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Background: A novel inflammatory marker that measures the degree of 
systemic immunoinflammation, the systemic immuno-inflammation index (SII) 
is frequently used to forecast a number of illnesses. According to earlier studies, 
inflammation may play a role in the pathophysiology of hearing loss (HL).

Methods: A sample from the National Health and Nutrition Examination Survey 
(NHANES) covering the years 2009 to 2018 was used in the current cross-
sectional survey. Subgroup analysis and weighted multiple linear regression 
models were used to examine the independent linear correlation between SII 
and HL. Fitted smoothed curve analyses were also conducted to show the non-
linear relationship between the two variables.

Results: Among the 8,535 participants, the mean age was 40.92  ±  18.6  years, 
with 49.01% being male. Notably, individuals with hearing loss demonstrated 
an SII of 530.00  ±  320.72, while those with normal hearing displayed an SII of 
491.21  ±  265.15. The mean  ±  SD values of low-frequency, speech-frequency, 
and high-frequency Pure Tone Average (PTA) hearing thresholds were 
10.33  ±  9.79, 12.20  ±  11.11, and 22.48  ±  19.49  dB, respectively. A positive dose–
response relationship between higher SII and hearing thresholds was observed 
after adjusting for potential confounders. Furthermore, the interaction analysis 
did not reveal any significant impact on this positive correlation.

Conclusion: The results of our investigation suggest that the Systemic 
Inflammatory Index may serve as a potential biomarker for the likelihood of 
hearing loss. However, additional research is required to further elucidate the 
nature of this association.
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1 Introduction

All age groups are affected by hearing loss (HL), a common sensory condition in 
otolaryngology. This illness causes considerable physical and mental anguish, ranking as the 
third most frequent cause of a lifetime of disability globally (1). It also has a massive influence 
on people’s daily lives. HL affects more than 100 million people worldwide; during the next 
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5 years, this number is predicted to double (2). HL is associated with 
a variety of genetic and environmental risk factors, such as congenital 
conditions, age, trauma, exposure to high noise levels, ototoxic 
medications, hypertension, diabetes mellitus, etc. (3, 4). Discovering 
and exploring the risk factors associated with HL and searching for 
their biomarkers are of great importance to the disease.

The course of HL may be  significantly influenced by 
inflammation, according to previous observational studies that 
have connected higher plasma levels of inflammatory markers such 
as CRP, IL-6, and TNF-α with this illness (5–7). Furthermore, 
Neutrophil-to-lymphocyte ratio (NLR) and platelet-to-lymphocyte 
ratio (PLR) were employed as inflammatory indicators in a prior 
retrospective investigation, which discovered that sudden 
sensorineural hearing loss (SSNHL) was associated with 
considerably more significant levels of NLR and PLR than in 
healthy controls (5). NLR and PLR have been proven to be  an 
essential predictor of the severity of sudden sensorineural hearing 
loss (SSNHL) in several case–control investigations (8–10). Hence, 
it is crucial to elucidate the influence of systemic inflammatory 
conditions on hearing loss. This is vital for gaining a comprehensive 
understanding of the role of inflammation in hearing loss and its 
potential as a therapeutic approach to improve overall health. The 
Systemic immuno-inflammation Index (SII) is a novel 
inflammatory marker computed as platelet count × neutrophil/
lymphocyte count (11). SII has been revealed to be a prognostic 
indicator in individuals with several kinds of cancers, especially 
cervical cancer (12), colon cancer (13), and bladder cancer (14). 
Additional research suggests a connection between SII and other 
illnesses, among them diabetes (15), Chronic kidney disease (16), 
and cardiovascular disease (17). NLR and SII levels were 
considerably higher in 80 SSNHL patients, according to a recent 
retrospective study (18). This discovery raises the possibility that 
there is an inflammatory, immunological response, which could 
be significant for the management of hearing loss. Research on the 
relationship between SII and hearing loss is still in its infancy. In 
light of this, we used the SII indicator as an exposure factor in an 
attempt to explore whether this inflammatory marker is associated 
with hearing loss and whether it could become a biomarker of 
hearing loss in the future.

This study aimed to investigate the potential role of the Systemic 
Inflammatory Index as a biomarker for hearing loss in the 
United States population, utilizing data from the National Health and 
Nutrition Examination Survey (NHANES). The research sought to 
identify the effects of SII on hearing conduction and provide 
recommendations for the prevention and treatment of HL.

2 Methods

2.1 Study population and research design

Data from NHANES were used for the cross-sectional 
investigation, and data from 2009 to 2018 (apart from 2013 to 2014) 
were pooled to boost the sample size and improve the study’s 
reliability. The study offers unbiased data on the population of the 
United States’s nutritional status and risk factors. In total, e removed 
participants with incomplete audiometric data (n = 26,993) and 
incomplete SII data (n = 741). Additionally, patients with missing or 

abnormal otoscopy, missing tympanogram, or low-quality findings 
were omitted (n = 3,249) in order to reduce the impact of additional 
confounding factors. 8,535 qualified subjects in all were included in 
our analysis. Figure  1 shows a detailed flow chart explaining the 
selection procedure.

2.2 Audiometry

Pure-tone audiometry (PTA) was used as the outcome variable in 
this investigation. Participants performed normal air conduction PTA 
with an experienced and licensed audiologist in a soundproof 
environment. The participant’s hearing thresholds were assessed in 
both ears across the frequency range of 0.5–8 kHz. To guarantee the 
accuracy of the participant’s responses, each ear underwent two 1 kHz 
tests (19). The 0.5, 1, and 2 kHz hearing thresholds are averaged to 
determine the low-frequency (LF) hearing PTA. By averaging the 
hearing thresholds at 0.5, 1, 2, and 4 kHz, the speech-frequency (SF) 
hearing PTA is obtained. Finally, by averaging the hearing thresholds 
at 4, 6, and 8 kHz, the high-frequency hearing (HF) PTA is calculated. 
When one of the hearing thresholds was 25 dB or higher, it was 
considered to have a hearing loss.

2.3 SII and covariates

The exposure variable in this study was SII, which was based on a 
complete blood count. An automated hematology analyzer 
(CoulterDxH 800 Analyzer) was used to calculate the lymphocyte, 
neutrophil, and platelet counts, which were then expressed as 103 cells/
mL. We determined the SII by multiplying the platelet count by the 
neutrophil count/lymphocyte count, according to earlier studies (19, 
20). Factors including age, gender (male or female), race (Mexican 
American, Non-Hispanic White, Non-Hispanic Black, Other 
Hispanic, and Other Race), education level (<high school, high school, 
and >high school), waist circumference, smoking status (whether 
you have smoked more than 100 cigarettes in your lifetime), alcohol 
consumption (such as consuming four or five drinks per day or more), 
diabetes, hypertension, and noise exposure were all taken into 
consideration in our study. Additionally, we  incorporated the 
Oxidative Balance Score (OBS) as a covariate to assess oxidative stress. 
The OBS consists of 20 items, including dietary and lifestyle 
components. Each component represents different aspects of a healthy 
diet and lifestyle. Each component is scored according to specific 
criteria, as described in Supplementary Table S1.

2.4 Statistical analysis

Both EmpowerStats 2.0 and the R programming language (version 
3.4.3) were used to do the statistical study. While continuous variables 
are typically described using measures such as mean plus or minus 
standard deviation (SD), categorical variables are often represented as 
percentages with weights. In this study, a weighted linear regression 
model was used to evaluate potential differences among individuals 
based on the SII tertile. Three models were developed to assess beta 
values and 95% confidence intervals for multiple linear regressions 
between SII and the audibility threshold. Variables were left 
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unadjusted in Model 1, whereas in Model 2, adjustments were made 
for sex, age, and race. In contrast, Model 3 had adjustments for all 
covariates, including sex, age, race, education level, income-to-poverty 
ratio, BMI, waist circumference, noise exposure, alcohol consumption, 
hypertension, diabetes, and smoking status. Along with adjusting for 
these variables, smoothed curve fitting and subgroup analysis were 
carried out.

3 Results

3.1 Characteristics of participants

The study included 8,535 participants (weighted mean age 
40.92 ± 18.66 years) recruited based on the inclusion/exclusion criteria 
and then stratified by SII tertiles. Remarkably, individuals with hearing 
loss demonstrated an SII of 530.00 ± 320.72, while those with normal 
hearing displayed an SII of 491.21 ± 265.15. This discrepancy indicates 
a significantly elevated SII among participants with hearing loss 
compared to those with normal hearing. Table 1 displays the clinical 
and biochemical characteristics of the subjects. Of the participants, 
45.61% were male, and 54.39% were female. Among them, 2,975 

(weighted, 34.85%) were classified as obese, 2,343 (weighted, 27.46%) 
had hypertension, and 690 (weighted, 8.09%) had diabetes. The 
mean ± SD values of low-frequency, speech-frequency, and high-
frequency PTA hearing thresholds were 10.33 ± 9.79, 12.20 ± 11.11, 
and 22.48 ± 19.49 dB, respectively, and increased with increasing SII 
tertile. Of the total sample, 2,775 (weighted, 32.52%) participants 
experienced hearing loss, with a mean SII ± SD concentration of 
503.83 ± 285.00. Additionally, there were differences in SII tertiles 
concerning age, waist circumference, platelet count, neutrophil count, 
Lymphocyte count, low-frequency, speech-frequency, and high-
frequency PTA, BMI, race/ethnicity, income-to-poverty ratio, 
education, hypertension, diabetes, smoking status, and hearing loss 
rate. Table 2 presents the characteristics of participants based on the 
presence of LFHL, SFHL, and HFHL. In our study population, a total 
of 770 cases were classified as LFHL, 1123 cases were classified as 
SFHL, and 2,653 cases were classified as HFHL. These differences were 
statistically significant (all p < 0.05).

The highest SII tertile group was more likely to be female and 
elderly than the lowest SII tertile group, and it had higher rates of 
smoking, alcohol use, diabetes, hypertension, exposure to noise, 
hearing loss, and measurements of BMI, waist circumference, platelet 
count, neutrophil count, LF PTA, SF PTA, and HF PTA.

FIGURE 1

Flowchart of participant selection. NHANES, National Health and Nutrition Examination Survey.
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3.2 The association between SII and 
hearing loss

Multivariate regression analyses were conducted to investigate the 
connection between SII and changes in PTA hearing thresholds for low, 
speech, and high frequencies. The outcomes are shown in Table 3. SII/100 
was used to multiply the effect values by a factor of 100 in order to make 
the non-significant effect values more visible. When SII was viewed as a 
continuous variable in model 1, SII strongly connected with PTA hearing 
thresholds at low, speech, and high frequencies. After adjusting for all 
confounders, Model 2 and Model 3 both maintained the positive 
connection of SII with low-frequency, speech-frequency, and high-
frequency PTA scores. For persons in the highest tertile of SII, every unit 
increase in SII was linked to a statistically significant increase in 
low-frequency (β = 0.86, 95%CI: 0.06–1.67; p = 0.0355) and speech-
frequency (β = 0.91, 95%CI:0.08–1.73; p = 0.0308) PTA of 86 and 91%, 

respectively, in the fully adjusted model using the lowest tertile of SII as 
the reference value. Low-frequency and speech-frequency PTA did, 
however, also show a rising trend in the second tertile of SII, albeit this 
trend was not statistically significant. Furthermore, sensitivity tests for the 
third quartile of SII showed that participants’ high-frequency hearing 
threshold PTA increased along with the third quartile of SII, but no 
statistically significant association was found.

3.3 Subgroup analysis

Based on Table  4, the subgroup analyses indicate that the 
correlation between SII levels and increased low-frequency PTA was 
not consistently observed. However, upon conducting subgroup 
analyses stratified by age, BMI, smoking status, hypertension, and 
diabetes, we  found a significant association between SII and 

TABLE 1  Baseline characteristics of study participants in NHANES according to the tertiles of the systemic immune-inflammation index.

SII Overall Tertile 1 (≤349) Tertile 2 (>349, ≤  536) Tertile 3 (>536) p value

Continuous variables, mean ± SD

Age (years) 40.92 ± 18.66 38.54 ± 19.25 41.11 ± 18.44 42.85 ± 18.10 <0.0001

BMI (kg/m2) 28.33 ± 7.17 26.81 ± 6.57 28.21 ± 6.84 29.82 ± 7.68 <0.0001

Waist circumference (cm) 96.45 ± 17.97 92.34 ± 17.46 96.56 ± 17.26 100.06 ± 18.32 <0.0001

Income to poverty ratio 2.97 ± 1.65 3.00 ± 1.66 2.98 ± 1.64 2.94 ± 1.66 0.3504

Platelet count (103 cells/μL) 242.01 ± 58.63 211.02 ± 50.14 239.66 ± 47.80 271.93 ± 60.43 <0.0001

Neutrophil count (103 cells/μL) 4.18 ± 1.65 2.94 ± 0.91 3.99 ± 1.04 5.48 ± 1.72 <0.0001

Lymphocyte count (103 cells/μL) 2.17 ± 0.76 2.41 ± 0.92 2.18 ± 0.65 1.95 ± 0.63 <0.0001

Low-frequency PTA 10.33 ± 9.79 9.34 ± 9.27 10.36 ± 9.51 11.17 ± 10.41 <0.0001

Speech-frequency PTA 12.20 ± 11.11 11.07 ± 10.56 12.29 ± 10.90 13.11 ± 11.69 <0.0001

High-frequency PTA 22.48 ± 19.49 20.65 ± 18.76 22.92 ± 19.76 23.68 ± 19.72 <0.0001

Categorical variables, %

Gender <0.0001

Male 45.61 52.84 47.01 37.78

Female 54.39 47.16 52.99 62.22

Race <0.0001

Mexican american 9.70 9.24 9.57 10.24

Other hispanic 6.48 6.32 6.50 6.59

Non-hispanic white 65.00 59.94 66.77 67.74

Non-hispanic black 10.26 15.53 8.28 7.54

Other races 8.57 8.97 8.89 7.90

Education level 0.0041

Less than high school 13.21 14.19 11.62 13.93

High school or GED 20.10 18.3 19.73 21.86

Above high school 66.69 67.48 68.65 64.21

Smoked at least 100 cigarettes 41.92 39.72 41.89 43.69 0.0213

Diabetes 8.09 6.69 8.08 9.34 0.0015

Had 4/5 or more drinks every day 15.34 14.78 14.93 16.18 0.3789

Hypertension 27.46 24.75 25.41 31.65 <0.0001

Noise exposure 29.29 28.99 28.22 30.56 0.3255

Hearing loss 32.52 28.92 33.41 34.85 <0.0001
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low-frequency PTA in subgroups of patients aged below 65 years, with 
a BMI below 30, smokers, and non-diabetics (all p < 0.05). The results 
of interaction tests indicated that there was no significant variability 
in the association between SII and low-frequency PTA across strata, 
indicating that the positive correlation was not significantly influenced 
by factors such as gender, age, BMI, diabetes mellitus, hypertension, 
smoking status, or alcohol consumption (p > 0.05 for all interactions). 
We  performed a smoothed curve fit after correcting for relevant 
variables and discovered a correlation between SII and low-frequency, 
speech, and high-frequency PTA (Figure 2).

4 Discussion

In conclusion, our cross-sectional study of 8,535 participants 
showed a significant positive correlation between SII and changes in 
hearing thresholds, implying that SII, as an inflammatory marker, may 
become a biomarker of hearing loss in the future. Subgroup analyses 
and interaction tests indicated that this connection was constant 
across demographics. These results show an intense link between 
hearing loss and SII, offering essential data for further clinical and 
fundamental studies in this area.

Chronic inflammation is a significant factor in the onset of 
hearing loss, according to prior epidemiological studies. Recent 

research on animals has demonstrated that the cochlea’s local 
inflammation plays a role in the process of cell destruction and 
hearing loss (21, 22). Furthermore, numerous traditional 
inflammatory indicators have been employed extensively in clinical 
investigations, and plasma levels of inflammatory markers have been 
demonstrated to be increased in a variety of hearing loss types. For 
instance, a further cross-sectional investigation discovered that higher 
leukocyte counts may raise the chance of hearing loss (23). After 
examining the relationship between long-term CRP levels and the 
prevalence of hearing impairment in an aging population, Nash et al. 
came to the conclusion that long-term CRP levels predicted hearing 
impairment in those under the age of 60 at baseline (5). Intriguingly, 
the research by Shruti Gupta et al. found no statistically significant 
link between hearing loss and the plasma markers of inflammation 
CRP, IL-6, and TNFR-2 but did see greater TNFR-2 levels in women 
over 60 (4). Nonetheless, the absence of a clear association in these 
studies does not necessarily imply that there is no link between 
inflammatory markers and hearing loss. It is possible that 
inflammation occurring specifically at the cochlear level may not 
be accurately reflected in serum levels of markers such as CRP, IL-6, 
and TNFR-2. These markers may not be  the most suitable for 
validating the relationship. The limitations of these markers can lead 
to a negative outcome in studies, which may obscure any potential 
association between inflammatory markers and hearing thresholds. 

TABLE 2  Baseline characteristics of study participants in NHANES according to hearing loss.

Characteristics LFHL (N  =  771) p value SFHL (N  =  1,123) p value HFHL (N  =  2,653) p value

Continuous variables, mean ± SD

Age (years) 65.90 ± 15.12 <0.0001 65.38 ± 14.13 <0.0001 527.45 ± 355.94 <0.0001

BMI (kg/m2) 29.27 ± 6.68 <0.0001 29.50 ± 6.53 <0.0001 29.78 ± 6.81 <0.0001

Waist circumference (cm) 101.48 ± 16.09 <0.0001 102.69 ± 15.57 <0.0001 102.41 ± 15.93 <0.0001

Income to poverty ratio 2.42 ± 1.52 0.722 2.44 ± 1.53 0.477 2.49 ± 1.60 0.043

SII 551.39 ± 357.27 <0.0001 565.86 ± 436.62 <0.0001 527.45 ± 355.94 <0.0001

Categorical variables,%

Gender <0.0001 <0.0001 <0.0001

 � Male 54.22 52.63 52.13

 � Female 45.78 47.37 47.87

Race <0.0001 <0.0001 <0.0001

 � Mexican american 14.01 13.89 13.68

 � Other hispanic 10.12 10.24 11.04

 � Non-hispanic white 50.71 50.67 44.33

 � Non-hispanic black 14.79 14.34 18.13

 � Other races 10.38 10.86 12.82

Education level <0.0001 <0.0001 <0.0001

 � Less than high school 32.28 32.37 27.48

 � High school or GED 23.02 24.30 23.86

 � Above high school 44.71 43.34 48.67

Smoked at least 100 cigarettes 48.68 <0.0001 52.26 <0.0001 49.85 <0.0001

Diabetes 24.90 <0.0001 25.82 <0.0001 21.18 <0.0001

Had 4/5 or more drinks every day 19.86 <0.0001 21.51 <0.0001 19.72 <0.0001

Hypertension 57.42 <0.0001 56.63 <0.0001 51.71 <0.0001

Noise exposure 33.27 <0.0001 37.02 <0.0001 36.71 <0.0001
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Consequently, we turned to the SII metric, which has demonstrated 
excellent predictive capabilities as a diagnostic biomarker that may 
be responsive to systemic inflammatory activity. This prompted us to 
hypothesize whether systemic inflammation could serve as a 
biomarker for the risk of hearing loss. For instance, the SII was found 
to be a reliable predictive predictor in patients undergoing radical 
hepatectomy for ICC in the study by Zhang et al. Still, conventional 
inflammatory markers like neutrophil-to-lymphocyte ratio (NLR) had 
no bearing on the patient’s clinical outcomes (24).

In our study, we explore the association between the Systemic 
Immune-Inflammation Index (SII) and hearing loss. To further 
emphasize the strengths of our research, we refer to a series of studies, 
including analyses of the sensitivity and specificity of CRP, IIS, NLR, 
and PLR in hearing loss diseases and cohorts. The study by Verschuur 
et  al. indicates that inflammatory markers, including CRP, are 
associated with hearing thresholds in older individuals (25). Shapira 
et al. explore the relationship between inflammatory markers such as 
NLR and PLR and hearing loss in young people (26). Their results 
further confirm the association between inflammatory markers and 
hearing loss across different age groups. Nash et  al. highlight the 
potential value of CRP in predicting hearing loss by examining the 
relationship between long-term systemic inflammation and the 
cumulative incidence of age-related hearing loss (5). Ulu et al. further 
confirmed the importance of inflammatory markers in hearing loss by 
comparing the SII, NLR, and PLR values of patients with idiopathic 

sudden sensorineural hearing loss (9). This study provides important 
background for our work, suggesting that SII, as a comprehensive 
inflammatory index, may have a unique value in assessing the risk of 
hearing loss. Overall, by analyzing the sensitivity and specificity of 
CRP, IIS, NLR, and PLR in the same hearing loss disease and cohort, 
we  can gain a more comprehensive understanding of the role of 
systemic inflammation in the development of hearing loss. These 
analyses not only highlight the strengths of our study but also provide 
new directions for future research to further explore the potential 
applications of inflammatory markers in the prevention and treatment 
of hearing loss. Similarly, SII has been found to be more effective than 
other inflammatory factors in similar studies of several different 
diseases (12, 27, 28). It is clear that SII, a novel marker of systemic 
inflammation, can provide additional clinical information in 
peripheral blood and lead to a more accurate diagnosis. In our cross-
sectional study, the results showed a significant positive correlation 
between SII and changes in hearing thresholds for low, speech and 
high frequencies. More specifically, subjects in the highest SII tertile 
had a significantly increased risk of low frequency and speech hearing 
loss compared to the lowest SII tertile. At the same time, there was no 
significant association between tertile SII and high-frequency hearing 
loss. According to the traveling wave hypothesis, high-frequency 
sound waves vibrate the cochlea’s basal region, whereas low-frequency 
sound waves vibrate the cochlea’s apical portion. Therefore, the results 
of the current study imply that the SII may have a higher impact on 

TABLE 3  Relationship between systemic immune inflammatory indices and hearing loss.

β (95% CI), p value of PTA levels, dB

Model 1 Model 2 Model 3

Low-frequency PTA

Continuous 0.28 (0.21,0.35) < 0.0001 0.12 (0.05,0.18) 0.0002 0.12 (0.01,0.23) 0.0288

Categories

Tertile 1 Reference Reference Reference

Tertile 2 1.03 (0.51,1.54) < 0.0001 0.31 (−0.12,0.75) 0.1543 0.41 (−0.39,1.22) 0.3172

Tertile 3 1.84 (1.32,2.35) < 0.0001 0.69 (0.25,1.12) 0.0021 0.86 (0.06,1.67) 0.0355

p for trend 0.41 (0.29,0.52) < 0.0001 0.15 (0.06,0.25) 0.0021 0.19 (0.01,0.37) 0.0349

Speech-frequency PTA

Continuous 0.32 (0.24,0.40) < 0.0001 0.13 (0.07,0.20) < 0.0001 0.14 (0.03,0.25) 0.0140

Categories

Tertile 1 Reference Reference Reference

Tertile 2 1.22 (0.64,1.80) < 0.0001 0.34 (−0.11,0.79) 0.1385 0.28 (−0.54,1.11) 0.5049

Tertile 3 2.04 (1.46,2.62) < 0.0001 0.75 (0.29,1.20) 0.0012 0.91 (0.08,1.73) 0.0308

p for trend 0.45 (0.32,0.58) < 0.0001 0.17 (0.07,0.27) 0.0012 0.21 (0.03,0.40) 0.0231

High-frequency PTA

Continuous 0.51 (0.37,0.66) < 0.0001 0.14 (0.04,0.24) 0.0048 0.18 (0.004,0.36) 0.0449

Categories

Tertile 1 Reference Reference Reference

Tertile 2 2.26 (1.24,3.29) < 0.0001 0.45 (−0.25,1.14) 0.2059 −0.35 (−1.67,0.97) 0.6006

Tertile 3 3.03 (2.00,4.05) < 0.0001 0.50 (−0.20,1.20) 0.1597 0.59 (−0.73,1.91) 0.3800

p for trend 0.65 (0.41,0.88) < 0.0001 0.10 (−0.05,0.26) 0.1996 0.17 (−0.12,0.47) 0.2490

Model 1: no covariates were adjusted. Model 2: age, gender, and race were adjusted. Model 3: sex, age, race, education level, income-to-poverty ratio, BMI, waist circumference, noise exposure, 
alcohol consumption, hypertension, diabetes, smoking status, and OBS.
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the apical part of the cochlea, which calls for future research into the 
potential processes.

Inflammation has been linked to a number of neurodegenerative 
disorders, which include Alzheimer’s disease, Parkinson’s disease, and 
amyotrophic lateral sclerosis, in numerous studies. Many studies have 

shown that inflammation is closely related to various 
neurodegenerative diseases such as Alzheimer’s disease, Parkinson’s 
disease, and amyotrophic lateral sclerosis (ALS) (29). The neural 
pathways serve as a defense mechanism initially protecting the brain 
by eliminating or inhibiting multiple variables (30, 31). Factor 
reactions can have beneficial effects by promoting tissue repair and 
clearing cell debris. However, sustained factor responses are 
incremental and can inhibit regeneration. Researchers have found that 
compared to the non-progression of Alzheimer’s disease, TNF-α 
levels, a pro-inflammatory cytokine, have increased in the 
cerebrospinal fluid of patients with cognitive impairment due to 
Alzheimer’s disease, while TNF-β, an anti-inflammatory cytokine, has 
shown relatively low levels (32). Scholars have proposed that 
neurological disorders are a common pathological mechanism in ALS 
patients with or without genetic mutations, characterized by the 
respiration of activated small glial cells and astrocytes. Activated small 
glial cells and astrocytes producing pro-inflammatory cytokines are 
upregulated in postmortem tissues of ALS patients (33, 34). This 
indicates that inflammation plays a crucial role in the process of 
neurodegenerative injury (35–37). Still, there is just a tiny amount of 
research examining the possible link between systemic inflammation 
and hearing loss. The underlying mechanisms of age-related hearing 
loss and cognitive frailty may be accelerated by systemic inflammation, 
according to a recent study that found a relationship between 
age-related abnormalities in central auditory processing and mental 
deficiency (38). The acoustic center and hippocampus are affected, 
which increases the risk of hearing loss and cognitive decline. 
Persistent inflammation has the potential to alter brain neuroplasticity 
and stimulate glial cells, causing a long-lasting inflammatory state that 
further damages neurons and causes them to degenerate (39, 40).

Contrary to one idea, hearing loss is caused by oxidative stress and 
a hyperactive neuroinflammatory response, and oxidative stress and 
mitochondrial malfunction have the potential to speed up apoptosis, 
affect cochlear degeneration, and velocity up aging (41, 42). Likewise, 
because systemic homeostasis is maintained via the inner ear’s 
vasculature, inflammation is not restricted to the inner ear. Exposing 
vital cochlear veins to circulating inflammatory substances throughout 
the body compromises the vascular barrier and increases the risk of 
hearing loss (6, 43).

The current investigation possesses many types of substantial 
advantages. The credibility of our findings is firstly increased by the 

FIGURE 2

Relationship between SII and auditory threshold transfers: (A) Low-frequency PTA; (B) Speech-frequency PTA; (C) High-frequency PTA.

TABLE 4  The association between SII and LF PTA by selected subgroups.

Subgroup Low-frequency PTA

β (95% CI), p value of 
PTA levels, dB

p for 
interaction

Age, years 0.2301

 � <70 0.20 (0.07,0.33) 0.0034

 � ≥70 0.04(−0.19,0.26) 0.7344

Gender 0.4198

 � Male 0.15(−0.00,0.30)0.0501

 � Female 0.06(−0.10,0.22) 0.4488

BMI 0.0565

 � <30 0.21 (0.08,0.35)0.0021

 � ≥30 −0.01(−0.19,0.18)0.9370

Drink 0.4977

 � Yes 0.20(−0.00,0.40) 0.0512

 � No 0.12(−0.01,0.25) 0.0689

Diabetes 0.0726

 � Yes −0.13(−0.43,0.17)0.3968

 � No 0.16 (0.05.0.28) 0.0058

Smoke 0.3797

 � Yes 0.16 (0.01.0.30) 0.0308

 � No 0.06(−0.11.0.23) 0.4810

Hypertension 0.8550

 � Yes 0.15 (−0.02, 0.31) 0.0786

 � No 0.13 (−0.02, 0.27) 0.0852

Noise exposure 0.7304

 � Yes 0.11 (−0.05, 0.27) 0.1661

 � No 0.15 (−0.00, 0.30) 0.0563
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use of a sizable, nationally representative sample and the adjustment 
for a variety of factors. The widely accepted gold standard PTA, which 
measures hearing loss, further supports the validity of our findings. 
Nevertheless, some limitations cannot be avoided. Due to the inherent 
shortcomings of cross-sectional studies, we were not able to conduct 
a causal assessment. Therefore, prospective studies with larger sample 
sizes are needed to clarify causality. Furthermore, there are subgroups 
of hearing loss based on etiology (noise hearing loss, conductive 
hearing loss, age-related hearing loss, etc.). However, since the 
NHANES does not include these particular data, more research is 
required to address this limitation and determine whether the SII is 
applicable in a wider context. Therefore, further research is necessary 
to understand the pathogenic mechanisms underlying hearing loss 
more thoroughly. Such research should include studies using animal 
models and prospective examinations.

5 Conclusion

Together, these studies provide evidence of a link between SII and 
hearing loss and are crucial for expanding our knowledge of the 
relationship between systemic inflammation and hearing loss. 
However, to confirm our findings and create a more complete 
understanding of this link, deeper research and rigorous prospective 
investigations are essential.

Data availability statement

Publicly available datasets were analyzed in this study. This data 
can be  found here: Centers for Disease Control and Prevention 
(CDC), National Centers for Health Statistics (NCHS), and 
National Health and Nutrition Examination Survey (NHANES) 
database, https://wwwn.cdc.gov/nchs/nhanes/Default.aspx, NHANES 
2009–2018.

Ethics statement

Ethical review and approval was not required for the study on 
human participants in accordance with the local legislation and 
institutional requirements. Written informed consent from the 
patients/participants or patients/participants’ legal guardian/next of 
kin was not required to participate in this study in accordance with 
the national legislation and the institutional requirements.

Author contributions

TZ: Conceptualization, Formal analysis, Methodology, 
Visualization, Writing – original draft. JM: Data curation, 
Conceptualization, Validation, Visualization, Software, Writing – 
review & editing. PZ: Methodology, Formal analysis, Visualization, 
Writing – review & editing. XYu: Formal analysis, Software, 
Visualization, Writing – review & editing. XYa: Project administration, 
Supervision, Writing – review & editing.

Funding

The author(s) declare that no financial support was received for 
the research, authorship, and/or publication of this article.

Acknowledgments

We thank the National Center for Health Statistics of the Centers 
for Disease Control staff for designing, collecting, and collating the 
NHANES data and creating the public database.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors 
and do not necessarily represent those of their affiliated organizations, 
or those of the publisher, the editors and the reviewers. Any product 
that may be evaluated in this article, or claim that may be made by its 
manufacturer, is not guaranteed or endorsed by the publisher.

Supplementary material

The Supplementary material for this article can be found online 
at: https://www.frontiersin.org/articles/10.3389/fneur.2024.1369492/
full#supplementary-material

References
	1.	Haile LM, Kamenov K, Briant PS, Orji AU, Steinmetz JD, Abdoli A, et al. Hearing 

loss prevalence and years lived with disability, 1990–2019: findings from the global 
burden of disease study 2019. Lancet. (2021) 397:996–1009. doi: 10.1016/
S0140-6736(21)00516-X

	2.	Chadha S, Kamenov K, Cieza A. The world report on hearing, 2021. Bull World 
Health Organ. (2021) 99:242–242A. doi: 10.2471/BLT.21.285643

	3.	Deal JA, Reed NS, Kravetz AD, Weinreich H, Yeh C, Lin FR, et al. Incident hearing 
loss and comorbidity: a longitudinal administrative claims study. JAMA Otolaryngol 
Head Neck Surg. (2019) 145:36–43. doi: 10.1001/jamaoto.2018.2876

	4.	Gupta S, Curhan SG, Curhan GC. Biomarkers of systemic inflammation and risk of 
incident hearing loss. Ear Hear. (2019) 40:981–9. doi: 10.1097/AUD.0000000000000678

	5.	Nash SD, Cruickshanks KJ, Zhan W, Tsai MY, Klein R, Chappell R, et al. Long-term 
assessment of systemic inflammation and the cumulative incidence of age-related 
hearing impairment in the epidemiology of hearing loss study. J Gerontol Ser A. (2014) 
69:207–14. doi: 10.1093/gerona/glt075

	6.	Trune D, Nguyen-Huynh A. Vascular pathophysiology in hearing disorders. Semin 
Hear. (2012) 33:242–50. doi: 10.1055/s-0032-1315723

	7.	Watson N, Ding B, Zhu X, Frisina RD. Chronic inflammation—inflammaging—in 
the ageing cochlea: a novel target for future presbycusis therapy. Ageing Res Rev. (2017) 
40:142–8. doi: 10.1016/j.arr.2017.10.002

	8.	Chen L, Zhang G, Zhang Z, Wang Y, Hu L, Wu J. Neutrophil-to-lymphocyte ratio 
predicts diagnosis and prognosis of idiopathic sudden sensorineural hearing loss: a 

https://doi.org/10.3389/fneur.2024.1369492
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://wwwn.cdc.gov/nchs/nhanes/Default.aspx
https://www.frontiersin.org/articles/10.3389/fneur.2024.1369492/full#supplementary-material
https://www.frontiersin.org/articles/10.3389/fneur.2024.1369492/full#supplementary-material
https://doi.org/10.1016/S0140-6736(21)00516-X
https://doi.org/10.1016/S0140-6736(21)00516-X
https://doi.org/10.2471/BLT.21.285643
https://doi.org/10.1001/jamaoto.2018.2876
https://doi.org/10.1097/AUD.0000000000000678
https://doi.org/10.1093/gerona/glt075
https://doi.org/10.1055/s-0032-1315723
https://doi.org/10.1016/j.arr.2017.10.002


Zhou et al.� 10.3389/fneur.2024.1369492

Frontiers in Neurology 09 frontiersin.org

systematic review and meta-analysis. Medicine. (2018) 97:e12492. doi: 10.1097/
MD.0000000000012492

	9.	Ulu Ş, Kınar A, Bucak A, Özdemir M. Systemic immune inflammatory index of 
patients with idiopathic sudden sensorineural hearing loss: comparison of nlr and prl 
values. Ear Nose Throat J. (2021) 100:726–30. doi: 10.1177/0145561320924312

	10.	Sancaktar ME, Ağrı İ, Çeçen AB, Akgül G, Çelebi M. The prognostic value of 
circulating inflammatory cell counts in sudden sensorineural hearing loss and the effect 
of cardiovascular risk factors. Ear Nose Throat J. (2020) 99:464–9. doi: 
10.1177/0145561320920968

	11.	Hu B, Yang X-R, Xu Y, Sun YF, Sun C, Guo W, et al. Systemic immune-
inflammation index predicts prognosis of patients after curative resection for 
hepatocellular carcinoma. Clin Cancer Res. (2014) 20:6212–22. doi: 10.1158/1078-0432.
CCR-14-0442

	12.	Huang H, Liu Q, Zhu L, Zhang Y, Lu X, Wu Y, et al. Prognostic value of 
preoperative systemic immune-inflammation index in patients with cervical cancer. Sci 
Rep. (2019) 9:3284. doi: 10.1038/s41598-019-39150-0

	13.	Chen J-H, Zhai E-T, Yuan Y-J, Wu KM, Xu JB, Peng JJ, et al. Systemic immune-
inflammation index for predicting prognosis of colorectal cancer. World J Gastroenterol. 
(2017) 23:6261–72. doi: 10.3748/wjg.v23.i34.6261

	14.	Li J, Cao D, Huang Y, Xiong Q, Tan D, Liu L, et al. The prognostic and 
clinicopathological significance of systemic immune-inflammation index in bladder 
cancer. Front Immunol. (2022) 13:865643. doi: 10.3389/fimmu.2022.865643

	15.	Wang J, Zhou D, Dai Z, Li X. Association between systemic immune-inflammation 
index and diabetic depression. Clin Interv Aging. (2021) 16:97–105. doi: 10.2147/CIA.
S285000

	16.	Lai W, Xie Y, Zhao X, Xu X, Yu S, Lu H, et al. Elevated systemic immune 
inflammation level increases the risk of total and cause-specific mortality among 
patients with chronic kidney disease: a large multi-center longitudinal study. Inflamm 
Res. (2023) 72:149–58. doi: 10.1007/s00011-022-01659-y

	17.	Xu M, Chen R, Liu L, Liu X, Hou J, Liao J, et al. Systemic immune-inflammation 
index and incident cardiovascular diseases among middle-aged and elderly chinese 
adults: the dongfeng-tongji cohort study. Atherosclerosis. (2021) 323:20–9. doi: 10.1016/j.
atherosclerosis.2021.02.012

	18.	Zhang X, Wang Y, Yan Q, Zhang W., Chen L., Wang M., et al. (2023). Prognostic 
correlation of immune-inflammatory markers in sudden sensorineural hearing loss: a 
retrospective study. Ear Nose Throat J:01455613231202498. doi: 10.1177/01455613231202498 
(Epub ahead of print).

	19.	Qin Z, Li H, Wang L, Geng J, Yang Q, Su B, et al. Systemic immune-inflammation 
index is associated with increased urinary albumin excretion: a population-based study. 
Front Immunol. (2022) 13:863640. doi: 10.3389/fimmu.2022.863640

	20.	Song Y, Guo W, Li Z, Guo D, Li Z, Li Y. Systemic immune-inflammation index is 
associated with hepatic steatosis: evidence from NHANES 2015-2018. Front Immunol. 
(2022) 13:1058779. doi: 10.3389/fimmu.2022.1058779

	21.	Fujioka M, Okano H, Ogawa K. Inflammatory and immune responses in the 
cochlea: potential therapeutic targets for sensorineural hearing loss. Front Pharmacol. 
(2014) 5:287. doi: 10.3389/fphar.2014.00287

	22.	Norden DM, Godbout JP. Review: microglia of the aged brain: primed to 
be activated and resistant to regulation: increased microglial reactivity with age. 
Neuropathol Appl Neurobiol. (2013) 39:19–34. doi: 10.1111/j.1365-2990.2012.01306.x

	23.	Verschuur CA, Dowell A, Syddall HE, Ntani G, Simmonds SJ, Baylis D, et al. 
Markers of inflammatory status are associated with hearing threshold in older people: 
findings from the hertfordshire ageing study. Age Ageing. (2012) 41:92–7. doi: 10.1093/
ageing/afr140

	24.	Zhang Z, Zhou Y, Hu K, Huang Y. Investigating effects of preoperative 
inflammatory biomarkers on predicting survival outcomes of intrahepatic 
cholangiocarcinoma after curative resection. World J Surg Oncol. (2020) 18:272. doi: 
10.1186/s12957-020-02053-w

	25.	Verschuur C, Agyemang-Prempeh A, Newman TA. Inflammation is associated 
with a worsening of presbycusis: evidence from the mrc national study of hearing. Int J 
Audiol. (2014) 53:469–75. doi: 10.3109/14992027.2014.891057

	26.	Shapira U, Ben Assayag H, Ungar OJ, Handzel O, Abu Eta R, Rogowski O, et al. 
Association of inflammatory markers with hearing loss in young adults. Clin 
Otolaryngol. (2023) 48:220–5. doi: 10.1111/coa.14026

	27.	Lu L, Feng Y, Liu Y, Tan HY, Dai GH, Liu SQ, et al. The systemic immune-
inflammation index may be a novel and strong marker for the accurate early prediction 
of acute kidney injury in severe acute pancreatitis patients. J Investig Surg. (2022) 
35:962–6. doi: 10.1080/08941939.2021.1970864

	28.	Wang L, Wang C, Wang J, Huang X, Cheng Y. A novel systemic immune-
inflammation index predicts survival and quality of life of patients after curative 
resection for esophageal squamous cell carcinoma. J Cancer Res Clin Oncol. (2017) 
143:2077–86. doi: 10.1007/s00432-017-2451-1

	29.	Wyss-Coray T, Mucke L. Inflammation in neurodegenerative disease—a double-
edged sword. Neuron. (2002) 35:419–32. doi: 10.1016/S0896-6273(02)00794-8

	30.	Kempuraj D, Thangavel R, Natteru PA, Selvakumar GP, Saeed D, Zahoor H, et al. 
Neuroinflammation induces neurodegeneration. J Neurol Neurosurg Spine. (2017) 1:1003.

	31.	Russo MV, McGavern DB. Inflammatory neuroprotection following traumatic 
brain injury. Science. (2016) 353:783–5. doi: 10.1126/science.aaf6260

	32.	Tarkowski E. Intrathecal inflammation precedes development of alzheimer’s 
disease. J Neurol Neurosurg Psychiatry. (2003) 74:1200–5. doi: 10.1136/jnnp.74.9.1200

	33.	Oksanen M, Lehtonen S, Jaronen M, Goldsteins G, Hämäläinen RH, Koistinaho J. 
Astrocyte alterations in neurodegenerative pathologies and their modeling in human 
induced pluripotent stem cell platforms. Cell Mol Life Sci. (2019) 76:2739–60. doi: 
10.1007/s00018-019-03111-7

	34.	Kwon HS. Neuroinflammation in neurodegenerative disorders: the roles of microglia 
and astrocytes. Transl Neurodegen. (2020) 9:42. doi: 10.1186/s40035-020-00221-2

	35.	Smith JA, Das A, Ray SK, Banik NL. Role of pro-inflammatory cytokines released 
from microglia in neurodegenerative diseases. Brain Res Bull. (2012) 87:10–20. doi: 
10.1016/j.brainresbull.2011.10.004

	36.	Koyama A, O’Brien J, Weuve J, Blacker D, Metti AL, Yaffe K. The role of peripheral 
inflammatory markers in dementia and alzheimer’s disease: a meta-analysis. J Gerontol 
Ser A Biol Med Sci. (2013) 68:433–40. doi: 10.1093/gerona/gls187

	37.	Glass CK, Saijo K, Winner B, Marchetto MC, Gage FH. Mechanisms underlying 
inflammation in neurodegeneration. Cell. (2010) 140:918–34. doi: 10.1016/j.
cell.2010.02.016

	38.	Sardone R, Castellana F, Bortone I, Lampignano L, Zupo R, Lozupone M, et al. 
Association between central and peripheral age-related hearing loss and different frailty 
phenotypes in an older population in southern Italy. JAMA Otolaryngol Head Neck Surg. 
(2021) 147:561–71. doi: 10.1001/jamaoto.2020.5334

	39.	Calsolaro V, Edison P. Neuroinflammation in alzheimer’s disease: current evidence 
and future directions. Alzheimers Dement. (2016) 12:719–32. doi: 10.1016/j.
jalz.2016.02.010

	40.	Bowl MR, Dawson SJ. The mouse as a model for age-related hearing loss—a mini-
review. Gerontology. (2015) 61:149–57. doi: 10.1159/000368399

	41.	Fujimoto C, Yamasoba T. Oxidative stresses and mitochondrial dysfunction in age-
related hearing loss. Oxidative Med Cell Longev. (2014) 2014:1–6. doi: 10.1155/2014/582849

	42.	Scherer EQ, Yang J, Canis M, Reimann K, Ivanov K, Diehl CD, et al. Tumor 
necrosis factor-α enhances microvascular tone and reduces blood fow in the cochlea via 
enhanced sphingosine-1-phosphate signaling. (2010) 41:2618–24. doi: 10.1161/
STROKEAHA.110.593327

	43.	Zhang J, Chen S, Hou Z, Cai J, Dong M, Shi X. Lipopolysaccharide-induced middle 
ear inflammation disrupts the cochlear intra-strial fluid–blood barrier through down-
regulation of tight junction proteins. PLoS One. (2015) 10:e0122572. doi: 10.1371/
journal.pone.0122572

https://doi.org/10.3389/fneur.2024.1369492
https://www.frontiersin.org/journals/neurology
https://www.frontiersin.org
https://doi.org/10.1097/MD.0000000000012492
https://doi.org/10.1097/MD.0000000000012492
https://doi.org/10.1177/0145561320924312
https://doi.org/10.1177/0145561320920968
https://doi.org/10.1158/1078-0432.CCR-14-0442
https://doi.org/10.1158/1078-0432.CCR-14-0442
https://doi.org/10.1038/s41598-019-39150-0
https://doi.org/10.3748/wjg.v23.i34.6261
https://doi.org/10.3389/fimmu.2022.865643
https://doi.org/10.2147/CIA.S285000
https://doi.org/10.2147/CIA.S285000
https://doi.org/10.1007/s00011-022-01659-y
https://doi.org/10.1016/j.atherosclerosis.2021.02.012
https://doi.org/10.1016/j.atherosclerosis.2021.02.012
https://doi.org/10.1177/01455613231202498
https://doi.org/10.3389/fimmu.2022.863640
https://doi.org/10.3389/fimmu.2022.1058779
https://doi.org/10.3389/fphar.2014.00287
https://doi.org/10.1111/j.1365-2990.2012.01306.x
https://doi.org/10.1093/ageing/afr140
https://doi.org/10.1093/ageing/afr140
https://doi.org/10.1186/s12957-020-02053-w
https://doi.org/10.3109/14992027.2014.891057
https://doi.org/10.1111/coa.14026
https://doi.org/10.1080/08941939.2021.1970864
https://doi.org/10.1007/s00432-017-2451-1
https://doi.org/10.1016/S0896-6273(02)00794-8
https://doi.org/10.1126/science.aaf6260
https://doi.org/10.1136/jnnp.74.9.1200
https://doi.org/10.1007/s00018-019-03111-7
https://doi.org/10.1186/s40035-020-00221-2
https://doi.org/10.1016/j.brainresbull.2011.10.004
https://doi.org/10.1093/gerona/gls187
https://doi.org/10.1016/j.cell.2010.02.016
https://doi.org/10.1016/j.cell.2010.02.016
https://doi.org/10.1001/jamaoto.2020.5334
https://doi.org/10.1016/j.jalz.2016.02.010
https://doi.org/10.1016/j.jalz.2016.02.010
https://doi.org/10.1159/000368399
https://doi.org/10.1155/2014/582849
https://doi.org/10.1161/STROKEAHA.110.593327
https://doi.org/10.1161/STROKEAHA.110.593327
https://doi.org/10.1371/journal.pone.0122572
https://doi.org/10.1371/journal.pone.0122572

	Association between the systemic immuno-inflammation index and hearing loss: result from NHANES 2009–2018
	1 Introduction
	2 Methods
	2.1 Study population and research design
	2.2 Audiometry
	2.3 SII and covariates
	2.4 Statistical analysis

	3 Results
	3.1 Characteristics of participants
	3.2 The association between SII and hearing loss
	3.3 Subgroup analysis

	4 Discussion
	5 Conclusion
	Data availability statement
	Ethics statement
	Author contributions

	References

