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Abstract
Periodontal disease, one of the most prevalent diseases worldwide, is a chronic inflammatory disease caused by dysbiotic 
dental biofilms that trigger the host’s immune response. Periodontitis is a type of periodontal disease characterized by the 
destruction of tissues that support the teeth. The disease is influenced by various systemic and environmental risk factors. 
As heavy metals have been associated with the development of chronic inflammatory diseases, the present scoping review 
aimed to determine the coverage of the literature on whether human contamination by heavy metals affects periodontitis, 
as well as their mechanisms of action. Eight studies were selected, and two reviewers evaluated them. Most studies were 
cross-sectional studies involving humans and one study was performed on rats. Our review revealed a significant correlation 
between periodontitis and bioaccumulation of lead and cadmium. Oxidative stress generated by trace metals, characterized 
by elevated levels of reactive oxygen species, causes tissue damage through lipid peroxidation, enzymatic oxidation, and 
stimulation of proinflammatory cytokines. In conclusion, heavy metals contamination may be a risk factor for the develop-
ment of periodontitis. Oxidative stress factors seem to increase the extent of the inflammatory response.

Keywords  Environmental exposure · Heavy metals · Inflammatory diseases · Periodontal diseases · Periodontitis · Risk 
factors

Introduction

Periodontitis is a chronic multifactorial inflammatory dis-
ease triggered by dysbiotic biofilms that is characterized 
by progressive degradation of the tooth-supporting struc-
tures [1]. It is one of the most prevalent diseases worldwide, 
affecting approximately 45–50% of the global population, 
with severe forms affecting 11.2% of adults, making it the 
sixth most common disease [2, 3]. The disease is influenced 
by various systemic and environmental risk factors, includ-
ing genetic predisposition, systemic conditions such as 
diabetes mellitus, smoking, stress, poor oral hygiene, and 
socioeconomic status [4]. In the chronic inflammatory con-
text of periodontitis, the activation of neutrophil oxidative 
metabolism and various other reactions contribute to an 
upsurge in reactive oxygen species that exceeds the host’s 
antioxidant capacity, thus exacerbating the condition [5, 6]. 
These mechanisms can be further fostered by contamination 
with heavy metals.

Heavy metals are metallic elements characterized by high 
atomic weights and densities. This group includes lead (Pb), 
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mercury (Hg), cadmium (Cd), arsenic (As), and chromium 
(Cr), among other elements [7]. While heavy metals are 
naturally occurring chemical elements distributed through-
out the Earth’s crust, the primary sources of environmental 
contamination and human exposure are industrial production 
and disposal [8], by present and former mining activities, 
foundries and smelters. Although the unique properties of 
heavy metals render them invaluable for industrial applica-
tions and technological advancement, they pose a signifi-
cant threat to human health. Certain metals are highly toxic 
even at minimal concentrations because of their tendency to 
bioaccumulate in soft and hard tissues. Additionally, when 
stored within the body, these metals can mimic essential 
elements, disrupting normal functions [5, 9–11].

Human exposure to heavy metals occurs through dermal 
contact, inhalation, and ingestion [9]. If not properly metabo-
lized, these elements can cause disorders by interacting with 
specific compounds such as oxygen and chloride, triggering 
non-specific toxic effects at the cellular and molecular level 
[12]. The mechanisms of metal intoxication can be classi-
fied as direct or indirect. Elements such as Pb, As, copper 
(Cu), and Cr directly affect the generation of reactive oxygen 
species, increasing the levels of reactive hydroxyl radicals. 
Regarding indirect mechanisms of action, Hg, Ag, Cu, Cd, 
Pb, Cr, and nickel (Ni) increase the concentrations of free 
radicals by binding to iron (Fe), manganese (Mn), selenium 
(Se), calcium (Ca), and zinc (Zn), which are involved in 
antioxidant activities [8]. The persistence of oxidative stress 
within the cellular milieu is associated with free radical for-
mation and can precipitate DNA alterations, protein degra-
dation, and lipid peroxidation, culminating in irreparable 
damage and even cell death [13, 14]. Free radicals have been 
linked to the development of chronic and inflammatory con-
ditions, including periodontal diseases [5, 11].

To the best of our knowledge, only eight studies have 
investigated the influence of heavy metals on periodontitis 
and their underlying mechanisms of action in periodontal 
tissues [15–22]. The present review aims to comprehensively 
overview the existing literature on the relationship between 
heavy metal contamination and periodontitis and to eluci-
date the possible mechanisms behind this relationship. The 
central hypothesis of this review is that heavy metal con-
tamination in humans is associated with the development 
of periodontitis.

Materials and Methods

Inclusion and Exclusion Criteria

The following criteria were employed for inclusion of 
the studies in this review:1. studies involving periodontal 
assessment and heavy metals contamination detection; 2. 

only studies published in English; and 3. studies that met 
predefined scientific standards, including rigorous methodol-
ogy, appropriate study design, adequate sample size, clear 
data analysis, and peer-reviewed publication. The follow-
ing studies were excluded from our analysis: (1) conference 
abstracts, reviews, editorials, and letters; (2) non-English 
language articles; (3) studies that did not provide data that 
could be extracted or accessed to ensure the robustness of 
our analysis; (4) studies that did not use validated methods 
for measuring periodontal effects; and 5.studies reporting 
incomplete or unclear results.

Database Search

Between May 2023 and May 2024, we conducted com-
prehensive searches in the following databases: PubMed, 
Google Scholar, SciELO, and Web of Science. The follow-
ing keywords and Boolean operators were used to identify 
eligible articles: (“biological contamination”) AND (“heavy 
metals”) AND (“periodontal disease” OR “oral manifesta-
tion”). These search terms were validated to ensure that 
they retrieved a representative sample of relevant articles. 
Furthermore, pertinent references and associated articles 
were hand searched. No publication date restrictions were 
imposed and the searches were exclusively conducted in 
English.

Data extraction and quality assessment  To maintain the 
integrity of our review, two independent reviewers (CNC 
and PRC) extracted the data and evaluated the quality of the 
studies. In the case of disagreement, a final decision was 
reached through discussion and consensus, ensuring the 
quality of the selected studies. This process consisted of:

1	 Initial Screening: Titles and abstracts of all identified 
studies were initially screened to assess their relevance 
to the review topic. Studies that met the inclusion crite-
ria were then subjected to full-text review.

2	 Full-Text Review: Both reviewers independently evalu-
ated each study against the predefined inclusion and 
exclusion criteria. This step ensured that only studies of 
sufficient quality and relevance were included.

3	 Data Extraction: Data extracted from each study 
included essential information such as authorship, pub-
lication year, study location, study design, the specific 
chemical elements investigated, the source and dose or 
concentration of heavy metals, and the resulting peri-
odontal outcomes. This data was recorded and organized 
using Excel (Microsoft, Redmond, WA, US).

4	 Quality Evaluation: methodological rigor, the adequacy 
of sample size, the appropriateness of statistical analy-
sis, and the consideration of confounding factors were 
assessed.
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5	 Confounding Factors: Special attention was given to how 
each study accounted for potential confounding factors, 
such as smoking, age, and pre-existing health conditions, 
which could influence the relationship between heavy 
metal contamination and periodontitis.

The data extracted for this review included essential 
information such as authors, publication year, study location, 
study design, the specific chemical elements investigated, 
the source and dose or concentration used, and the resulting 
outcomes.

Results

General Characteristics of Included Studies

Table 1 summarizes the main characteristics of the selected 
studies. Eight studies were included in the analysis. The 
studies were conducted in different geographic regions, 
including five in the United States, two in Korea, and one 
in Turkey. The publication period of the selected articles 
ranged from 2009 to 2023, reflecting recent developments 
in this field of research.

This review included findings from six cross-sectional 
studies using NHANES data [15–19, 22], one pilot cohort 
study [20], and one study on rats [21]. The main cofactors of 
the studies were age, sex, and smoking habits. All selected 
studies shared a common focus, i.e., to investigate the rela-
tionship between exposure to heavy metals and periodontal 
conditions.

Assessment of Heavy Metal Concentration Levels

Inductively coupled plasma-mass spectrometry (ICP-MS) 
and atomic absorption spectrophotometry (AAS) were the 
most widely used analytical techniques for measuring heavy 
metals in the biological samples (urine, blood, and dental 
calculus). ICP-MS was used in studies analyzing multiple 
elements [16, 19, 20, 22]. Conversely, in studies analyzing 
smoking exposure as the source of specific heavy metals, 
AAS was used [15, 17, 18]. The established coefficients of 
variation were 0.95–4.82% (Cd) and 2.65–6.50% (Pb), with 
detection limits of 0.056 µg/L for Cd and of 0.12 µg/L for 
Pb.

Sample preparation for analysis was standardized for 
solid and fluid samples. Urine and blood samples were col-
lected and stored at freezing temperatures (-20 °C) before 
being sent to the laboratory. Blood samples were transported 
on dry ice and then submitted to ICP-MS [16] and AAS [17]. 
Urine samples were double distilled and standardized with 
concentrated nitric acid before evaluation by ICP-MS [15, 
18, 19, 21]. For dental calculus analysis, samples were dried, 

weighed, and subjected to acid digestion with HNO3 (6 mL, 
68%) and HCl (2 mL, 37%), followed by thermal digestion 
(180°-200°) [20].

Periodontal Assessment

The clinical parameters used for periodontal assessment var-
ied among studies. Probing depth (PD) and clinical attach-
ment level (CAL) were the most commonly used param-
eters. In NHANES-based studies, periodontitis was defined 
as CAL > 4 mm at more than 10% of the evaluated sites 
in index teeth (11, 16, 17, 26, 27, 31, 36, 37, 46, and 47) 
[15, 16, 19]. The KNHANES database used the WHO Com-
munity Periodontal Index (CPI), in which periodontitis was 
defined PD > 3.5 mm in index teeth [17, 18]. Huang et al. 
(2022) and Li et al. (2023) categorized periodontitis accord-
ing to severity based on the assessment of CAL and PD 
[16, 22]. Another study used a self-reported questionnaire 
for periodontitis [19]. The plaque index was also evaluated, 
with a supragingival calculus sample being collected from 
the mesial, palatal/lingual, and distal surfaces of index teeth 
[20]. In the study on rats, periodontal bone loss was quan-
tified by measuring the distance from the cementoenamel 
junction to the alveolar bone crest for each molar teeth using 
the Image Pro Plus software [21].

Main Findings

All studies evaluated one or more heavy metals, including 
Pb, Hg, Cd, and As, among others. Pb and Cd were the pri-
mary heavy metals associated with periodontitis [15–22].

One study categorized blood plasma concentrations of Pb 
and Cd into low, medium and high in a population of 1,966 
adult Koreans [18]. Multivariate logistic regression analy-
sis revealed that individuals with high Cd levels had a 1.57 
times (95% confidence interval [CI], 1.03–2.38) higher odds 
ratio (OR) for periodontitis than those with low Cd. High 
Cd levels were associated with periodontitis in females and 
current smokers, and medium Pb levels were associated with 
periodontitis in females and non-smokers [18].

In a survey of 11,412 Americans, the age-adjusted mean 
urine Cd concentration was significantly higher among par-
ticipants with periodontitis (OR = 0.50; 95% CI, 0.45–0.56) 
compared to those without periodontitis. Multivariable-
adjusted analyses, which included adjustments for tobacco 
exposure, showed that a three-fold increase in urinary Cd 
concentrations [corresponding to an increment from the 25th 
(0.18 µg/g) to the 75th (0.63 µg/g) percentile] was associated 
with 54% higher odds of prevalent periodontitis (OR = 1.54; 
95% CI, 1.26–1.87) [15].

In a study of 4,566 American adults considering all heavy 
metals analyzed in urine (Cd, antimony, thallium, Pb, and 
uranium), only Cd (OR = 1.43; 95% CI, 1.05–1.94; p = 0.02) 
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was associated with self-reported periodontitis. Cd was 
also associated with self-reported bone loss around teeth 
(OR = 1.64; 95% CI, 1.15–2.34; p = 0.009) [19].

Han et al. (2013) studied 6,352 Koreans and found sig-
nificantly higher Cd and Pb levels in the periodontitis group, 
defined by the WHO CPI, compared to the control popula-
tion. Periodontitis was significantly associated with serum 
Cd (OR = 1.37; 95% CI, 1.00–1.87) and Pb (OR = 1.60; 95% 
CI, 1.15–2.21) levels [17]. There was a dose-dependent 
association between increasing number of teeth with peri-
odontitis and increasing serum Cd and Pb concentrations, 
particularly among active smokers.

Browar et al. (2018) examined the relationship between 
Cd exposure and periodontitis in experimental animals. 
Male Sprague/Dawley rats were given daily subcutaneous 
injections of Cd (0.6 mg/kg/day) for up to 12 weeks. The 
animals were euthanized, and their mandibles and maxillae 
were evaluated for levels of alveolar bone. After 12 weeks 
of Cd exposure, there was a significantly greater bone loss 
in exposed animals when compared to controls (p < 0.0001). 
This study shows that Cd has significant, time-dependent 
effects on periodontal bone in an animal model of Cd expo-
sure [21]. In the study conducted by Huang et al. (2022) 
involving 4,964 participants, CAL was positively associated 
with blood Pb and Cd levels, while blood Hg showed no 
association. The positive association between Pb and CAL 
was significant in older adults and patients with diabetes. 
The association between blood Cd levels and CAL was sig-
nificant in males, in Mexican-Americans, in older adults, and 
in the diabetic group [16].

Li et al. (2023) showed that individuals with periodon-
titis, corresponding to 40.9% in a sample of 2,269 partici-
pants, had elevated concentration levels of heavy metals. Pb 
was the most pronounced, followed by Ba [22].

One study did not find any association between heavy 
metals in dental calculus and the diagnosis of periodontitis 
[20]. This study analyzed 29 supragingival dental calculus 
samples obtained from non-smokers (n = 14) and smokers 
(n = 15). Using ICP-MS to assess 26 metals and metalloids, 
the study was unable to establish an association between the 
accumulation of heavy metals in supragingival dental calcu-
lus and the presence of gingivitis or periodontitis.

Discussion

Exposure to heavy metals poses challenges to human 
health and longevity, with effects that are not fully under-
stood. The present scoping review aimed to overview the 
existing literature on whether heavy metals affect peri-
odontal tissues, as well as their mechanisms of action. 
According to the reviewed studies, heavy metals may 
be a risk factor for the development of the periodontal 

inflammatory response. Oxidative stress factors seem to 
increase the amplitude of this response.

All included studies highlighted the potential influence 
of the cofactors age and sex on the relationship between 
heavy metals and periodontal conditions. Two studies 
accounted for these factors by adjusting them in their sta-
tistical analyses [17, 19]. Older age and male sex may be 
associated with an increased risk of heavy metal accumu-
lation and a greater likelihood of developing periodon-
tal disease [15, 16]. Conversely, in a Korean population, 
female sex was found to predispose to the impact of Cd 
accumulation on the development of periodontitis [18]. On 
the other hand, Yaprak et al. (2016) observed no correla-
tion between age or sex and heavy metal accumulation in 
dental calculus [20]. The ubiquity of heavy metal exposure 
from various sources in daily life (underscores the notion 
that older individuals may experience greater exposure, 
potentially elevating their risk of heavy metal accumu-
lation [23]. A wide range of biological samples, includ-
ing urine, blood [16–18] and dental calculus [20] was 
subjected to analysis and revealed the presence of heavy 
metals. These findings reinforce the pervasive capacity of 
heavy metals to diffuse, accumulate, and elicit responses 
in the body. Differences in endocrine and hormone func-
tions, as well as diverse social factors, may contribute to 
sex differences in the interplay between heavy metals and 
their biological consequences [24].

The consequences of heavy metal accumulation and 
inflammatory response in the periodontium were mainly 
evaluated using clinical parameters, particularly CAL and 
PD. However, the varied diagnostic criteria applied to define 
periodontitis compromised the comparison of study results 
and led to discrepancies in data interpretation. Notably, only 
one study categorized periodontitis in humans according to 
severity and found a significant positive association between 
blood Pb and Cd levels and the severity of periodontitis [16]. 
The positive association agrees with the findings of Browar 
et al. (2018) who reported increased bone loss due to con-
tinuous heavy metal exposure in laboratory rats [21]. These 
findings suggest that heavy metals influence the progression 
of periodontitis.

The included studies predominantly relied on [16–18] 
and urine [15, 19, 22] samples for assessing heavy metal 
accumulation. One exception was the study by Yaprak et al. 
(2016), which analyzed dental calculus [20]. Urinary and 
blood samples are widely recognized as primary sources for 
quantifying concentrations of toxic substances [25]. Urinary 
concentrations particularly reflect the overall body burden 
of heavy metals, while blood is considered the most reli-
able indicator of recent exposure, with concentrations typi-
cally being evaluated in whole blood [26]. The inability to 
establish the link between heavy metals in dental calculus 
and periodontal health suggests that heavy metals influence 
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may be more closely related to the systemic inflammatory 
responses rather than exerting a direct local effect.

This study reviewing the relationship between heavy 
metals and periodontitis had several limitations. First, the 
majority of the analyzed studies employed a cross-sectional 
design, which restricted their ability to establish a definitive 
causal relationship between heavy metals and periodontitis 
[15–22]. Furthermore, these studies primarily focused on 
examining the association between heavy metals, mainly 
Pb and Cd, and periodontitis but failed to address the pre-
cise mechanisms of how these metals induce pathological 
changes in periodontal diseases. Some studies also assessed 
individuals who smoke [15, 18, 20]. Given the well-known 
detrimental effects of smoking on the periodontium, cau-
tion should be exercised in interpreting the findings of these 
studies. However, it is crucial to acknowledge that cigarettes 
serve as a significant source of heavy metals, particularly 
Cd, thereby rendering smokers more vulnerable to the com-
bined consequences. Additionally, the lack of methodologi-
cal consensus among the studies is a significant limitation 
since it reduces the comparability and robustness of the 
study outcomes.

Technological advances and industrial growth expose 
humans to environmental agents that can affect health. 
Among these agents, heavy metals are poorly understood 
in terms of their mechanism of action and reference values. 
Exposure to these metals leads to bioaccumulation in tis-
sues and can trigger an inflammatory response. Although a 
causal relationship between periodontitis and heavy metals 
has not been established, studies have shown an association 
between elevated concentration levels and clinical effects 
on periodontal tissues. This association suggests a possible 
environmental modifying factor in the etiopathogenesis of 
periodontitis. Therefore, further research can contribute to 
developing preventive measures and strategies designed to 
minimize damage to health and environmental exposure.

Conclusion

In summary, the present findings highlight the association 
between Cd and Pb human contamination and periodontitis. 
Nonetheless, the cross-sectional analysis of metal toxicity 
does not permit to conclusively establish a causal relation-
ship. Additionally, interactions with other exposure factors 
may influence the inflammatory response across different 
levels of periodontitis. This fact underscores the need for 
further prospective or interventional human studies in order 
to establish a definitive causal link and to define reference 
values for heavy metals. Moreover, research exploring the 
mechanisms of action of heavy metals, whether alone or in 
combination, is essential.
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