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Abstract 
Background. The aim of this study was to explore whether hearing loss is associated with the risk of Parkinson’s disease in the elderly in Taiwan. Methods. Using claims data of the Taiwan National Health Insurance Program, we identified 4976 patients (aged 65 years or older) with newly diagnosed hearing loss from 2000 to 2010 and we randomly selected 19904 subjects without hearing loss as comparisons, frequency matched by sex, age and index year of diagnosing hearing loss. The incidence of Parkinson’s disease by the end of 2010 and the associated risk factors were investigated. Results. The incidence of Parkinson’s disease in the hearing loss group was 1.77-fold higher than that in the non-hearing loss group (3.11 vs. 1.76 per 1000 person-years). After controlling for confounding factors, the adjusted HR of Parkinson’s disease was 1.53 (95% CI 1.17, 1.99) for hearing loss group, compared to the non-hearing loss group. Male (HR=1.33, 95% CI=1.02, 1.74), age (every one year, HR=1.06, 95% CI=1.04, 1.09), hypertension (HR= 1.70, 95% CI= 1.26, 2.30) and cerebrovascular disease (HR= 1.78, 95% CI=1.37, 2.32) were also significantly associated with the risk of Parkinson’s disease. Conclusions. Hearing loss correlates with the increased risk of Parkinson’s disease in the elderly. Further studies are needed to confirm whether hearing loss could be a non-motor feature of Parkinson’s disease.
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INTRODUCTION
Parkinson's disease is a progressive and neurodegenerative disease commonly seen in older people. The prevalence of Parkinson's disease increases with age. A systematic review by Muangpaisan et al. revealed that the prevalence of the disease varies worldwide, from 57 to 230 per 100000 1[]
. Parkinson's disease typically demonstrates cardinal motor disorders, including resting tremor, cogwheel rigidity and bradykinesia. A growing body of evidence shows that non-motor features occur early in Parkinson's disease and some may precede motor impairment but poorly recognized or under diagnosed in the clinical practice 2-4


[ ADDIN EN.CITE ]
. These non-motor features include neuropsychiatric symptoms, sleep disturbances, autonomic symptoms, gastrointestinal symptoms and olfactory dysfunction 2-4！

[ ADDIN EN.CITE ]
. Few studies have explored auditory function in PD patients by means of both pure tone audiometry (PTA) and brainstem auditory evoked potentials with findings varying among studies 5-7


[ ADDIN EN.CITE ]
. Recently, Vitale et al. first systematically evaluated hearing loss in PD patients and found high-frequency age-dependent unilateral or bilateral hearing impairment, compared with both controls and normative values 8[]
. Since then no further studies have explored this issue.

Hearing loss is a relatively prevalent disorder in the elderly. The prevalence increases with age, and varies among ethnic groups due to different diagnostic criteria and the populations studied. The prevalence rates of hearing loss among the elderly are around 25%-40% for those aged 65-74 years, 40%-66% for those aged 75-84 years, and more than 80% for those aged 85 years or older in Western countries 9-11


[ ADDIN EN.CITE ]
. In Taiwan, the prevalence of hearing loss ranges from 47% to 65% in population aged 60-89 years 12[]
.
 The above referred studies indicate that hearing loss and Parkinson’s disease are prevalent disorders in the elderly and both conditions have the involvement of central nervous system. If hearing loss is an early manifestation of Parkinson’s disease, interventions could be performed for this non-motor symptom. To date, the population aged 65 years or older in Taiwan increased from 7.0% in 1993 to 11.15% in 2012 13[]
, but little attention has been paid to the relationship between hearing loss and Parkinson's disease in the elderly. Furthermore, few studies have ever used a population-based design to investigate this relationship. Therefore, we used the insurance claims data of the Taiwan National Health Insurance Program to perform a retrospective cohort study and we derived from a different methodological approach to explore whether the elderly with hearing loss are at risk of developing Parkinson’s disease.

Materials and Methods 

Data sources
We used the health insurance database of one million entries randomly selected from the all 23 million insured population to perform this study. Established in March 1995, 99% of all people in Taiwan have enrolled in this national universal health insurance program14[]
. The details of insurance program have been described in previous published studies 15-17


[ ADDIN EN.CITE ]
.
Criteria and definition
The criteria of diseases were defined according to the International Classification of Diseases (ICD) 9th Revision. The hearing loss group consisted of 4976 patients aged 65 to 84 years with newly diagnosed hearing loss, identified from the 1-million insured population database in 2000-2010. For each patient with hearing loss, 4 comparison persons without the diagnosis of hearing loss were also randomly selected from the same database into the non-hearing loss group (N = 19904), frequency matched by sex, age (within 5 years) and index year of diagnosing hearing loss. The index date was defined as the diagnosed date of hearing loss. Both groups were followed up until subjects received a diagnosis of Parkinson's disease, withdrawal from the insurance program, loss to follow-up, death or December 31, 2010. 

To increase unbiased results, subjects who had been diagnosed with Parkinson’s disease before the diagnosed date of hearing loss were excluded from the study. Similarly, subjects who had a diagnosis of secondary Parkinsonism, noise-induced hearing loss, sudden hearing loss, other types of hearing loss, major psychiatric diseases or mental retardation before the diagnosed date of hearing loss and during the follow-up period were excluded from the study.
Comorbidities at baseline were identified, which included head injury, hypertension, diabetes mellitus, hyperlipidemia, dementia, cerebrovascular disease, depression and chronic kidney disease. In order to increase the accuracy of diagnosis, hearing loss, Parkinson’s disease and comorbidities were recorded for three or more visits in the ambulatory care. All exclusion and inclusion criteria of disorders were based on the diagnoses with ICD-9 codes.
Statistical analysis 

The Chi-square test and t-test were used to compare the differences between the hearing loss group and the non-hearing loss group regarding demographic status and comorbidities. The incidence of Parkinson’s disease was calculated as the number of Parkinson’s disease patients identified during the follow-up, divided by the total follow-up person-years for each group. Poisson regression model was used to estimate the hearing loss group to the non-hearing loss group incidence rate ratio (IRR) and 95% confidence interval (CI) of Parkinson’s disease by sex, age and follow-up year. Cox proportional hazards regression analysis was used to estimate the corresponding hazard ratios (HR) and 95% CI of Parkinson’s disease in association with hearing loss, sex, age and comorbidities. We also estimated the joint effects between hearing loss and comorbidities on risk of Parkinson’s disease using Cox model. All statistical analyses were performed using the SAS software version 9.1 (SAS Institute Inc., Cary, NC). The tests of significance were two-sided at p < 0.05.
Results 
Baseline characteristics of the study cohort
There were more male subjects (61.01%) in both groups with a mean age of approximately 73 years old. The hearing loss group had a longer mean duration of follow-up than did the non-hearing loss group (5.18 vs. 4.91 years, P < 0.0001; Table 1). Comorbidities were more prevalent in hearing loss group than in the non-hearing loss group.
Incidence of Parkinson’s disease by subjects characteristics 
Figure 1 shows that the cumulative incidence of Parkinson’s disease was higher in the hearing loss group than in the non-hearing loss group for 1.48% (3.36% vs. 1.88%;  P < 0.0001) by the end of follow-up. Table 2 shows the corresponding overall incidence rates were 3.11 vs. 1.76 per 1000 person-years, with a hearing loss group to non-hearing loss group incidence rate ratio (IRR) of 1.77 (95% CI = 1.62, 1.92). The incidence rates of Parkinson’s disease, as stratified by sex, age and follow-up year, were all higher in hearing loss group than in the non-hearing loss group. The incidence of Parkinson’s disease increased with age in both groups, the highest in the hearing loss group aged 75-84 years. The stratified analysis by follow-up year showed that the incidence of Parkinson’s disease increased with the follow-up time.
Parkinson’s disease associated with hearing loss and other comorbidities
The multivariate Cox proportional hazards regression analysis showed that the adjusted HR of Parkinson’s disease was 1.53 (95% CI 1.17, 1.99) for the hearing loss group, compared to the non-hearing loss group (Table 3). Male subjects had an adjusted HR of 1.33 for Parkinson’s disease compared with female subjects (95% CI=1.02, 1.74), and the HR increased with age (every one year, HR=1.06, 95% CI=1.04, 1.09). Comorbidities, including hypertension (HR= 1.70, 95% CI= 1.26, 2.30) and cerebrovascular disease (HR= 1.78, 95% CI=1.37, 2.32), were also significantly associated with the risk of Parkinson’s disease. In further analysis, we found there was a joint effect between hearing loss and hypertension or cerebrovascular disease on risk of Parkinson’s disease, but not statistically significant (data not shown).
DiscussioN
Our study on hearing loss in association with risk of Parkinson’s disease yielded an incidence rate ratio of 1.77 for hearing loss subjects versus non-loss subjects with the incidence of 3.11 and 1.76 per 1000 person-years. In order to confirm our findings, we further conducted an additional data analysis using another 1-million population-based data file with similar design. The corresponding IRR is 1.44 with incidence of 3.17 versus 2.20 per 1000 person-years, respectively.

The risk of Parkinson’s disease varies among populations. In a 2-stage survey conducted among residents aged 40 years and older in a rural county, Taiwan, Chen et al. found a prevalence of 3.58 per 1000 18[]
. They followed up subjects free of Parkinson’s disease for 2 years and found that an incidence of Parkinson’s disease was 0.30 per 1000.  For those aged 60-79 years, the incidence was 3.19 per 1000. Our further data analysis showed that the annual incidence of Parkinson’s disease for the elderly from 1997 to 2010 in Taiwan ranged from 1.57 to 2.23 per 1000 (data not shown). Despite different methods of collecting Parkinson’s disease data can lead to different estimates of Parkinson’s disease, that is why it would be difficult to compare our results to those of Chen et al. In addition, the Neurological Disorders in Central Spain Study found that the incidence of Parkinsonism and Parkinson’s disease was 5.97 per 1000 person-years 19[]
. 
Extensive evidence has demonstrated that hearing loss in the elderly is a multi-factorial disorder. The potential causes might include that age-related hearing loss, noise exposure, ototoxic medications, obstruction of external auditory canal, tympanic membrane dysfunction, middle ear diseases, genetic factor, and family history 20-22


[ ADDIN EN.CITE ]
. Recent literature shows that natural age-related changes and/or neurodegenerative-related changes in the auditory pathway and in the brain could be also involved in hearing loss 
 ADDIN EN.CITE 
[8, 23]
. Both hearing loss and neurodegenerative diseases may involve common biological mechanisms that lead to Parkinson's disease. In the Vitale et al. study, high-frequency hearing loss is relatively more evident in patients with Parkinson's disease 8[]
. 
To reduce the estimation bias, the present study excluded subjects with noise-induced hearing loss or sudden hearing loss identified at the baseline and during the follow-up period. We found an overall of 53% excess risk of Parkinson's disease among the hearing loss group. Although subjects with hearing loss preceded the clinical diagnosis of Parkinson's disease, the lag time may really exist between the diagnosis of hearing loss and the onset of Parkinson's disease. Hence, whether hearing loss is one of non-motor features for Parkinson's disease mediated by neurodegenerative process or only a unique entity can not be completely elucidated in this study. Since this is an observational study, we are unable to differentiate whether hearing loss is caused by other otologic disorders or intrinsic to neurodegenerative changes for Parkinson's disease. Limited studies have investigated the association between hearing loss and Parkinson's disease 
 ADDIN EN.CITE 
[8, 23]
. No previous study has ever investigated the temporary association between patients with hearing loss and the risk of developing Parkinson’s disease later. Chaudhuri et al’s reviews demonstrated that non-motor features of Parkinson's disease are commonly seen clinically and are also a key role associated with the quality of life, but remain under-recognized and under-treated by clinicians 
 ADDIN EN.CITE 
[24, 25]
. Further prospective studies are needed to investigate the association between hearing loss and Parkinson's disease. 
The risk of Parkinson's disease may vary during the follow-up period, which is relatively important in clinical practice. The incidence rate of Parkinson's disease was higher within 2 years of follow-up in the hearing loss group than in the non-hearing loss group and the IRR increased continuously after 2 years of follow-up. Therefore, clinicians should be cautious of the potential diagnosis of Parkinson's disease even after 2 years of diagnosing hearing loss.
   There are limitations in this present study. First, the insurance data provided no information on physiological and laboratory examinations. Therefore, the data of pure tone audiometry was not available to validate hearing loss. Similarly, the severity and pattern of hearing loss based on unilateral versus bilateral hearing loss could not be addressed in this study, because the diagnosis of hearing loss was based on ICD-9 codes.  We were unable to quantify the dose-response relationship between degree of hearing loss and Parkinson's disease. We were also unable to show a common neurological basis for hearing loss and Parkinson’s disease. Second, hearing test is not routinely performed in primary care in Taiwan. So there could be a substantial number of persons with hearing loss who were not detected. The prevalence of hearing loss might be underestimated; those who were included in this study might have severer hearing impairments. Third, some risk factors of Parkinson's disease, such as obesity, alcohol consumption and cigarette smoking, were not recorded in detail in this database. Despite we tried to define obesity, alcoholism and tobacco use by using ICD-9 codes, the case number is too small to be adjusted for potentially confounding variables (data not shown). Forth, we could not find whether other non-motor features of Parkinson's disease existed before hearing loss. Fifth, persons with hearing loss might use the insurance program more often than persons without hearing loss. The diagnosis of Parkinson’s disease might thus be delayed in those without hearing loss relative to those with hearing loss, leading to under-ascertainment in those without hearing loss. Last, the aim of this study was to focus on the elderly. Young-onset or early-onset of Parkinson's disease was not included. Inclusion of young-onset Parkinson's disease in future study will strengthen the argument. 
 Besides these limitations, the strengths of the present study are its use of different methodological approach by the retrospective cohort study design and its use of apparently nationwide, population-based health insurance records, and its use of restriction and proportional hazards regression to adjust for the potentially confounding effects of sex, age and baseline comorbidities. It also indicates future research directions.

We conclude that hearing loss is associated with increased risk of Parkinson's disease in the elderly in Taiwan. Further studies are needed to confirm whether hearing loss could be one of non-motor features of Parkinson's disease. If yes, clinicians should alert these patients about the potential risk of developing Parkinson's disease.
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	Table 1. Baseline characteristics between hearing loss group and non-hearing loss group 

	
	Hearing loss
	

	
	No 
N= 19904
	Yes
N= 4976
	

	
	n
	%
	n
	%
	P value*

	Sex
	
	
	
	
	0.99

	 male
	12144
	61.01
	3036
	61.01
	

	 female
	7760
	38.99
	1940
	38.99
	

	Age group (years)
	
	
	
	
	0.99

	65-74
	12000
	60.29
	3000
	60.29
	

	75-84
	7904
	39.71
	1976
	39.71
	

	Mean (SD) (years) *
	72.61
	5.70
	73.39
	5.50
	<0.0001

	Follow-up year, mean (SD) *
	4.91
	3.07
	5.18
	3.06
	<0.0001

	Baseline co-morbidities
	
	
	
	
	

	Head injury 
	957
	4.81
	337
	6.77
	<0.0001

	Hypertension
	12201
	61.30
	3408
	68.49
	<0.0001

	Diabetes mellitus
	5032
	25.28
	1393
	27.99
	<0.0001

	Hyperlipidemia
	4559
	22.90
	1386
	28.85
	<0.0001

	Dementia
	299
	1.50
	108
	2.17
	0.0009

	Cerebrovascular disease
	4257
	21.39
	1385
	27.83
	<0.0001

	Depression
	772
	3.88
	312
	6.27
	<0.0001

	Chronic kidney disease
	850
	4.27
	301
	6.05
	<0.0001

	Chi-square test and *t-test comparing subjects with hearing loss and non- hearing loss 


	Table 2. Incidence density of Parkinson's disease and hearing loss group to non-hearing loss group rate ratio 

	
	Non-hearing loss
	
	Hearing loss
	

	
	N
	Case
	Person-
	
	
	N
	Case
	Person-
	
	IRR (95% CI)
	

	
	
	
	years
	Rate†
	
	
	
	years
	Rate†
	
	

	All
	19904
	172
	97789
	1.76
	
	4976
	80
	25757
	3.11
	1.77(1.62, 1.92)
	

	Sex
	
	
	
	
	
	
	
	
	
	
	

	 male
	12144
	114
	59782
	1.91
	
	3036
	58
	16023
	3.62
	1.90(1.71, 2.11)
	

	 female
	7760
	58
	38007
	1.53
	
	1940
	22
	9733
	2.26
	1.48(1.28, 1.72)
	

	Age, years
	
	
	
	
	
	
	
	
	
	
	

	65-74
	12000
	84
	64032
	1.31
	
	3000
	38
	16457
	2.31
	1.76(1.57, 1.97)
	

	75-84
	7904
	88
	33757
	2.61
	
	1976
	42
	9300
	4.52
	1.73(1.52, 1.98)
	

	Follow-up year
	
	
	
	
	
	
	
	
	
	
	

	≤ 2 
	4452
	55
	35379
	1.55
	
	954
	21
	9016
	2.33
	1.50(1.35, 1.66)
	

	> 2 
	15452
	117
	62411
	1.87
	
	4022
	59
	16741
	3.52
	1.88(1.70, 2.07)
	

	† Incidence rate: per 1000 person-years

IRR: hearing loss to non-hearing loss incidence rate ratio and 95% confidence interval

	


	Table 3. Cox model measured hazard ratio and 95% confidence interval of Parkinson's disease associated with hearing loss and comorbidities 

	
	Crude
	Adjusted†

	Variable
	HR
	(95%CI)
	HR
	(95%CI)

	Sex (male vs. female)
	1.35
	(1.04, 1.76)
	1.33
	(1.02, 1.74)

	Age (per one year)
	1.08
	(1.05, 1.10)
	1.06
	(1.04, 1.09)

	Baseline co-morbidities (yes vs. no)
	
	
	
	

	Hearing loss
	1.76
	(1.35, 2.29)
	1.53
	(1.17, 1.99)

	Head injury 
	1.78
	(1.10, 2.87)
	1.43
	(0.88, 2.31)

	Hypertension
	2.16
	(1.61, 2.89)
	1.70
	(1.26, 2.30)

	Diabetes mellitus 
	1.26
	(0.86, 1.66)
	-
	-

	Hyperlipidemia
	1.07
	(0.79, 1.45)
	-
	-

	Dementia 
	2.16
	(0.86, 4.86)
	-
	-

	Cerebrovascular disease
	2.32
	(1.80, 2.99)
	1.78
	(1.37, 2.32)

	Depression 
	1.47
	(0.84, 2.58)
	-
	-

	Chronic kidney disease 
	1.47
	(0.82, 2.63)
	-
	-

	†Adjusted for sex, age, hearing loss and other comorbidities


Figure 1. Cumulative incidence of Parkinson's disease for people with and without hearing loss
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