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ABSTRACT
Heavy metals exposure might be linked to rheumatic diseases and has been studied in a few articles. The aim of this article 
is to review the studies that evaluated metal toxicity in rheumatological diseases. A systematic search of PubMed, Embase, 
and Scielo databases was performed, looking for articles on toxic metals and rheumatic diseases published between 1966 and 
March 2023. A total of 31 studies (1,559 RA and 4,308 patients with other rheumatic diseases) were included. Most patients 
were females, ranging from 4 to 62 years old. Although most studies showed higher concentrations of toxic metals in rheumatic 
diseases, a few showed a positive association with disease activity or severity of the conditions. This systematic review reveals 
the presence of toxic metals in patients with rheumatic disease. Screening for toxic metals may be elucidative in selected cases.
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Toxic metals in rheumatological diseases: 
A systematic review

The frequency of rheumatic diseases ranges from rare 
conditions such as primary vasculitis to very prev-

alent disorders, including fibromyalgia, which affects 5% 
of the population, and osteoarthritis, which involves 60% 
of the old population at 70 years old [1].

The causes of rheumatic disorders are not entirely 
known, but genetic and environmental factors are con-
sidered critical factors in these disorders. Concerning ge-
netic factors, HLA-DR4, PTPN22, and HLA-B27 are 
widely known to predispose patients to autoimmunity 
[1]. On the other hand, environmental factors are related 
to hormones, ultraviolet radiation, medication use (e.g., 
estrogen, procainamide, hydralazine, etc.), vaccines, and 
metals. In this context, some studies reported that mer-
cury and gold may induce autoimmunity in animal mod-
els [1]; there is evidence of the interplay of toxic metals 
in the pathophysiology of rheumatic diseases [2].

The purpose of this study is to provide a systematic 
review of studies assessing metal toxicity in rheumatic 
diseases. 

METHODS

Literature Review
We systematically searched the papers published from 
1966 to March 2023 in PubMed/MEDLINE, EM-
BASE, and Scielo utilizing these MeSH entry terms: 
“metal toxicity” OR “ metal poisoning” OR “metal in-
toxication” OR “trace element” AND “rheumatic” OR 
“rheumatologic” OR “fibromyalgia” OR “rheumatoid ar-
thritis” OR “spondyloarthritis” OR “Sjögren’s syndrome” 
OR “myositis” OR “systemic sclerosis” OR “osteoarthritis” 
OR “gout” OR “antiphospholipid syndrome” OR “gout” 
OR “osteoarthritis” OR “spondyloarthritis” OR “ankylos-
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ing spondylitis” OR “psoriatic arthritis” OR “vasculitis” 
OR “Behçet’s disease” OR “familial Mediterranean fever”. 
In other datasets, we used similar techniques. No lan-
guage restrictions were present in any associated articles. 
The chosen articles’ reference lists were examined to find 
other works. Initially, the literature search and research 
abstract selection were carried out independently by JFC 
and TLS. The full-text articles chosen by abstracts were 
reviewed separately by the same reviewers in the second 
step. At consensus meetings, conflicts were settled by a 
third reviewer. The writers adhered to PRISMA stan-
dards [3]. The authors, year of publication, number of 
patients investigated, demographic information, du-
ration of the ailment, toxic metal specification, results, 
and effects were all extracted from the studies using a 
standardized manner. Evaluations of hazardous metals, 
rheumatic disorders, and clinical trials were required for 
inclusion. Articles involving animal experiments, review 
papers, and in vitro research were excluded.

RESULTS

Appendix 1 summarizes the studies in which toxic met-
als were evaluated in RA [4–11]. These articles came 
from Pakistan (n=2), Denmark (n=1), Iraq (n=1), Ita-
ly (n=1), Korea (n=1), Taiwan (n=1), and the United 
States (n=1). Study design, most of them were cross-sec-
tional (n=6) [4–9], case-control (n=1) [10], and case re-
port (n=1) [11]. A total of 8 studies with 1,559 RA pa-
tients were evaluated. Age varied from 20 to 62 years old, 
and female gender from 44% [9] to 100% [5]. In sum-
mary, all studies demonstrated increased levels of toxic 
metals in R.A. subjects, including Cd (n=5), Cu (n=1), 
Ni (n=2), Pb (n=3), As (n=1), and Hb (n=1).

Appendix 2 shows 22 articles that evaluated toxic 
metals in other rheumatic diseases [12–34], including 
SLE (n=5) [12–16], gout or hyperuricemia (n=4) [17–
20], systemic sclerosis (n=3) [21–23], miners (n=2) [24, 
25], fibromyalgia (n=1) [26], rheumatic fever (n=1) [27], 
polyarteritis nodosa (n=1) [28], more than one disease 
studied (n=4) [29–32], unspecified arthritis (n=1) [33] 
and granulomatosis with polyangiitis (n=1) [34]. Brazil 
(n=3), Czechia (n=1), Canada (n=1), Italy (n=1), Nor-
way (n=2), France (n=1), Turkiye (n=1), the UK (n=1), 
the USA (n=5), New Zealand (n=1), and Switzerland 
(n=1) were the nations that generated the articles. Con-
cerning study design, most of them were cross-section-
al (n=14) [12, 13, 17, 19–21, 23–25, 27, 29–31, 33], 
followed by case report (n=3) [14, 16, 28], prospective 

(n=2) [15, 26], case series (n=1) [32], case-control (n=2) 
[22, 34]. A total of 7,883 participants, including 4,259 
patients with gout [17–20], 174 lupus [12–14], 179 sys-
temic sclerosis [21–23], 617 miners [24, 25], 33 rheu-
matic fever [27], 1 polyarteritis nodosa [28], 1 granulo-
matosis with polyangiitis [34], 39 pediatric rheumatic 
diseases [14, 27, 32], and 2,546 with two or more condi-
tions [29–32]. Age varied from 4 [32] to 64.7 [19] years 
old, and female gender from 0 [18] to 96.2% [13]. Dis-
ease duration ranged from 2 weeks [32] to 33 years [28].

Regarding lupus studies, low levels of lead were ob-
served in one study, although high lead levels were as-
sociated with lupus diagnosis [12]. In the other study, 
mercury levels were negatively linked to disease activi-
ty measured by BILAG and SLICC [13]. The other 2 
studies were case reports showing lupus-like induced 
by toxic metals [13, 14]. The gout studies showed an as-
sociation of this metabolic disorder with mercury and 
lead. SSc was associated with increased levels of several 
toxic metals [21–23]. The authors reported that mer-
cury exposure was linked to positive ANA, anti-nucle-
olar, and other autoantibodies directed against GSTA1, 
TNF ligand superfamily member 13, and others [24, 
25]. The authors of the fibromyalgia paper discovered 
that all patients had at least one positive metal test; 
the most frequently positive were lead, nickel, inorgan-
ic mercury, and cadmium. No difference with healthy 
controls was detected in patients with acute rheumatic 
fever [27]. In one pediatrician study [32], the authors 
described 5 young relatives with clinical pictures of 
polyarteritis nodosa-like and erythromelalgia and were 
successfully treated with metal chelation. One study 
evaluated late hypersensitivity to heavy metals, not se-
rum or hair metal levels [30].

Highlight key points

•	 Toxic metals are frequently detected at higher levels in pa-
tients with rheumatic diseases compared to healthy con-
trols.

•	 Only a minority of studies link metal exposure directly to 
disease activity or severity.

•	 Mercury, lead, cadmium, and nickel are the most recurrent 
metals associated with autoimmune and inflammatory con-
ditions.

•	 Metal exposure may mimic rheumatic symptoms, complicat-
ing diagnosis and clinical management.

•	 Screening for toxic metals could provide valuable insights in 
selected rheumatology cases.
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DISCUSSION

This is the first study to systematically review all articles 
published on toxic metals in rheumatic diseases.

The human body requires certain trace elements (Cu, 
Zn, Mn among others) essential for human health. They 
are important because they form an essential part of en-
zymes involved in metabolic or biochemical processes. 
However, at high levels, these metals may become tox-
ic, causing severe symptoms and even death. Harmful 
effects in most people result from years of accumulated 
exposure and storage in the body [29].

Heavy metal toxicity results from increasing pollution 
levels, industrial utilization, dental treatment, and expo-
sure to jewelry use. They are present in soil, air, drink-
ing water, cosmetics, medicines, fuel, etc. Dental resto-
rations were connected to mercury, palladium, and gold 
exposure, while the patient’s surroundings were linked to 
nickel and titanium exposure. The metal’s distribution in 
the various target organs depends on the dose, route, and 
length of exposure [35–37].

Toxic metals alter the metabolism of metallothioneins 
and promote the synthesis of free radicals, increasing 
oxidative stress and causing depletion of the body’s pri-
mary antioxidants. According to Lawrence et al. [38], 
toxic metals can damage mitochondrial DNA, resulting 
in mitochondrial dysfunction and oxidative stress. The 
depletion of glutathione and the amino acid cysteine, 
which is essential for glutathione synthesis, reduces the 
body’s defenses against free radicals. Some of them, like 
Pb, negatively affect the metabolism of cytokines, includ-
ing the interleukins IL-2, IL-1b, IL-8, IL-6, IL-4, tumor 
necrosis factor-alpha (TNF-α), and interferon-gamma 
(IFN), as well as the expression and functioning of in-
flammatory enzymes such as cyclooxygenases [39]. It has 
also been proposed that exposure to certain toxic metals 
could disrupt the delicate balance between the immune 
and central nervous system [33]. It is interesting to note 
that the symptoms of metal toxicity, such as Pb and Al, 
include poor sleep, diffuse muscle pain, brain fog, chron-
ic malaise, headaches, numbness, dizziness, and anxiety, 
which are the same as those of fibromyalgia [29].

Pathways that are toxic or allergic are crucial in metal 
pathology. Genetics may determine a person’s susceptibil-
ity to metals and ability for detoxification. Additionally, it 
has been shown that smoking, which is linked to nickel 
sensitivity, is connected to SLE and R.A [7, 8]. Alcohol 
consumption may reduce the risk of arthritis at higher 
concentrations of Hg and Se [29]. Workplace co-exposure 

to mineral lubricants, silica, traffic pollution, and certain 
metals, including nickel, mercury, and palladium, are addi-
tional risk factors for connective tissue diseases. SLE has 
been observed to occur often in a population exposed to 
petroleum products and mercury [40]. A significant fre-
quency of delayed-type metal hypersensitivity, notably to 
gold, titanium, nickel, palladium, mercury, or chromium, 
has also been shown to occur in SLE, Sjögren’s syndrome, 
and R.A. patients. In people with metal sensitivities, re-
ducing metal exposure may reduce inflammation and im-
prove the effectiveness of conventional treatment [29].

Further research is needed on the role of metals in de-
veloping rheumatic illnesses and on potential immuno-
toxic processes; it is also unknown if metals interact with 
shielding micronutrients like vitamins and selenium.

The study’s strengths include research with people 
who meet the worldwide criteria for rheumatic disorders 
and various study designs on toxic metals in rheumatic 
diseases. The authors assert that all documented instanc-
es of hazardous metal exposure in rheumatoid arthritis 
patients were gathered this way. However, some limita-
tions were also observed. For example, no comparison 
between supplementation of micronutrients and classi-
cal treatments used in rheumatic diseases was available. 
Moreover, the number of participants in each study was 
small. In addition, a few rheumatic diseases were studied. 
Therefore, future studies, including larger patient sam-
ples, long-term follow-up, and diverse kinds of rheumat-
ic disorders, are needed to understand the actual value of 
toxic metals in rheumatic diseases.

Conclusion
There are few studies in the literature evaluating the 
effects of toxic metals in rheumatological diseases, and 
only nine such conditions were addressed in this review.
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