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Abstract:

Background: Obesity means an excess amount of body fat. No general agreement exists on the definition of obesity in children as
it does adults. Most professionals use published guidelines based on the body mass index (BMI), or a modified BMI for age, to
measure obesity in children. Others define obesity in children as body weight at least 20% higher than a healthy weight for a child
of that height, or a body fat percentage above 25% in boys or above 32% in girls

Objective: to estimate the serum level of copper among obese children.

Methods: This comparative study was conducted on fifty of overweight and/or obese children (based on BMI) and thirty of clinically
healthy, age and sex matched children's served as controls also, the cases and controls were selected randomly from the pediatrics
outpatient clinic of Benha University Hospital and Sheben ElI Kom Educational hospital, in the period between 2013 to 2015.
Parental consent was obtained for all children included in the study.

Results: In the current study there were no significant difference found between patients and control group regarding age, sex and
residence, but there was significant difference between the two groups regarding income and socioeconomic state. P=0.04. Also,
there were no static difference in height in patient when compared to control group, and patients had a higher statically significant
Weight, BMI and Skin fold thickness when compared to control group. Additionally, that there were significantly higher rate of
frequent bad nutritional habits including shipping breakfast (p=0.022) consumption of energy- dense food and food consumption
during TV watch in patients than controls. P< 0.001 and the children's physical activity levels were lower in the patient’s group than
the control group. P<0.001.

Conclusion: The obesity varied remarkably with different socioeconomic levels. Obese children had a characteristic nutritional
pattern like skipping breakfast and consumption of energy dense food
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explains its important role in oxidation reduction reactions and
acts as antioxidants in scavenging free radicals (Victoria,
2007). Excess weight associated with lipid metabolism
disturbances might predispose to changes in serum Cu
concentrations in obesity indicating a possible mechanism of
this mineral, contributing to peroxidation or acting as an
antioxidant. It should be emphasized that intracellular reserves
of Cu remain unaltered under these conditions. (LIMA et al.,
2006)

Obese children and adolescent have an increased risk for CVS
complications that include elevation of blood pressure,
clustering of CVS risk factors (Metabolic Syndrome), changes

Introduction

Obesity means an excess amount of body fat. No general
agreement exists on the definition of obesity in children as it
does adults. Most professionals use published guidelines based
on the body mass index (BMI), or a modified BMI for age, to
measure obesity in children. Others define obesity in children
as body weight at least 20% higher than a healthy weight for a
child of that height, or a body fat percentage above 25% in boys
or above 32% in girls (Robert, 2006).

Children with BMI-percentile-for-age between 85" and 95%
percentile are overweight and children at or above the 95th

percentile are considered obese. Obesity has a profound effect
on a child's life. It increases the child's risk of numerous health
problems, and it also can create emotional and social problems.
Obese children are also more likely to be obese as adults,
increasing their risk of serious health problems such as
cardiovascular complications (American Obesity Association
Centers for Disease Control and Prevention; *Childhood
Overweight': 2006).

Copper is an essential trace element for humans and animals. In
the body, copper shifts between the cuprous (Cul+) and cupric
(Cu2+) forms, though most of the body's copper is in the Cu2+
form. The ability of copper to easily accept and donate electrons
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to arterial wall thickness (elasticity and endothelium), as well
as changes in left ventricular structure and function. Some of
these cardiovascular problems may be initiated or potentiated
by obstructive sleep apnea that can accompany obesity in
children. Many of such changes have been noted to reverse or
improve with weight reduction. (Ting Fei Ho, 2009).

Atherosclerosis begins in childhood as deposition of cholesterol
and its esters with fatty streaks in the intimae of large muscular
vessels, more lipid accumulation may progress seamlessly to
fibrous plaques and these plaques might rupture and cause
thrombotic arterial occlusion and ischemic damage to vital
organs. The earliest stages and progression of atherosclerosis in
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childhood are influenced by the same major established risk
factors for this condition in adults-dyslipidemia, hypertension
and diabetes mellitus which is very common with obesity.
Controlling these risk factors at any age is beneficial, but the
earlier primary prevention begins, the better the result. As
recommended by the American Academy of Pediatrics,
pediatricians should support both control and prevention of
these risk factors in children via lifestyle modification. Drug
treatment can be used to supplement lifestyle modification in
the few cases of obese children (McGill, 2004). This study aims
to estimate the serum level of copper among obese children.

Patients and Methods

This study conducted on fifty of overweight and/or obese
children and thirty of clinically healthy, age and sex matched
children's served as controls, The cases and controls were
selected randomly from the pediatrics outpatient clinic of
Sheben EI Kom Teaching hospital, in the period between 2021
to 2022. Parental consent was obtained for all children included
in the study.

Inclusion criteria: Age ranged from 1 to 14 years, both sexes
are included BMI equal or more than 85 percentiles for age and
gender based on the Egyptian growth reference charts.
Exclusion criteria: An overweight and obese child with,
Endocrinal disorders, Chromosomal and genetic disorders,
Cardiovascular disorders, History of drugs intake that increases
body weight like steroids therapy.

Every child was subjected to:

Clinical evaluation including Complete medical history
including (age, sex, residence and socioeconomic state
calculated according to Egyptian score including mother and
father education and crowding index (Fahmy and EI-Sherbini,
1985), Complete nutritional history, Anthropometric
measurements and Clinical examination (chest, heart,
abdominal and neurological examination)

Children Body Mass Index: (BMI), calculated as weight in
kilograms divided by the square of height in meters) and the
children were classified according to specific charts for age and
Sex.

Skin fold Thickness: The triceps and sub scapular skin fold
thickness were measured using skin fold caliper according to
American College of Sports Medicine guidelines for skin fold
measurement.

Obesity indices: BMI of >95™ percentile for age and gender
(BMI of >30) (whichever is smaller) considered obese.
according to The Centers for Disease Control and Prevention
(CDC). BMI of >85" percentile but <95 percentile for age and
gender considered overweight (BMI from 25 to 30) according
to The Centers for Disease Control and Prevention (CDC). Skin
fold thickness >95™ percentile for age and gender considered
obese according to The National Health and Nutrition
Examination Survey (NHANES). Skin fold thickness >85%
percentile but <95™ for age and gender considered overweight
according to the national health and nutrition examination
survey (NHANES).

Laboratory evaluation: Serum levels of copper by atomic
absorption spectrophotometer.
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Determination of serum level of copper: Two ml of blood
were taken from each patient by venipuncture, avoiding
hemolysis and contamination. The sample was placed in a water
bath for 1 hour, then centrifuged. The sample obtained was
stored at -20c.

Technique of estimation of copper: Estimation of serum
copper was done according to the method of Brown et al.,
(1979) while estimation of serum copper was done according to
the method of Henary, (1979). This was done by the atomic
absorption spectrophotometer model GBC 901.

Radiological assessment including plain X-ray chest and heart
posterior-anterior view was performed to detect the presence of
cardiomegaly (CT ratio), assessment of pulmonary vasculature
and to detect any abnormalities in the lung fields.
Electrocardiography (ECG): Using CARDIMAX FX 7102,
to show if there’s evidence of ventricular hypertrophy or
pulmonary hypertension

Statistical analysis

Data were fed to the computer and analyzed using IBM SPSS
software package version 20.0 (Kirkpatrick et al., 2013).
Qualitative data were described using number and percentage.
Quantitative data were described using range (minimum and
maximum) mean, standard deviation and median. Comparison
between different groups regarding categorical variables was
tested using the Chi-square test. If it reveals normal data
distribution, parametric tests were applied. If the data were
abnormally distributed, non-parametric tests were used. for
normally distributed data, comparison between the two studied
groups were done using independent t-test. Significance of the
obtained results was judged at the 5% level (Kotz et al., 2006).

Results

In the current study there were no significant difference found
between patients and control group regarding age, sex and
residence, but there was significant difference between the two
groups regarding income and socioeconomic state. P=0.040.
(table 1).

Table (1): Comparison between the two studied groups
according to demographic data.

Patients Condrol Testof P
(n=50) (n=30) sig.
[ N. | % | No. [ % |
Sex
| Male 21 410 16 533 | r=03969| 0361
| Female 20 580 4 46.7
Age (years)
j Min. — Max. 0-140 10-140 t=0303 | 0762
| Mean=SD 799=423 7.70=398
| Median 850 175
| Residence
| Urben 30 60.0 10 50.0 f=‘1533 0445
| Rural 20 400 10 50.0
Socioeconomic
| state
| Low 12 240 15 50.0 ,r 0.040°
| Middle 20 400 10 333 | 6415
| High 18 360 5 16.7
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Also, there were no static difference in height in patient when
compared to control group, and patients had a higher statically
significant Weight, BMI and Skin fold thickness when
compared to control group. (Table 2)

Table (2): Comparison between the two studied groups
according to anthropometric characteristics

Patients Control A P
(n=150) (n=30) |
Weight (kg) A | I
Min. - Max. | 14.0-80.0 | 14.0-49.0
4348 | : A
Mean = SD 2178 028+ 10.72 31617 0.001
Medim 4250 | 2950
Height (cm) '
Min. - Max. | 65.0-165.0 | 80.0-160.0
116.66 = 12043 = N .
Mean = SD 30.51 23.08 0.626 0.533
Median | 1170 | 120.0
BMI (kg/m’) | l
s 25.87 -
Min. — Max. 33.33 19.02 - 23.45 " )
Mean = SD 20774225 | 20294092 | 20343 | <0001
Median | 30.16 | 20.07
Sk fold | |
thickness{mm)
M, - Max. 13.0-25.0 70-11.0
Mean = SD 17.78 £3.29 | 923+ 1.07 16,9287 <0.001"
Medim | 150 | 9.0

Additionally, that there were significantly higher rate of
frequent bad nutritional habits including shipping breakfast
(p=0.022) consumption of energy- dense food and food
consumption during TV watch in patients than controls. P<
0.001 and the children’s physical activity levels were lower in
the patient’s group than the control group. P<0.001 (table 3)

Table (3): Comparison between nutritional patterns and
physical activity in patients and controls.

' Patients Coatrol
‘ (n=50) (n=30) ' P
\‘ No. ' % No. b
Skipping ’ ‘ .
breakfast ‘
Rare [ 5 | 100 | 4 | 133
Infrequent [ 16 | 320 | 18 | 600 | 7.62¢° | 0022
Frequent \ 29 | 580 s | 267
Consnmption of . . .
energy dense food ‘
Rare [ 2 0 | 7 | 233
Infrequent | s | w0 | 18 | 600 |37.556 |<0001"
Frequent | 43 | 860 | § | 167
= | . .
consunpeion
during TV watch
Rare | 4 | 80 | 9 | 300
Infrequent | 6 | 120 | 15 | s00 |27638 | <0001
Fraquent | 40 | s00 | 6 | 200
Physical activity ‘
Absant 730 | 600 3 | 133
Playmg m ‘ 10 200 16 533 | 17.351° | <0001
summer
Regularly [10 | 200 | 10 | 333
1016

Also, patients had a higher statically significant Serum copper
level when compared to control group P < 0.001. patient had
higher statically significant Serum copper level (125.96 +
26.56) when compared to control group (99.15 + 20.35), P <
0.001. (table 4)

Table (4): Comparison between the two studied groups
according to copper.

Patients Control t ;
(n=350) (n=30)
Copper{ug/dl)
Min. - Max. §7.0-1600 | 67.60-158.0
Mean = SD 125962656 | 99.15£2035 | 5.074° <0.001°
Median 12835 97.60

Additionally, there were Statistically significant increase in
obese group than overweight group regarding serum copper
level, P=0.002. (table 5)

Table (5): Relation between BMI with copper in patients’
group.

BMI
Overweight Obese ;
(250-299) | (30.0ad above) P
(n=24) {n=26)
Copper
Mm. -Max. | 87.0-1480 89.60-160.0
11410+ :
Mean = 3691 =277 . | 0.002
fean=SD 19,59 13691 4 137 0.00
Median 107.0 15295
Discussion

Childhood obesity is a public health problem of epidemic
proportions with estimates of 1 in 3 children and adolescents
classified as overweight or obese (Ogden et al., 2010). The aim
of our study was to explore the relationship between nutritional
obesity and altered levels of some micronutrients (zinc, copper)
and to examine the effect of obesity on cardiovascular system.
In our study there were no significant difference regarding age
(P=0.762) and sex (P=0.361) between patients and control
groups. We observed increased percentage of obesity in females
58% than in males 42%. Previous study among Greek
preschoolers found that no statistical differences in the
prevalence of obesity between males and females (Yiannis,
2007). In contrast to our result Stark, (2011) found that there
was higher percentage of obesity among males’ children but
Canning, (2004) also found increase of prevalence of obesity
among girls.

In our study Serum copper level was significantly higher in-
patient group compared to that of the control group (p <0.001).
While according to obesity severity (assessed by BMI) mean of
Serum copper level in overweight was 114.10+19.59 pg/dl
while in obese patient it was 136.91+27.74 pg/dl and this was
statically significant (p=0.002). This agrees with LIMA et al.,
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(2006) who found that the plasma copper concentrations in the
overweight and obese groups were significantly higher than
those in the control group. The study was performed with 15
overweight and 30 obese children and adolescents, and the
results were compared to the control group (21), aged 6-16 yr.
Omar et al., (2001) in one of the prospective studies, serum
level of copper was evaluated by atomic absorption in a group
of 32 obese (BMI > or = 30 kg/m2) compared to a group of 32
healthy subjects. The authors noted an elevation of serum
copper in obese with a middle level of 133 mg/dl significantly
superior to the middle level of serum copper of healthy subjects,
108 mg/dl (p < 0.001). In another hand, they noticed that the
levels of serum copper rise with the BMI. In fact, 58.3% of the
obese that had a BMI > or = 40 kg/m? showed a high
concentration of serum copper although only 5% of obese with
BMI < 40 kg/m2 showed this high concentration. Also, Pino et
al., (1992) verified the tendency toward high plasma Cu levels
observed in both overweight and obese individuals. The
investigation was carried out in a group of obese children and
adolescents (n = 23) and compared to a control group (n = 21),
both between 7 and 14 yr of age. Dambal et al., (2011) reported
that serum copper levels were significantly increased in obese
individuals when compared to controls (P <0.0003). in a study
performed up on 90 cases who were divided into three groups
(30 each) into normal, overweight and obese individuals and
were monitored for serum micronutrients (iron, zinc and
copper). Mezetti et al., (1998) reported that the elevated plasma
Cu concentration in the obese male group which in turn
displayed significant alterations in LDL-c might be explained
by the organism’s demand for Cu in an attempt to protect the
arteries against LDL oxidation, as this mineral has an
antioxidant function .On the other hand, the pro-oxidant
capacity of Cu, once activated, predisposes LDL-c
lipoperoxidation, which suggests an intrinsic relation with lipid
profile alterations.

Also, Vitoux et al., (1999) verified that erythrocyte Cu
concentrations were higher than the reference value in obese
individuals. The assessment of erythrocyte Cu can be
considered a safe biomarker, as these cells do not suffer the
influence of inflammatory and hormone alterations.
Erythrocyte Cu variations occur more slowly, whereas plasma
Cu might be influenced by diet and circadian variations.
Zwirska-Korczala et al., (2003) reported that the complications
of obesity, not only those attributed to the lipid profile and diet
but also to Cu disturbances exacerbating the harmful effects of
lipoperoxidation. Excess weight has been considered a causal
factor of lipid peroxidation and of decreased antioxidant
enzymes. This constitutes an alert for possible chronic
complications over the course of the disease, given the relation
between plasma lipid alterations and lipoperoxidation markers
(malondialdehyde) as indicative of oxidant state disorders.
Zargar et al.,, (1998) concluded that in trace element
metabolism the best-known interaction is the reported
antagonism between zinc and copper. Excessive dietary zinc is
reported to induce copper deficiency by several mechanisms,
all involving induced synthesis of an intracellular binding
protein, metallothionein. Excessive intake of zinc is thought to
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induce synthesis of the protein, resulting in sequestering of both
metals, with subsequent excretion when cells are sloughed into
the intestinal lumen. Hormonal influences may also lead to
apparently antagonistic zinc copper interactions. Both
carbohydrate-active steroids and a mononuclear phagocyte
produced hormone, interleukin-1, enhance intracellular zinc
accumulation while increasing intracellular copper efflux as
caeruloplasmin. The net result of these effects is a decreased
plasma concentration of zinc and an increased concentration of
copper.

Conclusion

Obesity varied remarkably with different socioeconomic levels.
Obese children had a characteristic nutritional pattern like
skipping breakfast and consumption of energy dense food. The
copper nutritional status in obese individuals is altered and
serum zinc is significantly lower in patients than controls and
serum copper is significantly higher than controls.
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