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ABSTRACT

Background: Although it is not always possible to detect the specific etiology in all cases of sudden hearing loss (SHL), different etiopatho-
genesis mechanisms, such as vascular causes, have been proposed to explain the etiology. There are many studies examining the relationship
between SHL and vascular risk factors.

Metabolic syndrome is a bundle of cardiometabolic risk factors characterized by obesity, hypertension, hyperglycemia, and hypercholesterol-
emia. The study aimed to investigate the frequency of metabolic syndrome and its effect on the prognosis of patients with SHL.

Methods: Ninety-three patients were divided into 2 groups those with metabolic syndrome (MS) and those without metabolic syndrome (non-
MS). The effect of demographic and clinical characteristic parameters on the prognosis was investigated.

Results: Of the 93 patients, 42 (45.16%) had MS and 51 (54.83%) did not. The non-MS ratio was significantly higher in patients with complete
recovery. In contrast, the percentage of MS was higher in the non-recovery group, which was found to be statistically significant (P <.05). While
there was a significant correlation between triglyceride level, low High-Density Lipoprotein (HDL), MS, and recovery, only regression analysis
showed that low HDL was significantly associated with poor prognosis.

Conclusion: Although the MS ratio affects recovery rates, no significant effects were found on prognosis. Low HDL alone was considered a poor
prognostic factor.
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Introduction important role in the etiology of ISHL.5® Hence, drugs that
regulate vascular circulation are preferred for treatment. In
studies to explain the vascular hypothesis, cardiovascular risk
factors were found to be high in patients with ISHL. Therefore,
cardiovascular risk factors such as smoking, high serum total
cholesterol (TC), triglyceride levels (TG), diabetes mellitus
(DM), and hypertension (HT) history must be questioned in

patients with SHL.57

Sudden hearing loss (SHL) is a condition with a sensorineural
hearing loss greater than 30 dB HL at 3 consecutive frequen-
cies that occurs within 72 hours." In the etiology, infection, vas-
cular pathologies, ototoxicity, autoimmune diseases, central
pathologies, metabolic diseases, and trauma are considered.?
Since it is not possible to determine a specific etiology in every
case with SHL, it is mostly regarded as idiopathic. In patients

with idiopathic sudden hearing loss (ISHL), age, gender, grade
of hearing loss, audiometry pattern, treatment start time, pres-
ence of vertigo, and tinnitus may affect the prognosis.®#

Hair cells in the cochlea are very sensitive to ischemia due
to their high metabolic activity and limited blood sup-
ply. Therefore, vascular pathologies are thought to play an
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Metabolic syndrome (MS) is a cluster of diseases caused by
dyslipidemia, hyperglycemia, hypertension, and abdominal
obesity.2 It is known as the "deadly quartet” and is associated
with serious health problems affecting 20-30% of the world's
population.®" Many studies have previously been conducted
to examine the relationship of the factors that make up this
disease cluster with [SHL."2-'4
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The development of MS has not been fully explained, but cen-
tral obesity and insulin resistance are blamed for its patho-
physiology. Insulin resistance, neurohormonal activation, and
chronic inflammation in MS can be considered the main fac-
tors in the onset, progression, and transition of cardiovascular
problems."

Many studies have shown that MS is related to an increased
risk of sundry diseases such as cardiovascular diseases and
cancer.®'® However, this relationship has been investigated in
a limited number of studies regarding ISHL. In this study, we
aimed to investigate the relationship between ISHL and MS.
The effect of MS on prognosis was also investigated. In addi-
tion, the effect of MS on prognosis was investigated together
with other prognostic factors affecting ISHL such as tinnitus,
vertigo, age, gender, smoking, initial PTA, audiometry pattern,
and start-up time of treatment.

Methods

Ninety-three patients with ISHL who were followed up between
2016 and 2019 were included in our study. Approval from the
Sakarya University Faculty of Medicine Ethics Committee
was obtained before starting the study (approval number:
71522473/050.01.04/98; date: March 11, 2020), and informed
consent was obtained from all patients. Patients with definite
etiology, acute or chronic otitis media diagnosis, or previous
ear surgery were excluded from the study. Patients admitted
7 days after the onset of hearing loss were also excluded. The
charts of the patients were examined retrospectively. Patient
gender and age, when and how the hearing loss started (effort,
trauma, infection, drug use, etc.), vertigo and tinnitus, the sta-
tus of smoking, history of systemic diseases, particularly vas-
cular pathologies including hypertension, diabetes mellitus,
body mass index (BMI), HDL, LDL, TG, and fasting blood glu-
cose (FBG) levels were noted.

Systemic steroid (SS) and hyperbaric oxygen therapy were
given to all patients without hypertension and diabetes mel-
litus. All steroid therapy was administered intratympanically in
patients with hypertension and diabetes mellitus. If there was
no improvement after 1 month, 6 doses of intratympanic (IT)
steroids were administered as salvage therapy. The oral predni-
sone dose was given at 1 mg/kg/day, and the average treatment
duration was completed in 10-14 days by decreasing from 10
mg every 2 days. IT treatment 8 mg/2 mL dexamethasone was
administered for 6 days with 0.8 mL in each application.

Audiometry tests of the patients were divided into 4 types:
ascending type, descending type, flat, and total.'® In the ini-
tial audiograms of the patients, the pure-tone average (PTA)
was classified as mild, 21-41 dB HL, moderate, 41-71 dB HL,
severe, 71-91 dB HL, and a profound hearing loss greater than

Main Points

The non-metabolic syndrome ratio was significantly higher in
patients with complete recovery.

The percentage of metabolic syndrome was higher in the
non-recovery group.

low HDL was significantly correlated with a poor prognosis.
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91 dB HL. An increase of 10 dB HL and above in PTA, or an
increase of 10% or more in the “Speech Discrimination Score”
was considered as recovery. Recovered patients were divided
into 2 subgroups: those with partial or complete recovery. PTA
within the limits of 10 dB HL of the value of the unaffected ear
and a speech discrimination score within the limits of 5-10%
of the unaffected ear was considered as “complete recovery,”
and patients who were outside these criteria were evaluated
as "partial improvement.” In addition, after the ISHL attack, a
non-functional ear reaching functional values after treatment
was accepted as a “partial improvement”.!

For MS criteria, hyperglycemia; FBG = 110 mg/dL or hav-
ing been diagnosed with diabetes mellitus, hypertriglycemia;
TG = 150 mg/dL after 8 hours of fasting, low HDL level; HDL
< 40 mg/dL in men and < 50 mg/dL in women, hypertension;
blood pressure > 130/85 mm Hg and BMI; BMI > 25 kg/m? was
accepted.””'® Having more than 3 of these criteria was taken as
positive for a diagnosis of MS.

Ninety-three patients were divided into 2 groups, 42 MS and
51 non-metabolic syndromes (non-MS). Demographic and
clinical characteristics between groups and the effects of
other variables on prognosis were examined.

Statistical Analysis

Kolmogorov—Smirnov test was used for normality analysis. Two
independent samples t-test was used to compare continu-
ous variables with normal distribution, and the Mann-Whitney
U-test was used for variables that did not show normal distribu-
tion. Chi-square tests were used to compare categorical vari-
ables. Regression analysis was applied to the variables that were
statistically significant in the comparison. Variables that were
statistically significant in univariate analysis were included in
regression analysis. P < .05 was considered statistically signifi-
cant. Statistical analysis was done using commercial software
IBM SPSS Statistics 21 (IBM SPSS Corp.; Armonk, NY, USA).

Results

Of 93 patients, 42 were MS and 51 were non-MS. In terms of
demographic and clinical features, there was a significant dif-
ference between the 2 groups in BMI, HT, TG, and HDL ratios
(P < .05). There was no significant difference in the rates of
high starting grade, start-up time of treatment, accompany-
ing vertigo, and absence of tinnitus, which are known as poor
prognostic factors (P >.05) (Table 1).

According to the recovery rates of the 2 groups, the non-MS
ratio was higher in patients with complete recovery, with a
statistically significant difference, while the percentage of MS
was significantly higher in the non-recovery group (P < .05).
There was no significant difference in partial recovery rates (P
> .05) (Table 2).

The TG rate was found to be significantly higher in the non-
recovery group, whereas the HDL level was found to be signifi-
cantly lower (P <.05). The MS rate was found to be significantly
higher in the non-recovery group (P < .05) (Table 3). The sta-
tistically significant values were used in regression analysis
(Table 3). HDL ratio obtained by regression analysis was found
to be significantly related to a poor prognosis (OR=1.127,
P=.001), (P <.05) (Table 4).
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Table 1. Demographic Characteristics

MS (n = 42) Non-MS (n = 51) P

Gender Women 15 (% 35.7) 25 (% 49.0) 197

Man 27 (% 64.3) 26 (% 51.0)
Age 51.26 £13.418 4190 £15.76 112
Treatment start time (day) 2.00[2.00] 3.00[4.00] 1
Grade Mild 10(% 23.8) 10(% 19.6) 903

Moderate 16(% 38.1) 18(% 35.3)

Severe 7(% 16.7) 11(% 21.6)

Profound 9(% 21.4) 12(% 23.5)
Tinnitus 24(% 57.1) 30(% 58.8) .870
Vertigo 6(% 14.3) 8(% 15.7) .851
BMI 25 > kg/m? 30(% 71.4) 7(% 13.7) .00*
HT 18(% 42.9) 7(% 13.7) .002*
DM 7(% 17.1) 3(% 5.9) 104
TG 204.50[113.00] 129.00[104.00] .00*
HDL 4224 +778 48.81 + 8.46 .00*

Values in bold indicate statistical significance.

BMI, body mass index, DM, diabetes mellitus, HDL, high-density lipoprotein; HT, hypertension, MS, metabolic syndrome; non-MS, non-metabolic syndrome; TG,

triglyceride.
*P < .05.

Discussion

Disruption of cochlear blood supply is the most important
pathophysiological mechanism for ISHL. The cochlea is an end
organ fed only by the labyrinth artery and has no collaterals.
Therefore, cochlear hair cells are very sensitive to hypoxic or
ischemic damage as they have high metabolic activity. Each of
the factors that cause MS are factors that trigger atherosclero-
sis and can induce microangiopathy by changing the stiffness
and/or flexibility of blood vessels. It may also increase the likeli-
hood of ISHL due to cochlear damage caused by these reasons.
Recently, the etiology of ISHL has been concentrated on cardio-
vascular risk factors such as DM, HT, obesity, hypercholester-
olemia, smoking, and alcohol consumption, and its association
with comorbidities such as chronic kidney disease, cerebrovas-
cular disease, and myocardial infarction has been associated.'®2°

When the literature is examined, the recovery rate is signifi-
cantly lower in MS groups and is associated with a poor prog-
nosis in these studies (Table 5).2 Chien et al showed that the
risk of ISHL increased 3.54-fold in the MS group.?' Jung et al

Table 2. Treatment Outcome in MS Group and Non-MS
Group

Prognosis MS Non-MS P

Complete recovery 9 (% 21.4) 22 (% 43.1) .027*
Partial recovery 11 (% 26.2) 15(% 29.4) 730
Non recovery 22 (% 52.4) 14 (% 27.5) .014*

Values in bold indicate statistical significance.
MS, metabolic syndrome; non-MS, non-metabolic syndrome.
*P<.05.
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reported that the rate of recovery of ISHL decreases as the
number of criteria constituting MS increases.® We found the
rate of MS was significantly higher in the non-recovery group.
in our study, compatible with previous studies, but it did not
have a poor effect on prognosis. At the same time, the rate of
non-MS was found to be significantly higher in the complete
recovery group.

Hyperglycemia, one of the components of MS, can cause
ISHL by cochlear microangiopathy and neuropathy. It can also
reduce the recovery rate with these effects.® In our study, the
rate of patients with FBG = 110 mg/dL and diabetes was not
different between the 2 groups, and there was no significant
effect on prognosis.

Dyslipidemia increases lipid and cholesterol accumulation in
the intima of vascular walls by inducing endothelial dysfunction
and vascular inflammation.’® On the other hand, hypertension
leads to atherosclerotic changes that cause decreased blood
vessel elasticity, narrowing of vessels, reduced blood circula-
tion, and increased cochlear damage in the inner ear.?? This
damage affects blood circulation in the inner ear and eventually
disrupts the blood supply of target organs such as the cochlea.
As expected, the TG ratio was significantly higher in the MS
group, and the HDL ratio was significantly lower in the MS
group. TG was significantly higher, and HDL was significantly
lower in the non-recovery group. compared to the recovery
group. According to regression analysis, only HDL from the MS
components was found to be a poor prognostic factor.

It has been shown that HDL protects against damage to
endothelial cells by inhibiting the oxidation of LDL molecules.
Accordingly, HDL has a vasoprotective role since it has anti-
inflammatory, antithrombotic, and antioxidant effects to
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Table 3. Post-treatment Hearing Outcomes in Patients

Recovered n = 57 Non-recovered n = 35 P

Gender Women 19(% 333) 16(% 38.46) 235

Man 38(% 667) 19(% 54.3)
Age 43 £ 1544 47.33+14.95 582
Treatment method IT 20 (35.1%) 15 (42.9%) .659

SS 30 (52.6%) 15 (42.9%)

IT+SS 7 (12.3) 5 (14.3%)
Treatment start time (day) 2.00 [3.00] 2.00 [3.00] 327
Tinnitus 32 (56.1%) 21(60.0%) 716
Vertigo 6 (10.5%) 8 (22.9%) 124
Smoking 23 (40.4%) 17 (48.6%) 44
HT 13 (% 22.8%) 12 (34.3%) 230
DM 7 (12.3%) 3 (8.8%) 579
TG 135.0 [108.0] 201.0 [116.50] .001*
HDL 49.00 [9.50] 40.00 [8.77] .00*
MS 20 (35.1%) 22 (61.1%) .014*
BMI 25 > kg/m? 25 (43.9%) 12 (33.3%) 312

25 < kg/m? 32 (56.1%) 24 (66.7%)
Audiogram patterns Ascending 12 (21.1%) 4 (11.4%) 182

Descending 10 (17.5) 12 (34.3%)

Flat 21 (36.8%) 14 (40.0%)

Total 14 (24.6%) 5 (14.3%)
Grade Mild 13 (22.8%) 7 (20.0%) .324

Moderate 17 (29.8) 17 (48.6%)

Severe 12 (21.1%) 5 (14.3%)

Profound 15(26.3%) 6 (17.1%)

Values in bold indicate statistical significance.

DM, diabetes mellitus; HDL, high-density lipoprotein cholesterol; HT, hypertension; IT, intratympanic; MS, metabolic syndrome; SS, systemic steroid; TG, triglyceride.

*P<.05.

prevent LDL oxidation.?® A deficiency of the molecule with
vasoprotective effects, which was detected as a poor prog-

nostic factor in our study, also a result supporting the vascu-

lar mechanism of ISHL. On the other hand, Lee et al showed
that TG is an independent risk factor for ISHL.>* In the study

by Zhou et al, in contrast to our study, while the low HDL

percentage was high in the non-recovery group, no significant
results were found in the regression analysis."

In studies examining the relationship between ISHL and
obesity, mean BMI was significantly higher in ISHL patients

Table 4. Regression Analysis of the Recovery After the
Treatment

Table 5. Metabolic Syndrome and Sudden Hearing Loss in
the Literature

Study

SE 95% Cl for
B ofp Wald P OR OR

Poor Effect on Prognosis

Chien et al (2015)?

Vertigo and total audiogram patterns

TG  -003 .003 .737 0.391 0.997 0.991-1.003

HDL 120 .037 10.224 0.001* 1.127 1.047-1.213

Jung SY et al (2018)°

Presence of at least 4 of the
components of MS

MS 279 539 267 0.605 1.321 0.459-3.800

Values in bold indicate statistical significance.

HDL, high-density lipoprotein cholesterol; MS, metabolic syndrome; OR, odds

ratios; TG, triglyceride.
*P<.05.

Zhang Y et al (2019)8

Increased components of MS, grade
of hearing loss, presence of DM, and
Hyperlipidemia,

Zhou Y et al (2019)®

MS, grade of hearing loss, and DM

DM, Diabetes mellitus; MS, metabolic syndrome.
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compared to a healthy control group.?* Wen et al showed that
partial and complete recovery rates were significantly higher
in a non-obesity group.?® It is thought that obesity may cause
hearing loss due to obesity-related angiopathy and neuropa-
thy.>24 There was no significant effect of obesity on prognosis
in our study.

In this study, there were also other prognostic factors: tinni-
tus, vertigo, age, gender, smoking, initial PTA, audiometry pat-
tern, and the start-up time of treatment. When the literature is
examined, many studies consider vertigo accompanying ISHL
to indicate a poor prognosis.2'® On the other hand, there are
studies in which it is not thought to affect the prognosis.5?¢
Tinnitus accompanying ISHL is considered a negative prognos-
tic indicator,?® or positive prognostic indicator?” in other stud-
ies, with no effect on the results.?® In our study, neither vertigo
nor tinnitus rates affected recovery rates.

Some studies have shown that the female gender is associated
with a poor prognosis.2 However, as in our study, many reports
show no difference between genders.2® In age-related data, it
has been shown that age in ISHL is related to poor progno-
sis.284 In our study, no significant results were obtained for the
effect of age on prognosis.

ISHL is an emergency, and it is necessary to start treatment
as soon as it is detected. In many studies, delay in starting the
treatment has been reported as an unfavorable prognostic
factor.2* In our study, an effect of start-up treatment on the
recovery rate was not observed. In addition to start-up treat-
ment, the initial audiogram grade and the audiogram pattern
are very significant for the prognosis. In the study of Edizer
et al, a descending pattern was reported as a negative prog-
nostic factor, while an increasing pattern was associated with a
better prognosis.* In the study of Mosnier et al, as in our study,
it has been shown that the audiometric pattern and degree of
hearing loss do not affect the rate of recovery.”

Smoking can speed up the development of atherosclerosis
and affect the microcirculation of the cochlea. Also, chemical
toxins, such as carbon monoxide in tobacco smoke, can nega-
tively affect hearing through mechanisms similar to autotoxic
drugs.?® Rudack et al found that the smoking rate was higher
in patients compared to a control group.®® However, there has
been no significant difference in the smoking rate compared
to the control group in most studies, and no significant differ-
ence was found in this study either.'

Our patients were treated with a treatment regimen in
accordance with the guidelines of the American Academy of
Otolaryngology—Head and Neck Surgery Foundation published
in 2019, and there was no difference in terms of treatment
effectiveness as written in the guideline.! When the literature
was searched, there was no difference between the recovery
rates of the patients who underwent IT, SS, and IT+SS.5'%
Similar results were obtained in another meta-analysis.®® For
this reason, our study supported the findings that the steroid
administration method did not affect the course of the disease.

In the study, the rate of MS was found to be significantly higher
in the non-recovery group, consistent with the literature. In
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addition, while the rate of TG was higher in the non-recov-
ery group, the HDL rate was found to be significantly lower.
Therefore, we can say that MS and hyperlipidemia affect post-
treatment recovery rates in ISHL. As an effect on prognosis,
only low HDL was associated with a poor prognosis.

In this study, we found that MS, which is especially important
in vascular diseases, is significant in the pathogenesis of ISHL
and that MS criteria, especially HDL and TG, affect the recov-
ery rates.
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