
 

 

 

Association of Hearing Impairment with Incident
Depressive Symptoms
Citation for published version (APA):

Lisan, Q., van Sloten, T. T., Lemogne, C., Offredo, L., Climie, R. E., Boutouyrie, P., Guibout, C., Thomas,
F., Danchin, N., Jouven, X., & Empana, J-P. (2019). Association of Hearing Impairment with Incident
Depressive Symptoms: A Community-Based Prospective Study. American Journal of Medicine, 132(12),
1441-1449.e4. https://doi.org/10.1016/j.amjmed.2019.05.039

Document status and date:
Published: 01/12/2019

DOI:
10.1016/j.amjmed.2019.05.039

Document Version:
Publisher's PDF, also known as Version of record

Document license:
Taverne

Please check the document version of this publication:

• A submitted manuscript is the version of the article upon submission and before peer-review. There can
be important differences between the submitted version and the official published version of record.
People interested in the research are advised to contact the author for the final version of the publication,
or visit the DOI to the publisher's website.
• The final author version and the galley proof are versions of the publication after peer review.
• The final published version features the final layout of the paper including the volume, issue and page
numbers.
Link to publication

General rights
Copyright and moral rights for the publications made accessible in the public portal are retained by the authors and/or other copyright
owners and it is a condition of accessing publications that users recognise and abide by the legal requirements associated with these
rights.

• Users may download and print one copy of any publication from the public portal for the purpose of private study or research.
• You may not further distribute the material or use it for any profit-making activity or commercial gain
• You may freely distribute the URL identifying the publication in the public portal.

If the publication is distributed under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license above,
please follow below link for the End User Agreement:
www.umlib.nl/taverne-license

Take down policy
If you believe that this document breaches copyright please contact us at:

repository@maastrichtuniversity.nl

providing details and we will investigate your claim.

Download date: 22 May. 2023

https://doi.org/10.1016/j.amjmed.2019.05.039
https://doi.org/10.1016/j.amjmed.2019.05.039
https://cris.maastrichtuniversity.nl/en/publications/fa1402a0-d3a5-434e-b9bb-7c7a4cdd3ba8


CLINICAL RESEARCH STUDY
Association of Hearing Impairment with Incident

Depressive Symptoms: A Community-Based
Prospective Study

Quentin Lisan, MD,a,b,c Thomas T. van Sloten, MD, PhD,a,b,d C�edric Lemogne, MD, PhD,a,e,f Lucille Offredo, MSc,a,b

Rachel E. Climie, PhD,a,b,g,h Pierre Boutouyrie, MD, PhD,a,b,i Catherine Guibout, PhD,a,b Fr�ed�erique Thomas, MD, PhD,j

Nicolas Danchin, MD, PhD,a,j,k Xavier Jouven, MD, PhD,a,b,k Jen-Philippe Empana, MD, PhDa,b

aUniversit�e Paris Descartes, Sorbonne Paris Cit�e, Facult�e de M�edecine, Paris, France; bInstitut National de la Sant�e et de la Recherche

M�edicale (INSERM), UMR-S970, Paris Cardiovascular Research Center, Integrative Epidemiology of Cardiovascular Disease Team,
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ABSTRACT

OBJECTIVE: The aim was to investigate the potential association between hearing impairment and incident

depressive symptoms.

METHODS: Using a prospective community-based cohort study in France (the Paris Prospective Study III),

participants aged 50-75 years were recruited between 2008 and 2012 and thereafter followed up every

2 years up to 2018. Hearing impairment, measured at study recruitment by audiometry testing, was defined

as a pure tone average >25 decibels in the better ear. Incident depressive symptoms, measured using the

validated 13-item Questionnaire of Depression 2nd version, was assessed during follow-up. Multivariate

generalized estimating equations were used to compute odds ratio (OR) and 95% confidence intervals (CI).

RESULTS: Among 7591 participants free of depressive symptoms at baseline (mean age 59.8 years, 63% of

men), 14.3% had hearing impairment. Over 6 years of follow-up, 479 subjects (6.3%) had incident depressive

symptoms. The OR for incident depressive symptoms was 1.36 for subjects with baseline hearing impairment

(95% CI, 1.06-1.73). A pooled analysis of 4 published prospective studies yielded a multivariable relative risk

of baseline hearing impairment for incident depressive symptoms of 1.29 (95% CI, 1.09-1.53).

CONCLUSIONS: In this community-based prospective cohort study of participants aged 50 to 75 years,

baseline hearing impairment was associated with a 36% increased odds of incident depressive symptoms.

� 2019 Elsevier Inc. All rights reserved. � The American Journal of Medicine (2019) 132:1441−1449
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INTRODUCTION
Hearing impairment is the second leading cause of

impairment worldwide1 and the fourth leading contributor

to years lived with disability.2 Projections suggest that over
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900 million individuals will have hearing impairment by

2050,3 representing approximately 10% of the world’s pop-

ulation.4 For many years, this silent growing disease has

been considered as a benign and unavoidable effect of
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aging. It is only recently that hearing impairment has been

identified as a major public health concern2,5 and the impor-

tance of identifying adverse effects associated with hearing

impairment has been emphasized by several authors.6,7

Accordingly, accumulating evidence indicates that hearing

impairment is related to important health-related outcomes

such as falls,8 cognitive decline,9 and incident dementia.9
CLINICAL SIGNIFICANCE

� In this observational prospective study
including 7591 participants aged 50 to
75, 14.3% had hearing impairment objec-
tively measured by audiometry testing.

� Hearing impairment at baseline was
significantly associated with a 36%
increased risk of incident depressive
symptoms over 6 years of follow-up.

� This adds depressive symptoms to the
spectrum of adverse consequences
associated with hearing impairment.
−12 Hearing impairment may also

be related to depressive symptoms

or depression onset, in particular,

given that functional impairment

and social isolation are associated

with hearing impairment.9,13

Depression is the third leading

cause of years lived with disability,1

affecting more than 300 million

people worldwide,14 and its preva-

lence is expected to rise. Studying

the association between hearing

impairment and depression may

therefore have major clinical and

public health implications, espe-

cially when considering that hear-
ing impairment is a modifiable condition in most cases. The

few existing prospective studies on hearing impairment and

depression mostly used self-reported status of hearing

impairment,15−17 were of relatively small size (n <
900),16,17 and have so far provided mixed results.15−18

The objective was to investigate the association

between objectively measured hearing impairment and

incident depressive symptoms using a large commu-

nity-based prospective study. Furthermore, a pooled

analysis of published prospective studies was also per-

formed.
MATERIAL AND METHODS

Study Design
The Paris Prospective Study III (PPS3) is an ongoing obser-

vational community-based study,19 and details are given in

the Methods section in the supplementary material (avail-

able online). Briefly, between 2008 and 2012, 10,157 men

and women aged 50-75 years were recruited at a large pre-

ventive medical center in Paris, France and were followed-

up every 2 years for 6 years, with response rates between

83% and 91%. This study (NCT00741728) complies with

the Declaration of Helsinki, the protocol was approved by

the Ethics Committee of the Cochin Hospital (Paris,

France), and all volunteers provided a written informed

consent.
Hearing Impairment
At baseline, all participants underwent pure-tone air-con-

duction audiometry (Oscilla USB350-SP, Natus Medical,

Taastrup, Denmark). Air conduction thresholds were deter-

mined for each ear at 0.5, 1, 2, 3, 4, 6, and 8 kHz. Pure-tone
average was calculated for each ear, using thresholds from

0.5, 1, 2, and 4 kHz, and a pure-tone average >25 decibels

(dB) hearing level in the better ear defined hearing

impairment, according to the World Health Organization

classification.20
Depressive Symptoms and
Use of Antidepressants
At baseline (2008-2012), 4 years

(2012-2016), and 6 years (2014-

2018) of follow-up, depressive

symptoms were assessed using the

validated 13-item Questionnaire of

Depression, 2nd version, Abridged

(QD2A).21 All items are scored 0 or

1, resulting in a score ranging from

0 (no symptoms) to 13 (all symp-

toms). A QD2A score ≥7 indicates

a high probability of major depres-

sive disorder and was used to define

the presence of depressive symp-

toms. In addition, the use of antide-

pressants (Anatomical Therapeutic
Chemical [ATC] classification codes: N06AA-NO6AX)

was assessed via interview with a medical doctor at baseline

and was self-reported on the postal questionnaires during

follow-up.
Confounders
All confounders were assessed at baseline. Three levels of

education were considered: low (no graduation), intermedi-

ate (secondary education), and high (university diploma).

Living alone status was categorized as yes/no. Alcohol con-

sumption was categorized as never drinker, 1 or 2 glasses,

and 3 or more glasses per day. Smoking status was consid-

ered as: never, former, and current. The Baecke’s score was

used to estimate physical activity at work, during recrea-

tional physical activities and during sport.22 Prior cardio-

vascular disease was defined by the self-reported history of

stroke, myocardial infarction, or angina pectoris. Weight

and height were measured and body mass index was calcu-

lated. Hypertension was defined based on a blood pressure

measure ≥140/90 mm Hg or use of antihypertensive medi-

cation. Diabetes was defined as a fasting blood glucose

level ≥7 mmol/L or use of glucose-lowering medication, or

both.
Pooled Analysis of Previous Studies
The protocol for selecting relevant studies is detailed in the

Methods in the supplementary material. Briefly, studies

published until November 8, 2018 were independently

searched in the PubMed database by 2 investigators (QL

and JPE) and were selected using the following inclusion

criteria: 1) prospective observational study; 2) no depres-

sion or depressive symptoms at baseline; 3) hearing
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impairment (self-reported or objectively measured) as the

main exposure; 4) incident depression or depressive symp-

toms as an endpoint; 5) number of incident depression or

depressive symptoms in each group (clear report or deduct-

ible from the full-text article); 6) no age restriction; and 7)

articles published in English.
Statistical Analyses
Standardized prevalence of subjects with hearing

impairment were provided using the European population4

as reference, employing the direct method.

After excluding participants with depressive symptoms

or using antidepressants at baseline, the prospective associ-

ation between baseline hearing impairment (main exposure)

and incident depressive symptoms (main outcome) was

investigated using generalized estimating equations with an

exchangeable correlation structure, estimating robust stan-

dard errors (prespecified analysis); odds ratio (OR) and

95% confidence intervals (CI) were computed. The analysis

was adjusted for known confounders (listed in the Con-

founders paragraph), based on existing literature.23−25

Several sensitivity analyses were conducted. First, to

address the dose−response relationship between baseline hear-
ing impairment and incident depressive symptoms, grades of

hearing impairment, including normal hearing (0-25 dB), mild

hearing impairment (26-40 dB), and moderate hearing

impairment (41-60 dB) were considered; no participants had

severe (61-80 dB) or profound (>80 dB) hearing impairment.

In addition, hearing impairment (yes/no) was related to the

number of follow-up assessments with presence of depressive

symptoms (0, 1, or 2) using quasi-Poisson regression modeling

(dispersion parameter = 1.28).26 Second, residual confounding

was addressed by the following analyses. Confounding by

dementia was addressed by excluding subjects taking antide-

mentia medication (ATC code N06D) at baseline or during

follow-up. Confounding by other psychological factors was

estimated by further adjusting the main model for perceived

health status (self-rated on a scale ranging from 0 to 10) and

perceived stress (estimated using the short version of the Per-

ceived Stress Scale: PSS-4 items).27 Confounding by a silent

chronic disease was investigated by excluding subjects who

died during follow-up. Third, given the vascular depression

hypothesis,28 and the recently reported associations between

carotid stiffness and incident depressive symptoms,29 the anal-

ysis was successively adjusted for several carotid parameters

(presence of carotid plaques, intima-media thickness, Young’s

elastic modulus, and carotid distensibility) measured at base-

line by high-precision carotid echo tracking,19 and available in

6977 participants. Fourth, to explore the possibility that new

cardiovascular events may be on the path between hearing

impairment and depressive symptoms, the analysis was

repeated after excluding subjects who developed cardiovascu-

lar diseases during follow-up. Fifth, the 939 subjects with no

follow-up data were successively considered as having and

not having incident depressive symptoms. Finally, the main
regression model was further adjusted on self-reported initia-

tion of antidepressant medications during follow-up.

For the pooled analysis, crude relative risks (RR) were

computed from available data for each study and pooled

using a random effects model. Then, published adjusted OR

or hazard ratio (HR) were harmonized into RR.30,31 A ran-

dom effects model was used for pooling RR across studies,

using the inverse variance weighting method. The inconsis-

tency index (I2) was used to assess for potential heterogene-

ity across studies, and a value of 50% or greater was

considered as an indicator of high heterogeneity.32

All analyses were conducted using R, version 3.3.3

(R foundation). Two-sided P values were used with an

alpha = 5% for statistical significance.
RESULTS

Study Population
From 10,157 participants included in PPS3, 407 had miss-

ing data on hearing impairment, 33 on depressive symp-

toms, 16 on both hearing impairment and depressive

symptoms, and 267 on covariates at baseline. A further 904

subjects with depressive symptoms or using antidepressants

at baseline were also excluded. Of the 8530 subjects eligi-

ble for follow-up, 939 had no follow-up assessment and

were excluded, leaving a final study population of 7591 par-

ticipants (Figure 1). This includes 1997 individuals with

data at one follow-up assessment (either at year 4, n =

1685, or year 6, n = 312) and 5594 individuals with data at

2 follow-up assessments at the time of analysis. Excluded

subjects were more likely to be female, current smoker, live

alone, have lower education level and higher level of stress,

and to have diabetes, hypertension, and prevalent cardio-

vascular disease (Supplementary Table 1, available online).

The mean age of participants was 59.8 years (SD 6.3), and

63% were men. Overall, 14.3% (n = 1088) had hearing

impairment at baseline, 14.9% (n = 712) in men and 13.4% (n

= 376) in women. After direct standardization for the Euro-

pean population, 16.4% had hearing impairment: 17.6% in

men and 14.5% in women. When compared with participants

without hearing impairment, those with hearing impairment at

baseline were older and more often male, were more likely to

have diabetes, hypertension, prevalent cardiovascular disease,

a higher body mass index, and lower levels of education, phys-

ical activity, and self-perceived health (Table 1).
Associations Between Baseline Hearing
Impairment and Incident Depressive
Symptoms
Overall, 6.3% of the participants (n = 479) had incident

depressive symptoms at one follow-up assessment at least;

8.5% in subjects with hearing impairment at baseline (n =

93) and 5.9% (n = 386) among subjects without hearing

impairment at baseline.

The associations of baseline hearing impairment with

incident depressive symptoms are reported in Table 2. The



Figure 1 Study flow chart.
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unadjusted OR of baseline hearing impairment for incident

depressive symptoms was 1.43 (95% CI, 1.13-1.81), and the

age- and sex-adjusted OR was 1.46 (95% CI, 1.14-1.86).

After additional adjustment for confounders, baseline hear-

ing impairment remained significantly associated with inci-

dent depressive symptoms (OR 1.36; 95% CI, 1.06-1.73).

Being male and having higher physical activity at baseline

were significantly related to lower odds for depressive symp-

toms, while having higher body mass index, prevalent car-

diovascular disease, diabetes, or being a current smoker were

associated with significantly higher odds for depressive

symptoms (Supplementary Table 2, available online).
Sensitivity Analyses
Results of sensitivity analyses were consistent with those of

the main analysis and are summarized in Figure 2 (detailed
in the Results section in the Supplementary Materials,

available online).
Pooled Analysis of Previous Studies
The study selection for the pooled analysis is presented in

Supplementary Figure 1 (available online). Of the 645

articles identified in PubMed, 5 studies fulfilled the selec-

tion criteria to compute crude RR,15−18,33 among which 4

reported adjusted OR or HR (detailed in the Supplementary

Results).15−18 Characteristics of the studies are presented in

Supplementary Table 3 (available online). Hearing

impairment was tested by audiometric testing in one

study.18 The pooled crude RR of baseline hearing

impairment for incident depression was 1.50 (95% CI,

1.19-1.90), and the pooled multivariate-adjusted RR was

1.29 (95% CI, 1.09-1.53, Figure 3), with a moderate hetero-

geneity across studies (I2 40%, P = .17).



Table 1 Characteristics of the Population (n = 7591) According to Hearing Impairment Status at Baseline

Hearing Impairment at Baseline P Value

No
n = 6503

Yes
n = 1088

Age, mean (SD), years 59.1 (6.00) 63.6 (6.54) < .001
Male sex, n (%) 4071 (62.6) 712 (65.4) .08
Body mass index, mean (SD), kg/m2 25.0 § 3.57 25.8 § 3.76 < .001
Diabetes, n (%) 205 (3.2) 77 (7.1) < .001
Hypertension, n (%) 2122 (32.6) 506 (46.5) < .001
Smoking status
Never, n (%) 3461 (53.2) 556 (51.1) .43
Former, n (%) 2185 (33.6) 383 (35.2)
Current, n (%) 857 (13.2) 149 (13.7)

Alcohol consumption
Never, n (%) 682 (10.5) 116 (10.7) .13
1-2 drink per day, n (%) 5012 (77.1) 713 (74.7)
≥3 drinks per day, n (%) 809 (12.4) 159 (14.6)

Prevalent CVD, n (%) 104 (1.6) 33 (3.0) .002
Living alone, n (%) 1515 (23.3) 280 (25.7) .09
Education level
Low, n (%) 1729 (26.6) 436 (40.1) < .001
Intermediate, n (%) 1176 (18.1) 158 (14.5)
High, n (%) 3598 (55.3) 494 (45.4)

Physical activity score, mean (SD) 6.29 § 1.43 6.12 § 1.38 < .001
Self-rated health status, mean (SD) 7.59 § 1.64 7.44 § 1.71 .007
Stress score (PSS4), mean (SD) 3.54 § 2.56 3.71 § 2.68 .05

CVD = cardiovascular disease; PSS4 = 4-item Perceived Stress Scale.
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DISCUSSION
In this community-based prospective study, mild to moder-

ate hearing impairment objectively measured using audiom-

etry testing was associated with a significant and

independent 36% increased odds of incident depressive

symptoms in 7591 subjects followed over 6 years.

Previous studies on the prospective association between

hearing impairment and incident depression have provided

contrasting results.15−18,33 This may be due to the fact that

most studies were of small sample size (n < 900),16,17,33

and more importantly, that most relied on self-reported

hearing impairment.15−17,33 Self-reported hearing

impairment has been shown to correlate poorly with objec-

tively measured hearing impairment.34 This inconsistency

between studies motivated the pooled analysis of previous

studies. The latter reveals that there was 29% increased

odds of depression associated with hearing impairment,

which is consistent with our study findings.

To the best of our knowledge, only one prior prospec-

tive study quantified the association between hearing

impairment as evaluated by objective audiometric testing

and incident depression.18 This nationwide Korean study

used insurance health claims data of participants of all

ages and focused on severe to profound hearing

impairment,20 using thresholds of ≥60 dB in both ears or

≥80 dB in one ear and ≥40 dB in the other.

Accordingly, severe to profound hearing impairment had

an adjusted HR of 1.37 (95% CI, 1.23-1.52) for incident

depression.
The present study extends the results of this prior study

by focusing on mild to moderate hearing impairment and

on a European population. By showing that even mild and

moderate hearing impairment are associated with incident

depressive symptoms, the current study findings suggest

that the spectrum of the population with hearing impairment

that is at risk of depressive symptoms is larger than those

with only severe hearing impairment. In addition, we were

able to adjust for individual risk factors not considered in

the study by Kim et al,18 including body mass index, prior

cardiovascular diseases, and lifestyle habits, including

smoking status and physical activity, which were all signifi-

cantly associated with depressive symptoms in the present

study.

Several pathways support the reported association

between hearing impairment and incident depressive symp-

toms. First, hearing impairment has been associated with a

wide range of adverse social consequences such as higher

rates of unemployment,35 greater social isolation,9,13 and a

withdrawal from leisure activities,36 which may contribute

to the development of depressive symptoms.9 Nevertheless,

while the current analysis was adjusted for living alone sta-

tus, more specific markers of social isolation such as the

Social Network Index37 should be accounted for in the

future. Second, studies using magnetic resonance imaging

found that subjects with hearing impairment presented

accelerated global brain atrophy, and more specifically in

the right temporal lobe, and a deafferentation-induced atro-

phy in frontal brain regions.38,39 Rutherford et al9 hence



Table 2 Prospective Associations Between Baseline Hearing Impairment Status and Incident Depressive Symptoms

Incident Depressive Symptoms

OR (95% CI) *

No. of Participants No. of Cases Crude Age and Sex Adjusted Fully Adjusted

Hearing impairment
No 6503 386 1 (ref) 1 (ref) 1 (ref)
Yes 1088 93 1.43 (1.13-1.81) 1.46 (1.14-1.86) 1.36 (1.06-1.73)

CI = confidence interval; OR = odd ratio.

NOTE: the fully adjusted model is adjusted for age, sex, physical activity, body mass index, diabetes, hypertension, prevalent cardiovascular disease,

alcohol consumption, smoking status, education level, and living alone at baseline.

*From generalized estimating equations.
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postulated that a decrease in cognitive reserve and impaired

executive function and emotion regulation resulting from

these brain changes may partially account for the associa-

tion between hearing impairment and the increased risk of

both depressive symptoms and dementia. Third, impaired

cognition or dementia might be on the path of the associa-

tion between hearing impairment and incident depression.12

Fourth, we explored a “vascular hypothesis”, but associa-

tions between hearing impairment and depressive symp-

toms remained unchanged after additional adjustment for

the carotid structural and functional carotid parameters.
Figure 2 Associations between baseline hearing impairment st

ity analyses. CI = confidence interval; CVD = cardiovascular dis

NOTE: all regression models are adjusted on age, sex, physical a

cardiovascular disease, alcohol consumption, smoking status, edu
Implications
This study confirms the burden of hearing impairment, sug-

gesting that it may affect nearly 34 million people aged 50-

75 years in Europe when considering the standardized prev-

alence of 16.4%, and potentially 208 million worldwide

when considering the World population standardized preva-

lence of 15.2%.

In addition to the already reported association between

hearing impairment and falls or incident dementia, this

study adds depressive symptoms to the spectrum of adverse

consequences associated with hearing impairment. The
atus and incident depressive symptoms: results of sensitiv-

ease; HI = hearing impairment; OR = odd ratio.

ctivity, body mass index, diabetes, hypertension, prevalent

cation level, and living alone.



Figure 3 Associations between baseline hearing impairment and incident depressive symptoms: pooled analysis

of published prospective studies with adjusted effect size. CI = confidence interval; HI = hearing impairment; RR

= relative risk.
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results of this and prior studies about the adverse health out-

comes associated with hearing impairment support the pro-

motion of early detection and treatment of hearing

impairment, as initiated in the United States by the Over-

The-Counter Hearing Aid Act that commenced in

2017.40,41 Both diagnosis and treatment of most cases of

hearing impairment are simple and easy to implement. Fur-

thermore, among subjects with diagnosed hearing

impairment, one priority should be to greatly improve hear-

ing aid access given that the average time until hearing aid

adoption is estimated to be 9 years in the United States.42

As stated in a recent editorial, “Hearing loss is an area in

which modest interventions have the potential of producing

a significant reduction in the global burden of disease.”43
Limitations
First, depressive symptoms but not major depression per se

were measured; hence, it is possible that we missed subjects

with depression without symptoms. Second, the duration of

hearing impairment was not available. Third, the cause of

hearing impairment was unknown; however, the vast major-

ity of hearing impairment is most likely age related,

because other etiologies such as ototoxic medications use

or brain trauma are very rare.44 Fourth, hearing impairment

was assessed once at baseline so that changes over follow-

up could not be accounted for, although hearing loss can

only get worse with aging. Hearing aid initiation during fol-

low-up was unavailable, precluding exploring the potential

benefit of hearing aid use on incident depressive symptoms.

Fifth, study participants were mostly from an urban region,

primarily white, and therefore, the current findings may not

be generalizable to other populations. Sixth, this is an

observational study precluding any causality assumption.

Seventh, there was no evaluation of cognitive function and

dementia, which is a potential confounding factor.
CONCLUSION
In 7591 participants aged 50 to 75 years and initially free of

depressive symptoms, hearing impairment objectively
measured by audiogram testing was present in 14.3% of the

participants and was associated with a significant 36%

increased odds of incident depressive symptoms over

6 years of follow-up. Future studies should evaluate

whether the treatment of hearing impairment might delay

or prevent depressive symptoms onset.

ACKNOWLEDGMENTS
We thank N. Estrugo, S. Yanes, J.F. Pruny and J. Lacet

Machado for performing the study recruitment of PPS3

study participants, Dr. M.F. Eprinchard, Dr. J.M. Kirzin,

and all the medical and technical staff of the IPC Center,

the Centre de Ressources Biologiques of the European Hos-

pital Georges Pompidou staff (C. de Toma, B. Vedie), and

the Platform for Biological Resources of the European Hos-

pital Georges Pompidou for the management of the bio-

bank. The PPS3 is organized under an agreement between

Institut National de la Sant�e et de la Recherche M�edicale
(INSERM) and the IPC Center, and between INSERM and

the Ressources Biologiques of European Hospital Georges

Pompidou, Paris, France. We also thank the Caisse Natio-

nale d’Assurance Maladie des Travailleurs Salari�es
(CNAM-TS, France) and the Caisse Primaire d’Assurance

Maladie de Paris (CPAM-P, France) for helping make this

study possible.

References
1. GBD 2015 Disease and Injury Incidence and Prevalence Collabora-

tors. Global, regional, and national incidence, prevalence, and years

lived with disability for 310 diseases and injuries, 1990-2015: a sys-

tematic analysis for the Global Burden of Disease Study 2015. Lancet

2016;388(10053):1545–602.

2. Wilson BS, Tucci DL, Merson MH, O’Donoghue GM. Global hearing

health care: new findings and perspectives. Lancet 2017;390

(10111):2503–15.

3. World Health Organization. Deafness and hearing loss. Available at

http://www.who.int/news-room/fact-sheets/detail/deafness-and-hear-

ing-loss. Accessed October 4, 2018.

4. United Nations. DESA/Population Division. Data query. Available at:

https://population.un.org/wpp/DataQuery/. Accessed October 4, 2018.

5. Hearing loss: an important global health concern. Lancet 2016;387

(10036):2351.

http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0005
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0005
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0005
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0005
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0005
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0010
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0010
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0010
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0010
http://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
http://www.who.int/news-room/fact-sheets/detail/deafness-and-hearing-loss
https://population.un.org/wpp/DataQuery/
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0025
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0025


1448 The American Journal of Medicine, Vol 132, No 12, December 2019
6. Lin FR. Hearing loss in older adults: who’s listening? JAMA 2012;307

(11):1147–8.

7. Henshaw H, Sharkey L, Crowe D, Ferguson M. Research priorities for

mild-to-moderate hearing loss in adults. Lancet 2015;386

(10009):2140–1.

8. Kamil RJ, Betz J, Powers BB, et al. Association of hearing impairment

with incident frailty and falls in older adults. J Aging Health 2016;28

(4):644–60.

9. Rutherford BR, Brewster K, Golub JS, Kim AH, Roose SP. Sensation

and psychiatry: linking age-related hearing loss to late-life depression

and cognitive decline. Am J Psychiatry 2018;175(3):215–24.

10. Lin FR, Metter EJ, O’Brien RJ, Resnick SM, Zonderman AB, Ferrucci

L. Hearing loss and incident dementia. Arch Neurol 2011;68(2):214–

20.

11. Davies HR, Cadar D, Herbert A, Orrell M, Steptoe A. Hearing

impairment and incident dementia: findings from the English Longitu-

dinal Study of Ageing. J Am Geriatr Soc 2017;65(9):2074–81.

12. Livingston G, Sommerlad A, Orgeta V, et al. Dementia prevention,

intervention, and care. Lancet 2017;390(10113):2673–734.

13. Mick P, Kawachi I, Lin FR. The association between hearing loss and

social isolation in older adults. Otolaryngol Head Neck Surg 2014;150

(3):378–84.

14. World Health Organization. Depression and Other Common Mental

Disorders: Global Health Estimates. Geneva: World Health Organiza-

tion; 2017.

15. Amieva H, Ouvrard C, Meillon C, Rullier L, Dartigues J-F. Death,

depression, disability and dementia associated with self-reported hear-

ing problems: a 25-year study. J Gerontol A Biol Sci Med Sci 2018;73

(10):1383–9.

16. Saito H, Nishiwaki Y, Michikawa T, et al. Hearing handicap predicts

the development of depressive symptoms after 3 years in older com-

munity-dwelling Japanese. J Am Geriatr Soc 2010;58(1):93–7.

17. Prince MJ, Harwood RH, Thomas A, Mann AH. A prospective popu-

lation-based cohort study of the effects of disablement and social

milieu on the onset and maintenance of late-life depression. The Gos-

pel Oak Project VII. Psychol Med 1998;28(2):337–50.

18. Kim SY, Kim H-J, Park E-K, Joe J, Sim S, Choi HG. Severe hearing

impairment and risk of depression: a national cohort study. PLoS One

2017;12(6):e0179973.

19. Empana J-P, Bean K, Guibout C, et al. Paris Prospective Study III: a

study of novel heart rate parameters, baroreflex sensitivity and risk of

sudden death. Eur J Epidemiol 2011;26(11):887–92.

20. World Health Organization. Grades of hearing impairment. Available

at http://www.who.int/deafness/hearing_impairment_grades/en/.

Accessed October 10, 2018.

21. Pichot P. A self-report inventory on depressive symptomatology

(QD2) and its abridged form (QD2). In: Sartorius N, Ban TA, eds.

Assessment of Depression. Springer; 1986. p. 108–22.

22. Baecke JA, Burema J. Frijters JE. A short questionnaire for the mea-

surement of habitual physical activity in epidemiological studies. Am

J Clin Nutr 1982;36(5):936–42.

23. Adjibade M, Lemogne C, Julia C, et al. Prospective association

between combined healthy lifestyles and risk of depressive symptoms

in the French NutriNet-Sant�e cohort. J Affect Disord 2018;238:554–

62.

24. Pereira-Miranda E, Costa PRF, Queiroz VAO, Pereira-Santos M, San-

tana MLP. Overweight and obesity associated with higher depression

prevalence in adults: a systematic review and meta-analysis. J Am

Coll Nutr 2017;36(3):223–33.

25. Hare DL, Toukhsati SR, Johansson P, Jaarsma T. Depression and car-

diovascular disease: a clinical review. Eur Heart J 2014;35(21):1365–

72.

26. Ver Hoef JM, Boveng PL. Quasi-Poisson vs. negative binomial regres-

sion: how should we model overdispersed count data? Ecology

2007;88(11):2766–72.

27. Lesage F-X, Berjot S, Deschamps F. Psychometric properties of the

French versions of the Perceived Stress Scale. Int J Occup Med Envi-

ron Health 2012;25(2):178–84.
28. Alexopoulos GS, Meyers BS, Young RC, Campbell S, Silbersweig D,

Charlson M. ‘Vascular depression’ hypothesis. Arch Gen Psychiatry

1997;54(10):915–22.

29. van Sloten TT, Boutouyrie P, Tafflet M, et al. Carotid artery stiffness

and incident depressive symptoms: the Paris Prospective Study III.

Biol Psychiatry 2019;85(6):498–505.

30. Shor E, Roelfs D, Vang ZM. The “Hispanic mortality paradox” revis-

ited: meta-analysis and meta-regression of life-course differentials in

Latin American and Caribbean immigrants’ mortality. Soc Sci Med

2017;186:20–33.

31. Grant RL. Converting an odds ratio to a range of plausible relative

risks for better communication of research findings. BMJ 2014;348:

f7450.

32. Higgins JPT, Thompson SG. Quantifying heterogeneity in a meta-

analysis. Stat Med 2002;21(11):1539–58.

33. Forsell Y. Predictors for depression, anxiety and psychotic

symptoms in a very elderly population: data from a 3-year fol-

low-up study. Soc Psychiatry Psychiatr Epidemiol 2000;35

(6):259–63.

34. Kiely KM, Gopinath B, Mitchell P, Browning CJ, Anstey KJ.

Evaluating a dichotomized measure of self-reported hearing loss

against gold standard audiometry: prevalence estimates and age

bias in a pooled national data set. J Aging Health 2012;24

(3):439–58.

35. Hogan A, O’Loughlin K, Davis A, Kendig H. Hearing loss and paid

employment: Australian population survey findings. Int J Audiol

2009;48(3):117–22.

36. Mikkola TM, Polku H, Portegijs E, et al. Self-reported hearing is asso-

ciated with time spent out-of-home and withdrawal from leisure activ-

ities in older community-dwelling adults. Aging Clin Exp Res 2016;28

(2):297–302.

37. Berkman LF, Syme SL. Social networks, host resistance, and mortal-

ity: a nine-year follow-up study of Alameda County residents. Am J

Epidemiol 1979;109(2):186–204.

38. Lin FR, Ferrucci L, An Y, et al. Association of hearing impairment

with brain volume changes in older adults. NeuroImage 2014;90:84–

92.

39. Peelle JE, Troiani V, Grossman M, Wingfield A. Hearing loss in older

adults affects neural systems supporting speech comprehension. J

Neurosci 2011;31(35):12638–43.

40. Warren E, Grassley C. Over-the-Counter Hearing Aids: The Path For-

ward. JAMA Intern Med 2017;177:609–10.

41. Reed NS, Lin FR, Willink A. Hearing care access?: focus on clinical

services, not devices. JAMA 2018;320(16):1641–2.

42. Simpson AN, Matthews LJ, Cassarly C, Dubno JR. Time from hearing

aid candidacy to hearing aid adoption: a longitudinal cohort study. Ear

Hear 2019;40(3):468–76.

43. Lancet The. Hearing loss: time for sound action. Lancet 2017;390

(10111):2414.

44. Hannula S, Bloigu R, Majamaa K, Sorri M, M€aki-Torkko E. Ear dis-

eases and other risk factors for hearing impairment among adults: an

epidemiological study. Int J Audiol 2012;51(11):833–40.

Funding: The PPS3 Study was supported by grants from the National

Research Agency (ANR), the Research Foundation for Hypertension

(RFHTA), the Research Institute in Public Health (IRESP), and the Region

Ile de France (Domaine d’Int�erêt Majeur). TTvS is supported by a National

Research Agency grant and a L’Institute Servier travel grant. REC is sup-

ported by a Prestige and Marie Curie Fellowship and a Lefoulon Delalande

Fellowship.

Funders had no role in design and conduct of the study; collection, man-

agement, analysis, and interpretation of the data; preparation, review, or

approval of the manuscript; and decision to submit the manuscript for pub-

lication.

Conflict of Interest: None.

Authorship: Concept and design: QL, JPE. Acquisition, analysis, or

interpretation of data: all authors. Drafting of the manuscript: QL, JPE.

http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0030
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0030
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0030
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0035
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0035
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0035
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0040
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0040
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0040
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0045
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0045
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0045
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0050
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0050
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0050
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0050
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0055
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0055
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0055
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0060
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0060
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0065
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0065
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0065
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0070
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0070
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0070
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0075
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0075
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0075
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0075
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0080
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0080
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0080
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0085
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0085
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0085
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0085
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0090
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0090
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0090
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0095
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0095
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0095
http://www.who.int/deafness/hearing_impairment_grades/en/
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0105
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0105
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0105
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0110
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0110
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0110
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0115
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0115
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0115
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0115
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0115
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0120
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0120
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0120
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0120
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0125
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0125
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0125
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0130
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0130
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0130
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0135
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0135
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0135
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0140
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0140
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0140
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0140
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0140
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0145
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0145
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0145
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0150
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0150
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0150
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0150
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0150
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0150
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0150
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0155
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0155
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0155
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0160
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0160
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0165
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0165
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0165
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0165
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0170
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0170
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0170
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0170
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0170
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0175
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0175
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0175
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0175
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0180
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0180
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0180
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0180
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0185
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0185
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0185
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0190
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0190
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0190
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0195
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0195
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0195
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0200
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0200
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0205
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0205
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0210
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0210
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0210
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0215
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0215
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0220
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0220
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0220
http://refhub.elsevier.com/S0002-9343(19)30521-2/rf0220


Lisan et al Hearing Impairment and Incident Depressive Symptoms 1449
Critical revision of the manuscript for important intellectual content: all

authors. Statistical analysis: QL, LO. Obtained funding: XJ, JPE, PB.

Administrative, technical, or material support: FT, ND, XJ, JPE. All

authors had access to the data.
SUPPLEMENTARY DATA
Supplementary data to this article can be found online at

https://doi.org/10.1016/j.amjmed.2019.05.039.

https://doi.org/10.1016/j.amjmed.2019.06.001


1449.e1 The American Journal of Medicine, Vol 132, No 12, December 2019
ONLINE ONLY SUPPLEMENTS
eMethods
The Paris Prospective Study III (PPS3) is an ongoing obser-

vational community-based study. Between 2008 and 2012,

10,157 men and women aged 50-75 years were recruited at

a large preventive medical center in Paris (France). The

standard health check-up comprises a complete clinical

examination including measurement of height, weight and

blood pressure, coupled with standard biological tests after

an overnight fast. A self-administered questionnaire pro-

vided information related to lifestyle, personal and family

medical history and current health status. Since baseline,

participants have been followed-up every two years by

postal questionnaires with response rates between 83% and

91%. This study (NCT00741728) complies with the Decla-

ration of Helsinki, the protocol was approved by the Ethics
eFigure 1 Flowchart of the study selection for th

OR = odds ratio; HR = hazard ratio.
Committee of the Cochin Hospital (Paris, France), and all

volunteers provided a written informed consent.
eMethods for the Pooled Analysis of Previously
Published Data
Data sources, search strategy and study selection. Tag-

gedPPubMed database was searched up to November 8th, 2018

by two independent investigators (QL and JPE). The fol-

lowing search terms were used: (hearing impairment[Title/

Abstract] OR hearing loss[Title/Abstract]) AND (depres-

sion[Title/Abstract] OR depressive symptoms[Title/

Abstract]). Selected studies had to (inclusion criteria) 1) be

a prospective observational study, 2) include subjects who

were free of depression or depressive symptoms at baseline,

3) consider hearing impairment (self-reported or objectively

measured) as the main exposure, 4) consider incident

depression or depressive symptoms as an endpoint, 5)
e pooled analysis of published studies.



eTable 1 Comparison Between Included and Excluded Participants.

Included
N = 7591

Excluded
N = 2566

p-value

Age (years), mean (SD), years 59.8 ± 6.27 59.2 ± 6.39 <0.001
Male, No. (%) 4783 (63.0) 1407(54.8) <0.001
Body mass index, mean (SD), kg/m2 25.1 ± 3.61 25.5 ± 4.03 <0.001
Diabetes, No. (%) 282 (3.7) 140 (5.5) <0.001
Hypertension, No. (%) 2628 (34.6) 964 (38.8) <0.001
Smoking status, No. (%) - - <0.001
Never 4017 (52.9) 1188 (46.7) -
Former 2568 (33.8) 840 (33.0) -
Current 1006 (13.3) 518 (20.3) -

Alcohol consumption, No. (%) - - <0.001
Never 798 (10.5) 443 (17.5) -
1-2 drink per day 5825 (76.7) 1755 (69.4) -
≥3 drinks per day 968 (12.8) 332 (13.1) -

Prevalent CVD, No. (%) 137 (1.8) 73 (2.9) 0.001
Living alone, No. (%) 1795 (23.7) 883 (35.0) <0.001
Education level, No. (%) - - <0.001
Low 2165 (28.5) 1006 (40.9) -
Intermediate 1334 (17.6) 457 (18.6) -
High 4092 (53.9) 995 (40.5) -

Physical activity score, mean (SD) 6.27 ± 1.43 6.02 ± 1.44 <0.001
Stress score (PSS4), mean (SD) 3.57 ± 2.58 5.12 ± 3.12 <0.001
Self-perceived health, mean (SD) 7.57 ± 1.65 6.93 ± 1.82 <0.001

CVD = cardiovascular disease; PSS4 = 4-item Perceived stress scale.

eTable 2 Odds Ratio (OR) of Incident Depressive Symptoms for
Baseline Hearing Impairment and Covariates.

OR 95% CI

Hearing impairment 1.36 1.06 – 1.73
Age 1.00 0.98 – 1.01
Male 0.52 0.42 – 0.63
Body mass index 1.03 1.00 – 1.05
Baecke’s score 0.84 0.78 – 0.91
Diabetes 1.60 1.06 – 2.41
Hypertension 0.81 0.66 – 0.99
Smoking status
Never 1 -
Former 1.03 0.83 – 1.28
Current 1.39 1.06 – 1.83

Prevalent CVD 2.36 1.42 – 3.91
Alcohol consumption
Never 1 -
1-2 drink per day 0.88 0.66 – 1.18
≥3 drinks per day 1.14 0.78 – 1.65

Education level

Lisan et al Hearing Impairment and Incident Depressive Symptoms 1449.e2
report the number of subjects with and without incident

depression or depressive symptoms in each group (clear

report or deductible from the full-text article), 6) no age

restriction and 7) be published in English. The reference

lists in the identified publications for further relevant

articles was also searched.

Data extraction. A standardized extraction form was used.

The following data were extracted: number of participants,

age range of participants, duration of follow-up, method

used for assessing hearing impairment and depression,

number of participants in each group, covariates used for

adjustment and the adjusted effect size and their corre-

sponding 95% confidence intervals.

Data analysis. Crude relative risks (RR) were computed

from available data from each study and pooled using a ran-

dom effect model. Reported adjusted odds ratio or hazard

ratio were harmonized into RR.1,2 A random effect model

for pooling adjusted RR was then used, using the inverse

variance weighting method. The inconsistency index (I2)

was used to assess for potential heterogeneity across stud-

ies, and a value of 50% or greater was considered to iden-

tify high heterogeneity.3 R packages ‘meta’ and ‘metafor’

were used.

Low 1 -
Intermediate 0.91 0.69 – 1.20
High 0.84 0.68 – 1.05

Living alone 1.20 0.97 – 1.47

CI = confidence interval; CVD = cardiovascular disease.
eResults of the Sensitivity Analyses
There was a graded association between the severity of

hearing impairment and the presence of depressive
symptoms at follow-up (OR per one stage increase in the

severity of hearing impairment: 1.28, 95% CI 1.04 – 1.59),

and between baseline hearing impairment and the number

of follow-up assessments with presence of depressive
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symptoms (p for trend = 0.02). The results of the main anal-

ysis remained unchanged after further adjusting for self-

rated perceived health status and stress; initiation of antide-

pressant medication during follow-up; after exclusion of

subjects taking anti-dementia medication at baseline and/or

during follow-up (n = 59); after exclusion of subjects with

new cardiovascular disease events onset (n = 252) or sub-

jects who had died during follow-up (n = 84). Similarly,

results were consistent after adjusting for the carotid param-

eters, and when the 939 subjects with no follow-up data

were imputed alternatively as having and not having inci-

dent depressive symptoms.
eResults of the Pooled Analysis of Previously
Published Data
The study selection is presented in eFigure 1. Of the 645

articles identified in PubMed, 11 reported associations

between HI and incident depression.4–14 Among these, six

were excluded for the following reasons: no possibility to

identify whether or not subjects were free of depression at

baseline (n = 1 study)14 and the number of subjects per group

could not be retrieved (n = 5 studies).4,10–13 Five studies ful-

filled the selection criteria to compute crude RR5–9 , among

which four reported adjusted odds or hazard ratio.5,7–9

Characteristics of the studies are presented ineTable 3.

HI was defined from self-report in four studies5–8 and from

audiometric testing in one study.9 Depression and depres-

sive symptoms were defined using validated questionnaires

in three studies,5,7,8 using classification code from insurance

database in one9 and from direct interview in one.6 The

multivariable association between baseline HI and depres-

sion/depressive symptoms was assessed by logistic regres-

sion5,7 or Cox proportional hazard model.8,9

The pooled crude RR for baseline HI was 1.50 (95% CI

1.19 – 1.90) and the pooled multivariate-adjusted RR was

1.29 (95% CI 1.09 – 1.53, Figure 3), with a moderate het-

erogeneity across studies (I2 40%, p = 0.17).
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