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4. Rationale:  
 
The ageing of the population,[1] is accompanied by a steep increase in the prevalence of age-
related hearing loss.[2] Age-related hearing loss causes reduced hearing sensitivity and impaired 
speech understanding and has been associated with depression, social isolation, and even 
dementia.[3-6] However, no treatment is available to cure hearing loss. Therefore strategies to 
prevent or delay the onset or progression of age-related hearing loss are highly warranted. 
Moreover, it might shed more light on already established associations between hearing loss and 
several functional outcomes.  
 
Age-related hearing loss is thought to be due to the degeneration of the cochlear sensory-neural 
structures and the stria vascularis. Given the high amount of vascularization of these parts of the 
inner ear, some epidemiologic studies have found cardiovascular risk factors to be associated 
with higher levels of hearing loss.[7-11] To date, few cross-sectional studies and one 
longitudinal study have found an association between atherosclerosis and hearing loss [12-14] in 
small to moderate sample sizes but have mainly assessed atherosclerosis [15] or hearing loss [13] 
by means of self-report. Therefore, direct evidence of the association between atherosclerosis 
and hearing loss, especially at a population-based level, remains scarce. 
 
The authors of this paper assessed the association between atherosclerosis as measured by plaque 
score and intima media thickness and age-related hearing loss in the population-based Rotterdam 
Study (the Netherlands). In a cross-sectional sample of 3,724 participants (mean age 65.5 years 
(SD: 7.5); 55.4% female) they found that atherosclerosis was associated with age-related hearing 
loss (difference in Z-score hearing loss per 1-point increase in plaque score: 0.04 [95% CI: 0.02, 
0.06], and difference in Z-score per 1-mm increase in IMT: 0.17 [95% CI: 0.01, 0.34]). 
Interestingly, it appeared that atherosclerosis was associated almost exclusively with hearing loss 
in the right ear, [16] suggesting a possible right-ear disadvantage for hearing thresholds. To our 
knowledge, this is the first study to report on left/right differences in hearing thresholds in 
association with atherosclerosis. Therefore, replication in other populations is highly warranted. 
 
5. Main Hypothesis/Study Questions: 
 
Is atherosclerosis associated with higher hearing thresholds in a large population-based sample? 
Specifically, is atherosclerosis associated with hearing loss in the right ear? 
 
6. Design and analysis (study design, inclusion/exclusion, outcome and other variables of 
interest with specific reference to the time of their collection, summary of data analysis, 
and any anticipated methodologic limitations or challenges if present). 
 
Setting and study population 
The Atherosclerosis Risk in Communities (ARIC) study is a population-based prospective cohort 
study of 15,792 men and women ages 45-64 years recruited in 1987 – 1989 form 4 US 



communities (Washington County, Maryland; Forsyth County, North Carolina; Jackson, 
Mississippi; and Minneapolis, Minnesota).[17] 
 
At Visit 6, 3737 participants underwent pure-tone audiometry and N=3626 had complete 
audiometric data for the speech frequencies. Of those 3626 participants, 1996 participants also 
had data available on carotid IMT and plaque from Visit 4 (1994-96).  
 
Ultrasound measurement 
To approximate atherosclerosis we will use measures of the presence of plaque and carotid 
intima media thickness (cIMT). To assess those, A Biosound ILSA system was used and images 
recorded on a VHS tape. The cIMT was measured centrally by trained readers at the ARIC 
Ultrasound Reading Center and was assessed in three segments: the distal common carotid, the 
carotid artery bifurcation, and the proximal internal carotid arteries. 11 measurements of the far 
wall were attempted at each of these segments. The mean of the mean measurements across these 
segments of both the right and left sides was estimated.[18]  
Moreover, trained readers adjudicated either plaque presence or absence when 2 of the following 
3 criteria were met: 1) an abnormal wall thickness defined as cIMT above 1.5 millimeter; 2) an 
abnormal shape (protrusion into the lumen, loss of alignment with adjacent arterial wall 
boundary); 3) an abnormal wall texture seen as brighter echoes than adjacent boundaries.[19] 
 
Hearing assessment 
Pure tone air conduction audiometry was conducted in a sound-treated booth at Visit 6. Air 
conduction thresholds were obtained from 0.5 kHz to 8 kHz by trained technicians using insert 
earphones (EARTone 3a; 3M, St. Paul, Minnesota) and an Interacoustics AD629 audiometer 
(Interacoustics A/S, Assens, Denmark). All thresholds were measured in decibel hearing level 
(dB HL). For each participant, hearing thresholds in the better hearing ear will be determined by 
averaging the threshold level for 4 pure tone frequencies (0.5, 1, 2, and 4 kHz), and average low 
frequency (0.5 and 1 kHz) and average high frequency (2 and 4 kHz) hearing thresholds will be 
determined. Moreover, hearing thresholds in dB HL will be determined for both the left and the 
right ear using the same method.[17] In a secondary analysis, hearing thresholds will be 
categorized to clinically defined cut points for hearing impairment (normal: ≤25 dB; mild: 26-40 
dB; moderate/severe: >40 dB).[17] We will also quantify the association between hearing and 
low (0.5, 1) and high (4, 6, 8 kHz) frequency thresholds. 
 
Statistical analysis 
The association between subclinical atherosclerosis and hearing loss will be examined using a 
three-step strategy. First, we will assess associations of carotid plaque scores and IMT with 
hearing loss across all, high, and low hearing frequencies using multivariable linear regression 
models. In the first model we will adjust for age, age2 (to account for non-linear age effects) sex, 
race*center, and level of education. In the second model we will additionally adjust for BMI, 
smoking, presence of hypertension, cholesterol levels (HDL and LDL), and lipid lowering 
medication use. In the third model we will additionally adjust for prevalent stroke, diabetes and 
CHD. Second, we will perform a similar multivariable linear regression analyses in which we 
study the association of side-specific atherosclerosis and hearing loss. Third, we will investigate 
the association of atherosclerosis with severity of hearing loss (none, mild, moderate/severe) 
using ordinal regression with similar multivariable adjusted models. For the ordinal regression, 



the proportional-odds assumption will be checked. As prevalence of hearing loss increases 
substantially with age [7], we will further explore whether associations differ by sex. 
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