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A Metallomic Approach to Assess 
Associations of Serum Metal Levels With 
Gallstones and Gallbladder Cancer
Mei-Hsuan Lee,1 Yu-Tang Gao,2 Yu-Han Huang,1 Emma E. McGee,3,4 Tram Lam,5 Bingsheng Wang,6 Ming-Chang Shen,7  
Asif Rashid,8 Ruth M. Pfeiffer,9 Ann W. Hsing,10 and Jill Koshiol3

BaCKgRoUND aND aIMS: Exposure to metals may 
promote the risk for cancers. We evaluated the associations 
of a broad spectrum of metals with gallbladder cancer (GBC) 
and gallstones.

appRoaCH aND ReSUltS: A total of 259 patients 
with GBC, 701 patients with gallstones, and 851 population-
based controls were enrolled in Shanghai, China. A metallome 
panel was used to simultaneously detect 18 metals in serum 
through inductively coupled plasma–mass spectrometry. Logistic 
regression models were used to estimate crude or adjusted 
odds ratios (ORadj) with 95% confidence intervals (CIs) for 
the association between metal levels and gallbladder disease. 
Among the 18 metals tested, 12 were significantly associated 
with GBC and six with gallstones (Pcorrected  <  0.002). Boron, 
lithium, molybdenum, and arsenic levels were associated with 
GBC compared to gallstones as well as with gallstones com-
pared to population-based controls. Elevated levels of cadmium, 
chromium, copper, molybdenum, and vanadium were positively 
associated with GBC versus gallstones; and the ORadj for the 
highest tertile (T3) compared to the lowest tertile (T1) ranged 
from 1.80 to 7.28, with evidence of dose–response trends 
(P  <  0.05). Arsenic, boron, iron, lithium, magnesium, selenium, 
and sulfur were inversely associated with GBC, with the T3 
versus T1 ORadj ranging from 0.20 to 0.69. Arsenic, boron, 
calcium, lithium, molybdenum, and phosphorus were negatively 

associated with gallstones, with the T3 versus T1 ORadj rang-
ing from 0.50 to 0.75 (P  <  0.05).

CoNClUSIoNS: Metals were associated with both GBC 
and gallstones, providing cross-sectional evidence of associa-
tion across the natural history of disease. Longitudinal studies 
are needed to evaluate the temporality of metal exposure and 
gallbladder diseases and to investigate the mechanisms of dis-
ease pathogenesis. (Hepatology 2019;0:1-12).

Gallbladder cancer (GBC) is the most common 
malignancy of the biliary tract.(1) Although 
relatively uncommon, it is the sixth most 

common gastrointestinal cancer. GBC is notoriously 
difficult to diagnose early. The prognosis is poor, and 
there are few treatment options. Worldwide, GBC has 
low incidence (less than 2 per 100,000), but there is 
striking geographic variation.(2) High incidence rates 
occur in South America, central and eastern Europe, 
and north India.(3) Even within defined geographic 
regions, there are notable ethnic differences in GBC 
incidence. The risk of GBC is highest among American 
Indians, Mexicans, and Latin Americans in the North 
America and Mapuche Indians in South America.  

Abbreviations: CI, conf idence interval; GBC, gallbladder cancer; ICP-MS, inductively coupled plasma–mass spectrometry; ORadj, adjusted odds 
ratio; T, tertile.
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The presence of gallstones is an important risk factor 
for GBC.(4) Globally, GBC rates correlate well with 
the prevalence of gallstones, which more commonly 
affect certain indigenous populations.(5,6) More than 
85% of patients with GBC are diagnosed with gall-
stones; however, fewer than 3% of patients with gall-
stones develop GBC,(1,7) suggesting that additional 
factors are needed to drive progression to GBC.

Environmental exposures are likely important.(8-10) 
Metals represent one environmental exposure of 
increasing interest.(11) Previous studies have typically 
evaluated one metal or a handful of metals. Metallomics, 
or the study of many metals simultaneously, is an 
emerging field, allowing a more comprehensive anal-
ysis of metals within a biological system. Metals are 
quintessential to maintain various biochemical and 
physiological functions in humans.(12) However, met-
als become noxious when they exceed certain concen-
trations. There are wide distributions of metals in the 
environment as well as in the diet,(13) highlighting the 
importance of their potential effects on human health. 
A few small studies have examined the relationships 
between metal levels and GBC.(14,15) However, these 
studies assessed few metals,(14,15) lacked sufficient sta-
tistical power to detect associations, and were unable 
to evaluate other potential risk factors.

In the current study, we used a metallome platform 
to comprehensively examine associations between 
metals and gallstones or GBC cross-sectionally in a 
large population-based, case–control study.

Methods
SHaNgHaI BIlIaRy tRaCt 
CaNCeR CaSe–CoNtRol StUDy

The Shanghai Biliary Tract Cancer Study has 
been described in detail.(16) Briefly, the study 
enrolled 368 patients with incident GBC who were 
identified through a rapid reporting system coor-
dinated by the Shanghai Cancer Institute with 
42 collaborative hospitals in 10 urban districts of 
Shanghai from June 1997 through May 2001, cover-
ing >95% of GBC cases in Shanghai. Concurrently, 
we enrolled a total of 774 patients with gallstones 
undergoing cholecystectomy or medical treatment at 
the same hospital as the index patients with GBC. 
In this population, nearly 90% of patients with 
gallstones had either cholesterol or mixed types of 
stones.(16) The 959 healthy subjects without a his-
tory of cancer were randomly selected from the 6.5 
million permanent residents of Shanghai as popula-
tion-based controls using the personal registry cards 
of all adults older than 18 years in urban Shanghai. 
The response rates of the controls were >83%. All of 
the study subjects were interviewed personally with 
a structured questionnaire by trained interviewers, 
and the blood samples were collected according 
to a standardized protocol. The Shanghai Cancer 
Institute and National Cancer Institute institutional 
review boards approved the study. All participants 
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provided written informed consent for collection of 
biospecimens and questionnaires.

In the current study, we included 259 patients with 
GBC, 701 patients with gallstones, and 851 population- 
based controls with adequate serum samples (at least 
120 μL) for metallome panel testing. In order to eval-
uate the associations of metal levels with gallstones, 
we compared patients with gallstones and popula-
tion-based controls. To evaluate the associations of 
metals with GBC in the context of gallstones, we 
compared patients with GBC to patients with gall-
stones because gallstones are a relevant risk factor for 
GBC.

MeaSUReMeNtS oF Metal 
leVelS

A metallome panel was used to allow simultane-
ous evaluation of metals previously associated with 
human health using inductively coupled plasma–
mass spectrometry (ICP-MS),(17) which measures 
the presence of metals at the atomic level. In total, 
we measured 18 detectable analytes, including arse-
nic, boron, cadmium, calcium, chromium, cobalt, 
copper, iron, lithium, magnesium, manganese, 
molybdenum, nickel, phosphorus, selenium, sulfur, 
vanadium, and zinc. This metallome panel has the 
capability to measure metal measurements to the 
part per trillion level. Because ICP-MS measures at 
the elemental level, the metal measurements are not 
affected by processing or freeze–thawing. Results 
were normalized to a certified reference standard 
to adjust for any batch effects. We also included 
30 replicate quality control samples for each group 
(GBC, gallstone control, population-based control) 
with good correlations.

StatIStICal aNalySIS
We compared the baseline characteristics for 

patients with GBC versus gallstones or gallstones 
versus population-based controls using t tests for 
differences in means for continuous variables and 
chi-squared tests for categorical variables. Serum 
levels of metals were categorized by tertiles (Ts) and 
compared for differences by the two groups (GBC 
versus gallstones and gallstones versus controls) 
by chi-squared tests with Bonferroni corrections.  
P values < 0.002 were considered significant. Metals 

that were statistically significantly associated with 
either gallstones or GBC were further examined 
by restricted cubic spline transformation to assess 
nonlinear relationships with GBC or gallstone risks. 
The reference value was set at the 25th percentile of 
the distribution for each metal. Logistic regression 
was used to obtain the crude or adjusted odds ratios 
(ORadj) with 95% confidence intervals (CIs) to inves-
tigate the magnitude of the associations between 
metal levels and GBC or gallstones, after adjust-
ment for age, sex, body mass index, cigarette smok-
ing, alcohol consumption, and levels of triglycerides 
and cholesterol. For these analyses, we categorized 
the metals based on tertiles of populations in each 
comparison (GBC versus gallstones and gallstones 
versus population-based controls). Finally, stepwise 
logistic regression models were used to consider 
the impact of all of the metals taken together after 
adjustment for other risk factors. In order to assess 
the dose–response relationships between metal lev-
els and disease risks, Cochran-Armitage tests for 
trend were performed. Sensitivity analyses were 
performed by restricting patients with GBC and 
evidence of gallstones when we compared them to 
patients with gallstones. The population-based con-
trols with history of gallstones or cholecystitis were 
excluded when compared to gallstones in sensitivity 
analyses. The metal exposures on the associations 
with GBC were stratified by age or gender. And the 
interactions of metals and age or sex were tested by 
adding interaction terms in the models. All statisti-
cal analyses were conducted using SAS, version 9.4 
(SAS Institute, Inc., Cary, NC) or R package.

Results
Patients with GBC were older, tended to be female, 

were less educated, and were more obese compared 
to patients with gallstones (P  <  0.05) (Table 1). On 
the other hand, compared to population-based con-
trols, patients with gallstones were younger, more 
likely to be female, more highly educated, less likely 
to smoke or drink alcohol, and more obese (P < 0.05). 
The 18 metals were weakly correlated with each other 
in population-based controls (Supporting Fig. S1). 
Among the 18 metals detected, 12 were significantly 
univariately associated with GBC compared to gall-
stones, whereas six were associated with gallstones 
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compared to population-based controls (χ2 P < 0.002) 
(Supporting Table S1). Four metals (arsenic, boron, 
lithium, and molybdenum) were associated with both 
GBC compared to gallstones and gallstones compared 
to population-based controls. Chromium, cadmium, 
vanadium, copper, and molybdenum levels were 
higher among patients with GBC compared to gall-
stones (P < 0.001) (Fig. 1). In contrast, arsenic, boron, 
lithium, sulfur, iron, magnesium, and selenium were 
lower among patients with GBC compared to gall-
stones (P < 0.001). Compared with population-based 
controls, patients with gallstones had lower mean lev-
els of arsenic, boron, lithium, calcium, molybdenum, 
and phosphorus, suggesting that these metals are neg-
atively associated with gallstones (P < 0.001).

Each metal was nonlinearly related to GBC (Fig. 2).  
Cadmium, chromium, molybdenum, and vanadium 
were positively associated with GBC, although they 

were detected at very low levels. Arsenic, lithium, 
magnesium, selenium, and sulfur were negatively 
associated with GBC; but the magnitude of associa-
tion went into a plateau as the metal levels increased. 
Arsenic, boron, calcium, lithium, molybdenum, and 
phosphorus showed inverse associations with gall-
stones (Supporting Fig. S2).

Based on these results, we further categorized 
the metals based on tertiles of patients with GBC 
and gallstones and evaluated their associations with 
GBC or gallstones after adjustment for potential 
confounders. As the serum levels of cadmium, chro-
mium, vanadium, copper, and molybdenum increased, 
the magnitude of the association with GBC versus 
gallstones increased (P trend  <  0.01) (Fig. 3). For 
example, the ORadj (95% CI) for cadmium was 1.56 
(1.02-2.35) for T2 and 3.26 (2.19-4.84) for T3 com-
pared to T1 as a reference group. Similarly, the ORadj 

taBle 1. Baseline Characteristics of the Study population

Baseline Characteristics
GBC Patients 

(n = 259)
Gallstone Patient 

Controls (n = 701)
Population-Based 
Controls (n = 851) P* P†

Age, mean ± SD 64.1 ± 8.8 58.9 ± 10.4 63.7 ± 8.3 <0.0001 <0.0001

Sex

Female 187 (72.2) 458 (65.3) 521 (61.2) 0.0443 0.0947

Male 72 (27.8) 243 (34.7) 330 (38.8)

Education

None 139 (53.9) 197 (28.1) 347 (40.8) <0.0001 <0.0001

Primary or junior middle 62 (24.0) 200 (28.5) 214 (25.2)

Senior middle 33 (12.8) 175 (25.0) 164 (19.3)

Community college or university 24 (9.3) 129 (18.4) 126 (14.8)

Body mass index

Underweight: <18.5 32 (12.4) 49 (7.0) 112 (13.2) 0.0164 <0.0001

Normal: 18.5-24.9 128 (49.4) 402 (57.4) 499 (58.6)

Overweight: 25.0-29.9 79 (30.5) 212 (30.2) 197 (23.2)

Obese ≥30.0 20 (7.7) 38 (5.4) 43 (5.1)

Cigarette smoking

Never 189 (73.5) 516 (73.6) 581 (68.3) 0.9831 0.0215

Yes 68 (26.5) 185 (26.4) 270 (31.7)

Alcohol drinking

Never 216 (83.7) 594 (84.7) 676 (79.4) 0.7004 0.0070

Yes 42 (16.3) 107 (15.3) 175 (20.6)

Triglyceride levels (mmol/L)

<1.7 144 (55.8) 463 (66.4) 631 (74.4) 0.0025 0.0006

≥1.7 114 (44.2) 234 (33.6) 217 (25.6)

Total cholesterol levels (mmol/L)

<6.2 224 (86.8) 663 (95.1) 771 (90.9) <0.0001 0.0015

≥6.2 34 (13.2) 34 (4.9) 77 (9.1)

*P values for GBC patients and gallstone controls by chi-squared test.
†P values for gallstone patients and population-based controls by chi-squared test.
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FIg. 1. Mean levels of metals among the study population.
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for chromium was 1.37 (0.92-2.05) for T2 and 2.03 
(1.38-2.98) for T3 compared to T1. In contrast, higher 
levels of arsenic, boron, lithium, sulfur, iron, magne-
sium, and selenium were associated with lower odds 
of GBC compared to gallstones. For example, arsenic 
levels were inversely associated with GBC, with ORadj 
of 0.38 (0.26-0.55) and 0.20 (0.13-0.29) for T2 and 
T3, respectively, versus T1 (P trend < 0.001). Arsenic, 
boron, calcium, lithium, molybdenum, and phospho-
rus were found to be negatively associated with gall-
stones (P trend < 0.05) (Fig. 4).

Finally, we evaluated all the metals together 
through stepwise logistic regression models 
(Table 2). Cadmium, vanadium, and copper were pos-
itively associated with GBC versus gallstones, with T2 
and T3 versus T1 ORadj of 1.59 (0.97-2.58) and 2.11 

(1.30-3.40) for cadmium, 1.75 (1.04-2.96) and 4.33 
(2.63-7.14) for vanadium, and 2.08 (1.24-3.48) and 
6.67 (3.94-11.26) for copper. In contrast, the ORadj 
for T2 and T3 were 0.37 (0.24-0.58) and 0.44 (0.27-
0.70) for sulfur, 0.41 (0.26-0.66) and 0.27 (0.16-0.46) 
for selenium, 0.59 (0.38-0.90) and 0.33 (0.20-0.53) 
for arsenic, and 0.48 (0.30-0.76) and 0.37 (0.23-
0.59) for iron. Boron, arsenic, and phosphorus were 
independently associated with gallstones. Compared 
to T1, the corresponding ORadj for T2 and T3 were 
0.65 (0.50-0.86) and 0.63 (0.48-0.83) for boron, 0.76 
(0.58-0.99) and 0.56 (0.42-0.73) for arsenic, and 0.68 
(0.52-0.90) and 0.56 (0.42-0.74) for phosphorus.

Among the 851 population-based healthy con-
trols, 146 (17%) had gallstone history and 77 (9%) 
had cholecystitis history. In sensitivity analyses, the 

FIg. 2. ORs of GBC by metal levels. Bar histograms represent the frequency distribution of each metal in the study sample, including 
patients with GBC and gallstones. Tick marks at the bottom of the histogram in each figure represent the metal levels of patients with 
GBC.
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metals (arsenic, boron, calcium, lithium, molybdenum, 
and phosphorus) were still significantly associated 
with gallstones when the healthy controls with his-
tory of either gallstones or cholecystitis were excluded 
(P  <  0.05). On the other hand, among patients with 
GBC, 189 (73%) and 101 (39%) had history of gall-
stones or cholecystitis, respectively. All of the metals 
remained consistently associated when we compared 
patients with GBC versus those with gallstones if we 
restricted our comparison to all of the patients who 
had history of gallstones. We also compared patients 
with GBC to patients with gallstones and popula-
tion-based controls (n = 1,552), and the results were 
consistent. The significant metals associated with 

gallstones or GBC remained the same if we strati-
fied the analyses by gender. There were no significant 
interactions of metals and gender on the associations 
with GBC or gallstones (P  >  0.05), suggesting that 
the relationships of metals with GBC or gallstones 
did not differ by gender. Age was stratified by the 
median age of patients with GBC (66 years) to eval-
uate metals on the associations of GBC. All of the 
results were similar except lithium and molybdenum. 
Interestingly, the associations between lithium and 
GBC were found only among patients younger than 
66 years of age (P for interaction = 0.0256), whereas 
the associations between molybdenum and GBC were 
only found among those older than 66 years. Subjects 

FIg. 3. Adjusted ORs associated with GBC by metal levels.
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older than 66  years and with a high (T3) molybde-
num level had a 2.89-fold (1.76-4.77) likelihood of 
GBC compared to subjects with a low level of molyb-
denum (T1). Age and molybdenum showed statisti-
cal interactions on the associations with GBC (P for 
interaction = 0.0353).

Discussion
This is a large population-based study evaluating 

the relationship between levels of multiple serum 
metals with respect to risk of gallstones and GBC. We 
found there were several metals associated with either 
gallstones or GBC. Among them, arsenic, boron, lith-
ium, and molybdenum were significantly associated 
with both gallbladder diseases. These metals provide 
insights for futures studies on gallbladder carcinogen-
esis and preventive strategies.

The inclusion of both the GBC and gallstone 
groups offered the unique opportunity to assess 
whether metals are associated across the natural his-
tory of disease because gallstones are the major risk 
factor for GBC. Identification of additional risk fac-
tors for gallstones is useful for both gallstone and 
GBC prevention. In addition, because not all patients 
with gallstones progress to GBC, discovering risk 
factors for GBC among patients with gallstones may 

provide insights into the pathogenesis of GBC as well 
as identify high-risk patients to prioritize for inter-
vention (e.g., cholecystectomy).(18)

Some of the studied metals have been associated 
with human physiological functions or the occurrence 
of diseases by epidemiological studies(19-21) or in vitro 
studies.(22,23) Consistent with our findings, small case–
control studies showed that patients with GBC had 
higher copper, cadmium, and chromium levels com-
pared to patients with gallstones.(14,15) Interestingly, 
one study found that the metal levels that were ele-
vated or decreased in serum samples from patients 
with GBC compared to patients with gallstones were 
similarly elevated or decreased in bile and gallbladder 
tissue samples,(15) suggesting that serum metal lev-
els reflect exposure to metals in the gallbladder itself. 
Metals may be released from the gallbladder into the 
bloodstream, suggesting that measuring metal levels 
in serum can provide etiological insights into gall-
stone and GBC pathogenesis.

We found that magnesium was inversely associ-
ated with GBC but not with gallstones. A prospec-
tive study found that men in the highest quintile of 
dietary magnesium consumption had a 28% decreased 
risk for symptomatic gallstone disease compared to 
those in the lowest quintile(21); however, no effect of 
decreased magnesium on the risk of gallstones with-
out symptoms was found, suggesting that magnesium 

FIg. 4. Adjusted ORs associated with gallstones by metal levels.
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intake might be associated with most advanced stages 
of gallstone disease. Therefore, inverse associations 
with GBC were found in our study. The potential 
biological mechanism may result from the fact that 
higher magnesium intake has been associated with 
improved insulin sensitivity and lower risk of diabetes 

in middle-aged adults.(19) Given that metabolic syn-
drome has been significantly associated with GBC 
with a dose relationship as the number of metabolic 
syndrome components increases,(24) the inverse asso-
ciation between magnesium and GBC in our study 
could reflect the impact of magnesium on diabetes, a 
component of metabolic syndrome.

Arsenic, which causes oxidative DNA dam-
age and genomic instability, has been classified as 
a human carcinogen by the International Agency 
for Research on Cancer.(25) In our study, however, 
we observed an inverse association between arsenic 
and both gallstones and GBC. There are two major 
groups of arsenic compounds: inorganic and organic. 
Human exposure and toxicological assessments have 
focused on the inorganic form through studies of 
occupational workers who inhaled air contami-
nated by arsenic or other agents(26) or studies in 
locations where people ingested arsenic in drinking 
water over prolonged periods of time.(27) Although 
organic arsenic has generally been considered to be 
nontoxic, to date there have been no epidemiologi-
cal studies of the cancer risks associated with arsenic 
exposure from seafood intake.(28) Marine-derived 
food, including finfish, shellfish, and seaweed, is 
the primary contributor to organic arsenic exposure 
in human populations.(29) Seafood is a normal part 
of the Shanghainese diet. It is possible that study 
subjects made dietary changes prior to sample col-
lection due to symptoms from their gallbladder dis-
ease. Unfortunately, ICP-MS can only detect total 
arsenic and cannot distinguish organic from inor-
ganic arsenic. However, it is possible that patients 
with gallstones or GBC may have decreased their 
seafood intake and therefore their organic arsenic 
exposure, which may have resulted in lower arsenic 
levels compared to population controls. Although 
we found that preserved or salted food increased 
the risk of GBC,(30) we lacked a detailed dietary 
questionnaire, including the amount, frequency, and 
types of seafood intake, which makes the inverse 
associations of arsenic and gallbladder diseases dif-
ficult to interpret. It needs further investigation.

Alternatively, it is possible that arsenic may have a 
protective effect. A study conducted in Chile found a 
70% reduction of breast cancer mortality after high 
exposure to inorganic arsenic in drinking water.(23) 
The investigators found that arsenic may impair cancer 
cell viability by inducing apoptotic effects.(23) Arsenic 

taBle 2. Multivariate analysis of Metals on the Risk of gBC 
and gallbladder Stones

Metals

GBC Gallbladder stones

Adjusted OR 
(95% CI)* P

Adjusted OR 
(95% CI)* P

Arsenic

T1 1.00 (referent) 1.00 (referent)

T2 0.59 (0.38-0.90) 0.0154 0.76 (0.58-0.99) 0.0410

T3 0.33 (0.20-0.53) <0.0001 0.56 (0.42-0.73) <0.0001

Boron

T1 1.00 (referent)

T2 0.65 (0.50-0.86) 0.0020

T3 0.63 (0.48-0.83) 0.0009

Cadmium

T1 1.00 (referent)

T2 1.59 (0.97-2.58) 0.0635

T3 2.11 (1.30-3.40) 0.0024

Copper

T1 1.00 (referent)

T2 2.08 (1.24-3.48) 0.0052

T3 6.67 (3.94-11.26) <0.0001

Iron

T1 1.00 (referent)

T2 0.48 (0.30-0.76) 0.0019

T3 0.37 (0.23-0.59) <0.0001

Phosphorous

T1 1.00 (referent)

T2 0.68 (0.52-0.90) 0.0067

T3 0.56 (0.42-0.74) <0.0001

Selenium

T1 1.00 (referent)

T2 0.41 (0.26-0.66) 0.0002

T3 0.27 (0.16-0.46) <0.0001

Sulfur

T1 1.00 (referent)

T2 0.37 (0.24-0.58) <0.0001

T3 0.44 (0.27-0.70) 0.0006

Vanadium

T1 1.00 (referent)

T2 1.75 (1.04-2.96) 0.0362

T3 4.33 (2.63-7.14) <0.0001

*Adjusted for age, gender, body mass index, and triglyceride levels.
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trioxide is currently used to treat acute promyelocytic 
leukemia. However, the temporality between arsenic 
exposures and gallbladder diseases in this case–control 
study was uncertain. In the future, more basic studies 
to elucidate the effect of arsenic on gallbladder dis-
ease pathogenesis need to be conducted. Moreover, 
urine samples may be helpful to measure metabolites 
of inorganic arsenic compounds, including methyl and 
phenyl derivatives of arsenic, such as monomethylar-
sonic acid (MMA) and dimethyl arsenic acid (DMA). 
Approximately 70% of inorganic arsenic is secreted 
in urine, of which 50% appears as DMA and 25% 
as MMA.(31) We had stored urine samples of these 
subjects, and they may provide insights to further 
understand the associations between arsenic levels and 
gallbladder diseases in future studies.

In our study, we found that boron levels were neg-
atively associated with gallstones and GBC. There is 
accumulating evidence that boron may have benefi-
cial effects on human health.(32) Boron is abundant 
in vegetables, fruits, and nuts; and it has roles in 
lipid metabolism, healthy bone development, and cell 
membrane maintenance. Boron is absorbed from the 
gastrointestinal tract completely and is present in the 
body as boric acid, which was been found to decrease 
body weight, visceral fat, insulin, and interleukin-7 
levels.(22) Given that both gallstones and GBC are 
associated with obesity(33-35) as well as inflammation, 
there is biologic plausibility of boron’s role as a pro-
tective factor.

Molybdenum, which is abundant in rice and soy-
bean products, is an essential trace element in human 
nutrition. Interestingly, the molybdenum levels 
among our study population were within the sug-
gested range of 0.1-4.73 ppb.(36) Molybdenum has 
been shown to be correlated positively with female 
mortality from pancreatic cancer.(20) Xanthine oxi-
dase is a molybdenum-containing metalloenzyme, 
which is thought to catalyze the action of various 
carcinogens and mutagens into DNA adducts that 
induce mutation of microorganisms.(37) However, 
there are scant studies investigating the biologi-
cal mechanisms of molybdenum on GBC, and the 
roles of xanthine oxidase in gallbladder pathogene-
sis still need further studies. In our study, increased 
molybdenum levels were inversely associated with 
gallstones but positively associated with GBC, 
potentially suggesting that limited levels of molyb-
denum may have a beneficial impact on gallstone 

formation but may increase the risk of GBC in the 
context of gallstones. Interestingly, the positive asso-
ciation of molybdenum levels on GBC was confined 
to patients older than 66  years, suggesting that the 
elements needed in the human body may be differ-
ent among various age groups. Additional research 
is needed to investigate the potential mechanisms to 
establish safe levels.

Lithium has been used as a drug for treatment of 
mood disorders. It could alter the biochemical prop-
erties of a variety of transcription factors and play 
important roles in cancer development. Lithium was 
found to be a specific noncompetitive inhibitor for 
glycogen synthase kinase-3β as well as an inhibitor of 
the nuclear factor kappa B pathway.(38) It was sug-
gested that lithium has potential to inhibit cell cycle 
progression and proliferation. A population-based 
study found that lithium use was associated with sig-
nificantly reduced cancer risk among patients with 
bipolar disorders.(39) Although the study did not eval-
uate the effects of lithium on specific cancer sites, a 
dose–response relationship was found for overall can-
cer risk.

Generally, women have a higher incidence of GBC 
than men.(40) Previously, we found increased risks of 
GBC associated with higher parity, younger age at first 
birth, and late age at menarche, particularly among 
women with gallstones.(41) These reproductive risk 
factors suggested the need for further study into hor-
monal and inflammatory mechanisms underpinning 
the development of GBC. It will be interesting to 
examine serum hormonal levels on the risk of GBC. 
In this study, we additionally evaluated whether gender 
modifies the associations between metal levels on gall-
bladder diseases. However, we did not find differences 
of the metals on the risk of gallstones or GBC by men 
or women.

The major limitation of this study is the uncer-
tainty of whether the observed metal levels reflect 
exposure prior to the occurrence of gallbladder 
disease or whether the levels were affected by the 
presence of gallbladder disease. It is possible that 
gallstones or gallbladder tumors may lead to an 
imbalance in metal levels in the body. Metal levels 
may be affected by changes in dietary patterns or 
other behaviors due to symptoms from the disease. 
Case–control studies can be affected by reverse cau-
sality and cannot establish temporality. Thus, the 
associations between metal levels and gallbladder 
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diseases should be interpreted cautiously. However, 
in our study, we found that four common metals 
were associated with both gallstones and GBC, 
which provides some cross-sectional evidence of 
temporality given that gallstones precede GBC. 
Cumulatively, our findings suggest that these met-
als might warrant further investigation. In addition, 
humans are exposed to metals through several dif-
ferent routes and locations (e.g., industrial, domestic 
agriculture, medical, and technological applications), 
which we were unable to thoroughly explore in the 
present study. Our study only measured one time 
point of metals, which may only reflect a short 
period of exposure. Therefore, long-term serial mea-
surements of metals may be helpful to delineate 
their associations with the progression of gallstone 
diseases.

In conclusion, in this large, population-based, case–
control study, we found several metals to be signifi-
cantly associated with gallstones or GBC. This study 
demonstrates the value of metallomics as an approach 
to further explore the role of metals, which have an 
extensive and essential role in the pathophysiology 
and pathogenesis of gallbladder diseases. In order to 
clarify the potential causal role of these metals on 
gallbladder disease occurrence, longitudinal studies 
are warranted.
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