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ABSTRACT: This hypothesis-testing study evaluated the relationship between mercury (Hg)-based dental amalgams and arthritis diagnoses
among adults in the United States (US). A total of 86 305425 weighted-persons with =1 dental amalgam filling surface (DAFS) (exposed group)
and 32201088 weighted-persons with =1 other dental filling surface (ODFS) (no DAFS, unexposed group) were examined in the 2015 to 2016
National Health and Nutritional Examination Survey (NHANES). All persons were 20 to 80years-old with known demographic characteristics and
arthritis status. Survey logistic regression and survey frequency modeling in SAS were employed with and without adjustment of covariates. The
arthritis rate was significantly increased in the exposed group compared to the unexposed group in the unadjusted (7.68-fold) and adjusted
(4.89-fold) models. Arthritis (per 10000 weighted-person-years) was 6.0-fold significantly increased in the exposed group (6.2) compared to the
unexposed group (1.06). A significant bimodal dose-dependent relationship between DAFS and arthritis rate was observed. The arthritis rate
increased with increasing DAFS (peak among persons with 4-7 DAFS) and, subsequently, decreased among those with >6 DAFS. A significant
decrease in arthritis rate among persons with >13 DAFS as compared to those persons with 4 to 7 DAFS was observed. A significant associa-
tion between DAFS and arthritis risk and a dose-dependent DAFS associated immune-stimulation/immune-suppression with arthritis risk were
observed. An estimated additional $96835814 US dollars (USD) are spent on annual medical costs and $184 797680 USD are lost in annual

wages from reported new onset arthritis attributably associated with DAFS (annual total cost=$281633494 USD).
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Introduction

As described by the United States (US) Centers for Disease
Control and Prevention (CDC), arthritis is a leading cause of
disability, and causes pain, aching, stiffness, and swelling of the
joints with accompanying physical and mental adverse effects.!
The initial pathogenic causes of most cases of arthritis remain
unknown. Investigators suggested that underlying genetic? or
epigenetic3* susceptibility to autoimmunity were important in
the etiology of arthritis, but investigators also suggested that
exposure to environmental toxicants, such as mercury (Hg),
could play a part in the pathogenesis of arthritis.”

Dental amalgam fillings are a mixture of mercury (Hg), sil-
ver, tin, copper, as well as several other metals.® Dental amal-
gam fillings have been traditionally used for filling cavities in
posterior teeth for more than 150years and are perceived by
some dentists to be a strong, well-retained, and cost-effective
material.” Dental amalgam fillings were also observed to have
significant antibacterial properties against the most common
bacterium known to induce dental caries.®

On a weight basis, dental amalgam fillings are about 50%
Hg. Of particular concern, Hg? vapor at body temperature is
continuously released from dental amalgam fillings. Hg® vapor
is easily absorbed into the human body through mucus mem-
branes and the lungs where it is rapidly oxidized to other forms.®

In light of the importance of the potential role for Hg expo-
sures in the etiology of arthritis, the purpose of the present

hypothesis-testing study was to evaluate the relationship
between increasing exposure to dental amalgam filling surfaces
and the risk of arthritis in adults by undertaking a cross-sec-
tional study of the National Health and Nutrition Examination
Survey (NHANES) database.

Methods

The SAS system for Windows, version 9.4 (Cary, NC, USA)
was used to examine the NHANES data. This study integrated
the 2015-2016 NHANES data from demographic survey
questions, oral health examinations, and arthritis diagnoses.
The 2015-2016 NHANES data collection methods were
approved by the NCHS Research Ethics Review Board (ERB)
(Protocol#2011-17). Each study subject provided informed
consent to participate in the NHANES program. The health
information collected in the NHANES program is kept in
strictest confidence, and is only used for stated purposes. Figure
1 presents a schematic flowchart of the data examined in the
present study.

Study participants
An overall population of 165021350 weighted-persons 20 to

80years-old with non-missing values for the demographic sur-
vey questions, oral health examinations, and medical condition
survey questions relating to arthritis diagnoses were examined.
The number of weighted-persons was derived by applying the
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316,512,947 weighted-persons
(n=9,971, all persons interviewed)

301,777,061 weighted-persons
(n= 8,857, complete oral health and mobile examination center (MEC) evaluations)

!

197,824,008 weighted-persons
(n=4,396, gender, race, persons 20 to 80 years-old, family income to poverty ratio, educational status, country of birth)

165,021,350 weighted-persons
(n=3,392, reported arthritis status known, persons reported with arthritis onset > 1 years previously removed)

|

86,305,425 weighted-persons
3,917,945,204 weighted-person-years
(n= 1,831, persons with > 1 dental amalgam surface)

|

2,501,064 weighted-persons
(n =45, persons with reported arthritis)

Figure 1. A schematic flowchart of the data examined in the present study.

|

32,201,088 weighted-persons
1,175,073,798 weighted-person-years

(n= 667, persons with 0 dental amalgam surfaces and > 1 other dental surface)

|

124,556 weighted-persons
(n = 6, persons with reported arthritis)

full sample two-year mobile examination weight variable
(WTMEC2YR) to each person examined in this study. The
WTMEC2YR variable was created by the NHANES pro-
gram. The WITMEC2YR is a measure of the number of per-
sons in the general population that a sampled individual
represents and is needed to obtain unbiased estimates of popu-
lation parameters when sample participants are chosen with
unequal probabilities. The demographic variables for the popu-
lation were identified from within the NHANES demographic
dataset. The variables examined were as follows: gender, age in
years at examination, race (non-Hispanic White, non-Hispanic
Black, non-Hispanic Asian, Hispanic, or other), educational
level (less than 9th grade, 9-11th grade, high school graduate/
general equivalence degree, some college or associates degree,
or college graduate or above), country of birth, and socioeco-
nomic status (poverty income ratio (PIR) — a ratio of family
income to poverty threshold). The PIR variable was created by
the NHANES program.

Exposures

The dental amalgam filling surface exposure variable was
determined by examining the NHANES oral health—den-
tition dataset. For each person, the oral health examination
was conducted by dental examiners, who were dentists
licensed in at least 1 US state. A health technician assisted
in entering all examiner observations directly into a com-
puterized data collection system. All oral health assessments
took place in a designated room at the mobile examination
center (MEC) that included a portable dental chair, light,
and compressed air.

For all survey participants aged 1 and older, the oral health
examination began with a tooth count assessment. Next, their
teeth were assessed for coronal caries, including untreated

dental decay and teeth treated or extracted due to caries. The
2015 to 2016 coronal caries assessment was similar to the pro-
tocols used in 1999 to 2004 and 2011 to 2014, with the follow-
ing exception: filled surfaces were assessed by restoration type
(amalgam or other). The cumulative numbers of dental amal-
gam filling or other dental filling surfaces were computed for
each person examined in this study. The study groups exam-
ined were 86305425 weighted-persons with =1 dental amal-
gam filling surface and =0 other dental filling surfaces (exposed
group) and 32201088 weighted-persons with 0 dental amal-
gam filling surfaces and =1 other dental filling surface (unex-
posed group). All persons without any dental filled surfaces
(dental amalgam or other) were not examined.

Outcomes

The medical conditions NHANES dataset was examined to
determine the incidence rate of the reported outcome of
arthritis examined in this study. Among the persons exam-
ined, arthritis was determined based upon each person
reporting whether a doctor ever said they had arthritis and
the age at which they were told they had arthritis (the age of
onset of arthritis). Only persons reported with onset of
arthritis at the same age as when they were examined were
included in this study, persons with onset of arthritis previ-
ously were not examined.

Statistical analyses

In all statistical analyses, the statistical package in SAS was
utilized, and a two-sided P-value <.05 was considered statisti-
cally significant. The number of persons examined in this study
was sufficient to allow for adequate statistical power for the
analyses undertaken. The null hypothesis was that there would
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be no difference in the incidence rate of reported arthritis
regardless of dental amalgam filling status.

Survey logistic regression modeling was utilized to evalu-
ate the incidence rate of reported arthritis among those per-
sons in the dental amalgam filling surface group as compared
to the other filling surface group. The covariates of race, gen-
der, socioeconomic status, country of birth, age, and educa-
tion level were considered in adjusted models. In addition,
survey frequency modeling was employed to evaluate the
incidence rate of reported arthritis in the dental amalgam
filling surface group as compared to the other filling surface
group. In order to adjust for the differences in age between
the 2 groups examined, the total number of weighted-per-
son-years (age of person at the time of the NHANES survey
multiplied by WIMEC2YR).

Additional analyses were undertaken to evaluate the poten-
tial dose-dependent relationship between the incidence rate of
reported arthritis and the number of dental amalgam filling
surfaces using survey logistic modeling. The covariates of race,
gender, socioeconomic status, country of birth, age, and educa-
tion level were considered in adjusted models. Further, analyses
were undertaken to determine, what, if any, threshold existed
between the incidence rate of reported arthritis and the num-
ber of dental amalgam filling surfaces.

Results
Table 1 displays the demographic characteristics of the popula-
tion of persons examined in the NHANES database. The
mean age in the dental amalgam filling surface group
(45.4years-old) was older than the mean age in the other den-
tal filling surface group (36.5years-old) and the male/female
ratio was greater in the dental amalgam filling surface group
(1.08) as compared to the other dental filling surface group
(0.73). When comparing the dental amalgam filling surface
group to the other dental filling surface group, the racial distri-
bution revealed more non-Hispanic white persons (66.2% vs
62.0%) and fewer non-Hispanic Asian persons (5.0% vs 8.2%)
and the country of birth distribution revealed more born in the
50 US states or Washington, DC (83.8% vs 77.9%). The edu-
cation level distribution revealed that more there were more
high school graduates in the dental amalgam filling surface
group (20.8%) as compared to the other dental filling surface
group (15.5%) and fewer persons were at least college gradu-
ates in the dental amalgam filling surface group (35.5%) as
compared to the other dental filling surface group (41.2%). The
socioeconomic status measurements were similar in the dental
amalgam filling surface and other dental filling surface groups.
Table 2 shows the results of survey logistic regression
models examining the incidence rate of reported arthritis in
the dental amalgam filling surface group in comparison to the
other dental filling surface group. The risk of reported arthri-
tis was significantly increased by 7.68-fold in the unadjusted
and 4.89-fold in the adjusted models when comparing the
dental amalgam filling surface group to the other dental

filling surface group. In the adjusted model, the covariates of
country of birth and age were also significantly related to the
risk of reported arthritis.

Table 3 reveals the results of survey frequency modeling
evaluating the incidence rate of reported arthritis in the dental
amalgam filling surface group as compared to the other dental
filling surface group. The rate ratio = 6.0 was significantly
increased with an attributable rate difference per 10000
weighted-person-years=5.3.

Table 4 shows the results of survey logistic models examin-
ing the incidence rate of reported arthritis in relation to the
total number of dental amalgam filling surfaces for each person
examined in the NHANES database. Overall, it was observed
that there was a significant bimodal dose-dependent relation-
ship between increasing total numbers of dental amalgam fill-
ing surfaces and the incidence rate of reported arthritis. There
was no significant dose-dependent relationship between
increasing total numbers of other dental filling surfaces and the
incidence rate of reported arthritis.

Table 5 and Figure 2 further examine the relationship
between the incidence rate of reported arthritis (per 10000
weighted-person-years) and the total number of dental amal-
gam filling surfaces. The incidence rate of reported arthritis
was similar among those persons examined with no dental
amalgam filling surfaces (1.06) or a single dental amalgam fill-
ing surface (1.15). The rate of reported arthritis increased from
5.26 among those with 2 dental amalgam filling surfaces to
12.7 among those with 6 dental amalgam filling surfaces. A
decrease was observed to 5.85 among those with more than 6
dental amalgam filling surfaces, and an even further decreased
was observed to 2.41 among those with more than 13 dental
amalgam filling surfaces.

Overall, there was a significant increase in the incidence rate
of reported arthritis (rate ratio = 8.6, P<<.01) among those
persons with 4 to 7 dental amalgam filling surfaces (9.27 per
10000 weighted-person-years) as compared to those persons
with O to 2 dental amalgam filling surfaces (1.08 per 10000
weighted-person-years). There was a significant increase in the
incidence rate of reported arthritis (rate ratio=3.85, P<<.05)
among those persons with 4 to 7 dental amalgam filling sur-
faced (9.84 per 10000 weighted-person-years) as compared to
those persons with >13 dental amalgam filling surfaces
(2.41 per 10000 weighted-person-years).

Discussion

The present hypothesis-testing study is the first epidemio-
logical study to evaluate the relationship between exposure
to dental amalgam filling surfaces and reported arthritis in
American adults. The results revealed that the incidence rate
of reported arthritis was significantly increased among those
persons in the dental amalgam filling surface group in com-
parison to those persons in the other dental filling surfaces
group. The association between dental amalgam filling sur-
faces and the increased risk of reported arthritis was observed
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Table 1. Demographic characteristics of the dental amalgam filling group2 and the other dental filling exposed group® examined in the NHANES

database.

PARAMETER EXAMINED

DENTAL AMALGAM FILLING OTHER DENTAL FILLING

Age
Mean age + std (age range: 20-80)
Gender (%)
Male
Female
Race (%)
Non-Hispanic White
Non-Hispanic Black
Non-Hispanic Asian
Hispanic
Othere
Country of birth (%)
Born in 50 US states or Washington, DC
Others
Education level (%)
Less than 9th grade
9 to 11th grade (includes 12 grade with no diploma)
High school graduate/GED or equivalent
Some college or AA degree
College graduate or above

Socioeconomic status (score range: 0-5)

Mean PIR score =+ std

Exposure status

Mean number of dental amalgam filling surfaces = std

Mean number of other dental filling surfaces + std
Period of examination

Total weighted-person-years

Reported to be diagnosed with arthritis

Frequency per 10,000 weighted-person-years (n)

SURFACE GROUP

45.4+13.9

44924792 (52.0%)

41380632 (48.0%)

57155034 (66.2%)
8489281 (9.8%)
4292172 (5.0%)

13511065 (15.7%)

2857873 (3.3%)

72290720 (83.8%)

14014704 (16.2%)
3415212 (3.9%)
5820408 (6.7%)

17915360 (20.8%)

28551319 (33.1%)

30603126 (35.5%)

3.2*+1.6

4053143632

6.2 (45)

SURFACE GROUP

36.5*=14.4

13484780 (42.2%)

18618067 (57.8%)

19972404 (62.0%)
3632713 (11.3%)
2632455 (8.2%)
5093402 (15.8%)

870113 (2.7%)

25072390 (77.9%)

7128697 (22.1%)
1283265 (4.0%)
1794028 (5.6%)
5013176 (15.5%)

10853470 (33.7%)

13257149 (41.2%)

31x17

1175073798

1.06 (6)

Abbreviations: AA, associate degree; GED, general education development; PIR, poverty income ratio; std, standard deviation of the mean.

aThose weighted-persons with =1 amalgam filling surfaces.

bThose weighted-persons with =1 other dental filling surfaces and 0 dental amalgam filling surfaces.

cIncludes persons of mixed race.

to remain significant in statistical modeling even when con-
sidering multiple covariates. It was further observed that
there was a significant bimodal dose-dependent relationship
between the number of dental amalgam filling surfaces and
the incidence rate of reported arthritis. The incidence rate of

reported arthritis increased among persons with increasing
dental amalgam filling surfaces (the peak was among
observed among those with 4 to 7 dental amalgam filling
surfaces) and, subsequently, decreased among those with
more than 6 dental amalgam filling surfaces.
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Table 2. Survey logistic regression models2 examining the incidence rate of reported arthritis in the dental amalgam filling surfaces group as
compared to the other dental filling surfaces group in the NHANES database.

OUTCOME VARIABLES

Arthritis® Dental amalgam filling surfaces group
versus other dental filling surfaces group

Dental amalgam filling surfaces group
versus other dental filling surfaces group

Race

Gender
Socioeconomic status
Country of birth

Age

Education level

Bold-Italicized results are statistically significant.

ODDS RATIO 95% CONFIDENCE INTERVAL P-VALUE
7.68 2.531023.2 .0003
4.89 1.551t0 15.5 .0069
0.89 0.74 10 1.07 .20
0.87 0.331t02.26 77
1.01 0.821t01.25 .90
0.47 0.27 to 0.82 .0086
1.06 1.04 to 1.08 <.0001
0.99 0.75t0 1.3 .95

aThe survey logistic model employed used stratum, cluster, and weight variables. The incidence rate of reported arthritis in the year of the NHANES survey was
evaluated among those weighted-persons with =1 amalgam filling surfaces (dental amalgam filling surfaces group) in comparison to those weighted-persons with =1
other dental filling surfaces and 0 dental amalgam filling surfaces (other dental filling surfaces group).

bThe incidence rate of reported arthritis was derived from NHANES survey data among those persons with reported arthritis in the year of the NHANES survey
collection. Those persons with reported arthritis at any time prior to the year of the NHANES survey collection were eliminated from the analyses.

Table 3. A summary of survey frequency modeling? to evaluate the incidence rate of reported arthritis in the dental amalgam filling surfaces group
as compared to the other dental filling surfaces group in the NHANES database.

EXPOSURE GROUP EXAMINED

Dental amalgam filling surfaces group 2501064
Other dental filling surfaces group 124556
Rate ratio (95% CI)

P value

Attributable rate difference per 10,000
(95% CI)

Bold-Italicized results are statistically significant.
Abbreviation: Cl, confidence interval.

TOTAL WEIGHTED PERSONS REPORTED
TO BE DIAGNOSED WITH ARTHRITIS®?

TOTAL WEIGHTED OUTCOME
PERSON-YEARS MEASUREMENTS
3917945204
1175073798

6.0 (2-21)

<.001

5.3 (2-9)

aThe survey logistic model employed used stratum, cluster, and weight variables. The incidence rate of reported arthritis in the year of the NHANES survey was
evaluated among those weighted-persons with =1 amalgam filling surfaces (dental amalgam filling surfaces group) in comparison to those weighted-persons with =1
other dental filling surfaces and 0 dental amalgam filling surfaces (other dental filling surfaces group).

bThe incidence rate of reported arthritis was derived from NHANES survey data among those persons with reported arthritis in the year of the NHANES survey
collection. Those persons with reported arthritis at any time prior to the year of the NHANES survey collection were eliminated from the analyses.

As described by the CDC, 23% of all adults, or more than
54 million people, have arthritis in the US. It was estimated
that 60% of US adults with arthritis are of working age (18 to
64years), and it is a leading cause of work disability. Arthritis
can limit the type of work people are able to do or keep them
from working at all. In fact, 8 million working-age adults report
that their ability to work is limited because of their arthritis.”

The results from the present study help to provide impor-
tant considerations regarding the societal impacts of the asso-
ciation between dental amalgam filling surfaces and the increased
risk of arthritis. Survey frequency modeling revealed that the
attributable rate difference per 10,000 weighted-person-years for
reported arthritis was 5.3 (95% confidence interval =2-9) among

those in the dental amalgam filling surfaces group as compared
to those in the other dental filling surfaces group. A total 45 742
weighted-persons (86305 425 weighted-persons in the dental
amalgam filling surfaces group X 0.00053 weighted-person-
years) were reported to be newly diagnosed with arthritis
attributably associated with their dental amalgam filling sur-
face exposure.

Unfortunately, arthritis is known to have significant eco-
nomic, personal, and societal impacts. In 2013, it was esti-
mated that the total national arthritis-attributable medical
care costs and earnings losses among adults with arthritis
were $303.5 billion US dollars.’® Among adults with arthritis

compared to those adults without arthritis, it was estimated
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Table 4. Survey logistic regression models2 examining the incidence rate of reported arthritis in relationship to the total number of dental filling

surfaces for each person examined in the NHANES database.

OUTCOME VARIABLES

Arthritis® Total number of dental amalgam filling surfaces
Total number of dental amalgam filling surfaces
Race

Gender

Socioeconomic status

Country of birth

Age

Education level

Total number of dental amalgam filling surfaces
Total number of other dental filling surfaces
Race

Gender

Socioeconomic status

Country of birth

Age

Education level

Bold-Italicized results are statistically significant.

ODDS RATIO 95% CONFIDENCE INTERVAL P-VALUE
1.033 0.99 to 1.07 10
1.017 0.97 to 1.06 48
0.88 0.73to 1.06 19
0.86 0.34t02.18 74
1.01 0.82t0 1.25 .93
0.44 0.25t0 0.78 .0048
1.06 1.05 to 1.06 <.0001
0.98 0.74 t0 1.29 .88
1.01 0.97 to 1.06 .62
0.95 0.87 to 1.04 .28
0.87 0.72to 1.05 16
0.88 0.35t02.22 .78
1.03 0.83t0 1.27 .80
0.45 0.26 to 0.78 .0043
1.06 1.05to0 1.08 <.0001
1.00 0.77 t0 1.29 .98

aThe survey logistic model employed used stratum, cluster, and weight variables. The incidence rate of reported arthritis in the year of the NHANES survey was
evaluated in relation to the total number of dental filling surfaces for each person. The population examined included those persons in the dental amalgam filling surfaces

group plus the other dental filling surfaces group.

bThe incidence rate of reported arthritis was derived from NHANES survey data among those persons with reported arthritis in the year of the NHANES survey
collection. Those persons with reported arthritis at any time prior to the year of the NHANES survey collection were eliminated from the analyses.

that an additional $2117 in annual medical costs per adult
was spent and $4040 was lost in annual wages.’® It can be
estimated from the results observed in the present study that
an additional $96835814 US dollars are spent on annual
medical costs and $184 797680 US dollars are lost in annual
wages from reported new onset arthritis attributably associ-
ated with dental amalgam filling surface exposures (annual
total cost=$281633 494 US dollars).

In considering the database examined in the current study,
NHANES is a major program of the National Center for
Health Statistics (NCHS), which is a part of the US CDC.
NHANES is designed to assess the health and nutritional
status of adults and children in the US by utilizing survey
methods that combine interviews, physical examinations, and
laboratory tests. The NHANES program began in the early
1960s, and has been conducted as a series of surveys focusing
on different population groups or health topics. In 1999, the
survey became a continuous program with components that
are adaptable to a variety of health and nutritional measure-
ments in order to meet emerging needs. The NHANES
examines a nationally representative sample of about 5000
Americans each year, and these persons are located in

counties across the US, 15 of which are visited each year. It is
the aim of NHANES to help determine the prevalence of
major diseases and risk factors for diseases, and then, from
such data, help to develop sound public health policy. Since,
detailed information was collected regarding the materials
used in dental fillings in the 2015 to 2016 NHANES for the
first time, this data was employed in the present study to eval-
uate the potential relationship between dental filling material
and the outcome of arthritis.

In comparing the results observed in this study with previ-
ous studies, a number of previous studies have found significant
associations between dental amalgam filling exposure and the
outcome of arthritis. For example, a previous study evaluated
the impact of dental amalgam removal on clinical symptoms
among 86 persons examined on average 10 months post-dental
amalgam filling removal.!’ Of the 86 persons examined, it was
described that 20 persons were reported to have arthritis and
that among this group, 70% reported significant improvements
in their arthritic symptoms and 65% reported less joint pain.

Another study was undertaken to evaluate persons initially
complaining of symptoms from dental amalgam fillings who
underwent dental amalgam filling removal in comparison to
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Table 5. A summary of survey frequency modeling to evaluate the incidence rate of reported arthritis as compared to the total number of dental

amalgam filling surfaces per person in the NHANES database.

NUMBER OF DENTAL

TOTAL WEIGHTED

TOTAL WEIGHTED-
PERSON-YEARS

INCIDENCE RATE OF PERSONS WITH
REPORTED ARTHRITIS (PER 10,000
WEIGHTED-PERSON-YEARS)

AMALGAM FILLING PERSONS WITH
SURFACES (PERCENTILE) REPORTED ARTHRITIS2
0 (0-31) 124556
1 (32-40) 49120
2 (41-48) 224010
3 (49-56) 353700
4 (57-61) 376321
5 (62-66) 139568
6 (67-71) 362098
> 6 (72-100) 996247
127091

> 13 (91-100)

1175073798 1.06
428117858 1.15
426220026 5.26
414411402 8.53
423108009 8.89
239487089 5.83
284794937 12.7

1701805883 5.85
528207 158 2.4

There was a significant increase in the incidence rate of reported arthritis (rate ratio=8.6, P <.01) among those persons with 4 to 7 dental amalgam filling surfaces

(9.27 per 10,000 weighted-person-years) as compared to those persons with 0 to 2 dental amalgam filling surfaces (1.08 per 10,000 weighted-person-years). There was a
significant increase in the incidence rate of reported arthritis (rate ratio=3.85, P <.05) among those persons with 4 to 7 dental amalgam filling surfaced (9.27 per 10,000
weighted-person-years) as compared to those persons with >13 dental amalgam filling surfaces (2.41per 10,000 weighted-person-years).

aThe incidence rate of reported arthritis was derived from NHANES survey data among those persons with reported arthritis in the year of the NHANES survey
collection. Those persons with reported arthritis at any time prior to the year of the NHANES survey collection were eliminated from the analyses.
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Figure 2. An assessment of the relationship between the number of dental amalgam filling surfaces and the incidence rate of arthritis2 per 10,000

weighted-person-years.

aThe incidence rate of reported arthritis was derived from NHANES survey data among those persons with reported arthritis in the year of the NHANES survey
collection. Those persons with reported arthritis at any time prior to the year of the NHANES survey collection were eliminated from the analyses.

general population controls from a family practice and a dental
practice over a 7 year period.!? These investigators observed at
baseline musculoskeletal complaints were significant increased
among those complaining of adverse effects from dental amal-
gam fillings in comparison to general population controls.
Subsequently, these investigators observed at 2year and 7year
follow-up examinations that there were no differences in mus-
culoskeletal complaints as compared to general population
controls. These investigators concluded that while there was a
significant drop in musculoskeletal complaints among those

with dental amalgams who underwent dental amalgam removal
within the first 2year period, they predicted that the health
effects of removing dental amalgam fillings would only occur
after several years due to the assumed long-term negative
effects of the fillings. In support of their hypothesis, they
described the half-life of Hg in plasma after dental amalgam
removal was estimated to be 3 to 4months, and, since, it was
assumed that the decrease in the plasma levels of Hg following
dental amalgam removal would follow an exponential curve,
the plasma level of Hg would return to the level found in
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persons with no history of dental amalgams in about 3years.
Therefore, these investigators described that they expected to
see a continual reduction of symptoms from 2 to 7years.
However, they did not observe this phenomenon. They con-
cluded that dental amalgams fillings could not be the main
cause of the health complaints observed among persons with
dental amalgams that were subsequently removed.

In comparing the aforementioned studies to the current
study, there are a number of important limitations. First, all of
the aforementioned studies examined persons undergoing
dental amalgam filling removal. As a result, there may be
selection biases present in those persons wanting to undergo
dental amalgam filling removal. Namely, the persons exam-
ined by the investigators maybe more or less healthy than the
general population and they may have preconceived percep-
tions regarding the risk/benefits of various dental filling mate-
rials. The present study examined a representative sample of
the US population that participated in NHANES independ-
ent of their health status or their dental filling status. Second,
the aforementioned studies examined persons with various
health complaints. It is not clear, what, if any, relationship
existed between the health complaints examined and dental
filling status (ie, the health complaints may have started prior
to the placement of dental amalgam fillings). The present
study examined persons with newly diagnosed arthritis in the
same year as their dental filling status was determined. Further,
a comparison was made between groups with dental amalgam
filling surfaces and other dental filling surfaces. The groups
assessed in this study were examined at the same time and
under the same circumstances with consideration of multiple
other covariates. Thus, the present study was able to isolate
differences in material utilized in filling teeth and its relation-
ship with newly diagnosed arthritis.

The results observed in this study are biologically plausible.
Investigators recently examined Hg distribution following
mice exposed to Hg vapor to determine whether it localize in
areas known to be impacted in arthritis.® These investigators
reported that Hg was found to localize in the synovial cells and
articular chondrocytes. These cell types are known to be
affected in persons suffering from arthritis. In addition, Hg
was retained in connective tissue fibroblasts. The investigators
concluded that their findings provide mechanistic support for
a connection between Hg exposure and arthritis.

Investigators examined activation of the immune system
and systematic immune-complex deposits in genetically
Hg-susceptible Brown Norway rats as compared to Hg-resistant
Lewis rats following placement of dental amalgam fillings as
compared with control animals receiving placement of com-
posite resin fillings.'* These investigators observed that dental
amalgam fillings, in genetically Hg-susceptible rats, as com-
pared to composite resin fillings significantly increased activa-
tion of the immune system and increased systemic immune
complex deposits.

Investigators observed the impact of dental amalgam fill-
ings on the immune system in a case-series of patients.® These
investigators reported that removal of all dental amalgam fill-
ings and replacement with other dental filling materials signifi-
cantly reduced blood pro-inflammatory biomarkers.

Other investigators described a case-report of a 48 year-old
man presenting in the emergency room with a 3 day history of
joint pain involving the shoulders, elbows, wrists, hands, knees,
and feet.! The man was exposed 11 days previously to mercury
vapors from a small amount of mercury boiled in a pot in the
kitchen. After an extensive evaluation, the investigators
reported that the man’s arthritis was the likely consequence of
mercury exposure, especially since previous investigators have
described that among the symptoms of mercury poisoning,
include: morning stiffness, arthralgia, and/or arthritis. The
investigators concluded that mercury intoxication should be
considered in arthritis etiology.

In yet another study, investigators examined the presence of
hypersensitivity to dental and environmental metals in patients
with clinical disorders.!” Of particular relevance to the findings
observed in the present study, the investigators reported on a 51
year-old woman with a history of thyroiditis and rheumatoid
arthritis. The patient was a surgical assistant in a hospital and
her ailments were significantly interfering with her ability to
work. She was a heavy smoker, had positive titers for anti-
Epstein Barr virus and anti-Cytomegalovirus antibodies, and
dental examination revealed the presence of dental amalgam
fillings. The patient’s lymphocytes were observed to signifi-
cantly react with Hg (and several Hg-compounds), gold, and
nickel. The patient considered that her ill health was the con-
sequence of her dental amalgam fillings, and she underwent
removal and replacement of her dental amalgam fillings. At a
follow-up examination 6 months after her dental amalgam fill-
ings were removed, the patient’s lymphocyte reactivity to mer-
cury was significantly decreased while the response to nickel
was not affected. The patient clinically reported that within
2 months of dental amalgam replacement her arthritic pain dis-
appeared and her level of fatigue significantly decreased. She
was able to return to work, and her health continued to improve
18 months later.

The findings of the aforementioned studies, coupled with
the bimodal dose-dependent relationship between dental
amalgam filling surfaces and the risk of arthritis observed in
this study, suggest an immunological component, in addition to
a toxicological basis, for the relationship observed between
dental amalgam filling surfaces and arthritis in this study. It
was previously hypothesized that since metal-induced sensiti-
zation may be caused by chronic low-dose exposure, conven-
tional toxicological approaches comparing concentrations of
metals in body tissues may not provide answers regarding the
metal-pathology connection.!® Namely, instead, it was sug-
gested that the biological mechanism may involve an immune-
mediated allergic-type reaction to metals, especially among
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immunologically susceptible persons with the consequence
that minute concentrations of an allergen can induce systemic
reactions in sensitized individuals.'”!8 Finally, consistent with
the results observed in this study, it was hypothesized that dif-
terences in dose and susceptibility to dental amalgam filling
surfaces may induce immunosuppression.!”

Study limitations

As with any observational cross-sectional study, it was not pos-
sible to follow the participants examined on a longitudinal basis
to evaluate the relationship between exposures and outcomes
overtime, and thus, assess a potential direct causal relationship
between exposures and outcomes. Despite this limitation, den-
tal amalgam filling surface exposures and reported arthritis
diagnostic status were collected on an independent and con-
temporaneous basis. Further, persons were examined for
reported new arthritis diagnoses in the same year as their dental
filling status was assessed. As a result, time lapses between
measurements of reported exposure and outcomes were mini-
mized. In addition, recall biases associated with measurements
of reported exposures and outcomes were minimized because
they were collected independent of 1 another, and independent
of the study design employed in this study to examine the data.
Furthermore, in support of the associations observed in this
study, the results, as described previously, are biologically plausi-
ble. It is recommended to more complete evaluate the relation-
ship between dental amalgam filling exposures and the risk of
arthritis that future studies examine the relationship in prospec-
tive longitudinal observational cohorts and/or in prospective
randomized placebo-controlled human trials.

The NHANES program uses the questionnaire method of
data collection and participants may recall information wrongly
or report information inaccurately. However, the demographic,
socioeconomic, and health-related questions are detailed and
consistent and asked during an interview with highly trained
study personnel. In addition, when comparing the reported
arthritis observed in this study, the observations made are con-
sistent with previous CDC studies.?’ Finally, for the data
examined, it is presumed that limitations or errors in the ques-
tionnaire method of data collection employed by NHANES
would have applied equally to all participants examined.
Conceivably, such errors in the data would have most likely
reduced the statistical power of this study to be able to reveal
significant relationships. Despite these potential limitations,
significant associations were observed between dental amalgam
filling surfaces and the outcome of arthritis. It is recommended
that future studies employ other tests and measurements of
arthritis to more fully evaluate dental amalgam surfaces associ-
ated effects on arthritis.

A further potential limitation of this study was that per-
sons with no dental filling surfaces were excluded. These
persons were excluded because there may be social and

medical attributes that may be associated with avoidance of
dental filling surface placement. Hence, by requiring that all
persons examined in this study have at least 1 dental filling,
the potential for confounding associated with avoidance of
dental care was minimized. Similarly, by requiring that every
person have at least 1 dental filling, the potential for pres-
ence/absence of dental filling surfaces as mediating the rela-
tionship between dental amalgam filling surfaces and
arthritis was minimized because all persons examined had
dental fillings.

It is possible the results observed could have been the result
of chance and that would have to be considered as a potential
limitation of the study; however, that would be unlikely since
only a small number of statistical tests were conducted and the
direction and magnitude of the results were biologically plausi-
ble. In addition, the data were analyzed using several types of
statistical models with consideration of covariates, and all
yielded statistically significant results.

Another potential limitation of this study is persons diag-
nosed with arthritis may visit dental professionals differentially
than the general population. Specifically, a population based
study of the 1995 National Health Survey revealed that per-
sons diagnosed with arthritis were significantly less likely to see
a dental professional than the general population.?! The pre-
sent study attempted to address this phenomenon by analyzing
reported cases of newly diagnosed arthritis within the same
year as the NHANES survey, when data was collected regard-
ing the dental filling status of persons. As a result, it is assumed
that more long-term trends in differential dental care among
persons diagnosed with arthritis versus the general population
would have been minimized.

Finally, while the present study observed a significant
association between dental amalgam filling surfaces with
reported arthritis diagnoses, the present study did not exam-
ine the potential impact of other environmental and genetic
susceptibility risk factors for arthritis.??3 For example, it was
observed in a study of identical twins that a history of ciga-
rette smoking significantly increased the risk of diagnosed
arthritis.>* Consistent with this previous observation, as
revealed in Table 6, when utilizing the same statistical mod-
els employed in the present study to evaluate the relationship
between dental amalgam filling surfaces and the risk of a
reported arthritis diagnosis, it was observed that increasing
serum cotinine, a known primary metabolite of nicotine that
can be used as a markers for active smoking and secondhand
smoke exposure,? was a significant risk factor for a reported
arthritis diagnosis. Interestingly, the significant relationship
between dental amalgam filling surfaces and the risk of
reported arthritis remained significant. It would be worth-
while in future studies to further examine how various differ-
ent environmental exposures and genetic susceptibility
factors may work independently or synergistically to induce
arthritis.
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Table 6. Survey logistic regression models2 examining the incidence rate of reported arthritis in the dental amalgam filling surfaces group as
compared to the other dental filling surfaces group in the NHANES database when considering tobacco utilization.

OUTCOMES VARIABLES

Arthritis® Dental amalgam filling surfaces group versus
other dental filling surfaces group
Race
Gender

Socioeconomic status
Country of birth

Age

Education Level

Serum cotinine (ng/mL)

Bold-Italicized results are statistically significant.

ODDS RATIO 95% CONFIDENCE INTERVAL P-VALUE
4.22 1.23to 14.5 .022
0.87 0.70to 1.08 19
1.01 0.42t02.44 .99
1.03 0.82t0 1.28 .83
0.54 0.31 to0 0.95 .031
1.06 1.04 to 1.08 <.0001
1.10 0.78 to 1.56 .59
1.003 1.002 to 1.004 <.0001

aThe survey logistic model employed used stratum, cluster, and weight variables. The incidence rate of reported arthritis in the year of the NHANES survey was
evaluated among those weighted-persons with =1 amalgam filling surfaces (dental amalgam filling surfaces group) in comparison to those weighted-persons with =1
other dental filling surfaces and 0 dental amalgam filling surfaces (other dental filling surfaces group).

bThe incidence rate of reported arthritis was derived from NHANES survey data among those persons with reported arthritis in the year of the NHANES survey
collection. Those persons with reported arthritis at any time prior to the year of the NHANES survey collection were eliminated from the analyses.

Conclusion

This cross-sectional study provides the first epidemiological evi-
dence linking increasing dental amalgam filling surfaces with
reported arthritis among adult Americans. It was observed that
the association remained significant when considering multiple
other covariates and different statistical models. Overall, it was
estimated that 45742 weighted-persons were reported to be
newly diagnosed with arthritis attributably associated with their
dental amalgam filling surface exposure from this study. The
annual total cost from the combined medical costs and lost annual
wages to the US was estimated to be $281633494 US dollars. It
was also revealed that there was a bimodal dose-dependent rela-
tionship between dental amalgam filling surface exposure and the
risk of reported arthritis. The incidence rate of reported arthritis
and dental amalgam filling surfaces increased to a peak and, sub-
sequently, decreased among those with increasing numbers of
dental amalgam filling surfaces. It is recommended that future
longitudinal cohort studies be conducted for consistency with the
observations made in the present study and to further determine
the association between dental amalgam filling surfaces and
arthritis in other populations. It is also recommended that den-
tists advise their patients that dental amalgam fillings may be
associated with an increased risk of arthritis.
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