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Abstract
Introduction: There are limited data on the alterations of serum copper and zinc, which have been proposed to have associations 
among children with obesity. 
Material and methods: A total of 173 children were enrolled and grouped into overweight/obese (n = 69) and non-obese (n = 104) 
according to CDC 2000 growth charts. Serum and whole blood zinc and copper concentrations were measured by validated ICP-MS 
method, and copper/zinc ratios were calculated and correlated to various anthropometric parameters. 
Results: Mean BMI in obese (24.78 ±3.93) was significantly higher as compared to non-obese (16.44 ±2.34; p < 0.0001, 95% CI: 
15.9873–16.8998) children. Mean serum copper levels in obese children (1099.80 ±478.67 µg/l) were significantly lower than for 
non-obese children (2063.77 ±1006.81 µg/l; p = 0.0001, 95% CI: 1867.9755–2259.5755). Similarly, the mean serum zinc levels 
in obese children (851.53 ±406.33 µg/l) were also significantly lower as compared to non-obese children (1528.72 ±796.82 µg/l; 
p = 0.0001, 95% CI: 1373.76–1683.6879). Mean whole blood copper levels were significantly lower in obese (929.56 ±200.15 µg/l) 
as compared to non-obese (1393.22 ±861.92 µg/l; p = 0.0001, 95% CI: 1225.6023–1560.8481) children. Similarly, the mean whole 
blood zinc levels in obese (4384.11 ±881.87 µg/l) were also significantly lower as compared to non-obese (5380.14 ±2236.77 µg/l; 
p = 0.001, 95% CI: 4945.1491–5815.1416) children.
Conclusions: The serum and whole blood concentrations of zinc and copper were found to be significantly lower in children with 
exogenous obesity as compared to controls. Additional investigations are recommended to see the underlying aspect of these elements 
in the development of obesity along with their co-morbidities.
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Introduction 

The worldwide increase in the occurrence of overweight 
and obesity has become a serious community health concern 
over the last several decades [1]. In addition to genetic, envi-
ronmental, and lifestyle risk factors, toxic metals are presumed 
to show major contributing factors to overweight/obesity by 
influencing many features of metabolism, e.g. by inducing oxi-
dative stress or by displacing vital metals that may affect meta-
bolic processes, carbohydrate tolerance, and energy produc-
tion [2]. Several toxic metals such as cobalt, barium, mercury, 
cadmium, caesium, lead, molybdenum, and thallium have a re-
lationship with waist circumference and body mass index [3]. 
These relationships suggest that environmental exposure to 
these metallic elements may play a  role in the altered weight 
gain or loss in humans [3]. Aggregate exposure to metals is 
associated with overweight/obesity and its associated comor-
bidities, such as diabetes and hypertension [4]. 

Studies on the role of zinc in the regulation of metabolic syn-
drome, cytokine expression, activation of antioxidant enzymes 
by reducing the oxidative stress, and suppressing inflammatory 
response have been reported; similarly, zinc supplementation 
has been reported to improve blood pressure, LDL cholesterol, 
and glucose levels [5]. 

A healthy lifestyle and educational activities should be 
encouraged among school children and adults encouraging 
them to adopt and follow a healthy diet pattern and reduce the 
risks of being overweight/obese, which may have dangerous 
health consequences in later life [6]. Recent data also indi-
cate that toxic exposure not only to heavy metals but also to 
copper is associated with an increased risk of cardiovascular 
disease and coronary heart disease [7]. In mice, deficiency of 
zinc caused by a  mutation in Znt7, a  zinc transporter, led to 
a decrease in the accumulation of body fat and consequently 
decreased body weight, whereas deficiency of copper caused 
the development of adiposity [8]. Alterations in the serum 
concentrations of copper and zinc have been documented in 
children and teenagers with overweight/obesity [9]. However, 
data on the relationship between metal exposure and the an-
thropometric indices is inconsistent and limited in developing 
countries, due to poor regulatory mechanisms despite higher 
environmental exposure.

The present study was designed to find the relationship 
between two essential metals, copper and zinc, and various 
anthropometric indices in children with exogenous obesity. 

Material and methods

A total of 173 healthy children aged 6–16 years were en-
rolled and grouped into overweight/obese (n = 69) and non-
obese (n = 104) according to CDC 2000 growth charts. The 
physical assessments included measurement of weight to the 
nearest 50 g on an electronic weighing machine and height to 
the nearest 1 mm with a stadiometer. Body mass index (BMI) 
was expressed as kg/m2. Waist and hip circumference (WC 

and HC) were measured by using standardised anthropometric 
techniques to the adjacent 0.1 cm, and the WHR (waist/hip ra-
tio) was calculated. Children with BMI >85th – <95th percentiles, 
classified as overweight, and BMI > 95th percentiles, classified 
as obese, were grouped together, and children with BMI >5th 
– < 85th percentiles were considered as non-obese. Those hav-
ing diabetes or hypertension, hyperlipidaemia, secondary obe-
sity, infection, hereditary or inflammatory disease, and intake 
of medications were excluded from the study. Written consent 
was obtained from parents or primary caregivers and assent 
from the child was taken before inclusion, which was approved 
by the Institutional Ethics Committee (PGI/IEC/2015/870). All 
the measures followed during the study adhered to the Helsinki 
Declaration of 1975, as revised in 2008. 

Laboratory assessment included an analysis of metals by 
validated ICP-MS (Inductively Coupled Plasma Mass Spec-
trometry) multi-elementary method. Agilent 7700x ICP-MS with 
collision cell technology was used, which operates in a helium 
collision mode to remove all polyatomic interferences. High-pu-
rity (> 99.9%) argon gas was used in the plasma torch. Water 
was purified with a Q-POD Element system, Millipore (Elix Tech-
nology). Suprapure nitric acid (Sigma Aldrich), multielement 
calibration standard, gold standard (Agilent Technologies), and 
hydrogen peroxide solution (30% purified) were obtained from 
Merck. The quality assessment was done by participating in 
the LAMP (Lead and multi-element proficiency) testing of CDC, 
National Centre for Environmental Health (Atlanta USA). Whole 
blood and serum (0.2 ml) multielement analysis was performed 
after the addition of 2 ml of nitric acid and 0.5 ml of H2O2 and 
10 µg/l of gold solution followed by microwave digestion (pa-
rameters: power 29–1800 V, ramp time 20 minutes, hold time 
15  minutes, and temperature 200ºC). The final volume was 
made with metal-free water up to 10 ml. A calibration curve 
plotted each time before sample analysis ranged from 00 µg/l 
to 200 µg/l. The serum and whole blood concentration of met-
als were expressed as µg/l.

Statistical analysis

An excel spreadsheet was created to determine the mean 
and SD from the data. Analysis of variance (ANOVA) and cor-
relation (Pearson’s) analysis was done to determine if there 
were any statistically significant differences in serum and whole 
blood mean copper, zinc levels, zinc/copper, and copper/zinc 
ratios between obese and non-obese children. P-value was cal-
culated for each variable using SPSS-16.0 (Chicago, IL, USA). 
The level was considered statistically significant if the p-value 
was less than 0.05.

Results

The study comprised 69 obese and 104 non-obese chil-
dren. Their anthropometric characteristics, glucose, and lipid 
profiles are presented in Tables I and II, respectively. The mean 
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levels of serum copper and zinc were significantly low in over-
weight/obese as compared to non-obese children. The low 
levels of copper were also observed in whole blood samples; 

however, no significant differences were observed in serum 
copper/zinc ratios amongst overweight/obese and non-obese 
children (Table III). 

Table I. Baseline characteristics of the study population

Variables Overweight/Obese (n = 69) Non obese (n = 104) P value

Age (years) 10.97 ±1.93 9.88 ±2.13 0.001

BMI (kg/m2) 24.78 ±3.93 16.44 ±2.34 < 0.0001

WC (cm) 79.04 ±10.11 55.11 ±11.33 < 0.0001

HC (cm) 83.66 ±10.90 62.45 ±12.90 < 0.0001

WHR 0.95 ±0.15 0.88 ±0.05 < 0.0001

BMI – body mass index; WC – waist circumference; HC – hip circumference, and waist: hip ratio (WHR)

Table II. Serum concentrations of glucose and lipid profile

Variables Overweight/Obese (n = 69) Non obese (n = 104) P value

Glucose 94.43 ±18.22 72.91 ±18.62 < 0.0001

Cholesterol 157.78 ±35.29 144.43 ±32.39 0.011

HDL 44.84 ±10.27 44.76 ±15.78 0.970

LDL 85.16 ±32.78 76.25 ±26.93 0.028

TG 138.87 ±67.25 117.05 ±60.47 0.53

HDL – high density lipoproteins; LDL – low density lipoproteins; TG – triglycerides

Table III. Serum and whole blood concentrations of zinc, copper and their ratios among study children

Metals (µg/l) Overweight/Obese (Mean ±SD) Non-obese (Mean ±SD) P value

Serum

Copper 1099.80 ±478.67 2063.77 ±1006.81 < 0.0001

Zinc 851.53 ±406.33 1528.72 ±796.82 < 0.0001

Copper : Zinc ratio 1.32 ±0.33 1.51 ±0.85 0.083

Whole blood

Copper 929.56 ±200.15 1393.22 ±861.92 < 0.0001

Zinc 4384.11 ±881.87 5380.14 ±2236.77 0.001

Copper : Zinc ratio 0.21 ±0.04 0.25 ±0.12 0.012
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Amongst children with obesity, BMI showed a negative cor-
relation with whole blood Cu/Zn ratio (r = −0.331, p = 0.01). 
Negative correlation was also observed between cholesterol 
and whole blood Cu (r = –0.376, p = 0.01) and Cu/Zn ratio 
(r = –0.278, p = 0.05).

Discussion

Obesity is considered to have significant associations with 
deficiency as well as an excess of metallic elements [9]. How-
ever, the exact role of deficiency or excess of these metals con-
cerning obesity and its comorbid conditions is still unclear [10]. 
Moreover, there is limited information on their role in childhood 
obesity [9]. Our cross-sectional study is one of the few available 
studies to examine the association between metals and obesity. 

The main finding of our study was that the mean serum 
levels, as well as whole blood concentrations of Cu and Zn, 
were significantly low in children with overweight/obesity. These 
results are in partial contrast to previous data, which found low 
levels of zinc but high levels of copper in children with obesity 
[7, 9]. Several studies have consistently reported low zinc lev-
els in obesity [7, 9–12]. However, Weisstaub et al. conducted 
a study in preschool children and did not find any relationship 
between serum zinc levels and body weight [13]. As an essen-
tial element, zinc is involved in several biochemical reactions 
such as protein synthesis, insulin action, and antioxidant pro-
cesses [9]. Higher abdominal fat was shown to be associated 
with low levels of zinc [14].

Many studies have reported a  relationship between zinc 
and metabolic syndrome – significantly lower zinc levels have 
been reported in obese patients [15, 16]; similarly lower Zn in 
obese people is associated with insulin resistance, altered lipid 
profile, and inflammation as a metabolic disturbing factor [17]. 
Lower zinc levels have been reported in diabetic patients as 
compared to their healthy counterparts [18–24]. In adoles-
cents, lower zinc intake has been associated with higher con-
centration of insulin [25]. The role of zinc in oxidative stress 
in obese mice has been studied, revealing that zinc works as 
a cofactor of an antioxidant enzyme of Cu [26]. Zinc regulates 
the proinflammatory cytokine expression [27], in which white 
adipose tissue produces interleukin-6 stimulating the secretion 

of CRP (C-reactive protein) in liver [28]. Zinc influences the ex-
pression of PPARs-α (peroxisome proliferator-activated recep-
tors α), which plays a key role in the glucose and lipoprotein 
metabolism [29, 30]. Zinc supplementation has been reported 
to decrease the total cholesterol, LDL cholesterol, and triglyc-
erides and increase the HDL cholesterol [26, 31]. Experimen-
tal studies suggest adequate Zn status for normal functioning 
of adipocytes and leptin synthesis [32]. Depletion of zinc has 
a  negative impact on insulin sensitivity and glucose toler-
ance [33]. In diabetic patients zinc supplementation has been 
reported to improve the glucose homeostasis [34] by stimulat-
ing glycolysis and glucose transportation in adipocytes, and via 
inhibition of gluconeogenesis [35]. 

Additionally, the low Zn-a2-glycoprotein gene expression 
in obese individuals may contribute to the obesity progression 
linked with lower serum adiponectin levels and higher levels of 
plasma leptin [9]. Further larger studies are therefore needed to 
investigate the role of Zn levels in obesity development, as well 
as whether zinc supplementation may show some beneficial 
effects in obesity. 

As compared to zinc, the role of copper in the various dis-
ease processes including obesity and metabolic disorders is 
less well elucidated. Copper as an antioxidant enzyme works 
against free radicals to protect the organism against oxidative 
stress [36]. An increase in copper levels in children with obesity 
has been noted in previous studies [9, 37]. However, copper 
levels were found to be significantly low in our study. Copper 
deficiency has been suggested to contribute to cardiovascular 
disease, which is a  known consequence of obesity, through 
abnormalities in glucose tolerance, blood pressure control, and 
lipid metabolism [36].

Conclusions

This study demonstrates low levels of copper and zinc in se-
rum as well as whole blood in children with overweight/obesity. 
Our findings suggest that while measuring BMI among obese 
children, monitoring of serum copper and zinc levels should be 
done in order to avoid deficiency problems. We suggest larger 
studies to elucidate the role of these essential metals in the de-
velopment of obesity and their associated co-morbidities. 
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