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Abstract

Obesity is a chronic metabolic disease identified by
excessive fat deposition in the body with the high-
est risk of disordered lipid profile. Obesity and inap-
propriate lifestyles such as smoking and fake food
not only influence blood lipids but also helps heavy
metals and mineral be absorbed and adhered to the
tissues with minimal disposal, that producing health
problems with ages. A total of 49 female students
(18-35 years old) included in this study to assess the
relationship between body mass index, heavy metal,
and minerals in university students. There is a strong
correlation between BMI and potassium, where there
is a positively weak relation between selected heavy
metal and minerals and BMI. The increases in the
presence of heavy metal and minerals in the pres-
ent study not only depended in the BMI but also as
a result of the rise in the effluent flow heavy metal
from industrial units found in close nearness to rivers,
oceans and seas have ended in an expansion in wa-
ter bodies and seafood, fruits, vegetable crops and
the food chain. That will need further investigation.

Keywords: Obesity; Body mass index; Heavy
metal; Minerals

1. Introduction

Scientists reported that obesity is a medical
disease in which excess body fat has accumulated
in the body and produces a disadvantageous
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effect on health, leading to reduced life expectancy
and increased health problems [1,2]. Obesity is
measured by body mass index (BMI) and the waist-
hip ratio [1,3]. Obesity caused by a sequence of
extreme food energy intake, loss of physical activity,
and genetic susceptibility, genetic defect, endocrine
disturbances, medications, or psychiatric illness
[2,4]. The previous report established risk factors
for obesity and related conditions is a lifestyle and
environmental pollutants, including heavy metals
such as cadmium and lead. There is more 20 metal
such as heavy metals (Pb, Cd, mercury-Hg, As, W),
trace elements (calcium-Ca, Fe, Zn, Cu, Cr, Mo, Se,
Mn) and Na, K, Mg that are named electrolytes. Fake
food and canned food have heavy metals that may
increase obesity, diabetes, and heart condition in the
human body or severe weight loss [3-5]. Also, there
are significant positive correlations between heavy
metal, lipid profile, and obesity [5-9]. Thus, this study
will perform in college students at Jazan University
to provide primary data for the relation between BMI
and heavy metal and minerals where Jazan in the
Kingdom of Saudi Arabia is a coastal city.

2. Subjects and Methods

2.1. Subjects

A total of 49 female students, 18-35 years old,
included in this study. The assessment takes place
in the period 2017-2018. The protocol approved by
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the Declaration of Helsinki 2008 and approved by the
University ethics committee. Written consent sign by
each participant after a full description of the method
of the investigation. All students have the liberty to
depart any time during the study without any reason
or sign of punishment. Subjects are classified into
four groups according to BMI (underweight, normal,
overweight, and obese). The subjects in menstruation
or pregnant are excluded, and no smoking history
of any subjects included in this study. An eating
pattern to all subjects is canned food, fast food, fruit,
vegetable, fish, seafood, meat, and manufacture
food and juice. It also included dairy products and
energy drinks. All subjects have no previous clinical
problems such as diabetes, kidney, heart, thyroid,
or other. Table 1 represented the subjects included
criteria regarded as the correlation between BMI and
lipid profile (n=49).

2.2. Methods
Anthropometrics

The student's weights and heights were included
on a single calibrated scale (SR Scales, SR
Instruments). The formula calculated body mass
index (BMI): weight in kilograms (kg) divided by
height in square meters (m?) [1,5-9].

Laboratory investigations

Blood was withdrawn after an overnight fast (>9
hours). Blood collected from healthy and obese
students at Jazan University. Total cholesterol,
triglyceride, high-density lipoprotein (HDL
cholesterol), low-density lipoprotein (LDL cholesterol)
measured in Abu-Arish general hospital Jazan in
Saudi Arabia using Hitachi automatic analyzer c501
biochemistry. Assessment of heavy metal and mineral
levels in serum samples dilutes and analyze on a
PerkinElmer Elan DRC Il inductively-coupled plasma
mass spectrometer Poison Control and Medical
Forensic Chemistry Center, Ministry of Health,
Jazan in Saudi Arabia. Trace elements and heavy
metals in soils and sediments are determined with
atomic absorption spectrometry (AAS), inductively
coupled plasma mass spectrometry (ICP-MS),
and inductively coupled plasma optical emission
spectrometer (ICP-OES) after acid digestion of the
samples. With more convenience and multielement
measurement capability, ICP-OES/ICP-MS has
become an attractive instrument for simultaneously
determined co-contaminants in  environmental
samples. The elemental profile was measured by
inductively coupled plasma-mass spectrometry ICP-
MS (Agilent, 7500 cx) after separate serum samples
and digested with nitric acid using a microwave
digestion system (Milestone, Ethos 1) [9-11].
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Statistics

Data were fed to the computer and examined using
IBM SPSS software package version 20.0. (Armonk,
NY: IBM Corp). The Kolmogorov- Smirnov, Shapiro,
and D'agstino tests were used to verify the normality
of distribution of variables, Judgments between
groups for categorical variables were assessed using
the Chi-square test. ANOVA was used to compare
between more than two groups for normally distributed
quantitative variables and followed by the Post Hoc
test (Tukey) for pairwise comparison. Kruskal Wallis
test was used to compare different groups for not
normally distributed quantitative variables and
followed by the Post Hoc test (Dunn's for multiple
comparisons test) for pairwise comparison. Pearson
coefficient was used to correlate between quantitative
variables. The significance of the achieved results
was judged at the 5% level.

3. Result

Table 1 represented the subjects included criteria of
the correlation between BMI and lipid profile (n=49).
According to Evans (1996) who suggests for the
absolute value of r: 0.00-0.19: “fragile,” 0.20-0.39:
“weak,” 0.40-0.59: “moderate,” 0.60-0.79: “strong,”
0.80-1.0: “very strong,” where there is appositively
weakly relation between Cholesterol, and BMI. On
the other support, there is a strong positive correlation
between triglyceride, LDL, and BMI, and a negative
relation between HDL and BMI. Table 2 represented
the data and result of Correlation between BMI
and heavy metal and minerals. According to Evans
(1996) who suggests for the absolute value of r:
0.00-0.19: “very weak”, 0.20-0.39: “weak”, 0.40-
0.59: “moderate”, 0.60-0.79: “strong”, 0.80-1.0: “very
strong”, where there is appositively significant weakly
relation between (K), and BMI, and appositively
weakly relation Na, Mg, Al, Ca, Ti, Cr, Mn, Fe, Co, Ni,
Cu, Zn, Mo, Cd, Pb, and BMI.

Table 3 shows the relation between BMI type and
Na, Mg, Al, K, Ca, Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn,
Mo, Cd, Pb in different studied group. In (Na) the
data represented as Mean = SD where there is anon
significant difference between studied group (3.4 *
0.3,3.5+0.3, 3.6 £ 0.3, 3.7 £ 0.4) in underweight,
normal weight, overweight, obesity respectively and
higher than as compared to normal range (3.08-3.31
pg/L). In (Mg) the data represented as Mean + SD
where there is anon significant difference between
studied group (2.3 £ 0.3, 24 + 0.3, 3.6 £ 0.3, 2.4
t+ 0.3) in underweight, normal weight, overweight,
obesity respectively. All group within the normal range
except the overweight is higher than as compared to
the normal range (1.70-2.43 pg/L). In (Al) the data
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represented as Mean * SD where there is anon
significant difference between studied group (105.0
+ 277.8, 24.9 £ 54.0, 204.6 + 4057, 203.3 * 538.5)
in underweight, normal weight, overweight, obesity
respectively and higher than as compared to normal
range (0-9 pg/L). In (K) the data represented as
Mean x SD where there is anon significant difference
between studied group (2.3 £ 0.5, 2.5 + 0.3, 2.3
+ 0.2, 3.0 £ 1.2) in underweight, normal weight,
overweight, obesity respectively and higher than
as compared to normal range (1.368-2.033 pug/L).
In (Ca) the data represented as Mean + SD where
there is anon significant difference between studied
group (109+14,11.2+11,11.7+£13,11.6 £ 1.1)
in underweight, normal weight, overweight, obesity
respectively and higher than as compared to normal
range (8.7-10.2 pg/L). In (Ti) the data represented
as Mean £ SD where there is anon significant

Table 1. The subjects included criteria Correlation between
BMI and lipid profile (n=49).

. . BMI (kg/m?)
Lipid profile
r P
Cholesterol (mmol/L) 0.018 0.900
Triglyceride (mmol/L) 0.383* 0.007*
HDL (mmol/L) -0.567* <0.001*
LDL (mmol/L) 0.330° 0.020°

r: Pearson coefficient; *: Statistically significant at p < 0.05;
Evans (1996) suggests for the absolute value of r:
0.00-0.19:  “fragile”; 0.20-0.39: “weak”; 0.40-0.59:
“moderate”; 0.60-0.79: “strong”; 0.80-1.0: “very strong”.

Table 2. Correlation between BMI and different metals
parameters (n=49).

Metals ENli{kgiing
r p
Na ( x 108) (ug/L) 0.239 0.098
Mg ( x 10%) (ug/L) 0.162 0.265
Al (ug/L) 0.197 0.176
K ( x 10°) (ug/L) 0.305 0.033"
Ca (ug/L) 0.176 0.228
Ti (ug/L) 0.197 0.176
Cr (ug/L) 0.220 0.129
Mn (ug/L) 0.245 0.089
Fe (ug/L) 0.052 0.723
Co (pg/L) 0.181 0.213
Ni (ug/L) 0.199 0.171
Cu (ug/L) 0.239 0.098
Zn (ug/L) 0.130 0.375
Mo (pg/L) 0.220 0.129
Cd (ug/L) 0.040 0.784
Pb (ug/L) 0.010 0.948

r: Pearson coefficient; *: Statistically significant at p < 0.05;
Evans (1996) suggests for the absolute value of r:
0.00-0.19: “very weak”; 0.20-0.39: “weak”; 0.40-0.59:
“moderate”; 0.60-0.79: “strong”; 0.80-1.0: “very strong”.
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difference between studied group (5.1 + 0.7, 5.2
+ 0.7, 5.2 £ 0.6, 5.5 + 1.1) in underweight, normal
weight, overweight, obesity respectively and higher
than as compared to normal range (0-1 ug/L). In (Cr)
the data represented as Mean + SD where there is
a non-significant difference between studied group
(401.0 £ 57.1, 765.2 + 989.1, 415.6 + 84.8, 8607.9
31117.6) in underweight, normal weight, overweight,
obesity respectively as compared to each other and
higher than as compared to normal range (0.1-2.1
Mg/L) (Table 3). Also, In (Mn) the data represented as
Mean = SD where there is a non-significant difference
between studied group (3.7 £ 0.8, 3.7 £+ 1.3, 4.7 £ 1,
4.3 + 1.7 in underweight, normal weight, overweight,
obesity respectively as compared to each other and
higher than as compared to normal range (<2.5 ug/L)
(Table 3).

In (Fe) the data represented as Mean + SD where
there is a non-significant difference between studied
group (44 +11,42+12,42+0.9, 44 +15)in
underweight, normal weight, overweight, obesity
respectively as compared to each other and less
than as compared to normal range (15- 150 ug/L).
In (Co) the data represented as Mean + SD where
there is a significant difference between studied
group (0.6 £+ 0.2, 0.8 £0.2,05+0.2,0.9+1.1) in
underweight, normal weight, overweight, obesity
respectively as compared to each other and within
the reference range (0.0-0.9 ug/L). In (Ni) the data
represented as Mean * SD where there is a non-
significant difference between studied group (55.1
+ 40.3, 1541.7 + 4364.7, 721 + 61.3, 4009.9 +
14972.8) in underweight, normal weight, overweight,
obesity respectively as compared to each other and
higher than as compared to normal range (<2 ug/L)
(Table 3). In (Cu) the data represented as Mean +
SD where there is a significant difference between
studied group (2.2 £+ 0.3,6.4 £ 11.9,2.6 £+ 0.3, 7.6
+ 9.0) in underweight, normal weight, overweight,
obesity respectively as compared to each other
and all results within normal range (7.2-16.6 pg/L)
(Table 3).

In (Zn) the data represented as Mean = SD where
there is a significant difference between studied
group (10.3 +3.4,9.8+1.9,93+28,105+45)
in underweight, normal weight, overweight, obesity
respectively as compared to each other and all
results within normal range (6.6—11.0 ug/L) (Table 3).
In (Mo) the data represented as Mean + SD where
there is a significant difference between studied
group (2.1 + 5.6, 48.0 + 126.9, 4.0 + 8.0, 1017.1 £
3839.9) in underweight, normal weight, overweight,
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Table 3. Relation between BMI type and different parameters (n=49).
BMI type (kg/m?)

Individual parameters Und&r:!,e)ight NornzﬁL\év)eight Ove(;v:g;ght C()rlr‘)gglgt Tes;igf P
Na (ug/L) x 1°6
Median (Min-Max.) ~ 3.4(3.1-4.1) 3.6(3.0-3.9) 3.8(3.3-3.8) 3.7(3.0-4.4) F=1.000] 0.397
Mean = SD. 3.42£ 0.3 3.52+£0.3 3.6+ 0.3 3.72£ 0.4 ’ ’
Mg (ug/L) x 10
Median (Min-Max.) ~ 2.3(2.0-2.7) 2.4(2.0-2.8) 2.5(2.0-3.0) 2.4(1.9-3.0) _
Mean + SD. 2.32+0.3 242+0.3 25°+04 242+0.3 F=0.803) 0.499
Al (ug/L)
Median (Min-Max.) ~ 0.0(0.0-735.0)  1.3(0.0-166.2)  2.6(0.0-813.2)  3.9(0.0-2316.0) H=3.027| 0.387
Mean + SD. 105.02+ 277.8 24.92+54.0 204.62+ 405.7 203.32+ 538.5 ’ ’
K (pg/L) x 195
Median (Min-Max.)  2.1(1.8-3.1) 2.3(2.0-3.1) 2.4(2.0-2.5) 2.6(2.0-7.1) ~
Mean + SD. 2.3+ 0.5 252+0.3 2.32+0.2 3.00+1.2 H=5.759) 0.124
Ca (ug/L) x 10*
Median (Min-Max.) ~ 10.4(9.-13.8) 10.8(9.6-12.8) = 12(9.8-12.7) 11.5(9.8-13.4) F=0.646| 0.589
Mean + SD. 10.9a"+ 1.4 11.22£ 1.1 11.72£1.3 11.62£ 1.1 ’ ’
Ti (ug/L) x 102
Median (Min-Max.) ~ 5.1(4.4-6.4) 5.4(3.8=5.9) 5.2(4.6-5.8) 5.5(3.3-8.6) F=0.491) 0.691
Mean * SD. 512+ 0.7 522+ 0.7 5.22+0.6 5.5+ 1.1 ’ ’
Cr (uglL)
Median (Min-Max.) 399.7(311-499.6) 462(296.6-3397) 4072(32186261) 401330B5M41600) o0 oo
Mean + SD. 401.02 £ 57.1 765.22+ 989.1 415.62+ 84.8 | 8607.92+ 31117.6 ’ ’
Mn (ug/L)
Mec’}\‘;‘,gx(_'\)’”“— 3.7(2.6-4.9) 3.6(1.8-6.4) 4.7(3.6-5.7) 3.9(2.5-10.3) He3.203| 0.361
Mean + SD. 3.72+£0.8 3.72+1.3 472 £1 4.32+1.7
Fe (ug/L) x 1°3
Median (Min- Max.)  3.9(3.3-6.1) 4.7(2.7-5.9) 4.3(2.9-5.1) 4.1(3-9.7) ~
Mean + SD. 442+ 1.1 4.22£1.2 422+ 0.9 442115 F=0.063 0.979
Co (ug/L)
Median (Min- Max.)  0.7(0.3-0.9) 0.8(0.5-1.2) 0.5(0.2-.6) 0.7(0.2-5.8) ~ ) )
Mean + SD. 0.6+ 0.2 0.8°+ 0.2 0.5+ 0.2 0.92+1.1 AR P
Ni (ug/L)
Median (Min- Max.) 39.7(33.5-145.8) 52.1(42.9-13180) 45.7(33.4-163.6) 47(29.9-68170) He4.662] 0.193
Mean + SD. 55.12+ 40.3 1541.72+ 4364.7 7212+61.3  4009.92 + 14972.8 ’ ’
Cu (pg/L) x 102
Median (Min- Max.)  2.2(2-2.8) 2.4(1.9-38.2) 2.7(2.2-2.9) 2.9(2-33.3) _ . .
Mean + SD. 22*+0.3 6.4+ 11.9 2.6+ 0.3 7.62+£9.0 H=14.480"0.002
Zn (ug/L) x 102
Median (Min- Max.)  8.7(7.2-16.4) 9.7(7.7-13.8) 9.1(6.2-12.8) 9.4(5.7-30.9) H=0.108| 0.991
Mean + SD. 10.32£ 3.4 9.82+1.9 9.32+£ 2.8 10.52+4.5 ’ ’
Mo (pg/L)
Median (Min- Max.) 0(0-14.9) 0(0-385.9) 0(0-16) 0(0-17280) He1.796] 0.616
Mean + SD. 2.1+ 5.6 48.0°+ 126.9 4.0°+£ 8.0 1017.12 £ 3839.9 ’ ’
Cd (uglL)
Median (Min- Max.)  30(15.6-39) 32.6(17.1-40.9) 23.9(17.5-31.9)  27.3(9.4-45.6) F=0.651 0.587
Mean + SD. 29.22£ 8.0 3112+ 8.9 24.32+£6.0 28.22+8.5 ’ ’
Pb (ug/L)
Median (Min-Max.) 0.6(0.1-1) 0.7(0-1) 0.4(0-1) 0.4(0-1.8) _
Mean + SD. 0.62+0.3 0.52+04 042+0.4 0.52+£0.5 H=0.616) 0.893

Underweight: <18.5; Normal weight: 18.5-24.9;0verweight: 25-29.9; Obesity: BMI of 30 or greater; % Chi square test;
H: H for Kruskal Wallis test; Pairwise comparison bet. Each 2 categories was done using Post Hoc Test (Dunn's for
multiple comparisons test); F: F for ANOVA test; Pairwise comparison bet. each 2 categories was done using Post Hoc
Test (Tukey); p: p value for comparing between the four categories; Means with Common letters are not significant.
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Table 4. The percent of the normal cases in different parameters (n=49).

BMI type (kg/m?)

- . Normal . . Test of me

Individual parameter Underweight . Overweight Obesity ; p
_ weight _ _ sig-

(reference range) (n=7) (n=9) (n=4) (n=29)
Na (ug/L) % 106 (3.08 - 3.31) 2 (28.6%) 1(11.1%) 1(25.0%) 6(20.7%) x*=1.195 0.850
Mg (ug/L) x 10%(1.70-2.43) 5(71.4%) 6 (66.7%) 2 (50.0%) 15 (51.7%) x*=1.427 0.715
Al (pg/L) (0 - 9) 6 (85.7%) 5 (55.6%) 3 (75.0%) 18 (62.1%) x>=1.885 0.678
K (ug/L) x 10%(1.368-2.033) 3 (42.9%) 1(11.1%) 1 (25.0%) 13.4%) x?=8.068" 0.020
Ca (ug/L) x 104(8.7-10.2) 3 (42.9%) 1 (11.1%) 1 (25.0%) 4 (13.8%) | x?>=3.632 0.253
Ti (pg/L) x 102 (0 -1) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) - —
Cr (ug/L) (0.1-2.1) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) - -
Mn (ug/L) (<2.5) 0 (0.0%) 1 (11.1%) 0 (0.0%) 0 (0.0%) x?=4.608 = 0.407
Fe (pg/L) x 10° (15-150) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) - -
Co (pg/L) (0.0- 0.9) 6 (85.7%) 7 (77.8%) 4 (100.0%) 26 (89.7%) - -
Ni (ug/L) (<2) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) - -
Cu (pg/L) x 10%(7.2-16.6) 0 (0.0%) 0 (0.0%) 0 (0.0%) 5(17.2%) x*=2.204 0.544
Zn (pg/L) x 102 (6.6-11.0) 5 (71.4%) 7 (77.8%) 2 (50.0%) 17 (68.6%) x>=1.646 0.690
Mo (pg/L) (0.3-2.0) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 0.0%) = =
Cd (pg/L) (0-4.9) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) - -
Pb (ug/L) (0-190) 7 (100.0%) 9 (100.0%) 4(100.0%) @ 29 (100.0%) - -

Underweight: <18.5; Normal weight:18.5-24.9; Overweight:25-29.9;0besity: BMI of 30 or greater;y?: Chi square test;

where Fisher's exact test is used.

obesity respectively as compared to each other and
higher than as compared to normal range ((0.3-2.0
ug/L) (Table 3).

In (Cd) the data represented as Mean + SD where
there is a non-significant difference between studied
group (29.2 + 8.0, 31.1 £ 8.9, 24.3 £+ 6.0, 28.2 + 8.5)
in underweight, normal weight, overweight, obesity
respectively as compared to each other and higher
than as compared to normal range (0-4.9 ug/L) (Table
3). In (Pb) the data represented as Mean £ SD where
there is a non-significant difference between studied
group (0.6 + 0.3, 0.5 £ 0.4, 0.4 £ 0.4, 0.5 £ 0.5) in
underweight, normal weight, overweight, obesity
respectively as compared to each other and higher
than as compared to normal range (0-pg/L) (Table 3).

Table 4 represents the percent of the normal cases of
different studied parameters in the different studied
groups, where Fisher's exact test is used.

4. Discussion

The predominance of obesity has more than
doubled between children and tripled with
adolescents in the last 30 years. There several
causes of obesity, including genetic predisposition,
food and caloric input, and lifestyle. Furthermore, the
increased use of organic and inorganic chemicals for
an extended range of applications in the last century
has been paralleled by raises in the body weight,
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environmental pollutants, many of the endocrine
disruptors, and imbalance in lipid and biological
profile. In animal models, in vitro, and humans,
many of these chemicals have been associated with
lipid accumulation and progressive cardiometabolic
dysfunctions. Moreover, a group of observations is
suggesting that a relationship between heavy metal
and mediated obesity in human populations [11-13].
The present work showed that there is an appositively
significant weakly relation between K and BMI. And
appositively weakly association between Na, Mg, Al,
Ca, Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Mo, Cd, Pb, and
BMI. On the other guidance, there is a strong positive
correlation between triglyceride, LDL, and BMI and
a negative relation between HDL and BMI. Also,
there is no significant difference between studied
heavy metal in the most different studied group as
compared to each other. The present studies metals
showed results more than normal range except Mg,
Co, Cu, Zn are within the normal range, but Fe results
are less than normal range in all studied groups.
These results may be due to the effect of lifestyle and
environmental pollution and toxicity, including water,
air, and food [6-9].

Some lighter metals and metalloids are poisonous
and, thus, are named heavy metals though some
heavy metals, such as gold, are not toxic. Heavy
metals incorporate some metalloids, transition
metals, essential metals, lanthanides, and actinides.
Although some metals meet specific criteria and not
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others, most would recognize the elements mercury,
bismuth, and lead are toxic metals with adequately
high density. Models of heavy metals involve lead,
mercury, cadmium, seldom chromium. Few ordinarily,
metals containing iron, copper, zinc, aluminum,
beryllium, cobalt, manganese, and arsenic may be
supposed heavy metals [5-7].

The metallic elements, including mercury, arsenic,
and lead that are capable of inducing toxicity even
at lower levels of exposure, are supposed systemic
toxicants. They involved the top point on the list
of hazardous materials. Heavy metal toxicity has
verified to be a significant warning, and there are
different health risks associated with it. The toxic
effects of these metals, even they do not have any
physiological purpose, still existing in some of the
other forms dangerous for the human body and
its proper functioning. They sometimes serve as a
pseudo-element of the body, while at specific times,
they may even conflict with metabolic rules. Some
metals, such as aluminum, can be eliminated through
elimination actions, while some metals get stored in
the body and food chain, displaying a chronic nature.
Numerous public health models have been tried to
control, prevent, and treat metal toxicity occurring
at several levels, such as occupational exposure,
accidents, and environmental circumstances. Metal
toxicity depends upon the consumed dose, the path
of exposure, and duration of exposure, i.e., acute or
chronic way [6-8]. The cytotoxic actions can lead to
multiple disturbances and can also result in extreme
damage due to oxidative stress induced by free radical
generation. Cytotoxic mechanisms of heavy metal-
induced toxicity have been examined widely and
recorded by various researchers. The heavy metal
has the potential to generate highly reactive chemical
substances such as free radicals, that cause oxidation
of sulfhydryl groups of proteins, depletion of protein,
DNA damage, lipid peroxidation, and various other
effects. The main factors causing the high increase
to toxicity for different metals include the formation of
reactive oxygen (ROS) and nitrogen (RNS) species
that disturb cell redox systems. A rise in ROS/RNS
generation or decrease in ROS-scavenging action
that appears as a result of exogenous stimuli has
been observed to alter cellular functions. This
alteration through direct changes of biomolecules
and by significant stimulation/suppression of
specific signaling pathways influencing growth factor
receptors [14-16].

Lead (Pb) is one of the sufficient natural elements
on earth. It has widespread industrial use, including
digging, smelting, refining, battery production,
fertilizers and pesticide used for agriculture goals,
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and in increasing the octane rating of gasoline in
vehicular traffic rules. As a result of accelerated
industrialization, the rise in the effluent flow from
industrial units found in close nearness to rivers,
oceans, and seas have ended in an expansion in
lead amount in water bodies and seafood, fruits,
and vegetable crops [16-18], this may agree with
the present work. Lead extensive contamination of
the environment has caused severe health problems
in many parts of the world. The acute display can
make the loss of appetite, headache, hypertension,
abdominal pain, renal dysfunction, fatigue, insomnia,
arthritis, hallucinations, and vertigo. The chronic
exposure can appear in intellectual incapacity, birth
deformities, psychosis, autism, allergies, dyslexia,
weight loss, hyperactivity, paralysis, muscular
weakness, brain damage, kidney damage, and
even death [19-21]. Lead in the body is spread to
the brain, liver, kidney, and bones. It is stored in the
teeth and bones, where it expands over time. Human
lead exposure is evaluated through the estimation of
lead in blood. Lead exposure has been connected
to some health consequences in adults. High blood
lead levels greater than 15 ug/dL are linked with
cardiovascular effects, nerve dysfunctions, reduced
kidney function, and fertility difficulties, including
delayed understanding and adverse impacts on sperm
and semen, such as lower sperm counts and motility.
Blood lead levels below 10 pg/dL are associated
with reduced kidney function and increases in blood
pressure, hypertension, and incidence of essential
nerves shaking. There is also a sign showing that
adults who have low levels of exposure to lead less
than five pyg/dL may have decreased kidney function
[21-23].

There are many kinds of research recommending
that animals exposed to lead exposure led to obesity.
Other demonstrated reported that perinatal lead
exposure at blood lead level (BLL) between 4.1 u g/dL
and 32 p g/dL was joined with increased food intake,
body weight, and total body fat in male mice. Also,
previous studies reported that rises in body weight
were remarked in year-old gestational lead exposure
to male mice. Another investigation said that BLL has
a sex-specific association with obesity [24,25]. While
a study investigated the association between prenatal
exposure to lead and the risk of low birth weight the
correlation was significant among female infants, but
not in male infants. Some studies also investigated
the association between BLL and sex hormones,
though they are limited and uncertain [26,27]. Several
candidates may explain the lead-induced obesity,
that not agree with the present study. First, lead has
been linked to an altered hypothalamic-pituitary-
adrenal axis, which can induce obesity. Even low
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BLL can alter children’s adrenocortical responses
to acute stress. Previous reports showed that lead
exposure was not connected with initial salivary
cortisol levels. Still, after an acute stressor, high BLL
was significantly linked with the elevation of cortisol
responses, indicating a lead-induced hypothalamic-
pituitary-adrenal axis dysregulation. Lead exposure
itself could also influence a stress-like reaction and
elevate ACTH and corticosterone concentrations.
There is a clear indication that oxidative stress and
fat metabolism abnormality could create a lousy
circle and lead to obesity. Studies showed that lead-
induced the production of reactive oxygen species
while hindering their scavenging and neutralization
by antioxidant defense mechanisms so it is
understandable to understand that lead exposure
may induce obesity slightly through oxidative stress
[28,29]. Other investigations reported that BLLs
are linked with lower body mass index and obesity
in children, adolescents, and adults [30-32]. Other
investigators found that low blood levels of lead
associated with an increase in the prevalence of
obesity and increase a risk factor for kidney damage
[31-33].

Aluminum is one of the common elements spread
on earth and has been recognized as a potentially
toxic substance harmful to humans and animals.
Human body damages due to the susceptibility
to extremely concentrated aluminum. The toxicity
includes aluminosis of the lung, neurotoxicity
containing aluminum encephalopathy, myelotoxicity,
and anemia. Aluminum can be absorbed from water,
food additives, foods, aluminum cooking tools, and
containers, about 30-50 mg a day. Under standard
physiologic circumstances, the typical daily dietary
intake of aluminum (5-10 mg) is eliminated [34-
36]. Excretion is performed by the avid filtration of
aluminum from the blood by the glomeruli of the
kidney. Patients in renal failure (RF) lose the capacity
to remove aluminum and are applicants for aluminum
toxicity. If renal filtration does not eliminate aluminum,
it accumulates in the blood where it connects to
proteins such as albumin and is quickly distributed
through the body. Aluminum overload leads to a
buildup of aluminum at the brain and bone. Brain
deposition has been associated with a condition
of dialysis dementia. In bone, aluminum replaces
calcium at the mineralization front, disturbing healthy
osteoid development. Arecent report found that blood
aluminum was significantly higher in college students
due to improper dietary habits and imbalanced
nutritional intake that elevation also associated with
the degree of obesity in college students and lipid
profiles [36,37].
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The global population may be exposed to cadmium
daily within the food, cigarette smoke, drinking water,
and air. Cadmium is included in the food chain through
agricultural soils. The raised levels of cadmium in
food are detected in leafy vegetables, such as lettuce
and spinach, potatoes, grains, peanuts, seafood,
and organ meats such as liver and kidney. Cadmium
levels are supposed to be low in drinking water
and ambient air without in the vicinity of cadmium-
emitting industries. Previous results suggest that the
immunological consequences of lead and cadmium
toxicity may be linked with increased susceptibility
to chronic infectious diseases. Multiple studies have
confirmed a relationship between environmental
susceptibility to hazardous chemicals, including
toxic metals and obesity, diabetes, and elaborate
metabolic syndrome [38-40]. At the same time, the
precious data on the impact of cadmium exposure
on obesity and diabetes are contradictory that agree
with the previous report, where unique biological
mechanisms linking Cd display with obesity are still
to be adequately studied. Other findings presented
evidence for the influence of cadmium on blood
pressure and the currency of hypertension in
American adults [41,42]. That agrees with the present
study where there is an elevation of blood cadmium
in all studied groups as compared to the reference
range; this may be contamination of food and water.
In the present work, there is an elevation in all studied
groups at Mn level as compared to normal range and
not depended on BMI; this may be contamination of
food and water as a result of environmental and global
pollution. Manganese catalyzes the breakdown of
fats and cholesterol. It is required for the metabolism
of vitamin B1, C, and E, and for activation of different
enzymes which are necessary for proper metabolism
and utilization of foods. It was observed that serum
levels of Mn were significantly lower in diabetic obese
women than those with healthy. Also, serum Mn
levels were negatively connected with serum insulin
levels in fat diabetic women. It has been stated
that people with diabetes may often have a critical
Mn deficiency. Appropriate Mn levels are needed
for the development of regular insulin synthesis
and secretion. The general population is shown to
manganese through the eating of food and water,
inhaling of air, and dermal touch with air, water, soil,
contaminated seafood consumer products thatinclude
manganese. The breath of air contaminated with
particulate matter, including manganese, is the main
root of excess manganese exposure for the global
population in the United States. Inhaled manganese
is often carried directly to the brain before the liver
metabolizes it. The symptoms of manganese toxicity
may develop gradually over months and years.
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Manganese toxicity can produce in a permanent
neurological dysfunction recognized as manganism
with symptoms that include tremors, trouble walking,
and facial muscle spasms. These symptoms are
often led by other secondary symptoms, including
irritability, aggressiveness, and hallucinations. Some
studies suggest that manganese inhalation can also
result in adverse cognitive effects, including trouble
with concentration and memory problems [8,14].

Chromium (Cr) was first discovered to be an
essential trace element. Chromium (Cr), was found
in high concentrations and led to toxicity through rout
of toxicity from the air, water, soil, that agree with
the present work. The global population is exhibited
to chromium by eating food or food supplements,
drinking water, and inhaling air that contain chromium.
Chromium waste residue, including potentially
hazardous levels of Cr(VI) compounds, was applied
as fill material at more than 160 domestic, industrial,
and recreational places. Persons residing or working
in the region of the areas may have been exposed
through inhalation, ingestion, or skin contact with
contaminated soils, dust, water, food like fruit or
vegetable, and seafood. Chromium deficiency was
documented in patients in association with total
parenteral nutrition. Appropriate Cr supplementation
for total parenteral nutrition patients should be
carefully assessed. Total parenteral nutrition (PN)
is the feeding of a person intravenously, bypassing
the normal process of eating and digestion. The
person takes nutritional formulae that contain
nutrients such as glucose, salts, amino acids, lipids,
and joined vitamins and dietary minerals [43-45].
The recent report found that Chromium (Cr), was
found in high concentrations in the patients on short-
term total parenteral nutrition high concentrations
of this element during parenteral nutrition over an
expansive period [44,45]. Recent results showed no
association between serum Cr levels and obesity,
that agree with the present investigation. It has
been demonstrated that chromium supplementation
reduces body weight, regulates hunger, and also
reduces body fat. Such variation may be due to race,
lifestyle, geographical control, and even analytical
methods. Dietary deficiency of Cr is considered to be
positively associated with the risk of diabetes and its
complications [46,47].

Nickel is the fourth most utilized metal in the world,
and its consumption is projected to grow used for
various industrial products and medical appliances
(Roskill analysis). As a natural element of the earth's
coating, small amounts are found in water, soil, and
natural foods. The primary dietary source of Nickel
is plant food. Plant tissues include more Nickel
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than an animal. Nickel is an ideal sensitizing agent,
and it is useful for the highest incidence of skin
sensitization and systemic signs. Systemic Nickel
allergy syndrome is clinically described by cutaneous
and systemic symptoms (such as a headache,
asthenia, itching, and gastrointestinal complications
related to histopathologic changes in gastrointestinal
mucosa). It has been published that the prevalence
of Nickel allergy in the general population is 8-15%
for females and 1-3% for males. The previous
investigation reported a high prevalence of Nickel
allergy in overweight subjects, particularly women
with metabolic syndrome in the perimenopause
[48,49].

Moreover, they notice that a low Nickel diet was
effective in reducing BMI in their investigation, but
they reported that further research is wholly needed
to confirm this preliminary conclusion [48,49]. They
indicate that, avoiding foods that include nickel
significantly diminish body fat and body-mass index
in overweight women allergic to the metal, especially
those in early menopause. The study reported that
an unusually high prevalence of nickel allergy in
women and men who were overweight or obese
compared with the healthy population. Nickel, a
trace element present in water, soil, and food, is the
cause of metal allergies. Foods that contain high
levels of nickel incorporate whole grains, cocoa,
legumes, and a group of vegetables. The allergic
subjects were directed to a balanced, normal-calorie
diet that eliminated or modified foods containing
higher concentrations of nickel. Nickel allergies and
decreasing estrogen levels have been associated
with previous studies to the risen production of IL-17,
an inflammatory protein connected with obesity. High
concentrations of nickel could also affect gut bacteria
that trigger an inflammation rule in obese people
[48,49]. In the present study, we notice that there are,
and elevation, the nickel concentration in all studied
groups as compared to the normal range but have a
weak correlation with BMI.

Iron in the form of hemoproteins and iron-sulfur
is the sufficient transition metal in the human
body, in present work Fe showed low level in all
studied groups ad compared to normal range may
be due to lifestyle. Ferritin is a blood cell protein
that includes iron. Low ferritin amounts present an
absolute sign of iron deficiency. Obesity induces
subclinical inflammation that results in the secretion
of numerous bioactive peptides that are affected in
the metabolic regulation of iron homeostasis. Recent
data shows that individuals with high BMI had high
levels of serum ferritin. High level of ferritin despite
low levels of iron with raised levels of C- reactive
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protein [11,50] that agree with the present work, there
is a decrease of Fe concentrations in all body mass
index including underweight, normal, overweight,
and obese females. The current results of Ti, Na, K,
Ca showed a higher level in all present studies as
compared to the normal range, it may be due to the
food composition and lifestyle. Titanium dioxide (TiO,)
is a food additive detected in a significant section of
processed food products that consumed consume,
including dairy, cereals, sauces, and various others.
Modeling is based on the eating of manufactured
foods containing Titanium dioxide [51].

Furthermore, recent findings of sodium
consumption were correlated with higher BMI, WC,
and body fat. Potassium eating was connected with
lower BMI and smaller WC among US-born and
participants with longer duration of US residence,
that not agree with present work [52]. Future studies
examining the longitudinal correlation among intakes
of sodium, potassium, Na-K ratio, Ca, and variations
in measures of obesity are needed. That will need
further investigation to study the relation between
BMI and heavy metals and minerals. Also, further
investigation to prepare a reference range of body
heavy metals and minerals to the Jazan population in
KSA is needed to measure in both genders.

5. Conclusion

The conclusion is that there are increases in heavy
metal minerals and metals in the human body in the
present study. Furthermore, that not only depended
on the BMI but also as a result of the increase in
the effluent flow heavy metal from industrial units
found in proximity to rivers, oceans, and seas have
even ended to water bodies and seafood, fruits, and
vegetable crops. That will need further investigation
into variations of human body metals and minerals
and measures its relation with obesity are required.
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