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Abstract. Parkinson’s disease (PD) is a common associated motor dysfunction nervous system disease. 

Low-level occupational mercury vapor exposure is a commonly known critical factor that increases the risk 

of PD. Dental amalgams, used for dental restoration, are a major source of mercury exposure for people. 

However, the relationship between PD and the use of amalgam fillings (AMFs) has yet to be clarified. This 

paper of retrospective case–control aimed to examine the relationship between AMF use and the risk of 

PD; it analyzed Taiwan’s NHIRD (National Health Insurance Research Database) based on population 

administrative database, for the 2000-2013 period. For the case and control groups, Charlson Comorbidity 

Index, age, urbanization level, sex and monthly income were all matched by a propensity score method for 

a 1:1 ratio; 5712 cases and 5712 controls participated in this study. This results of case–control based on 

nationwide population revealed no significant association between PD and AMF in Taiwanese people. This 

result provides meaningful implications despite being statistically not significant. 
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Introduction 

Parkinson’s disease (PD) is a neurodegenerative disease. The incidence rate among 

women aged younger than 60 years is 8.6 per 100,000 people; this figure increases to 29 

and 78.4 per 100,000 people among women aged 60–69 and 70–79 years old, 

respectively. The incidence rate among men aged younger than 60 years is 11.1 per 

100,000 people; this figure increases to 49.5 and 140.7 among those aged 60–69 and 

70-79 years old, respectively (Van Den Eeden et al., 2003). The risk and prevalence rate 

of PD increases with age (Bower et al., 1999; Baldereschi et al., 2000). With respect to 

prevalence rate, PD, as a progressive neurodegenerative disease, is second only to 

Alzheimer’s disease (Wirdefeldt et al., 2011). The main clinical symptoms of PD are 

mostly associated with motor dysfunction—including rigidity, resting tremor, 

bradykinesia, and postural instability (Frank et al., 2006; Davie, 2008). Generic and 

environmental risk factors may cause the dopaminergic neurons death in the brain, where 

these dead neurons, in turn, inhibit the neural pathways from the basal ganglia to the 

motor cortex (Davie, 2008). 

Dental amalgams are a common dental filling material with a 50% mercury content. 

Traditional low-copper amalgams have a copper content lower than 6%. The high-copper 

dental amalgams in the 1960s were developed with a copper content of 8%–10% (Haque 

et al., 2019). In high-copper dental amalgams, mercury is more soluble under acidic 

conditions relative to its low-copper counterpart (Okabe et al., 2003). High-copper 

amalgams, because of the amount of mercury vapor released from it (Bengtsson and 

Hylander, 2017), has a higher corrosion rate and longer corrosion time relative to early 

amalgams that contain metal composites. 
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Autopsy reports have demonstrated that dental amalgam fillings (AMFs) cause 

mercury accumulation in the human body (Mutter, 2011). AMF use has been found to 

correlate with mercury content in the brain and kidney tissues (Eggleston and Nylander, 

1987; Nylander et al., 1987; Barregård et al., 1999; Guzzi et al., 2006) and to positively 

correlate with mercury content in the blood and urine (Kingman et al., 1998; Zimmer et 

al., 2002; Levy et al., 2004). A recent epidemiological study with 2137 participants 

revealed that relative to those who had not, people who had had 7 or more of their teeth 

filled with AMF had a 30%–50% higher mercury content in their urine (Dutton et al., 

2013). 

The pathogenesis of PD has yet to be elucidated. Several case reports and 

epidemiological studies have indicated that exposure to certain metals long-term (e.g., 

aluminum, manganese, copper, iron, mercury, lead, zin, and those in amalgams) is a 

potential factor of risk for PD. The PD development may be associated with the dose of 

mercury exposure (Ngim and Devathasan, 1989). However, studies have also determined 

that working in jobs involving long-term exposure to manganese, mercury, or aluminum 

has no effect on PD development (Semchuk et al., 1993; Vieregge et al., 1995). 

Accordingly, to control the incidence rate of PD, the study used the Database of National 

Health Insurance Research Database (NHIRD) to investigate the relationship between PD 

development and amalgam use. 

Materials and Methods 

Study Design and Data Source 

The data used in this paper were collected from the 2010 Longitudinal Health 

Insurance Database (2010LHID), a publicly accessible database compiled by Taiwan’s 

National Health Research Institutes. LHID2010 contains raw insurance claims data and 

registration documents for 2000–2013, including the information of 1 million people 

selected randomly from beneficiaries registered compulsory National Health Insurance 

(NHI) procedure in Taiwan, which covered 99.9% of the Taiwanese population in 2010 

(Charlson et al., 1987). The present study defined diagnoses corresponding to the 

ICD-9-CM (International Classification of Diseases, Ninth Revision, Clinical 

Modification). Because data from the LHID 2010 were used for research and were 

deidentified secondary data, therefore the consent of written informed was not required. 

Control Groups and Selection of Case 

This study limiting is the adult population, the present case–control study excluded 

those aged younger than 20 years, those who had withdrawn from the NHI procedure, or 

those with missing data in the 2010LHID. Additionally, only individuals who had 

received three or more consensus diagnoses of PD were included in the sample to improve 

the diagnostic effectiveness for PD in the LHID2010. Propensity score matching by a 1:1 

ratio was performed to conditionally select participants in the population for comparison 

according to urbanization level, the Charlson Comorbidity Index (CCI) (Charlson et al., 

1994), age, socioeconomic status, and sex. The CCI ranges from 0 to 3, with a high CCI 

indicating a high risk of mortality for a particular patient (diabetes, hypertension, etc.) 

(Charlson et al., 1987). Figure 1 illustrates the research process. 
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Figure 1. The flowchart of the study 

 

 

Exposure Assessment 

This study identified patients, from the LHID2010, who had received AMF-related 

treatments according to the following procedure codes: Dental amalgam fillings (89001C, 

89002C, 89003C) and other dental treatments (89101C, 89102C, 89103C) (Table 1). 

Confounding factors—namely age, urbanization level, CCI, socioeconomic factors, and 

sex—were included in the analysis (Figure 1). 

 
Table 1. The amalgam filling codes 

Dental amalgam fillings Other dental treatments 

Code Treatment Code Treatment 

89001C Amalgam restoration for single-face. 89101C 
Amalgam restoration for single-surface in 

specific cases. 

89002C Amalgam restoration for two-face. 89102C 
Amalgam restoration for two- surface in 

specific cases. 

89003C Amalgam restoration for three-face. 89103C 
Amalgam restoration three-surface in 

specific cases. 

 

 

Statistical Analysis 

SPSS 18 (International Business Machines Corporation, Chicago, IL, United States) 

was used for data analyses. For the continuous variables, this study used Student’s t-test; 

for categorical variables, this study used a chi-square test, and the odds ratio (OR) for 

calculating between the control and case groups; and multiple logistic regression was used 

in a stratified analysis. All results are presented in terms of the OR and 95% confidence 

interval (95% CI). Sex, region of residence, age, CCI, and income were adjusted for in 

the analyses. Statistical significance was defined when the p-value was <0.05. 
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Result 

This study recruited 5712 cases and 5712 controls. As listed in Table 2, the average 

age was 76.87  11.73 years old; 5806 (50.82%) and 5618 (49.18%) of them were women 

and men, respectively. The case and control groups did not significantly differ with 

respect to their demographic characteristics, specifically their sex, region of residence, 

CCI, age, urbanization level, and monthly income (P > 0.05). 

 
Table 2. The individual’s demographic characteristics in this research 

 
Total 

(N=11,424) 

Parkinson 

(n=5,712) 

Non- Parkinson 

(n=5,712) 
P-value 

 Population % Population % Population %  

Age 76.8711.73 76.9211.67 76.8311.80 0.659 

Age groups       0.573 

18-29 62 0.54% 33 0.58% 29 0.51%  

30-39 96 0.84% 47 0.82% 49 0.86%  

40-49 173 1.51% 77 1.35% 96 1.68%  

50-59 605 5.30% 297 5.20% 308 5.39%  

60-69 1395 12.21% 697 12.20% 698 12.22%  

70-79 3565 31.21% 1798 31.48% 1767 30.93%  

>80 5528 48.39% 2763 48.37% 2765 48.41%  

Gender       0.605 

Female 5806 50.82% 2885 50.51% 2921 51.14%  

Male 5618 49.18% 2827 49.49% 2791 48.86%  

Urbanization       0.672 

Urban 6378 55.83% 3204 56.09% 3174 55.57%  

Suburban 3596 31.48% 1784 31.23% 1812 31.72%  

Rural 1450 12.69% 724 12.68% 726 12.71%  

CCI†       0.254 

0 515 4.51% 269 4.71% 246 4.31%  

1 1106 9.68% 572 10.01% 534 9.35%  

2 1642 14.37% 800 14.01% 842 14.74%  

3 8161 71.44% 4071 71.27% 4090 71.60%  

Monthly income       0.598 

＜NT$ 20,000 9481 82.99% 4751 83.18% 4730 82.81%  

NT$ 

20,000~40,000 
1235 10.81% 612 10.71% 623 10.91%  

＞NT$ 40,000 708 6.20% 349 6.11% 359 6.29%  

† Charlson comorbidity index 

 

 

As presented in Table 3, PD and AMF were not directly related (adjusted OR = 1.067, 

THE CI of 95%: 0.99–1.15). 

Table 4 illustrates the gender -stratified OR for PD and AMF. With respect to sex, no 

PD and AMF were not associated. The adjusted OR for AMF and PD for men and women 

were 1.096 (The CI of 95%: 0.984–1.211) and 1.023 (The CI of 95%: 0.920–1.138), 

respectively. 
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Table 3. The odds ratio between the amalgam filling and Parkinson’s disease 

 With Parkinson (n =5,712) Without Parkinson (n=5,712) 

 Number of patients % Number of patients % 

AMF 2184 38.24% 2108 36.90% 

Non-AMF 3528 61.76% 3604 63.10% 

OR (95% CI) 1.058 (0.981-1.142) 1.00 

Adjusted OR (95% CI) 1.067 (0.987-1.153) 1.00 

Abbreviations: PD—Parkinson’s disease; OR—odds ratio; AMF—amalgam filling; CI—confidence 

interval. Adjustment by gender, CCI, urbanization, monthly income, and age; * p < 0.05 

 

 
Table 4. Odds ratio for gender of those with a diagnosis of Parkinson’s disease with an 

amalgam filling 

 With PD Without PD OR 

(95% CI) 

Adjusted OR 

(95% CI) Sex Number of AMF Number of AMF 

Female 1092 1793 
1.023 

(0.920–1.138) 

1.043 

(0.936–1.163) 

Male 1092 1735 
1.096 

(0.984–1.211) 

1.098 

(0.984–1.225) 

Abbreviations: PD—Parkinson’s disease; OR—odds ratio; AMF—amalgam filling; CI—confidence 

interval. Adjustment by urbanization, CCI, age, and monthly income; * p < 0.05 

 

 

Discussion 

As far as authors’ know, the present study is the first to examine the association 

between PD and AMF based on a large-scale population-based database and tracking time 

13 years. The results revealed no positive correlation between AMF and PD. To ensure 

accurate PD diagnosis, this study recruited only patients with at least three PD diagnoses. 

The effectiveness of the PD diagnoses was validated through the NHI system of 

conducting regular verification of diagnoses; such verification is part of the NHI’s 

treatment guidelines to ensure that health insurance claims are legitimate. The findings of 

this registry-based study are significant and meaningful. 

Dental amalgams of all types contain mercury, which is released in the form of 

mercury vapor. Mercury’s toxicity can cause cell damage through the increased 

production of free radicals (Olivieri et al., 2000). Heavy metals are suspected to cause the 

generation of free radicals, which increases oxidative stress in neurons, which, in turn, 

causes PD. Usually, nervous system diseases are the body accumulation of heavy metals 

or associated with environmental exposure. Heavy metals can affect the basal ganglia in 

the brain, which causes physical derangement through damaging neurons in the substantia 

nigra pars compacta. PD is a highly common motor disorder (Montgomery, 1995). Case 

reports and epidemiological studies have reported long-term exposure to mercury to be a 

potential risk factor for PD (Ngim and Devathasan, 1989), whereas some studies have 

revealed no association between the two (Semchuk et al., 1993; Vieregge et al., 1995). In 

the present study, PD and AMF use were not positively correlated. This is attributable to 

possibly differing levels of mercury exposure in occupational exposure than in exposure 

from AMF use. Mercury can leach out from the surface of AMFs when chewing and tooth 

brushing. However, this study did not assess the extent of exposure to mercury vapor in 

patients using AMFs. 
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This study has some limitations. First, the NHIRD provides no data on family medical 

history, symptoms, PD severity, dietary habits, and the brand and formula of amalgam 

used; such missing information makes the analysis robust, especially with regard to 

controlling for confounders. Second, the procedure codes in the NHI did not indicate the 

positions of AMFs. Third, this study did not collect information on the use of other metal 

dental restoration implements (e.g., dental inlays or crowns) from the NHIRD. Fourth, 

propensity score matching cannot cope with unobservable confounders, which limits the 

analysis of this study. 

Conclusions 

On the basis of results for a nationwide population, the present study revealed no 

association between PD and AMF in Taiwanese people. Dental amalgams are a potential 

source of environmental mercury exposure, and it must be investigated as a possible 

contributor to mercury-induced neurotoxicity. An in-depth risk–benefit analysis on the 

use of AMF must include the effects, service life, and performance of dental amalgams. 

Overall, despite dental amalgam fillings use very widespread, the safety data of dental 

amalgam fillings safety are inadequate. Most reassurance is provided for Parkinson’s 

disease in this study. The further, most in need investigation are effects and 

neurodegenerative diseases on children and infants. 
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