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Using Audiometry to Track Atherosclerosis: 
Measuring a Beneficial Effect of Methotrexate  

in Rheumatoid Arthritis

Abstract
Objectives: To correlate audiometry with atherosclerosis. Presbycusis is associated  with age and 
atherosclerosis; a strong correlation might present opportunities to use audiometry to track 
atherosclerosis disease. 

Design: The authors tested 87 elderly patients with rheumatoid arthritis (age range: 80–101 years; 
median: 86 years) with a history of methotrexate use for over 20 years. After 50 years of age, hearing 
loss begins slowly and by the age of 90, the majority of the general population require hearing aids. 
In the 87 elderly participants, however, hearing was remarkably preserved.

Results: The observed cohort of 87 individuals showed better hearing than predicted compared to 
audiometry historically documented in the elderly (p<0.001). The patients tested one to two decades 
younger than expected on audiometry and 44% of patients qualified for hearing aids instead of the 
expected 80%, based on age.

Conclusion: The known reduction in atherosclerosis with methotrexate use in rheumatoid arthritis 
may account for this observed preservation of hearing.1,2 As hearing and atherosclerosis are related, 
the authors further postulated that routine audiometry may provide a cost-effective screening tool for 
other populations in future atherosclerosis studies. 

INTRODUCTION

In the past 20 years, many studies have evaluated 
the relationship of systemic inflammation with 
atherosclerosis and coronary artery disease.3 

Immune cells are prominent in early atherosclerotic 
lesions; cytokines further accelerate the arterial 

lesions, and inflammation activates clotting of 
platelets, all leading to myocardial infarction 
and stroke. Macrophages play a key role in 
arterial plaque and this macrophage activation 
can be modified by methotrexate. Hundreds 
of publications in the past decade have shown 
that treatment of the underlying inflammatory 
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condition in rheumatoid arthritis significantly 
improved cardiovascular outcomes by 
reducing atherosclerotic disease.4-8 In a 25-year 
multicentre prospective study of 5,626 patients 
with rheumatoid arthritis, methotrexate was 
associated with a 70% reduction in mortality.1 
Further prospective studies have demonstrated 
an additional 23% reduction of cardiovascular 
risk when methotrexate was utilised along with a 
biologic disease-modifying antirheumatic drug.9 

Control of inflammation, therefore, reduced 
atherosclerotic disease.10

There are many known causes of hearing loss  
and the single strongest aetiology is 
atherosclerosis. Presbycusis, hearing loss, has been 
shown to be largely secondary to atherosclerotic 
vascular disease and is well described.11-13 Hearing 
acuity decreases with age and correlates 
strongly with the atherosclerotic small vessel 
disease in ageing.14 Audiometry measurement 
is objective, readily available, inexpensive, and 
reproducible. In most studies of atherosclerosis 
in clinical trials today, the primary outcome is a 
change in a radiologic measurement such as 
carotid intima media thickness over 5 years, and 
secondary outcomes include nonfatal myocardial 
infarction, nonfatal stroke, coronary artery bypass 
grafting, percutaneous coronary intervention, 
peripheral atherosclerotic arterial disease–related 
amputation, peripheral atherosclerotic arterial 
disease revascularisation, and death due to 
vascular disease. Unfortunately, these outcome 
measures require long duration and expenses, 
include end-of-life measures, and do not easily 
allow for a continuum of measurement for  
disease progression. 

Using audiometry as a potential secondary 
outcome and surrogate measure to track small 
vessel atherosclerosis is a logical extension of the 
authors’ understanding of the pathophysiology 
and offers an objective, repeatable low-cost 
measurement. Furthermore, it is not dependent 
on local culture or language. Clinical trials with 
interventions to prevent atherosclerosis could 
then potentially be monitored by audiometry in 
a continuous time course as a potentially useful 
secondary outcome.

This study evaluated a population of elderly 
patients with rheumatoid arthritis at high risk 
of atherosclerotic disease due to ongoing 
systemic inflammation.15 Rheumatoid arthritis 

populations have a 2-fold increased incidence 
of atherosclerosis compared to the normal 
population. Untreated rheumatoid arthritis is 
associated with increased mortality due to 
accelerated coronary artery and cerebrovascular 
atherosclerosis. The authors performed 
audiometry in a high-risk elderly population with 
rheumatoid arthritis (age range: 80–101 years 
old) who had been on continuous methotrexate 
for over 20 years. Significant presbycusis was 
expected in this group of individuals aged over 80 
years old, but hearing was remarkably preserved 
so this prompted cross-sectional measurement 
of hearing in an observational study. For this 
group at high risk of atherosclerosis, because 
of rheumatoid arthritis with an underlying 
systemic inflammatory process, the authors 
hypothesised that that long-term methotrexate  
administration would be associated with both 
a low prevalence of atherosclerosis and a low 
level of hearing loss measured by audiometry. 
Rheumatoid arthritis does not cause hearing 
loss; the authors chose this cohort to study 
because rheumatoid arthritis has marked 
inflammation. Since chronic inflammation causes 
atherosclerosis and atherosclerosis causes 
hearing loss, treatment of chronic inflammation 
could result in less atherosclerosis and less hearing 
loss. In time, it followed that audiometry may 
prove to be a valuable, cost-effective marker to  
follow atherosclerosis. 

METHODS 

Conventional audiometry was performed on 
AMBCO 2500 equipment (AMBCO Electronics, 
Tustin, California, USA), in a single booth using 
the modified Hughson-Westlake procedure 
specified by the International Organization for 
Standardization (ISO) 8253-1:2010 Acoustics — 
Audiometric test method. The same equipment 
was utilised on each subject and the testing 
was performed by the same technician. Results 
were recorded for each ear at 250, 500, 1,000, 
2,000, 4,000, and 8,000 hertz (Hz). Data was 
also analysed by quintile. Age, sex, language, 
socioeconomic status, education, medical history, 
tobacco use, concomitant medication, and 
vocation were recorded; additionally, all subjects 
had a physical and ear exam. 

To evaluate proof of concept, this was a cross-
sectional observation trial. There were 87 
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elderly individuals with rheumatoid arthritis 
enrolled sequentially, 15 were male and 72 were 
female. All subjects met the American College 
of Rheumatology (ACR) criteria for rheumatoid 
arthritis and were treated with methotrexate 
at time of disease onset. All subjects met the 
criteria for clinical remission, defined as Disease 
Activity Score-28 for Rheumatoid Arthritis with 
ESR (DAS28-ESR) <2.6, which  accounts for solo 
methotrexate use for decades. Other activity 
measures such as Clinical Disease Activity Index 
(CDAI), Simple Disease Activity Index (SDAI), 
and Routine Assessment of Patient Index Data 
(RAPID) were not in use in the 1990s. Since 
these patients began methotrexate in the 1990s 
with good control of disease, other disease-
modifying antirheumatic drug use or biologic use 
in later years was a rare event. Participants were 
excluded if there was any history of trauma to the 
ear, vocations with known damage to hearing, 
prior damage from ear infection or recurrent 
sinus infection, allergic rhinitis requiring current 
therapy, Ménière’s disease, chronic vertigo, 
chronic tinnitus, prior temporal–mandibular joint 
surgery, ototoxic medication use, or neurosurgery. 
There were three subjects who had hearing aids 
at baseline enrollment and the other 84 subjects 
stated they had never been advised to get a 
hearing aid nor felt a need for one. The need for 
hearing enhancement was based on reference 
criteria defined by the Ventry and Weinstein 
criteria (>40 decibels [dB] hearing loss on  
the audiogram).16

All 87 individuals had been treated with 
methotrexate for over 20 years in remission 
and were sequentially requested to join the 
observational trial with audiometry. None of the 
individuals had cardiac disease, cerebral vascular 
disease, and all were able to climb a flight of 
stairs. No patient aged 80–101 was excluded 
from audiometry and ear examination. Patients 
were excluded if there was bone or conduction 
abnormality. Audiometry data collected to assess 
hearing loss was the average value of the two ear 
measurements to control for test-retest variance.

All participants signed consent for the audiometry 
and observational analysis as proposed in a 
protocol approved by the Western Institutional 
Review Board (WIRB). Results were provided free 
of charge to each participant with instructions to 
discuss the results with their primary physician. 
A full physical examination, ear examination, 

medical history, tobacco use history, and a list 
of concomitant medications was completed for 
each participant, none of whom were taking any 
corticosteroid medication.

RESULTS

Of the 87 sequentially enrolled patients, 15 were 
male and 72 were female. The ages ranged from 
80 to 101, with men aged 80–96 and women aged 
80–101. The average age among the men was 
86.0 years (median: 86.0 years) and the average 
age among the women was 87.0 years (median: 
85.5 years). Quintiles for audiometry exams were 
defined as normal (1st quintile [Q1]; 0–20 dB), 
mild impairment (2nd quintile [Q2]; 20–40 dB), 
moderate impairment (3rd quintile [Q3]; 40–60 
dB), moderately severe impairment (4th quintile 
[Q4]; 60–80 dB), and severe impairment (5th 
quintile [Q5]; 80–100 dB). Generally, a hearing 
aid was indicated for Q3, Q4, or Q5. Three male 
patients (20%) had moderate or moderately 
severe impairment and one used a hearing aid. 
Thirty-six (50%) of the elderly female patients had 
moderate to moderately severe impairment and 
two used a hearing aid. None of the participants 
had ‘severe’ hearing impairment (Q5) upon 
audiometry examination (Figure 1). 

In Q1–Q5, there were 13%, 67%, 13%, 7%, and 
0% male patients, respectively,  and 16%, 34%, 
34%, 16%, and 0% female patients, respectively. 
There was no statistical difference between 
males and females according to quintile. In the 
patient group, 44% qualified for hearing aids 
(n=39) although only three utilised any hearing 
enhancement. In analysis of the audiograms, there 
were no cases of otosclerosis (no Carhart notch), 
Ménière's disease, or evidence of trauma to the 
ear. No patient was enrolled if bone or conduction 
testing was abnormal. Duplicate measurement at 
the time of the audiogram showed hearing test 
results were reproducible with little variance.

There was an association between hearing 
loss and age in the group but this was 
substantially weaker than expected compared 
to large normative population studies  
(Figure 2 and 3).11,12,17-22 Expected hearing loss is 
25% in individuals aged between 55 and 64 years, 
43% in individuals aged between 65 and 84, and 
over 70% in individuals aged between 85 and 
100 years old, as recorded by the Beaver Dam 
Offspring Study of ageing in 3,285 individuals.17 
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Figure 1: First to fifth quintiles (total: 100%).

Percentage of subjects in each quintile of hearing loss.
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Figure 2: Pure tone audiometry.

(A) Observed cohort versus norms in the general population between 80–101 years old; (B) pure tone 

audiometry expected values in general population by age. 

L: left; R: right; yrs: years.

Adapted from Blevins.20 
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Surprisingly, more than half of the patients in this 
present study tested as normal or with only mildly-
impaired hearing despite advanced age (Q1 or 
Q2). Each measured audiogram frequency was 
statistically significantly different compared with 
preservation of hearing for the normal frequency 
in the patients aged 80–101 years old (p<0.001). 
Results were not affected when adjusted for 
multiple variables including sex, tobacco use, 
statin use, language of origin, education, economic 
level, or vocation. The patients remained in clinical 
remission with an average DAS28-ESR 2.0±0.4. 

DISCUSSION 

The U.S. Preventive Services Task Force (USPSTF) 
recommends that adults have an audiometry 
evaluation when they reach 50 years of age and 
every 3 years thereafter.23 Audiometry is important 
to every individual patient since corrections may 
be made, and presbycusis has a great impact 
on quality of life, self-esteem, depression, and 
isolation.24 The authors’ hypothesis was that 
recognising hearing loss also marks increased risk 
for atherosclerosis, which may increase patient 

adherence to lifestyle changes, statins, and blood 
pressure control. 

Normal hearing can range from 20 to 20,000 Hz, 
but the range of frequencies for understanding 
speech is 500 to 4,000 Hz. The standard 
objective test for hearing loss is the pure-tone 
audiogram, in which a patient is placed in a 
soundproof booth and tested on ability to hear 
tones at a series of discrete frequencies. Hearing 
loss begins with loss at high frequencies which 
carry the consonant sounds and thus the majority 
of speech information.

This study tested the 500–4,000 Hz range  
because it is clinically important and easy to  
obtain. The audiogram was repeated to obtain 
a mean of the measurements at each frequency 
to decrease test-retest error. Routine audiometry 
should be included in any good clinical practice for 
persons over 50 years of age, and the hypothesis 
raised by the observation of this study cohort 
may reflect early symptoms of atherosclerotic  
disease. If an audiometry test exists in every 
clinical chart for persons over 50 years of age, 
there may be data readily available to assess 
atherosclerosis risk for each patient. Although 

Figure 3: Hearing loss above age 80.

Expected hearing loss with presbycusis and observed measurement of hearing loss in study cohort.
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not used in this study, the AudioScope (Welch 
Allyn Inc., Skaneateles Falls, New York, USA) is a 
handheld screening instrument consisting of an 
otoscope with a built-in audiometer. It assesses 
the ability of patients to hear tones of 20, 25, and 
40 dB at frequencies of 500, 1,000, 2,000, and 
4,000 Hz and requires approximately 90 seconds 
to administer.23 

This observational study attempted to evaluate 
if there was a correlation between protection  
against atherosclerosis and preservation of 
hearing. This was an observational study in the 
elderly (over 80 years of age), and evaluating 
audiometry as an atherosclerosis tool will require 
future studies comparing repeat audiometry 
measurements to current usage of CT scans, 
angiography, ultrasound, stress tests, and other 
radiographic imaging, as well as clinical outcomes 
such as myocardial infarction and stroke. Current 
ongoing clinical trials are in progress evaluating 
PET scan cardiology and concurrent audiometry 
in patients with high risk of atherosclerosis 
disease.25 The hope is that future trials treating 
atherosclerosis could collect information with 
audiometry being more cost-effective than repeat 
imaging, stress tests, or PET scans. 

Hearing loss is well documented to progress 
linearly with age (Figure 2).20 Hearing amplification 
is generally indicated for hearing thresholds >40 
dB on audiogram (Q3–Q5). Many very elderly 
patients, generally, would have a hearing aid 
recommended because most would fall into Q3–
Q5; in this study, it was found that 44% (n=39) 
would benefit from this (Q3 or Q4). Since most 
with thresholds >40 dB were in Q3, it is possible 
that people were managing without a hearing aid. 
It was an unexpected benefit of methotrexate in 
the patients that hearing was preserved, and most 
tested one to two decades younger than their age 
for expected hearing loss. A 100-year-old patient 
showed the expected results of an 80-year-old 
patient, and an 80-year-old patient showed the 
expected results of a 60-year-old patient on 
audiometry. The auditory technicians also noted 
preservation of hearing too when evaluating one 
of the patients on long-term methotrexate. This 
prompted the early motivation to collect the data 
in this observation project. 

The under-utilisation of hearing aids in the general 
population was described by Wattamwar K et al.11 
in 2017 in a study of 647 patients aged 80–106 

years, where over 80% qualified for hearing aids, 
but only 59% used any hearing devices.11 Hearing 
aids are important when indicated: improved 
hearing ameliorates isolation, depression, irritating 
tinnitus, and emotional impact commonly 
associated with presbycusis.26 

Hearing loss obviously has an adverse effect on 
quality of life daily but hearing loss may also 
reflect atherosclerotic disease resulting in death 
and cognitive decline. A prospective study by 
Gates et al.27 enrolled 274 patients in a surveillance 
programme of the general population and those 
at baseline with hearing loss had an increased 
risk for Alzheimer’s disease or cerebral vascular 
disease over the 4-year follow-up.27 In another 
prospective study with 639 normal volunteers 
over 11 years, those with baseline hearing loss 
showed a significant increased incidence of 
cognitive decline,28,29 presumably due to increased 
small vessel cerebral disease.30,31 Hearing loss was 
a marker for atherosclerosis, both in coronary 
disease and cognitive function.32

The predominant cause for presbycusis is 
atherosclerosis, but other factors influence hearing 
over time such as oestrogen levels, traumatic 
harm to hair cells, cochlear processes, tobacco 
use, and statin use.17 Age, after accounting for 
other variables, accounts for approximately 10% 
of hearing decline.12 All 87 patients in this present 
study had been taking methotrexate for over 20 
years and their rheumatoid joints were objectively 
in remission for many years. Long-term therapy 
in rheumatoid arthritis with methotrexate has 
correlated with significant cardiovascular benefit 
and decreased mortality. Based on published 
norms, the degree of hearing acuity preserved 
in this group of elderly patients was unexpected. 
Hundreds of studies published in the literature 
have shown methotrexate confers atherosclerotic 
benefits in rheumatoid arthritis. There are 
no prior published studies of audiometry in 
rheumatoid arthritis; rheumatoid arthritis does 
not cause presbycusis, but the atherosclerosis 
risk in rheumatoid arthritis may account for 
the presbycusis. If inflammation is controlled, 
this results in less atherosclerosis disease and  
less presbycusis.

Measurement of cognitive decline was minimal in 
patients from this current study with long-term 
use of methotrexate, elsewhere reported.33 It has 
been noted that hearing loss is linked to increased 
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dementia and the authors speculated that the 
study group may have done well on cognitive 
testing partly because of both this preservation of 
hearing and decreased cerebral atherosclerosis. 
The preserved hearing acuity in the group 
contributed to the high cognitive scores. As 
atherosclerosis is a cause of presbycusis as well 
as small vessel vascular dementia, it is possible 
that interventions for preventing atherosclerosis 
may be followed using audiometry and cognitive 
testing beside the traditional outcome measures 
of myocardial infarction, stroke, and death. 
Certainly a major limitation of this observational 
study was that it was not a randomised 
prospective trial, and the cohort group could only 
be matched for age and sex, since the normal 
population cohort used for predicted hearing 
acuity did not have rheumatoid arthritis. Despite 
this disparity in the cohort groups, it was clear that 
the patients had far better hearing, presumably 
due to treatment of chronic inflammation leading 
to less atherosclerosis, so that future evaluation 
of atherosclerosis treatments may include 
audiometry as an inexpensive assessment.

Results of this population of patients with 
rheumatoid arthritis treated with methotrexate 
may not be extrapolated to the general 
population and this represents a limitation of 
the hypothesis. There is no comparison group of 
patients with rheumatoid arthritis after 20 years of 
disease without methotrexate, so the ‘expected’ 
hearing loss with age was drawn from the USA 
general population in epidemiologic studies 
for persons over the age of 80. Furthermore, in 
studies evaluating the concept of inflammation 
leading to atherosclerosis, methotrexate was 
not found to suppress cardiovascular events in 

the general elderly population34 so there is no 
comparison elderly group with methotrexate. 
This study compared the measured audiometry 
results in the observational group of patients on 
methotrexate and compared hearing loss to the 
general population of the same age. In the future, 
audiometry might prove to be appropriate to 
assess atherosclerosis in the general population 
with other therapies such as statins, PCSK9 
inhibitors, sodium glucose transport protein 
inhibitors, or other agents known to suppress 
inflammation.35 All of these therapies are 
approved to reduce atherosclerotic disease in  
the general population.

CONCLUSION

The authors hypothesised that audiometry as a 
continuous variable might identify individuals 
with increasing cardiovascular risk and may 
prove to be a valuable tool to assess therapy 
directed toward atherosclerosis. This was a 
proof-of-concept study in a population at 
high risk for atherosclerosis, and treated with 
methotrexate which has been shown to decrease  
atherosclerosis disease in rheumatoid arthritis.7 
All patients had rheumatoid arthritis treated 
with long-term methotrexate to reduce  
atherosclerotic risk, as well as to control the 
inflammatory disease of arthritis and this study 
found preserved hearing. Other factors beyond 
atherosclerosis that co-vary with age contribute 
to presbycusis, but the authors speculate because 
of the high contribution of atherosclerosis 
to hearing loss, that repeat measurement 
of hearing may offer a useful, practical, 
and readily available surrogate measure for  
atherosclerosis progression.
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