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Abstract. Cognitive health is an emerging public health concern for the aging American population. Mercury (Hg) is a toxic
element that can cause nervous system damage. This hypothesis-testing study evaluated the relationship between blood ethyl-
Hg levels and cognitive decline in an older adult and elderly American population. A total of 1,821,663 weighted-persons
between 60–80 years old with detectable blood ethyl-Hg levels within the 2011–2012 National Health and Nutritional
Examination Survey were examined. Those persons with blood ethyl-Hg levels greater than the median were deemed the
higher ethyl-Hg exposure group and those with ethyl-Hg levels less than the median were deemed the lower ethyl-Hg exposure
group. Three tests were utilized to measure cognitive function: 1) Consortium to Establish a Registry for Alzheimer’s Disease
– Word List Learning (CERAD W-L) delayed recall test, 2) animal fluency test, and 3) Digit Symbol Substitution Test. Each
cognitive test score was categorized as higher for those with scores greater than the median and lower for those with scores
less than the median. Survey logistic regression modeling with covariates was used to analyze the data for the relationship
between blood ethyl-Hg levels and cognitive function scores. Significantly increased risks for lower animal fluency test (odds
ratio (OR) = 13.652, p = 0.0029) and CERAD W-L delayed recall test (OR = 6.401, p = 0.0433) scores were observed among
the higher ethyl-Hg exposure group as compared to the lower ethyl-Hg exposure group. This study supports the hypothesis
that increased ethyl-Hg exposure is associated with significant cognitive decline in older adult and elderly Americans.
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INTRODUCTION

Cognitive health is an emerging public health con-
cern for the aging population in the United States
(US) [1, 2]. Associated with a decline in cognitive
functioning are issues related to quality of life, per-
sonal relationships, and independence, and these can
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result in increased healthcare needs, as well as major
caregiving and financial challenges [3]. It is esti-
mated that more than 16 million people in the US are
currently living with cognitive impairment [4]. Fur-
thermore, an estimated 5.1 million Americans over
the age of 65 may currently have Alzheimer’s disease,
the most well-known form of cognitive impairment,
and this number is expected to rise to 13.2 million
by 2050 [5]. The average Medicaid nursing facil-
ity cost per state in 2010 for persons diagnosed with
Alzheimer’s disease is estimated at $647 million, not
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including home- and community-based care or pre-
scription drug costs [6].

Mercury (Hg) is a toxic element that can cause pro-
found damage to the nervous system as was observed
following methyl-Hg poisonings in Japan [7] and Iraq
[8] and ethyl-Hg poisonings in Iraq [9] and China
[10]. It was previously published that most Hg expo-
sure in the US today is characterized as occurring
from three primary sources: methyl-Hg in fish, Hg
vapor from dental amalgam tooth fillings, and ethyl-
Hg in the form of Thimerosal added as a preservative
to some vaccines [11]. The potential for low-dose Hg
toxicity in adults is a controversial subject and there is
little agreement as to whether a threshold dose exists
below which no damage is likely to accrue to the
central nervous system [12–14].

The National Health and Nutrition Examination
Survey (NHANES) is a major program of the
National Center for Health Statistics (NCHS), which
is a part of the US Centers for Disease Control and
Prevention (CDC). NHANES is designed to assess
the health and nutritional status of adults and children
in the US by utilizing survey methods that combine
interviews, physical examinations, and laboratory
tests. It is the aim of NHANES to help determine
the prevalence of major diseases and risk factors for
diseases, and then, from such data, help to develop
sound public health policy.

In light of the importance of cognitive decline and
the potential role for Hg exposures in neurotoxicity,
the purpose of the present study was to test the

hypothesis that older adults and elderly persons
with increasing blood ethyl-Hg levels may have
increased measures of cognitive decline, by under-
taking a hypothesis testing cross-sectional study of
the NHANES database.

METHODS

The SAS system for Windows, version 9.4 (Cary,
NC, USA) was used to examine the NHANES data.
This study integrated the 2011–2012 NHANES data
from demographic survey questions, cognitive func-
tion test results, and laboratory test results. Figure 1
presents a schematic flowchart of the data examined
in the present study.

Study participants

The NHANES is a program of studies designed
to assess the health and nutritional status of adults
and children in the US. The survey is unique in that
it combines interviews with physical and laboratory
examinations. NHANES is a major program of the
NCHS of the US CDC. The NHANES program began
in the early 1960s, and has been conducted as a series
of surveys focusing on different population groups or
health topics. In 1999, the survey became a continu-
ous program with components that are adaptable to
a variety of health and nutritional measurements in
order to meet emerging needs. The NHANES exam-
ines a nationally representative sample of about 5,000

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



D.A. Geier et al. / Ethylmercury and Cognitive Decline 903

Americans each year, and these persons are located in
counties across the US, 15 of which are visited each
year.

The 2011–2012 NHANES data collection meth-
ods were approved by the NCHS Research Ethics
Review Board (ERB) (Protocol#2011–17). Accord-
ing to the NHANES, the interviewers first determine
if someone is eligible to participate. The NHANES
interviewer goes to the home and asks the potential
participant questions to see if the person will qualify
to participate. Each study subject provided informed
consent to participate in the NHANES program. The
NHANES consent process was also overseen by
the NCHS-ERB. The health information collected in
the NHANES program is kept in strictest confidence
and is only used for stated purposes.

An overall population of 39,003,118 weighted-
persons between the ages of 60 and 80 years with
non-missing values for the demographic, cogni-
tive function, and laboratory test result variables
were examined in this study. The number of
weighted-persons was derived by applying the full
sample two-year mobile examination weight vari-
able (WTMEC2YR) to each person examined in
this study. The WTMEC2YR variable was created
by the NHANES program. The WTMEC2YR is
a measure of the number of persons in the gen-
eral population that a sampled individual represents
and is needed to obtain unbiased estimates of pop-
ulation parameters when sample participants are
chosen with unequal probabilities. The demographic
variables for the population were identified from
within the NHANES demographic dataset. The vari-
ables examined were as follows: gender, age in
years at examination, race (non-Hispanic White, non-
Hispanic Black, non-Hispanic Asian, Hispanic, or
other), and socioeconomic status (poverty income
ratio (PIR)—a ratio of family income to poverty
threshold). The PIR variable was created by the
NHANES program.

Exposures

The blood Hg exposure variables were identified
from within the NHANES mercury blood dataset.
These included: inorganic Hg, ethyl-Hg, and methyl-
Hg. Blood samples were eligible for collection on
all persons 1-year-old and older who were medically
examined by the NHANES project. The blood sam-
ples included as part of the NHANES dataset were
processed, stored, and shipped to the CDC’s Division
of Laboratory Sciences, National Center for Environ-

mental Health for analysis. The blood Hg compounds
were measured by analyzing blood through the use
of Solid Phase Micro Extraction (SPME) fiber for
delivering sample to gas chromatography (GC) cou-
pled to inductively coupled plasma-dynamic reaction
cell-mass spectrometry (ICP-DRC-MS). The method
employed provided an accurate measure of the quan-
tity of inorganic Hg, methyl-Hg, and ethyl-Hg present
in the blood samples examined [15]. Since the pri-
mary focus of the present study was to examine
the potential consequences of blood ethyl-Hg expo-
sure, it was required that all persons examined in
this study had blood ethyl-Hg levels at or above the
detection limit. All persons with blood ethyl-Hg lev-
els below the lower detection limit were excluded.
The blood ethyl-Hg data were then analyzed using
the survey means procedure in SAS to determine the
median blood ethyl-Hg level for the persons exam-
ined (median = 0.195 �g ethyl-Hg/L). Those persons
with blood ethyl-Hg levels greater than the median
were deemed the higher ethyl-Hg exposure group
(961,304 weighted-persons) and those persons with
blood ethyl-Hg levels less than the median were
deemed the lower ethyl-Hg exposure group (860,359
weighted-persons).

Outcomes

The cognitive function NHANES dataset was
examined for the cognitive function status of per-
sons examined in this study. Cognitive function status
was assessed on eligible persons 60 years old and
older who were medically examined by the NHANES
project. The assessments were administered by
trained interviewers at the end of the face-to-face
interview in the Mobile Examination Center. The
Consortium to Establish a Registry for Alzheimer’s
Disease Word List Learning (CERAD W-L) [16] test
for delayed recall, animal fluency test, and Digit
Symbol Substitution Test (DSST) were utilized to
measure cognitive functioning status in this study.
These are well-established, validated measures. The
data for each cognitive test were analyzed using
the survey means procedure in SAS and revealed
the following median values: CERAD W-L for
delayed recall = 6.12, animal fluency test = 19.480,
and DSST = 60.41. Analyzing each cognitive test sep-
arately for cognitive performance, persons were rated
to have higher cognitive performance on any test if
their test score was greater than the median test score
and lower cognitive performance on any test if their
test score was less than the median test score.
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Statistical analyses

In all statistical analyses, the statistical package in
SAS was utilized, and a two-sided p-value <0.05 was
considered statistically significant. The null hypoth-
esis was that there would be no relationship between
blood ethyl-Hg levels and cognitive function test
scores. The data were examined using the survey
logistic regression modeling procedure in SAS. The
model evaluated the relationship between increasing
blood ethyl-Hg levels and the risk of lower perfor-
mance for each of the cognitive tests examined. The
model also includes the covariates of blood inorganic
Hg levels, blood methyl-Hg levels, gender, age in
years at examination, race, and socioeconomic sta-
tus. The number of persons examined in this study
was sufficient to allow for adequate statistical power
for the analyses undertaken in this study.

RESULTS

Table 1 displays the demographic characteristics of
the population of persons examined in the NHANES
database. It was observed that the higher ethyl-Hg
exposure group in comparison to the lower ethyl-

Hg exposure group had similar overall mean ages of
about 66 years old. The female to male ratio (2.2 ver-
sus 0.82) and the percentage of non-Hispanic Whites
(81% versus 74%) were increased in the higher
ethyl-Hg exposure group in comparison to the lower
ethyl-Hg exposure group. By contrast, the mean PIR
score was lower in the high ethyl-Hg exposure group
(2.4) in comparison to the lower ethyl-Hg expo-
sure group (2.9). In other words, the higher ethyl-Hg
group was disproportionately female, white, and less
affluent. It was also observed that mean blood methyl-
Hg (5.5 �g methyl-Hg/L versus 2.2 �g methyl-Hg/L)
and inorganic Hg (0.4 �g Hg/L versus 0.3 �g Hg/L)
levels were greater in the higher ethyl-Hg exposure
group in comparison to the lower ethyl-Hg exposure
group.

Table 2 displays the results of the survey logistic
regression models examined to determine the impact
of blood ethyl-Hg exposure on tests measuring cogni-
tive decline. It was observed that those persons having
lower animal fluency scores (odds ratio = 13.652,
p = 0.0029) or lower CERAD W-L delayed recall
scores (odds ratio = 6.401, p = 0.0433) were signifi-
cantly more likely to have higher ethyl-Hg exposure
as compared to lower ethyl-Hg exposure. It was

Table 1
Demographic characteristics of persons examined in the NHANES database

Parameter Examined Overall Ethylmercury Higher Ethylmercury Lower Ethylmercury
Exposure Group Exposure Group1 Exposure Group2

(1,821,663 weighted-persons) (961,304 weighted-persons) (860,359 weighted persons)

Age
Mean Age ± std (age range: 60–80) 66.5 ± 5.2 66.6 ± 5.0 66.3 ± 5.5

Gender (%)
Male 770,588 (42%) 297,688 (31%) 472,900 (55%)
Female 1,051,075 (58%) 663,616 (69%) 387,459 (45%)

Race (%)
Non-Hispanic White 1,410,378 (77%) 777,922 (81%) 632,457 (73%)
Non-Hispanic Black 35,546 (2%) 35,546 (4%) 0 (0%)
Non-Hispanic Asian 86,818 (5%) 86,818 (9%) 0 (0%)
Hispanic 101,343 (6%) 61,018 (6%) 40,325 (5%)
Other3 187,578 (10%) 0 (0%) 187,578 (22%)

Socioeconomic Status (score range: 0–5)
Mean PIR Score ± std 2.6 ± 1.6 2.4 ± 1.6 2.9 ± 1.4

Blood Mercury Levels (�g/L)
Mean Ethylmercury ± std (range) 0.3 ± 0.2 (0.16–1.0) 0.38 ± 0.25 (0.20–1.00) 0.17 ± 0.01 (0.16–0.19)
Mean Methylmercury ± std (range) 4.0 ± 5.3 (0.08–23.2) 5.5 ± 6.4 (0.2–23.2) 2.2 ± 3.0 (0.1–8.7)
Mean Inorganic mercury ± std (range) 0.4 ± 0.3 (0.2–2.8) 0.4 ± 0.4 (0.2–2.8) 0.3 ± 0.1 (0.2–0.5)

Cognitive Test Scores
Mean Animal Fluency Score ± std (range) 18.7 ± 4.9 (3–28) 17.4 ± 4.0 (10–24) 20.2 ± 5.3 (3–28)
Mean CERAD W-L Delayed 6.7 ± 1.7 (2–10) 6.4 ± 1.7 (2–10) 7.0 ± 1.6 (5–9)

Recall Score ± std (range)
Mean Digit Symbol Score ± std (range) 56.6 ± 11.6 (13–79) 56.9 ± 10.6 (13–79) 56.3 ± 12.5 (23–73)

PIR, poverty income ratio; std, standard deviation of the mean. 1Those persons with blood ethyl-Hg levels greater than the median of
0.195 �g ethyl-Hg/L were considered the higher ethyl-Hg exposure group. 2Those persons with blood ethyl-Hg levels less than the median
of 0.195 �g ethyl-Hg/L were considered the lower ethyl-Hg exposure group. 3Includes persons of Asian, mixed race, or other ancestry.
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Table 2
Survey logistic regression models1 examining the impact of blood ethylmercury levels on tests measuring cognitive decline in the NHANES

database

Cognitive Decline Testing Type Variables Odds Ratio 95% Confidence Interval p

Lower Digit Symbol Scores Blood Ethylmercury (Higher versus Lower) 2.919 0.191 to 44.699 0.4415
Blood Methylmercury (Higher versus Lower) 0.940 0.657 to 1.346 0.7368
Blood Inorganic Mercury (Higher versus Lower) 0.180 0 to 41.608 0.5370
Gender (Female versus Male) 0.632 0.038 to 10.544 0.7494
Race 0.914 0.497 to 1.678 0.7706
Age 0.993 0.710 to 1.388 0.9659
Socioeconomic Status 0.344 0.187 to 0.633 0.0006

Lower Animal Fluency Scores Blood Ethylmercury (Higher versus Lower) 13.652 2.444 to 76.252 0.0029
Blood Methylmercury (Higher versus Lower) 0.935 0.799 to 1.094 0.4023
Blood Inorganic Mercury (Higher versus Lower) 0.074 0 to 38.639 0.4147
Gender (Female versus Male) 0.129 0.023 to 0.724 0.0200
Race 1.042 0.739 to 1.469 0.8157
Age 1.178 1.111 to 1.249 <0.0001
Socioeconomic Status 0.766 0.412 to 1.423 0.3989

Lower CERAD Word Blood Ethylmercury (Higher versus Lower) 6.401 1.057 to 38.754 0.0433
Learning subtest Blood Methylmercury (Higher versus Lower) 0.737 0.606 to 0.897 0.0023
Delayed Recall Blood Inorganic Mercury (Higher versus Lower) 0.899 0.285 to 2.839 0.8559
Scores Gender (Female versus Male) 0.030 0.005 to 0.189 0.0002

Race 1.635 0.874 to 3.061 0.1240
Age 2.198 1.700 to 2.841 0.2754
Socioeconomic Status 2.198 1.700 to 2.841 <0.0001

1The survey logistic models employed used stratum, cluster, and weight. They were adjusted for blood methylmercury levels, blood inorganic
mercury levels, age, gender, race, and socioeconomic status. Bold-Italicized results are statistically significant.

also observed that lower animal fluency scores (odds
ratio = 0.129, p = 0.0200) or lower CERAD W-L
delayed recall scores (odds ratio = 0.030, p = 0.0002)
were significantly less common among females as
compared to males. In addition, lower animal flu-
ency scores (odds ratio = 1.178, p < 0.0001) were
significantly associated with increasing age, and
lower CERAD W-L delayed recall scores (odds
ratio = 0.737, p = 0.0023) were significantly reduced
by increasing blood methyl-Hg levels. By contrast,
lower digit symbol scores were not significantly asso-
ciated with increasing ethyl-Hg exposure.

DISCUSSION

The present hypothesis-testing study is the first
epidemiological study to evaluate the potential rela-
tionship between increasing exposure to ethyl-Hg
and cognitive decline in older adults and elderly
Americans. It was observed in statistical model-
ing with covariates among older adults and elderly
persons that increasing blood ethyl-Hg levels were
significantly associated with measures of increasing
cognitive decline.

In considering the source of exposure for the blood
ethyl-Hg observed in the present study, one of the pos-
sible sources of ethyl-Hg was Thimerosal-containing
seasonal influenza vaccines. As described previously,

an estimated 44% of persons 50 to 64 years old and
70% of persons 65 years old and older in the US dur-
ing the 2011 to 2012 time period received seasonal
influenza vaccine [17] and most of seasonal influenza
vaccines administered to this population were in
multi-dose vial preparations that utilized Thimerosal
as a preservative to prevent bacterial/fungal contami-
nation [18]. Unfortunately, the data in NHANES does
not provide detailed vaccination histories that would
be relevant to our current analyses. It is also impor-
tant consider that mercury-free vaccine formulations
are available, and vaccines are an important health
tool to reduce the morbidity and mortality associated
with infectious diseases.

The tests utilized to measure cognitive decline in
the present study may provide an important insight
into the type of impact ethyl-Hg has on the aging
brain. The NHANES used the CERAD W-L delayed
recall test to assess both immediate and delayed learn-
ing ability for new verbal information [19]. The test
involved three consecutive learning trials and one
delayed recall trial. For the learning trials, 10 unre-
lated words are presented in large bolded letters on
a computer monitor and read out loud by the study
participant. Then, the study participants were asked
to recall as many words as possible for a maximum
score of 10. The order of the words is changed in
each of the three consecutive learning trials. If the
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study participant cannot read, the interviewer reads
the words out loud. In the NHANES, the delayed
word recall test was given after the DSST and ani-
mal fluency test were completed, which is about 8–10
minutes from the beginning of the consecutive learn-
ing trials. The CERAD W-L delayed recall test has
been used successfully in several epidemiologic stud-
ies [20–23].

The NHANES used the animal fluency test to
determine categorical verbal fluency. In verbal flu-
ency tests participants are asked to say as many words
as possible from a category in a short period of time
[24]. In this venue, participants are asked to name
as many animals as possible in one minute. Verbal
fluency test scores can be used differentiate between
persons with normal cognition and those with cogni-
tive impairment, ranging from mild to severe [25–27].
The animal fluency test has been used successfully in
several epidemiologic studies [26–28].

The performance module from the Wechsler Adult
Intelligence Scale (WAIS III), the DSST, requires
sustained attention, adequate processing speeds, and
working memory [29]. In this test participants are
shown a key containing nine numbers that are paired
with symbols and then the participant has two minutes
to copy the corresponding symbols in the 133 boxes
that adjoin the numbers. The DSST is a sensitive mea-
sure in regard to brain damage and dementia and has
been used successfully in several epidemiological and
clinical studies [30–32].

It is useful to consider the plausibility of this study
from a neuroscience perspective. The NHANES used
three measures to examine cognitive functioning, and
all three were examined and described in this current
study. Two of the measures (CERAD W-L delayed
recall test and animal fluency test) showed effects
from ethyl-Hg exposure, and one measure (DSST)
did not show effects from ethyl-Hg exposure. These
results can be explained by understanding Hg effects
on the brain. The two measures that showed effects
involve memory recall. Several studies report that
Hg exposure has a detrimental impact on memory
recall. This phenomenon is found in children, adults
of various ages, and the elderly [33–37]. Memory
recall requires reconstruction of elements scattered
in disparate parts of the brain to be linked together by
associations and neural networks [38, 39]; in other
words, it requires global processing. Hg is known
to destroy long-range connections in the brain, the
connections that bring disparate parts of the brain
together [40], and such phenomena was previously
observed among infants receiving increased ethyl-

Hg exposure [41]. On the other hand, the third test,
the DSST, did not show effects from Hg exposure.
The exact reason for this observation is not clear.
The DSST comprises a range of cognitive functions,
including processing speed, attention, and execu-
tive function [29]. However, the DSST test requires
matching of the numbers 1 to 9 with various symbols
and numbers and symbols are both processed in the
same area of the brain, the inferior temporal cortex
[42, 43]. The fact that numbers and symbols are pro-
cessed in the same area of the brain suggests that the
DSST test may require less of a demand on long range
axons. When Hg destroys neuronal axons, shorter
axons (the ones involved in localized processing) can
be replaced; however, long-range axons involved on
global processing cannot be replaced. Hence, local-
ized processing may remain intact, showing normal
test results even after Hg exposure, whereas global
processing is often notably affected [40].

The results of this study showing a significant rela-
tionship between increasing blood ethyl-Hg levels
and cognitive decline in the older adults and elderly
are biologically plausible. Thimerosal is the virtu-
ally only source of human exposure to ethyl-Hg.
Thimerosal is an ethyl-Hg containing compound that
is 49.55% Hg by weight that rapidly dissociates into
ethyl-Hg chloride and ethyl-Hg hydroxide in aque-
ous solutions and biological systems [44]. It was
observed following administration of Thimerosal-
containing vaccines to humans that blood Hg levels
were increased within the first few weeks follow-
ing exposure [45]. In addition, it was described
that ethyl-Hg is actively transported into human
neuronal cells by the L-type neutral amino acid
carrier transport (LAT) system [46], and human topi-
cal application of Thimerosal significantly increased
brain Hg levels [47]. It was observed in animal stud-
ies that during the acute phase of ethyl-Hg exposure
from Thimerosal-containing vaccines that the brain-
to-blood partitioning ratio of Hg was 3.5 : 1. By
contrast, over a significantly longer period follow-
ing ethyl-Hg exposure from Thimerosal-containing
vaccines, blood Hg levels approached zero while
significant levels of Hg still persisted in the brain
[48].

The present study only examined persons with
detectable levels of blood ethyl-Hg. As a result, it was
assumed that such persons were in the acute phase of
ethyl-Hg exposure from Thimerosal-containing vac-
cines, and, as such, helped to ensure a similar type
of exposure pattern among all those persons exam-
ined. Among those persons with undetectable levels
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of blood ethyl-Hg, they may have not been exposed
or had previously been exposed over a significantly
longer period in the past to Thimerosal-containing
vaccines. This type of unpredictability in past expo-
sure, coupled with lack of a blood biomarker for past
ethyl-Hg exposure, resulted in such persons being
excluded from analyses undertaken in this study.

It is also important to consider the results observed
in this study with previous epidemiological stud-
ies evaluating various sources of Hg exposure and
cognitive function in older adults and elderly Ameri-
cans. For example, the first epidemiological study to
evaluate the relationship between Hg exposure and
cognitive function in elderly Americans was a cross-
sectional epidemiological study undertaken on 474
randomly selected persons in the Baltimore Mem-
ory Study [49]. These investigators observed, after
adjustment for covariates, that increasing blood Hg
levels were associated with worse performance on
the Rey complex figure delayed recall test (a test
of visual memory). However, these investigators also
observed that increasing blood Hg levels were associ-
ated with better performance on finger tapping (a test
of manual dexterity). These investigators concluded
that their data do not provide strong evidence that
blood Hg levels significantly impact neurobehavioral
performance in elderly adults.

As an additional example, a cross-sectional epi-
demiological study was undertaken on 384 elderly
Americans at the Carillon Outpatient Center in
St. Petersburg, Florida [12]. These investigators
observed that the relationship between Hg exposure
and cognitive performance revealed that when com-
pared to persons with moderate blood Hg levels, those
with high and low blood Hg levels performed sig-
nificantly worse in complex-information processing
testing. These investigators further evaluated their
data and determined that the mediating factor for the
relationships observed was the amount of omega-3
fatty acids. Since the main source for blood Hg in the
persons examined was fish, and fish contain signifi-
cant amounts of omega-3 fatty acids, the investigators
reported that when compared to those persons with
low blood Hg levels and corresponding lower levels
of omega-3 fatty acid exposure (e.g., persons eating
very little fish) to those with moderate blood Hg lev-
els and corresponding increased levels of omega-3
fatty acid exposure (e.g., persons eating moderate
amounts of fish), the benefits of the omega-3 fatty
acid exposure significantly outweighed the negative
effects of the concomitant Hg exposure on complex-
information processing test scores. Whereas at high

blood Hg levels (e.g., persons eating large amounts
of fish) as compared to those with moderate blood
Hg levels, the negative impacts of high blood Hg lev-
els overwhelmed the beneficial effects of omega-3
fatty acid exposure, and hence, such persons mani-
fested with significantly worse complex-information
processing test scores. The researchers commented
that the likely difference between their findings and
those in the Baltimore Memory Study was the con-
sequence of blood Hg levels being so significantly
lower in the Baltimore Memory Study.

The results observed in the aforementioned stud-
ies are consistent with those observed in the present
study, but the present study is differentiated from
them. Specifically, the present study examined blood
samples that underwent Hg speciation testing to
determine the amounts of ethyl-Hg, methyl-Hg, and
inorganic Hg in the blood. By contrast, the afore-
mentioned studies examined total blood Hg levels.
Therefore, each of the Hg speciation variables exam-
ined were entered into the models constructed to
allow for a more accurate determination of their rel-
ative impact on cognitive function. Further, unlike
the previous studies where the primary source of Hg
exposure was from fish (in the form of methyl-Hg),
the primary focus of this study was on blood ethyl-Hg
levels, which Thimerosal added as a preservative to
some vaccines was one possible source. As a result,
blood ethyl-Hg exposures were not confounded by
the beneficial effects of n-3 fatty acid exposure associ-
ated with blood methyl-Hg exposures, and the present
study actually examined blood methyl-Hg and inor-
ganic Hg levels as covariates.

Overall, it was observed in the present study that
mean blood methyl-Hg (5.5 �g methyl-Hg/L ver-
sus 2.2 �g methyl-Hg/L) and inorganic Hg (0.4 �g
Hg/L versus 0.3 �g Hg/L) levels were greater in
the high ethyl-Hg exposure group in comparison to
the low ethyl-Hg exposure group. However, it was
observed that greater methyl-Hg levels were signifi-
cantly associated with improved cognitive function.
As described previously, since the primary source of
methyl-Hg is fish, which contains beneficial omega-
3 fatty acids, this result is most likely related to the
beneficial effects of fish and omega-3 fatty acid lev-
els [50]. The results observed for blood inorganic
Hg showed no significant relationship with cogni-
tive function. It is not known why blood inorganic
Hg showed no significant relationship with cognitive
function in the population examined in this study.
It is recommended in future NHANES studies that
further examinations be undertaken to evaluate the
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relationship between blood Hg levels and cognitive
function.

Study limitations

As with any observational cross-sectional study, it
was not possible to follow the participants examined
on a longitudinal basis to evaluate the relationship
between exposures and outcomes. Despite this lim-
itation, the blood ethyl-Hg and cognitive function
tests were completed on a contemporaneous basis.
In addition, the results observed in this study, as
described previously, are biologically plausible and
are supported by previous epidemiological studies
showing blood Hg levels were associated with cog-
nitive decline in elderly persons. The present study
was also not able to determine if the measures of
cognitive decline were transient or persistent. It is
recommended that future studies further explore the
phenomenon observed in this study within other
populations examined on a prospective longitudinal
cohort basis.

The NHANES program uses the questionnaire
method of data collection and participants may recall
information wrongly or reported information inac-
curately. However, the demographic, socioeconomic,
dietary, and health-related questions are detailed and
consistent and asked during an interview with highly
trained study personnel. In addition, for the data
examined, it is presumed that such limitations or
errors in the data would have applied equally to all
participants examined. Conceivably, such errors in
the data would have most likely reduced the statisti-
cal power of this study to be able to reveal significant
relationships.

It is also a potential limitation of this study that
cognitive decline was assessed using only three well-
established measures of cognitive function. It is
possible that some persons had other symptoms of
cognitive decline or their symptoms were so mild that
they were not detected using the testing employed
in this study. Despite this fact, significant adverse
effects of increasing blood ethyl-Hg on cognitive
function were observed in two of the three cognitive
tests employed in this study. It is recommended that
future studies employ other tests and measurements
of cognitive decline to more fully evaluate ethyl-Hg
associated effects on cognitive function.

A further potential limitation of this study was
that persons with less than detectable blood ethyl-Hg
levels were excluded. These persons were excluded,
because as discussed previously, the most likely

source of ethyl-Hg exposure was from Thimerosal-
containing influenza vaccine administration, and
there are social and medical attributes that may be
associated with both avoidance or delay of vaccina-
tion; and confounding of this sort is a general problem
for studies of prophylactic interventions [51]. In the
context of influenza vaccination of older adults and
the elderly, this type of phenomena may have been
observed when it was reported that the risk of death
from all causes was about 50% lower in persons
receiving influenza vaccination as compared to per-
sons not receiving influenza vaccination [52]. This
type of phenomena may also have been observed
in the data examined in this study. For example,
when examining persons with blood ethyl-Hg levels
at or above the detection limit in comparison to those
persons with blood ethyl-Hg levels below detection
limits in relation to animal fluency test scores, the
risk of lower animal fluency test scores were signifi-
cantly reduced by blood ethyl-Hg levels at or above
the detection limit (odds ratio = 0.379, p = 0.0250).
Hence, by requiring that all persons examined in this
study to have detectable levels of blood ethyl-Hg,
it means that everyone was most likely exposed to
Thimerosal-containing influenza vaccine and poten-
tial sources of confounding associated with avoidance
or delay of vaccination were minimized. However, the
exact source of the ethyl-Hg cannot be determined
from the NHANES data.

A potential limitation of this study was that no
calculation and justification of the sample size was
conducted. Despite this potential limitation, several
statistically significant results were observed in this
study.

It is possible that the results observed could have
been the result of chance and that would have to be
considered as a potential limitation of the study; how-
ever, that would be unlikely since only a small number
of statistical tests were conducted and the direction
and magnitude of the results were biologically plausi-
ble. In addition, the data were analyzed using median
values to establish higher versus lower ethyl-Hg
exposure cut-offs and lower versus higher cognitive
performance cut-offs to minimize any potential out-
lier effects on the results observed, especially since
a relatively small sample size of persons were exam-
ined in the current study.

Finally, while the present study observed a signif-
icant association between increasing blood ethyl-Hg
levels with cognitive decline in older adults and
the elderly, the present study did not examine the
potential impact of other environmental risk fac-
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tors for cognitive decline well-described in previous
systematic reviews. It was reported that there is
at least moderate evidence implicating air pollu-
tion, aluminum, silicon, selenium, pesticides, vitamin
D deficiency, and electric and magnetic fields in
the etiology of cognitive decline [53]. It would be
worthwhile in future studies to further examine how
various different environmental exposures may work
independently or synergistically to induce cognitive
decline.

Conclusion

This cross-sectional study provides the first epi-
demiological evidence linking increasing blood
ethyl-Hg levels with cognitive decline in older adults
and elderly Americans. It is recommended that future
longitudinal cohort studies be conducted for consis-
tency with the observations made in the present study
and to determine the persistence of cognitive decline
symptoms associated with ethyl-Hg exposure in older
adults and the elderly.
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