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Objective   Exposure to elemental mercury vapor can impair neurological function as it is neurotoxic in doses 
higher than usually found in dentistry. Little is known about the potential effects of fetal exposure to elemental 
mercury among offspring of female dental workers. We investigated cognitive function among offspring of 
women working in dentistry at the time of their pregnancy. 
Methods   We compared results for cognitive function examinations taken by the majority of young men in 
Sweden at the time of compulsory military enlistment (age 17–18 years). Sons of female dentists (N=365) and 
dental nurses (N=3181) born during the 1960–1970s were compared with sons of female physicians (N=378) 
and assistant nurses (N=12 667). 
Results   Analysis by linear regression showed that sons of dental workers had similar or higher cognitive func-
tion test results compared to their matched cohorts.
Conclusion   We found no evidence of poorer cognitive function among male offspring of female dentists or 
dental nurses.
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Mercury is a toxic component of dental amalgam. The 
evidence of negative effects in offspring from occupa-
tional exposure in dentistry is limited and contradictory 
(1–5). Previous research has tended to focus on fertility 
and pregnancy outcomes (1, 3, 5–6) rather than cogni-
tive function, which is addressed in this study. Fetal mer-
cury exposure may be a potential hazard for offspring 
of mothers working in dentistry who may be exposed 
to mercury due to their daily handling of amalgam. 
Such exposure to mercury is mainly through cord blood 
(7), where the magnitude of mercury concentration in 
maternal plasma is reflected by the magnitude of the 
fetal mercury concentration (7–9). 

Dental personnel are still exposed to elemental mer-
cury vapor when using dental amalgam even though 
this exposure used to be higher 20–30 years ago than 
it is today (4, 10–13). Pre-prepared capsules of dental 

amalgam were introduced in the 1980s, resulting in less 
mercury contamination in the working environment 
(14). In the 1960s and 1970s, before the capsules were 
introduced, mercury levels were higher, as indicated by 
the higher levels in dental workers’ urine. During this 
period, mercury exposure levels were as high as levels 
that have been associated with non-specific symptoms of 
mercury intoxication (4, 11, 15–16). Subtle health out-
comes, such as mildly impaired cognitive function, have 
been reported in dentistry and other occupations with 
chronic exposure to elemental mercury vapor (17–19).

The purpose of this study was to investigate if there 
is impaired cognitive function in the male offspring 
of female dental workers. Mercury levels in dentistry 
during the study period were higher than are typical 
in Sweden today, although such relatively high levels 
continue to exist in dentistry in some other countries. 

http://ki.se/ki/jsp/polopoly.jsp?d=7551&l=en
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Methods

Two cohorts of boys potentially exposed to elemental 
mercury due to their mothers’ occupation as a dentist or 
a dental nurse were compared with two matched cohorts 
of boys whose mothers worked as physicians or assis-
tant nurses. All the boys were born between 1960–1978 
when amalgam was still the main filling material in 
Swedish dentistry. 

Participants

The occupations of women were identified using the 
Swedish Population and Housing Census (1960, 1970, 
1980, 1985, and 1990) that provides occupation infor-
mation at the time of the Census. Women identified as 
dentists or dental nurses for at least two consecutive cen-
sus years were defined as being at greater risk of having 
an offspring exposed to mercury in utero if born during 
this period. These boys were identified using the Multi-
Generation Register, which allows linkage between first-
degree relatives (20). Several subjects could be sons of 
the same mother. The boys in the exposed cohorts were 
individually matched with boys born during the same 
year, the mother of whom was the same age and working 
as physician or an assistant nurse. The matching ratio 
was planned as 1:5 and if we were not able to obtain this 
ratio, we selected all available subjects. Offspring of 
dentists were matched with offspring of physicians and 
those of dental nurses with assistant nurses’ children. 

Outcome measures

A cognitive function examination has been used at mili-
tary enlistment since the 1940s in Sweden. Practically 
all able-bodied young men in Sweden took the tests 
during the study period, although some details of the 
examination altered over time (21). 

Enlistment battery 67 and enlistment battery 80

Our main outcome measures were cognitive tests used 
until 1997 (known as enlistment battery 67 and enlist-
ment battery 80), which were undertaken by conscripts 
born between 1960–1978. The examination consisted 
of four tests that 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) examined 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 rec-
ognition) examined the ability to visualize manipulation 
of objects mentally and recognize objects in different 

positions. The fourth test (technical comprehension) 
consisted of problems that could be solved with knowl-
edge of mechanics and basic physics (21–24). 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 five (21). In our analyses, we used 
the standardized scores ranging from 1–9 for each test. 

Potential confounding factors

Father’s educational attainment. The data were obtained 
from the Population and Housing Census of 1990. Infor-
mation on education was divided into nine categories, 
based on the highest attained level of educational attain-
ment for the father by the time of the census (table 1). If 
the data for the father’s education were missing in the 
1990 census, the category for “no information on level 
of education” was applied. 

Older siblings. The Multi-Generation Register provided 
information about number and birth year of older sib-
lings. The variable was dichotomized into having older 
siblings or not. 

The mother’s age at time of birth. This measure was 
dichotomized to identify mothers ≥25 years or not. 

Calendar period. The period when subjects were born in 
decades (1960s and 1970s). 

Statistical analysis 

We compared mean scores for the four components 
of enlistment batteries 67 and 80. between the cohorts 
using linear regression, adjusted for father’s educational 
level, mother’s age at birth, older siblings, and decade 
of birth, modeled as series of dichotomous categorical 
variables. 

The chi-squared test was used to identify differences 
between the cohorts for the proportion with missing 
outcome scores (enlistment batteries 67 and 80).

An approximation of maternal exposure prior to birth 
was based on how many years had elapsed between the 
first census in which the dentist or dental nurse was 
registered as a dentist or dental nurse and the time of 
delivery. This was categorized as higher (>5 years) or 
lower exposure (≤5 years). 

In the cohorts of dental workers’ sons, more than one 
son could have the same mother. Additional analyses 
were limited to the first born to individual mothers dur-
ing the study period. 

For all statistical analysis PASW Statistics 18 (IBM, 
Armonk, NY, USA) was used. P-values <0.05 and con-
fidence intervals not including 0 were considered as 
statistically significant. 
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Ethics

The Stockholm Ethical Review Board granted ethical 
approval to the study.

Results

The dentist cohort consisted of 365 sons of female den-
tists born between 1960–1978; the dental nurse cohort 
comprised 3181 sons, the physician cohort 378 sons, 
and the assistant nurse cohort 12 667 sons (table 1). The 
planned ratio (for dentists to physicians and dental nurse 
to assistant nurse) of 1:5 was not achieved, because it 
was not possible to find the number initially planned. 

In the univariate analysis, the dentist cohort had 
slightly lower scores compared with the physician 
cohort for all four cognitive tests, but none of these dif-
ferences were statistically significant. The dental nurse 
cohort had significantly higher scores (P<0.001) than the 
assistant nurse cohort for all four cognitive tests (tables 
2a and 2b). 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 (tables 2a and 2b). Differences between the dentist 
and physician cohorts were not statistically significant 
after adjustment (tables 2a and 2b). 

We assessed the statistical power to detect poorer 

cognitive function test scores among sons of dentists 
compared with sons of physicians. In a post hoc power 
calculation [for 80% power and 95% confidence inter-
vals (95% CI)] based on the physician cohort scores 
and the existing sample sizes, we had sufficient power 
to detect lower scores among the dentists of the follow-
ing magnitude: 0.32 for “linguistic understanding 1”, 
0.32 for “linguistic understanding 2”, 0.36 for “spatial 
recognition”, and 0.37 for “technical comprehension”. 

There was clear evidence of an association between 
paternal educational attainment and cognitive function 
scores among offspring. Among the dental nurse and 
assistant nurse cohorts, higher levels of paternal edu-
cation were statistically significantly associated with 
better cognitive function scores. When compared with 
upper secondary education <3 years, upper secondary 
education >3 years among fathers was associated with 
higher scores among offspring demonstrated by regres-
sion coefficients (and 95% CI) for the four tests of  0.82 
(95% CI 0.68–0.96), 0.80 (95% CI 0.67–0.93), 0.62 
(95% CI 0.47–0.76), and 0.62 (95% CI 0.48–0.76). The 
results among the dentist and physician cohorts for the 
same tests were: 1.29 (95% CI 0.11–2.48), 1.32 (95% CI 
0.20–2.45), 1.23 (95% CI -0.042–2.50), and 1.50 (95% 
CI 0.25–2.75). 

Not all the potential subjects participated in military 
enlistment or completed the cognitive tests. There was 
some minor variation between cohorts in the percentage 
that had cognitive test results, ranging from 87.1–90.0%. 

Table 1. Cohort characteristics.

Mother’s occupation

Dentist

N=365

Dental nurse

N=3181

Physician

N=378

Assistant nurse

N=12667

N % N % N % N %

Birth decade
1960’s 142 38.9 1200 37.7 126 33.3 4632 36.6
1970’s 223 61.1 1981 62.3 252 66.7 8035 63.4

Mother’s age at subject’s birth
≤25 3 0.8 1200 37.7 2 0.5 5254 41.5
26-34 280 76.7 1838 57.8 252 66.7 6769 53.4
≥35 82 22.5 143 4.5 124 32.8 644 5.1

Number of siblings
0 224 61.4 1405 44.2 183 48.4 5680 44.8
1–2 siblings 136 37.3 1732 54.4 179 47.4 6587 52.0
≥3 siblings 5 1.4 44 1.4 16 4.2 400 3.2

Father’s education
No education 34 9.3 42 1.3 40 10.6 314 2.5
Primary and lower secondary education (< 9 years) 10 2.7 727 22.9 2 0.5 4928 38.9
Primary and lower secondary education (9 years) 1 0.3 271 8.5 1 0.3 1279 10.1
Upper secondary education (<3 years) 1 0.3 380 11.9 6 1.6 1871 14.8
Upper secondary education (3 years) 16 4.4 694 21.8 8 2.1 1744 13.8
Post-secondary education (<3 years) 12 3.3 386 12.1 12 3.2 935 7.4
Post-secondary education (>3 years) 220 60.3 424 13.3 153 40.5 502 4.0
Post-graduate education 32 8.8 22 0.7 102 27.0 19 0.1
No information about level of education 39 10.7 235 7.4 54 14.3 1075 8.5
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There were no statistically signific ant differences for 
proportions with test results between the cohorts of sons 
of dental personnel and their comparators. 

We compared cognitive test scores among the two 
cohorts of boys with mothers who worked in dentistry 
and examined those categorized as high and low exposure 
(duration of maternal employment prior to delivery) using 
linear regression, with adjustment for father’s educational 
level, mother’s age at time of birth, presence of older 
siblings, and decade of birth. In the two cohorts of off-
spring of female dental workers, there was no association 
between duration working in dentistry prior to delivery 
and the test scores. The largest differences – although not 
statistically significant – were observed among offspring 
of dental nurses, for the technical comprehension test: the 
mean score for those with mothers working in dentistry 
for <5 years was 5.32, and the score was 5.41 for those 
with mothers who worked for longer. Adjustment for the 
potential confounding factors made no material difference 
to the results for any of the cohorts (data not shown). 

The same female dental worker could have contrib-
uted more than one offspring to the study. Therefore, 
additional analysis excluded all but the first son born 
during the study period. After limiting the analysis to 
one son per mother in the entire cohort, the results did 

not differ notably to those from the main analysis (data 
not shown). 

Discussion

This study compared cognitive function in cohorts 
potentially exposed to mercury in early life through 
a maternal occupation in dentistry, with comparison 
cohorts of subjects whose mothers did not work in den-
tistry. Our results show that sons of dental workers had 
similar or higher cognitive function test results in rela-
tion to their comparison cohorts. To tackle potential bias 
due to educational and material differences associated 
with parental occupation, we created comparison cohorts 
of boys born to mothers that had occupations similar to 
the dental workers: physicians for dentists and assistant 
nurses for dental nurses. 

The sons of dentists had somewhat lower average 
cognitive function scores than the sons of physicians, but 
adjustment, particularly for father’s education, attenu-
ated 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 dif-

Table 2a. Cognitive function tests scores for sons of female dentists compared with sons of female physicans. Mean scores are for the 
four cognitive test components, with standard error (SE), unadjusted and adjusted regression coefficients with 95% confidence intervals 
(95% CI) and P-values.

Test component Dentist 
(N=365)

Physician 
(N=378)

Unadjusted    Adjusted a 

Mean SE Mean SE Regression 
coefficient

95% P-value Regression 
coefficient

95% CI P-value

Linguistic understanding 1 6.87 0.08 6.91 0.08 -0.033 -0.263–0.196 0.775 0.085 -0.156–0.325 0.489

Linguistic understanding 2 6.63 0.08 6.84 0.08 -0.210 -0.427–0.006 0.056 -0.121 -0.348–0.106 0.296

Spatial recognition 6.60 0.09 6.63 0.09 -0.031 -0.274–0.212 0.802 -0.013 -0.271–0.245 0.920

Technical comprehension 6.58 0.09 6.64 0.09 -0.060 -0.302–0.181 0.624 -0.015 -0.270–0.239 0.905
a Regression coefficients adjusted for the father’s educational level, the mother’s age at time of birth, if they had older siblings and what decade they 

were born.

Table 2b. Cognitive function tests scores for sons of female dentistal nurses compared with sons of female assistants nurses. Mean 
scores  are for the four cognitive test components, with standard error (SE), unadjusted and adjusted regression coefficients with 95% 
confidence intervals (95% CI) and P-values.

Test component Dental nurse 
(N=3181)

Assistant nurse 
(N= 12 667)

Unadjusted  Adjusted a

Mean SE Mean SE Regression 
coefficient

95% CI P-value Regression 
coefficient

95% CI P-value

Linguistic understanding 1 5.52 0.03 4.91 0.02 0.610 0.539–0.681 0.000 0.432 0.360–0.503 0.000

Linguistic understanding 2 5.38 0.03 4.79 0.01 0.593 0.528–0.658 0.000 0.420 0.354–0.485 0.000

Spatial recognition 5.34 0.03 4.86 0.02 0.478 0.406–0.550 0.000 0.327 0.254–0.401 0.000

Technical comprehension 5.35 0.03 4.88 0.02 0.473 0.403–0.543 0.000 0.326 0.255–0.397 0.000
a Regression coefficients adjusted for the father’s educational level, the mother’s age at time of birth, if they had older siblings and what decade they 

were born.
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ferences in parental and familial characteristics, rather 
than maternal exposures associated with dentistry. This 
assertion is supported by comparison of the dental 
nurses’ sons, who had higher cognitive function scores 
than the assistant nurses’ children. Again, this difference 
is likely to be explained by familial differences rather 
than employment-related maternal exposures as the esti-
mate of difference was again attenuated by adjustment 
for father’s educational attainment. 

Our results demonstrate that parent’s educational 
level was strongly associated with the son’s results. 
We also adjusted for other confounding factors such as 
mother’s age and the presence of older siblings. We did 
not adjust for maternal educational level since it is too 
collinear with the mother’s employment (the exposure 
measure) to include it in the regression models.

Potentially harmful mercury levels, with median 
urinary levels of approximately 20–50 µg/l, were com-
mon among dental personnel during 1960–1970s (15). 
There are other occupations than dentistry that can result 
in exposure to elemental mercury, such as chloralkali 
industries (electrolysis of sodium chloride solution) and 
cinnabar mining (25). Adverse effects on neurological 
function, such as impaired motor skills and reduced 
cognitive function, have been found among workers 
in these occupations (25–27). Adverse neurological 
effects among children, due to exposures associated with 
small-scale gold mining, have been reported at a median 
urinary mercury level of 10.05 µg/l (26). 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 (18, 28). Since elemental mercury 
can pass the placenta, it constitutes a potential hazard 
for the fetus if the mother’s blood mercury levels are 
increased (7, 9, 11, 14, 29). 

The cognitive tests we used as our main outcome 
measures have been used in other studies to show adverse 
effects from ionizing radiation (30) so they are sensitive 
markers of environmental exposures. Studies of exposure 
to dental amalgam fillings among children did not observe 
any inverse associations with cognitive function (31–32) 
neither did our study of another potential exposure route: 
in utero, due to maternal employment in dentistry. 

Although the cohorts were defined retrospectively, all 
of the register data measuring exposure, outcome, and 
potential confounding factors were recorded prospec-
tively, thus eliminating error associated with recall bias. 

The social and economic differences between the 
cohorts are unlikely to mask an important association, 
particularly since we were able to adjust for several 
relevant potential confounding factors and mothers were 
selected for similarity of profession (and thus back-
ground). There are probably other social factors that influ-
ence how young men perform in cognitive function tests, 

and this could potentially be a limitation of the validity 
of the results. This might theoretically mask subtle dif-
ferences in cognitive function due to mercury exposure in 
utero; however, given our results, such differences could 
only be negligible in magnitude. There is a possibility 
that mothers who were dental workers stopped working 
early in the pregnancy, but as the half-life of inorganic 
mercury is about 60 days (33–34), this makes it likely that 
the mercury levels would still have been increased at least 
during the early stages of the pregnancy.

As mercury can accumulate in human tissue, we 
examined duration of maternal employment in dentistry 
for evidence of an effect of longer-term exposure to mer-
cury compounds. Again, this analysis provided no evi-
dence of risk associated with mothers who had worked 
in dentistry for a longer period before pregnancy. A 
limitation of these results is the lack of information 
of potential exposure data before 1960 and that the 
information on working in dentistry was recorded with 
10-year gaps, introducing the risk of exposure misclas-
sification. Any major risks are still likely to have been 
found even with these limitations, even though small 
differences may theoretically be masked. 

While we are confident that virtually all male sub-
jects potentially exposed during the study period are 
included in our study, we could not examine outcomes 
among females as they are not included in the enlist-
ment registers. If girls are more sensitive to mercury 
exposure effects on neural development, our study 
could not identify it. As we did not examine pregnancy 
outcome and our results are selected for live births, 
any offspring lost during pregnancy was not included 
in the study. Subjects with very poor health or dis-
ability in any of the cohorts will probably not have 
been included in our analyses as they would have been 
unlikely to enter the military enlistment process: our 
results are valid for those healthy enough to participate 
at military enlistment. This seems unlikely to have 
masked an effect of maternal dental employment, as 
the proportions of subjects who did not complete the 
cognitive test or participate in military enlistment were 
not significantly different between the cohorts.

We found no evidence that male offspring of female 
dental workers in Sweden suffered from impaired cog-
nitive function. Our results indicate that there was no 
increased risk for such teratogenic effects during our 
study period, when the levels of elemental mercury 
in dentistry were much higher than in Sweden today, 
indicating that an increased risk in modern dentistry is 
highly unlikely. In some parts of the world where mer-
cury exposure associated with amalgam use is at simi-
larly high levels as our study period, these results sug-
gest that related occupational exposure among female 
dental workers will not adversely influence cognitive 
function among their offspring. 
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