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Abstract

Chronic excess alcohol intake has been associated with irreversible hearing loss and acute alcohol
intake may temporarily impair auditory function; however, some evidence suggests that long-term
moderate alcohol intake may be related to lower risk of hearing loss. This study prospectively
examined the association between total alcohol and individual alcoholic beverage consumption
and risk of hearing loss in women. Data were prospectively collected from 65,424 participants in
the Nurses’ Health Study Il (NHS I1) aged 27-44 years at baseline (follow-up 1991-2009).
Alcohol consumption was assessed using a validated questionnaire every 4 years. An incident case
was defined as self-reported hearing problem that began after 1991. Cox proportional hazards
multivariate regression was used to adjust for potential confounders. During 1,024,555 person-
years of follow-up, 12,384 cases of hearing loss occurred. After multivariate adjustment, there was
no significant association between total alcohol consumption and risk of hearing loss. In
exploratory analyses, beer consumption was associated with increased risk and wine consumption
was associated with reduced risk. No significant association was observed for consumption of
liquor. Total alcohol consumption is not associated with risk of hearing loss in women. The
modest associations observed for beer (direct) and wine (inverse) may be due to chance or residual
confounding but merit further study.
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Introduction

Hearing loss is a highly prevalent and disabling chronic condition that can impair
communication, quality of life and health (Agrawal et al., 2008). Although it is often
perceived as an inevitable companion of aging, recent evidence suggests modifiable factors
can potentially aid in prevention or slow progression of hearing loss (Curhan et al., 2012;
Durga et al., 2007; Fransen et al., 2008).

Alcohol consumption may influence several mechanisms that have been proposed to
underlie age-related hearing decline. Compromise of the cochlear blood supply, with
resultant hypoxia and ischemic damage, oxidative stress and associated mitochondrial
dysfunction and loss of neurosensory cochlear cells, and neurodegeneration of central
auditory pathways, may all contribute to hearing loss during aging (Fitzpatrick and Eviatar,
1980; Gates and Mills, 2005; Han and Someya, 2013; Meerton et al., 2005; Someya and
Prolla, 2010). Alcohol intake may protect cochlear blood flow (Seidman et al., 1999),
promote cytoprotective and anti-inflammatory mechanisms that strengthen cellular survival
pathways, and directly enhance neuroprotective mechanisms that preserve hearing (Collins
et al., 2009). However, alcohol intake may also adversely alter central processing of auditory
information (Fitzpatrick and Eviatar, 1980; Meerton et al., 2005; Upile et al., 2007).

Although chronic excess alcohol intake has been associated with irreversible hearing loss
(Rosenhall et al., 1993) and acute alcohol intake may temporarily impair auditory processing
and worsen auditory thresholds (Fitzpatrick and Eviatar, 1980; Hienz et al., 1989; Kahkonen
et al., 2005; Liu et al., 2004; Pearson et al., 1999; Robinette and Brey, 1978; Upile et al.,
2007), some evidence suggests that long-term moderate alcohol intake may protect against
hearing loss (Gopinath et al., 2010; Popelka et al., 2000). Reversible auditory changes that
have been demonstrated following acute alcohol ingestion include temporary worsening of
auditory thresholds, poorer speech discrimination, elevation of the acoustic reflex threshold,
and impaired processing of tones, frequency change and novel sounds (Fitzpatrick and
Eviatar, 1980; Kahkonen et al., 2005; Pearson et al., 1999; Robinette and Brey, 1978; Upile
etal., 2007). In guinea pigs, acute intraperitoneal alcohol injection was associated with
temporary worsening of hearing thresholds, however no significant change in hearing
thresholds was observed following 60 days of alcohol intake administered via drinking
water (Liu et al., 2004). In humans, some cross-sectional studies reported an inverse
association between alcohol consumption and hearing loss (Gopinath et al., 2010; Popelka et
al., 2000), although others did not (Brant et al., 1996; Sousa et al., 2009). In a recent large
population-based cross-sectional study of 164,770 adults in the UK aged 40 and 69 years
who completed a speech-in-noise hearing test (the Digit Triplet Test), those who were
current consumers of alcohol were approximately 40% less likely to have a hearing loss than
lifetime teetotalers, and the inverse association was similar across 3 levels of alcohol intake:
from 1-118.4 g/week, 118.4-196.8 g/week, and 196.8 g/week or more (Dawes et al., 2014)
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Few studies have examined this relation prospectively. In a prospective study of 870 men
and women age 49 and older, no association was observed between alcohol consumption
and the 5-year incidence of measured hearing loss, however there was insufficient power to
be conclusive (Gopinath et al., 2010). In a prospective study of 26,809 older men, we found
no association between total alcohol consumption and the risk of self-reported hearing loss
(Curhan et al., 2011). To our knowledge, this relation has not been studied prospectively in
younger women. Thus, the influence of long-term alcohol consumption on hearing remains
unclear. Therefore, we prospectively examined the relation of alcohol consumption and risk
of hearing loss in 65,424 women in the Nurses Health Study 11 (NHS II). In addition, as the
relations between alcohol consumption and other health outcomes have varied by type of
beverage consumed (Choi et al., 2004; Wannamethee et al., 2003), we explored the relations
between beer, white wine, red wine and liquor consumption and risk of hearing loss.

Study Participants

The Nurses’ Health Study 11 is an ongoing cohort study of 116,430 female nurses who were
aged 25 to 42 years and living in 14 US states at cohort inception in 1989. Participants have
been followed by biennial mailed questionnaires that elicit information on dietary and
lifestyle factors and various health outcomes; the follow-up rate over 22 years exceeds 90%
of eligible person-time. Detailed information on diet, including alcohol consumption, has
been obtained every 4 years (Questionnaires can be viewed online at
www.channing.harvard.edu/nhs/?page_id=70). The 2009 long-form questionnaire asked
women whether they have a hearing problem and at what age a change in hearing was first
noticed. Those who reported a hearing problem that began before the study baseline or a
history of cancer other than non-melanoma skin cancer (due to possible exposure to ototoxic
chemotherapeutic agents) were excluded from the analysis. The number of women included
in the analysis was 65,424. The final study population was arrived at as follows: 90,488
participants answered the 2009 long form questionnaire, the version that included the
hearing question; 12,156 participants were excluded from the analysis because they had not
answered the 1991 baseline FFQ; 2,584 were excluded because they reported hearing loss
prior to 1991 biennial questionnaire (study baseline); 9,191 were excluded because they did
not answer the hearing loss questions; 173 reported mild, moderate or severe hearing loss
but were excluded because they did not report the age of onset; 859 reported cancer (other
than non-melanoma skin cancer) and were excluded due to the possibility of exposure to
ototoxic chemotherapy; and 101 participants were pregnant at baseline and again prior to
onset of hearing loss during follow-up, thus were excluded.

Although some participants were lost to follow-up since the inception of this cohort and/or
did not answer the 2009 questionnaire, the baseline characteristics of participants who did
and did not answer the 2009 questionnaire did not differ appreciably (data not shown). The
study protocol was approved by the Institutional Review Board of the Partners Health Care
System.
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Assessment of Alcohol Consumption

In 1991, and every 4 years thereafter, participants were asked to complete a food frequency
questionnaire (FFQ) on their intake of specific foods and beverages, each with a specified
portion size, during the previous 12 months. Separate questions asked about the
consumption of regular beer (1 glass, bottle, can), light beer (1 glass, bottle, can), red wine
(4 0z [120 mL] glass), white wine (4 0z [120 mL] glass), and liquor (e.g. whiskey, gin) (1
drink or shot). The response categories were “never or <once/month,” “1-3/month,” “1/
week,” “2-4/wk,” “5-6/wk,” “1/day,” “2-3/day,” “4-5/day,” and “6+/day.” Regular beer
was considered to contain 13g of alcohol per serving, light beer 11g, wine 11g per 4 0z
serving, and spirits 149 per serving. Total grams per day of alcohol were calculated by
summing the frequency of consumption multiplied by the alcohol content of the reported
beverages. Information on alcohol consumption obtained in this way was validated in a
similar cohort of women by comparison of the information collected on 2 FFQs with four 1-
week diet records collected 3 months apart; the correlation for alcohol consumption between
questionnaires and dietary records was r =0.90. Reported alcohol intake was significantly
correlated with serum high-density lipoprotein levels (r=0.40; p<0.001)(Giovannucci et al.,
1991).

Ascertainment of Hearing Loss

Self-reported hearing loss, the primary outcome, was ascertained based on responses to the
2009 questionnaire. Participants responded to the questions: “Do you have a hearing
problem?” (“no,” “mild,” “moderate,” “severe”) and, “If so, at what age did you first notice
a change in your hearing?”

We defined a case as a hearing problem first noticed after 1991. Although hearing loss is
often insidious in onset, incident cases were defined as hearing loss at the age it was first
noticed by the participant. We did not have information on severity of hearing loss at the
time of onset, thus we were not able to perform prospective analyses that considered severity
of hearing loss as the outcome. Pure-tone audiometry is considered the gold standard for
hearing loss evaluation; however, cost and logistic limitations precluded such assessment in
this large population. Previous evaluations of the reliability of using a single question to
assess self-reported hearing loss have reported this method to be a reasonably reliable
measure (Gomez et al., 2001; Schow and Gatehouse, 1990; Sindhusake et al., 2003). A
validity study in a population of individuals aged 30-65 years evaluated the performance of
a single question compared with the results of pure-tone audiometry and found the
sensitivity and specificity were 79.6% and 77.4%, respectively (Ferrite et al., 2011).

Assessment of covariates

We considered covariates that may be potential confounders of the relation between alcohol
consumption and hearing loss. These included: age (Agrawal et al., 2008); race (Agrawal et
al., 2008), as assessed from the baseline questionnaire and categorized as Caucasian/White,
Hispanic, African-American, Asian, Native American or Other; smoking status (Itoh et al.,
2001), based on updated self-reported smoking status on the biennial questionnaires and
categorized as never smoker, past smoker, current smoker (1-4 cigarettes per day), current
smoker (5-14 cigarettes per day), or current smoker (15+ cigarettes per day); body mass
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index (Curhan et al., 2013), calculated at each 2-year cycle from the current weight and the
height reported on the baseline questionnaire and categorized in the primary analysis as less
than 25, 25-29, 30-34, 35-39, 40+ and also continuously in additional analyses; waist
circumference (Curhan et al., 2013), assessed at 2 time points, 1993 and 2005, when
participants were sent a measuring tape and asked to report their waist circumference to the
nearest ¥ inch, and categorized in the primary analysis as less than 71 cm, 71-79 cm, 80-88
cm, 88+ cm and also continuously in additional analyses; level of physical activity (Curhan
etal., 2013), assessed in 1991, 1997, 2001, 2005, and 2009, when participants completed a
physical activity grid and reported average time spent per week in the previous year in a
variety of recreational activities (e.g. walking for exercise, walking to work, hiking
outdoors, jogging, running, bicycling, calisthenics, aerobics, aerobic dance, rowing machine
tennis, squash, racquetball, lap swimming, other aerobic activity, lower-intensity exercise
such as yoga or stretching, other vigorous activities such as weight training or resistance
exercise, and flights of stairs climbed daily), calculated as energy expenditure in metabolic-
equivalent tasks (METS) in hours/week using the Ainsworth classification (Ainsworth et al.,
2011), and categorized in quintiles according to total METS expended per day; intake of
folate (Durga et al., 2007), categorized in categories; intake of vitamin B12 (Houston et al.,
1999), categorized in quintiles; intake of magnesium (Haupt et al., 2003), categorized in
quintiles; intake of potassium, categorized in quintiles; intake of total vitamin A (Le Prell et
al., 2007), categorized in quintiles of retinol activity equivalents (a measure of vitamin A
activity based on the capacity of the body to convert provitamin carotenoids); history of
hypertension (Gates et al., 1993), categorized as “yes” or “no” based on participant report of
whether a clinician had made a new diagnosis of hypertension during the preceding 2 years
and updated biennially; history of diabetes (Bainbridge et al., 2008), categorized as “yes” or
“no” based on participant report of whether a clinician had made a new diagnosis of diabetes
during the preceding 2 years and updated biennially; acetaminophen use and ibuprofen use
(Curhan et al., 2012), categorized in days per week of use based on frequency of use
reported beginning in 1995 and every 2 years thereafter; history of tinnitus (Nondahl et al.,
2011), categorized as “yes” or “no” based on participants’ response to the question on 2009
questionnaire that queried, “In the past 12 months, have you had ringing, roaring, or buzzing
in your ears?” (never, once per week or less, a few days per week, or daily) and, “At what
age did this first begin?” (age <30, 30-39, 40-49, 50-59, and =60 years) with tinnitus
defined as participant report of tinnitus occurring a few days per week or daily. Covariate
information that was obtained from the biennial questionnaires was updated with each new
analytic time period. Intakes of dietary factors were calculated from the FFQ and the intakes
of the nutrients of interest were calculated by multiplying the portion size of a single serving
of each food by its reported frequency of intake, multiplying the total amount consumed by
the nutrient content of the food, and then summing the nutrient contributions of all food
items, using US Department of Agriculture food composition data (Chug-Ahuja et al., 1993;
Mangels et al., 1993; Nutrient Data Laboratory, 1999). Intakes of all nutrients were adjusted
for total energy intake using the residual method (Willett, 1998). Intake of dietary
supplements as assessed by the FFQ was also taken into account.

In 2012, a web-based Hearing Study Supplementary Questionnaire (HSSQ) that elicited
additional information related to hearing health was completed by a subcohort of
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participants for whom we had email addresses (n=23,815). Information on degree, shape,
and pattern of onset of hearing loss, family history, evaluation and treatment history,
potential underlying causes, tinnitus, and detailed information on lifetime recreational,
occupational and impulse noise exposure was obtained.

To assess whether overall diet quality influenced the relation between intake of the various
alcoholic beverages and hearing loss, we performed a secondary analysis that adjusted for
the Alternate Healthy Eating Index (AHEI-2010), a measure based on the intake of foods
and nutrients that are predictive of risk of major chronic diseases, including cardiovascular
disease and diabetes (Chiuve et al., 2012).

Statistical Analysis

Descriptive analyses for baseline characteristics in 1991 were examined by categories of
total alcohol and also specific beverage intake. All analyses were prospective using data on
alcohol consumption and covariates that were collected before the onset of hearing loss.
Total alcohol consumption was calculated as the sum of all the alcoholic beverage types and
was categorized according to level of average daily alcohol intake in grams: none, 0.1 to 4.9
grams/day, 5.0 to 14.9 grams/day, 15-29.9 grams/day, and 30 grams/day or more.
Consumption of the individual alcoholic beverages (beer, wine, liquor) was categorized
according to frequency of intake: less than one serving per month, 1 serving/month to 1
serving/week, 2—4 servings/week, 5 servings/week or more (Choi et al., 2004).

In our primary analyses, we modeled cumulative average of total alcohol consumption and
of individual beverage consumption over follow-up to evaluate the relation of long-term
exposure to alcohol and hearing loss. Thus, the incidence of hearing loss in each interval
between FFQs was related to the cumulative average intake calculated from all preceding
measures. In secondary analyses, we updated alcohol intake with each new assessment
(simple updating) to examine the relation of the most recent alcohol intake and risk of
hearing loss. Due to the possibility of pregnancy-related temporary changes in alcohol
consumption, dietary habits, anthropometric measurements and other lifestyle habits,
women who were pregnant at the start of each follow-up interval were skipped for that time
period, but reentered the analyses in subsequent follow-up periods. Women pregnant at
baseline were excluded from analyses that examined baseline characteristics.

For the primary analyses, we included women who reported tinnitus and adjusted for
tinnitus in our analysis. However, as tinnitus is associated with hearing loss (Nondahl et al.,
2011) and the relation between alcohol consumption and tinnitus remains unclear (Pugh et
al., 1995), we performed secondary analyses that excluded participants who reported tinnitus
at baseline or during follow-up that occurred more than once/week and before the onset of
hearing problem (n=7,569).

Alcohol intake as well as dietary and other exposure information was updated every 4 years.
The date reported for the onset of hearing loss was taken as the event date. Participants were
censored at the report of cancer other than non-melanoma skin cancer, or the end of follow-
up (date of return of the 2009 questionnaire), whichever came first. Cox proportional
hazards regression models adjusted for potential confounders were used to estimate the
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multivariate-adjusted relative risk (RR) of hearing loss by category of alcohol intake and
individual beverage intake compared with those who did not. For all RRs, 95% confidence
intervals were calculated and all P values were 2-sided. Statistical analyses were performed
using SAS software, version 9.3 (SAS Institute Inc., Cary, North Carolina).

Human Participant Protection

Results

The study protocol was approved by the Institutional Review Board of the Partners Health
Care System. Participants provided informed consent.

Characteristics of non-pregnant participants at baseline according to level of daily alcohol
intake are summarized in Table 1. Among the women at baseline, 41% were non-drinkers,
39% consumed 0.1-4.9 g of alcohol per day, 16% consumed 5.0-14.9 g/d, 3% consumed
15.0 to 29.9 g/d, and 1% consumed 30 grams or more per day. Overall, non-drinkers of
alcohol tended to be slightly heavier, less physically active, and more likely to have never
smoked than women who consumed alcohol. Other health, dietary and lifestyle
characteristics did not vary substantially according to level of total alcohol intake or intake
of specific beverages (characteristics according to level of intake for each specific beverage
are presented in supplementary Tables 1a—c).

We evaluated the consistency of alcohol intake over time by comparing the reported level of
alcohol intake on the baseline 1991 FFQ and the 2003 FFQ (Table 2). Alcohol consumption
remained relatively consistent over time; 54% of the women reported the same category of
intake of total alcohol and 91% reported within one category higher or lower. Similarly, for
beer, wine and liquor, 90-95% of the women reported intake within one category.

After 1,024,555 person-years of follow-up, 12,384 cases of hearing loss were reported to
have occurred. After adjusting for potential confounders, there was no significant
association between total alcohol consumption and the risk of hearing loss (Table 3).

The age- and multivariate-adjusted relative risks (RRs) of hearing loss according to level of
consumption of each specific beverage are presented in Table 4. After adjusting for potential
confounders as well as the other alcoholic beverages, more frequent consumption of beer
was independently associated with an increased risk of hearing loss. Compared with women
who consumed less than one serving of beer per month, the multivariate-adjusted RR for
hearing loss for those who consumed 5+ servings/week of regular beer was 1.15 (95% CI
1.04,1.28; p-trend<0.001). In contrast, more frequent consumption of wine was
independently associated with a lower risk of hearing loss. Compared with women who
consumed less than one serving of wine per month, the multivariate-adjusted RR for hearing
loss was 0.84 (95% CI 0.77,0.92) for those who consumed 5+ servings/week (p-
trend<0.001). No independent association was observed for the consumption liquor (p-
trend=0.09).

The relations between total alcohol or specific type of alcoholic beverage consumed and
hearing loss did not vary by age (p-interaction >0.19). The multivariate adjusted results were
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not appreciably changed after adjusting for overall dietary quality or in models that excluded
women with tinnitus (data not shown). Results from analyses that modeled consumption of
total alcohol, as well as consumption of the individual alcoholic beverages, using simple
updating or using baseline intake measures did not materially differ.

In the subcohort of women for whom we had detailed information on self-reported lifetime
noise exposure (n=23,815), the proportion of women who reported loud noise exposure was
small (<4%) and did not differ by level of total alcohol or individual beverage intake (data
not shown).

Discussion

In this study of 65,424 women, we found no overall association between total consumption
of alcohol and the risk of hearing loss. In exploratory analyses, we observed an increased
risk of hearing loss associated with consumption of beer, and the risk tended to increase with
increasing beer consumption. We also observed an inverse association between wine
consumption and risk of hearing loss. No significant association was observed with
consumption of liquor.

In cross-sectional studies, the prevalence of hearing loss was higher in those with chronic
alcohol abuse (Ribeiro et al., 2007; Rosenhall et al., 1993). Some cross-sectional studies
have suggested an inverse association between moderate alcohol consumption and hearing
loss (Fransen et al., 2008; Itoh et al., 2001; Popelka et al., 2000), however, others have
found no association (Helzner et al., 2005; Sousa et al., 2009). Notably, as these studies
were cross-sectional, no conclusions regarding temporal relations can be drawn. Although
no associations were observed between moderate alcohol consumption and the risk of
audiometrically measured hearing loss in two other prospective studies, the sample sizes
(n=531 men; n= 870 men and women) and case numbers in these studies were small; thus,
these studies may not have had sufficient power to be conclusive (Brant et al., 1996;
Gopinath et al., 2010). The current report is the first large prospective study of the relation
between the consumption of alcohol and risk of hearing loss in younger women. The
findings of no overall association between total alcohol consumption and risk of hearing loss
are consistent with our previous observations in a prospective study of 26,809 older men,
aged 40-75 years at study baseline and followed for 18 years (Curhan et al., 2011). Overall,
there does not appear to be an association between total alcohol consumption and risk of
hearing loss.

Our findings that the relation between alcohol consumption and risk of hearing loss might
potentially vary by type of alcoholic beverage are intriguing. The differences in the
associations observed for individual alcoholic beverages may be due to other unmeasured
factors associated with choice of beverage, such as drinking patterns or aspects of lifestyle
correlated with choice of beverage. Nevertheless, each type of alcoholic beverage has many
non-alcohol components that could potentially be associated with risk of hearing loss. For
example, the protective association observed with wine consumption may be mediated by
the antioxidants, vasorelaxants, or factors that stimulate anti-aggregatory mechansims that
can be found in wine. Beer may be associated with larger increases in serum uric acid levels
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than wine or liquor, and also contains factors related to the fermentation process that differ
from wine or liquor. Whether these factors are associated with hearing loss remains
unknown, however these findings present intriguing possibilities for further study. Although
the alcohol content per serving of wine is comparable to that per serving of beer, previous
studies have observed other disease outcomes that have varied by type of alcoholic beverage
consumed (Choi et al., 2004; Djousse et al., 2002). A prospective study on alcohol
consumption at midlife and successful aging in women in the Nurses’ Health Study | found
that the associations between alcohol consumption and successful aging varied by type of
alcoholic beverage consumed; wine, but not beer or liquor, was associated with increased
odds of successful aging. We previously found no association between intake of individual
alcoholic beverages and hearing loss in older men (Curhan et al., 2011). Whether a relation
between specific alcoholic beverage intake and risk of hearing loss varies by sex is unclear.
In addition, we did not have information on exposure to noise, an important risk factor for
hearing loss, in the full cohort; in the subcohort of participants who provided information on
lifetime noise exposure, the proportion of women who reported loud noise exposure was
small and did not differ by level of total alcohol or individual beverage intake. Further
studies are needed to assess whether non-alcohol ingredients in beer or wine, and/or other
lifestyle factors associated with consumption of these beverages, are associated with risk of
hearing loss.

Our study has limitations. We relied on self-reported consumption of alcohol, the validity of
which was described above. Assessment of hearing loss was also based on self-report.
Although sudden hearing loss does occur, hearing decline is commonly insidious in onset,
thus there is imprecision in the assessment of date of onset. Standard pure-tone audiometry
is the gold standard measure for evaluation of hearing loss; however, assessment of hearing
loss based on self-report has been found to be reasonably reliable (Coren and Hakstian,
1992; Ferrite et al., 2011; Gomez et al., 2001; Schow and Gatehouse, 1990). Assessment of
hearing loss was based on participant report in 2009 regarding date of onset, however all
information on exposures and covariates was collected prior to reported date of hearing loss
onset; therefore, the relations were examined prospectively. We had limited power to
evaluate heavy drinking; only 1% of women reported alcohol consumption of 30 g/d or
more. We did not have information on hearing loss severity at the time of onset, thus
severity of hearing loss could not be considered. Our study was limited to predominantly
non-Hispanic white women and we cannot necessarily generalize these findings to women
outside of this age range, thus further research in additional populations is warranted.

In conclusion, total alcohol consumption is not associated with risk of hearing loss in
women. The modest associations we observed for beer (direct) and wine (inverse) may be
due to chance or uncontrolled confounding factors but merit further study.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.

Alcohol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Curhan et al. Page 10

Acknowledgments

Funding/Support: This work was supported by the National Institutes of Health [grants UM1 CA176726 and
DC010811] and Vanderbilt University School of Medicine.

Role of the Sponsor: The manuscript was reviewed prior to submission by the National Institutes of Health
appointed Data Monitoring and Oversight Committee.

References

Agrawal Y, Platz EA, Niparko JK. Prevalence of hearing loss and differences by demographic
characteristics among US adults: data from the National Health and Nutrition Examination Survey,
1999-2004. Arch Intern Med. 2008; 168:1522-1530. [PubMed: 18663164]

Ainsworth BE, Haskell WL, Herrmann SD, Meckes N, Bassett DR Jr, Tudor-Locke C, Greer JL,
Vezina J, Whitt-Glover MC, Leon AS. 2011 Compendium of Physical Activities: a second update
of codes and MET values. Med Sci Sports Exerc. 2011; 43:1575-1581. [PubMed: 21681120]

Bainbridge KE, Hoffman HJ, Cowie CC. Diabetes and hearing impairment in the United States:
audiometric evidence from the National Health and Nutrition Examination Survey, 1999 to 2004.
Ann Intern Med. 2008; 149:1-10. [PubMed: 18559825]

Brant LJ, Gordon-Salant S, Pearson JD, Klein LL, Morrell CH, Metter EJ, Fozard JL. Risk factors
related to age-associated hearing loss in the speech frequencies. J Am Acad Audiol. 1996; 7:152—
160. [PubMed: 8780987]

Chiuve SE, Fung TT, Rimm EB, Hu FB, McCullough ML, Wang M, Stampfer MJ, Willett WC.
Alternative dietary indices both strongly predict risk of chronic disease. J Nutr. 2012; 142:1009—
1018. [PubMed: 22513989]

Choi HK, Atkinson K, Karlson EW, Willett W, Curhan G. Alcohol intake and risk of incident gout in
men: a prospective study. Lancet. 2004; 363:1277-1281. [PubMed: 15094272]

Chug-Ahuja JK, Holden JM, Forman MR, Mangels AR, Beecher GR, Lanza E. The development and
application of a carotenoid database for fruits, vegetables, and selected multicomponent foods. J Am
Diet Assoc. 1993; 93:318-323. [PubMed: 8440830]

Collins MA, Neafsey EJ, Mukamal KJ, Gray MO, Parks DA, Das DK, Korthuis RJ. Alcohol in
moderation, cardioprotection, and neuroprotection: epidemiological considerations and mechanistic
studies. Alcohol Clin Exp Res. 2009; 33:206-219. [PubMed: 19032583]

Coren S, Hakstian AR. The development and cross-validation of a selfreport inventory to assess pure-
tone threshold hearing sensitivity. J Speech Hear Res. 1992; 35:921-928. [PubMed: 1405547]

Curhan S, Shargorodsky J, Eavey R, Curhan G. Analgesic Use and the Risk of Hearing Loss in
Women. Am J Epidemiol. 2012

Curhan SG, Eavey R, Shargorodsky J, Curhan GC. Prospective study of alcohol use and hearing loss
in men. Ear Hear. 2011; 32:46-52. [PubMed: 20802338]

Curhan SG, Eavey R, Wang M, Stampfer MJ, Curhan GC. Body mass index, waist circumference,
physical activity, and risk of hearing loss in women. The American journal of medicine. 2013,;
126:1142, €1141-1148. [PubMed: 24125639]

Dawes P, Cruickshanks KJ, Moore DR, Edmondson-Jones M, McCormack A, Forthum H, Munro KJ.
Cigarette smoking, passive smoking, alcohol consumption, and hearing loss. J Assoc Res
Otolaryngol. 2014; 15:663-674. [PubMed: 24899378]

Djousse L, Ellison RC, Beiser A, Scaramucci A, D’Agostino RB, Wolf PA. Alcohol consumption and
risk of ischemic stroke: The Framingham Study. Stroke. 2002; 33:907-912. [PubMed: 11935035]

Durga J, Verhoef P, Anteunis LJ, Schouten E, Kok FJ. Effects of folic acid supplementation on
hearing in older adults: a randomized, controlled trial. Ann Intern Med. 2007; 146:1-9. [PubMed:
17200216]

Ferrite S, Santana VS, Marshall SW. Validity of self-reported hearing loss in adults: performance of
three single questions. Revista de saude publica. 2011; 45:824-830. [PubMed: 21808834]

Fitzpatrick D, Eviatar A. The effect of alcohol on central auditory processing (comparison with
marihuana). J Otolaryngol. 1980; 9:207-214. [PubMed: 7431467]

Alcohol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Curhan et al.

Page 11

Fransen E, Topsakal V, Hendrickx JJ, Van Laer L, Huyghe JR, Van Eyken E, Lemkens N, Hannula S,
Maki-Torkko E, Jensen M, et al. Occupational noise, smoking, and a high body mass index are
risk factors for age-related hearing impairment and moderate alcohol consumption is protective: a
European population-based multicenter study. J Assoc Res Otolaryngol. 2008; 9:264-276.
discussion 261-263. [PubMed: 18543032]

Gates GA, Cobb JL, D’Agostino RB, Wolf PA. The relation of hearing in the elderly to the presence of
cardiovascular disease and cardiovascular risk factors. Arch Otolaryngol Head Neck Surg. 1993;
119:156-161. [PubMed: 8427676]

Gates GA, Mills JH. Presbycusis. Lancet. 2005; 366:1111-1120. [PubMed: 16182900]

Giovannucci E, Colditz G, Stampfer MJ, Rimm EB, Litin L, Sampson L, Willett WC. The assessment
of alcohol consumption by a simple selfadministered questionnaire. Am J Epidemiol. 1991;
133:810-817. [PubMed: 2021148]

Gomez MI, Hwang SA, Sobotova L, Stark AD, May JJ. A comparison of self-reported hearing loss
and audiometry in a cohort of New York farmers. J Speech Lang Hear Res. 2001; 44:1201-1208.
[PubMed: 11776358]

Gopinath B, Flood VM, McMahon CM, Burlutsky G, Smith W, Mitchell P. The effects of smoking
and alcohol consumption on age-related hearing loss: the Blue Mountains Hearing Study. Ear
Hear. 2010; 31:277-282. [PubMed: 20054277]

Han C, Someya S. Mouse models of age-related mitochondrial neurosensory hearing loss. Mol Cell
Neurosci. 2013; 55:95-100. [PubMed: 22820179]

Haupt H, Scheibe F, Mazurek B. Therapeutic efficacy of magnesium in acoustic trauma in the guinea
pig. ORL J Otorhinolaryngol Relat Spec. 2003; 65:134-139. [PubMed: 12925813]

Helzner EP, Cauley JA, Pratt SR, Wisniewski SR, Zmuda JM, Talbott EO, de Rekeneire N, Harris TB,
Rubin SM, Simonsick EM, et al. Race and sex differences in age-related hearing loss: the Health,
Aging and Body Composition Study. J Am Geriatr Soc. 2005; 53:2119-2127. [PubMed:
16398896]

Hienz RD, Brady JV, Bowers DA, Ator NA. Ethanol’s effects on auditory thresholds and reaction
times during the acquisition of chronic ethanol selfadministration in baboons. Drug Alcohol
Depend. 1989; 24:213-225. [PubMed: 2605997]

Houston DK, Johnson MA, Nozza RJ, Gunter EW, Shea KJ, Cutler GM, Edmonds JT. Age-related
hearing loss, vitamin B-12, and folate in elderly women. Am J Clin Nutr. 1999; 69:564-571.
[PubMed: 10075346]

Itoh A, Nakashima T, Arao H, Wakai K, Tamakoshi A, Kawamura T, Ohno Y. 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. 2001; 115:192-196. [PubMed: 11429714]

Kahkonen S, Marttinen Rossi E, Yamashita H. Alcohol impairs auditory processing of frequency
changes and novel sounds: a combined MEG and EEG study. Psychopharmacology (Berl). 2005;
177:366-372. [PubMed: 15290001]

Le Prell CG, Hughes LF, Miller JM. Free radical scavengers vitamins A, C, and E plus magnesium
reduce noise trauma. Free Radic Biol Med. 2007; 42:1454-1463. [PubMed: 17395018]

Liu TC, Hsu CJ, Hwang JH, Tseng FY, Chen YS. Effects of alcohol and noise on temporary threshold
shift in Guinea pigs. ORL J Otorhinolaryngol Relat Spec. 2004; 66:124-129. [PubMed: 15316232]

Mangels AR, Holden JM, Beecher GR, Forman MR, Lanza E. Carotenoid content of fruits and
vegetables: an evaluation of analytic data. J Am Diet Assoc. 1993; 93:284-296. [PubMed:
8440826]

Meerton LJ, Andrews PJ, Upile T, Drenovak M, Graham JM. A prospective randomized controlled
trial evaluating alcohol on loudness perception in cochlear implant users. Clin Otolaryngol. 2005;
30:328-332. [PubMed: 16209674]

Nondahl DM, Cruickshanks KJ, Huang GH, Klein BE, Klein R, Nieto FJ, Tweed TS. Tinnitus and its
risk factors in the Beaver Dam offspring study. Int J Audiol. 2011; 50:313-320. [PubMed:
21309642]

Nutrient Data Laboratory, A.R.S., US Department of Agriculture. USDA Nutrient Database for
Standard Reference. Washington, DC: US Department of Agriculture; 1999. Release 13

Alcohol. Author manuscript; available in PMC 2016 February 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Curhan et al.

Page 12

Pearson P, Dawe LA, Timney B. Frequency selective effects of alcohol on auditory detection and
frequency discrimination thresholds. Alcohol Alcohol. 1999; 34:741-749. [PubMed: 10528817]

Popelka MM, Cruickshanks KJ, Wiley TL, Tweed TS, Klein BE, Klein R, Nondahl DM. Moderate
alcohol consumption and hearing loss: a protective effect. J Am Geriatr Soc. 2000; 48:1273-1278.
[PubMed: 11037015]

Pugh R, Budd RJ, Stephens SD. Patients’ reports of the effect of alcohol on tinnitus. Br J Audiol.
1995; 29:279-283. [PubMed: 8838550]

Ribeiro SB, Jacob LC, de Alvarenga KF, Marques JM, Campelo RM, Tschoeke SN. Auditory
assessment of alcoholics in abstinence. Braz J Otorhinolaryngol. 2007; 73:452-462. [PubMed:
17923916]

Robinette MS, Brey RH. Influence of alcohol on the acoustic reflex and temporary threshold shift.
Arch Otolaryngol. 1978; 104:31-37. [PubMed: 619883]

Rosenhall U, Sixt E, Sundh V, Svanborg A. Correlations between presbyacusis and extrinsic noxious
factors. Audiology. 1993; 32:234-243. [PubMed: 8343080]

Schow RL, Gatehouse S. Fundamental issues in self-assessment of hearing. Ear Hear. 1990; 11:6S—
16S. [PubMed: 2269416]

Seidman MD, Quirk WS, Shirwany NA. Mechanisms of alterations in the microcirculation of the
cochlea. Ann N Y Acad Sci. 1999; 884:226-232. [PubMed: 10842596]

Sindhusake D, Mitchell P, Newall P, Golding M, Rochtchina E, Rubin G. Prevalence and
characteristics of tinnitus in older adults: the Blue Mountains Hearing Study. Int J Audiol. 2003;
42:289-294. [PubMed: 12916702]

Someya S, Prolla TA. Mitochondrial oxidative damage and apoptosis in age-related hearing loss. Mech
Ageing Dev. 2010; 131:480-486. [PubMed: 20434479]

Sousa CS, Castro N Junior, Larsson EJ, Ching TH. Risk factors for presbycusis in a socio-economic
middle-class sample. Braz J Otorhinolaryngol. 2009; 75:530-536. [PubMed: 19784422]

Upile T, Sipaul F, Jerjes W, Singh S, Nouraei SA, El Maaytah M, Andrews P, Graham J, Hopper C,
Wright A. The acute effects of alcohol on auditory thresholds. BMC Ear Nose Throat Disord.
2007; 7:4. [PubMed: 17877829]

Wannamethee SG, Camargo CA Jr, Manson JE, Willett WC, Rimm EB. Alcohol drinking patterns and
risk of type 2 diabetes mellitus among younger women. Arch Intern Med. 2003; 163:1329-1336.
[PubMed: 12796069]

Willett, WC. Nutritional Epidemiology. 2. New York: Oxford University Press; 1998.

Alcohol. Author manuscript; available in PMC 2016 February 01.



Page 13

Curhan et al.

"SBINIAINOR BWI-8.NSI3| PUB [UOIE8I08) WOJ) SIUS[RAINDS 01]0geIBIN

0T0Z-x8pu| Bunes AyesH ereussiy = 0T0Z-13HY,

q

paisnlpe abe jou si mz_m\/m

"papN|oul 10U aJe Buljaseq Je Jeubaid

813M OyM UsWoAN “Buipunol 01 anp 900T 03 Wins Jou Aew sajgelsen snowolAjod jo sanjeA “uoneindod Apnis au Jo uonnguisip abe sy 01 paziplepuels ae pue sabejuadiad Jo (QS)suesw ale sanjep

100°0>
T00°0>
€00
100°0>
T00°0>
T00°0>
7000
T00°0>
T00°0>
100°0>
T00°0>
100
1000>
T00°0>
T00°0>
1000>

T00°0>
100°0>
T00°0>

T00°0>

(6'6)z'ey
€T

0'€e

971C

7'96

90

78
(9v99)9€.20T
(zo)ete
(28v)v082
(902)807
(Tor)8'8
(sem)6or
G'9g

8'0g

9Ze

(9°22)8°12
(o1D)T'8L
(ry)8ee

ey Le

(Lot 18
0

867

82e

8'96

S0

g9
(8802)2T6TT
(e9)T2E
(e8v)L96¢
(eTo)sey
(8216
(Lv)s0e
971Z

T'9€

ey

(e82)L12
(ro1)6'sL
(8e)zee

[(CR2192

(e0m)T'38 (eom)g6Y
97T 67

€67 L0z

902 G'6T

8'96 1'96

7’0 90

8y 96
(0592)989¢T (£291)5e8eT
(69)e2E (zL)61E
(86v)866¢ (Les)6L62
(eva)esy (952)857
(CanA (T11)5°6
(L'2)8'8 (zDte
0'ST z11

81¢e 6'€C

0'€S L'v9
(T62)eve (7'92)5'12
(9om)L'5L (TeneLL
(6'e)zee (67T e
(Lvvoe (9v)zoe

(goT)L 'SP
e

€12

6.7

€'€6

TT

7L
(8zv8)z89zT
(22)ote
(855)1682
(622)297
(Let)e
(0000
'8

091

GGl

('s2)s'8T
(9e1)96L
(8'9)z'se

(9%)99¢

81038 50T0C-19HV

% ‘snyuul] Jo AI01SIH
% ‘(S66T) XM/p +2 asn usydouiwelaoy
% ‘(S66T) YM/P +2 ash uayoudng|

9 ‘UeISEONED

% ‘sd1aeIp Jo AiolsiH

9% ‘uoisualadAy Jo A10isiH
p/N1 ‘8elul v UlWenA
p/Bw ‘axelul wnisaubey
p/Bw ‘axeul Wnisselod
p/Baw ‘axeiul ajejo-

p/Bow ‘axfelul Z1g UIWeNA

p/6 ‘loyooly
0p JUBLIND -
9% ‘I5ed -

0p ‘I9NBN -

snyes Burjows

qSLIN ‘Aunnoe fedishyd
wo ‘(E66T) 80UBIBJUNIID 1SIEAN

2w/B ‘xapul ssew Apog

eSteak ‘aby

anfen-d

(z69=u) p/b +0€

(€221=U) p/b 6'62-GT

(6226=U) p/6 6¥1-G  (¥S9rc=u) P/ 6'v-T

(0585z=u) auoN

Rep Jad swelb Ul ‘exeiul [oyoo[e 8101

aXelu| [0Yo9|V [e101 Jo AlobBared 01 Buipioddy TEET Ul USWOAA JO Sa1sLalorIRy) auljaseg paisnipy-aby

NIH-PA Author Manuscript

T alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Alcohol. Author manuscript; available in PMC 2016 February 01.



yduasnuel Joyny vd-HIN

1duosnuely Joyny Yd-HIN

1duasnuely Joyny Yd-HIN

Curhan et al.

Table 2

Comparison of Alcohol Intake at 1991 Baseline with Alcohol Intake in 2003

Beverage % same category % within 1 category
Total alcohol 54 91
Beer 36 90
All wine 58 91
Liquor 73 95

Page 14

Categories of alcohol intake (grams/day) were: 0, 0.1-4.9, 5.0-14.9, 15.0-29.9, 30.0+ Categories of beer, wine, and liquor (servings): <1/month, 1/
month-1/week, 2-4/week, 5+/week
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Table 3

Relative Risks of Hearing Loss According to Alcohol Intake

Page 15

Multivariate-adjusted Relative Risk@

Alcohol Intake (grams/day) Cases Person-years Age-adjusted Relative Risk (95% CI) (95% ClI)

0 3382 320860 1.00 (ref) 1.00 (ref)
0.1-4.9 5997 470357 0.98 (0.94,1.03) 1.00 (0.96,1.04)
5.0-14.9 2349 183901 0.95 (0.90,1.00) 0.99 (0.94,1.05)
15.0-29.9 530 39200 0.91 (0.83,1.00) 0.93 (0.85,1.02)
30.0+ 126 10237 0.93 (0.77,1.11) 0.91 (0.76,1.09)
p-trend 0.01 0.09

a. . . L . L o . . I .
Adjusted for age, body mass index, waist circumference, physical activity, folate, vitamin B12, magnesium, potassium, vitamin A, smoking,
hypertension, diabetes, race, nonsteroidal anti-inflammatory use, acetaminophen use, and tinnitus.
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Relative Risks of Hearing Loss According to Individual Alcoholic Beverage Intake

Table 4

Page 16

Frequency of Intake

Age-adjusted Relative Risk (95%

Multivariate-adjusted Relative Risk&

(servings) Cases  Person-years Cl) (95% CI)
Beer

<1/month 7598 635644 1.00 (ref) 1.00 (ref)
1/mo-1/wk 3409 274238 1.00 (0.96,1.04) 1.04 (1.00,1.09)
2-4/wk 961 78464 1.06 (0.99,1.13) 1.12**(1.04,1.20)
S+iwk 402 32848 1.13%(1.02,1.25) 1.15%(1.04,1.28)
p-trend <0.001 <0.001
Wine

<1/month 5594 475704 1.00 (ref) 1.00 (ref)
Umo-1/wk 4722 387693 0.93**(0.89,0.96) 0.94* (0.90,0.98)
2-4/wk 1408 106670 0.90**(0.85,0.95) 0.93"(0.87,0.99)
5+/wk 651 52183 0.81**(0.75,0.88) 0.84**(0.77,0.92)
p-trend <0.001 <0.001
Liquor

<1/month 9157 762476 1.00 (ref) 1.00 (ref)
1/mo-1Awk 2752 219965 1.00 (0.95,1.04) 1.00 (0.95,1.05)
2-4/wk 322 27424 0.92 (0.82,1.03) 0.93 (0.83,1.04)
5+/wk 144 11990 0.95 (0.81,1.12) 0.93 (0.78,1.09)
p-trend 0.23 0.09

a. . . L . L L . . I .
Adjusted for age, body mass index, waist circumference, physical activity, folate, vitamin B12, magnesium, potassium, vitamin A, smoking,
hypertension, diabetes, race, nonsteroidal anti-inflammatory use, acetaminophen use, tinnitus, and intake of the other types of alcoholic beverages.

*

Denotes statistically significant higher or lower hazard ratio compared with a reference level of 1.00 (*, p <0.05; **, p < 0.001).
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