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Abstract
Background Mercury affects the nervous system and has been
implicated in altering heart rhythm and function.We sought to
better define its role in modulating heart rate variability, a
well-known marker of cardiac autonomic function.
Design This is a systematic review study.
Methods We searched PubMed, Embase, TOXLINE, and
DART databases without language restriction. We report find-
ings as a qualitative systematic review because heterogeneity
in study design and assessment of exposures and outcomes
across studies, as well as other methodological limitations of
the literature, precluded a quantitative meta-analysis.
Results We identified 12 studies of mercury exposure and
heart rate variability in human populations (ten studies involv-
ing primarily environmental methylmercury exposure and two

studies involving occupational exposure to inorganic mercury)
conducted in Japan, the Faroe Islands, Canada, Korea, French
Polynesia, Finland, and Egypt. The association of prenatal mer-
cury exposure with lower high-frequency band scores (thought
to reflect parasympathetic activity) in several studies, in partic-
ular the inverse association of cord blood mercury levels with
the coefficient of variation of the R-R intervals and with low-
frequency and high-frequency bands at 14 years of age in the
Faroe Islands birth cohort study, suggests that early mercury
exposure could have a long-lasting effect on cardiac parasym-
pathetic activity. Studies with later environmental exposures to
mercury in children or in adults were heterogeneous and did not
show consistent associations.
Conclusions The evidence was too limited to draw firm caus-
al inferences. Additional research is needed to elucidate the
effects of mercury on cardiac autonomic function, particularly
as early-life exposures might have lasting impacts on cardiac
parasympathetic function.

Keywords Mercury . Heart rate variability . Cardiac
autonomic function . Neurotoxicity . Pediatric neurotoxicity

Introduction

Mercury is a well-established neurotoxicant [1, 2], with par-
ticularly harmful effects during neurodevelopment in utero
and early childhood [3, 4]. Questions remain regarding other
possible biological effects of mercury, including possible as-
sociations with diseases of the cardiovascular system includ-
ing hypertension, coronary heart disease, and myocardial in-
farction [4, 5••]. As heart rhythm and function are under au-
tonomic nervous system control, it has been hypothesized that
the neurotoxic effects of mercury might also impact cardiac
autonomic function [6].
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Heart rate variability is a widely used measure of cardiac
autonomic function. Most heart rate variability parameters fall
into two common categories: time domain metrics, which de-
scribe beat-to-beat variation, and frequency domain measures,
which examine the heartbeat pattern via spectral analysis [7].
The most common frequency domain measures are high-
frequency band (HF), often interpreted as a measure of para-
sympathetic activity, low-frequency band (LF), often
interpreted as a mixture of parasympathetic and sympathetic
activity, and LF/HF ratio, often interpreted as a measure of
sympathetic activity unless HF is reduced [7]. The specific
biological interpretation of the heart rate variability parameters
is open to some debate [8], but heart rate variability measures
are generally regarded as reflecting cardiac autonomic ner-
vous system functioning. Heart rate variability is a strong pre-
dictor of mortality after acute myocardial infarction [9–13]
and may predict mortality after stroke [14] and ventricular
tachyarrythmias [9].

The objective of this systematic review was to consolidate
available evidence of the association between mercury expo-
sure and heart rate variability measures in human populations.
We separated our review into general population studies and
occupational studies given differences in the type of mercury
encountered by the general population (methylmercury from
fish [15, 16•]) and certain occupational groups (inorganic mer-
cury [17]).

Methods

We focused our search on the association between mercury
exposures and cardiovascular disease outcomes in human
population studies. We used the bibliography from a US
Environmental Protection Agency panel evaluating the car-
diovascular effects of methylmercury exposure [5••] to devel-
op a set of keywords and controlled vocabulary terms for
querying PubMed, Embase, TOXLINE, and DART databases
(see Appendix 1). We followed best practices for our search
strategy [18], including database-tailored search terms, appro-
priate search headings, and consideration of alternate spellings
of key terms. No language or date restrictions were applied.
The search strategy resulted in 8514 unique citations as of
June 2, 2014.

We reviewed the title and available abstracts of all refer-
ences to identify studies of mercury and cardiovascular dis-
ease, followed by full-text review of potentially relevant or
unclear papers (Fig. 1). Foreign-language articles were trans-
lated if necessary. We excluded papers lacking measures of
mercury exposure (biomarkers, environmental measures, or
indirect measures such as Minamata disease diagnosis); pa-
pers lacking measures of heart rate variability; autopsy stud-
ies; case reports, case series, editorials, letters, and review
papers; and studies not on humans.

Although we had originally planned to combine the results
of the studies in a quantitative meta-analysis, it was deemed
inappropriate due to methodological limitations of the litera-
ture and heterogeneity in study design, exposure assessment
and outcome assessment across studies. We therefore summa-
rized results narratively within groups of similar populations.

Results

We identified 12 studies of mercury exposure and heart rate
variability in human populations [19–30]. The characteristics
of these studies are summarized in Table 1. Ten studies in-
volved primarily environmental methylmercury exposure
while two studies involved occupational exposure to inorganic
mercury. Eleven studies were observational, while one study
was a nonrandomized trial of fish intake. The studies were
conducted in Japan, the Faroe Islands, Canada (Inuit and
Cree communities), Korea, French Polynesia, Finland, and
Egypt. Three studies included only children or adolescents;
seven studies included only adults; and two studies included
both age groups. Only one study explicitly excluded partici-
pants with heart disease or medication use that may affect
heart rate variability.

Mercury exposure was assessed in blood, urine, toenails,
hair, umbilical cord blood, or as fetal Minamata disease status
(Table 1). Four studies had biomarkers of fish oil levels, and
two other studies had dietary information on fish intake. There
was also substantial heterogeneity in the heart rate variability
outcomes reported (Table 2). The most common time domain
metrics reported were the standard deviation of the R-R inter-
vals (SDNN) and the coefficient of variation of the R-R inter-
vals (CVRR), while the most common frequency domain

Fig. 1 Study selection. Potentially relevant citations were identified in
four databases (PubMed, Embase, TOXLINE, and DART) and filtered to
a set of 12 papers on the epidemiology ofmercury exposure and heart rate
variability outcomes
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metrics reported were LF, HF, and the LF/HF ratio. Studies
were also heterogeneous in the measurement interval. Six
studies used 5-min ECG recordings or 300 R-R intervals; four
studies used 2-h ECG recordings; and two studies used a 1-
min recording or 60 R-R intervals. Only two studies reported
the time of day during heart rate variability sampling.

Studies of Environmental Mercury Exposure

Studies in Children or Adolescents

The 14-year follow-up visit of the Faroe Islands birth cohort
(N=857) measured mercury in cord blood and in hair at 7 and
14 years of age and measured heart rate variability at ages 7
and 14. Cord blood mercury was inversely associated with
CVRR at age 14; on the other hand, no association between
hair mercury and CVRR at ages 7 or 14 was observed
(Table 3). In this study, the association of mercury biomarkers
with LF and HF domains were all inverse but were only sta-
tistically significant for cord blood mercury and LF at seven
and 14 years of age, for hair mercury and LF at 7 years of age,
and for cord blood and HF at 14 years of age (Table 4). The
associations betweenmercury biomarkers and LF/HF ratio did
not reach statistical significance.

Murata et al. studied 136 Japanese children and found sig-
nificant positive associations of cord tissue and mercury hair
with LF, nonsignificant positive associations with LF/HF
(Table 4), and a significant inverse association of cord tissue
mercury with log-CCV-LF. Valera et al. conducted two cross-
sectional studies of 78 adolescents in French Polynesia and of
226 Inuit children 11 years of age in Northern Quebec,
Canada. The study in French Polynesia showed no consistent
trends between blood mercury and time or frequency domain
measures. Among Inuit children, the associations between
mercury measured in cord blood, blood, or hair and time or
frequency domain measures were virtually all inverse, and
were statistically significant for blood mercury and SDNN,
SDANN, CVRR, and LF (Tables 3 and 4). Finally, the cohort
study of children and adults by Lim et al. found a decrease in
HF in the first generation of life in the Banwol region of Korea
and the second generation of life in the Swiha region (Table 4).

Studies in Adults

Oka et al. compared nine adults with fetal Minimata disease to
13 age-matched controls and found lower SDNN, CVRR, LF,
and HF in cases compared to controls, although only the dif-
ference for HFwas statistically significant. The Korean cohort
study by Lim et al. also presented results combining patients
across all ages (largely adult participants) and found negative
point estimate associations with log(SDNN), LF and HF, al-
though only HF was significant (Tables 3 and 4). Valera et al.
conducted cross-sectional studies in adults including 205 Inuit

and 663 Cree adults in Northern Quebec, and 146 adults in
French Polynesia. Among Inuits, blood mercury was inverse-
ly related to all time domain measures, although the associa-
tions were statistically significant only for SDANN. The as-
sociations with frequency domains were virtually null.
Among Cree adults, blood or hair mercury showed no statis-
tically significant associations with time domain measures but
showed significant positive associations with LF, HF, and LF/
HF. The study in French Polynesian adults showed no consis-
tent trends between blood mercury and time or frequency
domain measures.

A small cross-sectional study of Faroese whalers (N=42)
found positive associations between several biomarkers of
mercury exposure and CVRR, C-CVLF, and C-CVHF, with
significant associations for blood mercury and CVRR, C-
CVLF, and C-CVHF, and for nail and hair mercury with C-
CVLF. In a cross-sectional study of 1589 men and women
living near an industrial complex in South Korea, Lim et al.
found inverse associations between hair mercury and SDNN,
LF, and HF, but only the association with HF was statistically
significant.

Yaginuma-Suraki et al. conducted the only clinical trial
identified in our search. They studied 27 participants who
consumed methylmercury-containing bigeye tuna or sword-
fish once a week for 14 weeks and compared them to 27 other
subjects who were instructed to continue their usual diets. At
the end of the intervention period, participants in the interven-
tion group had higher levels of CVRR, LF, and LF/HF com-
pared with controls. The difference for LF/HF was statistically
significant.

Studies of Occupational Mercury Exposure

Two studies evaluated heart rate variability in mercury-
exposed occupational populations. Piikivi studied 41 chlor-
alkali plant workers and 41 unexposed controls using 60 con-
secutive R-R. Abdel-Hamid et al. studied 30 lamp factory
workers and 20 unexposed workers from a food industrial
plant using a 1-min ECG recording. These studies did not
report standard measures of heart rate variability (Table 2).

Discussion and Conclusion

We identified 12 population studies of mercury exposures and
heart rate variability outcomes, including environmental stud-
ies of children/adolescents and adults, and occupational stud-
ies. There was marked heterogeneity across the studies in
study design, study population, assessment of mercury expo-
sure, ECG recording methodology, and heart rate variability
metrics reported. The inverse association of cord blood mer-
cury levels with CVRR, and with LF and HF bands at 7 and
14 years of age in the cohort study of Faroe Islands children by

Curr Envir Health Rpt (2015) 2:304–314 307



Grandjean et al. suggest that early mercury exposure may
have a long-lasting effect on autonomic heart activity.
Studies with later environmental exposures to mercury in chil-
dren or in adults were heterogeneous and did not show con-
sistent associations between mercury exposure and heart rate
variability parameters. Data on the association of occupational
mercury exposure and heart rate variability were very limited
and could not be used to draw epidemiological inferences.
Overall, the evidence for a causal effect of mercury exposure
on heart rate variability was limited and large high-quality and
adequately standardized studies in populations with a wide
range of mercury exposures are needed.

Perhaps the main limitation of the studies of mercury and
heart rate variability was the lack of standardized methods for
performing and reporting heart rate variability measurements.
Heart rate variability measurements depend on duration of
assessment and time of day. The standards developed by the
Task Force of the European Society of Cardiology and the
North American Society of Pacing and Electrophysiology rec-
ommend either a 5-min recording for frequency domain

metrics or a 24-h recording for time domain metrics [31].
None of the studies in this review used 24-h ECG monitoring.
The differences in recording intervals and times of the day at
measurement across studies limited the comparability of the
findings [31]. Furthermore, there were numerous heart rate
variability metrics reported, opening the possibility of multi-
ple comparison and selective reporting biases. Indeed, we
found substantial heterogeneity in the heart variability metrics
reported across studies in our review. Under these circum-
stances, clearly defined analytical protocols and replica-
tion of study findings are essential to establish associa-
tions between mercury exposures and cardiac autonomic
function.

In addition, a major limitation of many studies was the lack
of data on fish intake and biomarkers of fish oils. Fish oils may
have important cardiovascular benefits [32–34], including im-
pacts on heart rate variability [35–37]. Fish intake is the com-
mon source of both fish oils and methylmercury, so it is likely
that fish oils may confound the association between methyl-
mercury and heart rate variability parameters. This is

Table 2 Heart rate variability ascertainment methods and reporting

First author, year ECG duration Time domains Frequency domains

SDNN SDANN rMSSD CVRR Other LF HF LF/
HF

Other

Environmental exposure

Oka, 2003 5 min X X X X

Grandjean, 2004 300 R-R intervals X X X X CCV-LF, CCV-HF

Murata, 2006 300 R-R intervals X X CCV-LF, CCV-HF,
PSD-LF, PSD-HF

Valera, 2008 2 h X X X X pNN50 X X X VLF

Choi, 2009 5 min X CCV-LF, CCV-HF

Lim, 2010 5 min X X X TP

Yaginuma-Sakurai,
2010

300 R-R intervalsa X X X CCV-LF, CCV-HF,
PSD-LF, PSD-HF

Valera, 2011a 2 h X X X X X X

Valera, 2011b 2 h X X X X X X

Valera, 2012 2 h X X X X X X X

Occupational exposure

Piikivi, 1989 60 R-R intervals MSDD during normal
breathing, and maximal/
minimal R-R during
deep breathing, during
Valsalva maneuver
and during fast tilting

Abdel-Hamid, 2001 1 min Maximal R-R, minimal
R-R, maximal/minimal
R-R, (maximal–minimal)
/resting R-R

aHeart rate variability analyses based on 100 consecutive R-R intervals with the minimal standard deviation

CCV component coefficient of variation, CVRR coefficient of variation of R-R intervals, pNN50 proportion of interval differences of successive R-R
intervals >50 ms,PSD power spectral density, rMSSD square root of the mean square differences of successive R-R intervals, SDANN standard deviation
of the average RR-intervals calculated over 5-min periods, SDNN standard deviation of R-R intervals, VLF very low frequency, TP total power
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consistent with the confounding role of fish oils in other car-
diovascular and neurological outcomes [38].

Two strategies to reduce confounding by fish oils are the
collection of fish intake via dietary questionnaires and the
measurement of biomarkers of fish oils. The accuracy of food
frequency questionnaires in summarizing fish oil intake is
somewhat limited [39–42], but studies with mercury and fish
oil biomarkers and heart rate variability outcomes are rare.
Indeed, the studies conducted by Valera et al. (2008, 2011a,
2011b, and 2012) were the only observational studies in the
review that measured and adjusted for biomarkers of fish oil
intake.

Other methodological limitations common to many studies
also deserve comment. Many studies were relatively small,
and often several heart rate variability parameters showed
changes consistent with mercury effects, but the associations
were not statistically significant; thus, the findings were in
many cases inconclusive. Heart rate variability is under com-
plex physiological regulation and subject to substantial within
person variability and to the influence of many external expo-
sures. Epidemiological studies of the association of mercury
with heart rate variability thus need adequate sample sizes to
reliably identify potential associations. In addition, most stud-
ies were cross-sectional and did not allow for an evaluation of
changes in heart rate variability parameters with changes in
mercury exposure. Finally, many studies did not consider the
presence of cardiovascular disease or the use of medications
that may affect heart rate variability in study participants.
Future studies should overcome these methodological limita-
tions in order to obtain more precise and consistent estimates
of the association of mercury exposure with heart rate
variability.

Clinical trials of fish intake may address confounding and
selection bias related to methylmercury intake. This was the
approach taken by Yaginuma-Sakurai et al., although the trial
was not randomized. In this trial, the investigators used mus-
cle portions (not including fatty portions) of bigeye tuna and
swordfish to provide mercury exposure with only limited
amounts of fish oils to the intervention group. In addition to
ethical issues in conducting a dietary intervention study, the
selection of an adequate control group is challenging as fish
oil intake may still be different between the intervention and
control groups. In this study, participants in the intervention
group were instructed restrict their consumption of contami-
nated fish (other than the fish provided by the study), while
participants in the control group were instructed to continue
their usual diets. As a consequence, fish oil intake decreased in
the intervention group but stayed constant in the control
group, complicating the interpretation of the findings. The
main finding of the trial was a higher LF band and LF/HF
ratio among participants in the intervention group that
Yaginuma-Sakurai et al. attributed to a sympathodominant
state induced by methylmercury exposure. Replication of

these findings in a larger sample size with appropriate ran-
domization and control intervention would be important to
establish the short-term effects of methylmercury on heart rate
variability.

In the Faroe Islands’ cohort, cord blood mercury levels
were associated with decreased CVRR, LF and HF bands,
although the associations were stronger at 14 years than at
7 years of follow-up. The inverse associations with LF and
HF bands were interpreted as mercury-mediated decreases in
sympathetic and parasympathetic modulation of heart rate var-
iability. In this cohort, mercury exposure was also associated
with brainstem auditory evoked potentials, and the authors
speculated that the effects of mercury on heart rate variability
could reflect brainstem neurotoxicity of mercury.

The biological mechanisms of mercury neurotoxicity are
challenging to disentangle and are still under investigation,
but may include oxidative damage, reversible thiol group
binding, and interference with zinc-based metalloproteases
required for neuronal development [43–45]. There is a grow-
ing literature on the immunological toxicity of mercury spe-
cies [46–53], including recent evidence that toll-like receptor
4 might be affected by inorganic mercury in a vole animal
model [54], and toll-like receptors 2 and 4 may influence heart
rate variability in mice [55].

Mercury neurotoxicity may have several important modi-
fiers in human populations including age, sex, and life stage of
exposure [4]. Recently, epidemiological studies have explored
gene-mercury interactions for human mercury neurotoxicity
and identified possible genetic risk modifiers for mercury ex-
posure [56–59]. Possible gene-environment interactions with
mercury for heart rate variability outcomes might be explored
in future research.

Both methylmercury and inorganic mercury are neurotox-
ic. The primary exposure to inorganic mercury in the general
population is via mercury-containing amalgam in dental res-
torations. Workers, however, can be exposed to high levels of
inorganic as mercury is used in numerous products and indus-
trial processes, including the manufacture of industrial
chemicals, in electrical and electronic applications, in fluores-
cent lamps, and in some cosmetics. Evaluating the cardiac
autonomic effects of inorganic mercury exposure in workers
is thus very important. However, we could only identify two
studies of heart rate variability in mercury-exposed workers,
but these studies used very short ECG recordings and uncon-
ventional heart rate variability metrics. Data on occupational
mercury exposures and autonomic nervous function are
lacking.

Heart rate variability is a noninvasive measure useful for
summarizing cardiac autonomic pathology, in particular in
community settings where more invasive procedures are in-
feasible [60]. It is easiest to interpret heart rate variability
parameters when ascertained under standardized conditions
[31]. Although measurable in community settings, it is not a
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perfect indication of cardiac autonomic function. For example,
heart rate variability may have lower sensitivity than more
invasive measures such as I-123 metaiodobenzylguanidine
myocardial scintigraphy for detecting cardiac autonomic neu-
ropathy among persons with diabetes [61]. It nevertheless has
prognostic value for risk stratification in cardiovascular dis-
ease and related conditions like stroke, diabetes, and neuro-
logical disorders [8, 62]. However, it remains unclear
whether diminution in heart rate variability via a direct
neurotoxic effect carries the same prognostic implica-
tions as that seen when heart rate variability is dimin-
ished in the setting of myocardial disease.

In summary, in this systematic review, we found some ev-
idence that mercury exposure might affect heart rate variabil-
ity, particularly early exposures in children. This is consistent
with other findings of early-life mercury neurological suscep-
tibility [4]. If moderate-dose early-life mercury exposure has a
cardiovascular autonomic neurotoxicity, this may have impor-
tant public health implications for seafood-eating communi-
ties around the world [63•]. Overall, however, the evidence we
identified is too limited and heterogeneous to draw causal
inferences concerning the effect of mercury exposure on au-
tonomic nervous function. Future studies should evaluate the
effects of mercury on cardiac autonomic function, particularly
in early exposures in pediatric populations. These studies
should include adequate sample sizes, perform and report
standardized heart rate variability measurements, use methods
that appropriate adjust for potential confounding by fish oil
intake in environmental mercury exposure, and evaluate the
long term implications of mercury-affected heart rate variabil-
ity on cardiovascular health.
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