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Abstract
Aims/hypothesis Type 2 diabetes mellitus has been implicated as a risk factor for hearing loss, with possible mechanisms including
microvascular disease, acoustic neuropathy or oxidative stress. A few small studies have examined the longitudinal association
between type 2 diabetes and hearing loss, but larger studies are needed. Our objective was to examine whether type 2 diabetes
(including diabetes duration) is associatedwith incident hearing loss in two prospective cohorts: Nurses’Health Studies (NHS) I and II.
Methods We conducted a longitudinal study of 139,909 women to examine the relationship between type 2 diabetes and the risk
of self-reported incident hearing loss. A physician-diagnosis of diabetes was ascertained from biennial questionnaires. The
primary outcome was hearing loss reported as moderate or worse in severity (categorised as a ‘moderate or severe’ hearing
problem, or ‘moderate hearing trouble or deaf’) on questionnaires administered in 2012 in NHS I and 2009 or 2013 in NHS II.
Cox proportional hazards regression was used to adjust for potential confounders.
Results During >2.4 million person-years of follow-up, 664 cases of moderate or worse hearing loss were reported among those
with type 2 diabetes and 10,022 cases among those without type 2 diabetes. Compared with women who did not have type 2
diabetes, those with type 2 diabetes were at higher risk for incident moderate or worse hearing loss (pooledmultivariable-adjusted
HR 1.16 [95% CI 1.07, 1.27]). Participants who had type 2 diabetes for ≥8 years had a higher risk of moderate or worse hearing
loss compared with those without type 2 diabetes (pooled multivariable-adjusted HR 1.24 [95% CI 1.10, 1.40]).
Conclusions/interpretation In this large longitudinal study, type 2 diabetes was associated with a modestly higher risk of
moderate or worse hearing loss. Furthermore, longer duration diabetes was associated with a higher risk of moderate or worse
hearing loss.
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Introduction

The association between type 2 diabetes and hearing loss is
controversial. Most available data are cross-sectional, where
hearing loss may have preceded the onset of type 2 diabetes.
Longitudinal studies are limited by sample size [1, 2] or short
duration of follow-up [3]. Cruickshanks et al found that a
high level of HbA1c, but not the diagnosis of diabetes itself,
was associated with a higher risk of incident hearing loss [2]. A
Korean cohort study found a 36% higher risk for incident
hearing loss among those with diabetes [3]. Findings from the
few studies investigating the association between the duration
of type 2 diabetes and hearing loss have been inconsistent.
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Because prospective data are limited, we examined the re-
lationship between type 2 diabetes and incident hearing loss in
the Nurses’ Health Studies (NHS) I and II (n = 139,909). We
also assessed whether longer duration of disease was associ-
ated with a higher risk of hearing loss.

Methods

Study participants NHS I and NHS II are prospective cohort
studies where participants have been followed with biennial
questionnaires, eliciting information on diet, lifestyle and var-
ious health outcomes, with a follow-up of >90% of the eligible
person-time.

We limited the analysis to those women who provided
information on their hearing on the 2012 (NHS I), 2009 and/
or 2013 (both NHS II) questionnaires. We excluded women
who reported a hearing problem that started before baseline in
the NHS I (1984) and NHS II (1995) and women who report-
ed a history of cancer other than non-melanoma skin cancer.

The NHS I/II were approved by the Institutional Review
Board. The Institutional ReviewBoard allows for the return of
questionnaires as implied consent.

Ascertainment of type 2 diabetes Women who reported a
physician-diagnosis of diabetes on baseline or biennial ques-
tionnaires were sent supplementary questionnaires to catego-
rise reported causes: type 1 diabetes, type 2 diabetes (possible,
probable, definite/confirmed), gestational diabetes, impaired
glucose tolerance and secondary diabetes. The confirmation
of diabetes in NHS I and NHS II has been described in detail
[4, 5]. We included only women who had a confirmed or
probable diagnosis of type 2 diabetes.

A confirmed diagnosis of type 2 diabetes was defined as:
(1) an elevated fasting plasma glucose (FPG) concentration
and at least one classic symptom related to diabetes; (2) at
least two elevated plasma glucose measurements on different
occasions, in the absence of symptoms; or (3) treatment with
blood glucose-lowering medications. A probable diagnosis of
type 2 diabetes was defined as self-reported diabetes, along
with one of the following: (1) elevated plasma glucose mea-
sured on one occasion but no symptoms or drug therapy; or
(2) classic symptoms and glycosuria. In both cohorts, infor-
mation on type 2 diabetes was updated every 2 years.

Ascertainment of diabetes duration In NHS I and NHS II, we
excluded individuals with prevalent diabetes before 1976 (n =
288) and before 1989 (n = 499), respectively. We included
women with incident type 2 diabetes diagnosed between
1976 and 1984 in NHS I.

Ascertainment of hearing loss The primary outcome was self-
reported moderate or worse hearing loss. In NHS I, informa-
tion was obtained from the 2012 long-form questionnaire in
which participants were asked, ‘Do you have a hearing prob-
lem?’ (response options: none, mild, moderate, severe), and if
so, at what age a change in hearing was first noticed. In NHS
II, information was obtained from the 2009 and 2013 ques-
tionnaires. In the 2009 long-form questionnaire, participants
were asked, ‘Do you have a hearing problem?’ (response op-
tions: no, mild, moderate, severe), and ‘At what age did you
first notice a change in your hearing?’ In the 2013 main ques-
tionnaire, participants were asked, ‘Which best describes your
hearing?’ (response options: excellent, good, a little hearing
trouble, moderate hearing trouble, deaf), and ‘Have you no-
ticed a change in your hearing?’ If the response to the latter
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was ‘Yes’, participants were asked, ‘At what age did you first
notice a change in your hearing?’

A priori, we chose to examine the incidence of self-
reported moderate or worse hearing loss to minimise misclas-
sification. In a validation study of self-reported hearing loss,
compared with audiometrically measured hearing loss, the
sensitivity of a single question to detect moderate or worse
hearing loss (classified by audiometry as better ear-pure tone
average [(PTA)0.5,1,2,4 kHz] >40 dB) among women aged less
than 70 years was 95%, and the specificity was 65% [6]. As a
secondary outcome, we also assessed the incidence of mild
hearing loss.

Ascertainment of covariatesCovariate data were obtained and
updated from biennial questionnaires. In this analysis, we con-
sidered the following covariates: age; race; tinnitus; BMI;
waist circumference; alcohol consumption (g/day); physical
activity (quintiles of metabolic equivalents of task [METs]/
week); smoking (never, past, current smoker); hypertension;
frequent use of non-steroidal anti-inflammatory drug
(NSAIDs), aspirin and paracetamol (also known as acetamin-
ophen); and alternate Mediterranean diet (AMED) scores (a
healthy dietary pattern inversely associated with hearing loss)
[7].

Statistical analysis Analyses were performed prospectively,
with person-time allocated according to exposure status (type
2 diabetes) at the start of each follow-up period. Participants
were censored at the reported onset of hearing loss or new
cancer diagnosis.

We used Cox proportional hazards regression analysis to
estimate the HR of moderate or worse hearing loss. Women
who reported a history of impaired FPG, gestational diabetes
or secondary diabetes contributed follow-up time as non-
diabetic participants and re-entered the analysis if they subse-
quently developed confirmed or probable type 2 diabetes.
Women who reported mild hearing loss on the 2009 NHS II
questionnaire were excluded but re-entered the analysis if they
subsequently reported moderate or worse hearing loss in the
2013 questionnaire. We investigated the risk of moderate or

worse hearing loss and mild hearing loss in each cohort, and
then pooled the multivariable-adjusted HRs. We then exam-
ined the association between hearing loss and duration of type
2 diabetes.

We used backward selection, with type 2 diabetes and co-
variates as time-dependent variables, and a p value threshold
of <0.10 for retaining covariates. For consistency, we retained
the following covariates in all models: age, AMED score,
waist circumference, BMI, physical activity, hypertension, tin-
nitus, paracetamol use, ibuprofen use and race. We tested for
collinearity between age and duration of type 2 diabetes in
each cohort; Spearman’s correlation coefficients were < 0.2
when tested at multiple time points. SAS software, version
9.4 (Cary, NC, USA) was used for all analyses.

Results

There were 936 participants with type 2 diabetes at baseline
and 7009 women who developed type 2 diabetes during fol-
low-up. During 2,418,720 person-years of follow-up, 664 in-
cident cases of moderate or worse hearing loss developed
among women with type 2 diabetes and 10,022 cases in those
without type 2 diabetes (Table 1). The pooled multivariable-
adjusted HR for moderate or worse hearing loss in those with
type 2 diabetes was 1.16 (95% CI 1.07, 1.27) compared with
individuals without diabetes.

There was a higher risk of moderate or worse hearing loss
in those participants who had type 2 diabetes for 8 or more
years compared with those without type 2 diabetes (pooled
multivariable-adjusted HR 1.24 [95% CI 1.10, 1.40; Table 2).

There was no statistically significant interaction with age or
BMI (data not shown).

Baseline characteristics of participants are shown in ESM
Table 1. In a secondary analysis, type 2 diabetes was associ-
ated with a slightly higher risk of mild hearing loss (multivar-
iable-adjusted HR 1.08 [95% CI 1.01, 1.14]) compared with
no type 2 diabetes (ESM Table 2). The cohort-specific results
for the relationship between duration of diabetes and the risk
of moderate or worse hearing loss are shown in ESM Table 3.

Table 1 Age-adjusted and multivariable-adjusted HRs for moderate or worse hearing loss among women in NHS I/II with type 2 diabetes

Variable NHS I NHS II Pooled results for NHS I and NHS II

No type 2 diabetes Type 2 diabetes No type 2 diabetes Type 2 diabetes No type 2 diabetes Type 2 diabetes

Participants (n) 7703 550 2319 114 10,022 664
Person-years 1,293,748 54,952 1,041,912 28,108 2,335,660 83,060
Age-adjusted HR (95% CI) 1.00 (ref) 1.20 (1.10, 1.31) 1.00 (ref) 1.42 (1.17, 1.72) 1.00 (ref) 1.28 (1.09, 1.50)
Multivariable-adjusted HR (95% CI)a 1.00 (ref) 1.15 (1.05, 1.26) 1.00 (ref) 1.24 (1.02, 1.52) 1.00 (ref) 1.16 (1.07, 1.27)

Exposure: type 2 diabetes; outcome: moderate or worse hearing loss
a Covariates: AMED score, waist circumference, BMI, physical activity, hypertension, tinnitus, paracetamol use, ibuprofen use and race

Ref, reference
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Discussion

Among 139,909 women in NHS I and NHS II, we found a
modest, independently significant higher risk of self-reported
moderate or worse hearing loss in those with type 2 diabetes
compared with individuals without the disease.We also found a
higher risk in those who had type 2 diabetes for 8 or more years.

Our pooled multivariable-adjusted HR for hearing loss
among those with type 2 diabetes as compared with those
without type 2 diabetes was lower than previously reported
[2, 3]; however, other studies tended not to finely adjust for
potentially important confounders, such as BMI. In our anal-
ysis, BMI and age were the strongest confounders. Higher
BMI and waist circumference have been previously shown
to be risk factors for incident hearing loss [2, 8], and type 2
diabetes and obesity may induce hearing loss through similar
mechanisms, including oxidative stress [9, 10]. The finding of
an increased risk of hearing loss with type 2 diabetes indepen-
dent of BMI suggests there may be other pathways contribut-
ing to diabetes-related hearing loss. Autopsies of individuals
with diabetes showed atrophy of the spiral ganglion and de-
myelination of the auditory nerve [11].

In all Cox proportional hazards models, we carefully and
finely adjusted for age (updated with every biennial question-
naire) to avoid confounding by age. When including BMI and
age as quadratic covariates in the pooled multivariable-
adjusted model for moderate or worse hearing loss, the HR
was unchanged.

Studies assessing diabetes disease duration and hearing loss
have yielded inconsistent results. One study reported an OR of
2.08 [95% CI 1.10, 3.94] for hearing loss with diabetes dura-
tion ≥10 years compared with an OR of 1.41 [95% CI 0.96,
2.06] for diabetes duration <10 years [1], while another found
no significant association between hearing loss and diabetes
duration [12].We found that having type 2 diabetes for≥8 years
was associated with a higher risk of moderate or worse hearing
loss compared with individuals without diabetes.

This is the largest prospective study to examine the risk of
incident hearing loss in relation to type 2 diabetes. The infor-
mation obtained fromNHS I and NHS II is highly reliable and
follow-up rates are high. Validation studies within the Nurses’

Studies have demonstrated the reliability of self-reported dia-
betes [5]. However, we did not have enough information to
assess the association between glycaemic control or impaired
glucose tolerance with hearing loss. Although hearing loss
was based on self-report, self-reported hearing loss has been
found to be a reliable indicator of hearing loss [13–15] and the
sensitivity of a single question to detect moderate or worse
hearing loss has been shown to be high among women [6].
The hearing loss-related questions in the 2013 NHS II ques-
tionnaire were slightly different from the 2009 questionnaire;
however, there are other published studies from NHS II that
combined the responses from the 2009 and 2013 question-
naires and found a positive association between certain risk
factors and hearing loss [7, 16]. Due to the observational de-
sign, residual confounding cannot be excluded.

Based on the findings from this large longitudinal study,
type 2 diabetes is associated with a modestly higher risk of
hearing loss and, with regards to diabetes duration, having
diabetes for 8 or more years is associated with a higher risk.
These findings may have important public health implications
and suggest that preventing type 2 diabetes could potentially
reduce the burden of hearing loss.
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