Increased Risk of Depression in Patients with Parkinson’s Disease: A Nationwide Cohort Study
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Abstract
Objective: The association between Parkinson’s disease and depression remains unclear, particularly in Asian population. The purpose of this study is to investigate the risk of depression in patients with Parkinson’s disease using population-based data.
Methods: Based on the National Health Insurance Research Database of Taiwan, we identified 1698 patients with Parkinson’s disease aged 40 years or older diagnosed in 2000-2003. With frequency matching procedure, we randomly selected 6792 subjects without Parkinson’s disease stratified by sex and age. Both cohorts were followed-up until the end of 2008 or diagnosis of depression. Risk of depression associated with Parkinson’s disease was estimated in the multivariate Cox hazards regressions. Parkinson’s disease patients were more prevalent with diabetes, hypertension, and hyperlipidemia at the baseline. 
Results: Compared to cohort without Parkinson’s disease, the hazard ratio (HR) for depression in Parkinson’s disease patients was 4.06 (95% confidence interval [CI]: 3.15-5.23), which increased to 4.26 (95% CI: 3.29-5.51) after adjustment for age, sex, urbanization, income, and coexisting medical conditions. In the sex-stratification, the HR of depression for men with Parkinson’s disease was 4.42 (95% CI: 2.93-6.67) compared with men without Parkinson’s disease. The HR for the association between Parkinson’s disease and depression in women was 4.22 (95% CI: 3.02-5.88).
Conclusion: This study suggests that patients with Parkinson’s disease are at an elevated risk of depression, particularly for men. Integrated care for early identification and treatment of depression are crucial for patients with Parkinson’s disease.
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INTRODUCTION
Parkinson’s disease (PD) is a neurodegenerative disorder characterized by motor symptoms of tremor, bradykinesia, rigidity, and postural instability. Non-motor symptoms such as psychiatric, cognitive and autonomic symptoms, and depression and sleep disorders are often underestimated, but have major impact on PD patients. The prevalence of depression in patients with PD varies among populations, from 2.7% to more than 90%, possibly due to different methodologies and study populations (1). A comprehensive review of the 26 major studies concerning PD and depression indicates that the mean prevalence of depression is 40% among PD patients (2). Depression is known to have major impact on the quality of life, and economic burden for PD patients, and is a risk factor of impaired cognitive functions (3-5).
The relationship between depression and PD is an area of concern. Three large register studies have concluded that depressed patients are at higher risk of PD (6-8). On the other hand, several cross-sectional studies have reported elevated prevalence of depression in patients with PD (9,10). The previous studies were either restricted to small populations or cross-sectional designs, or lack proper adjustments for the potential confounding factors for depression (9-11). Few have focused on the longitudinal relationship between PD and subsequent risk of depression.
The objective of the present study is to compare the risk of depression in people with and without PD in a nationwide retrospective cohort study using Taiwan’s National Health Insurance Research Database.

METHODS
Data sources
This study used data from reimbursement claims of a universal National Health Insurance program, which was launched in March 1995 by incorporating 13 insurance programs in Taiwan. This insurance program provided health care to 99% of the population (12). The National Health Research Institutes (NHRI) had the responsibility for managing the insurance data. We obtained from NHRI the claims data of 1 million randomly selected subjects from 23 million insured individuals registered from 1996 to 2008, with the scrambled identifications of insured individuals and contracted heath care institutions. The claims data included the registry of medical facilities, details of inpatient orders, ambulatory care, as well as dental services and prescriptions. Individuals’ identifiers in this dataset have been encrypted to protect the privacy and confidentiality of enrollee. Diagnoses were coded using the International Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM).
Ethical approval
This study was conducted in accordance with the Helsinki Declaration. To protect personal privacy, the electronic database was decoded with patient identifications scrambled for further public access for research. According to NHRI regulations, informed consent is not required due to decoded and scrambled patient identification (13,14).
Study sample

The study cohort was identified from the database using the primary diagnosis of PD (ICD-9 code 332) from 2000 to 2003. In order to ensure the validity of the diagnosis, only new patients with at least one visit with neurologist’s diagnoses of PD after the index date were eligible. For each PD case, four sex and age-matched and depression-free subjects without PD history were randomly selected for comparison as the non-PD cohort. Both cohorts were followed-up until December 31, 2008, or upon the diagnosis of depression (ICD-9 296.2 and 296.3) or censored for loss to follow-up or death. The National Health Insurance Research Database has been verified as a valid resource for population-based research (15).
In Taiwan, general physicians usually adopted the Diagnostic and Statistical Manual of Mental Disorders (DSM)-IV criteria or geriatric depression scale for diagnosing depression in daily medical practice. In the absence of a comprehensive clinical diagnostic interview, most neurologists or psychiatrists have been trained to use DSM-IV for establishing depressive diagnoses according to standardized criteria. Based on the National Statistics of Regional Standard Classification, all subjects were grouped into four geographic areas (North, Central, South and East and off-shore Islands) and three urbanization levels (low, moderate, and high). There are 359 townships and city districts in Taiwan. We calculated the population density (persons/km2) by dividing the population (persons) by the area (km2) for each of these administrative units according to the statistics from the Ministry of Interior, Taiwan. The first, second, and third tertiles were considered areas of low, moderate and high urbanization, respectively (13,14).
Statistical analysis

Baseline distribution of age, sex, occupation, urbanization, residential area, and income were compared between two cohorts. We used Chi-square tests to examine the categorical variables. Baseline co-morbidities (diabetes, hypertension and hyperlipidemia) between PD and non-PD cohorts were also examined by Chi-square test. Because this is a retrospective cohort study with the calculation of person-years during the follow-up period, we selected Cox proportional hazard model to estimate the risk of depression for PD and non-PD cohorts. We used unadjusted Cox proportional hazard model to calculate the incidence rate ratio of depression associated with PD by sex and age. The multivariate Cox proportional hazards regression analysis with backward selection was performed to evaluate the hazard ratio (HR) and 95% confidence intervals (CIs) of depression in PD patients compared with non-PD subjects after adjusted for age, sex, urbanization, low income, coexisting medical conditions. In this study, the proportional hazards assumption was evaluated by inspecting residual and log-log plots.. The cumulative depression-free rates for both cohorts were estimated using the Kaplan-Meier method, and used the log-rank test to examine the difference. All analyses were performed using the SAS statistical software (version 9.1 for Windows; SAS Institute, Inc., Cary, NC, USA). A two-tailed p <0.05 was considered statistically significant.
RESULTS
Table 1 shows demographic characteristics and co-morbidities between PD and non-PD cohorts. Distributions in age and sex were similar between two cohorts. The PD patients had lower income and employment rates, and tended to live in southern Taiwan. The PD patients were also more prevalent than non-PD cohort with comorbidities of diabetes, hypertension and hyperlipidemia.
Table 2 shows the analysis of the incidence of depression in both cohorts developed in the follow-up period. The incidence in the PD cohort was 3.98 times greater than that in the non-PD cohort (10.3 vs. 2.59 per 1000 person-years). Men of the non-PD cohort had the lowest incidence of depression (2.02 per 1000 person-years). The sex-specific PD to non-PD incidence rate ratio of depression was greater in women than in men.
The unadjusted HR of depression for PD cohort compared with non-PD cohort was 4.06 (95% CI: 3.15-5.23) in the Model 1 (Table 3). After adjustments for age, sex, occupation, urbanization, and income, Model 2 shows an adjusted HR of 4.02 (95% CI: 3.12-5.19). The HR increased to 4.27 (95% CI: 3.29-5.53) after further adjusting for coexisting medical conditions in Model 3.
The Kaplan-Meier analysis showed that depression-free rate was 6% lower in the PD cohort than in non-PD cohort, and was significant during the follow-up period (p <0.0001; log-rank test) (Figure 1). 
DISCUSSION
This nationwide retrospective cohort study shows that PD patients are at an elevated risk of depression and the risk remains significant after adjustments for sociodemographic factors and related coexisting diseases. This association seems similar in women and men.
Lower socioeconomic status has been considered as a risk factor for chronic disease associated with worse health conditions, compared to higher socio-economic status (16). Consistent with previous studies, we found that people with lower socio-economic status are at higher risk of PD than those with higher socio-economic status. From the public health perspective, PD, a chronic progressive and degenerative neurologic condition, imposes significant economic burden on both patients and public services.

Metabolic syndrome is characterized by insulin resistance or overt diabetes, central obesity (large waist circumference), high blood pressure, and dyslipidemia (17). Cross-sectional studies consistently report positive associations between depression and metabolic syndrome (18,19). Diabetes mellitus, hypertension, and hyperlipidemia are significant factors associated with PD, which may confound the estimated risk for depression (Table 1). However, the whole magnitude of the observed association between PD and risk of depression is also sustained in a multivariate model. Another interesting issue is the causal relationship between metabolic syndrome and PD. A large prospective study among participants in two large cohorts: the Nurses’ Health Study and the Health Professionals Follow-up Study, also suggests that high total cholesterol is associated with an increased risk of PD (20). In contrast, another prospective cohort study suggests that PD risk is not significantly related to the history of hypertension, hypercholesterolemia, or diabetes but may modestly decline with increasing blood cholesterol levels (21). There still exist some arguments and needs further investigation.
Previous researchers have found the risk of depression in patients with PD is inconsistently related to the sex (8,11). Studies failed to find gender difference in depression for PD patients because of the limitation of small sample sizes (22,23). The multi-center Priamo study assessing non-motor symptoms and their impact on the quality of life for PD patients found a higher prevalence of depression in women (4). Recently, a population-based UK study has concluded that increased relative risk of depression in PD patients is most pronounced in women and in individuals aged 40-69 years (11). However, our study showed a similar risk of depression in women and men with PD. Female preponderance in depression rates are related to genetic, hormonal, psychological, and socio-cultural factors (23,24). However, our interpretation of the relationship between gender and depression in patients with PD may be limited. Because some patients may have treated depression, in which case they may not have a sufficiently high score on a depression scale. Thus these depressive patients with treatment may be included in the non-depressed group despite having, perhaps, a recurrent depressive disorder.
Studies have investigated extensively the onset age of PD and the disease duration in association with depression for PD patients (25). In the present study, the age-specific of both absolute risk and relative risk of depression for PD patients decreased with age and becomes more pronounced in those aged 40-49 years. And the Kaplan-Meier survival curve explicitly shows that the risk of depression increases with prolonged PD duration. PD may develop over several years before its clinical diagnosis and the diagnosis dates used in the current analysis are dates of the first dates reported by the physician. However, depression almost inevitably emerged with disease progression and might dominate the clinical picture of advanced PD which contributed to severe disability and impaired quality of life. We should pay more attention on the recognition and quantity of the important non-motor symptom, depression, and give available therapy.

The current study supports the close association between PD and subsequent depression, with the risk of depression in PD patients is at least three-fold greater than that in non-PD individuals. The reason of having higher depression risk in PD is poorly understood and the relationship is complex. There have been some debates about depression and PD. Depression is either a reactive process to the chronic, disabling symptoms of PD or is associated with brain pathological changes of PD. These two hypotheses are not mutually exclusive. PD patients and their families clearly must make adjustments to manage this chronic disease because of the physical disability (26). Medication such as levodopa have both mood-improving and mood-lowering effects (26). In patients with more advanced disease, depression may be associated with “off-drug” fluctuations (27). However, it does not fully explain the high prevalence of depression. Sharing similar biological mechanism in PD and depression has thus been discussed. Two hypotheses about the patho-physiology between PD and depression have also been suggested. Mayeux et al proposed the serotonergic hypotheses and another dopaminergic hypotheses that considers degeneration of the mesolimbic and mesocortical structures of the dopaminergic system as the cause of depression (28-31). Some studies revealed that depression occurs preceding the diagnosis of PD and proposed that depression and PD share a common biological factor (6-8). The cause of high risk in PD patients who are later diagnosed with depression may be of multi-factorial etiology. We believe that the development of depression is related to the neuroendocrine effects of the stress associated with living with PD (32). When people suffered from PD, they may develop depressive symptoms because of loss of job, limited physical function, unable participating family activity and poor quality of life (33). This is different from patients who have depressive disorders before the onset of PD. Another explanation for the association between PD and depression is that patients with PD have received more medical attention than non-PD people in the clinical settings. Because early detection of depressive symptoms by clinical workers in patients with PD may occur, diagnostic bias may explain partly the observed increased risk (11).
The present study has some limitations. First, this study used medical claims to identify diseases, the underestimation of comorbidities such as hypertension, diabetes, hyperlipidemia, depression, and PD should be considered, because some people with mild condition may not visit medical services. Second, diagnostic bias may also exist because more medical attention may be given to depressive symptoms in subjects with PD than those without. Third, the ICD-9 296.2 and 296.3 codes do not classify depression severity and there is no accurate differentiation of depression severity in PD patients by the current ICD-9 code. However, the large population sample of longitudinal design is the strength of the present study, which aims to evaluate the relationship between depression and PD. Correcting for general risk factors like age, sex, socioeconomic status, occupation, and metabolic syndrome for depression highlights the importance of PD as a risk factor. In addition, although we included PD patients required at least 3 medical visits with primary diagnosis, it remains possible that PD was diagnosed in some patients with drug-induced parkinsonism caused by neuroleptics, which are known to contribute to the metabolic syndrome. Finally, this study is limited to retrospective reimbursement claims without individual detailed biochemical data.
In conclusion, there is a positive association between PD and subsequent risk for developing depression. This stresses the importance of being aware of depression in PD patients, especially among the younger and men. From a public health perspective, it is important to understand the strong association of this complication to enable clinicians and caregivers to adequately develop strategies for addressing the needs of PD patients.
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Figure legends

FIGURE 1. The depression-free proportions estimated for the people with and without Parkinson’s diseases using the Kaplan-Meier method (log rank, df=1, chi-square=18.17, p <0.0001)
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