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Abstract 
Background. The aim of this study was to explore whether there is a relationship between cataract and Alzheimer’s disease in older people in Taiwan. Methods. We conducted a retrospective cohort study by using the database of the Taiwan National Health Insurance Program from 1999-2004. There were 19954  subjects aged 65-84 with newly diagnosed cataract as the cataract group and 19954 randomly selected subjects without cataract as the non-cataract group. Both groups were matched with sex, age and index year of diagnosing cataract. The risk of Alzheimer’s disease associated with cataract was assessed. Results. The overall incidence of Alzheimer’s disease was 1.21 per 1000 person-years in the cataract group and 0.73 per 1000 person-years in the non-cataract group (crude hazard ratio 1.62, 95% CI 1.28, 2.04). After adjustment for potential confounders, the adjusted HR of Alzheimer’s disease was 1.43 (95% CI 1.13, 1.82) for the cataract group, compared to the non-cataract group. Male (HR 1.36, 95% CI 1.09, 1.70),  age (every one year, HR 1.08, 95% CI 1.06, 1.10) and  head injury (HR 1.79, 95% CI 1.08, 2.96) were other factors significantly associated with Alzheimer’s disease.    Conclusions. Older people with cataract are at 1.43-fold increased risk of developing Alzheimer’s disease. More research is necessary to determine whether cataract is one of non-memory features of Alzheimer’s disease.
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INTRODUCTION
As the growing numbers of older persons, Alzheimer's disease represents a global major health concern due to its large medical and socioeconomic burden.  It was estimated that there were 26.6 million persons with Alzheimer’s disease in the world in 2006 and the number would increase to 106.8 million by 2050.1()
 The incidence rates of Alzheimer’s disease were around 1.59 to 6.55 per 1000 person-years in western countries 
 ADDIN EN.CITE 
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 and around 6.25 to 15.54 per 1000 person-years in oriental countries.
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Traditionally, the typical manifestation of Alzheimer’s disease is memory impairment. Recent studies indicate non-memory manifestations are also frequently seen, including deficits in language, apraxia and visuospatial dysfunction,
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 but cataract is not studied. 
It was estimated that there were 39 million blind persons and cataract is the first cause of blindness worldwide.10()
  Despite epidemiological studies have shown that smoking, diabetes mellitus, asthma,  chronic bronchitis, cardiovascular disease, exposure to UVB light and corticosteroids use would increase cataract risk,
 ADDIN EN.CITE 
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 to date, little systemic research has ever used a population-based design to investigate the relationship of cataract and Alzheimer’s disease. Moreover, the real causes of cataract and Alzheimer’s disease remain unknown. If cataract is a non-memory feature of Alzheimer’s disease, clinicians can pay more attention to these two disorders simultaneously. Therefore, we conducted a retrospective cohort study using the database of the Taiwan National Health Insurance Program to explore whether older people with cataract are at an increased risk of developing Alzheimer’s disease.

Materials and Methods
Data Sources

This was a retrospective cohort study by utilizing the database of the Taiwan National Health Insurance Program. The details of the insurance program have been written previously.
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 Shortly speaking, The Taiwan National Health Insurance Program launched in March 1995 and enrolled nearly 99% of 23 million people.
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 This study was approved by the Institutional Review Board of China Medical University and Hospital (CMU-REC-101-012).
Participants

According to the International Classification of Diseases (ICD) 9th Revision, the cataract group consisted of subjects aged 65 to 84 years with newly diagnosed cataract in 1999-2004 (ICD-9 codes 366). For each cataract subject, one subject without cataract diagnosis was randomly selected from the same database as the non-cataract group, frequency matched by sex, age (within 10 years) and index year of diagnosing cataract. The index date was defined as the date of cataract diagnosis. Both groups were followed up until subjects received a diagnosis of Alzheimer’s disease (ICD-9 codes 331.0), withdrawal from the insurance program, loss of follow-up, death or to December 31, 2011. 

Comorbidities assessment 

To enhance unbiased results, subjects who had a diagnosis of Alzheimer’s disease, other dementia (ICD-9 codes 290.0–290.4, 294.1) or congenital cataract (ICD-9 codes 743.3) before the date of cataract diagnosis were excluded from the study. Baseline comorbidities were included as follows: cerebrovascular disease, chronic kidney disease, depression, diabetes mellitus, head injury, hypertension, hyperlipidemia and Parkinson’s disease. In order to avoid subjects being mistakenly diagnosed, mistakenly coded by accident, or mistakenly coded by similar clinical features with unconfirmed diagnosis, we defined that patients should have at least 3 consensus same diagnoses in the ambulatory care to ensure the validity of diagnosis. Therefore, cataract, Alzheimer’s disease and comorbidities were recorded for 3 or more visits in the ambulatory care. All disorders were diagnosed with ICD-9 codes.
Statistical analysis 

The Chi-square test was used to compare the differences between the cataract group and the non-cataract group regarding demographic status and comorbidities. The incidence of Alzheimer’s disease was calculated as the number of Alzheimer’s disease patients identified during the follow-up, divided by the total follow-up person-years for each group. The incidence rates of Alzheimer’s disease between the cataract group and the non-cataract group were compared by univariable Cox proportional hazards regression model in all study subjects, and in sex- and age-specific subgroups. 
To estimate the hazard rate (HR) and 95% confidence interval (CI) of Alzheimer’s disease associated with cataract and other comorbidities, initially, all covariables were included in univariable Cox proportional hazards regression model. Only those found significantly in univariable analysis were further included in multivariable Cox proportional hazards regression model.  All statistical analyses were performed by 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 population

There were 19954 subjects in the cataract group and 19954 subjects in the non-cataract group with similar distributions in sex and age (Table 1). Chronic kidney disease, depression, diabetes mellitus, hypertension and hyperlipidemia were more prevalent in the cataract group (P < 0.0001 for all), but cerebrovascular disease was more prevalent in the non-cataract group (P < 0.0001). The mean ages (standard deviation) were 71.96 (4.79) years in the cataract group and 71.17 (5.65) years in the non-cataract group (data not shown in Table 1).
Incidence of Alzheimer’s disease by subjects characteristics

Figure 1 shows that the cumulative incidence of Alzheimer’s disease was higher in the cataract group than that in the non-cataract group for 0.74% by the end of follow-up (1.54% vs. 0.80%; P < 0.001). The overall incidence of Alzheimer’s disease was 1.21 per 1000 person-years in the cataract group and 0.73 per 1000 person-years in the non-cataract group (crude HR 1.62, 95% CI 1.28, 2.04) (Table 2). The incidence rates of Alzheimer’s disease, as stratified by sex and age, were all higher in the cataract group than those in the non-cataract group.
Cataract and other comorbidities associated with risk of Alzheimer’s disease 

Covariables found significantly in the univariable Cox proportional hazards regression analysis were included for further analysis. After adjusted for sex, age, diabetes mellitus, head injury and hypertension, the multivariable Cox proportional hazards regression analysis showed that the adjusted HR of Alzheimer’s disease was 1.43 (95% CI 1.13, 1.82) for the cataract group, compared with the non-cataract group (Table 3).  Male (HR 1.36, 95% CI 1.09, 1.70),  age (every one year, HR 1.08, 95% CI 1.06, 1.10) and head injury (HR 1.79, 95% CI 1.08, 2.96) were also significantly associated with the risk of Alzheimer’s disease.  
DiscussioN 

In this study, we found that the cumulative incidence of Alzheimer’s disease was markedly higher in the cataract group than that in the non-cataract group. After adjusted for confounding factors, people with cataract were at 1.43-fold increased risk of Alzheimer’s disease, compared with the non-cataract people. Although the real causes of cataract and Alzheimer’s disease remain unknown, more evidence suggests that cataract and Alzheimer’s disease could be linked by beta-amyloid peptides formation.
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  Beta-amyloid peptides could induce mitochondrial dysfunction.
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  Mitochondria are the intracellular organelles that mainly control energy source of cell and regulate cell life and death. Mitochondrial dysfunction of human lens and brain might cause failure of energy supply and further enhances oxidative stress, which leads to oxidation of cellular components, loss of cellular function and subsequent cellular damage.
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 Furthermore, these processes could contribute to the development of cataract and Alzheimer’s disease.
Although people with cataract were really included before the diagnosis of Alzheimer’s disease, the lag period between the diagnosis of cataract and the clinical onset of Alzheimer’s disease should be taken into account. Hence, whether cataract is one of non-memory manifestations for Alzheimer’s disease mediated by mitochondrial dysfunction or only a unique disease cannot be clearly determined in this observational study. Even so, in sub-analysis, we found that the risk of Alzheimer’s disease remained high after 8 years of follow-up (adjusted hazard ratio 2.41, 95% CI 1.29, 4.49, data not shown in Table). We suggest that clinicians should be alert to the risk of developing Alzheimer’s disease even after 8 years of diagnosing cataract.

Some important caveats should be addressed. First, due to inherent limitation of this database, we could not find whether memory and other non-memory manifestations of Alzheimer’s disease developed before cataract diagnosis. Second, a number of risk factors for Alzheimer’s disease, such as alcohol consumption and cigarette smoking, were not documented in this database. Third, in early stage of dementia, patients could present with only cognitive impairments. It is relatively difficult to make sure whether these patients had Alzheimer’s disease (ICD-9 codes 331.0) or other types of dementia (ICD-9 codes 290.0–290.4, 294.1). Only after repeated clinical evaluation, the diagnosis of Alzheimer’s disease could be made.  Therefore, patients included should exactly have the diagnosis of Alzheimer’s disease.  That was the reason why the incidence of Alzheimer’s disease seemed low in this population studied.  Forth, patients who had cataract diagnosis might be more prone to visit physicians for subsequent problems, such as memory complaints, and thereby were easier diagnosed with Alzheimer’s disease. Last, patients who had undergone a cataract extraction were always accompanied by a diagnosis of cataract.  Therefore, those with cataract extraction based on cataract diagnosis were also included in the cataract group. In the cataract group, there were 11575 patients with cataract extraction and 8379 patients without cataract extraction.  In further analysis, we found among cataract patients, the incidence of Alzheimer’s disease did not reach statistical significance between those with and without cataract extraction (1.31 vs. 1.06 per 1000 person-years, crude hazard ratio 1.22, 95% CI 0.92, 1.62, data not shown in Table). This indicates that cataract extraction do not change the clinical course of Alzheimer’s disease. Cataract people, whether receiving cataract extraction or not, are substantially at an increased risk of Alzheimer’s disease, when compared with non-cataract people (HR 1.43, Table 3). Moreover, this is the first systemic research to investigate the relationship between cataract and Alzheimer’s disease. This cohort study using a population-based database with a relatively large sample size can increase its statistical power and credibility. Hence, this advantage markedly increases the validity of diseases included in this study (such as cataract and Alzheimer’s disease). Because no other study can be compared with, further studies are required to confirm our findings.
We conclude that cataract correlates with 1.43-fold increased risk of Alzheimer’s disease in older people in Taiwan. More research is necessary to determine whether cataract is one of non-memory features of Alzheimer’s disease. Thereafter, more attention can be drawn to cataract patients about the potential risk of developing Alzheimer’s disease.
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	Table 1. Baseline characteristics between cataract group and non-cataract group 

	
	Non-cataract
N= 19954
	Cataract

N= 19954
	

	
	n
	(%)
	n
	(%)
	P value

	Sex
	
	
	
	
	0.99

	Male
	10349
	51.86
	10349
	51.86
	

	Female
	9605
	48.14
	9605
	48.14
	

	Age group (years)
	
	
	
	
	0.23

	65-74
	14735
	73.84
	14839
	74.37
	

	75-84
	5219
	26.16
	5115
	25.63
	

	Baseline co-morbidities
	
	
	
	
	

	Cerebrovascular disease 
	1718
	8.61
	1295
	6.49
	<0.0001

	Chronic kidney disease 
	451
	2.26
	677
	3.39
	<0.0001

	Depression
	441
	2.21
	725
	3.63
	<0.0001

	Diabetes mellitus
	2098
	10.51
	3859
	19.34
	<0.0001

	Head injury 
	602
	3.02
	639
	3.20
	0.29

	Hypertension 
	10064
	50.44
	12810
	64.20
	<0.0001

	Hyperlipidemia
	3106
	15.57
	5678
	28.46
	<0.0001

	Parkinson’s disease
	210
	1.05
	209
	1.05
	0.96

	Chi-square test comparing subjects with cataract and non-cataract 


	Table 2. Incidence density of Alzheimer’s disease between cataract group and non-cataract group

	
	Non-cataract
	
	Cataract
	

	
	
	Event
	Person-
	
	
	
	Event
	Person-
	
	Crude HR† 

(95% CI)
	 

	
	
	
	years
	Rate*
	
	
	
	years
	Rate*
	
	

	All
	
	106
	144402
	0.73
	
	
	207
	171172
	1.21
	1.62(1.28, 2.04)
	

	Sex
	
	
	
	
	
	
	
	
	
	
	

	Male
	
	41
	72526
	0.57
	
	
	92
	85845
	1.07
	1.86(1.29, 2.69)
	

	Female
	
	65
	71875
	0.90
	
	
	115
	85326
	1.35
	1.46(1.08, 1.98)
	

	Age group (years)
	
	
	
	
	
	
	
	
	
	
	

	65-74
	
	63
	114255
	0.55
	
	
	137
	132332
	1.04
	1.84(1.37, 2.48)
	

	75-84
	
	43
	30147
	1.43
	
	
	70
	38839
	1.80
	1.21(0.83, 1.77)
	

	* Incidence rate: per 1000 person-years
†The incidence rates of Alzheimer’s disease between the cataract group and the non-cataract group were compared by univariable Cox proportional hazards regression model in all study subjects, and in sex- and age-specific subgroups.


	


	Table 3. Cox model measured hazard ratio and 95% confidence interval of Alzheimer’s disease associated with cataract and comorbidities 

	
	Crude*
	Adjusted†

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

	Sex (male vs. female) 
	1.35
	(1.08, 1.69)
	1.36
	(1.09, 1.70)

	Age (per one year)
	1.08
	(1.06, 1.11)
	1.08
	(1.06, 1.10)

	Baseline co-morbidities (yes vs. no)
	
	
	
	

	Cataract
	1.62
	(1.28, 2.04)
	1.43
	(1.13, 1.82)

	Cerebrovascular disease 
	1.05
	(0.65, 1.69)
	-
	-

	Chronic kidney disease
	1.08
	(0.51, 2.29)
	-
	-

	Depression 
	1.37
	(0.76, 2.43)
	-
	-

	Diabetes mellitus
	1.38
	(1.03, 1.84)
	1.24
	(0.91, 1.67)

	Head injury 
	1.85
	(1.12, 3.05)
	1.79
	(1.08, 2.96)

	Hypertension
	1.50
	(1.19, 1.89)
	1.26
	(0.99, 1.60)

	Hyperlipidemia
	1.13
	(0.88, 1.46)
	-
	-

	Parkinson’s disease 
	1.55
	(0.58, 4.15)
	-
	-

	* All covariables were included in univariable Cox proportional hazards regression model.  Only significant covariables were included in multivariable Cox proportional hazards regression model.
†Multivariable Cox proportional hazards regression model: adjusted for sex, age, diabetes mellitus, head injury and hypertension


Figure 1. Cumulative incidence of Alzheimer’s disease was higher in the cataract group than that in the non-cataract group. 
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