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Abstract
Esophageal cancer is a very deadly disease ranking 8th most common cancer in terms of incidence and the 6th highest 
in terms of mortality both in the USA and around the world. A growing body of evidence indicated that changes in the 
concentrations of essential and toxic elements may affect/increase esophagus carcinoma risk. The aim of this study was to 
measure serum levels of essential and toxic (Fe, Na, Ca, K, Zn, Mg, Co, Se, Cu, Ni, Mn, Sr, Pb, Li, Sb, Cr, Ag, Cd, As, and 
Hg) elements in patients with esophagus carcinoma and controls. Atomic absorption spectroscopy was used to determine 
serum concentrations of essential and toxic elements by using nitric acid/perchloric acid–based wet digestion method. Mean 
levels of Cu, Ni, Cr, Cd, Pb, As, and Ag were exhibited to be significantly higher and mean Se, Co, Zn, Ca, Fe, Hg, Li, and 
Mg were noted lower in the serum of cancer patients than controls. The correlation coefficients among the elements in the 
cancerous patients revealed significantly dissimilar communal relationships than the controls. Furthermore, multivariate 
methods demonstrated considerably different apportionment between the elements in the cancerous patients and the controls. 
Significant inequalities in the elemental concentrations were also observed for esophagus cancer types (adenocarcinoma and 
squamous cell carcinoma) and stages (I, II, III, and IV) between the patients. Majority of the elements exposed perceptible 
disparities in their levels based on smoking habits, dietary habits, habitat, and gender of the esophagus cancer patients and 
controls. Multivariate analysis of the essential and toxic elemental data explained significantly divergent apportionment in 
the serum of esophagus cancer patients when compared to controls.
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Introduction

The heavy metals pollution is augmenting and the amassing 
of these toxins in human body posed lethal effects inducing 
various kinds of complex diseases such as cancer (Kaur et al. 
2021; Ren et al. 2021). Esophagus cancer (EC) is one of the 
destructive digestive malignant ranking 8th most common 
cancer in terms of incidence and the 6th highest in terms of 
mortality both in the USA and around the world (Bray et al. 
2018). It is one of the malignancies with highest geographic, 
ethnic, and gender variations (Huang et al. 2021). In addi-
tion, its incidence rate is elevated in men than women and 
is aggressive in nature along with poor prognosis (Lin et al. 
2017). Esophagus malignancy develops from the epithelium 
of the esophagus possessing two major histological types 
known as esophagus squamous cell carcinoma (ESCC) and 
esophagus adenocarcinoma (EAC) based on the latest ver-
sion of the UICC/AJCC TNM classification (8th edition) 
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(Rice et al. 2017). ESCC arises from the middle or upper 
third of the esophagus, whereas EAC develops from the 
distal third of esophagogastric junction (Jain and Dhingra 
2017). The progression and therapeutic strategy for EC in 
patients is determined via stage at the time of diagnosis 
(Wang et al. 2018). Furthermore, knowing the exact stage 
of the tumor is fundamental in order to make the right deci-
sion about the treatment. Despite advancement in diagnostic 
and therapeutic/surgical approaches, most of the EC patients 
were diagnosed at an advanced stage with a poor prognosis, 
causing high mortality (Xie et al. 2019). As with most car-
cinomas, the exact cause of EC is not yet known. Therefore, 
experts believe that use of tobacco, alcohol consumption, 
betel quid chewing, gastroesophageal reflux disease, fam-
ily history, obesity, eating processed meat, physical inactiv-
ity, Plummer-Vinson syndrome, tylosis, low intake of fresh 
fruits/vegetables, and exposure to ionization radiations as 
well as exposure to metals can increase the risk of EC (Ren 
et al. 2021; Huang et al. 2021; Xie et al. 2019; Yang et al. 
2021). A growing body of evidence showed that there is a 
link among exposure to metals and EC and the evidence is 
sufficient to infer a causal relationship between these two 
variables (Lin et al. 2017; Xie et al. 2019; Dar et al. 2008). 
Furthermore, hot beverage drinking, poor oral hygiene, 
and low income masses possessed a higher risk of mortal-
ity from EC because patients have less access to prevention 
and treatment services especially in developing countries 
like Pakistan (Asghar et al. 2021). It has been well known 
that the trace elements have a great influence in the body 
on cellular structure stability, the stability of nucleic acids, 
and immunity (Abnet et al. 2018). Studies suggested defi-
ciency/excess of trace elements could severely impair hosts’ 
resistance against carcinogenic stress and play an important 
role in tumor incidence as well as progression (Joshaghani 
et al. 2017; Lin et al. 2017). Based on epidemiological and 
clinical studies on the role of trace metals and carcinoma in 
humans, it is logical to assume that trace elements influence 
EC development (Yang et al. 2021).

Quantification of essential and toxic elements in the 
biological fluids is currently used as a diagnostic tool for a 
number of diseases including cancer and for the assessment 
of nutritional as well as metabolic status (Mahmood et al. 
2021; Lin et al. 2017). Accordingly, various clinical and 
epidemiological studies have investigated the associations 
among elemental exposures and EC risk (Xie et al. 2019; 
Joshaghani et al. 2017). In blood, serum, hair, saliva, nails, 
and urine, these elements are stored and have been there-
fore used as indicators for the quantification of elements 
in the subjects (Sohrabi et al. 2021; Kazi et al. 2015). Nev-
ertheless, the choice of the appropriate specimen/sample 
depends on number of factors: toxicokinetics, the conveni-
ence/invasiveness of the specimen collection procedure, and 
the potential for specimen contamination (Mahmood et al. 

2021). For instance, serum is the most common specimens 
used as biomarkers of internal dose to diagnose deficiency 
or exposure to toxic metals (Qayyum et al. 2020). Serum is 
the most suitable and reliable biomarker for biomonitoring 
of elements as it come in contact to every part of the body 
in the form of blood and reflects the current body burden 
of the trace metals (Qayyum et al. 2020). Studies on the 
relationship between elemental exposure and carcinoma of 
esophagus in Asian population especially in Pakistan remain 
scarce, since, no publication on the comparative evaluation 
of elemental concentrations in the serum of EC patients and 
non-cancerous subjects in Pakistan could be found. In this 
context, the current study is undertaken to estimate the con-
centrations of 20 essential and toxic elements (Fe, Ca, Na, 
K, Mg, Zn, Co, Sr, Pb, Li, Se, Sb, Cu, Mn, Ni, Cr, Ag, Cd, 
As, and Hg) in the serum of esophagus carcinoma patients 
and controls. In addition, elemental levels in serum of EAC 
and ESCC patients and various stages of EC patients are also 
investigated. Moreover, the differences in element levels in 
subjects’ gender, habitat, smoking, and dietary habits are 
analyzed, which could not be found in the previous studies. 
Eventually, via statistical treatment and multivariate analy-
sis, a possible connection could be suggested among the 
elemental variations and the occurrence of EC. The aims 
of this study are to evaluate the comparative distribution, 
mutual correlations, and multivariate apportionment of 
selected essential/toxic elements in the serum samples of 
the EC patients and controls.

Materials and methods

Study population

A total of 378 esophagus carcinoma patients (newly diag-
nosed) and 353 matching healthy participants (controls) 
were recruited in 2018–2019 from Allied Hospital (Fais-
alabad Medical University) Faisalabad, Pakistan. Prior 
starting the study, it was approved by the Ethics Commit-
tee of the hospital (Ref. No. UEFC/2019/R0485) on human 
experimentation and with the revised Helsinki Declaration. 
In patients, the diagnosis was confirmed based on clinical, 
radiological, and histopathological (biopsy) features. The 
selected participants were newly diagnosed carcinoma of 
esophagus and were recruited on volunteer basis because 
these patients were visited to the hospital for their regular 
checkup. The type and stage of EC patient were noted from 
the personal file saved in the hospital record. More than 60% 
of condition of patients was apparently worsened in terms 
of chronic illnesses, poverty, malnutrition, and ignorance of 
ailment for longer time. Patients with EC with different ages, 
gender, occupation, height, weight, history, nutritional hab-
its, smoking behaviors, drinking water preferences, abode, 
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medication, and medical histories were noted via question-
naire obtained from all study participants prior to the col-
lection of the blood samples. The inclusion criteria for the 
EC patients were as follows: (1) patients who did not suffer 
from any major illness in the past except histologically con-
firmed esophagus cancer; (2) treatment/medication of the 
EC patients was not started (radiotherapy, chemotherapy, 
and surgery); (3) the study donors were not using any kind of 
mineral or vitamin supplements from the couple of months; 
(4) no history of alcohol consumption; (4) patients were 
diagnosed with stage I, II, III, and IV of esophagus cancer; 
(5) all the study participants had the ability to understand 
the purpose of the current work and the willingness to sign 
a written informed consent prior the sample collection. The 
exclusion criteria were as follows: (1) patients who suffered 
in serious illness along with any other malignancy; (2) 
patients who had been previously involved in any treatment 
like chemotherapy; (3) the subjects who did not understand 
about the present work; (4) patients involved any incomplete 
information about their tumor. The healthy donors were also 
matched with the EC patients regarding age, demographics, 
residence, gender, dietary, and smoking habits. Mostly, the 
healthy donors had close relationship with the EC patients; 
thus, they possessed similar socioeconomic status and envi-
ronmental exposure. Moreover, BMI value was calculated by 
dividing weight in kilograms (kg) by height in square meters 
 (m2) of each participant at the time of diagnosis (Qayyum 
et al. 2020).

Sample collection and processing

All subjects were requested to fast for 6 h before blood 
sample collection. For collection of blood sample, about 
10 ml of venous blood sample was drawn from antecubital 
vein through venipuncture method. Firstly, 70% isopropyl 
alcohol was used to clean the skin of each participant. The 
blood sample was stored in specially designed evacuated 
tubes. Proper precautionary measures were adopted so as to 
avoid any kind of external contamination. Five milliliter of 
blood sample was sent to the pathological laboratory of the 
hospital for biochemical analysis using standard methods. 
The remaining 5 mL of blood sample was used for sepa-
rating the sera. At room temperature, the blood was clot-
ted after 30 min. The blood was centrifuged for 10 min at 
3000 rpm in the centrifuge machine after the blood clotted 
completely. The supernatant fluid (serum) was separated 
with the help of pipette (Appendorf, 105893Z), labeled, 
and stored at − 15 °C. For digestion, serum sample was cor-
rectly weighted by the analytical balance of each participant. 
Duplicate serum samples of EC patients and healthy donors 
were directly taken into Pyrex flasks separately. Add 10 ml 
of concentrated  HNO3 to each flask and remain for 10 min; 
then, the flasks were covered with watch glasses and placed 

on the hot plate. The temperature of hot plate was gradually 
increased and finally maintained at 60 °C for 30 min. The 
Pyrex flasks were put off from the hot plate and cooled at 
room temperature. The mixture was then treated with 5 mL 
of  HClO4 and heated again on hot plate about 80 °C until 
dense white fumes evolved and a clear digested solution was 
attained marking the completion of digestion process. The 
Pyrex flasks were then cooled at ambient temperature and 
diluted to the final volume up to 25 mL with double distilled 
water. Blanks were also processed with the same sequence 
comprising of all the reagents but without serum sample 
(Mahmood et al. 2021).

Serum elemental assay

After digestion, concentrations of 20 toxic and essential ele-
ments (Fe, Na, Ca, K, Mg, Zn, Co, Sr, Pb, Li, Sb, Cu, Mn, 
Ni, Cr, Ag, and Cd) in the serum samples of EC and controls 
were analyzed using flame atomic absorption spectropho-
tometer (Shamidzu AA-670, Japan). Levels of As, Se, and 
Hg in the serum of all participants’ samples were quantified 
by GBC 932b plus atomic absorption spectrophotometer 
(GBC Scientific Equipment Pvt. Ltd., Australia). The instru-
ments were operated with automatic background compensa-
tion under optimum analytical conditions which are shown 
in Table 1. To establish the precision, average concentration 
of each element in each serum sample was computed based 
on the measurement of 3 sub-samples that were run sepa-
rately onto the spectrophotometer. For quality assurance and 
accuracy, standard reference material (Animal Serum, NIST 
SRM 1598a) was used. The results of data revealed excel-
lent %age recoveries range from 98 to 102% and are given 
in Table 2. For comparison of the data, samples were also 
investigated at an independent laboratory and maximum of 
5% difference was detected in the results of the two laborato-
ries. All the chemical reagents used during the present study 
were got from E-Merck or BDH and they were of ultrahigh 
purity (certified > 99.99%) (Qayyum et al. 2020).

Quantification of carcinoembryonic antigen (CEA)

Carcinoembryonic antigen (CEA) is a family of related gly-
coprotein and is a representative biomarker that has been 
identified to be elevated in number of malignancies includ-
ing lung, colorectal, pancreas, and breast (Bagaria et al. 
2015). In esophagus cancer, CEA revealed as a diagnostic 
and prognostic marker, although its specificity has not been 
satisfactory (Yang et al. 2019). Therefore, the serum CEA 
level may be a pertinent index of tumor progression for EC 
patients. In serum, levels of CEA have been described to be 
elevated in EC patients (Bagaria et al. 2015). Serum con-
centrations of CEA were quantified by CEA-RIACT (Cisbio 
Bioassays, France) with immunoradiometric assay (IRMA) 
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and are based on the principle of the “sandwich” technique. 
On the CEA molecule, two monoclonal antibodies were pre-
pared against distant antigen sites. First is adsorbed on the 
solid phase (coated tube); the second, which is radiolabeled 
with 125I, is used as a tracer and triggers the immunological 
reaction. The test is performed according to the brochure 
as obtained from the manufacturer of the kit. The instru-
ment is used for the quantification of CEA is gamma coun-
ter (STRATEC Biomedical Systems AG, 75,217, Germany). 
The radioactivity attached to the tube was proportional to 
the quantity of CEA initially present in the test (Mahmood 
et al. 2021).

Statistical analysis

Statistical analyses on elemental data were performed using 
the STATISTICA (6.0) software (StatSoft 1999). Descriptive 
analysis was conducted to find the basic statistical param-
eters such as range, mean, median, standard error, standard 
deviation, skewness, and kurtosis in the serum of EC and 
controls. Significant differences (at p < 0.05) in the meas-
ured elemental concentrations for the cancerous patients and 
controls were measured using the Student’s t-test. Wilcoxon 
rank-sum test was also used for the comparison of median 

elemental levels between various groups in each category. 
Probability level of less than 0.05 (two tailed) was consid-
ered statistically significant. Spearman correlation analysis 
was applied to inspect the mutual associations between the 
elemental levels.

Multivariate analysis

Multivariate apportionment of the elements in the serum of 
the EC patients and healthy donors was done by multivari-
ate methods in terms of cluster analysis (CA) and principal 
component analysis (PCA). Cluster analysis (CA) is a set of 
techniques with relevance to quantitative form of classifica-
tion which result in internal homogeneity and external het-
erogeneity. It is used to classify different objects into groups 
which have similar observations and their relationships, 
into a number of clusters, depend on the observed values of 
several variables (Jolliffe 2002). The greater the similarity 
within a group and the larger the difference between groups, 
the better or more distinct clustering are appeared. The PCA 
has been used to be an efficient chemometric approach that 
allows summarizing information in large data set by means 
of smaller set of summary indices among the variables in a 
given system (Mahmood et al. 2021; Jolliffe 2002). It is a 

Table 1  Optimum analytical conditions for the elemental analyses along with their limits of detection/quantification and certified vs measured 
concentrations* (μg/g) of the metals in standard reference materials

* Triplicate sub-samples

Metal Wavelength 
(nm)

HC lamp 
current 
(mA)

Slit width 
(nm)

Fuel-gas flow 
rate (L/min.)

Limit of 
detection 
(mg/L)

Limit of 
quantification 
(mg/L)

Bovine muscle powder, NIST-SRM 8414

Certified 
level

Measured 
level

Recovery (%)

Fe 248.3 8 0.2 2 0.004 0.019 71.2 71.9 100.9
Ca 422.7 6 0.5 2 0.003 0.015 145 148.0 102.0
Na 589.0 6 0.5 1.6 0.003 0.006 2,100 2,010 96.2
K 766.5 5 0.5 1.9 0.002 0.010 15,170 15,050 99.2
Mg 285.2 4 0.5 1.6 0.001 0.003 960 964.1 100.4
Zn 213.9 4 0.5 2 0.001 0.005 142 144.5 101.8
Co 240.7 6 0.2 2.2 0.005 0.016 0.007 0.069 98.6
Sr 460.7 4 0.5 1.6 0.005 0.016 0.052 0.050 96.2
Pb 217.0 7 0.3 1.8 0.015 0.035 0.380 0.375 98.7
Li 670.4 4 0.5 1.6 0.003 0.009 - - -
Se 196.0 10 1 1.2 0.004 0.007 0.076 0.073 96.1
Sb 217.6 10 0.2 2.5 0.002 0.015 0.01 0.01 100.1
Cu 324.8 3 0.5 1.8 0.005 0.013 2.84 2.82 99.3
Mn 279.5 5 0.4 1.9 0.002 0.011 0.370 0.371 100.73
Ni 232.0 4 0.15 1.7 0.005 0.018 0.05 0.052 103
Cr 357.9 5 0.5 2.6 0.005 0.017 0.071 0.068 97.1
Ag 328.1 4 0.5 2.8 0.001 0.008 - - -
Cd 228.8 4 0.3 1.8 0.003 0.012 0.013 0.012 97.8
As 193.7 8 1 1.2 0.005 0.018 0.009 0.009 100.5
Hg 253.7 5 0.5 1.2 0.010 0.025 0.005 0.005 97.8
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technique used as a descriptive tool desires no distributional 
assumptions. It is an adaptive exploratory method which 
can be used on numerical data of various types (Jolliffe and 
Cadima 2016). PCA is said to be a statistical data reduction 
technique, whereby new composite variables are constructed 
as linear combinations of the original independent variables 
while preserving as much of the data’s variation as possible 
(Qayyum et al. 2020).

Results and discussion

Demographic characteristics

The demographic information of esophagus cancer 
patients (n = 378) and controls (n = 353) are presented 
in Table 2. Majority of EC patients were of ~ 52 years 
old and healthy controls were ~ 49 years old on aver-
age basis. Among the selected subjects, 59% of patients 
were used tobacco in the form of cigarette, while 55% 
were cigarette smokers in the control group. Similarly, 

48% and 58% of EC patients and healthy donors were 
from urban areas while 52% and 42% belonged to rural 
areas, respectively. More than 50% of the patients and 
controls were vegetarian in their diets, while 49% of the 
controls and 46% of EC patients were non-vegetarian 
in their food habit. Females (53% of patients and 52% 
of controls) were greater than males (47% of patients 
and 48% of controls) as shown in demographic Table 1. 
Both types of EC were diagnosed in patients from whom 
56% were suffering from adenocarcinoma while 44% 
of patients were suffering from squamous cell carci-
noma. Patients were also diagnosed at various stages 
of EC including 20% of the patients were identified at 
1st stage (stage I), 30% at 2nd stage (stage II), 28% at 
3rd stage (stage III), and 22% at 4th stage (stage IV) 
(Table 2). All EC patients were newly diagnosed and 
were not under previous medications. Serum CEA levels 
were measured in EC patients with mean value 861.7 ng 
per milliliter (range, 218.5–4359). The cutoff value for 
CEA in the serum was set as < 7 ng/mL provided by the 
manufacturer company.

Table 2  Characteristics of the 
subjects

Parameters Serum

Esophagus cancer patients Controls

N 378 353
Age (years)
Range (mean) 39–66 (52) 41–68 (49)
Tobacco status
No use 155 (41%) 159 (45%)
Use 223 (59%) 194 (55%)
Habitat
Urban 181 (48%) 205 (58%)
Rural 197 (52%) 148 (42%)
Diet
Vegetarian 204 (54%) 180 (51%)
Non-vegetarian 174 (46%) 173 (49%)
Sex
Males 178 (47%) 169 (48%)
Females 200 (53%) 184 (52%)
Types of esophagus cancer
Adenocarcinoma 212 (56%) –-
Squamous cell carcinoma 166 (44%) –-
Pathological stages
Stage I 76 (20%) –-
Stage II 113 (30%) –-
Stage III 106 (28%) –-
Stage IV 83 (22%) –-
Body mass index (BMI) (Kg/m2)
Range (mean) 21.57–24.91 (23.98) 16.87–20.61 (18.05)
CEA (nanogram per milliliter)
Range (mean) 218.5–4359 (861.7) –-

83195Environmental Science and Pollution Research (2022) 29:83191–83210



1 3

Body mass index and esophagus cancer

The body mass index (BMI) is the most commonly used 
measure of overweight and obesity. A high BMI has long 
been identified as a significant risk factor for many types 
of cancers including carcinoma of esophagus (Arnal et al. 
2015). It is related to a higher incidence of gastroesophageal 
reflux which is strongly associated to the risk for Barrett 
esophagus (a metaplastic precursor state for adenocarcino-
mas) and EC (Turati et al. 2013). The risk of EC rises con-
sistently with increasing BMI. Furthermore, a raised BMI is 
a risk factor for development of EAC, while a reduce BMI 
is a risk factor for development of ESCC (Lindkvist et al. 
2014). The mean value of body mass index (BMI) (23.98 kg/
m2 (range, 21.57–24.91)) was considerably higher in the EC 
patients than the controls (18.05 kg/m2 (range 16.87–20.61)) 
as observed in the present study (Table 2). A number of stud-
ies have been conducted to explore the effects of BMI on the 
prognosis of EC patients (Gu et al. 2019). Nonetheless, the 
relationship between BMI and prognosis remains inconclu-
sive and requires further elucidation. Some observational 
studies advocated that BMI did not influence the survival of 
esophagus carcinoma patients. Others have advocated that 
a high BMI is an independent prognostic factor for the car-
cinoma of esophagus (Gu et al. 2019).

Accumulation of adipose tissue enhances the levels of 
endogenous hormones, including sex steroids, insulin, insu-
lin growth factor-1, increasing cell proliferation, impairing 
apoptosis, consequently favoring preneoplastic and neoplas-
tic cell growth. Although the true pathophysiology underly-
ing this linkage remains unclear, however, obesity can lead 
to, facilitating gastroesophageal reflux and esophagitis, 
metabolic disturbances, such as increased levels of proin-
flammatory cytokines and adipokines, which may increase 
risk of carcinoma (Chen et al. 2012).

Distribution of the elemental levels in the serum 
of esophagus cancer patients and controls

The distribution of selected essential and toxic elemental 
levels (µg/g, wet weight) as basic statistical parameters in 
the serum of EC patients (n = 378) and controls (n = 353) 
is summarized in Table 3. Minimum and maximum levels 
were depicting that selected elements mostly pointed out 
wide range of their concentrations. For esophagus carci-
noma patients, comparatively elevated average levels were 
obtained for Na (mean, 244.7 µg/g, range, 204.8–354.8 µg/g), 
K (mean, 171 µg/g, range, 150.8–199 µg/g), Fe (mean, 
59.98 µg/g, range, 39.28–69.90 µg/g), Ca (mean, 28.68 µg/g, 
range, 12.33–47.34  µg/g), and Mg (mean, 15.17  µg/g, 
range, 10.18–23.62 µg/g) followed by moderately lower 
levels of Zn (mean, 3.616 µg/g, range, 0.333–6.588 µg/g), 
Co (mean, 2.407  µg/g, range, 1.212–2.987  µg/g), Sr 

(mean, 1.418 µg/g, range, 0.804–1.988 µg/g), Pb (mean, 
1.217 µg/g, range, 0.023–1.968 µg/g), Li (mean, 1.174 µg/g, 
range, 0.927–2.083  µg/g), and Se (mean, 1.027  µg/g, 
range, 0.322–1.985 µg/g). However, average concentra-
tions of Sb (mean, 0.970 µg/g, range, 0.167–1.642 µg/g), 
Cu (mean, 0.933  µg/g, range, 0.025–1.821  µg/g), Mn 
(mean, 0.819 µg/g, range, 0.050–1.962 µg/g), Ni (mean, 
0.539 µg/g, range, 0.006–5.299 µg/g), Cr (mean, 0.444 µg/g, 
range, 0.004–2.101  µg/g), Ag (mean, 0.325  µg/g, 
range, 0.105–0.987 µg/g), Cd (mean, 0.044 µg/g, range, 
0.001–0.099  µg/g), As (mean, 0.040  µg/g, range, 
0.011–0.100  µg/g), and Hg (mean, 0.034  µg/g, range, 
0.010–0.099 µg/g) were evaluated at lowest concentrations 
in the serum of EC patients. Overall, average elemental lev-
els exhibited the following order in the serum of EC par-
ticipants: Na > K > Fe > Ca > Mg > Zn > Co > Sr > Pb > Li 
> Se > Sb > Cu > Mn > Ni > Cr > Ag > Cd > As > Hg. High 
values of SD and SE as well as unlike mean and median 
concentrations values of measured elements illustrated that 
majority of the elements showed unsystematic distribution. 
In terms of large SD and SE values, maximum dispersion 
were revealed by Na, K, Ca, Fe, and Mg; therefore, these ele-
ments were randomly distributed in the serum of EC patients 
which revealed non-Gaussian distribution pattern. Some of 
the elements (Cd, As, Ag, Sr, and Hg) depicted somewhat 
normal distribution pattern as evidenced by lower SD and 
SE values which exhibited Gaussian distribution. Elements 
like Ni, Li, Cr, Ag, Hg, and K showed asymmetrical dis-
tribution as shown by large kurtosis and skewness values, 
while the rest of the elements exhibited relatively symmetri-
cal distribution in the serum of EC patients (Table 3).

In the case of controls (Table 3), on the average, elemen-
tal concentrations were found dominant for Na, followed by, 
K, Fe, Ca, and Mg. However, Cu, Pb, Ni, Ag, Cr, Hg, Cd, 
and As were found lowest levels in the serum of controls. 
Among the selected elements, Fe, Na, Ca, Fe, and Mg exhib-
ited relatively higher dispersion as shown by higher SD and 
SE values. Increased skewness and kurtosis values for Se, 
Mn, As, Cr, and Cu supported asymmetrical distribution 
of these elements in the serum of controls. On the mean 
scale, the decreasing trend of elemental levels in the serum 
of controls revealed the following order: Na > K > Fe > Ca 
> Mg > Zn > Co > Se > Sr > Li > Mn > Sb > Cu > Pb > Ni > 
Ag > Cr > Hg > Cd > As. (Table 3).

Comparison of the essential/toxic elemental 
levels in the serum of esophagus cancer patients 
and controls

A systematic and detailed comparison (two sample t-test) 
of the average elemental levels measured in the serum of 
the patients and controls manifested that mean Cu, Ni, 
Cr, Cd, Pb, As, and Ag concentrations were observed to 
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be significantly increased in the serum of EC patients 
(p < 0.05), while mean levels of Fe, Ca, Zn, Co, Mg, Se, Li, 
and Mn were observed to be moderately higher in serum of 
the controls (p < 0.05). However, statistically non-significant 
differences at p < 0.05 were found for average concentra-
tions of Sb, Se, K, and Sr in the serum of the EC patients 
and healthy donors. Similarly, median concentrations of the 
toxic/essential elements were also compared by Wilcoxon 
rank sum test which exhibited statistically significant dif-
ferences (p < 0.05) for Cr, Pb, Ni, Mn, Co, Fe, and Cu in 
the serum samples of two groups. The comparison between 
EC patients and controls revealed therefore a buildup of 
toxic elements (Cr, Cd, Pb, As, and Ni) and deficiency of 
the essential elements (Se, Zn, Fe, and Ca) in the case of the 
cancerous patients than the healthy donors. These elevated 
concentrations of toxic elements found in the EC patients are 
proven carcinogen and their higher levels can further pro-
mote the carcinogenesis (Yang et al. 2021; Xie et al. 2019; 
Kazi et al. 2015). Moreover, the deficiencies of essential 
elements (i.e., Fe, Zn, and Se) are linked to poor immunity 
and excessive accumulation of the reactive oxygen species 
(ROS) which further deteriorate the health of the patients 
(Lin et al. 2017).

Significant differences in the levels of various toxic/trace 
elements in the blood, hairs, and tissues of the EC cancer 
patients compared with the healthy controls have been 
reported in some studies (Adeola et al. 2021; Rahman and 
Singh 2019; Kazi et al. 2015). Thus, foregoing discussion 
clearly depicted that the relative distribution of the elements 
in the serum of EC patients is considerably different when 
compared to controls, which also pointed out the particu-
lar role of the elements in the development of the carci-
noma (Dar et al. 2008; Lin et al. 2017). For instance, Cd is 
a carcinogenic agent and a fatally toxic pollutant (Balali-
Mood et al. 2021). It mimics Zn’s divalent chemical state, 
so it can interfere with the DNA Zn binding site (Rahman 
and Singh 2019). Various studies disclosed that Cd inhib-
its repairing of DNA damage by causing hindrance in its 
principle steps (Lin et al. 2017). Cadmium is included in 
group 1 carcinogen, having strong association with cancer 
as its chronic and long-term exposure could cause malignant 
tumors to different organs such as brain, bladder, head, neck, 
breast, kidney, liver, prostate, lung, and esophagus cancers 
(Jiang et al. 2021). Chromium is toxic to human health and is 
classified as group I carcinogen by IARC (Balali-Mood et al. 
2021). Following Fenton chemistry, Cr also interacts with 
hydrogen peroxide, thus producing a wide variety of ROS 
such as superoxide, singlet oxygen, and hydroxyl radicals 
(Balali-Mood et al. 2021). In this way, Cr induces oxidative 
stress which results in cell DNA damage and breaks of DNA 
strand along with the formation of unstable DNA protein 
cross-links as well as Cr-DNA adducts (Rahman and Singh 
2019). There are epidemiological evidences that Cr and its 

compounds are positively associated with various types of 
carcinomas including respiratory, lung, and stomach (IARC 
2018). Arsenic exposure to cells and tissues modulates the 
signaling pathways that involves in adverse processes includ-
ing enhances cell proliferation, differentiation, blocking 
physiological apoptosis and are linked to the development 
of carcinoma (IARC 2012; Nurchi et al. 2020). The IARC 
and Environmental Protection Agency of USA has classified 
As as a class I human carcinogen (Balali-Mood et al. 2021). 
Moreover, As potentiates/stimulates angiogenesis, mutagen-
esis, cytotoxic, and clastogenesis of other carcinogens which 
in turn to promote cancer development (Xu et al. 2017). Sev-
eral epidemiological studies claimed that exposure to As has 
been strongly linked with carcinomas in human organs such 
as the kidney, bladder, lung, liver, prostate, and especially 
the skin (Nurchi et al. 2020; Xu et al. 2017).

Carcinogenesis of Cu has to be assumed to increase oxi-
dative stress via its involvement in the activation of hydrogen 
peroxide and later on, to produce more ROS like hydroxyl 
radicals that damage cellular DNA, proteins, and lipids 
(Xie et al. 2019; Yang et al. 2021). Multiple reports were 
published on the aberrant levels of Cu in malignant tissues 
of tumor-bearing mice and cancerous patients (Xu et al. 
2017). Higher levels of Cu have been found in the patients 
of breast, ovary, lung, and stomach cancers (Michalczyk and 
Cymbaluk-Ploska 2020). Some studies disclosed high con-
centration of Cu in the blood of EC patients in comparison 
to healthy controls (Ahmad et al. 2011) while some studies 
explored lower concentration of Cu in the tissue of carci-
noma patients as compared to controls (Joshaghani et al. 
2017). In a cohort study, Cu was found to increase the risk 
of ESCC, even found in the tissue segments of esophagus 
(Hashemian et al. 2015). Goyal and its coworkers reported 
high concentration of Cu in the serum of EC patients in 
comparison to healthy controls (Goyal et al. 2006). Recent 
literature also found high concentration of Cu in the serum 
of EC patients as comparison to healthy controls (Yang et al. 
2021; Dar et al. 2008). Lead also produces toxicity via its 
capability to substitute univalent cations (i.e.,  Na+) as well 
as divalent cations (i.e.,  Fe2+,  Mg2+,  Ca2+) (Balali-Mood 
et al. 2021). By this way, Pb badly affects numerous basic 
natural functions of human body internal administration as 
well as cellular processes including release of neurotrans-
mitters, enzyme regulation, ionic transportation, apoptosis, 
protein folding and maturation, cell adhesion, and intra- and 
intercellular signaling (Flora et al. 2012). In rodent cells, 
exposure to Pb induced gene mutations, sister chromatid 
exchanges, and morphological transformations as well as to 
increase anchorage independence in diploid human fibro-
blasts (Wallace and Djordevic 2020). Experimental studies 
advocated the increase incidences of kidney, lung, brain, 
and hematopoietic cancers, among rodents exposed to Pb 
(Kim et al. 2019; Balali-Mood et al. 2021). Exposure to Pb 
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in battery manufacturing, smelting, and pigment production 
industry workers revealed high levels of Pb and its com-
pounds, and these studies claimed that there may be excess 
risks for lung and stomach cancers among these workers 
(Rahman and Singh 2019). In a case–control study, Ahmad 
et al. (2011) investigated that the concentration of Pb in dif-
ferent specimens of EC patients was higher as compared to 
controls.

Nickel induced carcinogenicity, hepatotoxicity, nephro-
toxicity, genotoxicity, and neurotoxicity (Das et al. 2018). 
Other adverse effects of Ni are in lipid peroxidation and 
oxidative DNA damage (Lee et al. 2016). Nickel produces 
relatively low levels of ROS in cells which promotes oxida-
tive DNA damage and inhibition of DNA repair activity, 
and interferes in the activation of some transcription factors 
(Chen et al. 2017; Xu et al. 2017). The IARC concluded 
that exposure to Ni is linked with an increased risk of lung 
and sinonasal cancers based on results from many studies 
(Das et al. 2018). Lee et al. (2016) inspected the high Ni 
content and low rate of EC prevalence areas and explored 
that concentration of Ni was higher in high rate areas of EC 
than in low rate areas of EC. In a cohort study, workers of 
the biggest Ni production enterprise in China were inspected 
and disclosed that deaths of these workers were due to dif-
ferent types of cancers including esophagus, lung, stomach, 
and liver (Ma et al. 2014; Lee et al. 2016). In addition, the 
mean Ni was elevated in the serum of ESCC compared to 
controls as examined by Lin et al. (2017). Various studies 
advocated that Ca exerts shielding effect via promoting 
apoptosis, inhibiting cell cycle and also the generation of 
tumors (Shah et al. 2020). Protective effect of Ca was found 
in a study against ESCC and EAC in men (Park et al. 2009). 
Hashemian et al. (2015) investigated the possible associa-
tion of nutritional Ca with EAC cancer and found an inverse 
association with ESCC. Similar results were found in many 
others case–control studies (Jessri et al. 2011). On contrary, 
there are some studies which indicating not any relationship 
of Ca with EC (Lu et al. 2006; Hashemian et al. 2015). Ani-
mal studies also found out possible association of Ca with 
cancer. In a mice study, mice were fed with high Ca meal 
and observed inhibition of tumor formation, cell growth, and 
metastasis as well (Ju et al. 2012). Higher dietary Ca intake 
is related to a lower risk of EC particularly in ESCC patients 
as claimed in Asian populations (Dawsey et al. 2014).

Iron overload is associated with increasing incidence 
rate and risk of carcinoma. Tumor patients may also have 
insufficient serum Fe (Khan et al. 2020). Moreover, Fe is 
involved in the initiation, growth, progression, and metas-
tasis of cancer (Jung et al. 2019; Yang et al. 2021). Excess 
Fe plays an important role in tumor growth and tumor cell 
proliferation, and hence could be a cause of liver cancer, 
gastrointestinal cancer, esophagus cancer, stomach can-
cer and colorectal cancer (Lagergren et al. 2016). There 

are epidemiological proofs that gave indication about the 
positive association of Fe with EC (Torti and Torti 2011). 
Numerous studies showed excess usage of dietary haem Fe 
has potentially enhanced the risk of EAC in humans (Ward 
et al. 2012; Yang et al. 2021). It was also confirmed by a 
cohort study that excess of Fe is potentially carcinogenic 
and potentially enhances the risk EC (Ward et al. 2012). 
The serum Fe level of patients with EC was significantly 
higher compared with healthy controls (Yang et al. 2021). 
Selenium is a well-known electrometalloid and is mostly 
famous due to its anticancerous properties and chemopre-
ventive effects (Keshavarzi et al. 2012). Selenium is serving 
as an essential component in selenoproteins and can reduce 
oxidative stress and limit DNA damage, both of which have 
been associated to carcinoma risk (Wei et al. 2004). Previous 
studies demonstrated that Se deficiency/insufficiency may 
be linked to a variety of degenerative diseases, including 
cardiovascular disorders, immune dysfunctions, and cancer 
(Keshavarzi et al. 2012; Wei et al. 2004). The level of high 
Se exposure may have different effects on specific types of 
carcinomas. It alleviates the risk of lung carcinoma, breast 
carcinoma, prostate carcinoma, gastric carcinoma, and 
esophageal carcinoma (Cai et al. 2016). Selenium level in 
the serum of EC patients was significantly lower than the 
healthy controls (Goyal et al. 2006; Yang et al. 2021). In Fin-
land and the Netherlands, low Se concentrations were linked 
to an enhanced risk of rising ESCC and other carcinomas as 
shown in large cohort studies (Pritchett et al. 2017).

Zinc acts as a cofactor of superoxide dismutase for quench-
ing of free radicals ultimately providing shield from cancer 
(Kazi et al. 2015). Various studies have explored that high 
content of Zn has an inverse association with different types of 
cancers (Fong et al. 2001; Joshaghani et al. 2017). Zinc defi-
ciency promotes mutagenesis, cell proliferation, and differen-
tiation, and inhibits DNA synthesis and DNA repair as well as 
reduced antioxidant balance, having positive association with 
EC (Dar et al. 2008; Prasad 2014). Hashemian et al. (2015) 
stated that Zn exerts preventive effect against ESCC and has 
an inverse association with it. Recent data recorded that Zn 
level was found lower in EC patients than the controls (Yang 
et al. 2021; Dar et al. 2008). Goyal and his coworkers also 
disclosed lower level of Zn found in the serum of EC patients 
as compared to healthy controls (Goyal et al. 2006). Many 
retrospective and prospective human population-based surveys 
have underlined the role of Zn deficiency as a risk factor for 
development of esophagus carcinoma (Nouri et al. 2008). A 
case–control study was conducted in India, which evaluated 
that EC patients have considerably low mean concentration 
of Zn when compared to controls (Dar et al. 2008; Joshaghani 
et al. 2017). In other case–control study that was conducted in 
Pakistan, Zn value was recorded much lower in the different 
biological specimens of EC patients in comparison to healthy 
controls (Ahmad et al. 2011). On contrary, elevated level of 
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Zn in the serum of EC patients compared to controls has been 
examined in some studies (Yang et al. 2021).

Correlation study

The data on element-to-element correlation in the serum 
of EC patients are explored in Table 4 (below the diago-
nal), wherein the bold and asterisk r-values are significant 
at p < 0.05. In the case of EC patients, strong and significant 
positive correlations were noted between various elements 
which are displayed as bold and asterisk in Table 4. Some of 
the elemental pairs showed inverse relationships and oppos-
ing distributions in the serum of EC patients, which revealed 
the depletion or enrichment of specific element at the cost of 
others. The correlation study pointed out mutual association 
between Cu, Mn, Pb, Li, Ag, and Ni in the serum of the EC 
patients while one of the major electrolytes (K) revealed 
contrasting variations with most of the elements, thus illus-
trating the disproportional distribution of the elements in 
the serum of cancerous patients. Some epidemiological and 
clinical studies advocated the role of iron, lead, calcium, and 
cadmium in the progression of esophagus malignancy (Kim 
et al. 2019; Rahman and Singh 2019).

In the case of controls, the correlation study exhibited 
significantly diverse mutual associations between the ele-
ments as shown in Table 4 (above the diagonal). Statisti-
cally, strong/significant correlations (r > 0.500) were noted 
between Ni-Pb (r = 0.67), Ca-Sr (r = 0.65), Cd-As (r = 0.64), 
Cr-As (r = 0.62), Cd-Sr (r = 0.61), and Cu-Co (r = 0.60). 
Furthermore, statistically significant correlations were 
observed between Fe-Pb (r = 0.68), Mn-Hg (r = 0.59), 
Mg-Mn (r = 0.58), Cr-Pb (r = 0.58), As-Ag (r = 0.57), 
Ca-Na (r = 0.57), Pb-As (r = 0.55), Ca-Mg (r = 0.55), 
Fe-As (r = 0.55), Ca-Zn (r = 0.54), Ag-Mg (r = 0.54), 
Fe-Se (r = 0.53), Cd-Co (r = 0.53), Cr-Sb (r = 0.52), Zn-Ag 
(r = 0.51), Pb-Hg (r = 0.51), and Fe–Cr (r = 0.50). Some 
significant negative correlations were also shown among 
K-Na (r =  − 0.59), As-Cu (r =  − 0.59), Hg-Ag (r =  − 0.57), 
Cu-Fe (r =  − 0.55), K-Ca (r =  − 0.54), Li-Ni (r =  − 0.53), 
Sb-Zn (r =  − 0.50), and Co-Li (r =  − 0.50) (Table 4). Of 
note, unlike the patients, most of the essential elements (Zn, 
Ca, Na, Fe, K, and Fe) showed significant mutual relation-
ships in the serum of healthy donors. Overall, the corre-
lation behavior of selected essential and toxic elements in 
the serum of EC was considerably divergent compared with 
controls, which may be attributed to the disproportions and 
imbalances of the elements in the cancerous patients.

Comparison of the essential/toxic elemental levels 
based on demographic characteristics

Mean essential/toxic elemental levels revealed in the serum 
samples of different demographic groups of EC patients and 

healthy donors/controls are compared by t-test (two-tailed, 
assuming unequal variance). Smoking-based comparison 
in the average levels of selected essential/toxic elements 
in the serum of esophagus carcinoma patients and healthy 
subject is displayed in Fig. 1a which showed higher Cu, Ni, 
Cr, Pb, Cd, As, and Ag levels in smoker patients than the 
smoker controls. Mean values of Sb, Mn, Co, Mg, K, Se, 
Zn, Hg, Fe, Ca, and Zn were elevated in smoker controls 
than smoker patients. Nevertheless, average values of Hg, 
Se, Zn, K, Sb, Mn, Fe, Co, Ca, and Se were recognized to 
be considerably higher in the serum of non-smoker con-
trols than non-smoker patients. In the case of non-smoker 
patients, average levels of Li, Ag, As, Cd, Cr, Ni, and Cu 
were pointed out to be significantly elevated in the serum 
as compared to non-smoker controls as displayed in Fig. 1a. 
Cigarette smoking also influenced/enhanced risk of EC, no 
matter expressed as the frequency, duration/cumulative 
smoking amount (Li et al. 2014). Many components of 
tobacco contain carcinogens which may contribute to the 
pathogenesis of EC (Wang et al. 2017). There is a 1.5- to 
fourfold increase in EC risk among smokers as claimed in 
some studies; however, in other studies, no association has 
been established (Yang et al. 2017).

Comparison of average levels of selected essential/toxic 
elements in the serum of the esophagus carcinoma patients 
and healthy donors that depend on their abode is shown in 
Fig. 1b. Comparative evaluation of the elements revealed 
approximately equivalent contributions of Zn, As, Sr, Na, 
K, Mg, and Fe in the serum of urban and rural esopha-
gus carcinoma patients. However, average Cu, Ni, and Ag 
contents depicted significantly higher contribution in the 
serum of urban patients than rural patients, while aver-
age concentrations of Se, Cr, Sb, and Cd were found to be 
comparatively higher in the serum of rural patients than 
the urban patients. In the case of healthy donors, relatively 
higher mean concentrations of Ca, Fe, Zn, Se, K, Co, Mg, 
Mn, and Sb were recorded in the serum of urban controls 
compared with the urban patients. Mean Co, K, Se, Hg, 
Ag, Zn, Fe, and Ca were relatively elevated in the serum 
of rural healthy donors than rural patients. Nonetheless, 
average concentrations of Mn, Mg, Na, Li, Sr, and Ni were 
almost comparable in both urban and rural controls as 
shown in Fig. 1b.

During recent years, food contaminations by chemicals 
such as toxic elements have become inevitable problems 
from the environment. Recent data supports that there is 
an association between some dietary components and risk 
of carcinogenic process in esophagus (Liu et al. 2017). 
However, the association is not yet clear. Similarly, the 
results of several epidemiological studies revealed that 
some dietary patterns are significantly associated with 
an increased risk of ESCC (Jessri et  al. 2011). Use of 
high starch food and low quantity of fresh fruits as well 

83200 Environmental Science and Pollution Research (2022) 29:83191–83210



1 3

Ta
bl

e 
4 

 C
or

re
la

tio
n 

co
effi

ci
en

t (
r)

* 
m

at
rix

 fo
r t

he
 e

le
m

en
ts

 in
 th

e 
se

ru
m

 o
f e

so
ph

ag
us

 c
an

ce
r p

at
ie

nt
s (

be
lo

w
 th

e 
di

ag
on

al
) a

nd
 c

on
tro

ls
 (a

bo
ve

 th
e 

di
ag

on
al

)

*  r-
va

lu
es

 a
re

 si
gn

ifi
ca

nt
 a

t p
 <

 0.
05

C
a

Fe
Zn

C
u

N
i

C
r

C
d

Pb
A

s
A

g
Sr

Li
H

g
Se

N
a

K
M

g
Sb

M
n

C
o

C
a

1
 −

 0.
34

0.
54

0.
28

0.
40

 −
 0.

44
0.

23
 −

 0.
45

 −
 0.

49
0.

02
0.

65
0.

19
0.

02
0.

19
0.

57
 −

 0.
54

0.
55

0.
33

 −
 0.

41
0.

22
Fe

0.
11

1
0.

04
 −

 0.
55

 −
 0.

52
0.

50
0.

37
0.

68
0.

55
0.

06
0.

42
 −

 0.
19

0.
33

0.
53

0.
21

 −
 0.

27
0.

22
 −

 0.
2

0.
06

 −
 0.

01
Zn

 −
 0.

16
 −

 0.
02

1
0.

28
0.

28
 −

 0.
11

0.
44

 −
 0.

08
 −

 0.
09

0.
51

 −
 0.

01
0.

04
 −

 0.
11

 −
 0.

23
 −

 0.
04

0.
05

0.
14

 −
 0.

50
 −

 0.
41

0.
29

C
u

0.
26

 −
 0.

13
0.

06
1

0.
11

 −
 0.

42
0.

13
 −

 0.
23

 −
 0.

56
 −

 0.
43

 −
 0.

31
 −

 0.
38

0.
59

 −
 0.

26
 −

 0.
15

 −
 0.

15
 −

 0.
55

0.
13

 −
 0.

11
0.

60
N

i
0.

23
 −

 0.
52
*

0.
61
*

0.
67
*

1
0.

05
0.

41
0.

67
 −

 0.
02

0.
27

0.
04

 −
 0.

53
 −

 0.
12

 −
 0.

02
 −

 0.
15

0.
09

0.
23

0.
33

 −
 0.

32
0.

14
C

r
 −

 0.
04

 −
 0.

21
0.

09
0.
70
*

 −
 0.

17
1

0.
33

0.
58

0.
62

0.
46

0.
46

 −
 0.

02
 −

 0.
04

 −
 0.

42
 −

 0.
03

 −
 0.

24
0.

34
0.

52
 −

 0.
24

 −
 0.

32
C

d
0.
60
*

0.
65
*

0.
54
*

0.
1

0.
36

0.
73
*

1
0.

01
0.

64
0.

43
0.

61
0.

04
 −

 0.
09

 −
 0.

41
 −

 0.
32

0.
02

0.
01

0.
28

 −
 0.

04
0.

53
Pb

0.
07

0.
11

0.
01

0.
25

0.
41

0.
64
*

0.
52
*

1
0.

55
 −

 0.
07

0.
48

 −
 0.

39
0.

51
 −

 0.
04

0.
39

 −
 0.

41
0.

25
 −

 0.
57

 −
 0.

03
 −

 0.
43

A
s

0.
43

0.
41

 −
 0.

15
 −

 0.
56
*

 −
 0.

31
0.
65
*

 −
 0.

08
0.

35
1

0.
37

0.
75

0.
14

 −
 0.

09
 −

 0.
54

0.
04

 −
 0.

12
0.

36
 −

 0.
31

 −
 0.

02
 −

 0.
24

A
g

 −
 0.

21
0.

01
0.

08
0.
57
*

0.
16

 −
 0.

39
0.

47
 −

 0.
14

 −
 0.

13
1

0.
31

0.
81

 −
 0.

57
0.

06
 −

 0.
31

0.
15

0.
54

0.
32

 −
 0.

11
 −

 0.
35

Sr
0.
57
*

0.
06

0.
36

 −
 0.

02
0.

04
0.

03
0.

22
0.

12
 −

 0.
03

0.
45

1
 −

 0.
07

 −
 0.

16
 −

 0.
49

0.
02

 −
 0.

23
0.

32
 −

 0.
42

 −
 0.

12
 −

 0.
31

Li
0.

31
 −

 0.
18

0.
02

0.
08

0.
59
*

 −
 0.

24
0.

47
 −

 0.
15

0.
07

0.
71
*

0.
09

1
 −

 0.
24

0.
43

 −
 0.

22
0.

37
0.

11
0.

39
0.

08
 −

 0.
50

H
g

0.
25

0.
15

0.
48

0.
55
*

0.
03

 −
 0.

14
0.

32
 −

 0.
39

0.
21

0.
43

0.
14

0.
16

1
 −

 0.
05

 −
 0.

07
 −

 0.
23

 −
 0.

11
 −

 0.
18

0.
59

0.
29

Se
0.

11
 −

 0.
28

0.
07

0.
01

0.
18

 −
 0.

19
0.

32
 −

 0.
03

 −
 0.
54
*

0.
53
*

0.
56
*

0.
24

0.
03

1
0.

29
0.

47
0.

42
0.

27
0.

46
 −

 0.
43

N
a

 −
 0.

23
 −

 0.
13

0.
17

0.
55
*

0.
07

 −
 0.

09
0.

28
 −

 0.
25

 −
 0.

21
0.

23
0.
59
*

0.
25

0.
49

0.
05

1
 −

 0.
59

 −
 0.

51
 −

 0.
38

0.
29

 −
 0.

21
K

 −
 0.

24
 −

 0.
03

0.
25

0.
08

 −
 0.

09
 −

 0.
19

0.
23

 −
 0.

06
0.
54
*

0.
59
*

0.
19

0.
17

0.
56
*

0.
4

0.
52
*

1
0.

04
0.

19
0.

04
 −

 0.
44

M
g

 −
 0.

13
 −

 0.
21

0.
26

 −
 0.
55
*

0.
53
*

0.
24

0.
19

0.
11

 −
 0.

04
0.

11
0.

48
0.
51
*

 −
 0.

17
 −

 0.
01

 −
 0.
51
*

0.
06

1
0.

04
0.

58
 −

 0.
23

Sb
 −

 0.
07

 −
 0.

24
0.

19
 −

 0.
30

0.
43

 −
 0.

13
0.

22
 −

 0.
57
*

 −
 0.

34
0.
59
*

0.
48

0.
33

0.
09

0.
06

0.
39

0.
33

0.
18

1
 −

 0.
01

0.
29

M
n

0.
02

 −
 0.

01
 −

 0.
23

0.
10

0.
66
*

0.
05

 −
 0.

13
 −

 0.
08

0.
13

 −
 0.

06
 −

 0.
07

 −
 0.

12
0.
56
*

 −
 0.

19
 −

 0.
08

 −
 0.

05
 −

 0.
05

0.
25

1
 −

 0.
21

C
o

 −
 0.

04
0.
57
*

0.
52
*

0.
19

 −
 0.

09
0.

08
 −

 0.
07

0.
14

0.
41

 −
 0.

05
0.

47
0.
58
*

 −
 0.

04
 −

 0.
07

 −
 0.

07
0.

06
0.

33
0.
57
*

0.
48

1

83201Environmental Science and Pollution Research (2022) 29:83191–83210



1 3

as vegetables has been linked to process of EC (Liu et al. 
2017). Epidemiological investigations along different lines 
revealed adequate consumption of fruit and vegetable was 
significantly related with decreased risk of EC which could 
play a role in protecting against this malignancy (Jessri 
et al. 2011). Dietary-based (vegetarian and non-vegetarian) 
comparison of the selected elements in the serum of the 
EC patients and controls is shown in Fig. 1c, revealing 
comparatively high mean level of Cu, Ni, Ag, and Li in the 
vegetarian patients than the non-vegetarian counterparts 
which exposed elevated levels of Mn, Se, Ca, Cd, and Cr 
in their serum. Nevertheless, average concentrations of Fe, 
Zn, Pb, As, Sr, Hg, Na, K, and Mg were found to be compa-
rable in both patient groups. In the case of healthy donors, 
mean elemental Co, Mn, Sb, Se, Zn, Fe, and Ca contents 
were found to be higher in the serum of non-vegetarian 
controls as compared to non-vegetarian patients. Similarly, 
average Hg, Se, Ca, K, Fe, Mn, Zn, and Co levels were 
maximum in the serum of vegetarian controls than vegetar-
ian EC patients. Besides, average concentrations of Cu, Cd, 
Pb, As, Ni, Cr, Ag, and Li were found to be considerably 

elevated in the serum of vegetarian patients than non-veg-
etarian controls as shown in Fig. 1c.

Carcinoma of esophagus continues to be a man domi-
nant malignancy. Esophagus carcinoma is 2 to 3 times more 
common in males than females worldwide (Lin et al. 2017). 
Gender-based comparison as shown in Fig. 1d revealed 
comparatively high average concentrations of Cu, Ni, Cr, 
Pb, and Ag in the serum of female patients than female 
controls, where average Zn, Cd, Hg, Se, and Sb contents 
were higher in the serum of female controls. Average Cu, 
Ni, Cr, Cd, Pb, As, and Sb levels were found elevated in the 
serum of male EC patients when compared to male controls. 
Similarly, mean Ca, Fe, Zn, Ag, Hg, Se, K, and Co contents 
revealed higher in the serum of male controls as compared 
to male patients. Nevertheless, mean levels of Mn, Co, Mg, 
K, Na, Li, Sr, Fe, and Ca were exhibited to be nearly equiva-
lent in both patient groups (Fig. 1d). Hence, discovery of 
a credible and strong causal association between trace ele-
ments and carcinoma of the esophagus may create a new 
frontier for the prevention and management of an estab-
lished disease.
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Fig. 1  Comparison of the mean elemental levels (± SE) in the serum of esophagus cancer patients and controls based on their; a (smoking hab-
its), b (abode), c (dietary habits), and d (gender)
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Comparison of the elemental levels based on types 
and stages

Comparative evaluation of the average toxic/essential ele-
mental levels in the serum of both types (adenocarcinoma 
and squamous cell carcinoma) of the EC patients is dis-
played in Fig. 2. The patients suffered from adenocarcinoma 
showed relatively elevated levels of Cu, Ni, Pb, Li, Sb, and 
Mn than squamous cell carcinoma in the serum samples of 
EC patients. Significantly higher level of Co, Mg, Hg, As, 
Cd, and Cr in the serum was exhibited by squamous cell 

carcinoma of EC patients. Nonetheless, considerably higher 
level of K was found in the serum of adenocarcinoma cancer 
patients from squamous cell carcinoma patients. Average Ca, 
Fe, Zn, Ag, Sr, Se, and Na concentrations were found to be 
almost comparable in the serum of both types of esophagus 
carcinoma patients. Of note that toxic elemental levels were 
higher in both the types of EC patients, thereby indicating an 
association among elements and progression/development 
of malignancy.

Comparative assessment of average elemental levels 
in the serum of various stages (I, II, III, and IV) of EC 

Fig. 2  Comparison of the 
mean elemental levels (± SE) 
in the serum of patients based 
on types and clinical stages of 
esophagus cancer
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patients is displayed in Fig. 2. At stage I, Ca, Pb, Se, and 
Sb showed elevated levels from mean levels at all other 
cancer stages. Excessive Pb suggests being carcinogenic 
and can exert oxidative stress via the generation of ROS 
and acting as cofactor in the oxidative damage of biological 
macromolecules (Balali-Mood et al. 2021). However, As, 
Ag, and Mn levels exhibited significantly increase at stage 
II compared with other three stages. Arsenic is a systemic 
toxicant that affects almost all the organs of the body and 
induces various forms of health effects including cancer. In 
the case of stage III, Ni, Cd, and Co showed considerable 
higher mean levels as compared other stages. At present, 
elements such as Co, Cd, and Ni are recognized as carci-
nogenic substances and have been intensively investigated 
in recent years (Das et al. 2018; Xu et al. 2017). All these 
metals produce ROS via oxidative stress when their intake 
exceeds certain levels (Balali-Mood et al. 2021). Oxidative 
damage of biological macromolecules is associated with 
the overproduction of ROS which in turn development of 
diseases such as carcinoma (Rahman and Singh 2019). At 
stage IV of EC, average Cu, Cr, Sr, and Hg contents were 
elevated when compared to the initial stages of EC patients. 
Multiple reports supported the concept that Cr, Cu, and 
Hg have been recognized for the carcinogenic properties 
and involved in damage of DNA, changing of sulphydryl 
homeostasis and lipid peroxidation (Wallace and Djorde-
vic 2020). These toxicants can facilitate stimulation of cell 
proliferation and inhibition of apoptosis and DNA repair 
as well as promotion of carcinoma (Lin et al. 2017). The 
elements such as Cu, Cr, Sr, Co, Cd, Ni, and Hg exhibited 
considerable decline in the average levels moving from ini-
tial stages I/II to advance stages III/IV. However, Fe, Na, 
K, and Mg revealed no considerable differences in their 
mean levels in the serum of EC patients as shown by all 
stages (Fig. 4).

Multivariate analysis

The principal component analysis (PCA) of elemental lev-
els in the serum samples of esophagus carcinoma patients 
and controls, extracted by varimax-normalized rotation on 
the data set, is portrayed in Table 5. In patients, seven PCs 
of the elements with eigenvalues > 1 were produced, com-
mutatively unveiling more than 75% of the total variance 
of data. The corresponding cluster analysis (CA) based 
on Ward’s method is given in Fig. 3. In the serum of EC 
patients, PC1 was dominantly contributed by Cr, As, and Sr 
and PC2 was majorly included for Fe and Pb supported by 
similar strong clusters in CA. These PCs were originated 
by anthropogenic sources and fossil fuels. Similarly, PC3 
revealed higher loadings for Ag, Li, and K which were 

duly supported by CA. The results of Table 5 showed that 
PC4 was contained highest loadings of Se, Mn, Na, and 
Mg. Furthermore, PC4 shared common clusters in CA as 
given in Fig. 3. These two PCs were mainly contributed 
by internal body metabolism and associated with nutri-
tious habits of the subjects. PC5 consisted of Cd, Zn, and 
Ni which were believed to be controlled by environmental 
pollution and well supported by a shared cluster in CA. 
Cluster of metals (Cd and Ni, carcinogenic agents) with 
anticarcinogenic metal (Zn) is an example of interfer-
ence of toxic metals with essential metal (Mahmood et al. 
2021; Qayyum et al. 2020). Finally, PC6 and PC7 exhibited 
maximum loadings for Cu, Co, and Ca, and Hg and Sb 
respectively, which shared joint clusters in CA. These ele-
ments were mainly attributable to anthropogenic sources 
and nutritional habits.

In the case of controls, seven PCs of the elements 
were obtained with eigenvalues more than 1, commuta-
tively explaining more than 74% of the total variance of 
data. The corresponding CA in the form of dendrogram is 
shown in Fig. 4. PC1 with maximum variance of the data 
revealed highest loadings for Co and Mn. PC2 revealed 
highest loadings for Cr and Cu, well supported by a shared 
cluster in CA. These elements were traced to originate 
mostly from anthropogenic pollutants in the controls. PC3 
exhibited maximum loadings for Ca, As, Pb, and Fe, while 
the major metals of maximum loadings of PC4 included 
Sr, Mg, and Na. Both the PCs revealed strong clusters for 
these elements and explaining mixed sources of these ele-
ments, such as nutritive habits, environmental exposure, 
and anthropogenic activities. In addition, high loadings of 
Sb, Se, and Ni were detected in PC5, which also exhibited a 
strong cluster in CA. Furthermore, PC6 revealed maximum 
loadings of Zn and K in the serum of controls, whereas 
last PC indicated significant loadings for Cd, Ag, Li, and 
Hg (Table 5). Both these PCs were mainly related with the 
internal body metabolism and anthropogenic emissions in 
the environment. It is worth to mention that in the case 
of healthy donors, the toxic elements were not primarily 
linked with the essential elements as was the case in the 
cancerous patients thus signifying a disproportion between 
the elements in esophagus carcinoma patients. Overall, 
PCA and CA exhibited significantly diverse apportion-
ment of the essential/toxic elemental levels in the serum 
of esophagus carcinoma patients and healthy donors which 
might be illustrated to the imbalances of elements in the 
cancerous patients.

To our knowledge, this is the first kind of study to explore 
the serum levels of essential/toxic elemental levels in Paki-
stani patients with EC as compared to controls. Essential and 
toxic elements were measured in the serum at various types 
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and stages of EC, which have received little attention before. 
The limitations of the study were small sample size, lack 
of exposure assessment, and exposure intensity of specific 
occupation-related elements was not determined. Finally, the 
contamination of toxic elements has become a severe prob-
lem in onset/progression of EC risk. Consequently, further 
studies are required to explicate how/what metal contribute 
to the development of malignancy in esophagus.

Conclusions

The analyses of elements have been carried out to iden-
tify potential differences of toxic/essential elemental con-
centrations among esophagus cancer patients and without 

EC in the serum. In this study, elemental Cu, Ni, Cr, Cd, 
Pb, As, and Ag concentrations showed significantly higher 
(p < 0.05) in the serum of esophagus cancer patients than 
controls, while mean concentration of Li, Se, Fe, Ca, Zn, 
Sr, and Mn were found to be higher in the healthy donors. 
The correlation study revealed considerable associations 
among the essential and toxic elements in EC patients. In 
adenocarcinoma, elevated levels of Cu, Ni, Pb, Li, Sb, K, 
and Mn were observed while Co, Mg, Hg, As, Cd, and Cr 
were higher in the serum of squamous cell carcinoma of 
EC patients. Among clinical stages, Ca, Pb, Se, and Sb 
showed elevated levels at stage I, whereas As, Ag, and Mn 
levels exhibited significant increase at stage II compared 
with other stages. At stage III, the concentrations of Ni, Cd, 
and Co showed higher while Hg, Sr, Cr, and Cu exhibited 

Fig. 3  Cluster analysis as dendrogram of elements in the serum of esophagus cancer patients
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highest levels at stage IV in the serum of EC patients. Most 
of the elements disclosed considerable disparities in their 
levels based on sex, smoking, abode, and dietary habits of 
the subjects. It was further explicated in terms of PCA and 
CA which revealed diverse apportionment of the elements 
in esophagus carcinoma patients and controls. Overall, dis-
proportions in the elemental contents in cancerous patients 
when compared to controls demonstrated significant role 
of the essential and toxic elements in the onset/progression 
of the malignancy.
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