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Abstract

Objectives Sudden sensorineural hearing loss (SSNHL) is one of the common emergencies in otorhinolaryngology. Several
studies have shown that chronic inflammation is associated with its onset and prognosis. However, the association between
some inflammatory biomarkers and SSNHL is still unclear. Therefore, we conducted this meta-analysis to explore the value
of inflammatory biomarkers in the occurrence and prognosis of SSNHL.

Methods Pubmed, Embase, Cochrane and Web of Science databases were searched comprehensively, the eligible litera-
tures were screened out by formulating the inclusion criteria and exclusion criteria. After extracting sample size, mean and
standard deviation, we performed meta-analysis with standardized mean deviation (SMD) and 95% confidence interval (CI)
as effect sizes.

Results A total of 17 articles were included in this meta-analysis, including 2852 subjects, 1423 patients and 1429 healthy
controls. The results of meta-analysis showed that the neutrophil-to-lymphocyte ratio (NLR) of the experimental group was
significantly higher than the control group (SMD =1.05, 95% CI 0.87-1.24, P <0.001), the NLR of the recovery group was
significantly lower than the unrecovered group (SMD =0.68, 95% CI 0.27-1.08, P <0.05); The platelet-to-lymphocyte ratio
(PLR) of the experimental group was significantly higher than the control group (SMD =0.55, 95% CI 0.34-0.76, P <0.05),
the PLR of the recovery group was significantly lower than the unrecovered group (SMD=0.44, 95% CI 0.05-0.82, P <0.05);
The C-reactive protein-to-serum albumin ratio (CRP/Alb) of the experimental group was significantly higher than the control
group (SMD =0.39, 95% CI 0.04-0.74, P <0.05).

Conclusions The results showed that high NLR, PLR, and CRP/Alb indicated the occurrence of SSNHL, NLR and PLR
could predict prognosis of SSNHL.

Keywords Sudden sensorineural hearing loss - Neutrophil-to-lymphocyte ratio - Platelet-to-lymphocyte ratio - C-reactive
protein-to-serum albumin ratio - Prognosis - Meta-analysis

Introduction
Li Chen, Maohua Wang have contributed equally to this work. oductio

Sudden sensorineural hearing loss (SSNHL) occurs sud-
denly within 72 h, at least three adjacent frequencies of hear-
ing loss > 30 dB. Meanwhile, SSNHL are often accompanied
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by tinnitus, dizziness, nausea and vomiting, etc. [1]. It is
reported that the incidence of SSNHL ranges from 5 to 20
people per 100,000 people per year [2], showing a younger
tendency. It is generally believed that SSNHL is caused by
viral infections, circulatory disorders, autoimmune defects,
tumors, ototoxic drugs, etc. Some scholars [3] believed that
chronic inflammation may participate in the occurrence of
SSNHL. On one hand [4], the cochlear blood supply mainly
depends on a single labyrinthine artery. Long-term inflam-
mation leads to vascular sclerosis and permeability change,
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resulting in insufficient blood supply to the inner ear, and
the production of endolymphatic potential was decreased,
affecting the hearing conduction [5, 6]; On the other hand
[7]1, inflammation leads to endothelial dysfunction and
hypercoagulability of blood, which accelerates thrombosis
and disorders the auditory system. Studies [8] have shown
that various inflammatory factors, such as leukocyte count,
neutrophil count, platelet-related parameters, natural killer
cell activity, interleukin-6 (IL-6), hypersensitivity C-reactive
protein, tumor necrosis factor, are closely related to SSNHL.
However, few scholars have paid attention to the relationship
between compound inflammatory parameters and SSNHL.
Stress theory [9] showed that excessive fatigue and negative
life events can lead to SSNHL, and the depression score of
SSNHL patients is significantly higher than that of normal
people, which indicated that stress is also participates in
the occurrence of SSNHL. When the body is in a state of
stress, the hypothalamic—pituitary—adrenal cortical axis is
activated, and the immune cells are induced to secrete pro-
inflammatory factors, resulting in vascular endothelial func-
tion impaired. The accumulation of inflammatory factors
represented by leukocytes, neutrophils and platelets, lead-
ing to the formation of thrombosis or plaque, and affect-
ing the blood supply of inner ear. It is also reported [10]
that IL-6 receptor is located in the supporting cells of Corti
organ in the mouse cochlea, and long-term noise exposure
can induce the expression of IL-6. The application of anti-
IL-6 receptor antibody can reduce the binding of IL-6 to
the receptor and improve the hearing impairment caused by
noise exposure. SSNHL is caused by multiple genetic and
environmental factors, and inflammatory pathway-related
genes are identified as key factor. The IL-1A-889C/T and
IL-1B-511C/T polymorphisms have been found to be asso-
ciated with SSNHL, the platelet GPIaC807T [11] gene is
related to negative outcomes of SSNHL.

In addition, several studies [12] demonstrated that neutro-
phil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte
ratio(PLR) can be used as new inflammatory biomarkers,
which are independent prognostic factors of cardiovascu-
lar disease [13]. It is also associated with the prognosis of
various malignant tumors (head and neck squamous cell car-
cinoma, gastric adenocarcinoma [12], non-small cell lung
cancer [14], breast cancer [15], endometrial cancer [16]).
Compared with single inflammatory biomarker, they are
more stable and less affected by surrounding environment,
reflect two immune pathways. Ulu et al. [17] first proposed
that NLR can be used as a rapid and reliable new indicator
for the occurrence and prognosis of SSNHL. Previous study
[18] pointed out that PLR was associated with peripheral
arterial diseases (such as limb ischemia and atherosclerosis)
and low-grade systemic inflammatory response, which could
be a potential prognostic marker. Many scholars [19-21]
have confirmed that PLR was crucial in the occurrence and
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development of SSNHL. However, the results are still con-
troversial due to the limited sample size and heterogene-
ity of studies. Based on the study of chronic inflammation,
some scholars [22] paid attention to CRP, although it was
an acute phase protein, but it was related to the progno-
sis of inflammatory response in some malignant tumors.
Likewise, the chronic phase protein—Alb was thought to be
associated with cancer survival outcomes. It has been [23]
proved that CRP/Alb not only reflected the nutritional status
of tumor patients, but also reflected the systemic inflamma-
tory response. Therefore, some scholars have done relevant
research and found that C-reactive protein-to-albumin ratio
(CRP/AID) is related to the prognosis of SSNHL [24], but
this conclusion is still not clear. Therefore, we performed
this meta-analysis to evaluate the value of NLR, PLR, and
CRP/AIDb in the occurrence and prognosis of SSNHL.

Materials and methods
Literature research

We comprehensively searched Pubmed, Embase, Cochrane,
web of science databases with a computer. We used the
following keywords, such as "Sudden sensorineural hear-
ing loss", "Idiopathic sudden sensorineural hearing loss",
"SSNHL", "ISSNHL", "Neutrophil-to-lymphocyte ratio",
"NLR", "Platelet-to-lymphocyte ratio", "PLR", "C-reactive
protein”, "serum albumin", "CRP/ALB", making as many
combinations as possible. The search period was from 2013
to 2021.

Inclusion and exclusion criteria

Inclusion criteria: the included literatures are randomized
controlled trials, cohort studies or case—control studies. Each
study contains at least one inflammatory marker related to
SSNHL, and provides accurate data, including sample size,
mean, and standard deviation for meta-analysis. Exclu-
sion criteria: reviews, case reports, comments, conference
abstracts, letter articles, and those lacking data are excluded.

Data extraction and quality assessment

Data extraction was performed by two investigators. Basic
information was extracted from eligible studies, includ-
ing: investigator, year of publication, country, gender,
mean age, treatment style. The Newcastle scale was used
to assess the methodological quality of 17 studies. Scores
range from 0 to 9, Score > 5 indicated that the literature
was of high quality and can be included in the meta-anal-
ysis, and score < 5 indicated that the included literature
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was of poor quality and should be excluded. The results
of quality assessment were shown in Table 1.

Statistical analysis

The original data were analyzed by Stata version 16.0. The
relationship between NLR, PLR, CRP/Alb and the diagno-
sis and prognosis of SSNHL was evaluated by mean and
standard deviation. The heterogeneity of the studies was
assessed by I°. I* > 50% indicated high heterogeneity, and
we used random-effect model. Instead, I” < 50% indicated
less heterogeneity, and we used fixed-effect model. Mean-
while, sensitivity analysis was used to verify the stability
of the conclusions. The Begg's and Egger's tests were used
to assess the publication bias. P <0.05 was considered sta-
tistically significant.

Results
Baseline characteristics of included studies

We identified 265 studies through systematic literature
search, 248 studies that did not meet the requirements
were excluded, and the final 17 studies were included in
the meta-analysis (Fig. 1). The 17 studies were come from
4 countries (China, Korea, Turkey, Japan), with a total
of 2852 subjects, including 1423 SSNHL patients and
1429 healthy controls. 13 studies provided NLR data for
experimental and control groups, and 10 studies provided
NLR data for recovered and unrecovered groups. 9 studies
provided PLR data for experimental and control groups, 7
studies provided PLR data for recovered and unrecovered
groups. 2 studies provided CRP/Alb data for experimental
and control groups. The basic information for all included
studies was shown in Table 1.

Results of meta-analysis
Meta-analysis of NLR in the occurrence of SSNHL

13 studies provided complete data, including 1107 SSNHL
patients and 1208 healthy controls. The heterogeneity test
showed that there was high heterogeneity among the stud-
ies (12=70.9%, P <0.001), so the random-effects model
was used for analysis. The results of meta-analysis showed
that NLR in SSNHL group was significantly higher than
control group (SMD=1.05, 95% CI 0.87-1.24, P <0.001),
indicating that high NLR may play a role in the occurrence
of SSNHL (Fig. 2).

Meta-analysis of NLR in the prognosis of SSNHL

10 studies provided post-treatment NLR data, including 585
patients with hearing recovered and 366 patients with hear-
ing unrecovered. The heterogeneity test indicated that high
heterogeneity among the studies (/*=86.1%, P <0.001), so
the random-effects model was adopted. The results showed
that NLR in the unrecovered group was significantly higher
than the recovered group (SMD =0.68, 95% CI 0.27-1.08,
P <0.05), indicating that SSNHL patients with high NLR
has a worse prognosis (Fig. 3).

Meta-analysis of PLR in the occurrence of SSNHL

9 studies provided pre-treatment PLR data, including 792
SSNHL patients and 932 healthy controls. The heterogeneity
test indicated that there was high heterogeneity among the
studies (I>=68.1%, P <0.05), so we selected the random-
effects model. The results showed that PLR in the experi-
mental group was significantly higher than the control group
(SMD=0.55,95% CI 0.34-0.76, P <0.05). Thus, high PLR
may play a role in the occurrence of SSHNL (Fig. 4).

Meta-analysis of PLR in the prognosis of SSNHL

7 studies provided post-treatment PLR data, including 475
patients with hearing recovered and 288 patients with hear-
ing unrecovered. The heterogeneity test indicated that high
heterogeneity among studies (1*=79.4%, P <0.001), so the
random-effects model was adopted. The results showed
that PLR in the unrecovered group was significantly higher
than the recovered group (SMD=0.44, 95% CI 0.05-0.82,
P <0.05), indicating that SSNHL patients with high PLR has
a worse prognosis (Fig. 5).

Meta-analysis of CRP/Alb in the occurrence of SSNHL

2 studies provided CRP/AIb data, including 209 SSNHL
patients and 177 healthy controls. The heterogeneity test
showed that high heterogeneity (I>=54.7%, P=0.138), so
the random-effects model was adopted. The results showed
that CRP/Alb in the experimental group was signifi-
cantly higher than the control group (SMD=0.39, 95% CI
0.04-0.74, P <0.05), so high CRP/Alb may play an impor-
tant role in the occurrence of SSNHL (Fig. 6).

Subgroup analysis
Due to high heterogeneity of the studies, we conducted

the subgroup analysis to find the source of heterogeneity.
The results showed that year, hormone type, quality score,
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Table 1 Baseline characteristics for all included studies

Study

Year

Country N (exp/con) Sex(M/F)

Age (mean+SD) Treatment options

Exp Con

Quality score

Uluetal. [17]

Kocak et al. [19]

Ha et al. [20]

Seo et al. [21]

C)gal et al. [24]

Ozler et al. [25]

Ikinciogullar1 A et al.

[26]

Kum et al. [27]

Durmus et al. [28]

Nonoyama et al. [29]

Lee et al. [30]

Bulgurcu et al. [31]

Qiao et al. [32]

2013

2017

2019

2014

2020

2014

2014

2015

2016

2016

2017

2017

2019

Exp Con
Turkey 47/45 27/20(e) 16/29(c)
Turkey  45/47 25/20(e) 19/28(c)
Korea  42/39 23/19(e)
20/19(¢c)
Korea  348/537 171/177(e)
288/249(c)
Turkey 40/45 24/16(e) 22/23(c)
Turkey  40/40 15/25(e) 22/18(c)
Turkey 102/119 54/48(e) 65/54(c)
Turkey  59/59 38/21(e) 31/28(c)
Turkey  140/132 88/52(e)
32/100(c)
Japan 89/- 50/39(e)
—(©)
Korea  46/46 26/20(e) 30/16(c)
Turkey 21/24 13/8(e) 12/12(c)
China  60/60

28/32(e) 31/29(c)

47.27+16.88 (¢) Prednisone in the dose of 1 mg/

48.33+5.65(c)

31.1+7.4(e)
32.4+8.1(c)

145+4.1(e)
13.31+3.715(c)

48.19+15.22(e)
48.22+11.6(c)

44.1+14.2(¢)
42.2+13.8(c)

39.4+11.2(e)
38.5+8.1(c)

48.94 + 13.86(e)
47+9.63(c)

46.1+11.91(e)
42.84+11.85(c)

47.43+16.1(e)
44.42 +16.22(c)

54.2+17.5()
—(©)

14.7+2.81(e)
15.2£2.28(c)

13.7+3.2(¢)
14.8+£2.9(c)

45.62+13.16(c)
49.62 + 10.66(c)

kg per day, with a progressive
dose reduction, maintained
for at least 2 weeks

Systemic methylprednisolone
with 1 mg/kg exact dose for
3 days and with injection of
intratympanic dexamethasone

Prednisone in the dose of
1.5 kg/day and then gradually
tarpered

Prednisone in the dose of 1 mg/
kg per day, maintained for at
least 2 weeks with dexameth-
asone injections intratympani-
cally

Methylprednisolone in the
dose of 1 mg/kg per day,
with reducing the dosage by
10 mg/day

Prednisone in the dose of 1 mg/
kg per day, with a progressive
dose reduction, maintained
for at least 2 weeks

Prednisone in the dose of 1 mg/
kg per day for 15 consecu-
tive days, and 12 g/day IV
piracetam

Prednisone in the dose of 1 mg/
kg per day, with a progressive
dose reduction, maintained
for at least 2 weeks

Metilprednis in the dose of
1 mg/kg per day, with a
progressive dose reduction by
10 mg per 2 days maintained
for at least 2 weeks

Hydrocortisone sodium suc-
cinate at an initial dose of
300 mg/day, with a gradual
dose reduction maintained for
at least 8 days

Prednisolone at the dose of
1 mg/kg per day for 7 days,
with a consecutive dose
reduction for 7 days

Prednisone in the dose of 1 mg/
kg per day, with a
progressive dose reduction,
maintained for at least
2 weeks

10 mg dexamethasone for three
consecutive days, and 70 mg

ginkgo biloba extract injection
(Ginaton) for 15 consecutive
days
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Table 1 (continued)

Study Year Country N (exp/con) Sex(M/F) Age (mean+SD) Treatment options Quality score
Exp Con Exp Con
Sancaktar et al. [33] 2020 Turkey 68/30 45/23(e) 18/12(c) 44.35+14.69(e) Prednisone in the dose of 1 mg/ 6

42.07+2.12(c) kg per day, with a

progressive dose reduction,
maintained for at least

2 weeks
Cayir et al. [34] 2021 Turkey 47/41 24/23(e) 19/22(c) 43 +10(e) Prednisone in the dose of 1 mg/ 6
42+9(c) kg per day, with a progressive
dose reduction, maintained
for at least 2 weeks
Cicek et al. [35] 2021 Turkey 60/30 45/15(e) 18/12(c) 50.0+15.9(e) - 7
46.3+10.4(c)
Guo et al. [36] 2021 China 169/132 80/89(e) 58/74(c) 46.69+16.76(e) Daily intravenous infusion of 8

4479 +11.19(c) Ginkgo biloba extract and

mecobalamin, and intrave-
nous dexamethasone injection

(e) Experimental group; (c) Control group

g’ A total of 265 literatures were obtained by
§ searching keywords in the database
=3
(D)
=
°§_- Get 43 full-text articles
g —
3
= 17 articles were included finally
2
[«
-9

Fig. 1 Flow chart of meta-analysis for the selection of eligible articles

222 articles were excluded:
Repeated reports(n=23)
Irrelevant to the subject(n=156)
Not human studies(n=16)
Reviews(n=15)

Case reports(n=12)

26 articles lacking complete data were
excluded
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Fig.2 Forest plot of relation- Study
ship between NLR and the ID
occurrence of SSNHL

Ulu S et al (2013)
ikinciogullari A et al (2014)
Ozler GS et al (2014)

Seo YJ et al (2014)

Kum RO et al (2015)

Lee JS et al (2017)

Kogak HE et al (2017)
Bulgurcu S et al (2017)
Qiao XF et al (2019)

Ha R et al (2019)
Sancaktar ME et al (2020)
Guo Y et al (2021)

Cicek T et al (2021)

Overall (l-squared = 70.9%, p = 0.000)

NOTE: Weights are from random effects analysis

%
SMD (95% Cl)  Weight
0.98 (0.55, 1.41) 7.25
1.1 (0.83, 1.40) 9.38
2.08 (1.54, 2.63) 5.86
1.04 (0.90, 1.18) 11.23
1.05 (0.66, 1.43) 7.91
0.64 (0.22, 1.06) 7.44
0.79 (0.37, 1.22) 7.36
1.54 (0.87, 2.21) 4.66
1.07 (0.69, 1.45) 7.94
0.70 (0.25, 1.15) 7.03
0.60 (0.17, 1.04) 7.18
1.50 (1.25, 1.76) 9.76
0.74 (0.28, 1.19) 7.01
1.05 (0.87, 1.24) 100.00

ot
: +* +*++

|
-2.63

0 2.63

Fig. 3 Forest plot of relation- Study %

;}r‘g;:gzzeg? gﬁiﬂd the D SMD (95%Cl)  Weight
Ulu S et al (2013) + -0.74 (-1.34, -0.15) 9.83
ikinciogullari A et al (2014) E —_— 0.53(0.12,0.93) 11.10
Seo YJ et al (2014) + -0.66 (-0.88, -0.44) 12.03
Kum RO et al (2015) — -1.13(-1.68, 0.58) 10.14
Durmus K et al (2016) — -0.26 (-0.60, 0.07) 11.47
Nonoyama H et al (2016) E —— 0.04 (-0.45,0.52) 10.61
Bulgurcu S et al (2017) —0—;— -1.36 (-2.33, -0.39) 7.30
Kogak HE et al (2017) =t i -1.67 (-2.36, -0.97) 9.15
Qiao XF etal (2019)  =——itp——r . -1.72 (-2.43, -1.02) 9.05
Ogal R et al (2020) ——0—— -0.39 (-1.05,0.28) 9.32
Overall (I-squared = 86.1%, p = 0.000) <> -0.68 (-1.08, -0.27) 100.00
NOTE: Weights are from random effects analy%is

| [
-2.43 0 2.43

sample size, and publication country were the sources of
heterogeneity of relationship between NLR and the occur-
rence of SSNHL (Table 2).

Sensitivity analysis and publication bias

Owing to high heterogeneity of the included studies, we
used sensitivity analysis to verify the reliability of the

@ Springer

meta-analysis. After excluded each study, the results of
the meta-analysis did not change, indicating that the con-
clusions of the meta-analysis are stable and reliable. Pub-
lication bias was assessed by Begg's test and Egger's test.
In the Begg's test, the P values of NLR associated with
the occurrence and prognosis of SSNHL were 0.583 and
0.107, respectively. The P values of PLR associated with
the occurrence and prognosis of SSNHL were 0.466 and
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Fig.4 Forest plot of relation- Study %
ship between PLR and the .
occurrence of SSNHL ID SMD (95% Cl) ~ Weight
ikinciogullar A et al (2014) ——) 1.04(0.75,1.32) 13.58
Seo YJ et al (2014) - i 0.29 (0.15,0.43) 16.83
Lee JS et al (2017) —_— 0.64 (0.22, 1.06) 10.40
Kogak HE et al (2017) ——4— 0.74 (0.32,1.17) 10.32
Bulgurcu S et al (2017) < i 0.31 (-0.28, 0.90) 7.34
Qiao XF et al (2019) —o-r— 0.46 (0.10, 0.83) 11.65
Ha R et al (2019) _:‘_ 0.56 (0.12, 1.01) 9.87
Sancaktar ME et al (2020) + : 0.43 (-0.00, 0.87) 10.09
Cigek T et al (2021) ¢ 0.40 (-0.04, 0.84) 9.92
Overall (I-squared = 68.1%, p = 0.002) <> 0.55 (0.34, 0.76) 100.00
NOTE: Weights are from random effects analysis E
| |

-1.32 0 1.32
Fig.5 Forest plot of relation- Study %
ship between PLR and the
prognosis of SSNHL ID SMD (95% Cl)  Weight
ikinciogullari A et al (2014) E - 0.37 (-0.03,0.77) 16.23
Seo YJ et al (2014) —— -0.53 (-0.74, -0.31) 18.56
Durmus K et al (2016) =l E -1.00 (-1.36, -0.64) 16.85
Kogak HE et al (2017) - -0.78 (-1.40, -0.16) 13.02
Bulgurcu S et al (2017) — -0.19 (-1.05, 0.68) 9.81
. y ;
Qiao XFetal (2019) € >— -0.78 (-1.42, -0.13) 12.60
Cayir S et al (2021) A - -0.09 (-0.72, 0.53) 12.93

Overall (I-squared = 79.4%, p = 0.00@

NOTE: Weights are from random effects analysis

-0.44 (-0.82, -0.05) 100.00

|
-1.42

0.764, respectively. The P values of CRP/Alb associated
with the occurrence of SSNHL was 1.000. In the Egger's
test, the P values of NLR associated with the occurrence
and prognosis of SSNHL were 0.871 and 0.389, respec-
tively. The P values of PLR associated with the occur-
rence and prognosis of SSNHL were 0.237 and 0.781,
respectively. Therefore, there was no publication bias in
our meta-analysis.

0 1.42

Discussion

With the development of social economy, people’s pres-
sure is gradually increasing, and the incidence of SSNHL
is also increasing, and the trend is younger. Early inter-
vention is essential. Grasping the golden treatment period
and save the residual hearing should understand the

@ Springer
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Fig.6 Forest plot of relation- Study
ship between CRP/Alb and the
occurrence of SSNHL

ID

Ocal R et al (2020)

Guo Y et al (2021)

Overall (I-squared =54.7%, p =0.138)

NOTE: Weights are from random effects analysis

%

SMD (95% Cl)  Weight

- 0.63 (0.19, 1.06) 37.09

<>

0.25 (0.02, 0.48) 62.91

0.39 (0.04, 0.74) 100.00

|
-1.06

Table 2 Subgroup analysis for the source of heterogeneity (NLR and
the occurrence of SSNHL)

Variable Number of  SMD (95% CI) P (%)
studies
Years
2013 1 0.98 (0.55, 1.41) -
2014 3 1.32 (0.89, 1.75) 84.7
2015 1 1.05 (0.66, 1.43) -
2017 3 0.92 (0.47, 1.37) 60.8
2019 2 0.90 (0.54, 1.27) 34.5
2020 1 0.60 (0.17, 1.04) -
2021 2 1.14 (0.39, 1.89) 88.1
Type of hormone
Prednisoe 9 1.04 (0.82, 1.26) 69.1
Methylprednisolone 1 0.79 (0.37, 1.22) -
Dexamethasone 1 1.07 (0.69, 1.45) -
Others 2 1.14 (0.39, 1.89) 88.1
Quality Score
5 2 1.35 (- 0.07,2.76) 94.1
6 5 0.98 (0.76, 1.2) 51.2
7 3 0.97 (0.74, 1.21) 0
8 3 1.12 (0.65, 1.59) 79.3
Sample size
>100 10 1.14 (1.03, 1.26) 79.2
<100 3 0.95 (0.81, 1.09) 66.9
Country of publication
Turkey 1.08 (0.8, 1.36) 69.9
Korea 0.85 (0.56, 1.14) 57.4
China 1.31 (0.89, 1.73) 70.4
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pathogenesis of SSNHL. In general, there are four recog-
nized theories on the pathogenesis of SSNHL: virus infec-
tion and immunity theory[37], endolymphatic hydrops [9],
stress theory [38, 39], microcirculation disorders [40, 41].
The treatment of SSNHL including hormone anti-inflam-
matory (methylprednisolone, dexamethasone), trophic
nerve (Mecobalamin), vasodilator (salvia miltiorrhiza
injection, ginkgo biloba extract injection), but the efficacy
is varied. Recently, some scholars [3, 10] believed that
chronic inflammation may be involved in the occurrence
of SSNHL. SSNHL is mostly acute. The stress mecha-
nism [9] of the body is activated, and inflammatory cells
release inflammatory factors and chemokines. Due to the
high sensitivity of cochlear vascular system to inflamma-
tory factors, it may lead to vascular damaged and the dis-
ruption of blood labyrinth barrier, which is not conducive
to the generation of endolymphatic potential and auditory
conduction. Besides, the surface of vascular endothelial
cells is covered with glycocalyx [42], which can block
the damage of immune cells and serum macromolecules
to vascular endothelium. Once the body is in an inflam-
matory state, it can stimulate endothelial cells to produce
adhesion molecules, which will peel off the glycocalyx
and destroy the tight connection, thus allowing inflamma-
tory factors to enter the surrounding tissues and damaging
the auditory homeostasis. On the other hand, long-term
chronic inflammation makes the blood of SSNHL patients
in a hypercoagulable state [43, 44], which is easy to form
thrombus and cause microcirculation disorders of the inner
ear system. However, the inner ear [45] system mainly
relies on the labyrinthine artery for blood supply, and the
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lack of sufficient blood affects the growth and development
of cochlear hair cells, and the auditory conduction can-
not be completed. Various inflammatory factors [3] such
as leukocytes, neutrophils, lymphocytes, platelets, inter-
leukins, tumor necrosis factor, fibrinogen, hypersensitive
C-reactive protein have been proved to be involved in the
occurrence and development of SSNHL, but the predic-
tive value is limited. Recently, a study [4] pointed out that
the compound inflammatory markers NLR and PLR have
higher value and lower cost for the occurrence and prog-
nosis of SSNHL than single inflammatory indicator, which
are easy to calculate. Furthermore, CRP is a marker for
short-term inflammation and Alb is a marker for long-term
inflammation. The prognostic value of CRP/AIb has been
demonstrated in inflammation-based tumors [22, 46, 47].

In this meta-analysis, we included 17 studies with 2852
subjects, including 1423 SSNHL patients and 1429 healthy
controls. The results of meta-analysis showed that NLR,
PLR and CRP/AIb in the SSNHL group were significantly
higher than the control group. NLR and PLR in the recovery
group were significantly lower than the unrecovered group
after hormone treatment. Due to the heterogeneity of study,
subgroup analysis and sensitivity analysis were performed,
and we found that the results of meta-analysis remained sta-
ble after excluded each study. Meanwhile, the Begg's test
and the Egger's test indicated no publication bias. There-
fore, NLR, PLR, and CRP/AIb could be used as inflamma-
tory biomarkers for the occurrence of SSNHL. NLR and
PLR could be used as indicators to evaluate the prognosis
of SSNHL.

Although Ni et al. [48] conducted a meta-analysis on
the relationship between SSNHL and NLR, PLR, but the
conclusion was still controversial. First of all, in our meta-
analysis, more studies were included, the sample size was
larger, and the conclusions were more reliable. Second, we
explored the sources of heterogeneity in this study through
subgroup analysis. Year, the type of hormone, the score
of literature quality, sample size, and the country of issue
were the sources of heterogeneity. However, Ni's study only
showed that hematology analyzers and brand audiometry
device had an impact on the results. Moreover, we added the
analysis of the relationship between CRP/Alb and SSNHL,
and the results showed that CRP/Alb may play an important
role in the occurrence of SSNHL. The research indicators
selected in this paper are all composite indicators, which are
more stable than single inflammatory parameters. In addi-
tion, they can give more clinical guidance and provide a new
idea for exploring the impact of more composite indicators
on SSNHL in the future.

However, this study also had some limitations. Firstly,
most of included literatures in this meta-analysis were ret-
rospective studies, which had lower quality compared with
randomized controlled studies. Second, due to the difference

of treatment plan, treatment cycle and follow-up time, the
lack of unified standard, there had some heterogeneity.
Finally, there were few studies on CRP/Alb and SSNHL,
and the conclusions are not convincing. More prospective
studies are needed to further verify the value of CRP/Alb in
the occurrence and prognosis of SSNHL.

Conclusions

In conclusion, NLR, PLR and CRP/Alb are closely related
to the occurrence of SSNHL. NLR, PLR and CRP/AIb are
compound inflammatory markers, which are more stable
than single inflammatory cells and CRP. Moreover, they are
routine hematological parameters, easy to measure, cost-
effective, which can be used as novel biomarkers for the
occurrence and prognosis of SSNHL. In the future, large-
sample and high-quality studies are needed to confirm this
conclusion, while further explore the relationship between
more compound inflammatory biomarkers and SSNHL, such
as fibrinogen/albumin, fibrinogen/D-dimer, MPV/PDW, and
triglyceride/cholesterol.
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