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ARTICLE INFO ABSTRACT

Purpose: Metabolic syndrome (MetS) was reported to a risk factor of developing idiopathic sudden sensorineural
hearing loss (ISSNHL), but limited data exist on its effect on the recovery.

The purpose of this study was to evaluate the impact of (MetS) and its components on recovery of patients
with ISSNHL.
Material and methods: 228 ISSNHL patients were divided into MetS group and Non-MetS group according to the
diagnostic criteria of MetS, and demographic and clinical characteristics and hearing recovery were reviewed
between two groups.
Results: In total, 86 (37.7%) patients in MetS group, and 142 (62.3%) patients in Non-MetS group. The rate of
hypertension, diabetes mellitus, low HDL-C, high TG and obesity were significantly higher in the MetS group
than those in the Non-MetS group (P < 0.05). The complete recovery rate and partial recovery rate were sig-
nificantly lower in the MetS group than those in the Non-MetS group. According to the multivariate analysis,
MetS was significantly associated with a poor prognosis; high initial hearing threshold and presence of diabetes
mellitus were correlated with a poor prognosis (P < 0.05).
Conclusions: These results suggest that MetS has a negative impact on the hearing recovery of ISSNHL. High
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initial hearing threshold and diabetes mellitus were indictors of a poor prognosis of ISSNHL.

1. Introduction

Idiopathic sudden sensorineural hearing loss (ISSNHL) is generally
defined as a loss > 30 dB of hearing sensitivity across three contiguous
frequencies occurring within 72h [1]. The exact pathophysiology of
ISSNHL remains unidentifiable and several etiological factors have been
proposed including viral infection, trauma and vascular disorders [2],
among these etiologies, vascular risk factors appeared to have an im-
portant role in the development of ISSNHL including hypertension,
diabetes mellitus, obesity, hypercholesterolemia and smoking [3-6],
however, the evidence for a relationship between vascular risk factors
and ISSNHL is limited.

Metabolic syndrome (MetS) is a cluster of metabolic dysfunctions
including hypertension, central obesity, diabetes and dyslipidemia, its
prevalence is increasing at a dramatic rate as a result of the obesity
epidemic and aging population [7]. Numerous published studies re-
ported that MetS was associated with an increased risk of various
clinical diseases including stroke, myocardial infarction, cardiovascular
disease mortality and cancer [8,9], but the relationship between MetS
and ISSNHL is less investigated. To identify the impact of MetS and its
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components on recovery among patients with ISSNHL, a retrospective
cohort study was conducted.

2. Materials and methods
2.1. Patients and setting

We reviewed the medical records of 228 patients with ISSNHL in
our department between January 2014 and August 2018 in our retro-
spective data analysis. ISSNHL was diagnosed by pure tone audiometry
according to diagnostic criteria, and all patients underwent general
otolaryngological examination, and blood tests for the components of
MetS. We excluded following patients: sudden hearing loss caused by a
identified etiology, such as acoustic trauma history, Meniere's disease,
exposure to ototoxic medications; previous surgery in the affected ear;
age < 18years; treatment delay time > 14 days; bilateral hearing loss.
All patients got a series of standard ISSNHL treatments in our depart-
ment including oral prednisolone (1 mg/kg for 3 days, tapered down
over the following 7 days), blood flowing promoting agents (20 pg al-
prostadil +100mL normal saline, intravenous for 10days) and
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hyperbaric oxygen therapy (60 min a day for 10 days).
2.2. Audiologic evaluation and hearing improvement assessment

The audiograms were categorized into four patterns as previous
study: ascending, descending, flat and profound [2]. Pure tone average
was performed when ISSNHL was diagnosed to determine the initial
hearing threshold and performed again 1 month after treatment to as-
sess the hearing improvement. We followed the Siegel's criteria [10]:
Complete recovery was considered as “final hearing level is better than
25dB”. Patients who showed > 15dB hearing gain and whose final
hearing level is between 25 and 45dB was defined as “partial re-
covery”. “Slight recovery” meant a final hearing level over 45 dB with
hearing gain > 15 dB. Patients who showed < 15 dB gain was “no im-
provement”. In this study, we defined complete recovery and partial
recovery as “recovered”, and the last two were considered as “no re-
covered”.

2.3. Definition of MetS

MetS was defined according to National Cholesterol Education
Programme Adult Treatment Panel III (NCEP ATP III) [11] including
hyperglycemia, hypertriglyceridemia, low HDL-C level and hyperten-
sion, and 1 criterion for obesity, determined by BMI according to the
American Association of Clinical Endocrinologists (AACE) guidelines
[12]. Subjects with MetS must fulfill more than three of following cri-
teria: 1) blood pressure > 130/85 mmHg, 2) TG level > 150 mg/dL, 3)
HDL-C level < 40 mg/dL in males and < 50mg/dL in females, (4)
fasting plasma glucose level > 110 mg/dL and (5) BMI > 25kg/m?.
228 patients were divided into the MetS group and Non-MetS group
according to the above diagnostic criteria.

2.4. Statistical analysis

All statistical analysis was performed using SPSS version 19.0.
Continuous variables were statistically analyzed with Student t-tests,
and Chi-square tests or Fisher's exact tests were performed in catego-
rical variables. Variables that were statistically significant in the uni-
variate analysis were included in the multivariate analysis. P < 0.05
was considered statistically significant.

3. Results

Of the 228 patients with ISSNHL, 86 were in the MetS group and
142 in the Non-MetS. The rate of hypertension, diabetes mellitus, low
HDL-C, high TG and obesity were significantly higher in the MetS group
than those in the Non-MetS group (P < 0.05), but there was no sig-
nificant difference in sex ratio, age, location, treatment delay time,
initial hearing threshold, rate of tinnitus, vertigo and smoking and
audiogram patterns (P > 0.05) (Table 1).

The hearing recovery after treatment in each group was shown in
Table 2. The complete recovery and partial recovery rate of the MetS
group were significantly lower than those in the Non-MetS group
(P < 0.05), and the no recovery rate was significantly higher than that
in the Non-MetS group (P < 0.05). Based on treatment outcomes, all
patients were divided into two groups: recovered group and no re-
covered group. Variables with a P value < 0.05 in the Table 3 were
included in the multivariate analysis. According to the multivariate
analysis, MetS was significantly correlated with a poor prognosis
(OR = 2.672, P = 0.009), high initial hearing threshold and presence of
diabetes mellitus were associated with a poor prognosis (P < 0.05)
(Table 4).

4. Discussion

Accordingly, MetS is becoming a worldwide medical and public
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Table 1
Demographic characteristics of patients with ISSNHL included in the study.
Overall MetS (n = 86) Non-MetS P
(n = 228) (n = 142)
Male: female (n) 120:108 46:40 74:68 0.840
Age, yr 439 *+ 13.3 42.3 + 13.3 44.4 = 129 0.201
Right: left 114:114 42:44 72:70 0.785
Treatment delay 7.5 * 4.6 82 + 43 7.1 = 438 0.079
time, d
Initial hearing 67.1 = 13.6 69.6 = 14.2 63.5 = 13.2 0.157
threshold, dB
Tinnitus (%) 171 (75.0) 70 (81.4) 101 (71.1) 0.083
Vertigo (%) 61 (26.8) 27 (31.4) 34 (23.9) 0.218
Smoking (%) 55 (24.1) 20 (23.3) 35 (24.6) 0.812
Hypertension (%) 66 (28.9) 44 (51.2) 22 (15.5) 0.000
Diabetes mellitus 42 (18.4) 26 (30.2) 16 (11.3) 0.000
(%)
Low HDL-C (%) 73 (32.0) 46 (53.5) 27 (19.0) 0.000
High TG (%) 56 (24.6) 38 (44.2) 18 (12.7) 0.000
Obesity (%) 75 (32.9) 49 (57.0) 26 (18.3) 0.000
Audiogram 0.084
patterns
Ascending (%) 46 (20.2) 17 (19.8) 29 (20.4)
Descending (%) 29 (12.7) 5(5.8) 24 (16.9)
Flat (%) 58 (25.4) 26 (30.2) 32 (22.5)
Profound (%) 95 (41.7) 38 (44.2) 57 (40.1)
MetS = metabolic syndrome; ISSNHL = idiopathic sudden sensorineural
hearing loss.
HDL-C = high-density lipoprotein cholesterol; TG = triglyceride.
* P < 0.05.
Table 2
Recovery of ISSNHL according Siegel's criteria.
Overall MetS Non-Mets P
(n = 228) (n = 86) (n = 142)
Complete recovery 46 (20.2) 11 (12.8) 35 (27.8) 0.031
(%)
Partial recovery (%) 39 (17.1) 9 (10.5) 32 (24.7) 0.021
Slight recovery (%) 70 (30.7) 30 (34.9) 40 (25.3) 0.287
No recovery (%) 73 (32.0) 36 (44.2) 35 (22.2) 0.007

ISSNHL = idiopathic sudden sensorineural hearing loss; MetS = metabolic
syndrome.
HDL-C = high-density lipoprotein cholesterol; TG = triglyceride.

* P < 0.05.

health challenge with its prevalence increasing over the years [13].
MetS is a cluster of cardiovascular risk factors shown to increase the risk
of developing various clinical diseases, as well as ISSNHL [4]. Most
publications just reported the association between individual compo-
nents of MetS and ISSNHL, only Chien et al. [4] reported that patients
with MetS had a 3.54-fold increased risk for suffering ISSNHL compared
with those without MetS, [3,5,6]. In our study, we try to exam the ef-
fects of MetS and its individual components on the hearing recovery of
ISSNHL after treatment.

Searching the literature, there is a lack of sufficient studies reporting
the negative effect of MetS on the prognosis of ISSNHL. A prior pub-
lication reported that MetS was a risk factor for developing ISSNHL, but
it failed to observe its effect on the recovery prognosis [4]. In the
present research, we found that recovered rate was significantly lower
in the MetS group than that in the Non-MetS group, additionally, the
multivariate analysis results showed that MetS was significantly cor-
related with a poor prognosis. The mechanism by which MetS causes
ISSNHL and affects its prognosis remains unclear. MetS is a condition
involving several metabolic dysfunctions including hypertension, dys-
lipidemia, obesity and hyperglycemia, the insulin resistance is thought
to be the primary cause of MetS and it can induce lipid accumulation,
when adipocytes become larger, they will release fatty acids and adi-
pokines which can lead to the lipotoxicity of blood vessels, following
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Table 3
Factors influencing the recovery after the treatment of ISSNHL.
Recovered No recovered P
(n = 85) (n = 143)
Male: female (n) 45:40 75:68 0.942
Age, yr 42.1 = 129 45.0 = 13.4 0.103
Right: left 40:45 74:69 0.493
Treatment delay time, d 7.1 = 47 7.7 £ 45 0.385
Initial hearing threshold, 57.2 = 11.2 70.5 = 12.9 0.007
dB
Tinnitus (%) 58 (68.2) 113 (79.0) 0.069
Vertigo (%) 17 (20.0) 44 (30.8) 0.076
Smoking (%) 18 (21.2) 37 (23.8) 0.423
Hypertension (%) 24 (28.2) 42 (29.4) 0.855
Diabetes mellitus (%) 7 (8.2) 35 (24.5) 0.002
Low HDL-C (%) 16 (18.8) 57 (39.9) 0.001
High TG (%) 20 (23.5) 36 (25.2) 0.780
Obesity (%) 29 (34.1) 46 (36.2) 0.762
MetS (%) 24 (28.2) 62 (43.4) 0.023
Audiogram patterns 0.789
Ascending (%) 20 (23.5) 26 (18.2)
Descending (%) 11 (12.9) 18 (12.6)
Flat (%) 21 (24.7) 37 (25.9)
Profound (%) 33 (38.8) 62 (43.4)
MetS = metabolic syndrome; ISSNHL = idiopathic sudden sensorineural
hearing loss.
HDL-C = high-density lipoprotein cholesterol; TG = triglyceride.
* P < 0.05.
Table 4
Multivariate analysis of the recovery after the treatment of ISSNHL.
OR 95% CI 14
Initial hearing threshold 1.679 1.242-2.112 0.005
Diabetes mellitus 2.072 1.598-2.451 0.032
Low HDL-C 1.982 1.366-2.347 0.106
MetS 2.672 2.104-3.467 0.009

ISSNHL = idiopathic sudden sensorineural hearing loss; MetS = metabolic
syndrome.
HDL-C: high-density lipoprotein cholesterol.

* P < 0.05; OR = odds ratios; CI = confidence interval.

the atherosclerostc changes and endothelia injury, finally induced co-
chlear microangiopathy, resulting in a decreased blood supply [6,14].
The inner ear is a high metabolic organ without collateral blood supply,
and the impaired cochlear blood perfusion because of microangiopathy
will prevent the therapeutic agents reaching the impaired tissue
through the blood circulation, and the inner hair cells will not get an
effective repair. Several studies have reported that an underlying mi-
croangiopathy (not caused by MetS) may influence the potential for
developing ISSNHL, and evidence from human temporal bone anatomy
has proven the occurrence of cochlear microangiopathy [14-16].
Hence, microangiopathy itself may be one of the mechanisms under-
lying ISSNHL, and a confounding factor when we analyzing the prog-
nosis of ISSNHL. However it is beyond the scope of this study, we don't
go into the details.

Previous publications have investigated the effect of the comorbid
diabetes mellitus on the prognosis of ISSNHL, but the conclusion is still
controversial. Some argued that diabetes mellitus significantly affected
hearing recovery negatively in ISSNHL patients [3,14,15], but Ciorba
et al. [17] disagreed, they reported no significant effect in patients with
ISSNHL. In the present study, the multivariate analysis results support
the idea that diabetes mellitus has a negative effect on the hearing
improvement of ISSNHL. The underlying mechanism has not been
confirmed, but the hyperglycemia-mediated endothelial injury has been
reported to be associated with a poor prognosis in many diseases [3].
According to a prior study, cochlear microangiopathy and atrophy of
the spiral ganglion were observed during human temporal bone study
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in patients with diabetes mellitus [14], these findings may help us
understand the mechanisms underlying the relationship between dia-
betes mellitus and ISSNHL. Hence, it is reasonable to expect a negative
influence on hearing prognosis in ISSNHL patients with diabetes mel-
litus.

The initial hearing threshold is a widely reported prognostic factor
for hearing improvement in ISSNHL patients [18,19], most authors hold
that the initial hearing threshold was a negative prognostic indicator for
hearing recovery [2,18], however, Hosokawa et al. [20] found no as-
sociation between the initial hearing level and hearing outcome in
ISSNHL patients. According to our multivariate analysis, we found that
the initial hearing threshold was a significant prognostic indicator for
poor hearing recovery, which was in line with most previous studies. It
was believed that in ISSNHL patients with severe hearing loss, the in-
jure of inner hair cell was more extensive, hence, it was more difficult
to get a satisfied hearing prognosis, although therapeutic agents were
applied [2,18,19].

This study has some limitations. First of all, it is a retrospective
analysis which entails the risk of selection bias; Secondly, the diagnostic
criteria of MetS are different worldwide because of different countries,
regions, ethnic groups and research institutions; Finally, because waist
circumference was not routinely recorded in our department, we did
not include it in our definition, which may cause the underestimation of
the incidence of MetS.

5. Conclusion

These results suggest that MetS has a negative impact on the hearing
recovery of ISSNHL. High initial hearing threshold and diabetes mel-
litus were indictors of a poor prognosis of ISSNHL. Further studies are
needed to confirm the findings of this study.
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