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Abstract

Background: Chronic inflammation may lead to cochlear damage, and the only longitudinal
study that examined biomarkers of systemic inflammation and risk of hearing loss found an
association with a single biomarker in individuals <60 years of age. The purpose of our study was
to determine whether plasma inflammatory markers are associated with incident hearing loss in
two large prospective cohorts, Nurses’ Health Studies (NHS) I and II.

Methods: We examined the independent associations between plasma levels of markers of
systemic inflammation (C-reactive protein (CRP), interleukin-6 (IL-6), and soluble tumor necrosis
factor receptor 2 (TNFR-2)) and self-reported hearing loss. The participants in NHS | (n=6,194
women) were 42 to 69 years of age at the start of the analysis in 1990, while the participants in
NHS 11 (n=2,885 women) were 32 to 53 years in 1995. After excluding women with self-reported
hearing loss prior to the time of blood-draw, incident cases of hearing loss were defined as those
women who reported hearing loss on questionnaires administered in 2012 in NHS | and 2009 or
2013 in NHS 11. The primary outcome was hearing loss that was reported as moderate or worse in
severity, pooled across the NHS | and NHS 11 cohorts. We also examined the pooled multivariable
(MV)-adjusted hazard ratios for mild or worse hearing loss. Cox proportional hazards regression
was used to adjust for potential confounders.

Results: At baseline, women ranged from age 42 to 69 years in NHS | and 32 to 53 years in NHS
I1. Among the NHS | and 1l women with measured plasma CRP, there were 628 incident cases of
moderate or worse hearing loss during 100,277 person-years of follow-up. There was no
significant association between the plasma levels of any of the three inflammatory markers and
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incident moderate or worse hearing loss (MV-adjusted pooled p-trend for CRP=0.33; p-trend
IL-6=0.54; p-trend TNFR-2=0.70). There was also no significant relation between inflammatory
marker levels and mild or worse hearing loss. While there was no significant effect modification
by age for CRP or IL-6 in NHS 1, there was a statistically significant higher risk of moderate or
worse hearing loss (p-interaction=0.02) as well as mild or worse hearing loss (p-
interaction=0.004) in women aged =60 who had higher plasma TNFR-2 levels.

Conclusion: Overall, there was no significant association between plasma markers of
inflammation and risk of hearing loss.

INTRODUCTION

The inner ear was once thought to be immune-privileged due to the presence of tight
junctions in the stria vascularis(McCabe 1989); however, inflammatory cells have been
shown to infiltrate the cochlea in animal studies (Hirose 2008; Okano et al. 2008; Fujioka et
al. 2014). Furthermore, experimental studies of inner ear inflammation have demonstrated
the /n vivo production of tumor necrosis factor-alpha (TNF- ), interleukin-1p and
interleukin-6 (IL-6) after ototoxic insults (Satoh et al. 2003; Fujioka et al. 2006). These
inflammatory markers have the ability to elicit potent secondary inflammatory responses in
the ear, inducing local leukocyte infiltration and scarring.

On a systemic level, higher plasma levels of inflammatory markers have been consistently
associated with age-related chronic disease and disability, such as cardiovascular disease
(Ridker et al. 2000) and dementia (Mancinella et al. 2009). C-reactive protein (CRP), I1L-6,
and TNF- a are thought to reflect the systemic burden of inflammation, and have therefore
become recognized as potential therapeutic targets (Satoh et al. 2003; Karadag et al. 2008;
Rincon et al. 2012). A number of mechanisms of chronic inflammation leading to
sensorineural hearing loss have been posited, including inflammation-related microvascular
disease (Ohlemiller 2009). These proposed mechanisms provide a compelling case for
further investigating the association between CRP, IL-6, and soluble tumor necrosis factor
receptor 2 (TNFR-2), and hearing loss.

While cross-sectional studies have observed an association between plasma inflammatory
markers and hearing loss (Bainbridge et al. 2010; Verschuur et al. 2012), there is a dearth of
longitudinal data. In the only previous longitudinal study of plasma inflammatory markers,
individuals aged <60 years with higher CRP had a 96% higher 10-year incidence of hearing
loss, but no significant associations were observed among older individuals and no
associations were observed for IL-6 and TNFR-2 (Nash et al. 2014). The aim of our study
was to examine whether levels of CRP, IL-6, and TNFR-2 were associated with incident
hearing loss in two large cohorts, Nurses’ Health Studies (NHS) I and Il (n=9,079).

MATERIALS AND METHODS

Study Participants

The NHS | is a prospective cohort study of 121,700 married, female registered nurses aged
30-55 at enrollment in 1976. NHS 11 is a similar cohort of 116,430 female participants aged
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25-42 at enrollment in 1989. Participants in both cohorts complete questionnaires every 2
years, with a follow-up rate of more than 90% of the eligible person-time.

Those women who had levels of CRP, IL-6, and/or TNFR-2 already measured as part of
other projects were selected for inclusion in this study. We also limited the study to women
in NHS | who provided information on their hearing in 2012, and NHS |1 participants who
answered questions about their hearing on the 2009 or 2013 questionnaires. There were
6,194 NHS | women and 2,885 NHS Il women included.

The baseline of our NHS I analysis was 1990, as the first blood collection occurred between
1990 and 1992. The baseline of the NHS Il analysis was 1995, the year closest to the first
blood collection (1996-1999), when covariate data were available.

Ascertainment of Inflammatory Marker Levels

Plasma CRP, IL-6, and TNFR-2 concentrations were measured in previously performed
nested case—control and validation studies in the NHS | and 11 cohorts using stored blood
samples (Pai et al. 2002). The years of the blood draws for NHS | were 1990-1992 and
2000-2002. The years of the blood draws for the NHS 11 cohort were 1996-1999 and 2010-
2011. Not all participants had values for each biomarker. Of the 6,194 NHS | women
included, 5,216 had CRP levels measured, 4,178 had IL-6 levels, and 4,000 had TNFR-2
levels. Of the 2,885 NHS Il women included, 2,675 had CRP levels, 2,339 had IL-6 levels,
and 499 had TNFR-2 levels.

All assays were conducted at laboratories that satisfied rigorous blinded quality control
procedures. Coefficients of variation were <3.0% for CRP, <6.1% for IL-6, and <11.6% for
TNFR-2. CRP (mg/L) was measured using a high-sensitivity latex-enhanced
immunonephelometric assay on a BNII analyzer. IL-6 (pg/mL) was measured via a
quantitative sandwich enzyme immunoassay technique using a Quantikine HS kit (R&D
Systems, Minneapolis, Minnesota), and soluble TNFR-2 (pg/mL) was assessed via an
enzyme-linked immunosorbent assay kit utilizing immobilized monoclonal antibody to
human TNFR-2 (Genzyme, Cambridge, Massachusetts). Stability of CRP, IL-6, and TNFR-2
was assessed in 17 fresh blood samples from the NHS | at receipt and after a delay in
processing of 24 and 36 hours. The intraclass correlation coefficients (ICC) between the
results of the two collections were >0.75 for all three inflammatory markers (Pai et al. 2002).
Blood samples were taken in a subsample of study participants 4 years apart, and the ICCs
for the inflammatory markers were estimated (0.68 for CRP; 0.47 for IL-6; 0.78 for
TNFR-2) (Pischon et al. 2003), thus each single measure reasonably represents longer-term
exposure.

Ascertainment of Hearing Loss

The primary outcome was self-reported hearing loss that was moderate or worse in severity.
For the NHS | cohort, information was obtained from the 2012 long-questionnaire on which
participants were asked, “Do you have a hearing problem?” (response options: none, mild,
moderate, severe). If they reported hearing loss, they were then asked at what age they first
noticed a change in their hearing. Similarly in NHS 11, the primary outcome was determined
based on responses to the 2009 and 2013 questionnaires. On the 2009 main questionnaire,
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participants were asked, “Do you have a hearing problem?” (no, mild, moderate, severe),
and “At what age did you first notice a change in your hearing?” On the 2013 main
questionnaire, participants were asked, “Which best describes your hearing?” (excellent,
good, a little hearing trouble, moderate hearing trouble, deaf), and “Have you noticed a
change in your hearing?” and, if the response was “Yes,” “At what age did you first notice a
change in your hearing?”

Incident cases of hearing loss were defined as those women in NHS | who reported a hearing
problem starting after the first blood draw. We excluded women who noticed a change in
their hearing prior to the years of the first blood draws and those with a history of cancer
other than non-melanoma skin cancer due to the possible exposure to ototoxic
chemotherapeutic drugs.

For this study, we chose a priorito examine moderate or worse hearing loss as the primary
outcome to focus on hearing loss that is likely to be the most clinically meaningful and to
minimize misclassification. The use of questionnaires to assess hearing loss has been found
to be reliable (Schow et al. 1990; Ferrite et al. 2011), and has been effective in detecting
significant associations in this and similar cohorts (Schow et al. 1990; Schow & Gatehouse
1990; Coren & Hakstian 1992; Nondahl et al., 1998; Gomez et al. 2001). In a validation
study of self-reported hearing loss as compared with audiometrically measured hearing loss
in Australia, the sensitivity of a single question to assess hearing loss among women <70
years of age was 95% for detecting moderate hearing loss (better ear pure tone average
[PTA] 0.5,1,2,4 kilohertz [kHz] >40 dB HL) and 100% for detecting marked hearing loss
(better ear PTA g5 12 4 kHz > 60 dB HL), and the specificity was 65% and 64%, respectively
(Sindhusake et al. 2001).

As a secondary outcome, we also assessed the incidence of mild or worse hearing loss. Mild
hearing loss was defined as self-reported “mild” hearing loss based on the 2009 and 2012
questionnaires. On the NHS Il questionnaire from 2013, women with “mild” hearing loss
were those who described having “a little hearing trouble.”

Ascertainment of Covariates

We considered the following covariates based on risk factors for hearing loss that have been
reported in previous studies. These factors include age (Agrawal et al. 2008); race (Agrawal
et al. 2008); menopausal status (Hederstierna et al. 2007; Curhan et al., 2017); tinnitus
(Nondahl et al. 2002; Shargorodsky et al. 2010); body mass index (BMI) (Curhan et al.
2013); waist circumference (Curhan et al. 2013); alcohol consumption (Curhan et al. 2015);
intake of folate (Durga et al. 2007; Curhan et al. 2015), B-cryptoxanthin (Curhan et al.
2015), p-carotene (Choi et al. 2014; Curhan et al. 2015), long chain omega-3 fatty acids
(Curhan et al. 2014), vitamin B12 (Houston et al. 1999; Durga et al. 2007), vitamin C
(Curhan et al. 2015), potassium (Wangemann 2006), and magnesium (Haupt et al. 2003);
physical activity level ( Li et al. 2006; Curhan et al. 2013); smoking (Itoh et al. 2001);
diabetes (Bainbridge et al. 2010); hypertension (Lin et al. 2016); and regular use of non-
steroidal anti-inflammatory agents (NSAIDs), acetaminophen, and aspirin (Curhan et al.
2012; Lin et al. 2017).
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Updated covariate data were obtained from biennial questionnaires. Dietary intake data were
derived from semi-quantitative food frequency questionnaires, which are administered every
4 years. Covariate information obtained from these questionnaires has been reported to be
valid and reproducible (Willett et al.1985; Rimm et al. 1992).

Statistical Analysis

Analyses were performed prospectively using exposure information collected before the
reported onset of hearing loss. Levels of CRP were categorized based on clinically-relevant
cut-points established by the American Heart Association/Centers for Disease Control (<1
mg/L low risk group, 1-3 mg/L average risk group, and >3 mg/L high risk group) (Pearson
et al. 2003). We further categorized CRP into 3 to < 6 and =6 according to the distribution in
our cohorts to see if more extreme values were associated with a different magnitude of risk.
Thus, for CRP, the categories were <1 mg/L, 1 to <3 mg/L, 3 to <6 mg/L, and =6 mg/L. In
the literature, clinically relevant cut-points for IL-6 and TNFR-2 vary, though some studies
suggest that >3 pg/mL constitutes high levels of IL-6 (Lai et al., 2002). IL-6 was categorized
as <1 pg/mL, 1 to <2 pg/mL, 2 to <3 pg/mL, and = 3 pg/mL. For TNFR-2, the categories
were <2000 pg/mL, 2000 to <3000 pg/mL, and = 3000 pg/mL. Categories of 1L-6 and
TNFR-2 were created based on the distribution of the data in our cohorts in order to ensure
adequate discrimination between different cut-points. Exposure for each participant was
assigned based on the baseline and updated inflammatory marker category, as some
participants had the same biomarker measured at both time periods.

We examined the risk of hearing loss that was moderate or worse in severity in each cohort.
In NHS 1, person-time was calculated from 1990 until the date of self-reported hearing loss
or end of follow up in 2012. In NHS 11, person-time of follow-up was calculated from 1995
until the date of self-reported hearing loss or end of follow-up in 2013. Women who reported
mild hearing loss were skipped starting from the date of onset for that time period and
reentered the analysis as a case if they subsequently reported moderate or worse hearing
loss.

In the primary analysis, we pooled the multivariable-adjusted hazard ratios from NHS | and
NHS 11 for the risk of moderate or worse hearing loss. The pooled multivariable-adjusted
hazard ratios of moderate or worse hearing loss were calculated based on inflammatory
categories. Because of the different timings of blood collection, we ran separate models for
each cohort. We then used a meta-analysis macro to obtain the pooled parameter estimates
and hazard ratios after controlling for the same covariates in both cohorts. Participants were
censored at the reported onset of hearing loss or new cancer diagnosis, other than non-
melanoma skin cancer. The outcome definition was changed to mild or worse hearing loss
and the analysis was repeated.

Multivariable-adjusted hazard ratios of hearing loss by inflammatory marker category were
calculated using Cox proportional hazards regression models. We tested for the proportional
hazards assumption by evaluating the interaction of each biomarker with time-varying age.
None of the interaction terms were significant; thus the constant proportional hazards
assumption was not violated. Covariate data that had been collected biennially was included
in the Cox regression model as time-varying. We considered covariates that might be
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potential confounders and removed those not found to be statistically significant using
backward selection, setting a p-value threshold of < 0.10. For consistency, we retained the
same covariates in the NHS | and NHS 11 models (BMI, age, hypertension, and
acetaminophen use). We also tested for effect modification by age in the NHS | cohort
(categorized as <60 and = 60 years). These analyses were not performed in NHS |1 due to
the younger ages of the participants. We calculated 95% confidence intervals for all hazard
ratios. Tests for linear trend for CRP, IL-6, and TNFR-2 were performed by assigning the
median value for each category to all participants in that group. 2 values are all two-sided.
SAS software, version 9.4 (SAS Institute, Inc., Cary, North Carolina) was used for all
statistical analyses.

This study was approved by the Partners Healthcare Institutional Review Board.

Baseline Characteristics

CRP

The characteristics of participants at baseline according to categories of CRP in NHS | and
Il are shown in Tables 1 and 2. Most participants were white. Those with the highest levels
of CRP also tended to have a higher BMI, larger waist circumference, lower physical
activity, more regular analgesic use (>3 days/week of acetaminophen, aspirin, and NSAID
use), and more hypertension. In NHS I, participants with higher levels of CRP were more
likely to have diabetes. Other health, dietary, and lifestyle characteristics did not vary
substantially according to category of CRP.

Baseline characteristics for participants according to IL-6 and TNFR-2 categories for each
cohort are shown in Supplementary Tables 1-4. Similar relations were seen with regards to
age, hypertension, BMI, and analgesic use. In NHS I, participants with higher levels of IL-6
were more likely to have diabetes and lower mean intake of folate, B-carotene, magnesium,
and potassium. With the exception of B-carotene, these relations were not seen in the NHS 11
cohort.

The median time to age-adjusted moderate or worse hearing loss in both cohorts was 12
years.

Among the 7,891 participants with measured plasma CRP, 628 incident cases of hearing loss
that were moderate or worse in severity were reported to have occurred during 100,277
person-years of follow-up (Table 3). There was no significant association between plasma
levels of CRP and incident hearing loss after multivariable adjustment (p-trend=0.33) (Table
3). The cohort-specific results for moderate or worse hearing loss by plasma CRP level are
shown in Supplementary Table 5.

Among participants with measured plasma CRP, there were 1,849 incident cases of mild or
worse hearing loss during 101,447 person-years of follow up (Table 4). There was no
significant association between CRP level and mild or worse hearing loss (MV-adjusted p-
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trend=0.23). Cohort-specific results for mild or worse hearing loss by CRP level are shown
in Supplementary Table 6.

Among the 6,517 women in NHS | and NHS Il with measured plasma IL-6 levels, 458
incident cases of hearing loss that were moderate or worse in severity were reported to have
occurred during 79,307 person-years of follow-up (Table 3). There was no independent
association between IL-6 and hearing loss that was moderate or worse in severity when the
results were pooled for NHS | and NHS 11 (p-trend=0.54).

There were 1,306 incident cases of mild or worse hearing loss during 79,267 person-years of
follow up (Table 4). There was no significant association between IL-6 level and mild or
worse hearing loss (p-trend=0.45). Cohort specific results for moderate or worse and mild or
worse hearing loss by IL-6 level are presented in Supplementary Tables 7 and 8.

Among the 4,000 NHS | women with plasma TNFR-2 levels , there were 452 incident cases
of moderate or worse hearing loss reported during 52,809 person-years of follow-up (Table
3). There was no independent association between TNFR-2 levels and moderate or worse
hearing loss in NHS | (p-trend=0.70). We could not examine the multivariable-adjusted
hazard ratio of moderate or worse hearing loss in NHS 11, because there were only 9 incident
cases of moderate or worse hearing loss.

When evaluating the risk of mild or worse hearing loss according to TNFR-2 levels in NHS |
and NHS 11, there were 981 cases of hearing loss during 55,582 person-years of follow up
(Table 4). There was no significant association between TNFR-2 category and mild,
moderate, or worse hearing loss (p-trend=0.61). Cohort specific results for mild or worse
hearing loss by TNFR-2 level are depicted in Supplementary Table 9.

Stratification by Age

After stratifying by age =60 and <60 years in NHS I, no significant associations were
observed between levels of CRP and IL-6 and the risk of moderate or worse hearing loss in
younger or older women (p-interaction for CRP =0.54; p-interaction for IL-6 = 0.21). In
participants =60 years, the risk of moderate or worse hearing loss was highest in those with
plasma TNFR-2 levels 23000 pg/mL (HR 1.52, 95% CI: 1.02-2.25) compared with <2000
pg/mL (p-interaction=0.02) (Table 5). There was no significant association between plasma
TNFR-2 levels of 2000 to <3000 pg/mL and moderate or worse hearing loss compared with
levels <2000 pg/mL (HR 1.20, 95% ClI: 0.83-1.74).

When we examined the outcome defined as mild or worse hearing loss in NHS | (Table 6),
the risk of hearing loss was similarly highest among those in the highest category of
TNFR-2 levels compared with those who were in the lowest category (HR 1.39, 95% CI:
1.07-1.82) For participants <60, there was a significant inverse association between TNFR-2
level and the risk of mild or worse hearing loss among those women with TNFR-2 levels
>3000 compared with those with TNFR-2 levels <2000 (HR 0.70, 95 % CI: 0.50-0.97).
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Sensitivity Analysis
We examined the change in CRP, IL-6, and TNFR-2 levels among participants who had

biomarkers measured in both periods by subtracting levels at the second time period from
the first time period. The median change in levels was <15% for all 3 biomarkers.

When data were missing, we created “missing” indicator categories for the inflammatory
markers and covariates, and we ran models with and without the missing categories. Because
the results did not change, we left out the missing categories for the inflammatory markers in
the final models.

DISCUSSION

In this longitudinal study of 9,079 women, we found no overall association between plasma
levels of inflammatory markers and the risk of self-reported hearing loss.

Local inflammation in the cochlea has been demonstrated to lead to cell injury and hearing
loss in animal studies. Within the lateral wall of the cochlea, bone marrow-derived resident
macrophages are activated in response to noise exposure, ischemia, and surgical stress
(Fujioka et al. 2014). In vivo production of TNF-a and IL-6 occurs after directly challenging
the ear with a specific antigen presenting cell, resulting in an extensive immune response in
the cochlea (Satoh et al. 2003). TNF-a has also been shown to be activated in noise induced
hearing loss, as it controls cochlear microcirculation through its effects on spiral modiolar
arterial vasoconstriction (Arpornchayanon et al. 2013).

While inflammation has been shown to occur locally at the level of the inner ear, animal and
in vitro studies have also demonstrated that circulating inflammatory molecules can cause
hearing loss by disrupting the endothelial cell integrity of the stria vascularis, leading to loss
of the blood-labyrinth barrier (Trune & Nguyen-Huynh 2012). Circulating 1L-6 and TNF-a
have been found to strip off the protective glycocalyx, thereby exposing the cell surface to
circulating immune factors (lversen et al. 1999; Henry & Duling, 2000; Trune & Nguyen-
Huynh, 2012). The loss of tight junctions in the ear exposes the blood-labyrinth barrier,
leading to decreased endolymph production and endolymphatic potential. Compromise of
the barrier with vascular leakage can therefore lead to hearing loss.

Neuro-inflammation and neurodegeneration may also be associated with sensorineural
hearing loss. A number of neurodegenerative disorders, including Alzheimer’s disease,
Parkinson’s disease, and multiple sclerosis have been associated with inflammation (Glass et
al. 2010; Smith et al. 2012). In these disorders, microglia secrete inflammatory mediators
like TNF-a that then trigger astrocytes to induce secondary inflammatory responses, leading
to oxidative stress and accumulation of reactive oxygen species (Glass et al. 2010). In
Alzheimer’s disease, TNF-a and IL-6 are found in excess in the serum; they cross the blood-
brain barrier and activate the central immune response (Walters et al. 2016). Age-related
hearing loss, which is characterized by loss of hair cells and atrophy of the stria vascularis, is
also thought to occur secondary to oxidative stress and an overactive neuro-inflammatory
response (Riva et al. 2007; Fujimoto & Yamasoba 2014). Mice models of age-related
hearing loss suggest that microglia assume a primed state in the presence of age-related
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hearing loss and release pro-inflammatory cytokines (Bowl & Dawson, 2015; Norden &
Godbout, 2013). The elderly may be less able to down-regulate cytokine production and
neuro-inflammation (El Assar et al. 2013).

Elevated plasma levels of inflammatory markers have also been identified in a variety of
forms of hearing loss (Trune & Nguyen-Huynh, 2012). A small cross-sectional study
(n=611) reported that higher levels of plasma CRP and IL-6 were associated with poorer
hearing sensitivities in older adults (Verschuur et al. 2012). Cross-sectional results from
NHANES showed that higher CRP levels were associated with a higher odds of hearing loss
as defined by pure-tone audiometry, with a HR 1.98, 95% CI: 1.26-3.10 at mid/low
frequencies (0.5, 1, and 2 kHz) and HR 1.50, 95% CI: 1.01-2.23 at high frequencies (3, 4, 6,
and 8 kHz) (Bainbridge et al. 2010).

Prospective data on the relation between inflammation and hearing decline are limited. To
date, there is only one other study that has longitudinally assessed the association between
CRP, IL-6, and TNFR-2 levels and hearing loss (Nash et al., 2014). Nash et al. used the
Epidemiology of Hearing Loss Study (EHLS) to examine whether levels of inflammatory
markers are related to measured hearing loss over 10-year follow-up (n=1073). They found
no significant association between higher levels of baseline CRP, IL-6, or TNFR-a and
hearing loss, defined as PTA (g 5,1,2,4) >25 dB HL. In our study, there was also no statistically
significant association between higher CRP, IL-6, and TNFR-2 categories and hearing loss.
Our finding that the median changes in biomarker levels were low when we subtracted each
level in the second time period from the first time period, suggest that even if individuals
changed categories between the two periods, this is unlikely to explain the null findings.

Nash et al. did find a statistically significant association between CRP and the incidence of
hearing impairment in participants aged <60 years at baseline (HR 1.98, 95% CI: 1.22-3.20)
but not in those =60 years and older (p-interaction = 0.03). These findings were independent
of sex, obesity, smoking, and alcohol use. In our NHS | cohort, there was no interaction with
the same age categories for CRP but there was a significant interaction for TNFR-2. The risk
of moderate or worse hearing loss or mild or worse hearing loss was higher with higher
plasma levels of TNFR-2, but only in those women who were aged 60 or older. The reasons
why our findings differ from the Nash study are unclear. The EHLS results were unchanged
after stratifying by sex and included many of the same potential confounders in their models.
We evaluated hearing based on self-report, whereas Nash et al. used hearing thresholds to
gauge change in hearing. Our sample size was also much larger.

Our finding of a higher risk of hearing loss in higher categories of TNFR-2 among those =60
could mean that older subsets of the population with higher degrees of inflammation are
more susceptible to hearing loss than their similarly aged counterparts; however, it could
also have been a chance finding. TNF-a is more closely involved in neural signaling
pathways, and is specifically produced by spiral ligament fibrocytes following noise
exposure (Fujioka et al. 2006). Furthermore, infusion of TNF-a is into guinea pig cochlea
leads to infiltration of leukocytes in the setting of acoustic trauma (Hirose et al. 2005). These
findings that are specific to TNF-a may explain why the same associations were not seen
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with CRP and IL-6. Our findings of a lower risk of hearing loss in higher categories of
TNFR-2 among those women <60 was unexpected and may have been a chance finding.

Efforts are underway to target both local and systemic inflammatory pathways in order to
prevent or reverse hearing loss. Locally, treatment with TNF-a blockers has led to
inconsistent results in the treatment of hearing loss (Matteson et al. 2005; Van Wijk et al.
2006). On a systemic level, the ASPREE-HEARING trial is now recruiting patients to
determine whether daily aspirin slows the progression of age-related hearing loss in healthy
older adults (Lowthian et al. 2016). In this three-year double-blind, randomized controlled
trial, investigators are enrolling 1262 Australians who are aged 70 to assess whether 100 mg
of aspirin results in a difference in PTA(g 5,1 2 4) Over a 3-year period. However, in the male
Health Professionals Follow-up Study, there was a higher risk of self-reported hearing
impairment among males who were regular aspirin users (n=26,917) (Curhan et al. 2010).
Furthermore, the results of our study suggest that systemic inflammation, as assessed by
CRP, IL-6, and TNFR-2 levels, may not modify the risk of hearing impairment, though local
inflammation could still play a role.

While our study found no significant association between inflammatory markers and
incident hearing loss, it is possible that CRP, IL-6, and TNFR-2 are not the optimal markers,
and serum levels may not be representative of inflammation occurring at the level of the
cochlea. This raises the question of whether addressing systemic inflammation would
influence hearing loss risk. Furthermore, there may be other as yet unidentified mediators of
the relation between inflammation and hearing loss; for instance, one Japanese study
implicated certain polymorphisms of genes encoding inflammatory mediators as risk factors
for presbycusis (Uchida et al. 2014).

This is the largest prospective study to date that has examined the risk of incident hearing
loss in relation to levels of inflammatory markers. Furthermore, the information obtained
from the NHS I and Il cohorts is highly reliable, and follow-up rates are high. However, this
study has limitations. Hearing loss assessment was based on self-report. Nonetheless, while
pure-tone audiometry is considered the gold standard for evaluating hearing loss, studies
have shown that self-reported hearing loss is a reliable indicator of hearing loss (Gomez et
al. 2001; Ferrite et al. 2011; Kamil et al. 2015). Several prior studies have been conducted in
NHS I and NHS 11 that have identified important risk factors for self-reported hearing loss
(Curhan et al. 2011; Curhan et al. 2012; Curhan et al. 2015; Lin et al. 2016; Lin et al. 2017;
Curhan et al. 2017). We chose to examine moderate or worse hearing loss as the primary
outcome to minimize misclassification. The sensitivity of a single question to detect
moderate or worse hearing loss has been shown to be high among women (Sindhusake et al.
2001). The study consisted of mostly non-Hispanic white women; therefore, the findings
may not be generalizable to men or other racial groups.

Based on the findings from this large longitudinal study, plasma markers of inflammation
are not associated with risk of hearing loss. Additional studies are needed to elucidate other
modifiable risk factors, given the public health burden of hearing loss.

Ear Hear. Author manuscript; available in PMC 2020 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Guptaet al. Page 11

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Acknowledgments:

This work was supported by the following NIH grants: 4T32DK007527, DK091417, DC010811, UM1 CA186107,
R01 CA49449, UM1 CA176726, and R01 CA67262

References:

Agrawal Y, Platz EA, & Niparko JK (2008). Prevalence of hearing loss and differences by
demographic characteristics among US adults - Data from the National Health and Nutrition
Examination Survey, 1999-2004. Archives Of Internal Medicine, 168(14), 1522-1530. 10.1001/
archinte.168.14.1522 [PubMed: 18663164]

Arpornchayanon W, Canis M, lhler F, Settevendemie C, & Strieth S (2013). TNF-a inhibition using
etanercept prevents noise-induced hearing loss by improvement of cochlear blood flow in vivo.
International Journal of Audiology, 52(8), 545-552. 10.3109/14992027.2013.790564 [PubMed:
23786392]

Bainbridge KE, Cheng YJ, & Cowie CC (2010). Potential mediators of diabetes-related hearing
impairment in the U.S. population: National Health and Nutrition Examination Survey 1999-2004.
Diabetes Care, 33(4), 811-816. 10.2337/dc09-1193 [PubMed: 20097782]

Bowl MR, & Dawson SJ (2015). The mouse as a model for age-related hearing loss - A mini-review.
Gerontology, 61(2), 149-157. 10.1159/000368399 [PubMed: 25471225]

Choi YH, Miller JM, Tucker KL, Hu H, & Park SK (2014). Antioxidant vitamins and magnesium and
the risk of hearing loss in the US general population. American Journal of Clinical Nutrition, 99(1),
148-155. 10.3945/ajcn.113.068437 [PubMed: 24196403]

Coren S, & Hakstian a. R. (1992). The development and cross-validation of a self-report inventory to
assess pure-tone threshold hearing sensitivity. Journal of Speech and Hearing Research. 10.1044/
jshr.3504.921

Curhan SG, Eavey RD, Wang M, Rimm EB, & Curhan GC (2014). Fish and fatty acid consumption
and the risk of hearing loss in women. The American Journal of Clinical Nutrition, 100(5), 1371-7.
10.3945/ajcn.114.091819 [PubMed: 25332335]

Curhan SG, Eavey R, Shargorodsky J, & Curhan GC (2010). Analgesic use and the risk of hearing loss
in men. The American Journal of Medicine, 123(3), 231-7. 10.1016/j.amjmed.2009.08.006
[PubMed: 20193831]

Curhan SG, Eavey R, Shargorodsky J, & Curhan GC (2011). Prospective study of alcohol use and
hearing loss in men. Ear and Hearing, 32(1), 46-52. 10.1097/AUD.0b013e3181f46a2f [PubMed:
20802338]

Curhan SG, Eavey R, Wang M, Stampfer MJ, & Curhan GC (2013). Body mass index, waist
circumference, physical activity, and risk of hearing loss in women. The American Journal of
Medicine, 126(12), 1142.e1-8. 10.1016/j.amjmed.2013.04.026

Curhan SG, Eavey R, Wang M, Stampfer MJ, & Curhan GC (2015). Prospective study of alcohol
consumption and self-reported hearing loss in women. Alcohol, 49(1), 71-77. 10.1016/j.alcohol.
2014.10.001 [PubMed: 25468591]

Curhan SG, Eliassen AH, Eavey RD, Wang M, Lin BM, & Curhan GC (2017). Menopause and
postmenopausal hormone therapy and risk of hearing loss. Menopause, 24(9). 10.1097/GME.
0000000000000878

Curhan SG, Shargorodsky J, Eavey R, & Curhan GC (2012). Analgesic use and the risk of hearing loss
in women. American Journal of Epidemiology, 176(6), 544-54. 10.1093/aje/kws146 [PubMed:
22933387]

Curhan SG, Stankovic KM, Eavey RD, Wang M, Stampfer MJ, & Curhan GC (2015). Carotenoids,
vitamin A, vitamin C, vitamin E, and folate and risk of self-reported hearing loss in women. The

Ear Hear. Author manuscript; available in PMC 2020 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gupta et al.

Page 12

American Journal of Clinical Nutrition, 102(5), 1167-1175. 10.3945/ajcn.115.109314 [PubMed:
26354537]

Durga J, Verhoef P, Anteunis LJC, Schouten E, & Kok FJ (2007). Effects of folic acid supplementation
on hearing in older adults: a randomized, controlled trial. Annals of Internal Medicine, 146(1), 1-
9. Retrieved from http://www.nchbi.nlm.nih.gov/pubmed/17200216 [PubMed: 17200216]

El Assar M, Angulo J, & Rodriguez-Mafias L (2013). Oxidative stress and vascular inflammation in
aging. Free Radical Biology and Medicine. 10.1016/j.freeradbiomed.2013.07.003

Ferrite S, Santana VS, & Marshall SW (2011). Validity of self-reported hearing loss in adults:
Performance of three single questions. Revista de Saude Publica, 45(5), 824-830. 10.1590/
S0034-89102011005000050

Fujimoto C, & Yamasoba T (2014). Oxidative stresses and mitochondrial dysfunction in age-related
hearing loss. Oxidative Medicine and Cellular Longevity. 10.1155/2014/582849

Fujioka M, Kanzaki S, Okano HJ, Masuda M, Ogawa K, & Okano H (2006). Proinflammatory
cytokines expression in noise-induced damaged cochlea. Journal of Neuroscience Research, 83(4),
575-583. 10.1002/jnr.20764 [PubMed: 16429448]

Fujioka M, Okano H, & Ogawa K (2014). Inflammatory and immune responses in the cochlea:
Potential therapeutic targets for sensorineural hearing loss. Frontiers in Pharmacology. 10.3389/
fphar.2014.00287

Glass CK, Saijo K, Winner B, Marchetto MC, & Gage FH (2010). Mechanisms Underlying
Inflammation in Neurodegeneration. Cell. 10.1016/j.cell.2010.02.016

Gomez MI, Hwang S-A, Sobotova L, Stark AD, & May JJ (2001). A Comparison of Self-Reported
Hearing Loss and Audiometry in a Cohort of New York Farmers. Journal of Speech Language and
Hearing Research, 44(6), 1201 10.1044/1092-4388(2001/093)

Haupt H, Scheibe F, & Mazurek B (2003). Therapeutic efficacy of magnesium in acoustic trauma in
the guinea pig. ORL, 65(3), 134-139. 10.1159/000072250 [PubMed: 12925813]

Hederstierna C, Hultcrantz M, Collins A, & Rosenhall U (2007). Hearing in women at menopause.
Prevalence of hearing loss, audiometric configuration and relation to hormone replacement
therapy. Acta Oto-Laryngologica, 127(2), 149-155. 10.1080/00016480600794446 [PubMed:
17364346]

Henry CB, & Duling BR (2000). TNF-alpha increases entry of macromolecules into luminal
endothelial cell glycocalyx. American Journal of Physiology. Heart and Circulatory Physiology,
279, H2815-H2823. [PubMed: 11087236]

Hirose K (2008). Hearing loss and diabetes: You might not know what you’re missing. Annals of
Internal Medicine, 149(1), 54-55. [PubMed: 18559823]

Hirose K, Discolo CM, Keasler JR, & Ransohoff R (2005). Mononuclear phagocytes migrate into the
murine cochlea after acoustic trauma. Journal of Comparative Neurology, 489(2), 180-194.
10.1002/cne.20619 [PubMed: 15983998]

Houston DK, Johnson MA, Nozza RJ, Gunter EW, Shea KJ, Cutler GM, & Edmonds JT (1999). Age-
related hearing loss, vitamin B-12, and folate in elderly women. The American Journal of Clinical
Nutrition, 69(3), 564—-71. Retrieved from http://www.ncbi.nIm.nih.gov/pubmed/10075346
[PubMed: 10075346]

Itoh A, Nakashima T, Arao H, Wakai K, Tamakoshi A, Kawamura T, & Ohno Y (2001). Smoking and
drinking habits as risk factors for hearing loss in the elderly: epidemiological study of subjects
undergoing routine health checks in Aichi, Japan. Public Health, 115(3), 192-6. 10.1038/sj.ph.
1900765 [PubMed: 11429714]

Iversen PO, Nicolaysen A, Kvernebo K, Benestad HB, & Nicolaysen G (1999). Human cytokines
modulate arterial vascular tone via endothelial receptors. Pflugers Archiv European Journal of
Physiology, 439(1-2), 93-100. 10.1007/s004240051132 [PubMed: 10651005]

Kamil RJ, Genther DJ, & Lin FR (2015). Factors associated with the accuracy of subjective
assessments of hearing impairment. Ear and Hearing, 36(1), 164-167. 10.1097/AUD.
0000000000000075 [PubMed: 25158982]

Karadag F, Kirdar S, Karul AB, & Ceylan E (2008). The value of C-reactive protein as a marker of
systemic inflammation in stable chronic obstructive pulmonary disease. European Journal of
Internal Medicine, 19(2), 104-108. 10.1016/j.ejim.2007.04.026 [PubMed: 18249305]

Ear Hear. Author manuscript; available in PMC 2020 July 01.


http://www.ncbi.nlm.nih.gov/pubmed/17200216
http://www.ncbi.nlm.nih.gov/pubmed/10075346

1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gupta et al.

Page 13

Lai R, O’Brien S, Maushouri T, Rogers A, & et al. (2002). Prognostic value of plasma IL-6 Levels in
patients with Chronic Lymphocytic Leukemia. Cancer, 95(5), 1071-5. [PubMed: 12209693]

Li Y, Healy EW, Wanzer Drane J, & Zhang J (2006). Comorbidity between and risk factors for severe
hearing and memory impairment in older Americans. Preventive Medicine, 43(5), 416-421.
10.1016/j.ypmed.2006.06.014 [PubMed: 16876854]

Lin B, Li W, Curhan S, Stankovic K, Qureshi A, & Curhan G (2017). Skin Pigmentation and Risk of
Hearing Loss in Women. Am J Epidemiol, 186(1), 1-10. 10.1093/aje/kwx024 [PubMed:
28525626]

Lin BM, Curhan SG, Wang M, Eavey R, Stankovic KM, & Curhan GC (2016). Hypertension, Diuretic
Use, and Risk of Hearing Loss. American Journal of Medicine, 129(4), 416-422. 10.1016/
j.amjmed.2015.11.014 [PubMed: 26656761]

Lin BM, Curhan SG, Wang M, Eavey R, Stankovic KM, & Curhan GC (2017). Duration of analgesic
use and risk of hearing loss in women. American Journal of Epidemiology, 185(1), 40-47.
10.1093/aje/kww154 [PubMed: 27974293]

Lowthian JA, Britt CJ, Rance G, Lin FR, Woods RL, Wolfe R, ... Storey E (2016). Slowing the
progression of age-related hearing loss: Rationale and study design of the ASPIRIN in HEARING,
retinal vessels imaging and neurocognition in older generations (ASPREE-HEARING) trial.
Contemporary Clinical Trials, 46, 60-66. 10.1016/j.cct.2015.11.014 [PubMed: 26611434]

Mancinella A, Mancinella M, Carpinteri G, Bellomo A, Fossati C, Gianturco V, ... Marigliano V
(2009). Is there a relationship between high C-reactive protein (CRP) levels and dementia?
Archives of Gerontology and Geriatrics, 49 Suppl 1, 185-94. 10.1016/j.archger.2009.09.028
[PubMed: 19836632]

Matteson EL, Choi HK, Poe DS, Wise C, Lowe VJ, McDonald TJ, & Rahman MU (2005). Etanercept
therapy for immune-mediated cochleovestibular disorders: A multi-center, open-label, pilot study.
Arthritis Care and Research, 53(3), 337-342. 10.1002/art.21179 [PubMed: 15934127]

McCabe BF (1989). Autoimmune inner ear disease: therapy. The American Journal of Otology, 10(3),
196-197. [PubMed: 2750868]

Nash SD, Cruickshanks KJ, Zhan W, Tsai MY, Klein R, Chappell R, ... Tweed TS (2014). Long-term
assessment of systemic inflammation and the cumulative incidence of age-related hearing
impairment in the epidemiology of hearing loss study. The Journals of Gerontology. Series A,
Biological Sciences and Medical Sciences, 69(2), 207-14. 10.1093/gerona/glt075

Nondahl DM, Cruickshanks KJ, Wiley Ronald Klein TL, K Klein BE, & Tweed TS (2002). Prevalence
and 5-Year Incidence of Tinnitus among Older Adults: The Epidemiology of Hearing Loss Study. J
Am Acad Audiol, 13, 323-331. [PubMed: 12141389]

Nondahl DM, Cruickshanks KJ, Wiley TL, Tweed TS, Klein R, & Klein BEK (1998). Accuracy of
Self-reported Hearing Loss. International Journal of Audiology, 37(5), 295-301.
10.3109/00206099809072983

Norden DM, & Godbout JP (2013). Review: Microglia of the aged brain: Primed to be activated and
resistant to regulation. Neuropathology and Applied Neurobiology. 10.1111/j.
1365-2990.2012.01306.x

Ohlemiller KK (2009). Mechanisms and genes in human strial presbycusis from animal models. Brain
Research. 10.1016/j.brainres.2009.02.079

Okano T, Nakagawa T, Kita T, Kada S, Yoshimoto M, Nakahata T, & Ito J (2008). Bone marrow-
derived cells expressing Ibal are constitutively present as resident tissue macrophages in the
mouse cochlea. Journal of Neuroscience Research, 86(8), 1758-1767. 10.1002/jnr.21625
[PubMed: 18253944]

Pai J, Gurhan G, Cannuscio C, & et al. (2002). Stability of novel plasma markers associated with
cardiovascular disease: processing within 36 hours of specimen collection. Clin Chem, 48, 1781—
4. [PubMed: 12324497]

Pearson TA, Mensah GA, Alexander RW, Anderson JL, Cannon RO, Criqui M, ... Vinicor F (2003).
Markers of inflammation and cardiovascular disease: Application to clinical and public health
practice: A statement for healthcare professionals from the centers for disease control and
prevention and the American Heart Association. Circulation. 10.1161/01.CIR.
0000052939.59093.45

Ear Hear. Author manuscript; available in PMC 2020 July 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Gupta et al.

Page 14

Pischon T, Hankinson SE, Hotamisligil GS, Rifai N, & Rimm EB (2003). Leisure-time physical
activity and reduced plasma levels of obesity-related inflammatory markers. Obes Res, 11(9),
1055-64. 10.1038/0by.2003.145 [PubMed: 12972675]

Ridker PM, Hennekens CH, Buring JE, & Rifai N (2000). C-reactive protein and other markers of
inflammation in the prediction of cardiovascular disease in women. The New England Journal of
Medicine, 342, 836-843. 10.1056/NEJM200003233421202 [PubMed: 10733371]

Rimm EB, Giovannucci EL, Stampfer MJ, Colditz GA, Litin LB, & Willett WC (1992).
Reproducibility and validity of an expanded self-administered semiquantitative food frequency
questionnaire among male health professionals. American Journal of Epidemiology, 135(10),
1114-1126. 10.1093/oxfordjournals.aje.al16211 [PubMed: 1632423]

Rincon M (2012). Interleukin-6: From an inflammatory marker to a target for inflammatory diseases.
Trends in Immunology. 10.1016/.it.2012.07.003

Riva C, Donadieu E, Magnan J, & Lavieille JP (2007). Age-related hearing loss in CD/1 mice is
associated to ROS formation and HIF target proteins up-regulation in the cochlea. Experimental
Gerontology, 42(4), 327-336. 10.1016/j.exger.2006.10.014 [PubMed: 17141999]

Satoh H, Firestein GS, Billings PB, Harris JP, & Keithley EM (2003). Proinflammatory cytokine
expression in the endolymphatic sac during inner ear inflammation. Journal of the Association for
Research in Otolaryngology: JARO, 4(2), 139-47. 10.1007/s10162-002-3025-7 [PubMed:
12943369]

Schow RL, & Gatehouse S (1990). Fundamental issues in self-assessment of hearing. Ear and Hearing,
11(5), 6S-16S. [PubMed: 2269416]

Schow RL, Smedley TC, & Longhurst TM (1990). Self-assessment and impairment in adult/elderly
hearing screening--recent data and new perspectives. Ear Hear, 11(5 Suppl), 17S-27S. Retrieved
from http://www.nchi.nlm.nih.gov/pubmed/2269411 [PubMed: 2269411]

Shargorodsky J, Curhan GC, & Farwell WR (2010). Prevalence and characteristics of tinnitus among
US adults. American Journal of Medicine, 123(8), 711-718. 10.1016/j.amjmed.2010.02.015
[PubMed: 20670725]

Sindhusake D, Mitchell P, Smith W, Golding M, Newall P, Hartley D, & Rubin G (2001). Validation of
self-reported hearing loss. The Blue Mountains Hearing Study. International Journal of
Epidemiology, 30, 1371-1378. 10.1093/ije/30.6.1371 [PubMed: 11821349]

Smith JA, Das A, Ray SK, & Banik NL (2012). Role of pro-inflammatory cytokines released from
microglia in neurodegenerative diseases. Brain Research Bulletin. 10.1016/j.brainresbull.
2011.10.004

Trune DR, & Nguyen-Huynh A (2012). Vascular pathophysiology in hearing disorders. Seminars in
Hearing, 33(3), 242-250. 10.1055/s-0032-1315723 [PubMed: 25346568]

Uchida Y, Sugiura S, Ueda H, Nakashima T, Ando F, & Shimokata H (2014). The association between
hearing impairment and polymorphisms of genes encoding inflammatory mediators in Japanese
aged population. Immunity & Ageing, 11(1), 18 10.1186/s12979-014-0018-4 [PubMed:
25469152]

Van Wijk F, Staecker H, Keithley E, & Lefebvre PP (2006). Local perfusion of the tumor necrosis
factor a blocker infliximab to the inner ear improves autoimmune neurosensory hearing loss.
Audiology and Neurotology, 11(6), 357-365. 10.1159/000095897 [PubMed: 16988499]

Verschuur CA, Dowell A, Syddall HE, Ntani G, Simmonds SJ, Baylis D, ... Aihie sayer A (2012).
Markers of inflammatory status are associated with hearing threshold in older people: Findings
from the hertfordshire ageing study. Age and Ageing, 41(1), 92-97. 10.1093/ageing/afr140
[PubMed: 22086966]

Walters A, Phillips E, Zheng R, Biju M, & Kuruvilla T (2016). Evidence for neuroinflammation in
Alzheimer’s disease. Progress in Neurology and Psychiatry. 10.1002/pnp.444

Wangemann P (2006). Supporting sensory transduction: Cochlear fluid homeostasis and the
endocochlear potential. Journal of Physiology. 10.1113/jphysiol.2006.112888

Willett WC, Sampson L, Stampfer MJ, Rosner B, Bain C, Witschi J, ... Speizer FE (1985).
Reproducibility and validity of a semiquantitative food frequency questionnaire. American Journal
of Epidemiology, 122(1), 51-65. 10.1093/acprof [PubMed: 4014201]

Ear Hear. Author manuscript; available in PMC 2020 July 01.


http://www.ncbi.nlm.nih.gov/pubmed/2269411

1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuep Joyiny

Gupta et al.

Baseline Characteristics of NHS | Participants in 1990 According to CRP Categories

Table 1:

Page 15

1 0<CRP<1 (n= 2321)

2 1<CRP<3 (n=1454)

3 3<CRP<6 (n=714)

4 CRP26 (n=727)

Age, yrs 54.6 (6.7) 56.4 (6.5) 56.4 (6.1) 55.7 (6.4)
BMI 24.6 (4.5) 25.4 (3.9) 27.1(5.0) 28.3 (5.9)
Waist Circumference, =280 cm 478 (20.6) 445 (30.6) 269 (37.7) 278 (38.2)
White Race 2196 (94.6) 1400 (96.3) 689 (96.5) 682 (93.8)
History of HTN 515 (22.2) 393 (27.0) 233 (32.6) 274 (37.7)
History of DM 55 (2.4) 81 (5.6) 40 (5.6) 76 (10.5)
Post-Menopausal 1703 (73.4) 1216 (83.6) 612 (85.7) 622 (85.6)
History of Tinnitus 442 (19.0) 279 (19.2) 128 (17.9) 149 (20.5)
Smoking

Never 1112 (47.9) 656 (45.1) 312 (43.7) 360 (49.5)

Past 975 (42.0) 636 (43.7) 311 (43.6) 285 (39.2)

Current 230 (9.9) 160 (11.0) 89 (12.5) 80 (11.0)
Alcohol, g/d 5.3 (8.9) 5.5 (9.5) 5.1 (9.4) 438.7)
Physical Activity, total METs/week 17.3 (26.9) 16.4 (24.2) 15.6 (18.0) 13.8 (16.9)
Folate, mcg/d 427 (215) 434 (218) 434 (233) 424 (223)
Vitamin C, mg/d 289 (320) 304 (340) 318 (351) 275 (305)
B-cryptoxanthin, mcg/d 171 (104) 177 (108) 167 (97.9) 171 (105)
B-carotene, mcg/d 4306 (2529) 4437 (2615) 4376 (2556) 4350 (2374)
B12, meg/d 9.2 (10.5) 9.5 (13.1) 9.7 (13.6) 9.6 (9.7)
Omega-3 fatty acids, g/d 0.3(0.3) 0.3(0.3) 0.3(0.2) 0.3(0.2)
Potassium, mg/d 2883 (504) 2896 (488) 2904 (594) 2858 (514)
Magnesium, mg/d 309 (80.3) 310 (73.4) 310 (100) 305 (78.3)
Aspirin, >3 d/week 283 (12.2) 239 (16.4) 105 (14.7) 131 (18.0)
Acetaminophen, >3 d/week 83(3.6) 68 (4.7) 44 (6.2) 55 (7.6)
NSAIDs, >3 d/week 197 (8.5) 165 (11.4) 104 (14.6) 92 (12.7)

Note: Values represent baseline characteristics in first time period. Values are mean (SD) for continuous variables or n (%) for categorical variables.

Abbreviations: NHS= Nurses’ Health Study; CRP= C-reactive protein; yrs= years; BMI= body mass index; HTN= hypertension; DM= diabetes
mellitus; g= grams; mg=milligrams; d= day; METs= metabolic equivalents; mcg= micrograms; NSAIDs= non-steroidal anti-inflammatory drugs

Units for CRP = mg/L
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Table 2:

Baseline Characteristics of NHS Il Participants in 1995 According to CRP Categories

Page 16

1 0<CRP<1 (n= 1376)

2 1<CRP<3 (n=725)

3 3<CRP<6 (n= 325)

4 CRP 26 (n= 249)

Age, yrs 42.4 (4.4) 435 (4.5) 45.0 (4.6) 44.7 (4.4)
BMI 23.0(3.1) 26.4 (4.8) 28.8 (5.7) 32.4(8.1)
Waist Circumference, 280 cm 186 (13.5) 204 (28.1) 140 (43.1) 107 (43.0)
White Race 1342 (97.5) 716 (98.8) 317 (97.5) 244 (98.0)
History of HTN 89 (6.5) 90 (12.4) 63 (19.4) 64 (25.7)
History of DM 6 (0.4) 6(0.8) 2(0.6) 10 (4.0)
Post-Menopausal 141 (10.3) 131 (18.1) 89 (27.4) 67 (26.9)
History of Tinnitus 145 (10.5) 725 (11.0) 47 (14.5) 26 (10.4)
Smoking

Never 967 (70.3) 509 (70.2) 227 (70.0) 157 (63.1)

Past 330 (24.0) 158 (21.8) 79 (24.3) 70 (28.1)

Current 77 (5.6) 58 (8.0) 19 (5.9) 22 (8.8)
Alcohol, g/d 4.9 (8.1) 4.0 (6.8) 4.4(9.8) 4.0 (9.5)
Physical Activity, total METs/week 20.6 (22.0) 16.8 (19.3) 16.4 (21.3) 13.0 (13.8)
Folate, mcg/d 551 (274) 566 (272) 579 (271) 595 (276)
Vitamin C, mg/d 372 (453) 357 (407) 376 (404) 323 (332)
B-cryptoxanthin, mcg/d 147 (88.3) 145 (93.1) 159 (122) 155 (100)
B-carotene, mcg/d 4899 (3960) 4692 (3557) 4398 (3728) 4668 (3126)
B12, mcg/d 8.9 (11.4) 8.8 (9.9) 7.7 (4.9) 8.3 (5.7)
Omega-3 fatty acids, g/d 0.2 (0.1) 0.2 (0.1) 0.2(0.2) 0.2(0.1)
Potassium, mg/d 3296 (596) 3298 (594) 3256 (590) 3310(590)
Magnesium, mg/d 333 (78.6) 328 (69.1) 318 (71.1) 334 (70.9)
Aspirin, >3 d/week 75 (5.5) 54 (7.5) 28 (8.6) 31 (12.5)
Acetaminophen, >3 d/week 27 (2.0) 12 (1.7) 12 (3.7) 13(5.2)
NSAIDs, >3 d/week 103 (7.5) 56 (7.7) 40 (12.3) 42 (16.9)

Note: Values represent baseline characteristics in first time period. Values are mean (SD) for continuous variables or n (%) for categorical variables.

Abbreviations: NHS= Nurses’ Health Study; CRP= C-reactive protein; yrs= years; BMI= body mass index; HTN= hypertension; DM= diabetes
mellitus; g= grams; mg=milligrams; d= day; METs= metabolic equivalents; mcg= micrograms; NSAIDs= non-steroidal anti-inflammatory drugs

Units for CRP = mg/L
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Table 3:

Page 17

Pooled Results for Age-Adjusted and Multivariable-Adjusted Hazard Ratios for Moderate or Worse Hearing
Loss, by Categories of Inflammatory Markers, Among Women in the Nurses” Health Studies

1 0<CRP<1 2 1<=CRP<3 3 3<CRP<6 4 CRP=6 P for trend
Cases (n) 229 177 110 112
Person-years 44940 28404 14175 12758
Age-adjusted HR, 95% CI 1.00 0.84 [0.63-1.12] 1.03[0.84-1.27] | 1.17[0.95-1.43] | 0.08
Multivariable-adjusted HR, 95% CI | 1.00 0.87 [0.70-1.07] 1.01[0.82-1.24] | 1.13[0.92-1.39] | 0.33

10<IL-6<1 2 1<IL-6<2 32<IL-6<3 41L-6=3 P for trend
Cases (n) 181 174 46 57
Person-years 38105 26747 7189 7266
Age-adjusted HR, 95% CI 1.00 1.10[0.89-1.36] 1.01[0.73-1.41] | 1.21[0.90-1.64] | 0.25
Multivariable-adjusted HR, 95% CI | 1.00 1.05 [0.85-1.30] 0.94[0.67-1.31] | 1.13[0.83-1.54] | 0.54

1 0<TNFR-2<2000 2 2000<sTNFR-2<3000 3 TNFR-223000 P for trend

Cases (n)** 73 245 134
Person-years 11829 30026 10954
Age-adjusted HR, 95% ClI 1.00 0.98 [0.75-1.28] 1.11[0.82-1.48] 0.40
NHS | Multivariable-HR, 95% CI 1.00 0.95[0.73-1.25] 1.03[0.77-1.39] 0.70

Outcome: moderate or worse hearing loss

Abbreviations: NHS=Nurses’ Health Study; Cl=confidence intervals; HR=hazard ratio

Units for CRP = mg/L; Units for IL-6 = pg/mL; Units for TNFR-2= pg/mL

Covariates: Adjusted for age, BMI, history of hypertension, and acetaminophen use (removed missing values for acetaminophen due to non-

convergence of model)

*:
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Note: results for TNFR-2 only shown for NHS 1, as in NHS 11, as there were only 9 cases with moderate or worse hearing loss
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Table 4:

Page 18

Pooled Results for Age-Adjusted and Multivariable-Adjusted Hazard Ratios for Mild or Worse Hearing Loss,
by Categories of Inflammatory Markers, Among Women in the Nurses’ Health Studies

1 0<CRP<1 2 1<=CRP<3 3 3<CRP<6 4 CRP=6 P for trend
Cases (n) 674 552 331 292
Person-years 44700 28711 14801 13235
Age-adjusted HR, 95% CI 1.00 1.00 [0.89-1.12] 1.09 [0.91-1.30] | 1.15[0.97-1.38] | 0.14
Multivariable-adjusted HR, 95% CI | 1.00 0.98 [0.87-1.10] 1.02 [0.89-1.17] | 1.06 [0.91-1.23] | 0.23

10<IL-6<1 2 1<IL-6<2 32<IL-6<3 41L-6=3 P for trend
Cases (n) 604 444 127 131
Person-years 37637 26962 7333 7335
Age-adjusted HR, 95% CI 1.00 1.00 [0.88-1.13] 1.07 [0.88-1.29] | 1.12[0.93-1.36] | 0.19
Multivariable-adjusted HR, 95% CI | 1.00 0.97 [0.85-1.10] 1.02 [0.83-1.25] | 1.09 [0.89-1.33] | 0.45

1 0<TNFR-2<2000 2 2000<sTNFR-2<3000 3 TNFR-223000 P for trend

Cases (n) 183 508 290
Person-years 12280 31286 12016
Age-adjusted HR, 95% CI 1.00 0.95 [0.74-1.24] 1.04 [0.86-1.26] 0.39
Multivariable-adjusted HR, 95% CI | 1.00 0.93 [0.75-1.15] 1.01 [0.83-1.23] 0.61

Outcome: mild or worse hearing loss (mild, moderate, or severe)

Abbreviations: NHS=Nurses’ Health Study; Cl=confidence intervals; HR=hazard ratio

Units for CRP = mg/L; Units for IL-6 = pg/mL; Units for TNFR-2= pg/mL

Covariates: Adjusted for age, BMI, history of hypertension, and acetaminophen use (removed missing values for acetaminophen due to non-

convergence of model)

Ear Hear. Author manuscript; available in PMC 2020 July 01.
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Multivariable -Adjusted Hazard Ratios for Moderate or Worse Hearing Loss by Age <60 versus =60, Among

Table 5:

Women in NHS |
Age<60 Age=60 P for interaction
No. of Cases | HR with 95% CI | No. of Cases | HR with 95% CI
CRP Category
1 0<CRP<1 91 1.00 106 1.0-
2 1<CRP<3 68 0.83 [0.60-1.14] 9% 0.93 [0.70-1.22]
3 3<CRP<6 46 0.86 [0.59-1.26] 53 1.07 [0.76-1.51] Pro%
4 CRP26 49 0.99 [0.68-1.44] 55 1.20 [0.85-1.70]
IL-6 Category
10<IL-6<1 82 1.00 67 1.00
2 1<IL-6<2 62 0.91 [0.64-1.27] 90 1.10 [0.79-1.53]
32<IL-6<3 17 0.83 [0.48-1.42] 26 1.07 [0.67-1.72] Proa
41L-6 23 23 1.18 [0.73-1.91] 31 1.16 [0.75-1.80]
TNFR-2 Category
1 0<TNFR-2<2000 35 1.00 35 1.00
2 2000<TNFR-2<3000 78 0.74 [0.49-1.12] 161 1.20 [0.83-1.74] P =0.02
3 TNFR-223000 35 0.64 [0.38-1.06] 99 1.52 [1.02-2.25]

Outcome: moderate or severe hearing loss

Abbreviations: NHS=Nurses’ Health Study; Cl=confidence intervals; HR=hazard ratio

Covariates: adjusted for age, BMI, HTN, acetaminophen use (removed missing values for acetaminophen due to non-convergence of model)

Ear Hear. Author manuscript; available in PMC 2020 July 01.
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Multivariable-Adjusted Hazard Ratios for Mild or Worse Hearing Loss by Age <60 versus =60, Among

Table 6:

Women in NHS |
Age<60 Age=60 P for interaction
No. of Cases | HR with 95% CI | No. of Cases | HR with 95% CI
CRP Category
1 0<CRP<1 202 1.00 170 1.00
2 1<CRP<3 208 0.99 [0.81-1.21] 173 0.97 [0.78-1.20]
3 3<CRP<6 152 1.00 [0.80-1.25] 89 0.95 [0.72-1.24] Proa
4 CRP=6 123 0.95[0.74-1.21] 97 1.15 [0.88-1.50]
IL-6 Category
10<IL-6<1 198 1.00 120 1.00
2 1<IL-6<2 139 0.89[0.71-1.12] 148 1.00 [0.78-1.28]
32<IL-6<3 47 0.98 [0.71-1.37] 43 0.97 [0.68-1.39] Proi
41L-6 23 42 0.99 [0.70-1.39] 50 1.17 [0.83-1.65]
TNFR-2 Category
1 0<TNFR-2<2000 74 1.00 82 1.00
2 2000<TNFR-2<3000 151 0.65 [0.49-0.87] 302 1.12 [0.88-1.44] P =0.004
3 TNFR-223000 99 0.70 [0.50-0.97] 181 1.39 [1.07-1.82]

Outcome: mild, moderate, or severe hearing loss

Abbreviations: NHS=Nurses’ Health Study; Cl=confidence intervals; HR=hazard ratio

Covariates: adjusted for age, BMI, HTN, acetaminophen use (removed missing values for acetaminophen due to non-convergence of model)
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