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ABSTRACT

The gluten-free diet (GFD) is increasingly adopted, not only by individuals with celiac disease
but also by the general population, often due to the perception that gluten is linked to various
health problems. Studies indicate that GFD can alter macro- and micronutrient intake as well
as fiber consumption. In addition to these nutritional concerns, attention has recently focused
on potential heavy metal exposure associated with GFD. This risk is primarily attributed to
increased consumption of rice-based products, pesticide residues in raw materials, and
possible metal release during processing. Moreover, differences in the absorption and retention
of heavy metals among individuals with celiac disease may influence long-term exposure
patterns. This review aims to critically evaluate recent findings on the potential heavy metal
burden of GFD and to discuss their relevance for both celiac and non-celiac populations.
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INTRODUCTION

Gluten, composed of gliadin and glutenin proteins, is mainly found in wheat and rye (1). It has
attracted considerable attention due to its association with wheat-related disorders (2). Three
major conditions linked to gluten consumption are celiac disease, non-celiac gluten sensitivity,
and wheat allergy (3). Among these, Celiac disease has been the primary focus of clinical and

public health interest, leading to the widespread adoption of the gluten-free diet (GFD) (4, 5).

The foundation for GFD was laid in 1950 through the pioneering research of Dr. Willem Karel
Dicke (6) who identified the harmful effects of gluten on individuals with celiac disease.
Subsequent studies demonstrated that gluten exposure causes villus atrophy in the small
intestine and that strict adherence to GFD restores mucosal integrity and is essential for long-
term health (7). Today, celiac disease is diagnosed using serological tests, genetic markers, and
small bowel biopsy (8). Although alternative therapies are under investigation, current
guidelines from The European Society for Pediatric Gastroenterology Hepatology and
Nutrition (ESPGHAN), European Society for the Study of Coeliac Disease (ECD), and World
Gastroenterology Organization (WGO) continue to emphasize strict lifelong adherence to GFD

as the standard care (3, 9).

The prevalence of celiac disease has increased in recent years, largely due to improved
screening and awareness, while the concept of broader “gluten-related disorders” remains
debated (10). At the same time, the use of GFD has expanded beyond individuals with celiac
disease or other gluten-related disorders. Data from the National Health and Nutrition
Examination Surveys (NHANES) indicate that while the prevalence of celiac disease remained
stable between 2009 and 2014, adherence to GFD increased significantly in the general
population (11). This trend is expected to grow further in the coming years (12). However, the
widespread adoption of GFD among individuals without a confirmed medical indication has
raised concerns regarding nutritional imbalances and misconceptions about their health benefits
(13).

The growing popularity of GFD among individuals without medical indication is largely driven
by the perception that gluten contributes to various health problems and that gluten-free
products are inherently healthier (14-16). However, current evidence does not support the
routine implementation of GFD in conditions other than celiac disease, wheat allergy, and non-
celiac gluten sensitivity (17-19). Therefore, clinical status and dietary patterns should be
carefully evaluated before recommending GFD outside established indications.
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Gluten-free products are now widely available in grocery stores, providing dietary alternatives
that replace wheat-containing products and facilitate energy and nutrient intake (5, 20).
According to U.S. Food and Drug Administration (FDA) regulations, a product may be labeled
as “gluten-free” if it contains less than 20 ppm gluten, including possible contamination during
production (4). Despite this regulatory clarity, a common misconception persists that gluten-
free foods automatically offer superior health benefits. Many are produced using refined flours
and starches, frequently with lower fiber content and less fortification compared to conventional
products (14, 21). Studies suggest that GFD may alter macro- and micronutrient intake,
potentially leading to lower levels of calcium, iron, magnesium, zinc, vitamin B12, folate,

vitamin D, and fiber, alongside increased intake of fat and simple carbohydrates (1, 21, 22).

Beyond nutritional considerations, another emerging concern is the potential association
between GFD and heavy metal exposure. Several studies have reported elevated concentrations
of heavy metals in the blood and urine of individuals adhering to GFD (16, 23). This risk is
primarily attributed to the frequent use of rice and rice-based ingredients in gluten-free
products. Rice, cultivated in flooded conditions, readily accumulates inorganic arsenic and

other heavy metals from soil and water (23).

Rice consumption is already high in Tiirkiye; according to the Turkey Nutrition Health Survey
(2017), 45% of individuals consume rice at least two to three times per week (24). For
individuals following GFD, especially those relying heavily on packaged rice-based products,
cumulative exposure may be higher. Additionally, environmental contamination, pesticide
residues, and potential metal release during processing may further contribute to total dietary

exposure (25).

It is also important to consider whether altered intestinal absorption in individuals with celiac
disease may influence heavy metal uptake. Intestinal atrophy at diagnosis and mucosal recovery
following long-term GFD adherence may affect absorption dynamics, potentially modifying

systemic metal levels.

Given the increasing prevalence of GFD and the growing body of literature addressing heavy
metal concentrations in gluten-free products and biological samples, a comprehensive
evaluation of current evidence is warranted. This review aims to summarize and critically assess
available data on heavy metal content in gluten-free foods and heavy metal exposure among

individuals adhering to GFD, with attention to both celiac and non-celiac populations.
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Heavy Metal Levels in Gluten-Free Food Products

Exposure to heavy metals is of particular concern in individuals adhering to GFD, as increased
consumption of rice and fish may result in elevated levels of these metals in the body. Rice,
cultivated in flooded fields, readily absorbs inorganic arsenic from soil and water.
Consequently, rice and rice-based gluten-free products may pose health concerns due to their

potential heavy metal content (19, 26).

Despite the significant increase in the consumption of gluten-free foods, their composition and
nutritional profiles have not been comprehensively evaluated. A critical aspect of food quality
and safety is the potential presence of contaminants, both organic and inorganic. Attention is
given to non-degradable substances that can bioaccumulate within the food chain. Such
contaminants may be found in gluten-free foods due to the intensive use of pesticides or their

release from raw materials used during the production process (25).

A U.S.-based study examined the nutrient content of gluten-containing and gluten-free
products. The products were categorized into three groups: (i) flour types, (ii) rice types, and
(iii) ready-to-eat foods. The analysis revealed that “rice” was among the initial three ingredients
listed in most gluten-free products. It was determined that the total arsenic concentration in rice
flour (rice: 112 ng/kg; wheat: 11 ng/kg; others: 12 ng/kg; p<0.05) and ready-to-eat foods
containing rice (rice-containing: 141 ng/kg; non-rice-containing: 13 ng/kg; p<0.0001) was
significantly higher compared with products derived from other grains. Similarly, mercury
concentrations in rice were considerably higher than in other grains (p<0.0001) (23). In contrast,
Collumb et al. (27) that certain metals were more prevalent in selected gluten-containing
products than in gluten-free alternatives. However, the detected amounts were below the action
levels set by the WHO (2004) and were not expected to produce adverse effects in the context
of a healthy diet. Nevertheless, the possibility of chronic toxicity due to long-term, low-level
exposure to metal-containing gluten-free or gluten-containing foods cannot be excluded (27).
A study conducted in Saudi Arabia assessed the heavy metal content of foods labeled as gluten-
free and sold in local markets. The findings revealed that the levels of chromium (e.g., coconut
biscuit: 0.268+0.035 mg/kg), iron (e.g., rice cereal: 2009+8 mg/kg), lead (e.g., chocolate balls:
0.66+0.02 mg/kg), nickel (e.g., rice cereal (42.3+£3.8 mg/kg), and manganese levels (e.g.,
spaghetti: 100.3+0.7 mg/kg) were found to exceed the permissible limits established by the
reference authorities (WHO, Turkish Food Codex, NAS/NRC Food and Nutrition Board,
Brazilian Ministry of Health, European Commission). To ascertain the similarities between the

selected sample and other products, a hierarchical cluster analysis (HCA) was conducted. The
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results of the HCA indicated that the rice cereal and flour mixture were in the same group and
that their metal contents were similar. This finding suggests that consumers' preferences may
be influenced by the similarity of heavy metal contents within the same group (28). A similar
study was conducted in Kayseri/Tlirkiye, which revealed that the mean levels of zinc (8.30+£0.36
mg/kg; Turkish Food Codex reference value: 5 mg/kg) and cadmium (0.14+0.03 mg/kg; WHO
reference value: 0.057-0.071 mg/day) in some selected samples; nickel (1.65+0.19 mg/kg;
Turkish Food Codex reference value: 0.2 mg/kg) in all samples were higher than acceptable
levels. The calculations of the metal contamination index revealed that cocoa cookies (4.83),
flour (3.85), and spaghetti (3.52) exhibited the highest concentrations of metals among the
gluten-free products. The analyzed heavy metal contents represented 7.55-35.3% of acceptable
daily intake levels, suggesting that the gluten-free products tested had low nutritional quality
indices (29). Another Turkish study analyzing 41 gluten-free food samples reported the highest
trace element levels in specific products: popcorn and crunch for copper (51.45+5.37 mg/kg),
chocolate sauce for iron (137.43+6.72 mg/kg), pre-cooked chickpea flour for manganese
(20.80+3.42 mg/kg), carob flour for strontium (12.85+2.28 mg/kg), and yeast for zinc
(91.98+6.32 mg/kg). The analysis also revealed that pre-cooked pea flour (15.21) and chocolate
sauce (15.02) exhibited the highest metal pollution index. It was also demonstrated that
consuming 100 grams per day of pasta (104.49%), popcorn and crunch (497.01%), or noodles
(313.08%) may exceed the recommended daily intake of copper. Similarly, the study found that
foods such as tarhana soup (117.52%), baby biscuits (108.76%), chocolate sauce (166.29%),
and cornflakes (140.62%) were shown to potentially surpass the recommended daily intake of
iron (30).

An Italian study reported elevated metal pollution indices in breadsticks (0.44), lasagna (0.42),
and local bread (0.41). The findings underscored the potential health risks associated with
cadmium, lead, and copper contamination (31). A study by Orecchio et al. (32). examined the
heavy metal content of gluten-free products in Italy. The analysis revealed that specific food
items, including noodles, finger biscuits, grissini, and croutons, could potentially exceed the
established daily reference limits for lithium. In Nordic countries, nickel (p=0.001) and lead
(p=0.004) concentrations were found to be elevated in gluten-free products compared with
gluten-containing counterparts. While lead concentrations remained below the EU standard of
20 ug/100 g, no comparable standard exists for nickel (33). A recent Polish study evaluating
naturally gluten-free cereals and pseudocereals reported that cadmium and lead concentrations

in selected products exceeded EU limits. However, calculated Target Hazard Quotient (THQ)
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and Cancer Risk (CR) values remained below risk thresholds, suggesting no immediate health
concern under reported consumption levels (34). Similarly, another Polish study, found that
gluten-free bread contained lower cadmium levels than wheat-rye bread and did not pose
significant cancer or non-cancer risk based on calculated CR values. Nevertheless, constant
consumption of cadmium-contaminated bread may present a potential cancer risk in young
children (35).

Overall, studies conducted across multiple countries indicate that gluten-free products—
particularly those based on rice—often contain higher concentrations of certain heavy metals
compared with gluten-containing counterparts. While most reported levels remain below
regulatory limits, specific products or consumption patterns may approach or exceed reference
values. Even when concentrations do not indicate immediate toxicity, the potential effects of
chronic low-level exposure warrant careful consideration. Therefore, comprehensive dietary
assessments are essential to better understand cumulative exposure and its possible health

implications.
Heavy Metal Exposure in Individuals Following a Gluten-Free Diet and in Celiac Disease

Data from the NHANES examined blood and urine heavy metal levels in individuals adhering
to GFD. The analysis revealed significantly higher concentrations of blood mercury (p=0.008),
lead (p=0.007), cadmium (p=0.03), and urine arsenic (p=0.002) among individuals following
GFD. In a subsequent analysis excluding individuals with celiac disease, elevated blood and
urine levels of heavy metals remained significant (p>0.05) among those on GFD, except for
cadmium (p=0.06). Furthermore, when the analysis was restricted to individuals who had
consumed fish in the last 30 days, those on GFD exhibited higher mercury levels than non-
adherents, suggesting that other foods, in addition to seafood, may contribute to this association.
These findings indicate that individuals adhering to GFD without a celiac disease diagnosis

may still be at risk for elevated heavy metal exposure, independent of fish consumption (36).

In contrast, Kamycheva et al. (40), also using NHANES 20092012 data, reported a significant
association between celiac seropositivity and lower blood lead and mercury levels in children
aged 6-17 years, while no such association was observed in adults. The authors suggested that
reduced intestinal absorption due to villous atrophy at diagnosis might contribute to lower
systemic metal levels in children with untreated celiac disease (37). Elli et al. (38) further
investigated mercury concentrations in a cohort of 30 patients with celiac disease (20 treated
and 10 with intestinal atrophy) and 20 healthy controls, considering potential confounding
factors such as fish consumption and dental amalgam fillings. Treated celiac patients showed
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higher blood (10.2+6.7 pg/L) and urinary mercury levels (2.2+3.0 ug/L) compared with patients
with persistent atrophy (2.442.3 ng/L; 1.0£1.4 ng/L, respectively) and healthy controls (3.7£2.7
ng/L; 1.3+£1.2 ug/L, respectively) (p<0.05). These findings suggest that mucosal recovery
following long-term adherence to GFD may influence mercury absorption. However, urinary
mercury levels did not increase proportionally, indicating that additional mechanisms,

including possible genetic predisposition, may be involved.

In a recent study by Du et al. (39), elevated urinary arsenic levels (3.3 pg/L vs. 13.6 pg/L,
p<0.001) and total nail arsenic levels (0,082 ng/g vs. 0,139 ug/g, p=0,024) were demonstrated
in newly diagnosed children and adolescents living in the United States. The results of three-
day food consumption records indicate that individuals' consumption of rice-containing sources
of arsenic increased after six months of adherence to GFD (3.2 vs. 6.8 servings, p<0.001).
Although the correlation between urinary arsenic levels and rice consumption, an important
marker of arsenic exposure was weak (r=0.22), and urinary arsenic levels remained below
toxicity thresholds, this study highlights the need for a more detailed examination of the

relationship between celiac disease and arsenic exposure.

Taken together, although the number of studies in this area remains limited, the existing
literature highlights the importance of investigating the interplay between GFD adherence,
celiac disease, and heavy metal burden. Current evidence suggests that elevated heavy metal
levels may be linked to GFD adherence, the physiological consequences of celiac disease, or a
combination of both factors. Future research should adopt longitudinal designs, include larger
and more diverse cohorts, and apply detailed dietary assessments to clarify these mechanisms.
Additionally, exploring genetic predispositions, the duration of GFD adherence, and the extent
of intestinal recovery may provide further insight into the complex relationship between heavy

metal uptake, diet, and celiac disease.
Possible Effects of Heavy Metal Accumulation

Metals of toxicological concern include mercury, lead, cadmium, and arsenic. Their global
prevalence has increased due to extensive industrial and agricultural activities, contributing to

environmental contamination and subsequent entry into the food chain (19).

Heavy metal toxicity may manifest as either acute or chronic, depending on several factors such
as the exposure dose, the developmental stage of the individual, and the duration of exposure.
A critical determinant of associated health outcomes is the degree of bioaccumulation within

biological tissues. Bioaccumulation occurs in all living organisms through continuous exposure
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to heavy metals from dietary and environmental sources. In addition, their release during food
production and packaging processes further contributes to exposure, thereby posing potential
health risks (25).

Accumulation of heavy metals in vital organs has been demonstrated to induce oxidative stress,
which can lead to the generation of reactive oxygen species, carcinogenesis, and neurological
disorders (19). Moreover, their endocrine-disrupting properties may adversely affect hormonal

regulation, enzyme activities, and the body’s antioxidant defense capacity (40).

An important mechanism underlying heavy metal toxicity involves epigenetic modifications.
These metals can influence epigenetic regulatory mechanisms, including DNA methylation,
histone modifications, and non-coding RNA expressions. Alterations in gene expression
mediated through these epigenetic pathways are considered significant contributors to cancer
development (41, 42).

CONCLUSION AND RECOMMENDATIONS

Although accumulating evidence highlights the potential heavy metal burden associated with
the GFD, its clinical significance remains uncertain. A central challenge in understanding this
relationship lies in evaluating how strictly individuals adhere to GFD and which alternative
foods are consumed in place of gluten-containing products. If GFD does contribute to heavy
metal exposure, it is important to recognize that long-term, cumulative exposure may result in

bioaccumulation within the body.

The current evidence is heterogeneous, as studies analyzing the heavy metal content of gluten-
free products show considerable variation. This variability may be attributed to differences in
environmental conditions where raw materials are cultivated, disparities in agricultural
practices, and inconsistencies in food processing and packaging. While many studies report that
heavy metal concentrations remain below regulatory thresholds, the long-term health effects of
chronic, low-level exposure remain insufficiently understood. Given the well-documented
metabolic, neurological, and carcinogenic effects of heavy metals, even low-level accumulation

warrants concern.

Particular caution is required when interpreting studies involving individuals with celiac
disease. It remains necessary to distinguish whether elevated heavy metal levels arise primarily
from dietary patterns associated with GFD or from pathophysiological changes related to the
disease itself, such as altered intestinal absorption. Although GFD remains the only effective
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treatment for celiac disease, individuals without a confirmed diagnosis should be carefully
evaluated before adopting long-term dietary restriction, considering potential heavy metal
exposure, nutritional adequacy, and overall sustainability.

The increasing prevalence of childhood celiac disease further emphasizes the importance of this
issue, as prolonged lifelong exposure to gluten-free products may contribute to cumulative
metal intake. From a public health perspective, individuals adhering to GFD should be informed
about the potential risks associated with excessive reliance on rice-based products. Encouraging
dietary diversification—through the inclusion of alternative gluten-free grains such as sorghum,
millet, buckwheat, amaranth, and quinoa—may help reduce dependency on rice and mitigate

potential exposure.

Future research should prioritize longitudinal study designs, larger and more diverse cohorts,
and standardized methodologies for assessing heavy metal concentrations in both food products
and biological samples. Comprehensive dietary assessment tools and evaluation of genetic or
physiological factors influencing metal absorption may further clarify the complex relationship
between GFD adherence, celiac disease, and heavy metal burden.

Conflict of interest: The authors declare that they have no conflict of interest.

Author contributions: Study design: ZBB, FT; Literature review: ZBB; Draft preparation: ZBB; Critical review for content:
FT; Final approval of the version to be published: ZBB, FT.

52



10.
11.

12

13.

14.
15.

16.

17.

18.

19.
20.

21.

22.

23.

24.

25.

26.
27.

28.

29.

30.

31.

32.

33.

34.

Current Research in Nutritional Sciences and Dietetics
2026;1:44-54

REFERENCES

Newberry C, McKnight L, Sarav M, Pickett-Blakely O. Going Gluten Free: The History and Nutritional Implications of Today's
Most Popular Diet. Curr Gastroenterol Rep. 2017;19(11):54.

Elli L, Branchi F, Tomba C, Villalta D, Norsa L, Ferretti F, et al. Diagnosis of gluten related disorders: Celiac disease, wheat
allergy and non-celiac gluten sensitivity. World journal of gastroenterology: WJG. 2015;21(23):7110.

Green PH, Lebwohl B, Greywoode R. Celiac disease. Journal of Allergy and Clinical Immunology. 2015;135(5):1099-106.
Aljada B, Zohni A, EI-Matary W. The Gluten-Free Diet for Celiac Disease and Beyond. Nutrients. 2021;13(11).

Makovicky P MP, Caja F, Rimarova K, Samasca G, Vannucci L. Celiac disease and gluten-free diet - past, present, and future.
Gastroenterol Hepatol Bed Bench. 2020;13:1-7.

Dicke WK, Weijers HA, Van De Kamer JH. Coeliac disease. Il. The presence in wheat of a factor having a deleterious effect
in cases of coeliac disease. Acta paediatrica. 1953;42(1):34-42.

Maki M. Celiac disease treatment: gluten-free diet and beyond. J Pediatr Gastroenterol Nutr. 2014;59 Suppl 1:S15-7.
Lebwohl B, Rubio-Tapia A. Epidemiology, presentation, and diagnosis of celiac disease. Gastroenterology. 2021;160(1):63-
75.

Raiteri A, Granito A, Giamperoli A, Catenaro T, Negrini G, Tovoli F. Current guidelines for the management of celiac disease:
A systematic review with comparative analysis. World Journal of Gastroenterology. 2022;28(1):154.

Hugh James Freeman. Adverse Effects of Gluten-free Diets. International Journal of Celiac Disease. 2018;6(3):71-3.
Unalp-Arida A, Ruhl CE, Brantner TL, Everhart JE, Murray JA, editors. Less hidden celiac disease but increased gluten
avoidance without a diagnosis in the United States: findings from the National Health and Nutrition Examination Surveys from
2009 to 2014. Mayo Clinic Proceedings; 2017: Elsevier.

. Kaminski M, Nowak JK, Skonieczna-Zydecka K, Stachowska E. Gluten-free diet yesterday, today and tomorrow: Forecasting

using Google Trends data. Arab J Gastroenterol. 2020;21(2):67-8.

Mazzola AM, Zammarchi |, Valerii MC, Spisni E, Saracino IM, Lanzarotto F, et al. Gluten-Free Diet and Other Celiac Disease
Therapies: Current Understanding and Emerging Strategies. Nutrients. 2024;16(7):1006.

Jansson-Knodell CL, Rubio-Tapia A. The fashionable gluten-free diet-wear with caution. Am J Clin Nutr. 2021;113(3):491-2.
Arslain K, Gustafson CR, Baishya P, Rose DJ. Determinants of gluten-free diet adoption among individuals without celiac
disease or non-celiac gluten sensitivity. Appetite. 2021;156:104958.

Wiinsche J, Lambert C, Gola U, Biesalski HK. Consumption of gluten free products increases heavy metal intake. NFS Journal.
2018;12:11-5.

Bascufidan KA, Vespa MC, Araya M. Celiac disease: understanding the gluten-free diet. European Journal of Nutrition.
2017;56(2):449-59.

Passali M, Josefsen K, Frederiksen JL, Antvorskov JC. Current Evidence on the Efficacy of Gluten-Free Diets in Multiple
Sclerosis, Psoriasis, Type 1 Diabetes and Autoimmune Thyroid Diseases. Nutrients. 2020;12(8).

Patel NK, Lacy BE. Another Reason to Avoid the Gluten-Free Fad? Clin Gastroenterol Hepatol. 2018;16(2):184-5.

Gorgitano MT, Sodano V. Gluten-Free Products: From Dietary Necessity to Premium Price Extraction Tool. Nutrients.
2019;11(9):1997.

Diez-Sampedro A, Olenick M, Maltseva T, Flowers M. A Gluten-Free Diet, Not an Appropriate Choice without a Medical
Diagnosis. J Nutr Metab. 2019;2019:2438934.

Lerner A, O'Bryan T, Matthias T. Navigating the Gluten-Free Boom: The Dark Side of Gluten Free Diet. Front Pediatr.
2019;7:414.

Punshon T, Jackson BP. Essential micronutrient and toxic trace element concentrations in gluten containing and gluten-free
foods. Food Chem. 2018;252:258-64.

T.C. Saglik Bakanhig1, Hacettepe Universitesi. Tiirkiye Beslenme ve Saglik Arastirmasi (TBSA). Saglik Bakanlig1 Yayinlari.
2019.

Maggio A, Orecchio S, Barreca S. Review on chemical composition of gluten-free food for celiac people. Integrative Food,
Nutrition and Metabolism. 2019;6(1).

Wiinsche J, Lambert C, Biesalski H, Gola U. Glutenfrei = Problemfrei? Aktuelle Erndhrungsmedizin. 2018;43(06):475-8.
Collumb CJ, Delelegn AA, Fernandez GM, Hudson AC, Kimberley KW, Sims DB, et al. Trace Elements in Gluten-free Pastas
and Flours from Markets Located in the Las Vegas, Nevada Area. J Food Res. 2019;8(5):59-70.

A.O. Mehdera EY, A. Sungurc, M. Soylakb, and Z. A. Alothman. Assessment of Cr, Mn, Fe, Co, Ni, Cu, Zn, As, Cd, and Pb
Concentrations in Gluten-free Foods From Saudi Arabia by Inductively Coupled Plasma Mass Spectrometry. Atomic
Spectroscopy. 2015;36.

Yilmaz E, Soylak M, Duran A. Assessment of Gluten-Free Food Sourced Heavy Metal Accumulation for Celiac People.
Cumhuriyet Science Journal. 2019.

Ozer T, Caner C, Altintig E, Altundag H. Determination of some heavy metal deposits in gluten-free foods in Turkish market
with ICP-OES. Journal Of Chemical Metrology. 2022.

Orecchio S, Amorello D, Raso M, Barreca S, Lino C, Di Gaudio F. Determination of trace elements in gluten-free food for
celiac people by ICP-MS. Microchemical Journal. 2014;116:163-72.

Orecchio S AD, Raso M, Barreca S, Lino C, Di Gaudio F. . Determination of macro elements in gluten-free food for celiac
people by ICP-OES. Life Safety and Security 2015(3):36-48.

Pastell H KB, Valsta L, Jarvinen J. Are gluten-free products a healthier alternative?: A pilot study on nutrients and heavy
metals. Nordic Council of Ministers. 2021.

Bielecka J, Markiewicz-Zukowska R, Puscion-Jakubik A, Grabia M, Nowakowski P, Soroczynska J, et al. Gluten-free cereals
and pseudocereals as a potential source of exposure to toxic elements among polish residents. Nutrients. 2022;14(11):2342.

53



35.

36.

37.

38.

39.

40.

41.

42.

Current Research in Nutritional Sciences and Dietetics
2026;1:44-54

Gacal M, Gut-Pietrasz K, Cwielag-Drabek M, editors. Cadmium and lead content in gluten and gluten-free bread available on
Polish market—potential health risk to consumers. Annales Academiaec Medicae Silesiensis; 2023: Slaski Uniwersytet
Medyczny w Katowicach.

Raehsler SL, Choung RS, Marietta EV, Murray JA. Accumulation of Heavy Metals in People on a Gluten-Free Diet. Clin
Gastroenterol Hepatol. 2018;16(2):244-51.

Kamycheva E, Goto T, Camargo CA, Jr. Blood levels of lead and mercury and celiac disease seropositivity: the US National
Health and Nutrition Examination Survey. Environ Sci Pollut Res Int. 2017;24(9):8385-91.

Elli L, Rossi V, Conte D, Ronchi A, Tomba C, Passoni M, et al. Increased Mercury Levels in Patients with Celiac Disease
following a Gluten-Free Regimen. Gastroenterol Res Pract. 2015;2015:953042.

Du N, Chang D, Boisvert J, Hron B, Rosen R, Punshon T, et al. Effect of adopting a gluten-free diet on exposure to arsenic and
other heavy metals in children with celiac disease: A prospective cohort study. Official journal of the American College of
Gastroenterology| ACG. 2022:10.14309.

lavicoli I, Fontana L, Bergamaschi A. The effects of metals as endocrine disruptors. Journal of Toxicology and Environmental
Health, Part B. 2009;12(3):206-23.

Ryu H-W, Lee DH, Won H-R, Kim KH, Seong YJ, Kwon SH. Influence of toxicologically relevant metals on human epigenetic
regulation. Toxicological research. 2015;31(1):1-9.

Fragou D, Fragou A, Kouidou S, Njau S, Kovatsi L. Epigenetic mechanisms in metal toxicity. Toxicology mechanisms and
methods. 2011;21(4):343-52.

54



