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Abstract: Previous research suggests that heavy metals may be associated with increased suscepti-
bility to Helicobacter pylori infection. This study investigated the effect of heavy metal exposure (Pb
and Cd) on tooth loss and H. pylori infection in a Chinese rural population, who live near a mining
and smelting area. Blood samples were collected from the study participants to estimate the lead
(Pb) and cadmium (Cd) exposure levels. H. pylori infection was analyzed using the 14C-urea breath
test, and the number of missing teeth (MT), filled teeth (FT), and missing or filled teeth (MFT) were
counted by conducting a physical examination. Regression analysis was used to assess the difference
between H. pylori-positive and -negative individuals in the MT, FT, and MFT groups, adjusting for
confounders. The H. pylori infection prevalence was higher in individuals in the high Cd or high
Pb groups than that in the low Cd or low Pb groups (p < 0.05). In addition, greater numbers of
FT and MFT were observed in individuals in the high Pb group than those in the low Pb group
(p < 0.05). We further found 8.7% (95% CI, 2.8–23.8%, p = 0.017) of the effect of the high BPb level on
H. pylori infection risk could be statistically explained by FT using amediation analyses in adjusted
models, and 6.8% (95% CI, 1.6–24.8%, p = 0.066) by MFT. Furthermore, FT and MFT were significantly
associated with increased risk for H. pylori infection (odds ratio (OR) = 4.938, 95% confidence interval
(CI): 1.125–21.671; OR = 3.602, 95% CI: 1.218–10.648, respectively). Pb and Cd exposure may be
associated with tooth loss and increased susceptibility to H. pylori infection, and tooth loss may be an
independent risk factor for H. pylori infection.

Keywords: heavy metal; cadmium; lead; tooth loss; Helicobacter pylori; blood analysis; 14C-urea
breath test

1. Introduction

Increased susceptibility to H. pylori infection may be related to human exposure to
heavy metals, such as lead (Pb) and cadmium (Cd). Studies have shown that there are
differences in the concentration of serum elements, such as zinc [1], cobalt [2], and magne-
sium [1], between individuals infected with H. pylori and those uninfected. Krueger and
Wade showed that elevated blood lead (BPb) and cadmium (BCd) levels were significantly
associated with H. pylori seropositivity, suggesting that the suppression effects of Pb and
Cd toxicity on the immune response may be account for increased susceptibility to H. pylori
infection [3].
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Recent epidemiological evidence and the occurrence of H. pylori in food and water
confirm that H. pylori may be a foodborne pathogen [4–7]; therefore, oral problems (includ-
ing teeth problems) are likely to be an important intermediate link between Pb and Cd
exposure and H. pylori infection. Previous studies have shown that environmental Pb and
Cd exposure is associated with dental caries and reduced bone density [8,9]. Pb and Cd that
enter the mouth through food are incorporated into hydroxyapatite crystals, leading to the
development of hydroxyapatite crystal deposition disease (HADD), a disease of uncertain
etiology characterized by deposition of hydroxyapatite crystals in the shoulder and other
arthrosis [10]. They replace calcium ions in teeth, causing enamel hypoplasia and increased
abrasion and even tooth loss [11,12]. Browar et al. showed that Cd causes loss of alveolar
bone in a rodent model of long-term Cd poisoning [13], and further found that higher Cd
content in human mandibles is associated with poorer periodontal scores [14]. Similarly, Pb
exposure has been reported to affect the gingival health of children and increases the risk
of dental caries [15,16]. However, it remains unknown as to whether Pb and Cd increase
the susceptibility to H. pylori infection among residents in Pb- and Cd-exposed areas by
causing tooth loss. Conflicting results have been reported on the association between dental
problems, including missing teeth (MT), filled teeth (FT), missing or filled teeth (MFT), and
H. pylori infection. Alag et al. found that the number of MT does not seem to be associated
with gastric or oral H pylori positivity [17]. In contrast, Shimoyama et al. found that H. pylori
infection was associated with a decreased risk of tooth loss in healthy Japanese men [18].
Therefore, it is necessary to further study the association between tooth loss and H. pylori
infection in rural populations exposed to heavy metals.

Given that the relationship between H. pylori prevalence and dental problems in
populations living in heavy metal-polluted areas has not been previously investigated, we
analyzed the BPb and BCd levels in middle-aged and elderly residents living near a mining
and smelting area in northwest China, which is dominated by Pb and Cd exposure, and
then we assessed dental problems and H. pylori infection in this population. This study is
of great value as it comprehensively evaluates the association between Pb and Cd exposure
and dental problems, including the number of MT, FT, MFT, and H. pylori infections.

2. Materials and Methods
2.1. Study Areas

The study area was located in the Dongdagou watershed in northwest China, which
is known as an important non-ferrous metal mining and smelting base in China since
the 1950s [19]. The metal mining, smelting, and processing industries have greatly pro-
moted societal and economic development. However, local farmers have used industrial
sewage to irrigate the surrounding farmland owing to the limited availability of water
sources, resulting in heavy metal pollution of agricultural soils and crops. Previous re-
ports have shown that the soil in this watershed contains high concentrations of heavy
metals (including Pb and Cd), which have been the main pollutants in farmland soils,
and the Cd content (1.27–2.51 mg/kg), in particular, has been found to be 2.12–4.18 times
the allowable maximum content (MC) of the national secondary standard [20,21]. Al-
though the soil Pb content did not reach the allowable MC (350.00 mg/kg), the Pb con-
centration (34.85 mg/kg) in orchard soil was slightly but significantly higher than the soil
background value (18.80 mg/kg) in NW China [20,22]. Moreover, a correlation analysis
further confirmed that the Cd and Pb contents in corn grains mainly originated from
contaminated soils [23]. High pollutant levels in food pose a threat to human health
through the food chain. Due to environmental protection concerns, the Chinese govern-
ment launched a project for the comprehensive prevention and control of heavy metal
pollution in 30 priority districts nationwide in 2015, of which Dongdagou Watershed in
NW China ranked first [22]. We selected three villages in the Dongdagou watershed in
NW China closest to the non-ferrous metal mining and smelting areas as the research area.
Among all the villages, MQ village is the village closest to the mineral-polluted locations
in the upper and middle reaches of the Dongdagou stream, and the SH and YF villages
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are in turn close to the MQ village (Figure 1). These three areas are dominated by the Han
nationality, with similar customs, culture, and living habits.
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Figure 1. Map of the study area. MQ, SH, and YF represent MQ village, SH village, and YF village,
respectively. BY represents BY city, which is an important metal mining and smelting base.

2.2. Study Population

We conducted a cross-sectional study within the Dongdagou-Xinglong (DDGXL)
cohort, which was established in 2015. In this cohort study, we carried out environmental
heavy metal testing, as well as resident heavy metal exposure and health status testing.
Since then, health information and resident sample databases have been established. The
inclusion and exclusion criteria have also been reported in previous studies [24].

We adopted the form of a census to conduct door-to-door surveys in the aforemen-
tioned three villages, and all individuals meeting the inclusion and exclusion criteria were
included in this study (n = 335 natives aged 40–69 years). A detailed questionnaire, includ-
ing demographic information, number of MT, FT, and MFT, gastric history, and habit of
cigarette smoking, alcohol consumption, drinking tea, and salt intake was administered
to all participants. However, 19 individuals were not included in the final analysis due to
missing basic information (n = 3), lack of suitable blood samples (n = 5), lack of heavy metal
detection in the samples (n = 4), and loss of carbon-14 urea breath test data (n = 7). Hence,
316 subjects (199 women and 117 men) were included in the final analysis (Figure 2). The
study was approved by the ethics committee of the First Hospital of Lanzhou University,
according to the guidelines of the Declaration of Helsinki (ethical codes: LDYYLL2015-0027,
LDYYLL2020-103).
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Figure 2. Flow chart of study participants who met the inclusion criteria and were included in this
study (n = 316). Blood cadmium (BCd) and blood lead (BPb) levels were recoded into categorical
variables classified as high (≥50th percentile), or low (<50th percentile).

2.3. Sample Collection

A strict sampling protocol was followed throughout the study. A total of 10 mL of
peripheral venous blood was collected from each subject by well-trained nurses. Approxi-
mately 5 mL of blood was collected in an anticoagulant tube, gently mixed upside down,
and dispensed into 1.5 mL centrifuge tubes, which were transported back to the biological
sample bank on dry ice on time and stored at −80 ◦C. The remaining 5 mL of blood was
collected in a coagulation tube, centrifuged at 3000 rpm for 15 min to obtain serum, and
stored at −80 ◦C for later use [24].

2.4. Heavy Metal Determination in Whole Blood

A previously published protocol for determination of blood metal concentrations was
followed [24]. BCd and BPb measurements were performed using inductively coupled
plasma-mass spectrometry (ICP-MS, PerkinElmer, Waltham, MA, USA) at the Chongqing
Prevention and Treatment Center for Occupational Diseases. We used the calibration
standards (PerkinElmer, Waltham, MA, USA) to control the calibration ranges of blood
samples, and analytical quality controls were applied using certified standard reference
materials from SeronormTM Trace Elements Whole Blood (SERO AS, Billingstad, Norway).
The limit of detection was 0.08 µg/L for BCd, and 0.11 µg/L for BPb, and All calibration
standard checks were satisfactory.

2.5. Carbon-14 Urea Breath Test

The subjects stopped taking antibiotics and bismuth-containing products, as well as
using pump inhibitors for over 1 month and over 2 weeks prior to the test, respectively.
All subjects who fasted overnight were tested for H. pylori using the 14C-urea breath
test, which was performed by trained clinicians following the manufacturer’s protocols
(Headway, Shenzhen, China). Briefly, subjects were given 1 14C capsule with 20 mL of cold
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drinking water in advance, after sitting still for 25 min. Subsequently, they exhaled directly
into the gas cylinder until the liquid in the gas cylinder changed from pink to colorless, or
continued to exhale for 3 min. Then, a 4.5 mL diluted scintillation solution was added to the
gas cylinder, capped and tightened, and placed in the liquid scintillator for detection. The
results were expressed as counts per minute (CPM) and graded (0 = negative for H. pylori
infection, CPM ≤ 100, and 1 = positive for H. pylori infection, CPM > 100), as suggested by
the manufacturer [25].

2.6. Statistical Analysis

Database management and statistical analysis were performed using SPSS (version
24.0; SPSS Inc., Chicago, IL, USA). All graphics were plotted using GraphPad Prism 8
(GraphPad Software, Chicago, IL, USA). Normality was evaluated using the Kolmogorov–
Smirnov test. Quantitative data with normal distribution (age, height, weight, BMI, and
waist circumference) are shown as the mean ± standard deviation (SD), whereas the
median (interquartile range) is shown for data that were not normally distributed (BCd and
BPb). Qualitative data, including gender, education level, income, occupation, cigarette
smoking, alcohol consumption, tea drinking, gastric history, salt intake, MT, FT, and MFT,
are shown as frequencies (rates). One-way analysis of variance (ANOVA), the Kruskal–
Wallis rank sum test, and the Chi-squared test were used to compare the data from the
three villages in the study area. We calculated the median BCd and BPb levels, which
were then recoded into categorical variables classified as high (≥50th percentile), or low
(<50th percentile). The Student’s t-test or Chi-squared test was used to analyze the different
exposure levels and subgroups with different grades of H. pylori infection. Multiple linear
regression was used to analyze the association between oral problems (including MT, FT,
and MFT) and H. pylori infection. Logistic models were used to show the relationship
between H. pylori infection and the number of MT, FT, and MFT. In addition, we calculated
the mediation proportion and its 95% CI [26] using the publicly available % Mediate macro
(https://www.hsph.harvard.edu/donna-spiegelman/software/mediate/, accessed on
7 February 2022). The mediation proportion quantified the extent to which the association
between Pb exposure and H. pylori infection risk is mediated through Pb exposure relative
to dental problems (including FT and MFT). Differences were considered statistically
significant at a p value of <0.05.

3. Results
3.1. Characteristics of the Study Population in the Different Villages

A total of 316 participants were divided into the YF (n = 99), SH (n = 91), and MQ
(n = 126) villages based on the distance between the villages where residents lived and the
mining and smelting area. Table 1 shows that no significant differences in basic information,
such as gender, age, weight, waist circumference, education level, occupation, alcohol
consumption, tea drinking, or salt intake, were observed among the subjects living in these
three villages. However, the body mass index (BMI) was higher in individuals from the YF
village than that in individuals from the SH and MQ villages (p < 0.01). Furthermore, the
subjects living in the YF village had a lower height, family income, and smoking prevalence
than those in the other two villages (p < 0.01 or p < 0.05). Moreover, the exposure levels
(including BCd and BPb levels), H. pylori positivity rate, and the numbers of FT and MFT
of subjects living in the MQ village were significantly higher than those of subjects living in
the other two villages (p < 0.01 or p < 0.05).

https://www.hsph.harvard.edu/donna-spiegelman/software/mediate/
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Table 1. Characteristics of the study population in the different villages.

YF Village (n = 99) SH Village (n = 91) MQ Village (n = 126) p Value

Demographic characteristics
Height (Wu et al.) 159.68 ± 6.53 163.49 ± 8.29 162.03 ± 8.84 0.004 *

Weight (kg) 62.81 ± 9.33 62.39 ± 11.16 61.43 ± 10.78 0.596
BMI (kg/m2) 24.66 ± 3.61 23.30 ± 3.51 23.29 ± 2.84 0.003 *

Waist circumference (Wu et al.) 83.87 ± 9.37 84.13 ± 9.59 85.25 ± 8.95 0.491
Age (years) 56.30 ± 11.39 55.70 ± 6.18 56.45 ± 6.96 0.802

Gender 0.226
Male 30 (30.3) 35 (38.5) 52 (41.3)

Female 69 (69.7) 56 (61.5) 74 (58.7)
Education level 0.626

Illiteracy 32 (32.3) 25 (27.5) 32 (25.4)
Primary school 26 (26.3) 19 (20.9) 28 (22.2)
Middle school 32 (32.3) 34 (37.4) 45 (35.7)
High school 9 (9.1) 13 (14.3) 21 (16.7)

Family income/person/year (¥) 0.001 *
<1000 12 (12.8) 10 (11.2) 2 (1.7)

1000–3000 24 (25.5) 26 (29.2) 19 (15.8)
3000–6000 26 (27.7) 28 (31.5) 40 (33.3)

6000–10,000 27 (28.7) 18 (20.2) 38 (31.7)
>10,000 5 (5.3) 7 (7.9) 21 (17.5)

Occupation 0.683
Farmer 92 (92.9) 85 (93.4) 114 (90.5)

No farmer 7 (7.1) 6 (6.6) 12 (9.5)
Cigarette smoking 0.050 *

Yes 24 (24.2) 30 (33.0) 50 (39.7)
No 75 (75.8) 61 (67.0) 76 (60.3)

Alcohol consumption 0.058
Yes 5 (5.1) 6 (6.6) 17 (13.5)
No 94 (94.9) 85 (93.4) 109 (86.5)

Tea drinking 0.939
Yes 37 (37.4) 35 (38.5) 50 (39.7)
No 62 (62.6) 56 (61.5) 76 (60.3)

Salt intake 0.218
High-salt (>6 g/day) 9 (9.1) 16 (12.7) 16 (17.6)
Normal (≤6 g/day) 90 (90.9) 110 (87.3) 75 (82.4)

Gastric history 0.010 *
Yes 12 (12.1) 2 (2.2) 18 (14.3)
No 87 (87.9) 89 (97.8) 108 (85.7)

Carbon-14 urea breath test
H. pylori infection 0.001 *

Negative 36 (36.4) 18 (19.8) 19 (15.1)
Positive 63 (63.6) 73 (80.2) 107 (84.9)

Dental problems
MT index 0.242

0–10 94 (94.9) 90 (98.9) 123 (97.6)
11–28 5 (5.1) 1 (1.1) 3 (2.4)

FT index 0.012 *
0–10 93 (93.9) 87 (95.6) 107 (84.9)

11–28 6 (6.1) 4 (4.4) 19 (15.1)
MFT index 0.048 *

0–10 87 (87.9) 84 (92.3) 102 (81.0)
11–28 12 (12.1) 7 (7.7) 24 (19.0)

Toxic trace metals
BCd (ng/mL) 0.42 (0.08–1.52) 2.92 (0.08–5.91) 4.82 (2.81–7.79) <0.001 *
BPb (ng/mL) 21.32 (10.92–27.71) 22.44 (12.42–30.21) 44.34 (34.99–56.81) <0.001 *

H. pylori: Helicobacter pylori; MT: missing teeth; FT: filled teeth; MFT: missing or filled teeth; BCd: cadmium in
blood; BPb: lead in blood. Height, weight, BMI, waist circumference, and age are shown as the mean ± standard
deviation (SD) and were compared using one-way analysis of variance (ANOVA). Other continuous data are
shown as medians (interquartile range) and were compared using Kruskal-Wallis rank sum test. Chi-square test
was used for categorical data, which are shown as frequencies (rates). * indicates significant differences among
subjects in the YF, SH, and MQ villages.
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3.2. Association of H. pylori Infection and Dental Problems with Heavy Metal Exposure Levels

Based on the detected differences in heavy metal levels, H. pylori infection, and dental
problems in individuals from the different villages, we next analyzed whether H. pylori
infection and dental problems are related to the levels of heavy metal exposure. Table 2
shows the H. pylori positivity rate and dental problems of subjects with different exposure
levels (high BCd, low BCd, high BPb, and low BPb). The H. pylori positivity rate was
significantly associated with the exposure levels. In particular, the H. pylori positivity rate
in the high BCd group was increased by 9.4% when compared to that of the low BCd group
(p < 0.05), while that of the high BPb group was also higher than that of the low BPb group
(83.5 vs. 70.3%, p < 0.01). In addition, subjects in the high BPb group had higher numbers
of FT and MFT when compared to those in the low BPb group (p < 0.05), and subjects in
the high BCd group also showed similar trends, but the difference was not statistically
significant. We further analyzed the mediation effect of FT or MFT on the relationship
between BPb concentration and H. pylori infection using mediation analyses in adjusted
models, and the results showed 8.7% (95% CI, 2.8–23.8%, p = 0.017) of the effect of the high
BPb level on H. pylori infection risk could be statistically explained by FT, and 6.8% (95% CI,
1.6%–24.8%, p = 0.066) by MFT.

Table 2. Association of H. pylori infection and dental problems with heavy metal exposure levels.

High BCd (n = 158) Low BCd (n = 158) p Value High BPb (n = 158) Low BPb (n = 158) p Value

Carbon-14 urea breath test
H. pylori infection 0.031* 0.004 *

Negative 29 (18.4) 44 (27.8) 26 (16.5) 47 (29.7)
Positive 129 (81.6) 114 (72.2) 132 (83.5) 111 (70.3)

Dental problems
MT index 0.251 0.500

0–10 155 (98.1) 152 (96.2) 154 (97.5) 153 (96.8)
11–28 3 (1.9) 6 (3.8) 4 (2.5) 5 (3.2)

FT index 0.121 0.003 *
0–10 140 (88.6) 147 (93.0) 136 (86.1) 151 (95.6)
11–28 18 (11.4) 11 (7.0) 22 (13.9) 7 (4.4)

MFT index 0.372 0.024 *
0–10 135 (85.4) 138 (87.3) 130 (82.3) 143 (90.5)
11–28 23 (14.6) 20 (12.7) 28 (17.7) 15 (9.5)

H. pylori: Helicobacter pylori; MT: missing teeth; FT: filled teeth; MFT: missing or filled teeth; BCd: cadmium in
blood; BPb: lead in blood. Chi-squared test was used for categorical data, which are shown as frequencies (rates).
* indicates significant differences between subjects in the high and low BCd/BPb groups.

3.3. Association of H. pylori infection with Dental Problems

We found that heavy metal exposure (BCd and BPb) may be an important factor for
the increase in the number of MT and H. pylori positivity rate among residents living near
mining and smelting areas. Furthermore, Figure 3 compares the differences in the H pylori
positivity rates associated with different dental problems. The H. pylori positivity rate of
subjects with 11–28 FT increased by 17.8% when compared to that of individuals with
0–10 FT (p < 0.05), and the H. pylori positivity rate of subjects with 11–28 MFT was also
higher than that of individuals with 0–10 MFT (90.7 vs. 74.7%, p < 0.05). Additionally,
higher H pylori positivity rates were observed in the 11–28 MT group when compared to
those of the 0–10 MT group, but the difference was not statistically significant.
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Figure 3. Comparison of the Helicobacter pylori (H. pylori) positivity rates associated with the different
dental problems. The Chi-squared test was used to assess the differences in the H. pylori-positive
rates associated with different dental problems. The subjects in the 11–28 missing teeth (MT),
11–28 filled teeth (FT), and 11–28 missing or filled teeth (MFT) groups had a higher H. pylori positivity
rate than those in the 0–10 MT, 0–10 FT, and 0–10 MFT groups. H. pylori positivity rates are shown in
the pie graph center. * Indicates statistically significant differences between the H. pylori-positive and
H. pylori-negative groups (p < 0.05).

3.4. Association between the H. pylori Infection and Dental Problems

Considering the age, gender, BMI, cigarette smoking, alcohol consumption, and salt
intake of study participants, we analyzed the effect of dental problems (the numbers of
MT, FT, and MFT) on H. pylori infection using a logistic model (Table 3). After adjusting for
confounders, FT and MFT remained as H. pylori infection risk factors (p = 0.034, p = 0.020).
The OR of subjects with 11–28 FT was 4.956 (95% CI: 1.126–21.813) when compared to that
of individuals with 0–10 FT. Similar results were observed in the MFT subgroups, and the
OR of subjects with 11–28 MFT was 3.617 (95% CI: 1.220–10.723) when compared to that of
individuals with 0–10 MFT. Additionally, the relationships between H. pylori infection and
dental problems in the full multiple linear regression model are shown in Table S1.
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Table 3. ORs (95% CIs) for H. pylori infection by dental problems using logistic regression analysis.

Model 1 Model 2

OR (95%CI) p Value OR (95%CI) p Value

MT index
0–10 reference reference
11–28 1.209 (0.251–5.821) 0.813 1.218 (0.248–5.994) 0.808

FT index
0–10 reference reference
11–28 4.437 (1.029–19.129) 0.046 * 4.938 (1.125–21.671) 0.034 *

MFT index
0–10 reference reference
11–28 3.298 (1.137–9.563) 0.028 * 3.602 (1.218–10.648) 0.020 *

MT: missing teeth; FT: filled teeth; MFT: missing or filled teeth; CI: confidence interval; OR: odds ratio. Model 1
adjusted with nothing; Model 2 adjusted with age, gender, BMI, cigarette smoking, alcohol consumption, and salt
intake. All data are shown as OR (95%CI) and were analyzed using logistic regression analysis. * p < 0.05.

4. Discussion

Due to its proximity to mining and smelting areas, the Dongdagou watershed in
northwestern China has become an area threatened by heavy metals. Although great
environmental investigation and management efforts have been made in the area for
decades [27,28], no health surveys, especially with regard to dental problems and H. pylori
infection, have been conducted on local residents until the initiation of our screening
work. In this study, we investigated the impact of heavy metal exposure (Pb and Cd) on
dental problems and H. pylori infection in a Chinese rural population. Our data show
a higher prevalence of H. pylori infection among subjects chronically exposed to Pb and
Cd. Furthermore, the number of MT and FT was associated with the prevalence of H. pylori
infection, which may partially explain the above findings. Moreover, the risk of H. pylori
positivity among residents exposed to Pb and Cd increased with increasing numbers of MT.
This risk is expected to be reduced by filling teeth.

H. pylori infection remains a major public health concern worldwide. The prevalence of
H. pylori infection in this study (76.9%) was higher than the average prevalence of H. pylori
infection in China, as previously reported. Although, different studies have indicated that
the variation in the prevalence of H. pylori in various populations depends on lifestyle habits
and geographic area [25,29,30]. Hooi et al. reported that the average prevalence of H. pylori
infection in residents of China was 55.8% in a meta-analysis of 22 cohort studies [31],
whereas recent declines in H. pylori prevalence were observed due to rising standards
of living and improved sanitation. We believe that the high level of H. pylori infection
in the present study population may be related to living in heavy metal-polluted areas.
Studies have reported that the BCd and BPb levels, and in particular the Pb levels, were
significantly associated with H. pylori seroprevalence among participants under 13 years
of age and American adult women [3,32]. Moreover, as indicated by another study, even
a small increase in the BPb levels may increase the risk of H. pylori infection [33]. These
findings are consistent with ours showing that subjects with high BCd and BPb levels had
an elevated H. pylori positivity rate.

H. pylori infection is related to many factors, such as age, occupation, smoking, and
diet [34,35]. H. pylori is a foodborne pathogen, and we suspect that the high prevalence
of H. pylori in people exposed to Pb and Cd may be associated with dental problems.
Furthermore, we analyzed the number of MT, FT, and MFT in the study population and
found that residents in the MQ village (high Pb and Cd exposure levels) had higher numbers
of FT and MFT, especially in the high BPb group, which was similar to the findings of
previous studies. Alomary et al. found that the concentrations of Pb and Cd in carious teeth
were significantly higher than those in non-carious teeth [36]; Shiue et al. also reported
that the study population with bone loss around the mouth and loose teeth presented with
higher levels of Cd [37]. Mechanistically, Cd is extremely nephrotoxic and osteotoxic, and
the osteotoxicity of Cd is a secondary effect of renal injury, resulting from the imbalance of
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Ca and P metabolism caused by kidney damage, which manifests as accelerated bone loss.
Pb can directly produce osteotoxic effects, causing osteoblasts to undergo degeneration,
while increasing osteoclast formation and activity [9,38]. Teeth and bones have the same
chemical composition (hydroxyapatite). Long-term exposure to Pb and Cd can cause
periodontal disease and tooth loss [39].

Finally, we analyzed the relationship between H. pylori infection and dental problems
in people exposed to Pb and Cd, and found that the greater the numbers of FT and MFT are,
the stronger the correlation between FT, MFT, and H. pylori infection is. Previous studies
have not reached a consistent conclusion on the relationship between H. pylori infection
and dental problems [17,37,40,41]. For example, Zahedi et al. reported an association
between gastric infection with H. pylori and the The Decayed, Missing, and Filled Teeth
(DMFT) index [41]. However, Alag et al. did not find an association between the number of
MTs and decayed teeth and the positivity of oral H. pylori [17]. Our results are similar to
those of Pearce et al. [42]. The risk of positivity for H. pylori infection increased with the
increasing number of MFTs, but after filling teeth, this risk was greatly reduced, suggesting
the importance of filling teeth. Although FT is a risk factor for H. pylori infection when
compared with normal teeth, filling teeth can reduce the high risk of H. pylori infection
caused by tooth loss. In short, the association between tooth loss and H. pylori infection
may provide an indirect theoretical basis for exploring the effects of Pb and Cd exposure
on H. pylori infection.

It remains unclear why tooth loss is a risk factor for increased susceptibility to H. pylori
infection. It is generally believed that tooth loss is mainly caused by oral problems, such as
periodontitis, tooth decay, and loose teeth [43], which are associated with behavioral and
lifestyle factors, including poor oral hygiene and excessive intake of sugary foods [44,45],
leading to increased risk of tooth loss and H. pylori infection. Additionally, tooth loss could
be a surrogate marker for past bacterial load on teeth and perhaps for the presence of
endogenous bacteria in general, but larger bacterial deposits in turn are more likely to be
due to poor dental hygiene, so poor dental hygiene may increase the chance of tooth loss
and H. pylori infection [46]. Furthermore, the microbial community composed of bacteria,
fungi, viruses, and archaea living in the oral cavity is defined as the oral microbiome. They
interact and exist in a biofilm state, known as the oral biofilm, which in turn affects the
host’s health and disease status [47]. Tooth loss is likely to break the balance of oral biofilms,
leading to systemic inflammation and eugenic H pylori, which enters the stomach with
food and affects the health of the body. These findings point out a novel direction for
future research.

There are some limitations to the present study. First, only the BCd and BPb levels
of residents in heavy metal polluted areas were detected in this study, but heavy metals
in blood are usually present in the body as mixtures, so more heavy metals need to be
detected in future studies. Second, in addition to its association with dental problems,
the relationship between H. pylori infection and other factors has not been investigated.
A larger number of subjects exposed to Pb and Cd should be included in future studies on
the association between H. pylori infection and age, gender, BMI, occupation, education
level, and eating habits, to further verify the findings of this study. Third, this study
did not measure H. pylori in the oral cavity, so we cannot directly answer the question
of whether tooth loss provides an environment for H. pylori to grow, and the data of
the existing clinical statistical analysis cannot allow us to derive the mechanism of tooth
loss in H. pylori. Additionally, the cross-sectional design of the present study does not
enable us to allow us to explore the time trend of heavy metal exposure, H. pylori infection,
and dental problems. In vivo experiments and in vitro validation are still required to
clarify the causal relationship and specific mechanism of tooth loss and H. pylori. Finally,
it may be more meaningful to construct a collaborative study involving both dentists
and gastroenterologists to explore the relationship between complex oral problems and
H. pylori infection.
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5. Conclusions

In summary, this is the first study to conduct heavy metal exposure assessment and
investigation of H. pylori infection and the associated risk factors in local residents in
a heavy metal-polluted area in northwestern China. The results of this study indicated
a high prevalence of H. pylori infection and increased numbers of MT, FT, and MFT among
residents closest to the mining and smelting areas; the same phenomenon was also observed
in residents in high Pb or high Cd exposure groups. Furthermore, based on the current
data, we speculate that the high prevalence of H. pylori infection among residents exposed
to Pb and Cd may be associated with tooth loss, and that filling teeth can reduce the risk of
H. pylori infection. These findings provide new insights into the high prevalence of H. pylori
infection in heavy metal-exposed areas, and may contribute to developing new strategies
to prevent H. pylori infection, which is vital for the health of residents in these areas.
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