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Background: The potential association between the presence or replacement of dental amalgams and gestational
hypertension (GH) is unclear.
Objective: To assess the association between the presence or replacement of dental amalgams and the risk of GH
in a prospective cohort study.
Methods: We assessed dental amalgam status (presence or replacement), blood mercury concentrations, and
measured blood pressure (BP) in 1817 pregnant women recruited in 10 Canadian cities. BP was assessed in each
trimester of pregnancy and mercury concentrations in 1st and 3rd trimesters. Logistic regression analysis was
performed to estimate the adjusted odds ratios (aOR) and 95% conﬁdence intervals (CI) for the associations
between dental amalgam status and GH. Concurrent measures with systolic BP (SBP) and diastolic BP (DBP)
were assessing through linear generalized estimating equations.
Results: Dental amalgam status was weakly statistically correlated with mercury concentrations but there was no
evidence of an association with GH in women having 1–4 (aOR = 1.31 (0.92, 1.85)) or ≥ 5 dental amalgams
(aOR = 1.32 (0.86, 2.04)), compared to women without amalgam reported at ﬁrst trimester. Dental amalgam
replacement reported in the ﬁrst or third trimester was similarly not associated with GH (aOR = 0.75 (0.40,
1.42) and 0.73 (0.39, 1.34), respectively) but with SBP (beta = −1.58 (−2.95, −0.02)).
Conclusion: We found weak correlations between dental amalgams and blood mercury among pregnant women.
However, the presence of dental amalgams or their replacement was not associated with GH but with decreased
SBP for the replacement. Further studies are required.

1. Introduction
Gestational hypertension with or without preeclampsia (GH) [1] is
presented in 10% of pregnancies [2]. Its etiology remains uncertain [3].
Exposure to metals has been reported to be associated with GH [4],
however ﬁndings are not consistent [5,6]. In particular, previous studies have suggested that mercury might induce hypertension [4,7,8]
through increased oxidative stress, reduced nitric oxide bioavailability,
endothelial dysfunction and vasoconstriction [7,8]. Dental amalgams,
restorative materials that have been used for more than 150 years [9],
contain metals (approximately 50% of elemental mercury) [9]. They
can release small amounts of elemental mercury into the body [10–12]
for many years [13]. To date, no one has explored the possible association between dental amalgam status (presence or replacement) and
the risk of GH.

⁎

Mercury has been found in the blood of pregnant women at variable
levels [14,15]. The variability in blood mercury attributed to dental
amalgams in pregnant women has been estimated at 6.47% compared
to the 8.75% for seafood consumption [16]. One study has estimated
that the majority (> 70%) of Hg in urine from individuals with < 10
dental amalgams is derived from ingestion of methyl mercury in ﬁsh
[17]. In the Canadian Health Measures Survey (2007–2009), mean
urinary mercury increased with the number of amalgam surfaces but
was found to be signiﬁcantly lower than the values considered to pose
any risks for health [18]. Moreover, dental amalgam removal and replacement may be associated with higher prenatal exposure to mercury
compared to new amalgam emplacement [19]. Some studies have
suggested that dental amalgams can adversely impact health [20–25]
including blood pressure [26]. Thus, our objective is to explore the
potential association between dental amalgam status (presence or
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average of two measurements of SBP ≥140 mmHg and/or DBP
≥90 mmHg, taken at least 1 min apart. GH was measured between
week 20 of pregnancy and the day of discharge from the hospital after
delivery. Gestational age in weeks was based on last menstrual period
and/or early ultrasound result. A total of 1630 (85.4%) of study participants were categorized as normotensive and 187 (9.8%) as having
GH.

replacement) and the risk of GH.
2. Methods
2.1. Study design and population
Our analysis is based on data from the MIREC Study (MaternalInfant Research on Environmental Chemicals) which is a prospective
cohort study of 2001 pregnant women recruited between 2008 and
2011 in 10 Canadian cities (Vancouver, Edmonton, Winnipeg, Sudbury,
Ottawa, Kingston, Hamilton, Toronto, Montreal, and Halifax). Full details of the MIREC study population have been published previously
[27]. Brieﬂy, generally healthy women were recruited in their ﬁrst
trimester of pregnancy and followed until after delivery. Maternal
blood collected during the ﬁrst and third trimesters were analyzed for
total mercury. Blood pressure was measured during each trimester of
pregnancy as well as after hospital admission for delivery. In addition,
women completed a staﬀ-administrated questionnaire at each visit in
order to collect information on socio-demographic, exposure characteristics and other variables. Clinical data throughout pregnancy
were abstracted from the medical charts. Of the 2001 consenting
pregnant women, 18 withdrew from the study and requested that their
data be destroyed. After recruitment, 74 women were excluded due to
miscarriage or stillbirth, leaving 1909 women. Excluding women with
chronic hypertension (58) or missing data on hypertension status (34),
the ﬁnal size for this analysis was 1817 women. The study was approved by Health Canada’s Research Ethics Board and the Research
Ethics Committee of Sainte-Justine University Hospital in Montreal,
Quebec (Canada) as well as in all MIREC aﬃliated recruitment centers.
All participants signed consent forms.

2.5. Covariates
Potential covariates for hypertension were derived from questionnaires at each trimester visit as well as from medical chart reviews.
The following variables were analyzed as potential covariates: maternal
age at delivery in years (continuous form), parity (multiparous, nulliparous), ethnicity (Caucasian, non-Caucasian), body mass index before
pregnancy (BMI) in continuous form (weight in kg divided by height
squared in meters), weight gain during pregnancy in continuous form
(diﬀerence between last weight measured prior to delivery and weight
measured at ﬁrst trimester visit), education (graduate university, undergraduate university, college, less than college), household income
($ < 65,000, 65,000 – 90,000, > 90,000), maternal smoking (no, yes),
and ﬁsh consumption (relative total quantity serving size per day,
calculated from the food frequency questionnaire by Morisset [28]),
coﬀee intake (no, yes), multiple child pregnancy (no, yes), women with
autoimmune disease (no, yes). Because of the high proportion of
missing data (35%) concerning gestational diabetes status, this covariate was not retained as a potential confounder.
2.6. Statistical analysis
Descriptive statistics for maternal characteristics were reported according to dental amalgam status (number of dental amalgams reported
at ﬁrst or third trimester visits, replacement of dental amalgams within
the past 12 months reported at ﬁrst trimester visit, and replacement
during pregnancy reported at third trimester visit). Comparisons for
continuous variables were conducted with Student’s T-test, or univariate ANOVA, Mann-Whitney or Kruskal-Wallis tests and for categorical variables using chi-square tests. Medians (interquartile range
(IQR)) and geometric means (GM) of mercury concentration were determined according to dental amalgam status and were compared using
Mann-Whitney or Kruskal-Wallis. Finally, Spearman correlation was
used to test the correlations between blood mercury, dental amalgam
status and ﬁsh consumption.
Logistic regression models were created to explore the association
between dental amalgam status and GH (yes or no). Presence of dental
amalgams was assessed according to their number (categorized as 0,
1–4 and ≥ 5) and the time at which they were reported (ﬁrst or third
trimester visit). We also analyzed the impact of replacements according
to data reported at ﬁrst and third trimester visits, i.e. replacement
within 12 months prior to ﬁrst trimester visit and replacement during
pregnancy (reported at third trimester visit). Crude and adjusted odds
ratios (ORs) and 95% conﬁdent intervals (CI) were estimated using
logistic regression models. Adjustment was made for covariates selected
either a priori on the basis of evidence of potential confounding from
the literature (maternal age) or empirically. We examined other covariates separately for a potential confounding bias using change-in-estimate method. Those that changed the ORs of the association between
dental amalgam status and GH by ± 10% were considered as a confounder and included in the multivariable model. In order to optimize
power in multivariable models, covariates were considered in a continuous form when possible and missing data were ignored. This may
have reduced the number of women in certain multivariable models
and may have some impact on our results. Each data point was statistically analysed according to the trimester in which it was reported
(ﬁrst or third trimester). Sensitivity analyses were conducted: (1) including covariates missing data in the model, and (2) excluding

2.2. Dental amalgam information
Information on dental amalgams was obtained as part of a larger
questionnaire administered at scheduled ﬁrst and third trimester visits.
More speciﬁcally, women were asked at each visit: “currently, how
many mercury-silver dental ﬁllings do you have?” In addition, at the
ﬁrst trimester visit, they were asked: “within the past 12 months, have
you had any mercury-silver (also known as amalgam) dental ﬁllings
replaced?” and at the third trimester visit: “since visit 1, have you had
any mercury-silver (also known as amalgam) dental ﬁllings replaced?”
The speciﬁc composition of the dental amalgams was not available.
2.3. Total mercury
Total mercury concentrations were measured in maternal blood
collected at ﬁrst and third trimester visits using a single-quadrupole
inductively coupled plasma mass spectrometry (ICP-MS) Elan DRC-II
system (Perkin Elmer, Norwalk CT, USA) with a limit of detection
(LOD) of 0.1204 µg/l (0.6 nmol/l). The analysis was performed at the
Centre de Toxicologie du Québec, Institut National de Santé Publique
du Québec, Quebec, Canada. Concentrations below the LOD were assigned a value equivalent to half the LOD. < 12% of participants had
blood mercury concentrations below the LOD.
2.4. Blood pressure and diagnosis of gestational hypertension
Systolic and diastolic blood pressure (SBP and DBP, respectively)
were assessed in a sitting position by the study staﬀ using a sphygmomanometer at each clinic visit. Two measures of blood pressure were
taken about 1 min apart and averaged for each visit. The Korotkoﬀ
phase V (disappearance) was used for DBP measurement. The diagnostic criteria for GH are based on the Society of Obstetricians and
Gynaecologists of Canada guidelines [1]. In the MIREC Study, the deﬁnition of GH in women with or without preeclampsia was the appearance of hypertension at ≥20 weeks of gestation based on the
85
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Table 1
Participant characteristics according to dental amalgam status reported at recruitment.
Characteristics

Maternal age (years), mean ± SD
Weight gain (kg), mean ± SD
BMI, median (IQR)
Ethnicity, n (%)b
Caucasian
Non-caucasian
Education
Graduate University Undergraduate
University
College
Less college
Household income ($CAN)
< 65,000
65,000 – 90,000
> 90,000
Parity
Multiparous
Nulliparous
Maternal smoking
No
Yes
Fish consumption (serving/day),
median (IQR)
Multiple child pregnancy
No
Yes
Coﬀee intake
No
Yes
Autoimmune disease
No
Yes
GH
No
Yes

Number of dental amalgam reported at 1st trimester visita

Replacement within 12 months prior to 1st trimester visita

0

1–4

≥5

No

Yes

31.86 ± 5.01
15.18 ± 6.31
23.03 (20.83, 26.17)

33.33 ± 4.84*
15.07 ± 6.22
23.30 (21.25, 26.71)*

34.42 ± 5.04*
14.15 ± 6.24
24.33 (21.67, 27.83)*

32.71 ± 5.03
15.03 ± 6.23
23.33 (21.14, 26.58)

34.34 ± 4.94*
14.50 ± 0.55
23.54 (21.59, 26.46)

747 (86.7%)
115 (13.3%)

510 (84.7%)
92 (15.3%)

266 (87.8%)
37 (12.2%)

1441 (86.6%)
223 (13.4%)

122 (80.8%)*
29 (19.2%)*

228 (26.5%)
316 (36.7%)
225 (26.1%)
93 (10.8%)

152 (25.3%)
221 (36.8%)
171 (28.5%)
56 (9.3%)

79 (26.1%)
103 (34.0%)
81 (26.7%)
40 (13.2%)

430
605
447
181

45
53
40
12

255 (31.0%)
237 (28.8%)
330 (40.1%)

169 (29.4%)
161 (28.0%)
245 (42.6%)

86 (29.4%)
90 (30.7%)
117 (39.9%)

484 (30.5%)
455 (28.7%)
649 (40.9%)

39 (27.3%)
43 (30.1%)
61 (42.7%)

747 (56.6%)
115 (43.4%)

510 (54.8%)
92 (45.2%)

266 (62.7%)
37 (37.3%)

942 (56.6%)
721 (43.4%)

87 (58.0%)
63 (42.0%)

809 (93.9%)
53 (6.1%)

568 (94.4%)
34 (5.6%)

279 (92.1%)
24 (7.9%)

1558 (93.6%)
106 (6.4%)

145 (96.0%)
6 (4.0%)

0.10 (0.03, 0.14)

0.09 (0.02, 0.14)

0.13 (0.03, 0.19)

0.10 (0.03, 0.14)

0.13 (0.03, 0.29)

827 (98.2%)
15 (1.8%)

574 (96.8%)
19 (3.2%)

292 (97.7%)
7 (2.3%)

1592 (97.6%)
39 (2.4%)

145 (96.7%)
5 (3.3%)

351 (43.1%)
464 (56.9%)

252 (43.8%)
324 (56.3%)

124 (43.1%)
164 (56.9%)

679 (43.0%)
900 (57.0%)

66 (45.2%)
80 (54.8%)

840 (97.4%)
22 (2.6%)

598 (99.3%)*
4 (0.7%)*

298 (98.3%)*
5 (1.7%)*

1636 (98.3%)
28 (1.7%)

148 (98.0%)
3 (2.0%)

784 (49.4%)
78 (43.3%)

534 (33.6%)
68 (37.8%)

269 (17.0%)
34 (18.9%)

1488 (89.4%)
176 (10.6%)

140 (92.7%)
11 (7.3%)

(25.9%)
(36.4%)
(26.9%)
(10.9%)

(30.0%)
(35.3%)
(26.7%)
(8.0%)

GH = gestational hypertension with or without preeclampsia. BMI = Body mass index. SD = standard deviation. IQR = interquartile range
a
Association between dental amalgam status reported at ﬁrst trimester visit and covariates using: T-test or Mann-Whitney, ANOVA or Kruskal-Wallis for continuous variables, Chi-square test for categorical variables
b
Values are n (%), unless otherwise started
* p < 0.05

replacements within 12 months prior to the ﬁrst trimester visit or replacement during pregnancy (all p-values < 0.05). First trimester
mercury concentrations were signiﬁcantly (but weakly) correlated with
the presence of dental amalgams at both the ﬁrst and third trimester
visits (Spearman's rho (r) = 0.16, p < 0.001 and r = 0.15,
p < 0.001; respectively) and to a lesser extent with the report of any
replacements within the past 12 months (r = 0.07, p = 0.006) or replacement during pregnancy (reported in the 3rd trimester visit)
(r = 0.06, p = 0.011) (data not shown). Similar results were found for
the blood mercury concentrations measured on specimens obtained at
the third trimester visit (r = 0.17, p < 0.001; r = 0.16, p < 0.001;
r = 0.08, p = 0.001 and r = 0.07, p = 0.003; respectively). Mercury
concentrations measured at ﬁrst and third trimester visits were strongly
correlated (r = 0.76, p < 0.001). Fish consumption was moderately
correlated with mercury concentrations (r = 0.45, p < 0.001 at ﬁrst
trimester visit and r = 0.49, p < 0.001 at third trimester visit) and was
not correlated to the presence and replacement of dental amalgams
(data not shown).
In Table 3, dental amalgam status was not statistically associated
with GH either in unadjusted or adjusted models. The adjusted ORs
(aORs) (95% CI) for the outcome of GH according to the presence of
dental amalgam reported in the ﬁrst trimester visit were 1.31 (0.92,
1.85) and 1.32 (0.86, 2.04) for women with 1–4 amalgams and
with ≥ 5 amalgams, respectively, compared to those without amalgam.
Findings were similar for the presence of amalgams reported at the

participants who reported data at ﬁrst trimester but had missing data at
third trimester.
We also used linear generalized estimating equations (GEE) to explore the relationship between dental amalgam status (repeated variable measured at ﬁrst and third trimester) and SBP or DBP (repeated
variable measured at ﬁrst and third trimester). Linear GEEs take into
account the clustering within each individual caused by the repeatedmeasurements design. Models incorporated a ﬁrst-order autoregressive
correlation pattern for the repeated events. This model considers automatically the value of ﬁrst trimester when missing in the third trimester and vice versa. P-values (p) of < 0.05 indicated statistical signiﬁcance. All statistical analyses were performed with IBM SPSS
Statistics Version 22, SAS 9.4 for Windows and R for Windows 3.2.2.
3. Results
The majority of the participants were Caucasian, university educated, multiparous, non-smokers and had a household income more
than $90,000 (Table 1). Mean maternal age was positively associated
with number of dental amalgams and replacement status. BMI was
signiﬁcantly higher in women who reported dental amalgams (1–4
or ≥ 5) compared to those without amalgams. Autoimmune disease
varied signiﬁcantly by dental amalgam status.
As Table 2 reﬂects, blood mercury concentrations were higher in
women who reported dental amalgams and also among those with any
86

Pregnancy Hypertension 21 (2020) 84–89

R.C. Louopou, et al.

Table 2
Mercury concentrations (µg/l) according to dental amalgam status.
Dental amalgam status

n

Mercury at 1st trimester visit
Median (IQR)

GM

837
593
301

0.58 (0.24, 1.22)
0.74 (0.34, 1.40)
0.90 (0.56, 1.44)

0.50
0.64
0.87

787
532
286

0.60 (0.26, 1.24)
0.74 (0.34, 1.40)
0.90 (0.58, 1.48)

0.53
0.64
0.90

1627
150

0.68 (0.30, 1.36)
0.88 (0.42, 1.38)

n

Mercury at 3rd trimester visit
Median (IQR)

GM

756
538
269

0.46 (0.19, 0.91)
0.56 (0.28, 0.96)
0.70 (0.40, 1.24)

0.40
0.51
0.70

786
514
278

0.46 (0.19, 0.96)
0.54 (0.28, 0.94)
0.70 (0.40, 1.24)

0.41
0.49
0.71

0.59
0.80

1471
136

0.54 (0.26, 0.98)
0.61 (0.36, 1.31)

0.47
0.68

NA

1456
152

0.55 (0.25, 0.98)
0.58 (0.36, 1.18)

0.47
0.66

a

Number reported at 1st trimester visit
0
1–4
≥5
Number reported at 3rd trimester visita
0
1–4
≥5
Replacement within 12 months prior to 1st trimester visitb
No
Yes
Replacement during pregnancy reported at 3rd trimester visitb
No
Yes

p

< 0.001

p

< 0.001

< 0.001

< 0.001

0.01

0.001

0.003
NA

NA

NA

IQR = interquartile range. GM = geometric mean. NA = not applicable
a
Kruskal-Wallis test for the association between mercury and presence of dental amalgam.
b
Mann-Whitney test for the association between mercury and dental amalgam replacement.

third trimester visit. Models considering ﬁsh consumption did not
substantially change the associations between number of amalgams and
odds ratio of GH in either 1st or 3rd trimesters (data not shown). Similarly no statistically signiﬁcant associations were found for dental
amalgam replacement. The aORs (95%CI) were 0.75 (0.40, 1.42) and
0.73 (0.39, 1.34) respectively for replacement within 12 months prior
to the ﬁrst trimester visit and replacement during pregnancy.
A sensitivity analysis including covariates missing data in the model
showed minimal changes in the results (data not shown). Another
sensitivity analysis (excluding participants who reported dental amalgams at ﬁrst trimester but had missing data at third trimester) showed
minimal changes in the GH results with the presence of dental amalgam
in either trimester (aORs (95%CI) = 1.11 (0.74, 1.66) and 1.20 (0.73,
1.96) for women with 1–4 and with ≥ 5 amalgams, respectively,
compared to those without amalgam as reference) (data not shown).
The results for the linear GEE models are presented in Table 4. The
replacement of dental amalgam before or during pregnancy was associated with decreased SBP while the associations with DBP remained
non-signiﬁcant. There is no evidence of an association between the
number of dental amalgams (the ﬁrst and third trimester measure taken
together) and SBP or DBP.

4. Discussion
No statistically signiﬁcant associations between dental amalgam
status and risk of GH were found in our study although blood mercury
concentrations were slightly higher as the number of amalgams increased or with amalgam replacement. However, the replacement of
dental amalgam before or during pregnancy was associated with decreased SBP.
To our knowledge, no other study has analyzed the association
between dental amalgam and GH or blood pressure in pregnant women.
A cross-sectional study of 263 pregnant women at delivery did not ﬁnd
an association between inorganic mercury (GM = 0.13 µg/l (0.10,
0.17) in cord blood and DBP, but did ﬁnd an association with decreased
SBP, while total mercury in cord blood was associated with a non-signiﬁcant increase in SBP during labor and delivery [29]. Studies in the
general population are not consistent on the association between dental
amalgams and cardiovascular disease. A prospective study with 1462
Swedish women reported no association between dental amalgams and
cardiovascular diseases [30,31]. In contrast, another study in the USA
general population (women and men) [26] found a positive association
between mercury from dental amalgam and cardiovascular disorders
including high blood pressure.
In this study, mercury concentrations were weakly correlated with
the presence or replacement of dental amalgam. On the other hand,

Table 3
Crude and adjusted Odds Ratios for the association between dental amalgam status and GH.
Dental amalgam status

GH
n

Number reported at 1st trimester visita
0
1–4
≥5
Number reported at 3rd trimester visitb
0
1–4
≥5
Replacement within 12 months prior to 1st trimester visitc
Replacement during pregnancy reported at 3rd trimester visitd

Unadjusted OR (95%CI)

p

1767

Adjusted OR (95%CI)

p

Reference
1.31 (0.92, 1.85)
1.32 (0.86, 2.04)

0.13
0.21

Reference
1.26 (0.85,
1.03 (0.63,
0.75 (0.40,
0.73 (0.39,

0.25
0.90
0.38
0.31

1726
Reference
1.28 (0.91, 1.80)
1.27 (0.83, 1.95)

0.16
0.27

1634

1815
1816

n

1516
Reference
1.27 (0.89,
1.18 (0.75,
0.66 (0.35,
0.65 (0.36,

1.82)
1.85)
1.25)
1.20)

GH = gestational hypertension with or without preeclampsia. OR = odds ratio. CI = conﬁdent interval.
Logistic regression between dental amalgam status and GH:
a
adjusted for maternal age
b
adjusted for maternal age, BMI
c,d
adjusted for maternal age, ﬁsh consumption
87

0.19
0.47
0.21
0.17

1724
1725

1.88)
1.70)
1.42)
1.34)

Pregnancy Hypertension 21 (2020) 84–89

R.C. Louopou, et al.

Table 4
Associationsa between concurrent measures of dental amalgam status and systolic or diastolic blood pressure (SBP or DBP) at 1st and 3rd trimester visits among
pregnant women.
Dental amalgam status

Number of dental amalgam
Replacement before or during pregnancy

SBP
n
1582
1474

DBP

Adjusted beta (95% CI)
−0.52 (−1.32, 0.29)b
−1.58 (−2.95, −0.02)d

p
0.21
0.02

n
1531
1472

Adjusted beta (95% CI)
0.06 (−0.57, 0.69)c
−0.21 (−1.39, 0.99)e

p
0.85
0.74

SBP = systolic blood pressure. DBP = diastolic blood pressure. CI = conﬁdent interval.
a
linear generalized estimating equations between dental amalgam status and SBP or DBP
b
adjusted for maternal age, BMI, household income.
c
adjusted for maternal age, BMI, ﬁsh consumption, weight gain, coﬀee intake.
d
adjusted for maternal age, BMI, education, household income, ethnicity, ﬁsh consumption, weight gain, coﬀee intake, multiple child pregnancy, maternal
smoking.
e
adjusted for maternal age, BMI, ﬁsh consumption, weight gain, coﬀee intake, education, household income, ethnicity, parity, multiple child pregnancy, maternal
smoking.

widely used as the biomarker for assessing chronic mercury vapor exposure [53]. Furthermore, we did not collect information on what those
ﬁllings were replaced with, which could have been another amalgam,
or with composite resin, gold, or ceramic. The number of dental
amalgams (and their replacement) was based on self-report by each
participant (versus measured by direct clinical examination by a licensed dentist and may be subject to recall bias. As the study population on average was from a higher socio-economic group, our results
may not be generalizable to the Canadian population. Confounding
variables were conservatively controlled; however, residual confounding may have been present.

some studies have demonstrated a moderate or high correlation between mercury and dental amalgams using diﬀerent types of matrices
such as cord blood (r = 0.46) [15], saliva (r = 0.93) [32,33] or hair
(r = 0.92) [33]. Thus, although there was a weak correlation between
blood mercury concentrations and dental amalgam status in our study,
other biological matrices might be better suited to explore the magnitude of the association between dental amalgam and mercury concentrations.
The concentrations of blood mercury measured in the ﬁrst trimester
(0.51, 0.64, and 0.86 µg/l for women with 0, 1–4 and ≥ 5 dental
amalgams, respectively) were statistically higher than the concentrations of mercury measured at third trimester (0.40, 0.51 and 0.71 µg/l,
respectively). This diﬀerence may be explained by the capacity of
mercury to bind to haemoglobin [34], the concentration of which decreases over the course of pregnancy as blood volumes increase [35].
Haemoglobin concentrations are higher in cord blood than in maternal
blood [36], which could result in higher mercury concentrations in cord
blood compared to maternal blood, which we previously reported in the
same study population [37]. Similar results on mercury concentrations
in cord blood were found by others authors [14,38-44]. Furthermore,
plasma volume expansion during pregnancy, which can increase approximately 45% [45] may also impact the concentration of mercury
measured in blood later in pregnancy.
Autoimmune disease has been associated with dental amalgams
[46] and hypertension in pregnancy [47,48]. In our study, the percentage of women reporting an autoimmune disease was signiﬁcantly
lower in women with dental amalgams compared to those without
dental amalgams. Some studies have shown an association between
dental amalgam and autoimmune disease [46,49] and others not
[21,50,51]. A recent health technology assessment of the evidence reported no clinically important diﬀerences in the safety of amalgam
compared with composite resin dental restorations [52].

4.2. Perspectives
The presence of or replacement of dental amalgams, although positively associated with blood mercury concentrations, was not signiﬁcantly associated with an increased risk of GH in our study population. However, the replacement of dental amalgam before or during
pregnancy was associated with decreased SBP. Additional studies in
pregnant women may help to conﬁrm these results.
4.3. Sources of Funding
Funding was provided by Health Canada’s Chemicals Management
Plan, the Canadian Institute of Health Research (grant MOP-81285),
and the Ontario Ministry of the Environment. RLC received a PhD
scholarship from the MIREC study and the QTNPR (Quebec Training
Network in Perinatal Research). HT holds a salary award (chercheurboursier) from the Fonds de la recherche du Québec en santé (FRQ-S)
and from CIHR (New investigator salary award). WDF holds a Tier 1
CIHR Canada Research Chair.
4.4. Novelty and signiﬁcance

4.1. Strengths and limitations of the study

1) What Is New: Dental amalgams status (presence or replacement),
was not signiﬁcantly associated with an increased risk of GH.
However, the replacement of dental amalgam before or during
pregnancy was associated with decreased SBP.
2) What Is Relevant? The replacement of dental amalgam before or
during pregnancy was associated with decreased SBP.

To our knowledge this is the ﬁrst study to examine the association
between dental amalgams and risk of GH. This study had a number of
strengths, including laboratory mercury measurements were performed
in a national reference laboratory and cases of GH were identiﬁed by
clinical staﬀ. The prospective cohort design increases the validity of
study ﬁndings. Whild study has a relatively large sample size
(n = 1817) the power of our study to detect small eﬀects of dental
amalgam status on the risk of GH is limited, if such an eﬀects were to be
present. Missing data reduced the number of women in certain multivariable models which might also have impacted our results. However,
sensitivity analysis including or excluding missing data showed
minimal changes. In addition, blood mercury may not be the best indicator of body burden, especially as it relates to associations with
presence or replacement of dental amalgams, as urinary mercury is

Declaration of competing interest
The authors declare no actual or potential competing ﬁnancial interests.
References
[1] L.A. Magee, A. Pels, M. Helewa, E. Rey, von Dadelszen P1, Canadian Hypertensive

88

Pregnancy Hypertension 21 (2020) 84–89

R.C. Louopou, et al.

[2]
[3]

[4]

[5]

[6]

[7]

[8]
[9]

[10]

[11]
[12]

[13]
[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

[26]
[27]

Disorders of Pregnancy Working Group. Diagnosis, evaluation, and management of
the hypertensive disorders of pregnancy: executive summary, J Obstet Gynaecol
Can. 36 (2014) 416–441.
L. Duley, The global impact of pre-eclampsia and eclampsia, Semin. Perinatol. 33
(2009) 130–137.
P.Y. Robillard, G. Dekker, G. Chaouat, T.C. Hulsey, A. Saftlas, Epidemiological
studies on primipaternity and immunology in preeclampsia–a statement after
twelve years of workshops, J. Reprod. Immunol. 89 (2011) 104–117.
J. Pan, H. Song, X.C. Pan, Reproductive eﬀects of occupational exposure to mercury
on female workers in China: a meta-analysis, Zhonghua Liu Xing Bing Xue Za Zhi 28
(2007) 1215–1218 [abstract].
K. Maduray, J. Moodley, C. Soobramoney, R. Moodley, T. Naicker, Elemental
analysis of serum and hair from pre-eclamptic South African women, J. Trace Elem.
Med Biol. 43 (2017) 180–186.
C. Yazbeck, O. Thiebaugeorges, T. Moreau, V. Goua, G. Debotte, J. Sahuquillo,
A. Forhan, B. Foliguet, G. Magnin, R. Slama, M.A. Charles, G. Huel, Maternal blood
lead levels and the risk of pregnancy-induced hypertension: the EDEN cohort study,
Environ. Health Perspect. 117 (2009) 1526–1530.
M.C. Houston, The role of mercury and cadmium heavy metals in vascular disease,
hypertension, coronary heart disease, and myocardial infarction, Altern. Ther.
Health Med. 13 (2007) 128–133 [abstract].
M.C. Houston, Role of mercury toxicity in hypertension, cardiovascular disease, and
stroke, J. Clin. Hypertens. (Greenwich). 13 (2011) 621–627.
FDA (U.S. Food and Drug Administration). About Dental Amalgam Fillings. 2015.
(Accessed August2, 2017, at https://www.fda.gov/MedicalDevices/
ProductsandMedicalProcedures/DentalProducts/DentalAmalgam/ucm171094.
htm).
M. Azarsina, S. Kasraei, T. Masoum, Z. Khamverdi, Eﬀect of surface polishing on
mercury release from dental amalgam after treatment 16% carbamide peroxide gel,
J. Dent. (Tehran). 8 (2011) 33–38.
A. Berglund, Release of mercury vapor from dental amalgam, Swed. Dent. J. Suppl.
85 (1992) 1–52 [abstract].
G. Mortazavi, S.M. Mortazavi, Increased mercury release from dental amalgam
restorations after exposure to electromagnetic ﬁelds as a potential hazard for hypersensitive people and pregnant women, Rev. Environ. Health 30 (2015) 287–292.
M. Wolﬀ, J.W. Osborne, A.L. Hanson, Mercury toxicity and dental amalgam,
Neurotoxicology. 4 (1983) 201–204 [abstract].
M. Vahter, A. Akesson, B. Lind, U. Björs, A. Schütz, M. Berglund, Longitudinal study
of methylmercury and inorganic mercury in blood and urine of pregnant and lactating women, as well as in umbilical cord blood, Environ. Res. 84 (2000) 186–194.
L. Palkovicova, M. Ursinyova, V. Masanova, Z. Yu, I. Hertz-Picciotto, Maternal
amalgam dental ﬁllings as the source of mercury exposure in developing fetus and
newborn, J. Expo. Sci. Environ. Epidemiol. 18 (2008) 326–331.
J. Golding, C.D. Steer, S. Gregory, T. Lowery, J.R. Hibbeln, C.M. Taylor, Dental
associations with blood mercury in pregnant women, Commun. Dent. Oral
Epidemiol. 44 (2016) 216–222.
L.S. Sherman, J.D. Blum, A. Franzblau, N. Basu, New insight into biomarkers of
human mercury exposure using naturally occurring mercury stable isotopes,
Environ. Sci. Technol. 47 (7) (2013) 3403–3409, https://doi.org/10.1021/
es305250z.
A. Nicolae, H. Ames, C. Quiñonez, Dental amalgam and urinary mercury concentrations: a descriptive study, BMC Oral Health. 13 (2013) 44, https://doi.org/
10.1186/1472-6831-13-44.
I.B. Razagui, S.J. Haswell, Mercury and selenium concentrations in maternal and
neonatal scalp hair: relationship to amalgam-based dental treatment received
during pregnancy, Biol. Trace Elem. Res. 81 (2001) 1–19.
A. Akbal, H. Yilmaz, E. Tutkun, D.M. Kos, Aggravated neuromuscular symptoms of
mercury exposure from dental amalgam ﬁllings, J. Trace Elem. Med Biol. 28 (2014)
32–34.
J.D. Zwicker, D.J. Dutton, J.C. Emery, Longitudinal analysis of the association between removal of dental amalgam, urine mercury and 14 self-reported health
symptoms, Environ Health. 13 (2014) 95.
D.A. Geier, J.K. Kern, M.R. Geier, A prospective study of prenatal mercury exposure
from maternal dental amalgams and autism severity, Acta Neurobiol. Exp. (Wars).
69 (2009) 189–197.
J.K. Kern, D.A. Geier, G. Bjørklund, P.G. King, K.G. Homme, B.E. Haley, L.K. Sykes,
M.R. Geier, Evidence supporting a link between dental amalgams and chronic illness, fatigue, depression, anxiety, and suicide, Neuro Endocrinol. Lett. 35 (2014)
537–552 [abstract].
U.F. Malt, P. Nerdrum, B. Oppedal, R. Gundersen, M. Holte, J. Löne, Physical and
mental problems attributed to dental amalgam ﬁllings: a descriptive study of 99
self-referred patients compared with 272 controls, Psychosom. Med. 59 (1997)
32–41.
W.L. Mortada, M.A. Sobh, M.M. El-Defrawy, S.E. Farahat, Mercury in dental restoration: is there a risk of nephrotoxicity? J. Nephrol. 15 (2002) 171–176 [abstract].
R.L. Siblerud, The relationship between mercury from dental amalgam and the
cardiovascular system, Sci. Total Environ. 99 (1990) 23–35.
T.E. Arbuckle, W.D. Fraser, M. Fisher, K. Davis, C.L. Liang, N. Lupien, S. Bastien,
M.P. Velez, P. von Dadelszen, D.G. Hemmings, J. Wang, M. Helewa, S. Taback,
M. Sermer, W. Foster, G. Ross, P. Fredette, G. Smith, M. Walker, R. Shear, L. Dodds,
A.S. Ettinger, J.P. Weber, M. D'Amour, M. Legrand, P. Kumarathasan, R. Vincent,
Z.C. Luo, R.W. Platt, G. Mitchell, N. Hidiroglou, K. Cockell, M. Villeneuve,
D.F. Rawn, R. Dabeka, X.L. Cao, A. Becalski, N. Ratnayake, G. Bondy, X. Jin,
Z. Wang, S. Tittlemier, P. Julien, D. Avard, H. Weiler, A. Leblanc, G. Muckle,

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]
[36]

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]
[45]
[46]

[47]
[48]
[49]

[50]
[51]
[52]

[53]

89

M. Boivin, G. Dionne, P. Ayotte, B. Lanphear, J.R. Séguin, D. Saint-Amour,
E. Dewailly, P. Monnier, G. Koren, E. Ouellet, Cohort proﬁle: the maternal–infant
research on environmental chemicals research platform, Paediatr. Perinat.
Epidemiol. 27 (2013) 415–425.
A.S. Morisset, H.A. Weiler, L. Dubois, J. Ashley-Martin, G.D. Shapiro, L. Dodds,
I. Massarelli, M. Vigneault, T.E. Arbuckle, W.D. Fraser, Rankings of iron, vitamin D,
and calcium intakes in relation to maternal characteristics of pregnant Canadian
women, Appl. Physiol. Nutr. Metab. 41 (2016) 749–757.
E.M. Wells, J.B. Herbstman, Y.H. Lin, J.R. Hibbeln, R.U. Halden, F.R. Witter,
L.R. Goldman, Methyl mercury, but not inorganic mercury, associated with higher
blood pressure during pregnancy, Environ. Res. 154 (2017) 247–252.
M. Ahlqwist, C. Bengtsson, L. Lapidus, Number of amalgam ﬁllings in relation to
cardiovascular disease, diabetes, cancer and early death in Swedish women,
Commun. Dent. Oral Epidemiol. 21 (1993) 40–44.
C. Bengtsson, M. Ahlqwist, I.A. Bergdahl, L. Lapidus, A. Schütz, No connection
between the number of amalgam ﬁllings and health. Epidemiological observations
from a population study of women in Gothenburg, Lakartidningen 98 (2001)
930–933.
H. Fakour, A. Esmaili-Sari, F. Zayeri, Mercury exposure assessment in Iranian women's hair of a port town with respect to ﬁsh consumption and amalgam ﬁllings,
Sci. Total Environ. 408 (2010) 1538–1543.
H. Fakour, A. Esmaili-Sari, F. Zayeri, Scalp hair and saliva as biomarkers in determination of mercury levels in Iranian women: amalgam as a determinant of
exposure, J. Hazard. Mater. 177 (2010) 109–113.
C.V. Rudge, H.B. Röllin, C.M. Nogueira, Y. Thomassen, M.C. Rudge, J.Ø. Odland,
The placenta as a barrier for toxic and essential elements in paired maternal and
cord blood samples of South African delivering women, J. Environ. Monit. 11
(2009) 1322–1330.
M. Abbassi-Ghanavati, L.G. Greer, F.G. Cunningham, Pregnancy and laboratory
studies: a reference table for clinicians, Obstet. Gynecol. 114 (2009) 1326–1331.
T.T. Lao, E.P. Loong, R.K. Chin, C.W. Lam, Y.M. Lam, Relationship between newborn and maternal iron status and haematological indices, Biol Neonate. 60 (1991)
303–307 [abstract].
T.E. Arbuckle, C.L. Liang, A.S. Morisset, M. Fisher, H. Weiler, C.M. Cirtiu,
M. Legrand, K. Davis, A.S. Ettinger, W.D. Fraser, MIREC Study Group. Maternal and
fetal exposure to cadmium, lead, manganese and mercury: The MIREC study,
Chemosphere. 163 (2016) 270–282.
Z. Chen, R. Myers, T. Wei, E. Bind, P. Kassim, G. Wang, Y. Ji, X. Hong, D. Caruso,
T. Bartell, Y. Gong, P. Strickland, A. Navas-Acien, E. Guallar, X. Wang, Placental
transfer and concentrations of cadmium, mercury, lead, and selenium in mothers,
newborns, and young children, J. Expo. Sci. Environ. Epidemiol. 24 (2014)
537–544.
M. Sakamoto, H.M. Chan, J.L. Domingo, M. Kubota, K. Murata, Changes in body
burden of mercury, lead, arsenic, cadmium and selenium in infants during early
lactation in comparison with placental transfer, Ecotoxicol. Environ. Saf. 84 (2012)
179–184.
E.O. Santos, I.M. Jesus, M. Câmara Vde, S. Brabo Eda, M.I. Jesus, K.F. Fayal,
C.I. Asmus, Correlation between blood mercury levels in mothers and newborns in
Itaituba, Pará State, Brazil, Cad. Saude Publica. 23 (Suppl 4) (2007) S622–S629.
E. García-Esquinas, B. Pérez-Gómez, P. Fernández-Navarro, et al., Lead, mercury
and cadmium in umbilical cord blood and its association with parental epidemiological variables and birth factors, BMC Public Health. 13 (2013) 841.
J. Butler Walker, J. Houseman, L. Seddon, E. McMullen, K. Toﬄemire, C. Mills,
A. Corriveau, J.P. Weber, A. LeBlanc, M. Walker, S.G. Donaldson, J. Van Oostdam,
Maternal and umbilical cord blood levels of mercury, lead, cadmium, and essential
trace elements in Arctic Canada, Environ. Res. 100 (2006) 295–318.
S.H. Huang, K.P. Weng, C.C. Lin, C.C. Wang, C.T. Lee, L.P. Ger, M.T. Wu, Maternal
and umbilical cord blood levels of mercury, manganese, iron, and copper in
southern Taiwan: A cross-sectional study, J. Chin. Med. Assoc. 80 (2017) 442–451.
D.S. Kim, G.B. Kim, T. Kang, S. Ahn, Total and methyl mercury in maternal and cord
blood of pregnant women in Korea, Toxicol. Environ. Health Sci. 3 (2011) 254–257.
F.E. Hytten, D.B. Paintin, Increase in plasma volume during normal pregnancy, J.
Obstet. Gynaecol. Br. Commonw. 70 (1963) 402–407.
J. Bártová, J. Procházková, Z. Krátká, K. Benetková, Z. Venclíková, I. Sterzl, Dental
amalgam as one of the risk factors in autoimmune diseases, Neuro Endocrinol. Lett.
24 (2003) 65–67.
J.S. Chen, C.L. Roberts, J.M. Simpson, L.M. March, Pregnancy Outcomes in Women
With Rare Autoimmune Diseases, Arthritis Rheumatol. 67 (2015) 3314–3323.
K. Duckitt, D. Harrington, Risk factors for pre-eclampsia at antenatal booking:
systematic review of controlled studies, BMJ 330 (2005) 565.
C.W. McGrother, C. Dugmore, M.J. Phillips, N.T. Raymond, P. Garrick, W.O. Baird,
Multiple sclerosis, dental caries and ﬁllings: a case-control study, Br. Dent. J. 187
(1999) 261–264.
G. Kisakol, Dental amalgam implantation and thyroid autoimmunity, Bratisl. Lek.
Listy 115 (2014) 22–24.
K.K. Aminzadeh, M. Etminan, Dental amalgam and multiple sclerosis: a systematic
review and meta-analysis, J. Public Health Dent. 67 (2007) 64–66.
CADTH (Canadian Agency For Drugs And Technologies In Health). Composite Resin
Versus Amalgam for Dental Restorations: A Health Technology Assessment.
PROSPERO Registration Number: CRD42017065861. Ottawa, Canada. March 2018.
https://www.cadth.ca/sites/default/ﬁles/pdf/ht0021_dental_amalgam_report_
ﬁnal.pdf.
L. Magos, Physiology and toxicology of mercury, in: A. Sigel, H. Sigel (Eds.), Metal
Ions in Biological Systems, Volume 34: Mercury and its Eﬀects on Environment and
Biology, Marcel Dekker Inc, New York, 1997, pp. 321–370.

