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Background: The results of previous studies on the association between blood mercury (Hg) and bone mineral
density (BMD) are inconsistent. We therefore used a large-scale nationwide representative sample of Korean men
to investigate the relationship between these two parameters.

Methods: A nationwide cross-sectional study was conducted using data from the 2008 to 2010 Korean National
Health and Nutrition Examination Survey to evaluate the relationship between blood Hg and BMD and the preva-
lence of osteopenia or osteoporosis in 1,190 men over 50 years of age. BMID was measured by dual-energy X-ray
absorptiometry. Osteopenia and osteoporosis were diagnosed for each body site according to World Health Orga-
nization T-score criteria.

Results: After adjusting for age, body mass index, caloric energy and calcium intake, vitamin D levels, fish con-
sumption, alcohol consumption, smoking, and exercise, quartiles of blood Hg were positively associated with fe-
mur neck T-scores in multiple linear regression analysis (3=0.06, P-value=0.03). Compared with the lowest blood
Hg quartile, the odds ratios and 95% confidence intervals for diagnosis of osteopenia or osteoporosis in the second
and fourth quartiles were 0.63 (0.41-0.99) and 0.57 (0.36-0.91), respectively, in the femur neck after adjusting for
the same co-variables.

Conclusion: High blood Hg levels were associated with reduced odds of decreased femur neck BMD in Korean
men. However, subgroup analysis did not show a significant protective effect of blood Hg on osteoporotic fractures.
Further research is necessary to clarify the association between blood Hg and BMD.
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INTRODUCTION

Osteoporosis is increasingly recognized as an important public health
issue in men.” According to national health survey data from 2008 to
2011, the prevalence of osteoporosis and osteopenia in Korean men
older than 50 years of age was 7.3% and 46.5%, respectively.” Osteopo-
rosis is a ‘silent disease, typically progressing without symptoms until
a fracture occurs.” Since fractures associated with osteoporosis tend to
occur at older ages in men than in women, morbidity and mortality
are high in men compared with women. In this regard, early detection
and treatment of men with osteoporosis is important, particularly due
to increasing life expectancies.” However, osteoporosis remains largely
underdiagnosed, mainly due to the view of osteoporosis solely as a
‘women’s disease’ and the consequent infrequency of bone mineral
density (BMD) screening in men."*?

Mercury (Hg) is a toxic heavy metal; individuals are mainly exposed
by occupational inhalation of Hg vapor, dental amalgam, and con-
sumption of contaminated fish and shellfish.>® Methylmercury, the
predominant form of organic Hg, accumulates up the food chain and
becomes the main food source of Hg exposure in humans.” Blood Hg
concentration is considered the most valid biomarker of recent meth-
ylmercury exposure.®” Due to growing societal concerns about envi-
ronmental heavy metals in Korea, heavy metal biomonitoring has
been performed since the third Korean National Health and Nutrition-
al Examination Survey (KNHANES).”

Previous studies have reported the detrimental effects of heavy met-
als such as lead and cadmium on bone health.'*'") However, previous
reports have showed contrasting results for Hg compared to other
heavy metals, leaving unresolved questions regarding the mechanism
of the reported protective association between Hg level and BMD. Sev-
eral cross-sectional studies reported that serum Hg levels seemed to
have protective effects on bone.’'? In contrast, experimental studies
have reported the opposite.'¥

Our study evaluated the relationship between blood Hg concentra-
tion and BMD in a representative sample of Korean men, who are less
influenced by physiological hormonal changes than women. We also
analyzed the association between blood Hg concentration and past

incidence of fracture.

METHODS

1. Study Population

This study was based on data obtained from the KNHANES, per-
formed by the Korean Ministry of Health and Welfare from 2008 to
2010, specifically from the KNHANES IV (2008 and 2009 data) and V
(2010 data). This complex, stratified, multistage, probability-cluster
survey was a nationwide representative study in South Korea that con-
sisted of the Health, Health Examination, and Nutrition Surveys.
Among 29,235 participants enrolled in the KNHANES study from 2008
to 2010, data from men older than 50 years of age, including BMD re-
sults, were used. Of these 4,384 subjects, 3,193 were excluded for miss-

http://dx.doi.org/10.4082/kjfm.2016.37.5.273

Yang Hee Kim, et al. ® Blood Mercury Concentration and Bone Mineral Density

ing blood Hg laboratory data (participants were randomly selected for
heavy metal measurement). We also excluded one participant with
outlier Hg levels (168.49 mcg/L). A total of 1,190 Korean men 50-87

years of age were included in the final analysis.

2. Data Collection

Information on age and health behaviors including smoking history,
alcohol intake, and exercise was collected during health interview sur-
veys. Health behaviors were assessed by questioning participants’
habits during the month prior to the interview. Smoking history was
divided in two categories: never smoker and former (ex-smoker of
>100 cigarettes)/current smoker. Alcohol intake was divided in two
categories: non- or current drinker. Non-drinkers included men who
had never consumed alcohol, those who had not drunk in the previ-
ous year, and those who usually drank less that once a month. Exercise
was evaluated using the International Physical Activity Questionnaire
and categorized into three groups according to the number of days
that weight-bearing exercise, such as push-ups, sit-ups, dumbbell,
barbell, and chin-up bar, were performed in the week prior to the in-
terview (none, 1-2 times/wk, or 3-5 times/wk).

Body mass index (BMI) was calculated as the weight (kilograms) per
square of the height (meters). Serum levels of vitamin D were mea-
sured using enzymatic methods with a 147 WIZARD gamma counter
(PerkinElmer, Turku, Finland). Total caloric energy and daily calcium
intake, identified as possible factors related to BMD in previous stud-
ies, were calculated based on food items consumed by participants
during a 24-hour period, using the 24-hour dietary recall method. In-
formation on fish consumption, a major dietary source of Hg expo-
sure, was also obtained from the nutrition survey, which provides data
on the consumption frequency of nine different fish/shellfish-related
food items that are most frequently consumed in Korea (mackerel,
tuna, yellow croaker, pollock, anchovy, squid, clam, and pickled sea-
food). The overall consumption frequency was categorized into two
groups based on the intake of at least one type of fish or shellfish in the
nutrition survey checklist: less than twice per week and more than
twice weekly.'” Participants were also asked if they had been previous-
ly diagnosed with spine, hip, or wrist fracture by a doctor.

3. Blood Mercury Measurement

To assess blood Hg concentration, 3-mL blood samples were collected
into ethylenediaminetetraacetic acid tubes during the health exami-
nation, and 5.0 mL nitric acid (HNOs, reagent) was added to lyse the
samples. Blood Hg levels were measured using the gold-amalgama-
tion method with an Automatic Mercury Analyzer (DMA-80; Mile-
stone, Bergamo, Italy). The limit of detection for Hg was 0.158 mg/L.
Sample analyses were carried out by Neodin Medical Institute, a labo-
ratory certified by the Korean Ministry of Health and Welfare. The in-
ternal quality assurance for Hg measurement was achieved by obtain-
ing standard reference material, and the external quality assurance
was commissioned by the German Environmental Quality Assessment

Scheme.
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4. Bone Mineral Density Measurement

BMD (grams per square centimeter) was measured by dual-energy X-
ray absorptiometry (DISCOVERY-W, QDR -4500A; Hologic, Bedford,
MA, USA) at central skeletal sites (total hip, femur neck, and lumbar
spine [L1-L4]). The precision error was 1.8% for total hip BMD, 2.5%
for femur neck BMD, and 1.9% for lumbar spine BMD.

BMD was converted into T-scores, a deviation value from the BMD
weight-adjusted average peak of a race- and sex-matched Asian (Japa-
nese) healthy population. Participants were classified into three
groups according to the T-scores of each site (normal BMD: T-score

>-1, osteopenia: -2.5< T-score <-1, osteoporosis: T-score <-2.5).

5. Statistical Analysis

Data were expressed as meanststandard error for continuous vari-
ables and numbers and percentages (%) for categorical variables.
Blood Hg levels were categorized according the quartile of distribution
(Q1<3.564, Q2=3.564-5.441, Q3=5.441-8.002, Q4>8.002). To analyze
baseline characteristics according to blood Hg quartiles, we used one-
way analysis of variance and chi-square tests for continuous variables
and categorical variables, respectively. In order to compare total hip,
femur neck, and lumbar spine T-scores according to blood Hg quar-
tiles, multiple stepwise linear regression analysis was performed using
T-score as a dependent variable and blood Hg concentrations as inde-
pendent variables and age, BMI, intake of caloric energy and calcium,
vitamin D level, fish consumption, alcohol intake, cigarette smoking,

and exercise as covariates. Statistical analysis was performed using

Table 1. Basic study participant characteristics, according to quartiles of blood Hg level
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IBM SPSS Statistics for Windows ver. 20.0 (IBM Co., Armonk, NY, USA).
All statistical tests were two-sided, and P-values less than 0.05 were
considered statistically significant.

RESULTS

Osteopenia and osteoporosis were present in 48.4% and 5.5% of the
study participants, respectively. Table 1 shows their basic characteris-
tics according to blood Hg quartiles. Men with higher blood Hg levels
were more likely to be younger and current alcohol drinkers with
higher BM], total energy and calcium intake, and fish consumption.
The mean T-scores of the whole femur and femur neck were signifi-
cantly higher according to the quartiles of blood Hg (P-value <0.001).

Stepwise multiple linear regression analysis using the T-score of
each BMD site and blood Hg quartile as the dependent and indepen-
dent variables, respectively, revealed that whole femur and femur neck
BMDs were positively associated with blood Hg levels after adjusting
for age, BM], alcohol intake, cigarette smoking, and exercise (model 1:
=0.06 and 0.08, P-values=0.02 and 0.001, respectively) (Table 2). After
further adjusting for intake of caloric energy and calcium, fish con-
sumption, and serum vitamin D levels, the relationship between fe-
mur neck BMD and blood Hg level quartiles remained significant
(model 2: B=0.06, P-value=0.03) (Table 2).

Moreover, the association between Hg level quartiles and preva-
lence of osteopenia and osteoporosis in the femur neck remained sta-

tistically significant in multivariate logistic regression analysis after ad-

Blood mercury quartiles (meg/L)

Characteristic
Total Q1 (<3.346) 02 (3.346-5.321) Q3 (5.321-8.003) Q4 (=8.003) P-value*
No. of participant 1,190 (100) 298 (25) 297 (25) 298 (25) 297 (25)
Hg (mcg/L) 6.581+0.233 2.583+0.038 4.505+0.030 6.567+0.042 12.676+0.324
Age (y) 61.09+0.233 64.11+0.494 61.49+0.472 59.55+0.428 59.20+0.416 <0.001
Body mass index (kg/m?) 23.88+0.084 23.09+0.176 23.76+0.437 24.01+0.163 24.64+0.167 <0.001
Energy intake (kcal/d) 2,079.75+24.521  1,887.33+41.736  2,108.24+52.503  2,121.93+47.674  2,204.47+51.656 <0.001
Calcium intake (mg/d) 554.33+11.957 472.85+18.621 536.59+26.219 623.71+26.080 587.34+22.676 0.004
Smoking status 0.84
Never smoker 759 (63.8) 193 (65.0) 193 (64.8) 187 (62.8) 186 (62.6)
Former/current smoker 421 (35.4) 102 (34.3) 102 (34.2) 107 (35.9) 110 (37.0)
Drinking status 0.04
Non-drinker 359 (30.2) 125 (42.1) 84 (28.2) 76 (25.5) 74 (24.9)
Current drinker 819 (68.9) 170 (57.1) 210 (70.5) 218 (73.2) 221 (74.4)
Weight-bearing exercise 0.91
None 756 (63.5) 196 (66.0) 190 (63.8) 179 (60.1) 191 (64.3)
1-2 times/wk 141 (11.8) 34 (11.4) 33(11.1) 35(11.7) 39 (13.1)
3-5 times/wk 284 (23.9) 65 (21.9) 72 (24.2) 81(27.2) 66 (22.2)
Fish consumption 0.005
Less than twice a week 399 (33.5) 119 (41.2) 95 (32.0) 76 (25.5) 109 (36.7)
More than twice a week 614 (51.6) 141 (47.3) 153 (51.5) 170 (57.0) 150 (50.5)
Whole body bone mineral density (g/cm?) 1.160+0.004 1.144+0.008 1.177+0.008 1.162+0.007 1.178+0.007 0.04
Osteopenia and osteoporosis 515 (43.3) 162 (54.4) 115(38.7) 133 (44.6) 105 (35.4) 0.05
Values are presented as number (%) or mean=standard error.

Hg, mercury.
*Calculated using 1-way analysis of variance test or y? test.
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justing for the same potential confounders as model 2 (Table 3). Men
with blood Hg levels in the second and fourth quartiles had decreased
odds of reduced femur neck BMD (adjusted odds ratio [OR], 0.62; 95%
confidence interval [CI], 0.40 to 0.96 for Q2; adjusted OR, 0.57; 95% ClI,
0.36 to 0.91 for Q4). In the case of total hip, men with blood Hg con-
centrations in the fourth quartile had 0.36- and 0.47-fold decreased
risks of having osteopenia and osteoporosis in models 1 and 2, respec-
tively, compared with men with levels in the first quartile (reference
group).

Subgroup analysis was used to assess the association between past
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fracture and blood Hg quartile as dependent and independent vari-
ables, respectively, using the KNHANES V survey data from 2010 (the
only year for which fracture history was available). Regardless of co-
variates, there was no significant correlation between the two parame-
ters. Interestingly, in this multiple regression analysis, the ORs history
of fracture in the second and fourth quartiles of blood Hg consistently

showed a tendency to decrease compared to the first quartile (Table 4).

Table 2. Multiple linear regression analysis of T-scores for different bone mineral density, sites according to quartiles of blood mercury level

Model 1* Model 21
B SE(B) P-value B SE(B) P-value
Total hip 0.06 0.07 0.02 0.02 0.03 0.43
Femur neck 0.08 0.09 0.001 0.06 0.07 0.03
Lumbar spine -0.02 -0.01 0.65 -0.04 -0.04 0.31

SE, standard error.

*Model 1 was adjusted for age, body mass index, alcohol intake, cigarette smoking, and exercise. "Model 2 was further adjusted for intake of caloric energy and calcium, fish

consumption, and vitamin D level in addition to the corrections included in model 1.

Table 3. OR (95% Cl) for prevalence of osteopenia and osteoporosis according to quartiles of blood mercury level

Osteopenia/osteoporosis Model 1* Model 2

Total hip

a1 9 (22.52) 1 1

Q02 29 (12.03) 0.72 (0.42—-1.23) 0.76 (0.40-1.42)

Q3 24 (10.62) 0.57 (0.32-1.00) 0.55 (0.27-1.12)

Q4 3(5.56) 0.36 (0.18-0.71) 0.47 (0.21-0.98)
Femur neck

a1 144 (54.96) 1 1

02 86 (35.68) 0.60 (0.40-0.89) 0.63 (0.41-0.99)

Q3 96 (38.40) 0.80 (0.54-1.20) 0.79 (0.51-1.24)

04 69 (29.49) 0.54 (0.36-0.83) 0.57 (0.36-0.91)
Lumbar spine

a1 120 (46.88) 1 1

Q2 83 (36.24) 0.75 (0.51-1.11) 0.85 (0.55-1.31)

Q3 102 (41.80) 1.02 (0.69-1.50) 1.09 (0.70-1.68)

04 83 (35.78) 0.85 (0.57-1.26) 0.91(0.59-1.43)

Values are presented as number (%) or OR (95% Cl).
OR, odds ratio; Cl, confidence interval.

*Model 1 was adjusted for age, body mass index, alcohol intake, cigarette smoking, and exercise. "Model 2 was further adjusted for intake of caloric energy and calcium, fish

consumption, and vitamin D level in addition to the corrections included in model 1.

Table 4. Odds ratio (95% Cl) for history of fracture, according to blood Hg quartile (mcg/L)

Past history of fracture

Age-adjusted

Fish consumption-adjusted

Multivariable*-adjusted

Blood Hg quartiles

0.96 (0.40-2.27)
1.26 (0.55-2.86)

Q1 (<3.347) 2(12.5) 1
02 (3.347-5.337) 12 (12.90)
03 (5.337-8.014) 6(17.02)
Q4 (>8.014) 10 (10.64)

Values are presented as number (%) or OR (95% Cl).
OR, odds ratio; Cl, confidence interval; Hg, mercury.

*Adjustments for age, body mass index, alcohol intake, cigarette smoking, exercise, intake of caloric energy and calcium, fish consumption, and vitamin D level, and whole

body bone mineral density.
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0.73 (0.29-1.80)

]
0.99 (0.38-2.59)
1.28 (0.52-3.15)
0.68 (0.24-1.87)

1
0.81(0.27-2.42)
1.08 (0.39-3.01)
0.61(0.2-1.89)
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DISCUSSION

We investigated the association between blood Hg level and BMD in
Korean men, a population with an increasing prevalence of osteopo-
rosis and related fractures. Increased blood Hg levels were significantly
associated with increased total hip and femoral neck T-scores, as well
as decreased prevalence of osteopenia and osteoporosis at the same
skeletal sites. No associations were found between blood Hg level and
lumbar spine BMD. In addition, the fracture incidence seemed to de-
crease as blood Hg concentration increased, although this observation
was not statistically significant.

Studies on the effects of Hg exposure in bones relatively scarce, and
further research is necessary to clarify the mechanism. Methylmer-
cury, a well-known neurotoxicant, unexpectedly showed positive cor-
relation with BMD in previous cross-sectional studies. Cho et al.'? re-
ported a significantly decreased risk of osteoporosis among postmeno-
pausal women with higher Hg levels. Similarly, Pollack et al."® suggest-
ed a negative association between Hg and odds of decreased lumbar
spine BMD in healthy, premenopausal women. As boys are more sus-
ceptible to neurotoxic effects of methylmercury than girls because Hg
is easily transferred to the fetus of pregnant woman, we suspected a
possible gender difference in BMD changes in adults after Hg expo-
sure.'® Although the positive correlation between Hg concentration
and BMD was consistent for men and women, the BMD site of signifi-
cant correlation differed between sexes. While Hg influenced the lum-
bar spine of women in this study, Hg exposure significantly affected
the femur neck in men. This difference may be explained by the peri-
menopausal loss of bone mass most pronouncedly in the lumbar
spine of women compared to a small longitudinal bone loss in the hip
throughout life in men." Also, while both Hg level and hip BMD de-
creased with advancing age, spine BMD increased with aging, similar
to results of a previous study.'® This gender discrepancy might be
partly due to gender differences in serum Hg levels. Considering that
the femoral neck has a higher proportion of cortical bone than the
lumbar spine, cortical bone could be more affected by Hg level. How-
ever, this issue requires further investigation.

Blood Hg levels are used to detect relatively recent exposure to
methylmercury. A commonly used reference interval for blood Hg is
0.6-59.0 mcg/L, and blood Hg levels higher than 10 mcg/L generally
indicates an unusual level for someone who does not regularly work
with Hg. Methylmercury is distributed to other body tissue, like the
brain and kidneys, which lowers blood Hg levels.” In our study, Hg
concentration showed a normal distribution, with a mean value of
6.581 mcg/L; the Hg quartile ranges in this study were 0.683-3.564
mcg/L, 5.565-5.411 mcg/L, 5.417-8.002 mcg/L, and 8.003-42.753
mgc/L. Therefore, we must interpret our results within the normal
range of blood Hg concentrations, and emphasize that our findings do
not imply that the benefit increases with mercury exposure. Further
research on the ranges of Hg levels that result in beneficial and toxic
effects is required.

Yachiguchi et al.'¥ suggested that short-term Hg exposure may be
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involved in the protection of osteoblasts, based on the increased ex-
pression of metallothionein, a metal-binding protein of osteoblasts, in
marine teleost scales used as a model system of bone. However, Suzuki
et al."¥ evaluated the effects of Hg on bone metabolism in scale bone
cells and reported that Hg exposure affects calcium homeostasis, re-
sulting in osteoclast activation and inhibition with acute and longtime
exposure, respectively. It is also well known that estrogen deficiency
causes osteoporosis in postmenopausal women and contributes to the
development of osteoporosis in elderly men. Associated estrogen-de-
pendent cytokine changes inhibit bone resorption.” In an experimen-
tal study, Wang et al.*) reported that mercury chloride showed estro-
gen-like effects through binding and activation of the estrogen recep-
tor in rat uteri. In contrast, Davis et al.* reported that inhalation of Hg
vapor altered estrous cyclicity in female rats, indicating possible repro-
ductive toxicity. Therefore, further studies on the physiology of bone
mineralization and Hg are required to support our findings.

This study has several limitations. First, as with all cross-sectional
studies, it is difficult to determine the causal pathways of the observed
relationships between blood Hg concentration and BMD level. More-
over, with a half-life of three to five days, Hg is either excreted or accu-
mulated in solid organs; therefore, blood Hg levels only reflect recent
exposure and do not correlate with total body burden.? Because os-
teoporosis develops over a longer time period, blood Hg level is a lim-
ited biomarker for identifying associations.'” Recently, 2,3 dimercapto-
1-propanesulfonate, a chelator of Hg, has been recognized as a reliable
estimate of body burden by a number of investigators.” Further re-
search using this chelator may be helpful in the future. Third, sources
of inorganic Hg, typically inhalation of vaporized gas in industrial set-
tings and dental amalgams, were not considered in this study.” While
previous studies have reported fish consumption to be the primary
source of Hg in Korea, You et al.” reported that dietary Hg intake was
relatively weakly correlated with blood Hg concentrations. According
to Kim and Lee,*” no significant association between blood Hg and
dental amalgam treatment was observed in a study based on
KNHANES data. This implies that Hg may have an effect via patho-
physiological pathways other than those related to fish consumption.
Also, the numbers of participants who were classified as osteoporosis
for each BMD site were too small to assess the ORs for osteoporosis
separately from osteopenia. Thus, a larger study group is warranted in
the future. Finally, the association between blood mercury concentra-
tion and fracture risk may have been insignificant since we used data
of history of fracture. Further prospective population studies are nec-
essary to clarify whether high Hg levels are associated with both higher
mineral density and lower risk of fracture.

In conclusion, our analysis of nationwide survey data showed that
high blood Hg levels may be positively associated with increased total
hip and femur neck BMD, but do not offer significant protection
against fragility-associated fractures. Further experimental studies and
research on the mechanism of the preventive effects of blood Hg on

BMD are required.
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