diabetes Mellitus is
a Pregnancy risk factor causing hearing loss in women affecting the mid and high frequency air
conduction thresholds.

KEYWORDS: Pregnancy, Diabetes Mellitus, GDM, Hearing Loss, High Frequencies, PTA, SRT, GTT,
Child birth and Audiometry.

INTRODUCTION: Diabetes mellitus (DM) is a genetically transmitted disease.! causing reduced
production of insulin by pancreas or absolute or relative impairment in insulin function. It is clinically
characterized by polyphagia, polydypsia and increased blood sugar levels.2 once established it
presents as a chronic degenerative disorder affecting all the organs. Gestational diabetes mellitus
(GDM) is defined as ‘glucose intolerance of variable severity with onset or first recognition during
pregnancy’ (Metzger, 1991).34 GDM can occur during 2nd and 3rd trimesters of pregnancy.

Depending on the population studied and the diagnostic test employed, prevalence may range
from 2.4 to 21 per cent of all pregnancies.5 Surveys conducted in different cities of India in
2002-2003 showed an overall GDM prevalence of 16.55%.6 In a similar study in Tamil Nadu, it was
17.8 per cent women in urban, 13.8 per cent women in semi-urban and 9.9 per cent women in rural
areas.’
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DM is classified as 4 major groups; type 1 - As a result of destruction of bet-cells from
autoimmune reaction; type2: impaired insulin metabolism or secretion disorder; secondary diabetes

due to genetic predisposition, drug us, unknown cause; gestational diabetes.! The common type is DM
type 2, about 80-90% of all cases and common in obese persons. DM typel accounts for 10-20%.

Organs like kidney, eye, peripheral nerves and cranial nerves are commonly involved. In the
auditory system DM causes atrophy of the spiral ganglion and degeneration of the myelin sheath of
the VIIth nerve. It also found to cause reduction in the number of nerve fibres of spiral lamina,
thickening of the capillary walls of striae vascularis and micro vasculature of the inner ear.!the
changes may take a gradual onset and progression, but during gestation the process may take a rapid
downhill course and results in Sudden Sensory-neural hearing Loss.

The main aim of treatment of GDM is to prevent complications. The present study aims at
clinically evaluating Gestational DM type 2 patients in relation to the hearing acuity with the help of
pure tone audiogram. Fluctuation in the hearing loss is also assessed by serial audiological
evaluation. Hearing loss affecting the different frequency ranges are also recorded in the present
study. Even though the DM is found to be one of the causes of hearing loss, but the cause and effect
relation is not yet described.?

MATERIALS AND METHODS: The present study was conducted at General hospital attached to
Gandhi Medical Hospital, Secunderabad, Telangana, between April 2009 and February 2011. The
study was in collaboration with the department of OBG. 82 pregnant women attending the OPD for
ante natal checkups were divided into two groups. 39 women with established GDM during these
checkups for the first time were considered as study group and 43 women with no abnormal sugar
levels but with BMI more than 25Kg/M? as control group.

Inclusion Criteria: Pregnant women aged between 23 to 39years were included. Women with
gestational ages at 28th to 36th week were included.

Exclusion Criteria: Women aged above 40 years, Gestational ages beyond 36t week or earlier than
28th week, GDM diagnosed in earlier pregnancies, patients already diagnosed and taking treatment
for DM, previous history of hearing loss due to middle ear diseases or drug induced or idiopathic
preexisting HL.

Due ethical clearance from the committee of the institute was taken and an informed consent
about the participation of the women was taken. General information and demographic data, socio-
economic status, level of education, number of pregnancies, and family history of diabetes and/or
hypertension were recorded. Body Mass Index (BMI) was calculated depending upon their height and
weight of the pregnant women and BMI above 25Kg/m? to 33Kg/m? were included in the study as
control group. GDM was diagnosed in these women according to diagnostic criteria recommended by
the American Diabetes Association (ADA) for a 2-h 75g OGTT. If two or more plasma glucose levels
meet or exceed the following thresholds: 1. fasting glucose concentration of 95 mg/dl 2.1-h glucose
concentration of 180mg/dl 3.2hr. glucose concentration of 155mg/dl. GDM was diagnosed if the
fasting glucose levels are more than 126mg% and HbA1c levels were more than 7%.

Once the diagnosis of GDM is established the subjects were started on strict low caloric diet
(1500-1900Kcal/day). If the fasting sugar levels exceeded 90mgs%, or post prandial sugars were
more than 144mgs% insulin was started.
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The women in the control group were also selected according to the same criteria and did not
have history of earlier GDM and pathological high sugar levels. Women of both the groups were
evaluated with audiological tests 1. Air conduction and Bone conduction thresholds for the
frequencies from 250KHZ to 16K KHZ were recorded. 2. PTA calculated from the above reading at
500KHZ to 2K KHZ. All the audiological tests and clinical assessments were done by the same
investigators.

Statistical Analysis: T test calculator was used to test the difference between two proportions.
Mann-Whitney U test was used to calculate p value using SPSS version of 17.0 software.

OBSERVATIONS: In the study group of 39 women the youngest was aged 23 years and the eldest was
aged 39 years with a mean age of 26.30; Median 25 and mode 24.

Age Group | Socio economic status Education Level BMI- Kg/m?
Low | Middle | Higher | +2 | Graduate | P.G | 25-27 | 28-30 | 31-33
23-27 Yrs. | 04 05 03 06 05 02 03 05 02
28-32Yrs. | 03 04 04 03 07 03 05 03 01
33-37Yrs. | 04 06 02 02 04 03 06 04 02
>37 Yrs. 01 02 01 00 01 03 04 02 02
Total 12 17 10 11 17 11 18 14 07

Table 1: Showing the Socio-economic, education status

in relation with BMI in the Study group (n=39)

In the study group pregnant women belonging to low socio economic group were 12(30.76%),
middle group were 17(43.58%) and higher status were 10(25.64%). Education level was plus 2 in
11(28.02%), graduate in 17(43.58%) and P. G in 11(28.02%) of the women. The Body Mass Indices
between 25 and 27 were observed in 18(46.15%), BMI 28 to 30 were in 14(35.89%) and 31 to 33
were observed in 07(17.94%) of the pregnant women (Table 1). In the control group of 43 women
the youngest was aged 25 years and the eldest was aged 39 years with a mean age of 28.23; Median
28 and mode 28. Pregnant women belonging to low socio economic group were 18(41.86%), middle
group were 12(27.90%) and higher status were 13(30.23%). Education level was plus 2 in
11(25.58%), graduate in 17(39.53%) and P. G in 11(25.58%) of the women. The Body Mass Indices
between 25 and 27 were observed in 18(41.86%), BMI 28 to 30 were in 14(32.55%) and 31 to 33
were observed in 07(16.27%) of the pregnant women (Table2).

Age Group | Socio economic status Education BMI- Kg/m?
Low | Middle | Higher | +2 | Graduate | P.G | 25-27 | 27 -29 | 30-32
23-27 Yrs. | 09 05 04 08 04 03 06 05 03
28-32Yrs. | 05 03 05 05 04 03 07 03 03
33-37Yrs. | 03 02 02 05 03 02 06 01 03
>37 Yrs. 01 02 02 02 02 01 01 03 02
Total 18 12 13 20 13 10 20 12 11

Table 2: Showing the Socio-economic, education status in
relation with BMI in the control group (n=43)
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In the control group the mean FBS in the age group of 23-27 was 128+4.6, 116+3.2 in the age
group of 28-32 years, 122+2.8 in the age group of 33-37 years and 130+4.0 in the age group of above
37 years. The mean PBS was 270+£3.8 in the age group of 23-27 years, 190+2.8 in the age group of
33-37 years and 240+3.6 in the age group of above 37 years. In the control group the corresponding
means of FBS and PBS values for the age group 23-27 years was 80+2 & 12043, for the age group
28-32 was 70+3.2 & 124+2.1, for 33-37 years was 138+2.5 and for above 37 years was 160+1.6.
Statistical analysis using T test calculator using the values with their corresponding age groups
showed to be not significant as the P value was more than predicted P value at 0.05. It indicates that
the study is conducted on groups with independent variables (Table 3).

Study Group Control Group
Age Group Mean Mean Mean | Mean Mean Mean P value
FBS PBS HbA1c FBS PBS HbA1c
23-27 Yrs. | 128+4.6 | 270+3.8 9 80+2.0 | 120+3.0 6 0.14
28-32 Yrs. | 116+3.2 | 190+2.8 10 70+3.2 | 124+2.1 5 0.83
33-37 Yrs. | 122+2.8 | 210+4.2 8 76+2.8 | 138+2.5 6 0.92
>37 Yrs. | 130£4.0 | 240+£3.6 11 82+1.8 | 160%1.6 6 0.22

Table 3: Showing the mean FBS, RBS and HbA1c

values and chi square values (n=39)

Study Group (n=39) Control group(n=43) P Value
Frequency | Air conduction | Bone conduction | Air conduction | Bone conduction
KHZ Mean+ SD Mean+ SD Mean+ SD Meanz* SD
Right Left Right Left Right Left Right Left
250 8.2+1.2 | 7.2+1.2 | 9.3%1.2 | 9.0+1.4 | 7.2+1.2 | 6.6%1.2 | 8.0+2.0 | 9.5+2.0
500 8.6£2.2 | 7.6%2.2 | 9.4+2.8 | 9.2+3.8 | 7.0+2.4 | 7.0+2.4 | 8.9+2.8 | 9.9+2.8

1000 9.4+3.1 | 8.4+3.1 | 11+3.4 | 11+3.0 | 8.1+2.1 | 8.0¢1.9 | 10+2.0 | 12+2.0
1500 9.0+3.0 | 7.0£3.0 | 10+4.22 | 11+3.2 | 7.0£1.0 | 7.1+2.0 | 11+2.2 | 12+1.2 | 0.912
2000 11+#2.9 | 09429 | 14+2.3 | 15+2.6 | 9.0+2.9 | 9.8+2.0 | 16+2.4 | 16£1.6
3000 12+4.2 | 12+4.2 | 14+3.2 | 15+2.8 | 12+4.2 | 12+1.2 | 16+0.8 | 15%1.8
4000 28+8.8 | 26+8.8 | 22+4.8 | 21+3.3 | 15+8.8 | 17+4.8 | 14+2.0 | 17+2.3
6000 3249.0 | 30+9.0 | 28+5.2 | 27+3.2 | 16+9.0 | 16+6.0 | 18+1.5 | 17+2.2
8000 15+#8.4 | 14+8.4 | 17+8.4 | 16+6.0 | 15+8.4 | 15+4.4 | 18+4.0 | 18+1.0 0.52
10000 28+6.2 | 26+7.2 | 20+9.2 | 21+4.2 | 18+9.2 | 18+6.2 | 18+3.2 | 19+4.2
12000 28+6.9 | 24+6.9 | 28+4.9 | 27489 | 16+6.9 | 16+£3.9 | 19429 | 19+4.9
14000 29+10.1 | 26+10 | 31+10.1 | 32+4.1 | 15+4.1 | 15+3.1 | 21+4.1 | 20+2.1
16000 3048.6 | 29+8.6 | 34+8.6 | 32+6.6 | 14+2.2 | 14+1.2 | 22+6.6 | 20%3.6
Table 4: Showing the mean with SD PTA

0.005

0.005

values at different frequencies in both the groups (n=82)

T Test calculator for two independent means was used to know the significance between the
study group and control group using the data of Air conduction and bone conduction thresholds at
frequencies 4KHZ, 6KHZ, 10KHZ, 12KHZ, 14KHZ and 16KHZ. It was found that the value of t is -
10.8580. The P value was 0.000115. The result was significant at p less than equal to 0.05.
Mann-Whitney U test was also used to cross check the significance and the Z-score was 2.8022.
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The p-value was 0.00512. The result was significant at P equal to or less than 0.05. Other
frequencies did not show statistical significance between the two groups with P value more than
0.05(Table 4). The PTA was calculated as an average of air conduction values at consecutive
frequencies 500, 1000, 1500 and 2000KHZ in both ears. The mean PTA values of both the ears of both
groups showed ranging from 14 to 20dB. The normal PTA is taken as 15dB. The values of the present
study were falling within normal limits in majority of the subjects and very few of the values crossing
the upper limit of 15dB (Table 5).

Study Group-39 Control Group-43
Age Group Mean PTA Mean SRT Mean PTA Mean SRT

Right Left | Right | Left | Right Left | Right | Left
23-27 Yrs. | 16.4+1.4 | 15#34 | 78.6 | 79.4 | 15.4+¥1.4 | 14+x1.4 | 74.6 | 78.1
28-32Yrs. | 17+#2.6 | 18+29 | 84.2 | 82.6 | 14+2.4 | 15x1.9 | 86.4 | 80.5
33-37 Yrs. | 19+#2.8 | 20+3.3 | 83.6 | 86.4 | 13x2.7 | 14+2.3 | 85.6 | 83.3

>37 Yrs. 18+3.1 | 19+2.7 | 80 |88.2| 15+3.3 | 16+x2.3 | 834 | 82.1

DISCUSSION: Review of literature shows many studies establishing direct correlation between
Diabetes Mellitus and hearing loss. But it was Framingham who demonstrated the relation between
blood glucose and hearing loss in women. In 1997 a study on type 2GDM showed that there were no
changes on the central pathways and the HL was due to involvement of cochlear receptors. To
establish correlation between DM and Hearing loss many authors have conducted studies.

Framingham showed the relation between blood glucose levels and hearing loss in pregnant
women. An analysis of central and peripheral auditory pathways was done in type 2 GDM in 1997
and it was found that the central pathways show no involvement and it was cochlear receptors are
mainly affected.8

Insulin resistance and hyper insulinemia in the body causes raised triglycerides and impaired

lipid metabolism which is related to auditory and vestibular symptoms in patients with DM.%10
Diabetic patients with neuropathy present with HL in frequencies ranging from 250KHZ to 8000KHZ
higher mean hearing thresholds compared to DM patients without neuropathy.l! The HL is
fluctuating type in DM as in Endolymphatic hydrops but may progress to develop microangiopathy of
striae vascularis and spiral ligament and diabetic neuropathy assists in worsening of the situation.12

It can be concluded with this available evidence that for normal inner ear function there should
be a good balance between insulin and blood glucose levels. In GDM similar to DM though blood
glucose levels are high it cannot enter the cells of the inner ear because of insulin resistance and/or
lack of insulin.%13 In the present study audiometry is performed irrespective of hearing loss
mentioned or not mentioned by the patients. It was observed that the reason could be due to normal
threshold levels in the speech frequencies and the audiometry showed normal PTA values in both the
groups. Inner ear is vulnerable to fluctuations in glucose levels because it has no storage capacity and
itself presents with intense metabolic activity.14

Tay et al showed in DM patients the increase in threshold values at lower and middle
frequencies (p<0.001).15 in another study from 1981 significant differences were seen only at 2KHz.16
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Another study on 5,140 individuals in 2008 found diabetic subjects had reduced hearing in all
frequencies, and higher degrees of hypoacusis at higher frequencies.!” In the present study the GDM

patients showed statistical significant audiometry changes in the test frequencies from 4000KHZ to
6000KHZ and 10,000 KHZ to 16000KHZ in both ears with a p value at 0.005 which was less than
predicted value of 0.05. The study shows that the patients with GDM developed sensory neural HL
especially at mid and higher frequencies. None of the subjects of control group showed either
subjective complaints of HL or audiometry evidence of raised threshold values in Air conduction at all
frequencies.

Even though there are papers in the literature in which no direct correlation is found between
GDM or DM patients to loss of hearing like Profazio & Barraveli (1959), Strauss et al.; (1982), Miller et
al; (1983), Axellson & Fagerberg (1968), and Espafia et al; (1995). This study is in agreement with
papers which show relation between GDM, DM to hearing loss.

CONCLUSION: Audiological examination indicated the presence of statistically significant differences
between study group of GDM women and control group of pregnant women with matching BMI at
4000KHZ, 6000KHZ and 10000KHZ, 12000KHZ, 14000KHZ and 16000 KHz of both ears and mean
values for both ears. The study group subjects were statistically more likely to have hypoacusis in
both ears at the specified frequencies. There were no threshold shifts of Pure Tone Average in both
the groups which would explain the lack of subjective presentation of hearing loss.
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