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Abstract

Helicobacter pylori (H. pylori) infection can interfere with the absorption of most elements, and the variations of some element
levels are related to the incidence of gastric cancer. However, there have been conflicting results concerning the influence of
H. pylori infection on serum element levels. The present study aimed to compare the serum element concentrations of H. pylori-
infected local residents with uninfected residents from Lujiang County with high gastric cancer risk in Eastern China. We used
data and serum samples from the H. pylori screening-survey program which was a cross-sectional study. We took 155 samples
randomly from the screening survey, identified 74 H. pylori-positive residents and 81 H. pylori-negative residents by a serolog-
ical test. The serum concentrations of 15 elements (calcium, magnesium, iron, zinc, selenium, copper, molybdenum, chromium,
cobalt, nickel, lead, cadmium, mercury, arsenic, and aluminum) were determined using inductively coupled plasma mass
spectrometry. Serum cobalt was found at higher levels in the H. pylori-infected residents than the H. pylori-uninfected residents
(0.246 vs 0.205 pg/L, P=0.022), but no statistically significant differences in the serum levels of other elements were found.
This is the first study to report the serum concentrations of 15 elements and their relationships with the infection status of
H. pylori among local residents from Lujiang County with high gastric cancer risk. Although the International Agency for
Research on Cancer has classified cobalt and other soluble cobalt salts as possibly carcinogenic to human beings, our results
may provide a clue to the relationships between cobalt, H. pylori, and gastric cancer.
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Introduction

Globally, the incidence and mortality of gastric cancer has
been observed to have an overall decreasing trend over the
past decades; however, the health burden of gastric cancer is
still high in Eastern Asia (particularly in China, Korea,
Mongolia, and Japan), Central and Eastern Europe, and
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South America [1]. Of note, in China, the incidence rate of
gastric cancer was 52.3 per 100,000 as well as the mortality
was 31.3 per 100,000 according to the data from a large cohort
study during 2008-2013 [2]. There is an obvious clustering of
the geographical distribution of gastric cancer in China, with
the highest mortality being mostly located in rural areas, espe-
cially in Gansu, Henan, Hebei, Shanxi, and Anhui Provinces
[3, 4]. Lujiang County is located in Anhui Province in Eastern
China. In this county, the incidence of gastric cancer adjusted
by the Chinese standard population was 68.32 per 100,000
during 20102012 according to the data from the local Center
for Disease Control and Prevention [5]. In fact, Lujiang County
has been known as a county with high gastric cancer risk in
which the average annual mortality of gastric cancer has always
been above 65.00 per 100,000 since the 1990s [4].

Such high incidence rates may be explained by the fact that
this county has a number of gastric cancer risk factors which
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have been known for a long time. These risks include being a
rural region with low economic income, having traditional
eating habits of salty foods, and using too much pesticide
and fertilizer (as a major agricultural county) which has prob-
ably led to contaminated drinking water. On the other hand, it
is well known that chronic infection with Helicobacter pylori
(H. pylori) is the strongest identified risk factor for gastric
cancer, with about 90% of new cases of non-cardia gastric
cancer worldwide attributed to this bacteria [6]. H. pylori
screening and treatment is a recommended gastric cancer risk
reduction strategy in high-risk populations. However, at the
Lujiang site, the status of H. pylori infection in 40- to 69-year-
old local residents was unclear until we carried out screening
work for this infection.

H. pylori have the unique ability to persist in the human
stomach, causing nutritional insufficiencies in the host by com-
peting for the acquisition of essential nutrients. Furthermore,
the chronic inflammatory response of the gastric mucosa to
H. pylori infection can interfere with the absorption of most
micronutrients [7], by reducing the secretion of hydrochloric
acid and enzymes. In the case of essential minerals, this can
prevent them from becoming soluble and affect their absorp-
tion, although the absorption process does not take place in the
stomach. The variations in some mineral levels are related to
the incidence of gastric cancer. For example, some studies
showed an inverse relationship between baseline serum seleni-
um concentrations and the risk of mortality from gastric cardia
cancer [8, 9]. In addition, there has been evidence that sug-
gested iron deficiency could increase oxidative stress and
DNA damage, which might increase the risk of carcinogenesis
especially in the gastrointestinal tract [10]. A deficiency of mo-
lybdenum may also be one of the risk factors in gastric cancer
[11]. However, there have been conflicting results on the influ-
ence of H. pylori infection on serum element levels. Some
studies observed that there was no obvious difference in serum
element levels between the individuals infected with H. pylori
and those uninfected, for example, zinc [12], magnesium [13],
and selenium [12]. In contrast, some studies have shown that
there were differences in the serum concentrations of elements
between individuals infected with H. pylori and those uninfect-
ed, such as copper [14], zinc [15, 16], and magnesium [15].

With regard to toxic metals, some have been classified as
certain or probable carcinogens by the International Agency for
Research on Cancer (IARC), for example, lead, cadmium, mer-
cury, and arsenic. Furthermore, numerous investigations have
revealed an association between the exposure to these toxic
metals and the incidence and mortality of gastric cancer [17].
Our previous work conducted in Anhui Province also showed
statistically significant correlations of topsoil lead concentra-
tion with the incidence of human gastric cancer, and mercury in
grain has been correlated with human liver cancer [18].

Based on the aforementioned information, the objective of
this cross-sectional study was to characterize exposure to 15
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elements (calcium, Ca; magnesium, Mg; iron, Fe; zinc, Zn;
selenium, Se; copper, Cu; molybdenum, Mo; chromium, Cr;
cobalt, Co; nickel, Ni; lead, Pb; cadmium, Cd; mercury, Hg;
arsenic, As; aluminum, Al) in the blood serum samples (N =
155) from our H. pylori screening work in Lujiang County,
assess the infection status of H. pylori among these local res-
idents, and examine the associations between element concen-
trations in the serum and the H. pylori infection status.

Materials and Methods
Participates and Samples

From July 2015 to December 2016, a total of 1196 40- to 69-
year-old local residents in Lujiang County in China were re-
cruited to the H. pylori screening-survey program. The screen-
ing survey included a questionnaire interview and blood col-
lection. In this study, serum concentrations of 15 elements
were detected in local residents (N = 155) using random sam-
pling from the screening survey. Information on socio-demo-
graphics, alcohol and tobacco use, and source of drinking
water was obtained by a structured questionnaire administered
by trained interviewers and undertaken face-to-face.
Approximately 5 mL of venous blood was collected into an
element-free vacuum blood tube without anticoagulation.
After centrifugation, serum samples were prepared and pre-
served at a temperature of — 20 °C prior to analyses.

The exclusion criteria included any one of the following:
individuals who were not local residents (settlement in local
for less than 5 years), were aged less than 40 years or more
than 69 years, had taken mineral supplements during the pre-
vious 3 months, were diagnosed with chronic wasting diseases
(e.g., hepatic diseases, kidney diseases, diabetes mellitus, and
cancers), or were pregnant.

The study received ethical approval from the Ethics
Institutional Review Board from the Anhui Medical
University. Written informed consents were obtained from all
participants before taking part in the study.

Measurement of H. pylori Infection

The measurement of H. pylori infection was by a serological
test to qualitative determine the IgG antibody of H. pylori. This
test is an indirect solid-phase immunochromatographic assay.
For all participants recruited in our H. pylori screening-survey
program, one drop of serum was sent to Dian Diagnostics Ltd.
(Hefei, China) where the serological test was performed.

Detection of the Concentrations of 15 Elements

Serum concentrations of 15 elements were analyzed using in-
ductively coupled plasma mass spectrometry (ICP-MS; Perkin
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Elmer NexION 350X, USA). The details of this method were
described in previous work by one of the authors, Liang [19].

Statistical Analyses

Statistical analysis was performed using SPSS version 10
(SPSS Inc., Chicago, USA). The chi-square test was used for
categorical variables. The Mann-Whitney U test was used to
assess the difference in element levels between H. pylori-in-
fected residents and uninfected residents. Spearman’s correla-
tion was performed for correlation analysis among the element
concentrations. A P value of 0.05 or lower was considered
significant.

Results
H. pylori Seropositivity of 155 Local Residents

According to the results of the serological test, there were 74
local residents infected with H. pylori, which was indicated by
positive result of the IgG antibody to H. pylori. The remaining
participants (N = 81) were never infected with H. pylori which
was indicated by negative result for the IgG antibody.

There was no significant difference observed between the
H. pylori-infected group and the uninfected group regarding
any of the characteristics measured (Table 1). However, the
H. pylori seropositivity reached 51.4% in the 60—69-year-age
group, higher among females (52.6%) than males (42.9%),
and higher among overweight individuals (58.3%) and those
with obesity (55.0%) than those with normal weight (40.2%).
As other researchers have reported, the H. pylori seropositiv-
ity was lower in those who had the highest incomes (40.4%)
and education levels (41.5%). In this county, nearly half
(48.4%) of the participants still drank water from the local
well, and of whom 40.0% were H. pylori-infected, which
was lower than those drinking tap water (55.0%).

Element Concentrations in Serum

Fifteen element concentrations in serum are shown in Tables 2
and 3. In the H. pylori-uninfected group, the concentrations of
nickel and copper were normally distributed. In the H. pylori-
infected group, the concentrations of copper, zinc, and magne-
sium were normally distributed. Other element concentrations
in serum were not normally distributed and showed wide scatter,
and the medians are listed.

Although there were differences of element concentrations
in serum between the H. pylori-infected group and the unin-
fected group (Fig. 1), only the difference in concentration of
cobalt achieved statistical significance (P = 0.022). The medi-
an of cobalt concentration was higher in the infected group
compared with the uninfected group (0.246 vs 0.205 pg/L).

To explore associations among the multiple element con-
centrations between the H. pylori-uninfected group and infect-
ed group, Spearman’s correlations were calculated in Tables 4
and 5 for most element concentrations in this study were not in
normal distribution. In Tables 4 and 5, the symbol of element
represented the variables “element concentrations in serum”
for expressing succinctly. For example, the iron concentration
in serum was expressed by “Fe”. In Table 4, there were pos-
itive relationships in the uninfected group between Fe and Pb
(rs=0.428, P<0.01), Cd and Al (r;=0.300, P < 0.01), Se and
Cu (r¢=0.298, P<0.01), and Co and Ca (r,=0.230,
P <0.05), as well as a negative relationship between Mg and
Hg (rs=—0.307, P<0.05), Seand Al (r;=—10.297, P<0.01),
Se and Mo (ry=—0.255, P<0.05), and Mg and Pb (ry=—
0.239, P<0.05); however, these correlations in the infected
group in Table 5 showed no significant difference.

On the other hand, in Table 5, positive relationships ap-
peared in the H. pylori-infected group between Cr and Al (-
s=0413, P<0.01), Hg and Zn (r,=0.391, P<0.01), Ni and
Se (r,=0.337, P<0.01), Hg and Ca (r,=0.295, P < 0.05), Hg
and Ni (r,=0.279, P<0.05), Ca and Cr (r,=0.252, P < 0.05),
Ca and Pb (r,=0.252, P<0.05), Cu and Pb (r,=10.240,
P<0.05), and Al and Ni (r,=0.234, P<0.05). While in the
uninfected group in Table 4, these correlations showed no
significant difference or even negative relationships.

Discussion

Lujiang is a county of Anhui Province in Eastern China which
has had extremely high incidence and mortality rates of gastric
cancer for a long time. Although several attempts have been
made to explain what causes such a high incidence of gastric
cancer in Lujiang [20, 21], there had been no general survey of
the Helicobacter pylori (H. pylori) infection status in local
residents until our team began the screening work in 2015.
There had also not been any investigation of the influence of
H. pylori infection on serum levels of elements. To the best of
our knowledge, this is the first study to report the serum con-
centrations of 15 elements and their relationships with the
infection status of H. pylori among local residents from
Luyjiang County.

With regard to the essential elements, other than cobalt
(Co), there were no statistical differences in serum concentra-
tions between the H. pylori-infected local residents and those
uninfected with H. pylori in the current study. However, we
will focus on three essential minerals associated with gastric
cancer. The first is selenium (Se) which functions through
selenoproteins. Several of the selenoproteins are oxidant-
defense enzymes, such as the selenium-dependent glutathione
peroxidase which defends the body against oxidative stress.
Many studies have indicated that high selenium exposure had
a protective effect on cancer risk [22]. A general population
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Table 1 Overview of key
characteristic measures of local Characteristic Total ¥ H. pylori H. pylori g P value
residents sampled from the uninfected % (N) infected % (V)
H. pylori screening-survey pro-
gram in Lujiang County Age (years old) 0.272 0.873
4049 55 52.7 (29) 47.3 (26)
50-59 63 54.0 (34) 46.0 (29)
60-69 37 48.6 (18) 51.4 (19)
Sex 1.463 0.226
Male 77 57.1 (44) 42.9 (33)
Female 78 474 (37) 52.6 (41)
BMI(kg/m?) 4.548 0.103
18.5-23.9 87 59.8 (52) 40.2 (35)
24.0-27.9 48 41.7 (20) 58.3 (28)
>28 20 45.0 (9) 55.0 (11)
Income 2.847 0.241
Low 35 54.3 (19) 45.7 (16)
Medium 63 44.4 (28) 55.6 (35)
High 57 59.6 (34) 40.4 (23)
Education level 1.451 0.484
Less than elementary 61 50.8 (31) 49.2 (30)
Elementary school 41 46.3 (19) 53.7 (22)
Middle school and 53 58.5(31) 41.5 (22)
above
Current farmer 1.029 0.310
No 73 48.0 (35) 52.0 (38)
Yes 82 56.1 (46) 43.9 (36)
Current drinker 0.368 0.544
No 96 54.2 (52) 45.8 (44)
Yes 59 49.2 (29) 50.8 (30)
Current smoker 0.302 0.583
No 112 50.9 (57) 49.1 (55)
Yes 43 55.8 (24) 44.2 (19)
Source of drinking water 3.491 0.062
Well water 75 60.0 (45) 40.0 (30)
Tap water 80 45.0 (36) 55.0 (44)

nutrition intervention trial conducted in Linxian County sug-
gested that the participants who received supplementation
with vitamins and minerals (including selenium) had lower
overall mortality and gastric cancer mortality than individuals
who did not receive the supplements [23]. Linxian County is
also a rural area with high gastric cancer risk, which is located
in Henan Province in Central China. In our study, the mean Se
concentration of the total 155 participants was high when
compared with that found in the Linxian population [9]
(96.475 pg/L compared with 73 pg/L, respectively). In gen-
eral, Se deficiency is considered to occur when the serum Se
concentration is below 70 pg/L [24]. On the basis of this
criterion, only 4.5% of our participants (7/155) were consid-
ered to be selenium deficient, which means that in the present
study, most individuals had no selenium deficiency. The sec-
ond essential mineral important to consider is iron (Fe), which
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is an indispensable trace element critical for motor and cogni-
tive development. However, the ability of Fe to cycle between
the oxidized and reduced forms also renders it capable of
contributing to free radical formation. Therefore, Fe can con-
tribute to both tumor initiation and tumor growth [25]. One
result available from a large cohort of more than 300,000
adults in Taiwan suggested that the relationship between se-
rum Fe and cancer risk was a J-shaped one, with higher cancer
risk at both ends, either lower than 600 pg/L or higher than
1200 pg/L [26]. In our research, there were 7.1% of the par-
ticipants (11/155) whose serum Fe levels were lower than
600 ug/L, as well as 52.9% (82/155) higher than 1200 pg/L.
If the above thresholds were reliable, it means nearly two-
thirds of the participants have a higher carcinogenesis risk.
The third essential element of particular interest is molybde-
num (Mo) which is also an element that enters the body
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Table 2  The serum concentrations of 15 elements in H. pylori-uninfected local residents in Lujiang County (N =81)

Mean SD Minimum 25th quartile Median 75th quartile Maximum P value
Ca (mg/L) 90.142 4324 68.243 87.968 89.720 92.536 101.454 0.000*
Mg (mg/L) 19.590 1.537 16.868 18.741 19.505 20.430 25.462 0.019*
Fe (ug/L) 1257.033 621.216 338.433 875.454 1202.565 1405.482 4080.691 0.000*
Zn (ug/L) 712.062 125.866 302.183 629.544 689.264 779.757 1133.081 0.004*
Se (ug/L) 95.991 12.161 38.109 89.774 95.019 105.225 122.980 0.000*
Cu (ng/L) 980.928 210.925 337.724 869.477 960.006 1108.908 1588.851 0.144
Mo (ug/L) 1.843 1.199 0.643 1.152 1.651 2.099 8.658 0.000*
Cr (ug/L) 3.473 2.076 0913 2.148 3.062 4.093 12.643 0.000*
Co (ug/L) 0.311 0.340 0.085 0.151 0.205 0.275 1.992 0.000*
Ni (ug/L) 1.840 0.726 0.515 1.232 1.856 2.391 3.969 0.175
Pb (ng/L) 1.476 1.792 0.043 0.482 0.870 1.805 9.840 0.000*
Cd (ug/L) 0.072 0.034 0.007 0.050 0.066 0.085 0.167 0.000*
Hg (ug/L) 0.361 0.214 0.091 0.248 0.313 0.429 1.640 0.000%*
As (ng/L) 4.543 3.369 0.373 1.597 4.024 6.912 14.788 0.000%*
Al (ng/L) 89.861 33.447 43.621 65.311 79.503 101.748 197.640 0.000*

*P value < 0.05, P value determined by Shapiro-Wilk test for normality

primarily from dietary sources. In humans, Mo is a cofactor
for three enzyme classes—sulfite oxidase, aldehyde dehydro-
genase, and xanthine oxidase [27]. It has been suggested for
some time that deficiency of molybdenum may be one of the
risk factors in gastric cancer. Luo et al. [28] observed in rats
that the addition of Mo to drinking water significantly
inhibited N-nitrososarcosine ethyl ester-induced forestomach
carcinogenesis. Another study performed in humans showed
that serum molybdenum levels of patients with gastric cancer
were lower than those of healthy controls [11]. In the current
study, the serum Mo concentrations tended to be lower in

H. pylori-infected participants than those uninfected (1.514
vs 1.651 pg/L). But the difference did not achieve statistical
significance (P > 0.05). However, the available epidemiolog-
ical data are scant, and the appropriate amount of molybde-
num in human serum is unknown.

With regard to potentially toxic elements, in the current
study, there were also no statistical differences in serum con-
centrations between the H. pylori-infected participants and
those uninfected. Compared to the presentations in the previ-
ous reports [29, 30], our results were lower. Meanwhile, con-
tinuous biomonitoring studies about these potentially toxic

Table 3  The serum concentrations of 15 elements in H. pylori-infected local residents in Lujiang County (N =74)
Mean SD Minimum 25th quartile Median 75th quartile Maximum P value

Ca (mg/L) 89.771 5.131 64.903 86.479 90.385 92.896 99.053 0.000*
Mg (mg/L) 19.848 1.360 16.304 18.943 19.822 20.756 23.492 0.993
Fe (ug/L) 1336.472 596.841 411.928 989.632 1254.205 1520.477 3370.968 0.000*
Zn (ug/L) 722.753 114.554 438.696 647.129 702.607 789.268 1047.557 0.104
Se (ug/L) 97.004 13.594 77.306 86.941 95.742 101.718 138.428 0.000*
Cu (ng/L) 941.907 169.525 516.163 831.346 933.183 1051.763 1408.958 0.996
Mo (ug/L) 1.632 0.823 0.584 1.125 1.514 1.868 5.749 0.000*
Cr (ug/L) 3.456 1.912 0.663 2.308 3.161 4.136 13.894 0.000*
Co (ug/L) 0.303 0.179 0.094 0.186 0.246 0.351 1.059 0.000*
Ni (ug/L) 1.842 0.831 0.381 1.283 1.783 2.398 4318 0.020*
Pb (ug/L) 1.576 1.539 0.005 0.573 1.152 2.063 8.254 0.000*
Cd (ug/L) 0.075 0.037 0.015 0.054 0.065 0.086 0.244 0.000*
Hg (ug/L) 0.398 0.382 0.065 0.242 0.350 0.442 3.295 0.000*
As (ng/L) 4.094 2.863 0.607 1.868 3.049 5.886 13.733 0.000*
Al (ug/L) 82.136 26918 42.451 63.967 77.228 93.810 168.760 0.000*

*P value < 0.05, P value determined by Shapiro-Wilk test for normality
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Fig. 1 The serum concentrations of 15 elements compared between H. pylori-uninfected local residents and H. pylori-infected local residents in Lujiang
County. P value determined by Mann-Whitney U test

elements are needed. Because more and more research has
suggested that low to moderate exposure of some toxic metals,
such as arsenic (As) [31] and cadmium (Cd) [32], for a long
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duration may play a key role in tumorigenesis. Moreover, in
our previous work, we also observed statistically significant
correlations of topsoil lead (Pb) concentration with human
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Table 4  Correlations among 15 element concentrations in serum of H. pylori-uninfected local residents in Lujiang County

Al

As

Hg

Cd

Pb

Co

Cr

Mo

Cu

Se

Zn

Fe

Mg

—0.001

0.002
0.099

0.230* 0.235* 0.126 0.181 0.127 0.051
0.015

0.075

-0.112
—0.025
—0.205
-0.152
—0.255%
—0.158

0.368%* 0.015

—0.071

0.154
0.105
0.153

0.312%*

—0.006

—0.155

Ca

—0.128
0.033

—0.307*
0.129
-0.012

0.263*
-0.102

0.037

—0.239*
0.428%*
0.182
0.213

-0.072
0.236*
0.048

—0.160
-0.073
0.045

0.032

0.050

Mg

Fe

0.133
0.124
—0.083

0.045

0.168
0.011

0.027

0.363%*
0.217

0.014

—0.041
0.298**

Zn

—0.297%*

0.024
0.216

0.030

0.176
—0.033
0.204

0.085

—0.020
0.037

Se

-0.039
—0.057
—0.091

0.019

0.164

-0.016
0.057

Cu

—0.037
—0.007
0.185
0.205

0.133
-0.117
0.002
0.047
0.015

—0.062
0.409%*
0.158

—0.007

Mo

0.206

0.344%*

0.135

Cr

—0.106
0.098

0.420%*

Co

0.014

0.288%*

Ni

0.253*

—0.147
—0.005
0.083

0.142
0.071

Pb

0.300%*
—0.060
—-0.102

Cd

Hg

As

Spearman’s correlation was performed for correlation analysis. The symbol of element represented the variables “element concentrations in serum”, for example, the calcium concentration in serum was

expressed by “Ca”

*P value < 0.05; **P value <0.01

gastric cancer [18]. In other words, it may not be necessary to
accumulate a high concentration of some toxic metals during
tumorigenesis.

As a constituent of cobalamin, Co is beneficial for humans
at the low-dose exposure. The general population is mainly
exposed to low levels of Co by breathing, eating, drinking
water, or by skin contact. Food and drinking water are the
largest sources of exposure to Co for the general population.
The low-dose exposures of Co from food and drinking water
would not cause organ or tissue damage. In a survey assessing
the correlation between cancer mortality and trace metal levels
in water supplies throughout the USA, no correlation was
found between cancer mortality and the level of Co in the
water [33].

However, exposure to high levels of Co may result in lung
and heart adverse effects and dermatitis, and even some kind
of cancers. Some individuals may develop a high level of Co
from their daily lifestyle, which causes an elevated Co con-
centration in their bodies. These include patients who receive
joint prostheses that are fabricated from cobalt alloys [34],
workers who perform electroplating, refine or process alloys,
use hard metal cutting tools or use diamond-polishing wheels
that contain cobalt metal [35], and farmers who use fertilizers
containing cobalt. There is evidence that soluble cobalt cat-
ions exert a genotoxic and carcinogenic activity from in vitro
and in vivo experimental systems [36, 37]. In human studies,
most have focused on the association between Co and lung
cancer. An industry-wide study of hard-metal workers in
France observed an increased mortality from lung cancer
[38]. But, a cohort study which comprised Finnish male cobalt
production workers between 1969 and 2013 suggested that
occupational exposure to Co is not associated with an in-
creased overall cancer risk or lung cancer risk among these
workers [39]. Although there is a lack of definitive evidence in
human studies, the International Agency for Research on
Cancer (IARC) has classified cobalt and other soluble cobalt
salts as possibly carcinogenic to humans.

This study found that the median of levels of serum Co was
0.246 pg/L in the H. pylori-infected local residents, which
was significantly higher than the level in H. pylori-uninfected
participates (0.205 pg/L, P <0.05). However, the serum Co
level we observed in uninfected participants was quite differ-
ent from other research reported in healthy people. In China,
Lei Cai et al. [29] reported that the median of Co was
0.485 pg/L in 110 Chinese healthy adults. Among 79
Korean healthy adults, the median of serum Co was
0.15 pg/L [40]. In Turkey, Karadas [41] reported the level
was 0.036 £0.019 ug/L. However, the serum Co level which
Mohmand et al. [42] reported approached to 1.5 pg/L in 30
individuals from areas of the Punjab in Pakistan. The present
status of the literature does not provide an adequate basis for
formulating baseline serum Co concentrations. Therefore, re-
sults from selected investigations are listed here for
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Table 5 Correlations among 15 element concentrations in serum of H. pylori-infected local residents in Lujiang County

Mg Fe Zn Se Cu Mo Cr Co Ni Pb Cd Hg As Al
Ca —0.111 0336%* 0.134 0411*%* 0.037  0.057 0252* 0209  0483* 0252* 0.149  0.295* 0.083  0.076
Mg 0.029 0.034 -0.003 -0.092 0.017 -0.048 -0.157 -0.223 -0.124 0.061 -0.017 -0.155 -0.072
Fe 0.162 0361** —0.126 —0.038 -0.034 -0.114 0251* 0.117 —0.104 0.124 —0.166 0.062
Zn 0.173 0.134  —-0.204 0.122 -0.181 0.033 0.095 —0.131 0.391** —0.078 —0.036
Se 0.079  —0.205 0.129 -0.015 0.337** -0.041 -0.052 0.282* —0.107 —0.074
Cu 0.031 0227  0.116  0.155 0.240%*  0.099  0.182 0.094  0.006
Mo 0.022  0.125  0.022 0.193 0.160  —0.067 0.128  0.009
Cr 0.168  0.464** 0.516%* 0.199  0.155 —0.082 0.413%*
Co 0.494%*% 0.116 0.165  0.055 0.129  0.047
Ni 0.244*  0.144  0279*% 0.015  0.234*
Pb 0.195  0.112 —0.086 0.340%*
Cd -0211 -0.011 0.027
Hg 0.013  —0.114
As -0.118

Spearman’s correlation was performed for correlation analysis. The symbol of element represented the variables “element concentrations in serum”, for

example, the calcium concentration in serum was expressed by “Ca”
*P value < 0.05; **P value <0.01

information only. Considering the many routes of exposure to
Co that we have described previously, the differences in serum
Co concentration between the present study and other studies
may be related to variation in exposure level to Co in different
areas. The differences in detection method and sample size
should also be considered.

Thus far, little has been known about the association be-
tween the serum level of Co and H. pylori infection, although
several meta-analyses indicate that H. pylori infection is asso-
ciated with reduced levels of cobalamin, supported by the
positive effect of eradication treatment [7]. The key mineral
in the large cobalamin molecule is Co, and in the general
population without occupational exposure, the Co level is as-
sumed to be decreased as a result of reduced levels of cobal-
amin associated with H. pylori infection. However, in the
current study among the H. pylori-infected individuals, the
Co concentration was higher than the level in uninfected par-
ticipants. This is theoretically possible because a few studies
have reported that some cobalt complexes have effective ure-
ase inhibitory activity [43, 44]. When an individual is infected
with H. pylori, the urease that is synthesized by this organism
is present at very high levels. This enzyme produces NH; from
gastric fluid urea and is essential for gastric infection or sur-
vival in acid. Therefore, followed the reactions between ure-
ase and cobalt complexes, it is possible that the Co concentra-
tion in the H. pylori-infected individuals will rise. However,
studies on urease inhibition by cobalt complexes are lacking.

In the current study, we cannot come to a conclusion that
elevated serum concentration of Co is caused by H. pylori
infection, without consideration of the following three limita-
tions. Firstly, few local residents of this study might be under
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the occupational exposure to Co. However, we could not as-
sess the occupational exposure precisely because inaccurate
information about the workplace and type of work might exist
and could not be found out just by inquiring the subjects.
Secondly, in the current study, there were 52.9% (82/155)
local residents who were still doing farm work. In Lujiang
County, farmers keep the tradition of growing rice twice per
year, with a large consumption of fertilizers. After a long
exposure to some fertilizers containing Co, one cannot rule
out the possibility that the level of Co in the soil may be
elevated. Thirdly, we could not provide the intake level of
the minerals from food. Actually, a frequency questionnaire
about staple foods was included in our questionnaire of the
H. pylori screening-survey program. The dietary intake fre-
quencies were compared roughly between the H. pylori-in-
fected and uninfected local residents, but there were no statis-
tically significant differences found (data has not yet been
published). We could not further assess the dietary intake
levels of the minerals precisely considering the incomplete-
ness and inaccuracy of the food frequency questionnaire.
However, there were no significant differences found in the
intake frequencies of staple foods between the H. pylori-in-
fected and uninfected subjects. So, we considered the food
intake levels of the two groups similar to each other. On the
other hand, it was unnecessary in this study to compare the
mineral intake information from mineral supplements and
drinking water. Because the local residents we detected had
not taken mineral supplements during the previous 3 months
which mentioned in exclusion criteria. And there was no sig-
nificant difference in the source of drinking water (Table 1)
between the H. pylori-infected and uninfected subjects.
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Conclusions

We observed that there were no statistically significant differ-
ences in the serum concentrations of elements (other than
cobalt) between the H. pylori-infected local residents and the
H. pylori-uninfected ones. On the premise that cobalt and
other soluble cobalt salts are possibly carcinogenic to human
beings, our results may provide a clue to the relationships
between cobalt, H. pylori, and gastric cancer.
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