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ABSTRACT

Background: It remains unknown whether hearing loss increases the risk of Alzheimer’s disease. This study aimed
to examine the association between hearing loss and risk of Alzheimer’s disease in older people in Taiwan.
Methods: Analyzing the database from Taiwan’s National Health Insurance Program, this case-control study
enrolled 488 subjects ≥65 years old with newly diagnosed Alzheimer’s disease as a case group and 1952 subjects
without Alzheimer’s disease as a control group from 1998–2011. Patients with Alzheimer’s disease and other
comorbidities were identified by analyzing ICD-9 coding in claims data. The association of hearing loss, other
comorbidities, and risk of Alzheimer’s disease were compared between groups.
Results: After controlling for confounders, multivariable logistic regression showed an adjusted odds ratio of
Alzheimer’s disease of 1.39 in people with hearing loss (95% CI, 1.05–1.84) versus those without. Parkinson’s
disease (OR 4.44; 95% CI, 2.54–7.78), head injury (OR 2.31; 95% CI, 1.46–3.66), depression (OR 1.68; 95% CI,
1.19–2.39), hypertension (OR 1.40; 95% CI, 1.10–1.79), and age (each year, OR 1.03; 95% CI, 1.01–1.05) also
showed strong links with Alzheimer’s.
Conclusions: Hearing loss is associated with increased risk of Alzheimer’s disease in older people in Taiwan.
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INTRODUCTION

Dementia is not only a major health issue but also an ongoing
non-negligible socioeconomic problem. A meta-analysis by
Prince et al tallied global prevalence at 5%–7%, with around
35.6 million people afflicted in 2010.1 Wimo et al estimated
that the worldwide costs of dementia were $604 billion
(United States Dollars) in 2010, and costs are expected to rise
in coming years.2 Caregiver burden for patients with dementia
also warrants multidimensional solutions.3 Alzheimer’s
remains the most common type of dementia in both Western
and Asian populations, accounting for about 11% of
Americans aged 65 years and older.4

In Japan, the ratio of Alzheimer’s disease to vascular
dementia seems to be rising over time.5 Even though the
pathophysiology of Alzheimer’s disease was identified as
related to amyloid deposition in the brain and associated
neurodegenerative processes, the mechanism of Alzheimer’s
disease has not been fully elucidated. Other epidemiologic
associations have been reported in recent decades.6,7 Most
comorbidities cited as linked with Alzheimer’s also relate to
aging.
Sensory impairment, such as hearing loss, is likewise a

thorny problem for the elderly. Presbycusis (age-related
hearing loss) usually occurs as gradual, symmetric hearing
loss in the elderly. Prevalence has grown steadily with age in
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America; Nash et al reported a prevalence of 42.7% at ages
65–84 years in 2005–2008.8 Other population estimates are
25% at ages 65–75 and 70%–80% beyond age 75.9 The
association between hearing loss and Alzheimer’s disease has
been discussed since the 1980s. However, most studies have
been based on Western populations. Both Alzheimer’s disease
and hearing loss are associated with age. Since the prevalence
of Alzheimer’s disease tended to increase in both Western and
Asian populations, we wish to prove the association of hearing
loss and Alzheimer’s disease in Asians.

This study evaluates the relationship of hearing loss and
Alzheimer’s disease among the elderly using National Health
Insurance claims data in Taiwan.

MATERIALS AND METHODS

Data sources
This case-control study analyzed the database of the Taiwan
National Health Insurance Program, the details of which have
been documented in previous studies.10–12 In brief, National
Health Insurance began in March 1995 and covers 99% of
the 23 million residents of Taiwan.13 The insurance covers
outpatient and inpatient services. The Institutional Review
Board of China Medical University and Hospital (CMU-REC-
101-012) approved this study.

Participants
According to the Diagnostic and Statistical Manual of Mental
Disorders (DSM) IV definition, patients with Alzheimer’s
disease are characterized by disability in daily activity
function. However, it would be impossible to re-inspect the
diagnostic accuracy of each case by DSM IV criteria in the
nationwide insurance claims dataset. Therefore, we selected
cases based on reported International Classification of
Diseases 9th Revision Clinical Modification (ICD-9) codes
as a substitute. Subjects aged 65 years or older newly
diagnosed with Alzheimer’s disease according to ICD-9 code
331.0 in 1998–2011 were identified as the case group. The
index date for each case was defined as the date of diagnosis.
To prevent entanglements with unknown-type dementia and to
explore the association between Alzheimer’s disease and
comorbidities, strict criteria were adopted to select patients
who were diagnosed with Alzheimer’s disease. Patients who
were diagnosed with mixed- or unknown-type dementia or
vascular dementia were all excluded from the case group. At
the same time, to increase statistical power, for each case we
randomly selected four subjects without Alzheimer’s as a
control group. The groups were frequency matched for sex,
age (within 5 years), and index date. For each Alzheimer’s
disease case identified on a certain index date, there were four
subjects of the same sex and age (within 5 years) selected as
controls on the same day. Subjects who were assigned to the
control group were free from all types of dementia in the
dataset.

Comorbidities potentially associated with
Alzheimer’s disease
Other medical conditions potentially associated with
Alzheimer’s disease included hearing loss (ICD-9 codes
388.01, 389.0, 389.1, 389.2, 389.8, 389.9), cerebrovascular
disease (ICD-9 codes 430–438), chronic kidney disease
(ICD-9 codes 585–586, 588.8–588.9), depression (ICD-9
codes 296.2–296.3, 300.4, 311), diabetes mellitus (ICD-9
codes 250), head injury (ICD-9 codes 850–854, 959.01),
hypertension (ICD-9 codes 401–405), hyperlipidemia (ICD-9
codes 272.0, 272.1, 272.2, 272.3, 272.4) and Parkinson’s
disease (ICD-9 codes 332.0). Comorbidities of each subject
were all identified before the index date or matched index date.
As mentioned above, to prevent biased results, subjects with
other types of dementia (ICD-9 codes 290.0–290.4, 294.1), as
well as specific noise-induced or other type of hearing loss
(ICD-9 codes 388.02, 388.1, 388.2, 389.7), before the index
date were excluded. Even though we adopted strict criteria
to identify Alzheimer’s disease by using ICD-9 codes in
insurance claims data, there may have been some degree of
misclassification of dementia and miscoded comorbidities.

Statistical analysis
We contrasted sex, age, and co-morbidities between groups
using the Chi-square test for categorical variables; significant
associations found in crude analysis were further included in
multivariable logistic regression to measure odds ratios (ORs)
and 95% confidence intervals (CIs) for risk of Alzheimer’s
disease. Because controls were frequency matched, we used
an unconditional logistic regression model to estimate the risk
for Alzheimer’s disease.14 Statistical significance was set at
P < 0.05 (SAS software version 9.1; SAS Institute Inc., Cary,
NC, USA).

RESULTS

Characteristics of study population
In our dataset from 1988 to 2011, a total of 488 newly coded
Alzheimer’s disease subjects met the antecedent criteria as
cases, and 1952 subjects without Alzheimer’s disease were
matched as controls. Table 1 shows intergroup demographic
traits and co-morbidities. The case group had significantly
higher proportion of hearing loss, depression, diabetes
mellitus, head injury, hypertension, hyperlipidemia, and
Parkinsonism. Mean age (standard deviation [SD]) was
76.20 (5.16) years for cases and 75.24 (5.36) years for
controls. The mean (SD) follow-up duration between the
diagnosis of hearing impairment and Alzheimer’s disease was
5.20 (3.50) years.

Association between Alzheimer’s disease and
hearing loss and/or other comorbidities
After controlling for confounders, multivariable logistic
regression analysis showed an adjusted odds ratio of
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Alzheimer’s disease of 1.39 in subjects with hearing loss (95%
CI, 1.05–1.84) compared to those without. Parkinsonism (OR
4.44; 95% CI, 2.54–7.78), head injury (OR 2.31; 95% CI,
1.46–3.66), depression (OR 1.68; 95% CI, 1.19–2.39),
hypertension (OR 1.40; 95% CI, 1.10–1.79) and age (per 1
year increment, OR 1.03; 95% CI, 1.01–1.05) were associated
with Alzheimer’s disease (Table 2).

DISCUSSION

The present nationwide, population-based case-control study
elucidated the association between Alzheimer’s disease and
hearing loss and other comorbidities, including depression,
head injury, hypertension, and Parkinson’s disease. Given the
limitations of claims data, we designed this study to show the

association between hearing loss and Alzheimer’s disease.
Even with a relatively low number of identified cases, the
statistical significance remained in our study.
Hearing impairment, including that which occurs in elderly

patients, is usually designated as sensorineural, conductive, or
mixed. Conductive hearing impairment arises from physical
injury to the mechanical barriers that transmit sound waves to
the inner ear and stimulate hearing, such as ossicle injuries
and tympanic membrane sclerosis. Sensorineural hearing
impairment is caused by inner ear, cochlea, or auditory
nerve dysfunction. The term presbycusis chiefly describes
sensorineural hearing loss in the elderly, which is noise-
induced hearing loss characterized mainly by loss in high
frequencies. Still, presbycusis may present as multifactorial
and complicated hearing dysfunction. Patients with hearing
loss obviously identified as noise-induced were excluded
from our study, which found a significant association of
hearing loss with Alzheimer’s disease. This association has
been discussed for decades. In 1986, an observation study
conducted by Uhlmann et al enrolled 156 Alzheimer’s
cases and cited hearing loss as foreshadowing cognitive
dysfunction.15 In 1989, after controlling for age, sex, and
education status, they reported that hearing loss was
significantly and independently linked with severity of
cognitive dysfunction in an Alzheimer’s case-control
study.16 While ever more studies have reported an
association between hearing loss and Alzheimer’s disease,
dementia, and cognitive dysfunction, the mechanisms and/or
causal relationship of hearing loss and Alzheimer’s disease
remains unknown.17

Gates et al reported central auditory dysfunction as a
harbinger of Alzheimer’s disease.18 A magnetic resonance
brain image study by Lin et al indicated hearing loss
correlated with accelerated atrophy of the whole brain,
especially the right temporal lobe.19 Alzheimer’s, a
neurodegenerative disease, may be linked to sensorineural
versus conductive hearing loss, yet without environmental
enrichment, decreased stimulation in conductive hearing loss
among the elderly might contribute to Alzheimer’s disease.20

Genetically, apolipoprotein E epsilon 4 allele may affect
the rate of cognitive decline but is under-represented in
nonsyndromic sensorineural hearing loss among adults.21,22

Factors significantly associated with Alzheimer’s disease
include depression, head injury, Parkinsonism, and
hypertension. Metabolic syndrome and vascular factors were
seen as associated with Alzheimer’s disease in prior studies;
however, while diabetes mellitus and hyperlipidemia showed
potential associations before, we statistically identified only
hypertension as an independent factor, possibly due to the
smaller sample size of our study compared to a previous
study conducted via health insurance claims data in Taiwan.23

In our study, to verify the correlation with hearing loss in the
elderly, Alzheimer’s disease was identified rigorously, and
other unknown types of dementia were excluded.

Table 1. Characteristics between Alzheimer’s disease cases
and control subjects

Alzheimer’s disease

P valuea
Yes

n = 488
No

n = 1952

n (%) n (%)

Sex 1.00
Male 216 44.26 864 44.26
Female 272 55.74 1088 55.74
Age group, years 1.00
65–74 193 39.55 772 39.55
75–84 295 60.45 1180 60.45
Co-morbidities before index dateb

Hearing loss 87 17.8 239 12.2 0.001
Cerebrovascular disease 63 12.91 242 12.40 0.80
Chronic kidney disease 32 6.56 109 5.58 0.41
Depression 59 12.09 117 5.99 <0.0001
Diabetes mellitus 152 31.15 474 24.28 0.002
Head injury 34 6.97 52 2.66 <0.0001
Hypertension 374 76.64 1287 65.93 <0.0001
Hyperlipidemia 133 27.25 438 22.44 0.02
Parkinson’s disease 31 6.35 24 1.23 <0.0001

aChi-square test comparing subjects with and without Alzheimer’s
disease.
bIndex date was defined as date of diagnosing Alzheimer’s disease.

Table 2. Odds ratios of Alzheimer’s disease associated with
hearing loss and other co-morbidities

Variable
Crude Adjusteda

OR (95% CI) OR (95% CI)

Sex (male vs female) 1.00 (0.82–1.22) —
Age (per 1 year increment) 1.04 (1.02–1.06) 1.03 (1.01–1.05)
Co-morbidities before index date
Hearing loss 1.56 (1.19–2.04) 1.39 (1.05–1.84)

Cerebrovascular disease 1.05 (0.78–1.41) —
Chronic kidney disease 1.19 (0.79–1.78) —
Depression 2.16 (1.55–3.00) 1.68 (1.19–2.39)
Diabetes mellitus 1.41 (1.14–1.75) 1.23 (0.98–1.55)
Head injury 2.74 (1.76–4.27) 2.31 (1.46–3.66)
Hypertension 1.70 (1.35–2.13) 1.40 (1.10–1.79)
Hyperlipidemia 1.30 (1.03–1.62) 1.08 (0.84–1.37)
Parkinson’s disease 5.45 (3.17–9.37) 4.44 (2.54–7.78)

CI, confidence interval; OR, odds ratio.
aAdjusted for age, hearing loss, depression, diabetes mellitus, head
injury, hyperlipidemia, hypertension, and/or Parkinson’s disease.
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Like Alzheimer’s, Parkinson’s disease is usually thought
of as a neurodegenerative condition in the elderly. We also
assume an association between these two conditions, as
well as between Alzheimer’s and depression, based on this
epidemiologic study. However, the causal relationship remains
complicated due to difficulty in assessing these clinical
conditions.24 Terada et al assessed regional cerebral blood
flow change in Alzheimer’s cases with depressive symptoms
via image assitant.25 Connections among neuroinflammation,
neurodegeneration, and depression have been discussed,26

which concur with prior studies reporting head injury as a
risk factor of Alzheimer’s disease.27

As far as we know, the present study is the first population
study focused on the association between Alzheimer’s disease
and hearing loss, although some limitations warrant mention.
First of all, an innate information bias may exist, due to the
use of data from insurance claims. Using ICD-9 coding as an
expedient method of confirming each participant’s diagnosis
process may introduce information bias and threaten
interpretability of the results. Diagnoses of the clinical
conditions of interest, along with other comorbidities, were
confirmed by clinical diagnostic coding, and patients with
such diseases who did not make use of National Health
Insurance would not be included. In addition, hearing loss
patients might visit physicians more frequently. Therefore,
the risk for Alzheimer’s disease could be somewhat
overestimated. However, in the regression model, patients
with cerebrovascular disease, chronic kidney disease, and
diabetes mellitus, who may also make more frequent use of
health insurance, were not at significantly increased risk for
Alzheimer’s disease. In addition, the high rate of NHI
coverage and high accessibility to medical service in Taiwan
make our analysis more reliable. We had no genetic or
biomarker testing results in the database, so we could
not assess the disparity between probable and possible
Alzheimer’s according to recommendations from the
National Institute on Aging-Alzheimer’s Association
workgroups and DSM V.28 Data on educational attainment,
occupational attainment, and socioeconomic status, which
may also be associated with hearing loss and Alzheimer’s
disease, were not available in our dataset.29–31 The severity of
hearing loss could not be rated in each subject in our study;
as such, whether a dose-response relationship exists between
severity of hearing loss and cognitive disabilities in
Alzheimer’s disease remains unclear.

Both presbycusis and Alzheimer’s disease might develop
insidiously. Using claims data, we figured that older patients
who were diagnosed with hearing impairment might have
higher probability of being diagnosed with Alzheimer’s
disease later. At the same time, we calculated that the mean
(SD) follow-up duration between the diagnosis of hearing
impairment and Alzheimer’s disease was 5.20 (3.50) years.
Still, we could not determine whether hearing loss was
a risk factor, precursor, or possible non-amnestic criterion

of Alzheimer’s disease. Further large-scale studies of
comprehensive hearing tests combined with rigorous
evaluation of Alzheimer’s diagnoses and nuclear brain
imaging might be able to more robustly assess the
association of hearing loss and Alzheimer’s disease in older
people.
In conclusion, hearing loss is associated with increased risk

of Alzheimer’s disease in older people in Taiwan. Whether
a non-memory-related feature of Alzheimer’s disease or not,
the association warrants further exploration.

ACKNOWLEDGEMENT

This study is supported in part by Taiwan Ministry of Health
and Welfare Clinical Trial and Research Center of Excellence
(MOHW104-TDU-B-212-113002), China Medical University
Hospital, Academia Sinica Taiwan Biobank, Stroke
Biosignature Project (BM104010092), NRPB Stroke
Clinical Trial Consortium (MOST 103-2325-B-039-006),
Tseng-Lien Lin Foundation in Taichung in Taiwan, Taiwan
Brain Disease Foundation in Taipei in Taiwan, and Katsuzo
and Kiyo Aoshima Memorial Funds in Japan. These funding
agencies did not influence the study design, data collection
and analysis, decision to publish, or preparation of the
manuscript.
Conflicts of interest: None declared.

REFERENCES

1. Prince M, Bryce R, Albanese E, Wimo A, Ribeiro W, Ferri CP.
The global prevalence of dementia: a systematic review and
metaanalysis. Alzheimers Dement. 2013;9:63–75.e2.

2. Wimo A, Jönsson L, Bond J, Prince M, Winblad B; Alzheimer
Disease International. The worldwide economic impact of
dementia 2010. Alzheimers Dement. 2013;9:1–11.e3.

3. Springate BA, Tremont G. Dimensions of caregiver burden in
dementia: impact of demographic, mood, and care recipient
variables. Am J Geriatr Psychiatry. 2014;22:294–300.

4. Alzheimer’s Association. 2013 Alzheimer’s disease facts and
figures. Alzheimers Dement. 2013;9:208–45.

5. Dodge HH, Buracchio TJ, Fisher GG, Kiyohara Y, Meguro K,
Tanizaki Y, et al. Trends in the prevalence of dementia in Japan.
Int J Alzheimers Dis. 2012;2012:956354.

6. Reitz C, Mayeux R. Alzheimer disease: epidemiology,
diagnostic criteria, risk factors and biomarkers. Biochem
Pharmacol. 2014;88:640–51.

7. Rhinn H, Fujita R, Qiang L, Cheng R, Lee JH, Abeliovich A.
Integrative genomics identifies APOE epsilon4 effectors in
Alzheimer’s disease. Nature. 2013;500:45–50.

8. Nash SD, Cruickshanks KJ, Klein R, Klein BE, Nieto FJ, Huang
GH, et al. The prevalence of hearing impairment and associated
risk factors: the Beaver Dam Offspring Study. Arch Otolaryngol
Head Neck Surg. 2011;137:432–9.

9. Sprinzl GM, Riechelmann H. Current trends in treating hearing
loss in elderly people: a review of the technology and treatment
options—a mini-review. Gerontology. 2010;56:351–8.

Hearing Loss and Alzheimer’s Disease520

J Epidemiol 2015;25(8):517-521

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23305823&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23305821&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23567422&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23507120&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23091769&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24398425&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24398425&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23883936&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21339392&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21339392&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20090297&dopt=Abstract


10. Hung SC, Liao KF, Lai SW, Li CI, Chen WC. Risk factors
associated with symptomatic cholelithiasis in Taiwan: a
population-based study. BMC Gastroenterol. 2011;11:111.

11. Lai SW, Chen PC, Liao KF, Muo CH, Lin CC, Sung FC. Risk of
hepatocellular carcinoma in diabetic patients and risk reduction
associated with anti-diabetic therapy: a population-based cohort
study. Am J Gastroenterol. 2012;107:46–52.

12. Lai SW, Liao KF, Liao CC, Muo CH, Liu CS, Sung FC.
Polypharmacy correlates with increased risk for hip fracture in
the elderly: a population-based study. Medicine (Baltimore).
2010;89:295–9.

13. Liao KF, Lai SW, Li CI, Chen WC. Diabetes mellitus correlates
with increased risk of pancreatic cancer: a population-based
cohort study in Taiwan. J Gastroenterol Hepatol. 2012;27:
709–13.

14. Cheung YB. Analysis of matched case-control data. J Clin
Epidemiol. 2003;56(8):814; author reply 814.

15. Uhlmann RF, Larson EB, Koepsell TD. Hearing impairment and
cognitive decline in senile dementia of the Alzheimer’s type.
J Am Geriatr Soc. 1986;34:207–10.

16. Uhlmann RF, Larson EB, Rees TS, Koepsell TD, Duckert LG.
Relationship of hearing impairment to dementia and cognitive
dysfunction in older adults. JAMA. 1989;261:1916–9.

17. Lin FR, Yaffe K, Xia J, Xue QL, Harris TB, Purchase-Helzner E,
et al. Hearing loss and cognitive decline in older adults. JAMA
Intern Med. 2013;173:293–9.

18. Gates GA, Anderson ML, McCurry SM, Feeney MP, Larson
EB. Central auditory dysfunction as a harbinger of Alzheimer
dementia. Arch Otolaryngol Head Neck Surg. 2011;137:390–5.

19. Lin FR, Ferrucci L, An Y, Goh JO, Doshi J, Metter EJ, et al.
Association of hearing impairment with brain volume changes in
older adults. Neuroimage. 2014;90:84–92.

20. Mainardi M, Di Garbo A, Caleo M, Berardi N, Sale A, Maffei L.
Environmental enrichment strengthens corticocortical interac-
tions and reduces amyloid-beta oligomers in aged mice. Front
Aging Neurosci. 2014;6:1.

21. O’Grady G, Boyles AL, Speer M, DeRuyter F, Strittmatter W,
Worley G. Apolipoprotein E alleles and sensorineural hearing
loss. Int J Audiol. 2007;46:183–6.

22. Cosentino S, Scarmeas N, Helzner E, Glymour MM, Brandt J,
Albert M, et al. APOE epsilon 4 allele predicts faster cognitive
decline in mild Alzheimer disease. Neurology. 2008;70:1842–9.

23. Huang CC, Chung CM, Leu HB, Lin LY, Chiu CC, Hsu CY,
et al. Diabetes mellitus and the risk of Alzheimer’s disease: a
nationwide population-based study. PLoS One. 2014;9:e87095.

24. Ramanan VK, Saykin AJ. Pathways to neurodegeneration:
mechanistic insights from GWAS in Alzheimer’s disease,
Parkinson’s disease, and related disorders. Am J Neurodegener
Dis. 2013;2:145–75.

25. Terada S, Oshima E, Sato S, Ikeda C, Nagao S, Hayashi S, et al.
Depressive symptoms and regional cerebral blood flow in
Alzheimer’s disease. Psychiatry Res. 2014;221:86–91.

26. Hurley LL, Tizabi Y. Neuroinflammation, neurodegeneration,
and depression. Neurotox Res. 2013;23:131–44.

27. Sivanandam TM, Thakur MK. Traumatic brain injury: a risk
factor for Alzheimer’s disease. Neurosci Biobehav Rev. 2012;
36:1376–81.

28. McKhann GM, Knopman DS, Chertkow H, Hyman BT, Jack
CR Jr, Kawas CH, et al. The diagnosis of dementia due to
Alzheimer’s disease: recommendations from the National
Institute on Aging-Alzheimer’s Association workgroups on
diagnostic guidelines for Alzheimer’s disease. Alzheimers
Dement. 2011;7:263–9.

29. Emmett SD, Francis HW. The Socioeconomic Impact of Hearing
Loss in U.S. Adults. Otol Neurotol. 2015;36(3):545–50.

30. Cho H, Jeon S, Kim C, Ye BS, Kim GH, Noh Y, et al. Higher
education affects accelerated cortical thinning in Alzheimer’s
disease: a 5-year preliminary longitudinal study. Int
Psychogeriatr. 2015;27(1):111–20.

31. Stern Y, Gurland B, Tatemichi TK, Tang MX, Wilder D,
Mayeux R. Influence of education and occupation on the
incidence of Alzheimer’s disease. JAMA. 1994;271:1004–10.

Hung SC, et al. 521

J Epidemiol 2015;25(8):517-521

http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21999925&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22085817&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20827106&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=20827106&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21929650&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21929650&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12954476&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=12954476&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=3950288&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=2926927&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23337978&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=23337978&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21502479&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24412398&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24478697&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24478697&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=17454231&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=18401023&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24489845&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24093081&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24093081&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=24296273&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22895696&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22390915&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=22390915&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21514250&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=21514250&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=25158616&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=25226082&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=25226082&dopt=Abstract
http://www.ncbi.nlm.nih.gov/sites/entrez?cmd=Retrieve&db=PubMed&list_uids=8139057&dopt=Abstract

