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BERALDE: When you put on the cap and gown of a doctor, all that will come of itself,

and you will afterwards be much more clever than you care to be.



ABSTRACT

Dental amalgam is one of the most widely used, but also the most controversial of
dental restorative materials. Since its introduction during the first half of the 19"
century, concerns have been raised about health hazards related to the toxicity of a
major component of amalgam, mercury. This has been a particularly contentious issue
in Sweden, where amalgam use was discontinued in 2009, on environmental grounds.

Two aspects of particular concern are the release of mercury vapour from dental
amalgam fillings in patients and occupational exposure to mercury in clinical dental
personnel handling amalgam. The aims of this thesis were twofold: to follow the
progress of patients with health problems which they attribute to dental amalgam
fillings and secondly, to investigate whether the offspring of female dental personnel
handling amalgam were at increased risk of adverse effects from potential exposure to
mercury vapour in utero.

In Study | we examined symptoms, perceived health changes over time and health-
related quality of life (HRQoL) among applicants for subsidized replacement of
amalgam fillings. We used a questionnaire to collect data. The results showed that the
applicants had a wide range of symptoms and that their HRQoL was much poorer than
in the general population in Sweden.

Study 11 documented the use of social security benefits by applicants for replacement
of amalgam fillings. The data were retrieved from Swedish registers for the years 1994
to 2006. The cohort of dental filling replacement patients had a significantly higher
number of days on sick leave and disability pension than the general population. These
differences increased during follow-up. In the replacement cohort, the highest number
of sick-leave days was recorded in the year they applied for subsidized replacement of
fillings. While sick leave decreased following the year of application, the number of
days on disability pension increased and peaked at the end of follow-up.

Study 111 compared cognitive function among the sons of female dentists and dental
nurses with that of sons of female physicians and assistant nurses. The aim was to
determine whether the sons of female dentists and dental nurses had been harmed by
the mothers’ potential occupational exposure to mercury while handling amalgam. The
cognitive test scores were for a test undergone by all young men in Sweden when they
were conscripted for military service. Data were retrieved from national registers. Sons
of dental workers had cognitive function test results similar to, or higher than their
comparison cohorts.

Study 1V investigated the risk of early mortality among the sons of female dental
personnel. Using data from the national registers, neonatal, infant and childhood
mortality rates were compared for the sons of dental and of non-dental health care
personnel. The sons of female dentists were compared with those of female physicians
and the sons of female dental nurses with those of female assistant nurses. Analysis of
data from the 1960’s disclosed a statistically significantly higher risk of neonatal



mortality among the sons of dental nurses than the sons of assistant nurses. In the
subsequent two decades, this difference no longer reached statistical significance and a
trend test demonstrated a consistent decrease in risk over the three decades (1960’s,
1970’s and 1980°s).

The following conclusions may be drawn from the results of the studies:

A)

B)

C)

In patients who attribute their poor health to their amalgam fillings,
replacement of the fillings does not seem to lead to marked improvement in
quality of life; HRQoL is well below the national average. Nor does filling
replacement facilitate a return to workforce participation: in the years
following filling replacement, these patients remain largely reliant on sick-
leave or disability benefits. While the decreasing use of amalgam in recent
years and its discontinuation from 2009 should lead to fewer and fewer people
claiming amalgam-related ill-health, failure of current measures to improve
the HRQoL in these patients and facilitate their return to the workforce is not
only unsatisfactory for the individual patients, but also unacceptable to
society. Further research is warranted to find ways of improving the status of
these patients.

There is no evidence that exposure to mercury vapour in utero has an adverse
effect on the cognitive function of the offspring of female dental professionals
who handled amalgam during pregnancy. For the decade of highest use of
amalgam, higher rates of neonatal mortality, but not of infant or childhood
mortality, were disclosed among the offspring of female dental professionals.
In Sweden, amalgam use decreased during the 1970°s and 1980°s and was
finally discontinued in 2009. Thus the potential hazards of mercury exposure
from amalgam fillings in patients and occupational exposure in dental
personnel handling amalgam, no longer apply in Sweden. Nevertheless, these
findings on the health implications of dental amalgam, reliably supported by
the Swedish national registers, provide an important frame of reference for
countries with high caries activity, where amalgam use remains high.
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1 INTRODUCTION

Dental amalgam is acknowledged as a useful restorative material, but there have long
been concerns about the potential health hazards associated with the release of mercury
vapour. Extensive research has failed to disclose any strong association between
mercury release from amalgam fillings and poor health.

Despite the lack of evidence, some people associate poor health with amalgam
restorations and undergo replacement with alternative restorative materials. Several
studies have shown improvement in self-rated health following replacement of
amalgam fillings, but there is no conclusive evidence that this is attributable to the
decrease in mercury exposure. Little is known about the impact of their health
impairment, or subsequent filling replacement, on such aspects of the patient’s life as
work force participation.

Another important issue is the potential risk to dental personnel of exposure to mercury
vapour when working with dental amalgam. Mercury can pass through the placental
barrier in pregnant women, potentially constituting a health hazard to the offspring of
female dental personnel handling amalgam while pregnant. There are, however, few
studies of the long-term effects on the offspring of exposure to mercury in utero.

1.1 DENTAL AMALGAM

Long before the Christian era, different materials were used to restore decayed teeth
(1). One of the most important, as well as one of the most controversial restorative
materials is dental amalgam, first introduced during the first half of the 19" century (1-
3).

Dental amalgam is produced by mixing liquid mercury with a powder of different
metals (an alloy). Mercury can amalgamate with most metals, but the commonly used
dental amalgam contains one part liquid mercury and one part alloy. About 70% of the
alloy is silver, about 25% tin with smaller amounts of copper and zinc. This
composition has varied over the years. The mixed amalgam is pliable and easy to insert
and model in the prepared tooth cavity; on hardening it forms a durable, albeit
unaesthetic, restoration.



1.2 AMALGAM WARS

Dental amalgam has been used to restore teeth for almost 200 years. Despite its
favourable properties, its use has been highly controversial because of concerns about
its potential effects on health. These controversies are often referred to as amalgam
wars.

The first amalgam war began during the first half of the 19" century, when amalgam
was a relatively new dental restorative material. In 1833, two brothers named
Crawcour moved from France to New York and set up a dental practice. The Crawcour
brothers are famous for their production and promotion of a filling material comprising
a mixture of crushed silver coins and liquid mercury (1-3). They called their new
material “royal mineral succedaneum”. They actually started production in France
before they moved to the US and started to market their product in New York (1-3).
Compared to gold, which was the main filling material at the time, the advantages were
that it was much cheaper and quicker to insert (1-3).

It is alleged that the Crawcour brothers had only rudimentary knowledge and skills in
dentistry and their incompetence actually caused their patients considerable harm (3).
The association between the Crawcour brothers’ incompetence and their use of
amalgam is thought to have contributed to concerns about dental amalgam from the
start. The treatment of syphilis with a mercury-containing ointment, which had
devastating effects on the patient’s health, is also thought to have contributed to
scepticism towards amalgam fillings (1-3).

American dentists were divided in their opinions as to whether mercury- containing
amalgam was an acceptable restorative material, or if it was so harmful that it should
never be used (1-3). In the 1840’s, the American Society of Dental Surgeons banned
the use of amalgam by its members. It became a requirement for continued membership
of the association that members sign a pledge not to use dental amalgam (1-3). This
period, when amalgam was banned, is referred to as the first amalgam war. In 1855, as
the use of amalgam had continued, the ban against members who used dental amalgam
was lifted (1-3).

In 1926 Alfred Stock, a professor of chemistry at the Kaiser Wilhelm Institute in Berlin
published a scientific paper “Die Gefahrlichkeit des Quecksilberdampfes” (The hazard
of mercury vapour). He had observed what he suspected to be mercury poisoning in his
laboratory where he had been working for 25 years. In this paper Stock also addressed
the topic of dental amalgam, concluding that it should no longer be used in dentistry.
Subsequently, Alfred Stock continued his research into the hazards of mercury and
dental amalgam and published 50 papers on this topic. “Die Gefédhrlichkeit des
Quecksilberdampfes” led to heated debate in Germany about the safety and use of
dental amalgam (1-3). This dispute was the second amalgam war. Once again the
dispute was highly polarised. The second amalgam war continued in Germany, without
consensus, until the start of the real war in 1939.



The third amalgam war began in Sweden in the late 1970’s. In 1978 an interest
organization was founded for people who considered that they were the victims of
dental malpractice (Tandvardsskadeférbundet) (4). For the following two decades,
debate over dental amalgam continued. Today, in what might be the end of the third
amalgam war, the intensity of the debate has faded, together with the use of dental
amalgam. In 2009, the use of dental amalgam was discontinued in Sweden, on
environmental grounds.

Dental amalgam is still in use in most other parts of the world. However, a treaty to
prevent emission of mercury was just recently agreed to at a UN meeting on the topic
(5, 6). While the use of dental amalgam has not been banned, it will gradually be
reduced: thus in years to come, there should be a global decrease in amalgam use.

1.3 HUMAN EXPOSURE

Mercury vapour is the gas that vaporizes from liquid mercury. Human exposure to
metallic mercury mainly occurs through inhalation of elemental mercury vapour (7).
Mercury vapour is lipid soluble and easily crosses cell membranes. It is absorbed by the
lungs into the blood stream and dissolved in the red blood cells and plasma (7-9).
About 80% of the inhaled mercury vapour is absorbed in the lungs. It is distributed by
the blood to the tissues of the body (7-9) (Figure 1). In the cells, the elemental mercury
can be oxidized into mercuric mercury through the hydrogen peroxide catalase pathway
(7, 8): oxidation can occur in the red blood cells as well as in the brain and probably
most other tissues (7, 8). If oxidized in the brain, the mercuric ion is trapped there for a
long time, as it does not cross the blood-brain barrier as readily as elemental mercury
(7, 8).
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Figure 1. The disposition and metabolism of inhaled mercury vapour by Clarkson et al
(9). Reproduced with permission of John Wiley and Sons.

1.3.1 Exposure levels

The two main sources of exposure to inhaled mercury vapour are through occupational
exposure to mercury vapour and exposure from dental amalgam fillings. There are
several biological markers of elemental mercury exposure, such as mercury
concentrations in blood, faeces, hair or urine. Urinary mercury concentration has been
used mainly to monitor chronic mercury exposure. Although different measures of
urinary mercury concentrations are used in the literature, in the present thesis mercury
concentrations in urine are expressed as pug Hg/l.

1.3.2 Exposure from dental restorations

Patients with amalgam fillings are chronically exposed to low doses of elemental
mercury through its release from the amalgam fillings (7, 8). There is a correlation
between exposure levels and the number of fillings, but it is also influenced by such
habits as excessive gum chewing (10-14). After removal of amalgam fillings, mercury
concentrations in blood plasma decrease (15, 16). In an adult population with amalgam
restorations, average urinary mercury levels are reported to be about 1 to 4 pg/l (17-19).
In extreme cases, urinary levels as high as about 50 pg/l have been reported (20).



1.3.3 Occupational exposure

Industrial exposure to mercury vapour occurs in the production of caustic soda,
thermometers, batteries and small scale gold mining (8, 21). Occupational exposure to
elemental mercury vapour can also occur in clinical dental practice, in association with
the preparation of dental amalgam for restorations (8).

However, dental personnel working with amalgam were previously exposed to higher
levels of elemental mercury vapour than they are today. Not only has the amount of
amalgam used varied over time, but also the handling of the material. Up until the
1970’s, there was little awareness of the need for caution with respect to mercury
exposure in clinical dentistry in Sweden. The amalgam was prepared by mixing liquid
mercury and alloy in a mortar in the open air and then expressing the excess liquid
mercury through a chamois or cloth to achieve the right texture. The risk of mercury
spillage was high and mercury exposure was increased. In the 1970’s, semi-automatic
mixing devices were gradually introduced, followed in the 1980’s by pre-measured
sealed capsules for amalgam preparation. These more hygienic ways of handling
amalgam reduced the risk of mercury spillage (22). Thus from the 1960’s, improved
methods of preparing amalgam, together with the decrease in amalgam use as
alternative filling materials were introduced, resulted in a gradual decrease in exposure
among dental personnel.

The average urinary mercury levels reported in dental personnel in the 1960’s were
approximately 40-50 pg/l (23, 24). This decreased in the 1970’s to 10-20 pg/l urine
(24) and in the 1980’s to below 10 pg/l (24, 25). Swedish studies from the 1980°s and
1990’s reported only slightly higher mercury concentrations in dental personnel than in
control groups from the general population (25, 26). In Sweden, where amalgam
restorations are no longer allowed, the exposure levels among dental personnel are now
likely to be similar to the population average.

1.3.4 Foetal exposure

Foetal mercury exposure is a potential health hazard for the offspring of female dental
personnel, who may be exposed to mercury due to their daily handling of amalgam.
Foetal exposure is mainly through cord blood (27); the magnitude of mercury
concentration in maternal plasma is reflected by the magnitude of the foetal mercury
concentration in blood plasma (27-29).

1.4 HEALTHEFFECTS

Although extreme exposure levels among patients with amalgam fillings have been
reported, the present project is concerned with the health implications of two different



types of exposure to dental amalgam: occupational exposure among dental personnel
and exposure from amalgam fillings in patients.

The mechanisms of the adverse effects of mercury are complex and not completely
clear, but the major mechanism of biological activity is thought to be binding of the
mercuric ion to thiol or sulphydryl groups (7). Through this binding it is thought to
have several potential effects in human tissues, such as inactivation of various enzymes
or transport processes or altering cell membrane permeability, oxidative stress or
impairment of synaptic transmission (7).

1.4.1 Health effects and amalgam restorations

A number of patients suffering ill health attribute their symptoms to mercury release
from their dental amalgam fillings (30, 31). These patients experience a wide variety of
symptoms and impaired health related quality of life (19, 30). However, a causal
relationship between these symptoms and mercury release has yet to be disclosed:
studies have shown that there is no increased risk for health problems among patients
with dental amalgam fillings and no association between mercury levels in patients and
symptoms (31-34). Alternative explanations for these patients” symptoms are that they
are primarily psychological in origin, or heavily influenced by negative life events (33,
35).

In the New England Children Amalgam trial children were randomly assigned for
either amalgam fillings or other filling materials not containing mercury; no negative
effects were disclosed among the children in the amalgam group (36-39).

Several randomized trials as well as observational studies have examined the effect of
filling replacement on self-perceived health among patients attributing their health
issues to dental amalgam. Improvement in self-perceived health has been reported after
replacement of amalgam fillings (19, 40-42). However, there is a high risk for
measurement bias in these studies, because the patients have not been blinded to their
treatment. One study found improvement in the group undergoing amalgam
replacement and similar improvement in a control group which did not undergo filling
replacement, but participated in a health promotion program (19). Alternative
explanations are that this improvement is just a part of the natural course of health
changes in these patients, that it is a placebo effect or that it is the effect of regression to
the mean.

1.4.2 Health effects and occupational exposure
Acute exposure to high levels of elemental mercury vapour might cause damage to the

respiratory and cardiovascular systems, with increased blood pressure and heart rate
(7). There may also be negative gastrointestinal effects, with abdominal pain and oral



mucositis, fatigue, fever and tremors (7) and even to death. Our knowledge of the
symptoms of acute toxicity is based primarily on documentation of industrial accidents
involving workers handling metallic mercury.

With respect to chronic exposure to elemental mercury, adverse neurobehavioural
effects have been reported in several occupations, at levels similar to those present in
dentistry in the 1960°s and 1970’s (21, 43-45). Most results concern impaired motor
function among the workers. There seems to be a dose-dependent relationship, where
the level of exposure is reflected by the magnitude of adverse effects, but it is unclear at
what exposure level adverse effects begin to occur (43, 44). Toxic effects on renal
function have also been seen in workers with chronic mercury exposure (7).

Studies of dental personnel report slightly impaired cognitive function and self-reported
symptoms such as concentration problems as well as motor problems (18, 43, 46, 47).
One Danish nationwide register-based cohort study on renal, neurological and
Parkinson’s disease covering the years 1964 to 2006, found no association between
occupation in dentistry and any of the outcomes (48).

1.4.3 Health effects on offspring and occupational exposure

Animal studies have found negative effects on neurodevelopment in offspring after
exposure to mercury vapour (49-51). Epidemiological studies of negative effects in
offspring from occupational exposure to mercury vapour provide limited, contradictory
evidence (52-58). Research has focused primarily on fertility and pregnancy outcomes.
A study from 1987 found an association between mercury exposure in female dental
personnel and reproductive failures (57). The study was criticized for methodological
flaws (59). One Swedish study on pregnancy outcomes in dental personnel found no
increased risk for adverse pregnancy outcomes such as perinatal death, congenital
malformations, stillbirths and spontaneous abortions (53).

A study investigating the association between the mother’s dental amalgam fillings and
early cognitive development in offspring found no such association (60).

1.5 FILLING REPLACEMENT AS PART OF MEDICAL REHABILITATION

Under the Swedish National Dental Insurance Scheme, dental treatment may be
available as part of the general medical system. This aspect of the Dental Insurance
Scheme is the responsibility of the county authorities. In 1999, reform of the National
Dental Insurance Scheme included subsidized replacement of dental restorations,
primarily for patients with a long history of symptoms allegedly due to the adverse
effect of dental restorative materials. The criteria according to the Act and the
Ordinance on state dental care are that the patients should have undergone a thorough
medical investigation and that the dental restoration replacement constitutes a part of an



overall medical treatment plan for the patient. The overall treatment plan is the
responsibility of a specialist physician in a field related to the patient’s symptoms (61).
As shown in Figure 2, in recent years, there has been a dramatic decrease in the number
of patients receiving subsidized treatment.

Patients treated to relieve symptoms allegedly due to the adverse effect of
dental restorative materials
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Figure 2. Number of patients undergoing filling replacement as part of medical
rehabilitation in Sweden for the years 1999 to 2011.

1.6 SOCIAL SECURITY BENEFITS

There are few studies examining sick leave among patients attributing ill-health to their
amalgam fillings. It was reported that compared to a matched comparison population,
patients with health complaints attributed to dental amalgam had a significantly
increased probability of being sick-listed (35). Apart from this study, to our knowledge
there are no longitudinal studies on sick leave and use of the social insurance benefits
by these patients. There is no specific diagnosis for sick-listing someone presenting
with health problems allegedly due to adverse reactions to dental amalgam fillings.

All residents of Sweden are covered by the National Social Insurance Scheme. All
adult residents with income from work or unemployment benefits are entitled to
sickness benefits covering up to 80% of lost income when unable to work due to
sickness, disorders or injury. The first sick-leave day is a qualifying day with no
benefits. After the 7th sick-leave day, further leave requires a sickness certificate,
issued by a physician. The employer provides sick pay for the first 14 days of sick-
leave; thereafter, i.e. from day 15, the sickness benefits are provided by the Social
Insurance Agency.

Individuals with a medically confirmed disease or injury which permanently restricts
their work capacity can be granted a disability pension, covering at least 65% of lost
income. The general old-age retirement age is 65 years but can be accessed earlier.



1.6.1 Aims

1.6.1.1 General aim

The general aim of this epidemiological research project was twofold: to gain a deeper
understanding of patients with health problems purportedly related to dental amalgam
fillings and secondly to investigate whether the offspring of female dental personnel
were adversely affected by their mothers’ occupational exposure to mercury.

1.6.1.2 Specific aims
The specific aims of this research project were:

e To investigate symptoms, perceived health changes over time, and health-
related quality of life (HRQoL) in subjects with subjective health impairment,
allegedly due to amalgam fillings (Study I).

e To analyse reliance on different forms of social security benefits by patients
who attribute their poor health to dental amalgam fillings (Study II).

e To investigate whether the offspring of Swedish female dental personnel have
impaired cognitive function. During the study period mercury levels in dental
personnel were higher than are typical in Sweden today (Study I11).

e To investigate whether the sons of female Swedish dental personnel exhibit an
increased childhood mortality risk (Study 1V).



2 METHODS

2.1 DATA SOURCES

The data for this research project were obtained by two different methods: from
registers kept by Swedish authorities and by the use of a questionnaire, supplying data
reported by the patients. The population-based registers provide an effective source of
reliable research data in large populations. Since 1947, all residents in Sweden have
been issued with a unique personal identity number: this is the key variable that enables
linkage between registers in epidemiological research (62). Questionnaires have other
advantages, as they have the potential to disclose information that is not stored in
registers, but which may be of specific relevance to the aim of the study.

2.1.1 Applications for subsidized filling replacement (Study | and 1)

Applications for dental filling replacement as part of medical rehabilitation are made to
the Swedish county authorities. To compile the study population, we contacted the
dental units at the county councils. The study population comprised 546 applicants for
subsidized dental restoration replacement between 1999 and 2005, i.e. all applicants in
seven out of the 21 Swedish counties, covering about 39% of the Swedish population
(Figure 3).

In 2008, background information on the applicants was collected from the seven county
councils. It included data on sex and date of birth, the number and date of the
subsidized dental restoration replacement applications, as well as the resultant decision
about whether the application was fully or partially approved, or rejected.

10
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Figure 3. Map showing the parts of Sweden covered in the study of applicants for
filling replacement. The seven counties are Stockholm, Sédermanland, Jonkdping
Kronoberg, Kalmar, Halland and Varmland.

2.1.2 Questionnaire (Study 1)

A questionnaire was constructed to include items about restoration removal, self-rated
health over time, symptoms, and Health Related Quality of Life (HRQoL). The
questionnaire was sent to applicants for subsidized filling replacement.

2.1.2.1 SF-12 -Health Related Quality of Life

HRQoL is a useful instrument for estimating the impact of ill-health on a patient’s
quality of life. We used the Swedish version of SF-12 “SF-12 Health Survey: Swedish
User Handbook” to obtain data on HRQoL on the filling replacement cohort (63). The
SF-12 instrument includes twelve questions about physical and mental wellbeing and
functioning and provides two summary scale scores, one for mental (MCS) and one for
physical (PCS) health.

11



2.1.2.2 General symptoms
The participants were asked to indicate whether they had any of 21 general symptoms

(Table 1). The absence of a response to a particular symptom in the list was recorded as
a negative response.

2.1.2.3 Oral symptoms

Twelve oral symptoms were listed in the questionnaire (Table 1).The absence of a
response to a particular symptom in the list was recorded as a negative response.

Table 1. General and oral symptoms

General symptoms

Oral symptoms

Joint and muscle pain
Sleep problems
Fatigue

General weakness

Impaired short term memory
Concentration problems
Low tolerance to environmental factors
Visual disturbances

Diarrhea/ constipation

Increased sensitivity to electric or magnetic

fields

General skin problems
Respiratory problems
Dizziness

Irritability

Heart palpitations and/or irregular cardiac

rhythm
Depression
Tinnitus
Anxiety
Headache
Infection susceptibility

Nausea

Dry mouth
Fatigue in the jaws
Pain in the jaws

Tenderness from the teeth

Bleeding gums
Burning mouth
Taste disturbances
Metallic taste

Sore mouth

Toothache

Ulcers/sores in the oral mucosa

Increased salivation
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2.1.2.4 Health over time

On the topic “How has your health been in recent years?” the subjects were requested
to rate their health for each year between 1996 and 2008, on an ascending, six-point
scale (64) (very poor, poor, moderate, good, very good, or excellent). For descriptive
statistics and statistical analyses, the scores were aggregated into three categories, by
combining the lowest two scores as poor health, the middle two as moderate, and the
highest two as good health.

2.1.3 Total Population Register (Study II, 1V)

The total population register is an amalgamation of several other national registers. It is
maintained by Statistics Sweden and contains individual data, including personal
identity number, sex, age, place of birth, date of death, date of immigration and other
basic demographic information.

For Study 11, a comparison population representative of the general population was
selected by random sampling from The Total Population Register of all residents of
Sweden, to match, at a ratio of 3:1, the population of applicants for filling replacement
with respect to sex and year of birth.

In Study 1V, mortality data were obtained from the total population register, as date of
death. Data were retrieved for the sons of female dental personnel and their comparison
cohorts, comprising the sons of female health care personnel. Mortality was
categorised into three periods of life as follows.

1) Neonatal mortality - death of the child within the first 28 days after birth. Due to
confidentiality constraints, the data included year and month of birth, but not the day.
The date of birth was therefore set to the first of the month for everyone. As this could
exclude up to half of the neonatal deaths, we extended the time period by 15 days to 43
days after birth, as an approximation of the first 28 days.

2) Infant mortality - death of the child within the first year of birth.

3) Childhood mortality - death within the first 16 years of birth.

2.1.4 The Longitudinal integration database for health insurance and
labour market studies - LISA (Study II)

LISA is a database maintained by Statistics Sweden. It was constructed to facilitate data
retrieval for research, and contains data from several national registers, to provide
annually registered longitudinal data related to the individual’s life situation, relation to
the labour market, work and health (65).
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Through linkage to (LISA), using the Swedish personal identification number (62),
individual information was retrieved for both the filling replacement and the general
population cohorts, for each of the years 1994 to 2006. The data included educational
level, other socio-demographic factors, as well as different sources of income, social
welfare benefits and the number of days on unemployment benefits, sick leave, and
disability pension. The outcome measures were the annual number of days on disability
pension, sick leave, and unemployment benefits, respectively. Income data were
retrieved as the total income in Swedish kronor for each subject each year. Receiving
social welfare benefits or the old-age pension during a year was categorized as yes or
no.

2.1.5 Population and Housing Censuses (Study Il and 1V)

Mothers of the study subjects in Studies Il and IV were identified using Swedish
population and housing censuses.

Between the years 1960 and 1990, regular population and housing censuses were
conducted in Sweden every fifth year, covering such information as demographics,
employment and education. The censuses are kept by Statistics Sweden.

The occupations of women were identified using the Population and Housing Censuses
(1960, 1970, 1980, 1985 and 1990), which include information about a person’s
occupation at the time of the Census. Women identified as dentists or dental nurses for
at least two consecutive census years were defined as being at greater risk, if pregnant
during this period, of having an offspring exposed to mercury in utero. For the
comparison cohorts, the censuses were also used to identify women working as
physicians and assistant nurses.

2.1.6 Multi-Generation Register (Study Ill and 1V)

The sons of female dental personnel as well as sons of female health care personnel
were identified using the Multi-Generation Register.

This Register includes all people, born in 1932 or later, who have been registered in
Sweden at any time since 1961. The register provides linkage between first-degree
relatives (66). Several subjects could be the sons of the same mother. The boys in the
exposed cohorts were individually matched with boys born during the same year with a
mother of the same age, who was working as a physician or an assistant nurse. The
matching ratio was planned as 1:5; where this was not achievable, all available subjects
were selected. The offspring of dentists were matched with the offspring of physicians
and those of dental nurses with those of assistant nurses.
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2.1.7 The Conscript Register (Study Ill)

Universal military service applied in Sweden between 1901 and 2010; i.e. all men
were conscripted into military service. Since the 1940’s, conscripts have undergone a
cognitive function examination on enlistment. Cognitive ability was assessed in order
to allot the conscript to an appropriate deployment. Practically all able bodied young
men in Sweden took the tests; the data for each individual are held in the Conscript
Register.

Our main outcome measures in Study I11 were cognitive tests used and registered in the
Conscript Register until 1997 (referred to as Enlistment Battery 67 and Enlistment
Battery 80), which were undertaken by conscripts born between 1960 and 1978. The
examination consisted of four tests, which we used separately as our outcome
measures. Two tests assess linguistic understanding and the ability to use oral and
written language. The first test, Linguistic Understanding 1, evaluated the conscript’s
ability to interpret and follow written instructions. The second test, Linguistic
Understanding 2, examined the ability to identify synonyms. The third test, Spatial
Recognition, examined the ability to visualize manipulation of objects mentally and to
recognize objects in different positions. The fourth test, Technical Comprehension,
consisted of problems which could be solved by applying knowledge of mechanics and
basic physics (67-70). Each test consisted of 40 units. The scores were transformed
into a value on a normalized standard scale of nine units, with an average of 5 (67). We
used the standardized scores ranging from 1 to 9 for each test.

2.1.8 The Patient Register (Study V)

In Study 1V, the Patient Register was used to obtain information on the diagnoses
preceding deaths among the offspring of female dental personnel.

Since 1964 The National Board of Health and Welfare has maintained data on hospital
discharges in the Swedish National Inpatient Register (71). Initially comprising data
from only six Swedish counties, the register was gradually expanded, reaching full
national coverage in 1987. The positive predictive value of diagnoses in the register is
about 0.85 - 0.95; in general it is higher for more severe disease and lower for less
severe disease diagnoses.
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2.2 STUDY DESIGNS

All four studies in the project are cohort studies, the most common design for
epidemiological studies. The main features are that cohorts are defined according to an
exposure and then followed over time, and outcomes are measured. Study designs can
typically be divided into observational and experimental studies. Epidemiological
research is strongly associated with observational research, but it may be stated that a
randomized clinical trial represents a special type of cohort study in which the exposure
is randomly assigned. A summary of the study designs used are presented in Table 2.
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Table 2. Study designs.

Study |

Study Il

Study 11

Study IV

Study
design

Data
sources

Study
population

Exposure

Outcomes

Potential
confounders

Statistical
tests

Retrospective cohort,
cross-sectional

Applications for
filling replacement,
questionnaire

Applicants for filling
replacement

n-515

Filling replacement
due to health
problems

General symptoms,
oral symptoms,
HRQoL, health
changes

Disability pension

Chi2-test, Student's t-
test

Retrospective cohort
with prospective data.
longitudinal
measurements

Applications for
filling replacement,
Total Population
Register, LISA

Applicants for filling
replacement <65
years. General
population sample

Replacement cohort:
n - 505

General population
cohort:
n - 1496

Application for filling
replacement

Disability pension,
sick leave,
unemployment
benefits, income,
early old-age pension,
social welfare benefits

Educational
attainment, age, sex,
birth country

Generalized
Estimating Equations
(GEE)

Retrospective cohort
with prospective data

Population and
Housing Censuses
(1960, 1970, 1980,
1985 and 1990),
Multigeneration
Register, Conscript
Register

Sons of female dental
personnel and sons of
health care personnel
born between 1960
and 1978

Dentist cohort: n - 365
Dental nurse cohort:
n-3181

Physician cohort: n -
378

Assistant nurse
cohort: n - 12667

Mother's occupation

Cognitive test scores

Father’s educational
level, mother’s age at
delivery, older
siblings, decade

Linear regression

Retrospective cohort
with prospective data

Population and
Housing Censuses
(1960, 1970, 1980,
1985 and 1990), Multi
generation Register,
Total Population
Register, Patient
Register

Sons of female dental
personnel and sons of
health care personnel
born between 1960
and 1990

Dentist cohort: n -
1690

Dental nurse cohort:
n-10420

Physician cohort: n -
2683

Assistant nurse
cohort: n - 44908

Mother's occupation

Neonatal mortality,
infant mortality,
childhood mortality

Father’s educational
level, mother’s age at
delivery, older
siblings, decade

Cox proportional
hazards model
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2.3 STATISTICAL METHODS
2.3.1 The Chi’test

The Chi®-test is commonly applied to compare proportional differences of independent
observations between groups. The Chi?-test was used for inter-group comparison of
such characteristics as age and sex distribution. (Studies I-111). In Study | the Chi®-test
was also used to compare the prevalence of symptoms and the proportions of subjects
in the exposure groups reporting improved health. The level of significance was set at
0.05.

2.3.2 Student’s t-test

Student’s t-test is commonly used to analyse normally distributed mean values. This
was used in Study I. The HRQoL (MCS and PCS) mean scores in the exposure groups
(replacement group/non-replacement group) were compared using a two-sided t-test for
independent samples under the heteroscedastic assumption. The mean scores were also
compared with the means of the general population, using a two-sided one sample t-
test. To compare the SF-12 scores with that of the general population, a stratified
analysis was used, excluding study participants receiving disability pensions.

2.3.3 Generalized Estimating Equations (GEE)

Generalized Estimating Equations (GEE) is an appropriate tool for analysing
longitudinal data when the outcome measure is not continuous and normally distributed
(72). 1t also offers the opportunity to control for potential confounding factors. For the
years 1994 to 2006, the annual number of days on disability pension, sickness benefits,
and unemployment benefits and income were modelled as a series of repeated
measures. The assumption of the Poisson distribution of the dependent variable was
used, with an autoregressive correlation structure and the log link function. The model
included cohort (replacement/general population), year modelled as a series of
dichotomised dummy variables, and an interaction term between year and cohort.
Analyses were adjusted for educational level, country of birth, and sex as dichotomous
dummy variables, and age as a continuous variable.

Early old-age pension and social welfare benefits (yes or no) were also analysed with
GEE, but assumed the binomial distribution and the logit link function.

The analyses were performed within the replacement cohort in relation to the
application year, that is, the year of application (T0), and included the previous five
years as well as the subsequent five years. Differences in days on disability pension and
sickness benefits between those whose applications had been approved or rejected,
respectively, were analysed using GEE. We used the assumption of the Poisson
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distribution of the dependent variable, with an autoregressive correlation structure and
the log link function. The model included application approval (approval/rejection),
year modelled as a series of dichotomised dummy variables and an interaction term
between year and application approval. Analyses were controlled for educational level,
country of birth and sex as dichotomous dummy variables, and age as a continuous
variable.

Subjects were included in the analyses up to the year of their 65th birthday. Subjects
who emigrated were not included following the year of emigration.

IBM SPSS Statistics 20 and STATA version 12 was used for statistical analyses. P-
values less than 0.05 were considered as statistically significant.

2.3.4 Linear regression

The standard application of regression models in epidemiology is to estimate the effect
of a risk factor on an outcome, while controlling for potential confounding factors. We
used linear regression to estimate associations between continuous, normally
distributed means and our exposures.

In Study 111, the mean scores for the four components of Enlistment Battery 67 and
Enlistment Battery 80 (Linguistic Understanding 1, Linguistic Understanding 2, Spatial
Recognition and Technical Comprehension) were compared between the cohorts, using
linear regression, adjusted for father’s educational level, mother’s age at birth, older
siblings and decade of birth, modelled as series of dichotomous categorical variables.
An approximation of potential maternal exposure prior to birth was based on the
number of years elapsing between the first census in which the dentist or dental nurse
was registered in the profession and the time of delivery. This was categorized as
higher (over five years) or lower exposure (up to five years). In the cohorts comprising
the sons of dental personnel, more than one could have the same mother. As
independence of the observations is assumed, additional analyses were limited to the
first born to individual mothers during the study period.

PASW Statistics 18 software was used for statistical analyses with linear regression. P-
values less than 0.05 and confidence intervals not including O were considered as
statistically significant.

2.3.5 Cox proportional hazards model
The Cox proportional hazards model is one of the most commonly applied models in

medical time-to-event studies. In Study 1V, Cox proportional hazards models were
applied to calculate hazard ratios for the outcomes, with separate models for mortality
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categorized into three periods of life and separate models for each of the three calendar
periods (1960’s, 1970’s and 1980’s). Exposure to mercury was high in the 1960’s and
then declined in the 1970’s and 1980°s (22-25). Dental nurses were compared with
assistant nurses and dentists were compared with physicians. Analyses were adjusted
for maternal age and the father’s educational level, both modelled as a series of
dichotomous dummy variables. As the same mother could have had several children,
the standard errors (and confidence intervals) were corrected by clustering the subjects
by their mothers.

To test for a possible trend in mortality risk over the three decades of the study period,
the interaction of decade by cohort (dental worker or other health worker) was assessed
in a single model to identify effect modification, after adjustment for the main effects.

The proportional hazards assumption was tested using Schoenfeld residuals. This
confirmed that the proportional hazards assumption was not violated in any of the

regression models.

Statistical tests were performed using STATA 12. Confidence intervals not including 1
were considered as statistically significant.
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3 RESULTS

3.1 STUDY I

The questionnaire was sent to 515 of the total of 546 applicants for subsidized
restoration replacement: 31 had been lost due to death or emigration. There were 280
respondents to the questionnaire (54.4%). The response rate was significantly higher
for women than for men and lowest in the youngest age group. The application
approval rate was lower among non-responders than responders. The age and sex
distributions were similar in the replacement and the non-replacement groups.

3.1.1 General symptoms

The most common symptoms reported were joint and muscle pain, disturbed sleep,
fatigue, and a sensation of weakness, with prevalence all well above 50%. Joint and
muscle pain, susceptibility to infection, low tolerance to environmental factors and
sensitivity to electric or magnetic fields were all significantly more common among
those who stated that they had undergone replacement of fillings because of health
issues than among those who had not had fillings replaced.

3.1.2 Oral Symptoms

About a third of the patients reported dry mouth, jaw fatigue, pain in the jaws and
tenderness of the teeth. These were the most common oral symptoms. There was no
statistically significant difference in oral symptoms between the replacement and the
non-replacement groups. Metallic taste and increased salivation were more common
among men than women. Bleeding gums were more common in the youngest age
group and dry mouth more common in the oldest age group.

3.1.3 Health Related Quality of Life

There were no significant differences between men and women, younger and older age
groups, the replacement and non-replacement groups or application approval/rejection
with respect to MCS or PCS. Compared with the general population in Sweden, the
subjects had significantly lower HRQoL in terms of both MCS and PCS (63) (Figures 4
A and B).
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Figure 4. (A) MCS. SF-12 mental health: mean score with 95% CI in the study
population and in the general population in Sweden. (B) PCS. SF-12 physical health:
mean score with 95% CI in the study population and in the general population in
Sweden. The age categories were adjusted to the categories used in the reference study
(63). The number of subjects in the study population in each age category is shown in
the figure.
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3.1.4 Health changes over time

The distribution of subjects in the three health categories (poor, moderate, and good) is
presented in Figure 5. In the replacement group a distinct pattern could be seen in the
proportion reporting poor health. It was most common in the year of application when
almost two-thirds of the replacement group reported poor health. Thereafter self-rated
health ratings improved in the 1-3 years after the application for subsidized restoration
replacement.

100%
80%
amissing
60% Obad
B moderate
40%
Egood
20%
0%
Year
B
100%
80%
Omissing
60% Obad
B moderate
40%
mgood
20%
0%
-3 -2 -1 0 1 2 3
Year

Figure 5. Distribution of subjects according to health status: year O represents the year
of application for subsidized restoration replacement. (A) Non replacement group
(n=31), (B) Replacement group (n=233). In years 2 and 3, the changes in proportions
of subjects reporting poor, moderate and good health differed significantly between the
exposure groups.
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3.2 STUDY I

Of the 546 patients who applied for subsidized filling replacement, 505 were aged 65
years or younger in the year of application. They were included in the study of sick-
leave and disability pension. The cohort from the general population comprised 1496
subjects. In the replacement cohort, subsidised filling replacement was approved for
322 subjects (63.8 %).

The pattern of changes in number of sick-leave days showed an increasing difference
between the two cohorts until 2002. It then began to decrease until the last year of
follow-up (2006) (Figure 6). There was a significant association between being in the
replacement cohort and an increase in sick-leave days. The longitudinal changes in
days on sick leave differed between the two cohorts.

In the longitudinal comparison of disability pension, there was a steeper increase in the
replacement cohort (Figure 6). The difference between the replacement cohort and the
general population cohort in days on unemployment benefits was highest early in the
follow-up and decreased over time (Figure 6).
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Figure 6. Mean number of days on sick leave, disability pension, and unemployment
benefits between 1994 and 2006, (A) in the replacement cohort and (B) in the general

population cohort.

After the year of application (TO), the number of days on sick-leave decreased
dramatically in the replacement cohort. However, the total number of days absent from
work, on a disability pension and/or sick leave did not change, because the days on
disability pension continued to increase rapidly in the same years (Figure 7).
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Figure 7. Annual sick-leave days and disability pension in the replacement cohort five
years before and after the year of application for replacement of dental fillings. Averages
derived from regression analyses with GEE.

The differences in income between the two cohorts increased between 1994 and 2006
and the changes over time were statistically significant (Figure 8). The proportions
taking early old-age pension (before age 65) were significantly higher in the
replacement cohort at baseline but there was no increased difference over time (Figure
8). Similarly, the proportion depending on social welfare support was significantly
higher in the replacement cohort at baseline, but there was a no statistically significant
difference in the pattern of change over time (Figure 8).
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Figure 8. Annual income in Swedish kronor (SEK), early old-age pension, social
welfare support in the replacement cohort and the general population cohort in 1994 -
2006. Predicted measures from regression analyses with GEE.
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3.2.1 Study Il

The dentist cohort comprised 365 sons born between 1960 and 1978 to female dentists;
the dental nurse cohort comprised 3181 sons, the physician cohort 378 sons and the
assistant nurse cohort 12667 sons.

For all four cognitive tests, the dentist cohort had slightly lower scores than the
physician cohort, but none of the differences was statistically significant. The dental
nurse cohort had significantly higher scores than the assistant nurse cohort; the results
were almost unaltered after adjustment for father’s educational level, mother’s age at
time of birth, presence of older siblings and decade of birth. The differences between
the dentist and physician cohorts were not statistically significant after adjustment. The
distribution of test scores (Linguistic Understanding 1, Linguistic Understanding 2,
Spatial Recognition and Technical Comprehension) are presented in Figures 9 and 10.
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Figure 9. The distribution of test scores in the four cognitive tests for the assistant nurse

cohort and the dental nurse cohort. The average scores were clearly slightly higher in
the dental nurse cohort.
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Figure 10. The distribution of test scores on the four cognitive tests for the physician
cohort and the dentist cohort. The majority of the scores are to the right of 5, the
standardized average of the entire population.

3.2.2 Study IV

In both the dental nurse cohort and the assistant nurse cohort the highest hazard rates
were found in the 1960°s and then decreased in the 1970’s and 1980’s (Figure 11).
Comparison of the cohorts showed a significantly increased risk among sons of dental
nurses in the 1960’s, HR: 1.83 (95% CI; 1.04 - 3.22). There was effect modification by
decade on the HR, that is, the HR decreased significantly in later decades. The
interaction between dental nurse cohort and decade was statistically significant, HR:
0.63 (95% Cl; 0.44 - 0.90).
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Figure 11. Neonatal hazard rates by decade and cohort, dental nurse (DN) cohort and
assistant nurse cohort (AN).

For comparison of neonatal, infant and childhood mortality, the dentist and physician
cohorts were underpowered; hence it was not possible to determine differences between
the cohorts.
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4 DISCUSSION

4.1 MAIN FINDINGS

In this section the findings are discussed in the context of existing knowledge.

4.1.1 Study |

The pattern of symptoms reported by the study subjects is similar to that of several
other studies (40, 41, 73, 74). Thus while the present study does not provide new
insights, it corroborates the findings of previous studies. In contrast to other studies (40,
41, 73, 74), the intensity of symptoms was not measured in the present study.

The reduction in metallic taste was not unexpected among those who underwent
replacement of amalgam fillings, as the restorative materials used for replacement were
usually non-metallic. Similar results have been reported previously (41, 75). There was
a trend towards increased prevalence of toothache among those who replaced fillings:
this might be attributable to untoward sequelae of the operative procedures necessary to
remove the restorations, such as pulpal trauma, which may lead to postoperative
pulpitis and pulpal necrosis.

In the present study, HRQoL scores were obtained several years after the application
for dental restoration replacement. One finding in the present study was that PCS scores
were considerably lower than in the previous trial by Melchart et al. (19), and far lower
than in the Swedish general population. This highlights the high vulnerability of the
patient group.

Although the improvement in self-rated health over time observed in the replacement
group may be questioned, the results are in accordance with those of other studies (19,
41, 42, 76). Other contributing factors which should be considered after dental
restoration replacement are the placebo effect and a natural reduction in symptoms over
time (77, 78).

4.1.2 Study Il

One study reported that patients with health complaints attributed to dental amalgam
had a significantly increased probability of being sick-listed compared to a matched
comparison population (35). The findings are in accordance with ours but longitudinal
changes in sick-listing were not reported (35). The rapid transition from sick leave to a
disability pension following filling replacement is consistent with the results of a
Swedish study of long-term sickness absentees who were referred for multidisciplinary
medical assessment by the National Social Insurance Agency (79). The same pattern
emerges in the present studies: neither multidisciplinary medical assessment nor dental
filling replacement improves the likelihood of a return to work, but seems to accelerate
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the path towards disability pension. Our results corroborate the difficulties associated
with helping patients on long-term sick leave to resume workforce participation.

Several risk factors are known to be associated with disability pension (80), such as
self-assessed poor health. As shown in Study I, the applicants for filling replacement
perceived themselves to be in poor health, hence they were at increased risk of a
disability pension (81-83).

4.1.3 Study Il

This study compared cognitive function in cohorts potentially exposed to mercury in
utero through the mother’s occupation as a dental professional, with comparison
cohorts of subjects whose mothers did not work in dentistry. Potentially harmful
mercury levels, with median urinary levels of approximately 20 to 50ug/l, were
common in dental personnel in the 1960’s and 1970’s (24, 70).

Besides clinical dentistry, there are other occupations with potential exposure to
elemental mercury, such as the chloralkali industries (electrolysis of sodium chloride
solution) and cinnabar mining (7). Adverse effects on neurological function, such as
impaired motor skills and reduced cognitive function, have been found among workers
in these occupations Adverse neurological effects in children, due to exposure
associated with small-scale gold mining, have been reported at a median urinary
mercury level of 10.05ug/l (21). There seems to be a dose-dependent relationship,
where the level of exposure is reflected by the magnitude of adverse effects, but it is
unclear at what exposure level adverse effects begin to occur (43, 44). Since elemental
mercury can pass the placenta, there is a potential hazard to the foetus if the mother’s
blood mercury levels are increased (22, 27, 28, 84, 85).

Studies of exposure to dental amalgam fillings in children have not disclosed any
inverse associations with cognitive function; nor did our study of another potential
exposure route; in utero, due to maternal employment in dentistry (36-38). Studies
examining the effect on the offspring of pregnant rats exposed to mercury vapour found
dose-dependent negative behavioral effects in the offspring (50, 51). A study of in
utero exposure in squirrel monkeys showed similar results with long-term effects in the
offspring (86). Yet the results of the present studies show that the sons of dental
personnel had cognitive function test results similar to or higher than their comparison
cohorts. The sons of dentists had somewhat lower average cognitive function scores
than the sons of physicians, but adjustment, particularly for father’s education,
attenuated or reversed the direction of the differences between the cohorts. This
suggests that the variation in cognitive function between the cohorts is largely
explained by differences in parental and familial characteristics, rather than
occupational maternal exposure in dentistry.
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4.1.4 Study IV

There are few epidemiological studies of occupational mercury exposure and the risk to
foetal development and reproductive health. One Swedish study on pregnancy
outcomes in dental personnel found no increased risk for complications such as
perinatal death, congenital malformations, stillbirths and spontaneous abortions (53).
The study covered the years 1976 and 1981 to 1986: the results, during the periods of
lower exposure to mercury, are consistent with our results for the same time period. A
Finnish study of miscarriages in female dental personnel in the 1990°s found no
consistent evidence of an increased risk (87). However, at the time of the study,
exposure levels were assumed to be low. Another study on dental personnel employed
in the 1980°s showed decreased fecundity associated with poor working hygiene in
combination with high levels of mercury use in dental assistants (56). A large
Norwegian cohort study found no evidence of adverse pregnancy outcomes in dental
personnel between the years 1967 and 2006 (54). The disparity between these results
and those of the present study may either be because our findings are due to chance or
because the earlier period of that study began later, in 1967. It should be noted that the
above-mentioned studies measured different outcomes: malformations, prenatal deaths
and stillbirths, whereas the present study investigated mortality after birth. One study
from the 1980°s showed increased risk for reproductive failures (57), but the findings
have been questioned on the grounds of methodological limitations (59).

4.2 METHODOLOGICAL CONSIDERATIONS

This section describes important epidemiological concepts and their relevance to the
present research project. Some examples are included, for clarification.

4.2.1 Study designs

In a cohort study people with certain exposures are followed over time and risks of
disease are measured and compared between different exposure groups. A cohort study
is usually a more effective study design for rare exposures; in contrast a case-control
study is usually more effective when there is a rare outcome. A crucial point in a cohort
study is that there must be adequate numbers of subjects to allow study of the disease:
in the case of a rare disease, a large number of subjects and prolonged follow-up may
be required. Thus the cohort study might become very costly and time-consuming.
Cohort studies may be classified as prospective or historical/retrospective. In a
prospective cohort study, measures are made after the initiation of the study, whereas a
historical cohort study measures exposures and events that have happened in the past.
The prospective cohort is generally seen as a study of higher quality with less bias,
because it is easier to measure correctly an event which is currently happening than to
measure something that happened a long time ago. If the measures of the historical
cohort are of a high standard, it is a very efficient study design. Such is the case with
measures recorded prospectively in registers, as in several of our studies.
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In our studies on the offspring of female dental personnel, the aim was to investigate
the effect of potential mercury exposure in utero because of the mother’s occupation. A
comparison cohort was required to enable measurement of differences due to the
exposure in question. A comparison cohort should match the exposed cohort in every
aspect apart from the exposure. In this context, the cohorts are exchangeable, i.e. the
same results would be expected if the exposure states of the groups were exchanged.

To make the cohorts more comparable with respect to social and material status,
comparison cohorts were constructed on the basis of mothers in comparable
occupations to the dental professionals: the sons of physicians for comparison with
those of dentists and the sons of assistant nurses for comparison with those of dental
nurses.

With respect to study design, some potential limitations should be highlighted for Study
I. Some contributing factors have been addressed in earlier sections, where we
presented the annual number of patients treated with amalgam filling replacement in the
whole of Sweden. We had initially planned a prospective cohort study of all new
applicants in Sweden. However, there was a dramatic decline in number of patients
during the period in which we initiated the study. Moreover, fewer than half of the
counties consented to participate; hence only about 20 subjects had been included
during our first year of inclusion and the study had to be terminated. A prospective
follow-up study would have had much greater potential to disclose factors associated
with health improvement among these patients.

As mentioned above, some counties decided not to participate and provide study
subjects, because of ethical concerns. Informed consent is an essential ethical aspect in
all medical research involving human study subjects. Our approach, which had been
approved by the ethical review board, was that we would send the questionnaire, with
information about the study, to all eligible participants; return of the questionnaire
would be regarded as consent to participate. However, county officials disapproved of
this proposal on the grounds that it would intrude on the personal integrity of the
patients.

4.2.2 Internal validity

Internal validity is an important factor to be considered in epidemiological research, i.e.
whether the measurements actually measure what they are intended to measure. A
systematic error in measurement (88) might compromise the internal validity of a
study. Such flaws are generally classified into selection bias, measurement bias and
confounding.
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4.2.3 Bias

Selection bias results from the method of recruiting patients to the study and arises if
the participants have a different association between the exposure and outcome from
those who were eligible to participate but declined. Selection bias may therefore be
likely in Study I, in which a large proportion of eligible subjects declined to participate.
Measurement bias or information bias, as it is usually referred to, is a systematic error
in measurement, usually associated with the exposure. This might also be a
considerable issue in Study I, with reference to retrospective measurement of self-rated
health. Some uncertainty or error in the measures is likely when subjects are asked to
recall the state of their health several years previously. A form of measurement bias,
called recall bias, may have been introduced: it might be argued that the subject’s
memory of their health status some years earlier was influenced by whether he or she
had undergone filling replacement. This seems likely in the context of the present
study.

The register data, which were recorded prospectively, are less likely to have outcomes
that are subject of differential misclassification. That the outcome mortality should be
subject to any misclassification seems highly unlikely. The cognitive tests we used as
our outcome measures in Study 111 have been used in other studies to show adverse
effects from ionizing radiation (89); thus they are sensitive markers of environmental
exposures.

4.2.4 Confounding

Confounding may be described as a blending of effects: analysis of the results of a
study may disclose an association between exposure and outcome, but it is actually due
to a common, extraneous factor associated with both outcome and exposure (Figure
12). There are three necessary characteristics for a confounding factor (88); 1 — it must
be an extraneous risk factor for the disease, 2 — it must be associated with the exposure
under study in the source population and 3 — it must not be affected by the exposure or
the disease. In particular it may not be an intermediate step in the causal pathway
between the exposure and disease.

A B
Exposure 5 Outcome Exposure » Outcome
Confounder
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Figure 12 DAG (directed acyclic graph) showing (A) the causal pathway, where the
association between exposure and outcome is a true causal relationship and (B) an
association between exposure and outcome due to an extraneous factor.

In epidemiological research, the risk of confounding can be managed in several ways.
Randomization, restriction, or matching may be applied to the study design.
Restriction was applied, for example, in Study I1l. If it had been assumed that sex
would fit the criteria for a confounding factor for the association between potential
mercury exposure and cognitive function, the risk of confounding by sex might have
been avoided by restricting the study subjects to include only one sex. This study was
in fact restricted to male subjects, not, however, in order to avoid confounding, but to
ensure adequate numbers of subjects. Very few women enlisted for military service.
Had matching been applied instead, one unexposed girl would have been included for
every girl in the exposed cohort, and one boy for every exposed boy: the sex
distribution would be exactly the same. Thus there cannot be an association between
sex and exposure: therefore it does not fit the necessary criteria for a confounder.
Matching might be preferable to restriction, as it does not limit generalizability as
much. With randomization, all potential confounders, known as well as unknown,
should be evenly distributed between exposure groups. However, randomization is
only an option in experimental research.

If confounding was not avoided in the study design, there are several means of
redressing the issue during data analysis, for example by stratification, or by using
regression models. Regression models were applied to control for confounding
factors in Studies I1-1V.

It is acknowledged that social class might play an important role in epidemiological
research. This was particularly evident in the study on cognitive function (Study II)
(90). Social class was a potential confounder in the present studies and therefore needed
to be controlled for. In Studies II-1V, educational level, one of the most commonly
used markers of social class, was applied: it is considered to be an important influence
on social standing, facilitating advantageous behaviour and enhancing occupational
advancement (88, 90). Educational level is also a stable measure, as it is usually
established in early adulthood and then fixed for the rest of a person’s life. However,
the magnitude of the positive effects of education is not constant over different time
periods or between different societies (88).

4.25 Effect modification

Another concept in epidemiological research is effect modification, which should be
distinguished from confounding. Effect modification is where the association of two
factors is altered by a third: this is investigated using statistical interaction testing. It is
described as departure from additivity of effects on the chosen outcome scale (88). The
emergence of effect modification on a selected outcome scale is noteworthy, as it may
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be affect one scale but not another. This was a factor in Study IV, in which the
differences in relative risk varied between decades. One assumption made for this
statistical interaction to be considered an effect modification is that the effect is not
caused by bias. As mentioned previously, it was important to avoid confounding in
order to achieve correct results in our studies. Effect modification, however, is in itself
an interesting result which should be presented as a finding.

4.2.6 External validity

In order to apply the study findings and to place them in context, assessment of
external validity is important i.e.assessment of the generalizability of these findings.
However, before any attempt is made to generalize the findings, the internal validity
must be confirmed.

In Studies | and 11, the population from which the subjects were drawn comprised all
applicants for subsidized removal and replacement of amalgam fillings over a large
region of Sweden: such a large geographical uptake area should contribute to good
external validity. However, generalization was complicated by the heterogeneous
nature of the group of applicants for removal and replacement of amalgam fillings.

In Studies 111 and IV the subjects were exclusively male. This complicates
generalization. Moreover, as occupational exposure to mercury is no longer an issue in
Swedish dentistry, it is unlikely that the results are generalizable to the offspring of
today’s Swedish female dental personnel. The results might more readily be
generalized to the offspring of female dental personnel in countries where amalgam use
is similar to that in Sweden during the study period, or perhaps to other occupations
with mercury exposure at similar levels to those in Swedish dentistry during the study
period.

4.2.7 Causal inference

An association between an exposure and an outcome found in a study needs to be
interpreted with caution. It is important to be aware of several possible reasons for the
association of an increased risk of an outcome in one exposure group, e.g. there may
be an actual causal effect of the exposure in question, the effect may be attributable to
unknown confounders which were not controlled for, it may be due to bias, or to
chance.
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4.2.7.1 Study |

Study | disclosed an improvement in health among those who stated that they had
undergone replacement of amalgam fillings for health reasons, compared to those who
stated that they had not replaced fillings. As mentioned earlier, it is not clear that the
positive effect is caused by the reduction in mercury release due to replacement of
amalgam. The effect might be attributable to recall bias, as shown in Figure 13. It might
also be due to an unknown confounder. An empathic, caring health care provider might
be independently associated with both replacement of fillings and health improvement.
The direct path from filling replacement to health improvement might include not only
a decrease in mercury levels, but also a placebo effect. Because of these uncertainties,
the results must be interpreted with caution.

Memory of health

N

Filling replacement ——————— Health improvement —— |y provement score

Unknown confounder

Figure 13. DAG presenting potential pathways to explain the association between
filling replacement and improved health found in Study |.
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4.2.7.2 Study Il

Study Il disclosed an association between the replacement cohort and a reduction in
work force participation. However, a causal pathway from increased mercury levels
due to amalgam fillings to less than full work force participation is not the only possible
explanation. A patient’s sick-leave might be for other reasons, also associated with
amalgam-related health problems (Figure 14). Negative life events might also be a
confounding factor in the association between health issues and dental amalgam (35).

Unknown confounder

/

Mercury poisoning , Associating health problems

from amalgam fillings with amalgam

Other disease

Less work force
participation

Figure 14. DAG showing potential reasons for association in Study II.
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4.2.7.3 Study Il

With reference to cognitive function, the only significant differences disclosed in Study
I11 were the higher scores among the sons of female dental nurses compared with those
of female assistant nurses. However, it is highly unlikely that mercury exposure in
utero would enhance cognitive function. Although controlling for parental education
reduced the differences, they remained significant. This suggests that social factors,
other than those implied by the parents’ educational level, might also have an influence
(Figure 15). Assistant nurses may be exposed to other harmful, unidentified factors
which were not controlled for. There may be harmful associations among sons of
female dental personnel that were masked by higher social position.

Exposure other
than mercury

Mother's occupation in dentistry — s Wercury exposure in utero — 5 Cognitive function

\ Parental education

Social, material conditions

Figure 15. DAG offering an explanation for the association found in Study II1.
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4.2.7.4 Study IV

In Study 1V, comparative analysis of early mortality among the offspring of female
health professionals disclosed a statistically significant association between the
mother’s occupation in dentistry and neonatal mortality in the 1960’s. We examined the
statistical interaction between the decade and mother’s occupation in dentistry and
found a statistically significant decrease in HR over the decades. If this is an actual
causal effect, it seems likely that the relative risk would decrease, as exposure to
mercury decreased over the same time period (Figure 16). The results of Study 111
suggested that the social standing of the offspring of dental nurses was higher than that
of the sons of assistant nurses and that this difference was not completely controlled for
by parental education. If that is the case, it is likely that a true causal effect would be
somewhat masked in this study. Yet as the number of deaths was quite small, there is
also the risk of a chance finding.

Time period

Exposure other

. /
' ,"
r" ;
;o than mercury

¥
Mother’s occupation in dentistry—Mercury exposure in dentistry—Mercury exposure in utero

e
Mortality

Parental education

Social, material conditions
not controlled by
parental education

Figure 16. DAG showing potential explanations for the findings in Study IV.
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4.3 GENERAL DISCUSSION AND FUTURE RESEARCH

There is still uncertainty about a causal relationship between dental amalgam fillings
and health impairment and the potential treatment effects of replacing filling materials.
The treatment effects or lack of improvement in health are difficult to interpret: while
persistent health impairment after treatment might be interpreted as no treatment effect,
it might also be attributable to permanent irreversible damage to organ systems, caused
by exposure to mercury. As discussed earlier, self-reported health improvement
following filling replacement has several potential explanations besides the decreased
mercury exposure. This is a challenging field for future research, where further
investigation is warranted to find ways of rehabilitating this group of patients.

Conditions in Sweden may limit further research into these issues. Amalgam is no
longer in use and the number of patients presenting with these problems is declining. It
may be difficult to justify the use of further resources for research into a problem which
now affects relatively few people in Sweden. On the other hand, dental amalgam is still
in use in most other parts of the world and so increased knowledge of the purported
health implications is still relevant (91). It might be feasible to study populations in
countries where amalgam use is still extensive. There seems to be a genetic factor
which increases susceptibility to mercury toxicity and more clinical research into this
subject would be an important step for the future (92-94). Amalgam removal has been
associated with decreased levels of cytokines: further investigation is warranted of a
possible relationship between activation of the inflammatory system and health
complaints associated with dental amalgam (95).

With reference to the potential risks posed by exposure to mercury by dental personnel
and their offspring, continued research in Sweden might not be feasible: now that
amalgam use has been discontinued, the level of mercury exposure among dental
personnel is low. Such research could be conducted more readily in clinical settings
where amalgam is still in use and mercury hygiene varies, for example in less
developed countries. In this context, identifying health risks related to occupational
exposure to mercury would be potentially more beneficial, as it might lead to measures
to improve mercury hygiene with respect to the use of amalgam. A possible extension
of Study IV would be the inclusion of female offspring in future studies. Other
questions warranting further investigation are the estimation of exposure levels and
searching for more detailed information about the causes of neonatal death.
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5 CONCLUSIONS

The present study showed that the self-perceived health of patients who have
undergone subsidized dental amalgam replacement continues to be poor several years
after application for restoration replacement. This finding tends to support the opinion
that replacement of restorations alone is insufficient to achieve improved health and
HRQoL in patients with symptoms allegedly attributable to dental restorative materials.

Dental filling replacement does not seem to improve workforce participation. 11l health
related to dental materials is likely to be associated with dependence on social security
benefits. The failure of present measures to achieve an improved HRQoL in these
patients and facilitate a return to workforce participation, with subsequent reliance on
social benefits, is not only unsatisfactory for the individual patient, but also represents
an unacceptable financial burden on society: to the cost of subsidizing filling
replacement must be added the considerable cost of life-long social security benefits.
The results indicate that further investigation is warranted to find ways of rehabilitating
this group of patients and to improve their chances of returning to the workforce.

The studies disclosed no evidence that the male offspring of female dental workers in
Sweden suffered from impaired cognitive function. Our results indicate that there was
no increased risk for such teratogenic effects during the study period, when the levels of
elemental mercury in dentistry were much higher than in Sweden today. An increased
risk for impaired cognitive function of offspring to mothers working in modern
dentistry seems highly unlikely. In some parts of the world where mercury exposure in
dental offices still are at levels comparable with those in our study period, these results
suggest that related occupational exposure among female dental workers will not
adversely influence cognitive function among their offspring.

There were indications of a higher mortality rate in the offspring of female dental

professionals. If such an effect exists, these results suggest that it is limited to neonatal
mortality and this putative risk has diminished in Sweden since the 1960’s.
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6 SVENSK SAMMANFATTNING

Amalgam ér ett av de mest anvanda materialen for att laga hal i tanderna och har varit
det sedan tidigt artonhundratal. Det &r ett material med fordelaktiga egenskaper for att
ateruppbygga skadade tander, men anvandandet har omgardats av debatt och
misstankar om att vara farligt néstan lika lange som det har anvénts. Att amalgam
innehaller kvicksilver som &r vélkant for sin giftighet &r orsaken till oron for att det ska
vara halsovadligt. Oron ror inte bara patienter med amalgamfylliningar i tanderna, utan
ocksa tandvardspersonal utsatts for kvicksilveranga i sitt arbete med amalgam.

Syftet med den hér avhandlingen var att fa mer kunskap och forstaelse kring patienter
med hélsoproblem som de kopplar till tandfyllningsmaterial och att studera om barn till
kvinnor som arbetat inom tandvarden har paverkats av att mamman arbetat med
kvicksilver.

Vi undersokte patienter som ansokt om att fa byta ut sina tandfyllningar pa grund av
halsoproblem som de kopplat till fyliningarna. Riskerna foér hdlsoeffekter hos barn till
mammor som arbetat med amalgam i tandvarden undersoktes genom att vi studerade
soner till kvinnor som arbetade i den svenska tandvarden under en tidsperiod da
amalgam var det huvudsakliga tandfyllnadsmaterialet.

I studie I undersokte vi symptom, upplevda halsoférandringar och hélsorelaterad
livskvalitet bland s6kande om tandfylIningsbyte. Vi anvénde ett frageformular for att
samla in informationen. Resultaten visade att de sokande hade avsevart samre
livskvalitet &n befolkningen i Sverige i allméanhet och hade omfattande halsobesvar.
Resultaten indikerar att tandfyllningsbyte i sig ar otillracklig for att hjalpa de hér
patienterna till god halsa.

I studie Il kartlades de s6kande om tandfyliningsbytes anvandning av samhéllets
skyddsnét. Uppgifterna samlades in fran svenska register for aren 1994 till 2006.
Patienterna som ansokt om att fa byta fyllningar var i hogre grad beroende av
fortidspension och sjukskrivning an den svenska befolkningen i allménhet.
Skillnaderna mot den 6vriga befolkningen 6kade under uppféljningen. Bland
patienterna som ansokt om att byta fyllningar 6kade antalet sjukdagar fram till det ar de
ansokte om att fa byta fyllningar. Efter det minskade sjukskrivningen men
fortidspension fortsatte att 6ka i hogre takt &n sjukskrivningen minskade. Slutsatserna
var att patienterna med halsoproblem som de kopplar till tandfylIningsmaterial i hog
grad dr beroende av ekonomiskt stod fran samhallet. Tandfyliningsbyte framstar inte
som en faktor som hjélper patienterna att komma i arbete.

Studie 111 undersoktes intellektuella funktioner hos soner till kvinnliga tandlékare och
tandskoterskor som arbetat i tandvarden under en tidsperiod da tander i huvudsak
lagades med amalgam. De intellektuella funktionerna jamférdes med soner till
underskoterskor for tandskoterskornas soner och soner till lakare for tandlakarnas
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soner. Det som jamfordes var deras resultat pa ett test av intellektuella funktioner som
genomforts da de monstrat infor militartjanstgoring. All information till studien
hamtades fran register som finns hos olika myndigheter. Vi hittade inga tecken pa
sémre intellektuella funktioner hos séner till kvinnliga tandlakare eller tandskoterskor
da soner till tandvardspersonal hade liknande eller hogre resultat jamfort med
kontrollgrupperna vars modrar arbetat i sjukvarden.

I studie 1V undersoktes om det fanns en okad risk att do tidigt i livet hos sénerna till
tandvardspersonal. Dédligheten jamfordes med samma grupper som i studie 111,
Aterigen samlades informationen in frn svenska register. Bland sénerna som foddes
under 1960-talet fanns en okad risk att d6 under den forsta levnadsmanaden for sénerna
till tandskoterskor jamfort med underskoterskesonerna. De relativa skillnaderna
minskade de foljande decennierna. Att den minskade dédligheten foljde minskningen
av amalgamanvandning i tandvarden far ses som ett intressant fynd som starker
antagandet att det kan vara en effekt av amalgamanvéndandet. Resultaten bor tolkas
med forsiktighet men det stodjer antagandet att det fanns en mattligt 6kad risk for
dadlighet under den forsta levnadsmanaden hos soner till kvinnor som arbetat inom
tandvarden under graviditeten, under den tidsperiod da de utsattes for mest kvicksilver.
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