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ABSTRACT

Objective: The complete role of factors contributing to the pathogenesis of childhood obesity 
remains to be fully elucidated. Limited research has addressed trace elements in the context of 
child obesity. Our objective was to assess trace element and lead (Pb), copper (Cu) (are toxic 
metal) levels in both healthy and obese children, and to investigate the potential correlations 
between these elements and obesity-related anthropometric measurements, lipid profiles, as 
well as insulin and glucose levels.

Materials and Methods: Furnace atomic absorption spectrophotometry was employed to 
measure the concentrations of trace elements in the serum. Additionally, fasting glucose, insu-
lin, and lipid levels were determined in obese children (body mass index ≥ 95th percentile for 
age and sex), along with 50 healthy children. Only the obesity group underwent an oral glucose 
tolerance test (OGTT).

Results: Significantly reduced levels of Fe, Mg, Zn, and Co were observed in obese children, 
whereas Cu, Pb, and Mn levels were elevated (P < .001, P <.001, P = .002, P = .008, P <.001, 
P = .001, P = .007, respectively). Significant positive correlations were found between the 2-hour 
glucose level in OGTT and Mn (P = .013), as well as between peak insulin and insulin levels at the 
30th and 60th minutes, and Fe (P = .001, P = .025, P = .001).

Conclusion: This study indicates that an imbalance in trace element levels and the accumula-
tion of Pb may be associated with obesity, while levels of Mn and Fe may be linked to glucose 
intolerance.
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INTRODUCTION

Childhood obesity is a common crisis in developed countries, leading to numerous medical 
complications that elevate the risk of morbidity and premature mortality.1 Childhood and 
adolescent obesity is a complex issue, presenting challenges for researchers and health-
care professionals.2 The global prevalence of obesity, especially among children, is rapidly 
increasing. Currently, obesity has become a global pandemic, impacting a minimum of 250 
million people, which accounts for approximately 7% of the global population.3 Moreover, 
the number of overweight people surpasses this figure by at least 2-3 times. This serious 
condition is associated with increased rates of morbidity and mortality, encompassing car-
diovascular conditions, type II diabetes mellitus, and respiratory and orthopedic disorders.2,3

Analytics advancements have greatly increased our knowledge of trace elements in the 
human body’s tissues and fluids. Maintaining normal serum trace element levels is associ-
ated with a consistently healthy diet.4 Different studies have shown that being overweight and 
obese is linked to physical inactivity and unhealthy eating habits.5-8 Therefore, considering 
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threatens public health and is 
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morbidity and mortality.

•	 It has been reported that some 
trace elements are found to be 
high in different diseases.

What this study adds on 
this topic?
•	 Lead (Pb) level was statistically 

higher in obese patients.
•	 Levels of Mn and Fe may be 

linked to glucose intolerance.
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that obesity is closely linked to an unhealthy diet, the influence 
of trace element levels in obese children is not very surprising. 
As a result, there is a gradual increase in research studies con-
cerning the status of trace elements in both children and adults 
with obesity.9-11 Since deficiencies in specific minerals and trace 
elements within the diet could potentially increase the absorp-
tion of harmful metals by certain tissues, it is crucial to examine 
the levels of lead (Pb), iron (Fe), copper (Cu), zinc (Zn), cobalt 
(Co), manganese (Mn), and magnesium (Mg) collectively.12 
However, there are very few studies measuring Pb, Fe, Cu, Zn, 
Co, Mg, and Mn levels together in obese children and analyz-
ing the variations in glucose and insulin levels through an oral 
glucose tolerance test (OGTT) comparison. Moreover, under-
standing the relationship between trace element status and 
metabolic health in obese children is crucial for developing 
targeted interventions and preventive strategies to mitigate the 
burden of obesity-related diseases.

Currently, no studies have examined the relationship between 
obesity and Pb among people.

In this study, our aim is to assess the levels of five trace ele-
ments and 2 toxic metals in both obese and healthy children. 
While the link between obesity and factors like endocrine func-
tion, genetics, and diet has been extensively studied, there is 
still a lack of understanding regarding the influence of environ-
mental factors such as heavy metals on obesity development. 
Therefore, we examined the blood levels of 7 crucial elements 
and heavy metals: Fe, Mn, Mg, Cu, Zn, Co, and Pb in obese chil-
dren. Our aim was to investigate whether there is a connection 
between obesity and the levels of heavy metals and essential 
elements in the blood.

Additionally, we aimed to analyze the relationship between 
trace element levels and indicators of cardiovascular risk, as 
well as the correlation of total and low-density lipoprotein 
(LDL) cholesterol, insulin, and glucose levels during basal and 
OGTT stages.

MATERIALS AND METHODS

In the Department of Pediatric Endocrinology at Van Yüzüncü 
Yıl University Faculty of Medicine, we meticulously planned and 
executed this prospective observational study. Approval from 
the Ethics Committee of Van Yüzüncü Yıl University Faculty of 
Medicine was secured on January 30, 2014, under issue num-
ber 08. Throughout the study, strict adherence to the principles 
outlined in the Helsinki Declaration was maintained to uphold 
ethical integrity and participant welfare. Verbal and written 
informed consent was obtained from the patients’ parents who 
agreed to take part in the study.

Study Design and Participants
The study group was composed of patients who applied to the 
Pediatric Endocrinology Clinic of Van Yüzüncü Yıl University 
Faculty of Medicine between January 20, 2014, and July 20, 
2014, due to concerns about excess weight. The control group 
consisted of children who came for regular check-ups at the 
General Pediatrics Clinic in the same period. The study age 
range for both groups was 6-17 years.

Among patients diagnosed with obesity, patients with chronic 
diseases, taking medications, showing syndromic obesity 

characteristics, short stature, and symptoms suggestive of 
Cushing’s syndrome were excluded from the study. As a result, 
patients with endocrine-related obesity were excluded from 
the study. Only patients with exogenous obesity were included.

Initially, 60 patients were included, but later, 10 patients were 
excluded from the study due to problems such as high thyroid-
stimulating hormone (TSH) levels in biochemical and complete 
blood count, high transaminase levels, anemia, thrombocyto-
penia, and leukopenia.

Height measurements were taken using a wall-mounted sta-
diometer while children stood naturally. Body mass was mea-
sured with a precision weighing scale accurate to 100 grams, 
with children wearing only undergarments. Body mass index 
(BMI) was calculated by dividing weight in kilograms by the 
square of height in meters. Waist circumference was measured 
at the narrowest point between the hips and ribs, and hip cir-
cumference was measured at the widest point of the hips. All 
measurements were taken and recorded by the same skilled 
observer.

Waist circumference/hip ratio, or waist-to-hip ratio, is a 
measurement used to assess the distribution of body fat. It is 
calculated by dividing the circumference of the waist by the cir-
cumference of the hips. This ratio provides an indication of how 
fat is distributed around the body, with higher values suggest-
ing more fat around the waist compared to the hips.

Waist circumference/height ratio, or waist-to-height ratio, 
is a measurement used to assess central obesity and overall 
health risk. It is calculated by dividing the circumference of the 
waist by the height of the patient. This ratio provides insight 
into the distribution of body fat relative to overall height, with 
higher values indicating greater central obesity and potentially 
increased risk of metabolic complications such as diabetes and 
cardiovascular disease.

In both groups, we assessed triglyceride levels, total choles-
terol, LDL, high-density lipoprotein (HDL), alanine amino-
transferase, aspartate aminotransferase, cortisol, TSH, free 
triiodothyronine (fT3), free thyroxine (fT4), and glycated hemo-
globin (HbA1c).

This analysis was performed using fasting venous blood sam-
ples procured during the early hours of the day. Blood sample 
was collected at 8:30 am after a 12-hour fast. Serum specimens 
for trace element quantification were diligently preserved and 
stored at a frigid temperature of −40°C.

Then, an OGTT was performed on each obese patient who 
would be able to continue the research study. Before the OGTT, 
a carbohydrate-rich diet (at least 60% of daily calories or 300 
g/day of carbohydrates) or a diet without any restrictions, 
along with normal activity for at least 3 days, was applied. 
The test was initiated following a 12-hour fasting period in the 
morning. Within five minutes after the basal blood sample, a 
glucose-containing solution (25%-30%) at a dose of 1.75 grams 
per kilogram (up to a maximum of 75 grams) was administered 
for the measurement of glucose and insulin. Blood samples 
were obtained every half-hour, at the 30-minute, 60-minute, 
90-minute, and 120-minute marks.
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Diagnostic Procedure
Obesity was diagnosed based on a BMI equal to or greater than 
the 95th percentile, determined using BMI percentile curves 
provided by the Centers for Disease Control and Prevention 
(CDC). A group of healthy children was carefully selected for 
comparison, ensuring they matched the age and sex of the 
obese group and fell within normal weight parameters. In this 
study, obesity diagnosis was determined by having a measure-
ment at or above the 95th percentile, as per the criteria estab-
lished by the World Health Organization.13

Blood Samples
Following a fasting duration of 12 hours, morning blood samples 
were extracted and immediately chilled on ice at a tempera-
ture of 4°C. In the subsequent steps, the sera were meticulously 
separated through centrifugation at 3000 revolutions per 
minute for a duration of 10 minutes. To facilitate subsequent 
analyses, these serum samples were then preserved at a tem-
perature of −20°C.

Biochemical Analyses
In the Biochemistry Laboratory, we conducted the analysis of 
the serum lipid profile using the Bayer Opera Autoanalyzer 
along with the Biotrol kits. To quantify HgbA1c, we employed 
the liquid chromatographic high-performance liquid chroma-
tography method (HP Agilent 1200 series equipment in con-
junction with the Chrome Systems kit from Germany).

For this purpose, we introduced a mixture of HNO3 and H2O2 
(2 : 1) in a volume of 2 mL to the serum samples weighing 0.7 
grams. This mixture was then subjected to a water bath set 
at 70°C for a span of 30 minutes, with intermittent stirring. 
Afterward, we introduced 1 mL of the identical acid mixture, 
moving the resulting blend into a Teflon vessel designed for the 
microwave oven. The vessel was securely sealed, and the solu-
tion underwent microwave irradiation for 3 minutes at 450 W. 
This microwave treatment was replicated using an extra 0.5 
mL of the identical acid mixture. Following a 5-minute cooling 
period, we incorporated 2.0 mL of a 0.1 mol/L HNO3 solution 
and shifted the solution into a tube of Pyrex.

The clear solution obtained after centrifugation was used to 
determine Zn, Co, Mn, Fe, Pb, and Mg levels. These measure-
ments were carried out using the atomic absorption spectro-
photometer technique. (UNICAM-929 spectrophotometer: 
Manufactured by Unicam Ltd, York Street, Cambridge, United 
Kingdom)

Statistical Analysis
Statistical analysis involved the utilization of the Statistical 
Package for the Social Sciences version 22.0 software (IBM 
Corp., Armonk, NY, USA). To perform an evaluation of the data, 
distribution analysis was carried out to distinguish between 
parametric and non-parametric traits. The Kolmogorov–
Smirnov test was used to determine the distributional proper-
ties of the data. Parametric traits were assessed using tests 
such as the independent samples test. Proportional compari-
sons between groups were accomplished using Pearson’s chi-
square test. Statistical significance was defined as P < .05.

We used the Spearman correlation coefficient to assess the 
degree of correlation (Spearman correlation: <0.25 very weak 

relationship; 0.26-0.49 weak relationship; 0.50-0.69 medium 
relationship; 0.70-0.89 high relationship; 0.90-1.0 very high 
relationship).

RESULTS

Demographic and Clinical Characteristics
The study encompassed a total of 50 obese participants 
(comprising 26 girls and 24 boys) and 50 non-obese con-
trol subjects (comprising 23 girls and 27 boys). The obesity 
group showed no significant differences in terms of age, sex, 
or pubertal stage compared to the normal-weight children 
(Table 1).

Compared to the controls, body weight, BMI standard devi-
ation, and waist-to-height ratio were notably higher in chil-
dren with obesity (respectively P < .001, P < .001, P =  .001). 
Fe, Co, Mg, and Zn levels were notably lower among obese 
children, while Mn, Cu, and Pb levels were higher. The labo-
ratory values and clinical features of both groups are shown 
in Table 1.

Statistical Results
No significant correlation was determined between trace ele-
ments and obesity anthropometrics (body weight, height, BMI, 
waist/height ratio, waist/hip ratio), as well as no significant 
correlation between fasting lipid levels (Tables 2 and 3).

There was a weak relationship between HbA1c and Mn 
(r = 0.141, P = .017). There is a positive correlation between insu-
lin and peak insulin levels at the 30th and 60th minutes and Fe 
(P = .001, P = .025, P = .001). Relationships among each trace 
element and insulin, glucose values in basal, and OGTT are 
shown in Table 3.

Table 1.  Comparison of Anthropometric Measurements and 
Trace Elements of Obese and Those of the Control Group

Obese
Mean ± SD

Control
Mean ± SD P

Chronological age (years) 11.6 ± 3.0 10.8 ± 3.1 .842*
Sex (girl/boy) 26/24 23/27 .548**
Height age (years) 11.8 ± 3.7 12.8 ± 2.8 .850*
Body weight (kg) 66.18 ± 21.49 41.28 ± 18.17 <.001*
BMI SD 2.13 ± 0.47 1.45 ± 0.20 <.001*
Waist/height ratio 0.65 ± 0.07 0.58 ± 0.04 .001*
Waist/hip ratio 0.95 ± 0.08 0.92 ± 0.06 .01*
Fe (μg/dL) 0.57 ± 0.91 2.11 ± 1.45 <.001*
Mn (μg/dL) 0.66 ± 0.160 0.3310 ± 0.19 <.001*
Mg (μg/dL) 12.05 ± 6.13 22.33 ± 13.82 <.001*
Cu (μg/dL) 2.04 ± 1.38 1.16 ± 0.79 .002*
Zn (μg/dL) 2.43 ± 1.78 3.73 ± 2.45 .008*
Co (μg/dL) 0.03 ± 0.08 0.42 ± 0.73 .001*
Pb (μg/dL) 0.64 ± 0.62 0.34 ± 0.37 .007*
 Glucose (mg/dL) 82.5 ± 7.3 63 ± 9.5 .002*

Insulin (mU/L) 19.5 ± 4.6 7.6 ± 2.4 <.001*
Total cholesterol (mg/dL) 139.7 ± 34.8 99.8 ± 25.9 .001*
LDL cholesterol (mg/dL) 87.0 ± 40.1 68.7 ± 19.4 .001*
P-value is significant when less than .05.
BMI, body mass index; SD, standard deviation.
*Independent samples test.
**Pearson’s chi-square test.

392



Turk Arch Pediatr 2024; 59(4): 390-396 Kaba and Kılıç.

DISCUSSION

In the present study, Fe, Mn, Mg, Cu, Zn, Co, and Pb levels were 
measured in blood samples from obese children and healthy 
children. Recent studies emphasize the relationship of obesity 
with micronutrients.14 Various studies have shown an asso-
ciation between Fe deficiency and obesity.15 Numerous fac-
tors have been associated with reduced Fe levels in patients 
with obesity. Initially, there was an inclination to attribute 
compromised plasma Fe concentrations to diets deficient in 
iron.16 Nonetheless, a cross-sectional randomized clinical trial, 
accompanied by a seven-day dietary recall, underscored that 
hypoferremia defies straightforward explanations through 

variations in intake of heme or non-heme iron, and other 
dietary factors that impact Fe accessibility, such as vitamin C 
content and dietary calcium.16,17 In more recent times, the elu-
cidation of this phenomenon, often termed the “obesity para-
dox,” has been anchored in the prevailing chronic low-level 
inflammatory milieu that accompanies obesity; this environ-
ment curtails Fe absorption and augments reticulo-endothelial 
iron sequestration, culminating in the manifestation of anemia 
characteristic of chronic illnesses.17,18 Our investigation reaf-
firms the discernibly reduced serum iron levels within obese 
children in comparison to their non-obese counterparts (P < 
.001). Recent research suggests that there may be a negative 
correlation between iron levels and measures of obesity and 

Table 2.  Correlations Between Trace Elements and Anthropometrics in Obese Patients
Fe Mn Mg Cu Zn Co Pb

Body weight r 0.299 0.040 0.053 0.197 −0.123 −0.001 −0.014
P .130 .839 .785 .306 .527 .995 .944

BMI r −0.349 −0.138 −0.137 0.029 −0.183 −0.133 −0.173
P .074 .474 .479 .880 .343 .490 .370

Waist/height ratio r −0.015 −0.143 0.100 0.250 −0.067 −0.156 −0.081
P .957 .570 .693 .316 .792 .538 .748

Waist/hip ratio r −0.081 −0.028 −0.166 0.422 0.006 −0.007 −0.032
P .813 .928 .587 .151 .985 .983 .916

P-value is significant when less than .05.
BMI, body mass index.

Table 3.  The Correlation of Total Cholesterol, Low-Density Lipoprotein Cholesterol, Insulin, and Glucose Levels in Basal and Oral 
Glucose Tolerance Test

Fe Mn Mg Cu Zn Co Pb
Glu.
Glu. 0 min. r 0.177 0.300 0.011 0.139 0.124 −0.077 0.238

P .368 .107 .953 .464 .512 .686 .205
Glu. 120 min. r 0.954 0.200 0.446 0.234 0.667 0.763 0.960

P .023 .432 .056 .256 .213 .290 .186
Hba1c (%) r 0.142 0.141 −0.249 −0.117 −0.112 −0.068 0.076

P .910 .017 .767 .172 .259 .120 .326
Ins. 0 min. r 0.370 0.185 −0.025 −0.064 −0.094 −0.231 −0.246

P .053 .328 .896 .737 .620 .220 .190
Ins 30 min. r 0.584** 0.206 −0.152 0.040 0.016 −0.027 −0.193

P .001 .275 .422 .832 .933 .886 .307
Ins. 60 min. r 0.422* 0.248 −0.077 0.109 −0.054 −0.062 −0.229

P .025 .186 .688 .567 .775 .743 .224
Ins. 90 min. r 0.100 0.355 0.111 0.320 0.080 −0.120 −0.234

P .611 .055 .559 .085 .676 .527 .214
Ins. 120 min. r 0.223 0.370 −0.041 0.356 0.194 0.356 0.274

P .273 .052 .836 .063 .323 .063 .158
Ins. peak. r 0.587** 0.227 −0.135 0.099 0.015 −0.029 0.250

P .001 .227 .477 .602 .939 .880 .183
Ins ave. r 0.298 −0.110 −0.324 −0.018 −0.281 0.082 0.261

P .216 .646 .163 .941 .230 .731 .266
Total Chol. mg/dL) r −0.232 −0.071 −0.269 −0.063 −0.204 0.004 0.050

P .253 .718 .167 .751 .297 .982 .799
LDL Chol. (mg/dL) r 0.069 −0.044 −0.169 0.037 −0.113 0.057 −0.106

P .743 .828 .400 .856 .574 .779 .599
P-value is significant when less than .05.
Chol., cholesterol; Glu., glucose (mg/dL); Ins. ave., insulin average (mU/L); Ins. peak., insulin peak value (mU/L); Min., minute.
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LDL cholesterol, but this correlation is not statistically signifi-
cant.19 More studies are needed to clarify that iron deficiency 
in obesity may not be caused solely by nutritional factors. The 
association between iron deficiency and obesity suggests that 
inflammation may be adiposity related. Studies on human and 
animal models have observed that iron is involved in the regu-
lation of insulin and glucose.20,21 While some studies have deter-
mined a negative correlation between Fe and glucose and 
insulin,22 there was a positive correlation in our study group. 
Recent investigations and comprehensive meta-analyses con-
cerning the impacts of Zn supplementation among patients 
with diabetes have unveiled noteworthy outcomes. These stud-
ies highlight that Zn supplementation leads to a reduction in 
total cholesterol, blood glucose, and LDL cholesterols, concur-
rently enhancing glycemic regulation as evidenced by a decline 
in HbA1c levels. Furthermore, the advantages of Zn supplemen-
tation extend to ameliorating insulin resistance and address-
ing key elements of the metabolic syndrome, even within the 
context of pre-pubertal obese children.23 In our group of obese 
children, the considerably low level of Zn compared to healthy 
controls is consistent with previous studies.

Previous studies have shown that Cu levels are higher in obese 
children.11,21 It is known that Cu concentration in erythrocytes 
is lower than in plasma in healthy children.24 Erythrocytes 
maintain a more stable Cu content, while plasma levels can 
be affected by dietary factors and circadian rhythms.25,26 
The higher levels of Cu found in obese children compared to 
healthy children may indicate that Cu, as a component of anti-
oxidant enzymes, could indirectly influence fatty acid oxida-
tion and adenosine triphosphate production in mitochondria. 
However, this association is weak and should be supported by 
further research.27

Studies have revealed that the deficiency of Mn is linked to 
impaired glucose tolerance and the degradation of serum 
HDL.28 The number of studies examining the relationship 
between Mn and obesity in humans is very limited, and the 
results are contradictory. In line with our study, although the 
Mn level is determined to be higher (statistically significant) 
than in the controls in Turkish obese children and Korean obese 
adults,29,30 there are also studies reporting lower Mn levels in 
obese children.22 In the study examining Mn levels in whole 
blood, plasma, and urine samples, while Mn levels in whole 
blood are lower in obese boys, they were found to be equal in 
girls. While Mn levels in plasma were low in both boy and girl 
obese groups, Mn levels in urine samples were higher in both 
sexes in the obese group.11

Although it has been shown in diabetic rats that Co has a 
positive effect on glucose metabolism and acts as an insuli-
nomimetic,27,28 human studies examining the influence of Co 
concentration on obesity are quite limited. Cobalt levels were 
shown to be low in obese adults and obese Turkish children.11,28 
In our study, it was demonstrated that there was a decrease 
in serum Co concentration in patients with obesity when com-
pared to the control group.

Lead stands out as a preeminent environmental hazard due 
to its formidable toxicity, implicated in a multitude of adverse 
physiological ramifications. It is asserted that it may be 

associated with pathogenic factors such as oxidative stress, 
toxicity, interference with neurotransmitters, and effects on 
the hematopoietic system.30,31 Mice subjected to Pb exposure 
spanning from conception through the weaning stage exhib-
ited enduring alterations in adulthood. These modifications 
encompass escalated food consumption and body weight, 
along with shifts in energy expenditure, physical activity, glu-
cose tolerance, and insulin responsiveness.32,33 Studies exam-
ining the effect of Pb on obesity are extremely limited. In our 
study population, Pb levels were significantly higher in the 
obese group, even though the study on Turkish children did not 
find it statistically significant.28 Although not statistically signifi-
cant, the negative correlation between anthropometrics and 
Pb levels suggests that Pb exposure may be associated with 
obesity development.34

The assertion has been put forth that diets lacking in Mg are 
indicative of a propensity for inflammation. Furthermore, the 
impact of Mg seems to be mediated by its potential to elevate 
adiponectin secretion.35 Hypomagnesemia has been deter-
mined in obese children.36,37 Mg levels are significantly lower 
than in the controls in our patient group. Although not statisti-
cally significant, the negative correlations with anthropomet-
rics, insulin, HbA1c, cholesterol, and HDL cholesterol, when 
evaluated together with the results of previous studies, suggest 
that Mg deficiency can have an effect on obesity and obesity 
complications.

The study’s findings highlight a potential association between 
obesity and altered levels of trace elements, alongside a 
heightened accumulation of Pb. Additionally, our results indi-
cate a potential involvement of Mn and Fe levels in the context 
of glucose intolerance.

There are several limitations in this current study. First, our study 
population consists only of obese children in the early stages of 
obesity (as our patients with the metabolic syndrome were very 
few in number, they were excluded from the study), and the 
total number of patients is low. The lack of a statistically signifi-
cant correlation between many of the trace elements (exclud-
ing Fe and Mn) and basal insulin and glucose levels, as well as 
levels in OGTT, may be due to this limiting aspect of our study. 
Another limitation of our study is that we could not evaluate the 
data on nutritional habits on a sufficient scale.

In addition to these limitations, it is important to note the 
potential impact of diagnostic limited diversity within the study 
population, which may affect the generalizability of the find-
ings. Furthermore, the exclusion of patients with metabolic syn-
drome, albeit due to their low representation, could introduce 
bias and limit the comprehensive understanding of the rela-
tionship between trace elements and metabolic parameters.

The findings of this study underscore a potential link between 
obesity and disrupted trace element levels, along with an 
increased presence of Pb accumulation. Furthermore, our 
results suggest that Mn and Fe levels might play a role in the 
context of glucose intolerance.

In light of the global epidemic of obesity, there is a press-
ing need for further research on this issue. A more extensive 
investigation into the relationship between obesity and heavy 
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metals is essential to mitigate the associated morbidity and 
mortality risks. Expanding studies in this area will contribute to 
a better understanding of the complex dynamics involved and 
facilitate the development of effective strategies for minimizing 
the health consequences of obesity.
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