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Abstract: Background: There is conflicting evidence on the effect of specific micronutrient concentra-
tion and cancer risk. In this study, we investigated the differences in serum zinc, copper, iron, and
manganese levels and different endometrial pathologies, including endometrial cancer. Methods: 110
patients with a confirmed diagnosis of endometrial cancer, benign uterine conditions (endometrial
polyp, endometrial hyperplasia, uterine myoma), or normal endometrium were included in the study
and assessed in terms of endometrial cancer risk factors. The measurements of serum micronutrients
were conducted using inductively coupled plasma optical emission spectrometry. Results: When as-
sessing for differences between serum concentrations of trace metals, we found significant differences
in the distribution of Mn (p < 0.001) and Fe (0.034). There was also a significant difference in Cu/Zn
ratio between the analyzed groups (p = 0.002). Patients” BMI was found to influence Cu concentration,
with obese patients having higher mean copper concentration (p = 0.006). Also, patients’ menopausal
status was shown to influence Cu concentration with postmenopausal patients having higher Cu
levels (p = 0.001). The menopausal status was found to influence Cu/Zn ratio (p = 0.002). Univariable
regression analysis did not confirm that any of the micronutrients significantly influence the risk of
endometrial cancer. Conclusion: The concentration of specific trace metals varies between different
histopathological diagnoses of endometrial pathologies. Menopausal status and patient BMI are
endometrial cancer risk factors impacted by the concentrations of Cu and Zn and their ratio.
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1. Introduction

Numerous studies have shown correlations between specific trace metal concentrations
and an increased risk of cancer development. However, there is still limited research and
conflicting evidence on the relationship between specific trace elements and gynecological
pathologies.

Endometrial cancer (EC) is the most common gynecological malignancy, and its in-
cidence is on the rise [1]. The widely established risk factors are increased patient age,
obesity, increased BMI, insulin resistance, diabetes, and hormonal imbalance [2]. Moreover,
patients’ history of early menstruation onset, late menopause, polycystic ovarian syndrome,
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infertility, presence of anovulatory cycles, and use of unopposed estrogen hormone replace-
ment therapy or tamoxifen therapy also favor the development of endometrial cancer [3].
Genetic conditions such as Lynch syndrome, Cowden syndrome, and family history of
endometrial or colorectal cancer also increase the risk of EC. Endometrial hyperplasia is
a benign condition; however, it may act as a precursor state for endometrial cancer. It
is usually correlated with presence of unopposed estrogen levels, which in absence of
progesterone lead to abnormal proliferation of the endometrial tissue [4]. For many years,
endometrial cancer was divided into two subtypes based on Bokhman classification, which
divided the populations of EC patients based on EC tissue estrogen expression into Type
1 (estrogen-dependent) and Type II (estrogen-independent). Only in the last few years, a
new molecular classification was proposed based on the findings of The Cancer Genome
Atlas project (TCGA) [5]. The results of clinical trials PORTEC 3 and 4 showed the use of
the new molecular classification in patient stratification based on clinical risk factors and
molecular characteristics (POLE mutation, mismatch repair-deficient, p53 abnormal, and
no specific molecular profile) [6-8]. Still, there are no specific biomarkers for endometrial
cancer diagnosis. Some potential markers were identified (i.e., PTEN, TP53, POLE, and
KRAS mutations); however, they lack sensitivity and specificity.

Zinc (Zn) and copper (Cu) are essential micronutrients that participate in multiple
processes that regulate the functioning of the human body, including cellular metabolism
and enzymatic activities. They also participate in oxidative stress processes and regulate
formation of free radicals [9]. The homeostasis of Zn and Cu is strictly regulated by
various mechanisms, and their imbalance may result in absorption competition resulting in
impairment of their antioxidant properties. Important enzymes that require Cu for their
function include Cu/Zn superoxide dismutase, ceruloplasmin, tyrosinase, and cytochrome
oxidase. Cu concentration can be also affected by iron (Fe) concentration as increased Fe
dietary intake was found to decrease serum Cu concentration [10]. Other micronutrients
significant for human health include manganese, iron, copper and selenium, which have
specific biological activities that participate in redox reactions, due to the presence of
unpaired electrons in their atoms.

Altered levels of trace metals were found in different pathologies including immuno-
logical, degenerative, and inflammatory diseases [11]. As chronic inflammation and oxida-
tive stress may induce microenvironment remodeling and carcinogenesis, we decided to
evaluate the relationship between the levels of selected trace elements in women diagnosed
with different endometrial pathologies. Despite several attempts to determine the roles of
selected elements in endometrial cancer, the results remain inconclusive.

The International Agency for Research on Cancer (IARC) has created a classification
to evaluate the carcinogenicity of specific agents to humans. The agents were classified
based on scientific evidence from experimental animal studies and mechanistic or other
relevant data. Four groups were identified:

- Group 1—carcinogenic to humans;

- Group 2A—probably carcinogenic to humans;

- Group 2B—possibly carcinogenic to humans;

- Group 3—not classifiable as to its carcinogenicity to humans.

Of the analyzed trace metals, the following were included in the classification: cad-
mium group 1 carcinogen; occupational exposure during iron and steel founding group 1
carcinogen; implanted foreign bodies of metallic cobalt, nickel, and alloy powder containing
nickel, chromium, and iron group 2B carcinogen; iron sorbitol—citric acid complex group 3;
iron—dextrin complex group 3. The Department of Health and Human Services (DHHS)
as well as the IJARC have not classified zinc for carcinogenicity due to the incomplete
information from human and animal studies [12]. There are also no data on manganese
carcinogenicity in IARC classification [13].
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2. Materials and Methods

A total of 110 patients were included in a single-center study conducted at the Depart-
ment of Gynecological Surgery and Gynecological Oncology of Adults and Adolescents,
Pomeranian Medical University. For the purpose of the study, we have included patients
with a confirmed diagnosis of endometrial cancer and benign uterine conditions (endome-
trial polyp, endometrial hyperplasia, and uterine myoma) or normal endometrium. All
patients had a confirmed histopathological diagnosis. The exclusion criteria included
recurrence of endometrial cancer, any previous form of cancer treatment, and presence
of unbalanced /untreated chronic diseases. Patients with lost or incomplete data were
removed from the study group before any statistical analysis. The study was conducted
according to the guidelines of the Declaration of Helsinki and approved by the Ethics
Committee of Pomeranian Medical University in Szczecin (protocol code KB-0012/27/2020
of 9 March 2020). Informed consent to participate in the study was obtained from all
the patients.

2.1. Sample Collection and Storage

Two 5 mL venous blood samples were collected for trace element determination into
2 S-Monovette EDTA probes (Sarstedt, Germany). The samples were taken at the time
of hospital admission for surgical procedure (hysteroscopy/laparoscopy or laparotomy
depending on patient’s medical condition). One of the samples was then centrifuged for
15 min at a room temperature at 3000 RPM with a centrifugal force of 704 x g. The samples
were then stored at a temperature of —80 °C.

2.2. Measurement Methodology

The determination of trace metal concentration was performed using inductively
coupled plasma optical emission spectrometry (ICP-OES, ICAP 7400 Duo, Thermo Scientific,
Waltham, MA, USA) equipped with a concentric nebulizer and cyclonic spray chamber.
Serum and whole blood samples underwent a microwave decomposition procedure with a
microwave digestion system. Then, 65% HNO3 was added to the samples after defrosting
and sample preparation. The specimens were then transferred into Teflon vessels and
placed in the microwave digestion system MARS 5 (CEM, Matthews, NC, USA). The
process of sample digestion was composed of two stages: an initial stage of 15 min, at
which the samples were gradually heated up to 180 °C, and the second stage of 20 min
at 180 °C. The protocol assumed a further 20-fold dilution of the digested samples. An
amount of 500 uL of yttrium was added to the final standard sample concentration at
0.5 mg/L and 1 mL of 1% Triton (Triton X-100, Sigma-Aldrich, Poland). The samples were
further diluted with 0.075% HNOj3; (Suprapur, Merck, Poland) up to the volume of 10 mL
and finally stored at 4-8 °C until analysis. The calibration curve was constructed using
multielement standard solutions (ICP multielement standard solutions IV, IX, and XVI,
Merck, Kenilworth, NJ, USA).

2.3. Statistical Analysis

Patients qualified for the study were assessed in terms of trace metal concentration
(divided into two groups with increasing concentration), age, menopausal status, BMI,
smoking, type 2 diabetes, and hypothyroidism. Patients were also differentiated based
on their histopathological diagnosis (endometrial cancer, uterine fibroma, endometrial
polyp, and normal endometrium). The objective of the analysis was to compare trace metal
concentrations between different endometrial pathologies and to assess the relationship
between patients’ characteristics, trace metal concentrations, and the occurrence of en-
dometrial cancer. Due to a limited population of endometrial cancer patients, we did not
perform a division between endometrial cancer staging based on FIGO classification. Study
population characteristics are detailed in Table 1.
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Table 1. Patients’ characteristics.

Characteristics Overall
Age (years)
<50 45
>50-60 30
>60 32
BMI (kg/m?)
Normal (<25) 35
Overweight (>25-30) 36
Obese (>30) 25
Smoking
Yes 7
No 101
Type 2 diabetes
Yes 15
No 93
Menopause
Yes 64
No 36
Hypothyroidism
Yes 18
No 90
Histopathological diagnosis
Endometrial cancer 21
Uterine fibroma 25
Endometrial polyp 48
Normal endometrium 16

The normality of the groups was checked using the Shapiro-Wilk Test. In normally
distributed groups, with only one categorical variable at a time, an ANOVA test was used
to determine any differences between the average of the compared groups, with Tukey’s
(Kramer’s) HSD (Honestly Significant Difference) to compare between means of specific
pairs. For groups within which the distribution varied from normal, the Kruskal-Wallis
test was used to assess differences in the dependent variable between the different groups.
Multiple comparisons were conducted to compare the differences between pairs using the
Post-Hoc Dunn’s test with the Bonferroni correction. In all the analyses, outliners were
removed from the statistical analysis. To compare the differences between two independent
groups, with an ordinal dependent variable, the Mann-Whitney U test was used as most of
the data was not normally distributed, and outliners were present. The Mann-Whitney
U test is more robust to the presence of outliers than the ¢-test. In order to assess the
odds ratios (ORs) and the corresponding confidence intervals (95% CI) for each trace
metal, they were calculated using univariate logistic regression models. p-value < 0.05
was adopted as the statistical significance threshold. Statistical analysis was performed
with Statistica 10, StataSoft, Poland and R Statistical Analysis Software, R Foundation for
Statistical Computing, Vienna, Austria.

3. Results
3.1. Group Characteristics

In the whole study population, the median patient age was 52 years of age, and median
BMI was 27.06 kg/m?. For the purpose of the research, the patients were divided into
four subgroups based on their histopathological diagnosis (myoma, normal endometrium,
endometrial polyp, and endometrial cancer). A comparison between selected variables and
patient characteristics was performed to determine if there were any changes between the
groups. The results are presented in Table 2.
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Table 2. Comparison of the selected variables between the study groups.

. Myoma Normal Endometrium Endometrial Polyp  Endometrial Cancer R

Variable X1 X2) X3) (X4) p-Value
1.001 0.992 0.942 0.938 .

Zn (mg/L) (0.793; 1.316) (0.876; 1.265) (0.812; 1.265) (0.814; 1.048) 0.714
0.923 0.887 0.807 0.915 .

Cu (mg/L) (0.752; 1.003 (0.766; 1.055) (0.699; 0.938) (0.750; 1.148) 0.328
Cu/Zn ratio 1.133 (0.859; 1.482) 0.772 (0.713; 0.772) 0.862 (0.733;0.862)  0.981 (0.805; 0.981) 0.018 *
Mn (mg/L) 0.009 (0.006; 0.012) 0.009 (0.002; 0.011) 0.004 (0.001; 0.006)  0.005 (0.002; 0.009) <0.001 *

Fe (mg/L) 1.512 + 0.607 1.107 + 0.367 1.394 -+ 0.433 1.192 + 0.597 0.034
Age (years) 45 (40.5; 51.5) 52 (47; 55) 51 (43.5; 60.5) 70 (58.5; 79) <0.001 *

Weight (kg) 69.8 + 134 79.1 + 15.0 711+ 155 78.7 £21.2 0.128
BMI (kg/m2)  25.28 (23.32; 28.95) 29.72 (26.08; 34.18) 26.56 (21.78;30.04)  30.27 (26.24; 37.52) 0.025 *

Data are reported as mean =+ standard deviation or median (Q1; Q3). The groups were compared using ANOVA
and Kruskal-Wallis test *. p-values < 0.005 were considered significant.

3.1.1. Trace Metal Concentration

When assessing for differences between serum concentrations of Zn and Cu, the
differences between the averages of all groups were not statistically significant (p = 0.714
and p = 0.328, respectively). The highest median serum Zn levels were found among
patients diagnosed with uterine myoma (1.009 mg/L), while endometrial cancer patients
were found to have the lowest median concentration (0.938 mg/L). As for cadmium, the
lowest median values were noted for patients diagnosed with endometrial polyps (0.823).

The distributions between specific subgroups are presented in Figure 1A,B.
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Figure 1. (A) Distribution of Zn. (B) Distribution of Cu. (C) Cu/Zn ratio. (D) Distribution of Mn.
(E) Distribution of Fe.

Having calculated Cu/Zn ratio, the difference between the averages of some groups
were big enough to be statistically significant (p = 0.018 with the corrected « using the
Bonferroni correction method of 0.0083). The observed effect size f was medium (0.07). The
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Tukey—Kramer test showed significant differences between the means: myoma—endometrial
polyp and myoma-normal endometrium with significantly higher mean Cu/Zn ratio in
patients diagnosed with uterine myoma (p = 0.003 and p = 0.016, accordingly). The detailed
results are presented in Figure 1C and Table A1, Appendix A.

The distribution of Mn concentration variated from normal. The Kruskal-Wallis H
test indicated that there was a significant difference in the dependent variable between the
different groups, x2(3) = 16.33, p < 0.001, with a mean rank score of 55.43 for Group X1,
45.42 for Group X2, 29.89 for Group X3, and 35.47 for Group X4. The Post-Hoc Dunn’s test
using a Bonferroni corrected alpha of 0.0083 indicated that the mean ranks of the following
pairs are significantly different: X1-X3 and X1-X4 (see Appendix A, Table A1).

The averages of Fe concentration between the assessed groups were significantly
different (p = 0.034), with 8.9% variance from the average. However, Tukey’s HSD showed
no significant difference between the means of any pair. It is possible that a combined mean
of more than one group differs significantly from the mean of one group or from the mean
of other combined means. Specific results are listed in Appendix A, Table A2.

The distributions of specific trace metals between the specific subgroups are listed in
Figure 1A-E.

3.1.2. Patient Age

The Kruskal-Wallis test indicated that there is a significant difference in the dependent
variable between the different groups, (p < 0.001), with a mean rank score of 34.5 for myoma,
51.5 for normal endometrium, 51.15 for endometrial polyp, and 82.5 for endometrial cancer.
The Post-Hoc Dunn’s test using a Bonferroni corrected alpha of 0.0083 indicated that
the mean ranks of the following pairs are significantly different: X1-X4 X2-X4 X3-X4
(Appendix A, Table A3).

3.1.3. Patient Weight and BMI

The differences between the BMI averages of the groups were found to be statistically
insignificant (p = 0.128). However, there are significant differences between the groups
when accounting for patient BMIL. The Kruskal-Wallis H test indicated that there is a
significant difference in the dependent variable between the different groups, x2(3) = 9.33,
p = 0.025, with a mean rank score of 44.02 for myoma, 63.53 for normal endometrium, 46.34
for endometrial polyp, and 65.15 for endometrial cancer (Appendix A, Table A4).

3.2. Distribution of Trace Metal Concentration Based on Patient BMI

As a part of the study, an evaluation of the influence of patient BMI on trace metal
concentration was conducted, regardless of histopathological results. Patients were divided
into three subgroups based on their BMI: underweight and normal weight (BMI < 25),
overweight (25-30), and obese (BMI > 30). For all the variables, the differences between the
groups were found to be insignificant, apart from Cu concentration (p = 0.006). The means
were different between the groups of patients with BMI < 25 and BMI > 30 (difference
0.197, p = 0.004). The specific details are presented in Table 3 and Appendix B, Table A5.

Table 3. Differences in patient BMI between specific groups of patients.

BMI (kg/m?) <25 25-30 >30 p
Zn (mg/L) 0.957 £ 0.279 1.053 + 0.229 1.075 4 0.347 0.051
Cu (mg/L) 0.821 4 0.184 0.896 + 0.185 1.003 + 0.334 0.006

Cu/Zn ratio 0.869 =+ 0.238 0.976 + 0.303 1.020 £ 0.376 0.127
Mn (mg/L) 0.005 0.006 0.007 0.676 *
Fe (mg/L) 1.357 & 0.436 1.384 + 0.481 1.317 +0.708 0.890

Data are reported as mean =+ standard deviation or median. The groups were compared using ANOVA and
Kruskal-Wallis test *. p values < 0.005 were considered significant.
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3.3. Analysis of Trace Metal Concentration Considering Patient Characteristics

Trace metal concentrations were analyzed based on different patients’ characteristics
and presence of comorbidities. Significant differences were found between the values of Cu
(p=0.0013, f = 0.32) and Cu/ Zn ratio (p = 0.002, f = 0.31) based on patients’ menopausal
status, with significantly higher values noted for patients after menopause. For other trace
metals, the results were statistically insignificant. A significant difference was also found
between Zn concentration based on presence of diabetes type 2. Zn concentrations of
patients with diabetes type 2 were found to be significantly lower (p = 0.004, f = 0.30).

When assessed for presence of hypothyroidism and cigarette use, the differences
between the concentrations of specific trace metals were not big enough to be statistically
significant. Specific results are listed in Table 4.

Table 4. Comparison of median trace metal concentrations based on patient characteristics and

comorbidities.

Zn (mg/L) Cu (mg/L) Cu/Zn ratio Mn (mg/L)  Fe (mg/L)

Before menopause 0.999 0.795 0.843 0.007 1.441

After menopause 0.893 0.942 1.012 0.006 1.216

p 0.634 0.001 0.002 0.084 0.706

No diabetes 1.002 0.923 0.916 0.006 1.413

Diabetes type 2 0.856 0.840 0.939 0.006 1.043

p 0.004 0.340 0.785 0.633 0.051

No hypothyroidism 0.979 0.908 0.939 0.006 1.256

Hypothyroidism 1.086 0.868 0.853 0.008 1.552

p 0.098 0.173 0.083 0.187 0.577

Non-smoking 0.982 0.908 0.917 0.006 1.284

Smoking 1.151 0.822 0.928 0.010 1.734

p 0.174 0.623 0.369 0.255 0.468

The groups were compared using Mann-Whitney U test. p values < 0.005 were considered significant.

3.4. Endometrial Cancer Risk Factor Analysis

The influence of endometrial cancer risk factors was conducted using univariate
logistic regression. The results of the analysis are presented in Table 5. Menopause status,
patient age, and type 2 diabetes were found to be statistically significant risk factors for the
development of endometrial cancer.

Table 5. Univariate logistic regression.

Characteristics OR 95%Cl1 p-Value

Zn* 0.70 0.27-1.83 0.466

Cu* 131 0.49-3.49 0.587
Cu/Zn* 2.36 0.87-6.43 0.093
Mn * 0.81 0.29-2.30 0.693

Fe * 0.70 0.27-1.83 0.466
Age* 7.27 1.99-26.57 0.003
Weight * 1.36 0.51-3.68 0.540
BMI * 2.14 0.78-5.91 0.517

Menopause 20.45 12.63-159.0 0.004
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Table 5. Cont.

Characteristics OR 95%Cl p-Value
Smoking 3.46 0.71-18.81 0.124
Diabetes type 2 14.91 4.296-51.75 <0.001
Hypothyroidism 0.21 0.03-1.64 0.136

* concentration > median.

4. Discussion

Only a few studies have been conducted trying to determine the correlation between
trace metal levels in human serum and the risk of developing endometrial cancer and
different endometrial pathologies. So far, there is conflicting evidence on the role of trace
metals in different gynecological malignancies and pathologies. In this study, serum
concentrations of zinc, copper, manganese, and iron were assessed. The obtained values
were similar to the normal ranges suggested previously (see Table 6).

Table 6. Serum concentrations of selected trace metals.

Normal Range Obtained Results for Endometrial Cancer Patients
g 93.8 ug/dL
Zn 80-100 pg/dL (81.4; 104.8)
91.5 ug/dL
Cu 60-140 pg/dL (75.0; 114.8)
Mn 0.4-0.85 ug/L 0.5 ug/L (0.2;0.9)
Fe 60-170 nug/dL 98.1 ug/dL (80.5; 98.1)

The levels of micronutrients may be altered due to dietary, lifestyle, or environmental
factors caused by lifestyle habits, geographical location, and exposure to environmental
contaminants including air, drinking water, and food. Imbalanced nutrition can cause
dietary deficits of many important micronutrients. Epidemiological studies show a correla-
tion between zinc deficiency and increased cancer risk [14,15]. In this study, lower median
zinc levels were observed among patients diagnosed with endometrial cancer; however,
the results were not statistically significant.

Copper is another important trace metal that regulates multiple metabolic and oxida-
tive processes. Its levels are strictly regulated, and its imbalance can lead to the development
and/or progression of inflammatory diseases and predisposition to carcinogenesis [11].
The role of Cu in malignancies has been widely studied. Elevated copper levels were found
among serum and tissue specimens of patients diagnosed with breast, ovary, lung, and
stomach cancers [16-18]. In this study, higher median levels of copper were noted among
endometrial cancer patients, yet the results did not reach statistical significance.

The levels of zinc and copper are tightly regulated by compensatory mechanisms that
maintain their concentrations within proper ranges. They may vary based on dietary intake
and absorption efficiency, which occurs in the intestinal lumen through the absorptive
cells. Increased zinc intake was demonstrated to lower copper absorption [19]. Low zinc
levels and increased Cu may lead to increased oxidative stress and influence the function
of multiple enzymes with antioxidant properties (including ceruloplasmin and Cu/Zn
superoxide dismutase) [20]. An increased Cu/Zn ratio has been noted in studies conducted
on different malignancies that included gastrointestinal [21-23], breast [24], ovarian [25],
endometrial [26], and cervical cancers [27]. Our results showed significant differences
between different histopathological diagnoses (p = 0.0021). There were statistically impor-
tant differences between myoma and endometrial polyps, as well as between myoma and
normal endometrial tissue, with patients diagnosed with uterine myoma having a higher
median Cu/Zn ratio. The median serum Cu/Zn ratio was also higher in endometrial
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cancer patients when compared to patients with endometrial polyps or normal endometrial
tissue; however, the differences were not big enough to reach statistical significance. Our
findings show Cu concentration to be influenced by menopausal status and BMI index, as
patients after menopause were found to have higher median Cu (p = 0.0013) and Cu/Zn
levels (p = 0.0019). The concentration of copper was also found to vary between the groups
of patients with different BMI indexes (p = 0.0061). A statistically significant difference was
also found between the groups of patients with BMI < 25 and BMI > 30 (difference 0.197,
p =0.0041).

Iron is another essential micronutrient, i.e., required for cellular respiration, energy
metabolism, DNA replication and synthesis, and heme and iron-sulfur cluster production.
On the other hand, due to its oxidative properties, it also participates in catalyzation and
formation of toxic free radicals [28,29]. Excessive free radicals can lead to cell and tissue
damage and thus to processes related to carcinogenesis. Cellular uptake and iron transport
are tightly regulated to maintain proper concentrations of iron in its non-reactive forms in
order to minimize oxidative stress and potential damage. The relationship between iron
concentration and cancer risk has long been studied [30]. As the rates of proliferation and
cell metabolism are generally higher in cancer cells than in normal tissue, their demand
for iron is also significantly higher than normal cells, leading to greater oxidative stress.
The higher demand for iron generates multiple changes in iron homeostasis, resulting in
higher iron affinity, increased iron metabolism and input, inhibition of iron output, and
finally iron accumulation [31]. The literature reports conflicting results from studies on the
association between serum iron and cancer risk [32-35]. Among the studies that reported
positive correlation, the risk varied by cancer type and patient gender [32,36]. Higher iron
concentration has also been shown to be positively associated with the risk of diabetes and
obesity, both risk factors for endometrial cancer [37,38]. Studies have evaluated dietary
Fe intake and iron-related variables for the risk of endometrial cancer. A cohort study by
Kabat et al. revealed no associations between meat, red meat, total dietary iron, iron from
meat, heme, and non-heme iron intake and the risk of endometrial cancer [39]. On the other
hand, a study conducted on a Swedish cohort of 60,895 patients revealed a modest positive
association between heme iron, total iron, and liver intake and endometrial cancer risk,
with no association for red and processed meat intake [40]. A study by Kallianpur et al.
has also demonstrated an increased risk of EC for postmenopausal patients and among
obese women with higher intake of heme iron [41]. In our study, significant differences
were found between Fe concentration among the assessed groups of patients (p = 0.0342);
however, upon a separate analysis between the specific subgroups of patients, the difference
became insignificant. Patients with uterine myoma were found to have the highest serum
Fe, while patients with normal endometrium or endometrial cancer tended to have a
lower serum Fe concentration. Our findings show no influence between serum Fe and
endometrial cancer risk (p = 0.466). A limitation of this study is that it did not take into
consideration dietary micronutrient intake or supplement use. Patients did not complete
questionnaires regarding their nutrition and eating habits or the use of dietary supplements.
However, as all the assessed conditions (myoma, endometrial polyps, and endometrial
cancer) are usually associated with abnormal and or excessive bleeding, we consider the
group of patients homogenous for the possible nutrition intake requirements.

As a part of the study, serum Mn levels were also evaluated. Manganese is a cofactor
of SOD dismutase that participates in oxidative stress reactions. A study by Tomczyk
et al. has evaluated tissue concentration of Mn in patients with endometrial hyperplasia,
endometrial polyps, endometrial cancer, and miscarriage. The authors found significantly
higher concentrations of tissue Mn in EC patients compared to any other endometrial
pathologies [42]. Up to that point, there had been no previous studies evaluating serum
Mn concentration in patients diagnosed with different endometrial pathologies. Studies
evaluating correlations between Mn concentration and cancer risk have shown no asso-
ciations between Mn concentration and kidney or gastric cancer risk [43,44]. Our study
revealed significant differences in manganese concentrations between the different groups
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of patients, specifically between patients diagnosed with myoma compared to endometrial
polyps (p = 0.001) and myoma compared to endometrial cancer (p = 0.0526), with highest
mean Mn values among patients with uterine myoma. Upon logistic regression, we did not
find serum manganese concentration as a risk factor for endometrial cancer (p = 0.693).

The concentrations of trace metals can also be assessed in different tissue specimens or
body fluids including urine samples and hair specimens. Urine levels of trace metals can
sometimes be difficult to interpret as concentrations may vary throughout the day. They are
highly dependent on patient diuresis and dietary intake. Increased urinary zinc elimination
may be caused by intensive exercise, inflammation, high dietary intake, poor intestinal
absorption, alcoholism, liver cirrhosis, diabetes mellitus, proteinuria, and starvation. A
hair sample is another specimen that can be used to assess mineral concentration in the
human body. Such samples can accurately reflect tissue storage and provide a long-term
picture of trace metal content for up to multiple months prior to specimen collection.
However, such trace metal concentration would not provide an assessment of current
status and may be altered by multiple factors including patient age, gender, hair growth
rate, and use of cosmetics and hair toners/colors. In this study, we have only assessed
trace metal concentrations in patients’ serum. Further studies evaluating for possible
differences in multiple specimens simultaneously would provide additional knowledge.
The concentrations of metals measured in patient specimens may be altered not only by
their dietary intake but also exposure.

For zinc, copper, iron, and manganese, the primary source of their intake is through
diet. General exposure also occurs through the consumption of water, inhalation of air,
and dermal contact with metal-containing products. There is also a risk of occupational
exposure. People living in close proximity to or working in mining industries may be
exposed to high levels of manganese dust or copper fumes through inhalation. Copper
work exposure also includes agricultural work and work at facilities conducting copper
processing. People working in coal mines, refining and smelting nonferrous metals, or
living near waste sites may be exposed to high levels of zinc.

5. Conclusions

With growing evidence suggesting a relationship between altered serum trace metal
concentration and endometrial cancer, further research on a larger group of patients is
required to validate and evaluate our findings, especially with regard to serum copper
and zinc. The relationship between zinc, copper, and its ratio and endometrial cancer
seems to be complex and depends not only on the histopathological diagnosis but also on
menopausal status and patient BMI, which are endometrial cancer risk factors. Studies
trying to establish the optimal levels of serum trace metal levels should be conducted to
determine their optimal concentrations. Dietary intake and supplementation should be
evaluated as they may affect their concentrations.
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Appendix A

Table A1l. Differences in serum trace metal concentrations between specific groups of patients.

Variable Pair * Mean Rank Difference zZ Critical Value p-Value
X1-X2 23.625 2.403 25.932 0.0162
X1-X3 22.808 2.963 20.309 0.0030
Cu/Zn ratio X1-X4 13.125 1.423 24.327 0.155
X2-X3 —0.817 0.092 23.387 0.927
X2-X4 —10.500 1.028 26.949 0.304
X3-X4 —9.683 1.183 21.593 0.237
X1-X2 10.015 1.202 21.983 0.229
X1-X3 25.539 3.861 17.452 0.01
Mn X1-X4 19.960 2.705 19.468 0.0067
X2-X3 15.524 1.938 21.135 0.053
X2-X4 9.944 1.149 22.829 0.250
X3-X4 —5.579 0.795 18.506 0.426

* X1—myoma group, X2—normal endometrium group, X3—endometrial polyp group, X4—endometrial cancer.

Table A2. Differences in serum trace metal concentration between specific groups of patients.

Variable Pair * Difference = Lower CI Upper CI  Critical Mean  p-Value

X1-X2 0.472 —0.002 0.946 0.475 0.052
X1-X3 0.117 —0.216 0.451 0.333 0.793
X1-X4 0.320 —0.080 0.720 0.400 0.163
Fe X2-X3 0.354 —0.087 0.796 0.441 0.161
X2-X4 0.151 —0.342 0.645 0.494 0.853
X3-X4 0.203 —0.158 0.563 0.360 0.458

* X1—myoma group, X2—normal endometrium group, X3—endometrial polyp group, X4—endometrial cancer.

Table A3. Differences in patient age between specific soubgroups.

Variable Pair * Mean Rank Difference V4 Critical Value p-Value
X1-X2 —17.00 1.667 26.9 0.095
X1-X3 —16.60 2.137 20.6 0.033
X1-X4 —48.00 5.110 24.8 <0.001
Age
X2-X3 0.35 0.034 24.0 0.969
X2-X4 —31.00 2.954 27.7 0.003
X3-X4 —31.40 3.835 21.6 <0.001

* X1—myoma group, X2—normal endometrium group, X3—endometrial polyp group, X4—endometrial cancer.
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Table A4. Differences in patient BMI between specific groups of patients.

Variable Pair * Mean Rank Difference V4 Critical Value p-Value
X1-X2 —19.51 1.95 26.39 0.051
X1-X3 -2.31 0.30 20.43 0.765
X1-X4 —21.13 2.29 24.35 0.022
BMI
X2-X3 17.20 1.94 23.44 0.053
X2-X4 -1.617 0.16 26.92 0.874
X3-X4 —18.81 2.35 21.11 0.019

* X1—myoma group, X2—normal endometrium group, X3—endometrial polyp group, X4—endometrial cancer.

Appendix B

Table A5. Differences in trace metal concentrations between specific groups of patients with different

BMI categories.
Pair * Difference Lower CI Upper CI Critical Mean p-Value
X1-X2 0.090 —0.052 0.233 0.142 0.288
X1-X3 0.197 0.054 0.341 0.143 0.004
X2-X3 0.107 —0.036 0.250 0.143 0.182

* X1—underweight and normal weight, X2—overweight, X3—obese.

References

1.

10.
11.

12.

13.

14.

Rodriguez, A.C.; Blanchard, Z.; Maurer, K.A.; Gertz, J. Estrogen Signaling in Endometrial Cancer: A Key Oncogenic Pathway
with Several Open Questions. Horm. Cancer 2019, 10, 51-63. [CrossRef] [PubMed]

Dossus, L.; Lukanova, A.; Rinaldi, S.; Allen, N.; Cust, A.E.; Becker, S.; Tjonneland, A.; Hansen, L.; Overvad, K.; Chabbert-Buffet,
N.; et al. Hormonal, Metabolic, and Inflammatory Profiles and Endometrial Cancer Risk within the EPIC Cohort—A Factor
Analysis. Am. ]. Epidemiol. 2013, 177, 787-799. [CrossRef] [PubMed]

McGonigle, K.E; Karlan, B.Y.; Barbuto, D.A.; Leuchter, R.S.; Lagasse, L.D.; Judd, H.L. Development of Endometrial Cancer in
Women on Estrogen and Progestin Hormone Replacement Therapy. Gynecol. Oncol. 1994, 55, 126-132. [CrossRef] [PubMed]
Schindler, A.E. Progestogen Deficiency and Endometrial Cancer Risk. Maturitas 2009, 62, 334-337. [CrossRef] [PubMed]

Getz, G.; Gabriel, S.B.; Cibulskis, K.; Lander, E.; Sivachenko, A.; Sougnez, C.; Lawrence, M.; Kandoth, C.; Dooling, D.; Fulton, R.;
et al. Integrated Genomic Characterization of Endometrial Carcinoma. Nature 2013, 497, 67-73. [CrossRef]

Concin, N.; Matias-Guiu, X.; Vergote, L; Cibula, D.; Mirza, M.R.; Marnitz, S.; Ledermann, J.; Bosse, T.; Chargari, C.; Fagotti, A.;
et al. ESGO/ESTRO/ESP Guidelines for the Management of Patients with Endometrial Carcinoma. Int. . Gynecol. Cancer 2021,
31, 12-39. [CrossRef] [PubMed]

de Boer, S.M.; Powell, M.E.; Mileshkin, L.; Katsaros, D.; Bessette, P.; Haie-Meder, C.; Ottevanger, P.B.; Ledermann, ].A.; Khaw, P;
Colombo, A.; et al. Adjuvant Chemoradiotherapy versus Radiotherapy Alone for Women with High-Risk Endometrial Cancer
(PORTEC-3): Final Results of an International, Open-Label, Multicentre, Randomised, Phase 3 Trial. Lancet Oncol. 2018, 19,
295-309. [CrossRef]

van Den Heerik, A.S5.V.M.; Horeweg, N.; Nout, R.A.; Lutgens, L.C.H.W,; van Der Steen-Banasik, E.M.; Westerveld, G.H.; van Den
Berg, H.A,; Slot, A.; Koppe, FL.A.; Kommoss, S.; et al. PORTEC-4a: International Randomized Trial of Molecular Profile-Based
Adjuvant Treatment for Women with High-Intermediate Risk Endometrial Cancer. Int. J. Gynecol. Cancer 2020, 30, 2002-2007.
[CrossRef]

Stefanidou, M.; Maravelias, A.C.; Dona, A.A.; Spiliopoulou, C. Zinc: A Multipurpose Trace Element. Arch. Toxicol. 2006, 80, 1-9.
[CrossRef]

Uriu-Adams, ].Y.; Keen, C.L. Copper, Oxidative Stress, and Human Health. Mol. Aspects Med. 2005, 26, 268-298. [CrossRef]
Balsano, C.; Porcu, C.; Sideri, S. Is Copper a New Target to Counteract the Progression of Chronic Diseases? Metallomics 2018, 10,
1712-1722. [CrossRef] [PubMed]

ASDR (Agency for Toxic Substances and Disease Registry). Division of Toxicology ToxFAQs; ASDR (Agency for Toxic Substances
and Disease Registry): Atlanta, GA, USA, 2005.

Mrl, A.;; Bmds, EPA.; A-, T.; Mrl, T.; Substances, T.; Registry, D. Regulations, Advisories, and Guidelines. In Toxicological Profile for
Radon; Agency for Toxic Substances and Disease Registry: Atlanta, GA, USA, 2000.

Brown, K.H.; Rivera, J.A.; Bhutta, Z.; Gibson, R.S.; King, ].C.; Lonnerdal, B.; Ruel, M.T.; Sandtrom, B.; Wasantwisut, E.; Hotz,
C.; et al. International Zinc Nutrition Consultative Group (IZiNCG) Technical Document #1. Assessment of the Risk of Zinc
Deficiency in Populations and Options for Its Control. Food Nutr. Bull. 2004, 25, S599-5203. [PubMed]


https://doi.org/10.1007/s12672-019-0358-9
https://www.ncbi.nlm.nih.gov/pubmed/30712080
https://doi.org/10.1093/aje/kws309
https://www.ncbi.nlm.nih.gov/pubmed/23492765
https://doi.org/10.1006/gyno.1994.1261
https://www.ncbi.nlm.nih.gov/pubmed/7959253
https://doi.org/10.1016/j.maturitas.2008.12.018
https://www.ncbi.nlm.nih.gov/pubmed/19231117
https://doi.org/10.1038/nature12113
https://doi.org/10.1136/ijgc-2020-002230
https://www.ncbi.nlm.nih.gov/pubmed/33397713
https://doi.org/10.1016/S1470-2045(18)30079-2
https://doi.org/10.1136/ijgc-2020-001929
https://doi.org/10.1007/s00204-005-0009-5
https://doi.org/10.1016/j.mam.2005.07.015
https://doi.org/10.1039/C8MT00219C
https://www.ncbi.nlm.nih.gov/pubmed/30339169
https://www.ncbi.nlm.nih.gov/pubmed/18046856

Nutrients 2023, 15, 3605 15 of 16

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

Leone, N.; Courbon, D.; Ducimetiere, P.; Zureik, M. Zinc, Copper, and Magnesium and Risks for All-Cause, Cancer, and
Cardiovascular Mortality. Epidemiology 2006, 17, 308-314. [CrossRef]

Rizk, S.L.; Sky-Peck, H.H. Comparison between Concentrations of Trace Elements in Normal and Neoplastic Human Breast
Tissue. Cancer Res. 1984, 44, 5390-5394. [PubMed]

Kuo, HW.; Chen, S.F.; Wu, C.C.; Chen, D.R.; Lee, J.H. Serum and Tissue Trace Elements in Patients with Breast Cancer in Taiwan.
Biol. Trace Elem. Res. 2002, 89, 1-11. [CrossRef] [PubMed]

Zowczak, M.; Iskra, M.; Torliniski, L.; Cofta, S. Analysis of Serum Copper Zinc Concentrations in Cancer Patients. Biol. Trace Elem.
Res. 2001, 82, 1-8. [CrossRef]

Bo, S.; Durazzo, M.; Gambino, R.; Berutti, C.; Milanesio, N.; Caropreso, A.; Gentile, L.; Cassader, M.; Cavallo-Perin, P.; Pagano, G.
Associations of Dietary and Serum Copper with Inflammation, Oxidative Stress, and Metabolic Variables in Adults. J. Nutr. 2008,
138, 305-310. [CrossRef]

Osredkar, ]. Copper and Zinc, Biological Role and Significance of Copper/Zinc Imbalance. J. Clin. Toxicol. 2011, s3, 1. [CrossRef]
Stepien, M.; Jenab, M.; Freisling, H.; Becker, N.P.; Czuban, M.; Tjenneland, A.; Olsen, A.; Overvad, K.; Boutron-Ruault, M.C;
Mancini, ER.; et al. Pre-Diagnostic Copper and Zinc Biomarkers and Colorectal Cancer Risk in the European Prospective
Investigation into Cancer and Nutrition Cohort. Carcinogenesis 2017, 38, 699-707. [CrossRef]

Gupta, S.K.; Singh, S.P.; Shukla, V.K. Copper, Zinc, and Cu/Zn Ratio in Carcinoma of the Gallbladder. . Surg. Oncol. 2005, 91,
204-208. [CrossRef]

Poo, ].L.; Rosas-Romero, R.; Montemayor, A.C.; Isoard, F; Uribe, M. Diagnostic Value of the Copper/Zinc Ratio in Hepatocellular
Carcinoma: A Case Control Study. J. Gastroenterol. 2003, 38, 45-51. [CrossRef] [PubMed]

Feng, Y.; Zeng, JW.; Ma, Q.; Zhang, S.; Tang, J.; Feng, ].E. Serum Copper and Zinc Levels in Breast Cancer: A Meta-Analysis. J.
Trace Elem. Med. Biol. 2020, 62, 126629. [CrossRef]

Shobeiri, M.J.; Tabrizi, A.D.; Atashkhoyi, S.; Sayyah-Melli, M.; Ouladsahebmadarek, E.; Gojazadeh, M.; Hodayi, N. Serum Levels
of Copper and Zinc, Copper/Zinc Ratio in Patients with Benign and Malignant Ovarian Tumors. ]. Maz. Univ. Med. Sci. 2011, 20,
20-30.

Atakul, T.; Altinkaya, S.O.; Abas, B.I.; Yenisey, C. Serum Copper and Zinc Levels in Patients with Endometrial Cancer. Biol. Trace
Elem. Res. 2020, 195, 46-54. [CrossRef]

Smita, M.; Naidu, K.; Suryakar, A.N.; Swami, S.C.; Katkam, R.V.; Kumbar, K.M. Oxidative Stress and Antioxidant Status in
Cervical Cancer Patients. Indian ]. Clin. Biochem. 2007, 22, 140-144. [CrossRef]

Weinberg, E.D. The Role of Iron in Cancer. Eur. J. Cancer Prev. 1996, 5, 19-36.

McCord, J.M. Iron, Free Radicals, and Oxidative Injury. Semin. Hematol. 1998, 35, 333-339. [CrossRef]

Stevens, R.G.; Graubard, B.I.; Micozzi, M.S.; Neriishi, K.; Blumberg, B.S. Moderate Elevation of Body Iron Level and Increased
Risk of Cancer Occurrence and Death. Int. . Cancer 1994, 56, 364-369. [CrossRef]

Guo, Q.; Li, L.; Hou, S.; Yuan, Z,; Li, C.; Zhang, W.; Zheng, L.; Li, X. The Role of Iron in Cancer Progression. Front. Oncol. 2021,
11,778492. [CrossRef]

Wu, T.; Sempos, C.T.; Freudenheim, ]J.L.; Muti, P.; Smit, E. Serum Iron, Copper and Zinc Concentrations and Risk of Cancer
Mortality in US Adults. Ann. Epidemiol. 2004, 14, 195-201. [CrossRef]

Ali, M.A.; Akhmedkhanov, A.; Zeleniuch-Jaquotte, A.; Toniolo, P.; Frenkel, K.; Huang, X. Reliability of Serum Iron, Ferritin,
Nitrite, and Association with Risk of Renal Cancer in Women. Cancer Detect. Prev. 2003, 27, 116-121. [CrossRef]

Cross, AJ,; Sinha, R.; Wood, R.J.; Xue, X.; Huang, W.Y.; Yeager, M.; Hayes, R.B.; Gunter, M.]J. Iron Homeostasis and Distal
Colorectal Adenoma Risk in the Prostate, Lung, Colorectal, and Ovarian Cancer Screening Trial. Cancer Prev. Res. 2011, 4,
1465-1475. [CrossRef]

Gaur, A.; Collins, H.; Wulaningsih, W.; Holmberg, L.; Garmo, H.; Hammar, N.; Walldius, G.; Jungner, I.; van Hemelrijck, M. Iron
Metabolism and Risk of Cancer in the Swedish AMORIS Study. Cancer Causes Control 2013, 24, 1393-1402. [CrossRef]

Mainous, A.G.; Wells, B.J.; Koopman, R.J.; Everett, C.]J.; Gill, ].M. Iron, Lipids, and Risk of Cancer in the Framingham Offspring
Cohort. Am. |. Epidemiol. 2005, 161, 1115-1122. [CrossRef] [PubMed]

Rajpathak, S.; Ma, ].; Manson, J.A.; Willett, W.C.; Hu, EB. Iron Intake and the Risk of Type 2 Diabetes in Women: A Prospective
Cohort Study. Diabetes Care 2006, 29, 1370-1376. [CrossRef] [PubMed]

Lee, D.H.; Folsom, A.R.; Jacobs, D.R. Dietary Iron Intake and Type 2 Diabetes Incidence in Postmenopausal Women: The Iowa
Women’s Health Study. Diabetologia 2004, 47, 185-194. [CrossRef] [PubMed]

Kabat, G.C.; Miller, A.B.; Jain, M.; Rohan, T.E. Dietary Iron and Haem Iron Intake and Risk of Endometrial Cancer: A Prospective
Cohort Study. Br. J. Cancer 2008, 98, 194-198. [CrossRef]

Genkinger, ].M.; Friberg, E.; Goldbohm, R.A.; Wolk, A. Long-Term Dietary Heme Iron and Red Meat Intake in Relation to
Endometrial Cancer Risk. Am. J. Clin. Nutr. 2012, 96, 848-854. [CrossRef]

Kallianpur, A.R.; Lee, S.A.; Xu, WH.; Zheng, W.; Gao, Y.T.; Cai, H.; Ruan, Z.X,; Xiang, Y.B.; Shu, X.O. Dietary Iron Intake and Risk
of Endometrial Cancer: A Population-Based Case-Control Study in Shanghai, China. Nutr. Cancer 2010, 62, 40-50. [CrossRef]
Tomczyk, K.M.; Rzymski, P.; Wilczak, M. Canonical Analysis of Concentrations of Toxic Metals in Endometrium of Women with
Gynecological Disorders. Ginekol. Pol. 2022, 93, 806-810. [CrossRef]


https://doi.org/10.1097/01.ede.0000209454.41466.b7
https://www.ncbi.nlm.nih.gov/pubmed/6488192
https://doi.org/10.1385/BTER:89:1:1
https://www.ncbi.nlm.nih.gov/pubmed/12413046
https://doi.org/10.1385/BTER:82:1-3:001
https://doi.org/10.1093/jn/138.2.305
https://doi.org/10.4172/2161-0495.S3-001
https://doi.org/10.1093/carcin/bgx051
https://doi.org/10.1002/jso.20306
https://doi.org/10.1007/s005350300005
https://www.ncbi.nlm.nih.gov/pubmed/12560921
https://doi.org/10.1016/j.jtemb.2020.126629
https://doi.org/10.1007/s12011-019-01844-x
https://doi.org/10.1007/BF02913333
https://doi.org/10.1093/jn/134.11.3171S
https://doi.org/10.1002/ijc.2910560312
https://doi.org/10.3389/fonc.2021.778492
https://doi.org/10.1016/S1047-2797(03)00119-4
https://doi.org/10.1016/S0361-090X(03)00027-8
https://doi.org/10.1158/1940-6207.CAPR-11-0103
https://doi.org/10.1007/s10552-013-0219-8
https://doi.org/10.1093/aje/kwi131
https://www.ncbi.nlm.nih.gov/pubmed/15937020
https://doi.org/10.2337/dc06-0119
https://www.ncbi.nlm.nih.gov/pubmed/16732023
https://doi.org/10.1007/s00125-003-1307-1
https://www.ncbi.nlm.nih.gov/pubmed/14712349
https://doi.org/10.1038/sj.bjc.6604110
https://doi.org/10.3945/ajcn.112.039537
https://doi.org/10.1080/01635580903191544
https://doi.org/10.5603/GP.a2022.0088

Nutrients 2023, 15, 3605 16 of 16

43. Wang, Y,; Jafar, TH,; Jin, A.; Yuan, ].M.; Koh, W.P. Dietary Intakes of Trace Elements and the Risk of Kidney Cancer: The Singapore
Chinese Health Study. Nutr. Cancer 2021, 73, 239-245. [CrossRef] [PubMed]

44. Hashemian, M.; Poustchi, H.; Nasrabadi, FM.; Sharafkhah, M.; Malekshah, A.F.; Hekmatdoost, A.; Malekzadeh, R. Manganese
Intake and Risk of Esophageal Cancer in Golestan Cohort Study. Govaresh 2016, 21, 20-25.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1080/01635581.2020.1743870
https://www.ncbi.nlm.nih.gov/pubmed/32238007

	Introduction 
	Materials and Methods 
	Sample Collection and Storage 
	Measurement Methodology 
	Statistical Analysis 

	Results 
	Group Characteristics 
	Trace Metal Concentration 
	Patient Age 
	Patient Weight and BMI 

	Distribution of Trace Metal Concentration Based on Patient BMI 
	Analysis of Trace Metal Concentration Considering Patient Characteristics 
	Endometrial Cancer Risk Factor Analysis 

	Discussion 
	Conclusions 
	Appendix A
	Appendix B
	References

