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Purpose: Short stature is prevalent among children worldwide, particularly in developing countries. Various trace elements, including 
zinc, magnesium, iron, copper, chromium and selenium, are crucial for proper body development. The aim of this study is to explore 
the relationship between trace elements and TNF-α and IL-6 to elicit and possible pathway responsible for short stature.
Methods: Two hundred and twenty samples were recruited for this study, 100 short statures and 120 controls were randomly selected. 
Six trace elements were measured using graphite furnace atomic absorption spectrometry. The concentrations of IL-6 and TNF-α in 
serum were assessed utilizing the Enzyme-Linked-Immunosorbent Assay (ELISA). Superoxide dismutase was also analysed to 
determine the oxidative stress response.
Results: The study revealed notable distinctions in serum trace element levels of short stature. They exhibited significant lower levels 
of zinc and magnesium, alongside higher levels of copper. The altered Cu/Zn ratio seemed to have a positive correlation with short 
stature. Conversely, no significant disparities were observed in iron, chromium, and selenium levels. Furthermore, a significant rise 
was noted in proinflammatory marker TNF-α and cytokine IL-6. Additionally, superoxide dismutase was low in the short statures In 
silico study shows a high affinity of Zinc with TNF alpha. It may be suggested that inflammation at any time during childhood, with 
the rise in TNF alpha tightly binds with zinc and may have led to a decrease in zinc serum levels, altered redox homeostasis and 
resulted in short stature.
Conclusion: The altered Cu/Zn ratio along with high TNF alpha and IL6 may be used as a marker for short stature in the initial years 
of growth in children before they reach maturity at the age of 18. Thereafter, introducing zinc supplementation could potentially 
enhance stature by mitigating TNF-alpha level. Further experimental studies will help to establish the exact role of zinc with TNF 
alpha in short stature.
Keywords: short stature, zinc, trace element, superoxide dismutase and inflammation

Introduction
Short stature is a condition where the height of the individual is less than the 3rd percentile of the corresponding mean 
height for a given sex and age.1 Many instances of short stature can be attributed to normal variations or familial factors, 
with some cases involving constitutional delay.2 Short stature is a common disease that occurs in developing countries, 
the reason behind has been attributed to large number of children suffering from malnutrition. India has a large 
population of children suffering from diarrhea, typhoid, malaria, and pneumonia.3 These factors result in alteration of 
the milieu of the trace elements in children. Trace elements like zinc, iron, and copper, magnesium, selenium and 
chromium play a vital role in body development.4 These trace elements are essential for maintaining the structure and 
function of the anti-oxidant enzyme too. The main anti-oxidant systems associated with trace elements work as cofactors 
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for many anti–oxidant enzymes like SOD, glutathione peroxidase and catalase.5 Zinc helps the development of growth 
and DNA synthesis and other metabolic activity like export and transport of metals. Zn is required for many body 
structure formations in the human body, like bone absorbing 30%, skeleton mussels absorbing 60%, and other body 
organs absorbing 10%.6 Copper is an essential trace element that is required for the multiple metal transitions required 
for the mammalian enzyme. Copper and zinc are essential for the oxidation-reduction reaction, maintain the structure, 
and work as cofactors for many metalloenzymes.7–10 Iron found in the human body is basically in two forms: ferrous and 
ferric, and it helps maintain the function of immune cells and energy metabolism.11 Essential trace elements such as zinc 
(Zn), iron (Fe), magnesium (Mg), copper (Cu), and selenium (Se) are involved in immune responses. Any changes in 
these trace elements can lead to increased inflammation and oxidative reactions. Alterations in oxidative and inflamma-
tory processes affect the Th1 and Th2 cells, which initiate the production of pro-inflammatory factors.12 A prior 
investigation demonstrated that reduced serum zinc levels lead to inflammatory conditions, impairing the maturation 
of B cells and T cells. Consequently, both B cells and T cells proceed to generate pro-inflammatory markers.13 Figure 1 
shows the impact of zinc on levels of anti-oxidant and pro-inflammatory markers.

Trace element deficiency influences proinflammatory markers (TNF-α and IL-6). These trace elements may play 
a critical role in manifestations of short stature. Literature regarding the effect of trace elements and proinflammatory 
markers in short stature is limited, and thus the fundamental mechanisms involved are yet to be elucidated. Therefore, the 
aim of our study was to investigate the correlation between the trace elements (Cu, Zn, Fe, Cr, Mg, and Se) and 
proinflammatory markers (TNF-α and IL-6) in short stature children among eastern U.P. and Bihar population.

Material and Method
Sample Collection
A short-stature patient sample was collected from the Department of Pediatrics, IMS BHU. Informed consent was 
obtained from the parents of both the control group and the short-stature group. If the patients were capable, consent was 

Figure 1 This figure illustrates how Zinc impacts the levels of anti-oxidant and pro-inflammatory markers through its mechanisms of action. Zinc plays two major roles: 
protecting the naive structure of the macromolecule, which suffers from oxidant agents, and decreasing the concentration of oxidant agents. In cases of zinc deficiency, cell- 
mediated immunity altered, and Th1, Th2, B cells, and natural killers produce pro-inflammatory TNF-α and IL-6. (Znts, Zinc transporter proteins, ZIP, Zrt/Irt-like proteins, 
MTF-1, Metal responsive transcription factor 1 and MT, metallothioneins).
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also obtained from them. The study was approved by the ethical committee’s Institute of Medical Science Banaras Hindu 
University (IMS BHU) ethical later number (No. Dean/2020/EC/2035). The procedures followed the principles estab-
lished in the Helsinki Declaration. Additionally, we ensured that all patient data would remain confidential and that the 
patients’ interests would not be compromised.

The anthropometric determinations as well as the blood sampling were performed on the same day. Height in meters 
(m) and weight in kilograms (kg) was taken using a calibrated wall- mounted stadiometer with a digital weighing 
machine attached to it (IndoSugicals, India). The BMI calculation was based on the formula: weight in kilograms (kg) 
divided by height in meters (m) squared. Further Z-score was also calculated using Peditools. (Chou et al 2020)

According to CDC guidelines 2–20 years those children whose heights were less than the 3rd percentile or 2 standard 
deviations below were considered short stature. Mid-parental height and target height were also calculated for 
a comprehensive assessment. To determine bone age, an X-ray of the non-dominant (left) hand, with including the 
wrist joint, was performed, utilizing Greulich and Pyle’s atlas of skeletal development.
Inclusion criteria: Children of both genders were included in the study who met the criteria of short stature as per the 
Peditool 2020, having no syndromic features.
Exclusion criteria: Children who were not included Children with chronic and endocrine abnormalities. Children have 
skeletal abnormalities, such as achondroplasia and hypochondroplasia. Children have chromosomal abnormalities.

Blood samples were collected through venipuncture in a plane vial, and serum separation was done at 3000 rpm for 5 
min. The serum sample was stored at −80°C until analysis was done.

Superoxide dismutase (SOD) Assay
The method for assaying superoxide dismutase (SOD), as developed by Marklund and Marklund,14 is based on the 
enzyme’s ability to catalyze the dismutation of superoxide radicals. This protective function was assessed by measuring 
the inhibition of pyrogallol autoxidation under specific conditions. The procedure involved preparing a reaction mixture 
with pyrogallol and the sample containing SOD, followed by incubation. The absorbance of the mixture was then 
measured at 420 nm using a spectrophotometer, and the SOD level was calculated based on the observed inhibition of 
pyrogallol autoxidation.

Proinflammatory Maker Analysis
The concentrations of IL-6 and TNFα in serum were assessed utilizing the enzyme-linked immunosorbent assay (ELISA) 
method. IL-6 and TNF-α measurements, identified by catalogue Numbers EKL1156 and ELK1190, respectively. The 
applied protocol was given in detail in the kit.

Atomic Absorption Spectrophotometer
The serum samples of short-stature trace elements Zn, Fe, Mg, Se, Cu, and Cr were evaluated using graphite furnace 
atomic absorption spectrometry (Perkin Elmer AAS PinAACle 900 FF flame AAS analytical instrument). Samples were 
diluted (1:10) times. The matrix modifier was added to the required sample. Sample diluent was prepared with 0.4% 
Triton-X 100 and 1% HNO3. Zn, Fe, and Cu concentrations were measured at wavelengths of 213.86, 248.33, and 
324.75. On the other hand, Se, Mg, and Cr concentrations were measured at wavelengths of 196.03, 285.21, and 357.87, 
and the absorbance concentration of the measured element was µg/dl.

Calibration Curve
Cu, Se, Cr, and Mg Standard solution calibrations were prepared for the final concentration of stock (1 ppm) in 1% 
HNO3. AAS 20 ppb was the final concentration of the serial dilution of standard 1, standard 2, and standard 3 (4, 6 and 8 
ppb). Similarly, Zn and Fe standards were prepared at 1 ppm and serial dilutions of standard stock concentrations were 50 
ppb, and serial dilutions were standard 1, standard 2, and standard 3 (10, 20, and 30 ppb). The absorbance of the standard 
and blank plots of the graph against the parallel concentration and the AAS instrument accepting the 95% calibration 
curve was acceptable.
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Binding Site Prediction and Docking of Zn2+ Ion with TNF-Alpha
The MIB2 server was used to predict the binding site and evaluate the binding ability of Zn2+ ions to TNF-alpha. The 
MIB2 server predicts binding sites and docks metal ions using both protein sequences and structures. The 3D structure of 
TNF-alpha (PDB ID-2az5) and Zn2+ ion was submitted to the MIB2 service. Based on the highest binding score, the best 
docking site of Zn2+ ions at TNF-alpha was chosen. The retrieved docked structure was then visualized and analyzed 
with the Discovery Studio Visualizer.

Statistical Analysis
The data set was tested using the Kolmogorov–Smirnov test for normality and homogeneity of variance before going 
through statistical analysis. Data were normally distributed continuous variables biomarker and Anthropometric was done 
by independent samples t-test. A two-tailed P less than 0.05 was considered statistically significant. For Trace element 
analysis Mann–Whitney U-test was done to compare the non-normally distributed variable mean of both the short-stature 
group and the control group. Correlations between trace elements and proinflammatory maker (TNF-α, IL-6) were 
investigated using the Spearman correlation test, where two-tailed P values less than 0.05 were considered significant.

Result
The results show that the two groups have some significant differences in their anthropometric measurements. The 
average age of participants was similar between the groups, with one group having an average age of 9.1 ± 3.7 years and 
the other 9.6 ± 4.3 years (P = 0.496). However, there were significant differences in height, with one group having 
a mean height of 113.7 ± 19.7 cm and the other 131.6 ± 20.3 cm (P = 0.0001). The Height-for-Age Z-score (HAZ) also 
differed significantly between the groups, with one group having a mean HAZ of −3.2 ± 1.3 compared to −0.4 ± 1.2 in 
the other (P = 0.0001). Similarly, weight and Weight-for-Age Z-score (WAZ) showed significant differences, with one 
group weighing 20.3 ± 9.0 kg and the other 28.9 ± 11.9 kg (P = 0.0002), and their WAZ being −3.5 ± 1.7 versus −0.9 ± 
1.2 (P = 0.0001). While the Body Mass Index (BMI) was not significantly different between the groups, with values of 
15.0 ± 3.1 kg/m² and 15.8 ± 2.0 kg/m² (p = 0.168), the BMI-for-Age Z-score (BMIAZ) did show a significant difference, 
with one group having a BMIAZ of −1.7 ± 2.1 compared to −0.9 ± 1.1 in the other group (P = 0.021) in Table 1.

Short stature group, exhibited a marked high level of Copper (Cu) with a mean of 93.40 µg/dl compared to 84.11 µg/ 
dl (P = 0.001), while Zinc (Zn) levels were significantly lower (78.56 µg/dl) in contrast with the control group (100.00 
µg/dl) with a P value of 0.0001. Iron (Fe) levels indicated no statistically notable difference with mean values of 84.06 
µg/dl for short stature and 86.49 µg/dl for controls (P = 0.336). Chromium (Cr) concentrations were similar between the 
groups, with means of 0.972 µg/L for short stature and 0.928 µg/L for controls (P = 0.111). Magnesium (Mg) levels were 

Table 1 Anthropometric Characteristics of Short Stature 
and Control Group

Parameter Short Stature 
Mean ±SD 
N = 100

Control Group 
Mean ±SD 
N = 120

P value

Age (year) 9.1 ± 3.7 9.6 ± 4.3 0.496

Height (cm) 113.7 ± 19.7 131.6 ± 20.3 0.0001

HAZ −3.2 ± 1.3 −0.4 ± 1.2 0.0001
Weight (kg) 20.3 ± 9.0 28.9 ± 11.9 0.0002

WAZ −3.5 ± 1.7 − 0.9 ± 1.2 0.0001

BMI (kg/m2) 15.0 ± 3.1 15.8 ± 2.0 0.168
BMIAZ −1.7 ± 2.1 −0.9 ± 1.1 0.021

Notes: The data are presented as mean ± Standard deviation (SD). N repre-
sent the number of subject in each group, with WAZ indicating Weight-for-age 
Z score, HAZ indicating Height-for-age Z score, BMI representing body mass 
index and BMIAZ representing BMI-for-age Z score. A statistically difference 
from the control group at a significance level of P <0.05.
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remarkably low (1.454 mg/dl) in short stature compared to control category (1.616 mg/dl) with a P value of (P = 0.011). 
In short stature verses control, Selenium (Se) levels had no notable difference, showing mean values of 91.93 µg/L and 
92.86 µg/L, respectively (P = 0.231) (Table 2) and Figure 2

The levels of superoxide dismutase (SOD) were observed to be significantly low in the short stature category (17.41 ± 
1.36 U/mL) when compared to the control category (73.30 ± 5.97 U/mL), (Complementarily, interleukin-6 (IL-6) levels 
were markedly elevated in the short stature group (84.84 ± 7.21 pg/mL) compared to the control group (8.29 ± 0.53 pg/mL). 
Furthermore, Tumour necrosis factor-alpha (TNF-α) levels were substantially higher in the short stature group (10.21 ± 
0.896 pg/mL) compared to the control group (0.654 ± 0.181 pg/mL) (Table 3).

Correlation analysis between various trace elements and the cytokines TNF-alpha and IL-6 showed that Copper (Cu) 
had a weak negative correlation with TNF-alpha (r = −0.209, P = 0.069) and IL-6 (r = −0.072, P = 0.523), though these 
correlations were not statistically significant. The correlation analysis revealed no statistical significance between serum 
zinc levels and interleukin-6 (IL-6) levels (r = −0.039, P = 0.730). However, a significant negative correlation was observed 
between serum zinc levels and tumor necrosis factor-α (TNF-α) levels (r = −0.380, P = 0.001), indicating a potential 
association between reduced zinc levels and increased TNF-α levels in Figure 3. Iron (Fe) exhibited a very weak positive 
correlation with both TNF-alpha (r = 0.159, P = 0.156) and IL-6 (r = 0.147, P = 0.192), neither of which were significant. 
Chromium (Cr) had a very weak negative correlation with TNF-alpha (r = −0.129, P = 0.251) and a weak positive 
correlation with IL-6 (r = 0.158, P = 0.159), both non-significant. Magnesium (Mg) displayed a weak positive correlation 
with TNF-alpha (r = 0.161, P = 0.151) and IL-6 (r = 0.062, P = 0.579), neither of which were significant. Selenium (Se) had 
a weak positive correlation with TNF-alpha (r = 0.145, P = 0.158) and IL-6 (r = 0.107, P = 0.343), and these correlations 
were also not statistically significant.

The correlation analysis between the Cu/Zn ratio and the inflammatory markers TNF alpha and IL-6 yielded different 
outcomes. For TNF alpha, there was a positive correlation with the Cu/Zn ratio (r = 0.219), which approached statistical 
significance (P = 0.050). In contrast, the correlation between the Cu/Zn ratio and IL-6 was nearly negligible (r = 0.006) 
and not statistically significant (P = 0.954) in Table 4.

The MIB2 server predicted a total of 13 docking sites between Zn2+ ions and the TNF-alpha protein. Among these 
sites, the site with the highest binding score of 4.928 was identified as the most favorable for Zn2+ ion binding. This 
selected binding site encompasses amino acid residues GLU127 and ASP130 within TNF-alpha. Interaction analysis 
revealed that Zn2+ ions form electrostatic interactions specifically with GLU127 and ASP130 residues within the binding 

Table 2 Trace Element Comparison Between Short Stature Verses 
Control

Parameter Case 
N = 100

Control 
N = 120

Normal Range P value

Cu (µg/dl) 
Min – Max

93.40 ± 17.95 

(57.82–126.5)

84.11 ± 13.96 

(55.78–110.9)

57–160 0.001

Zn (µg/dl) 
Min – Max

78.56 ± 20.08 
(32.21–108.1)

100 ± 18.06 
(41.07–127.1)

60–120 0.0001

Fe (µg/dl) 
Min – Max

84.06 ± 15.70 

(50.84–116.2)

86.49 ± 15.55 

(52.48–120.8)

50–120 0.336

Cr (µg/L) 
Min – Max

0.972 ± 0.204 

(0.29–1.33)

0.928 ± 0.245 

(0.9–1.56)

0.1–1.2 0.111

Mg (mg/dl) 
Min – Max

1.454 ± 0.325 
(1.01–2.76)

1.616 ± 0.373 
(1.00–2.57)

1.7–2.1 0.011

Se (µg/L) 
Min – Max

91.93 ± 7.58 

(72–106)

92.86 ± 8.63 

(73–107)

90–140 0.231

Cu/Zn Ratio 
Min – Max

1.28 ± 0.46 

(0.54–2.91)

0.87 ± 0.27 

(0.48–2.10)

0.7–1.0 0.001

Journal of Inflammation Research 2024:17                                                                                          https://doi.org/10.2147/JIR.S473895                                                                                                                                                                                                                       

DovePress                                                                                                                       
6067

Dovepress                                                                                                                                                            Yadav et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


site on TNF-alpha. These interactions suggest the formation of a complex between Zn2+ ions and the TNF-alpha protein 
(Figure 4).

Discussion
Zinc and Copper are one of the most important trace elements that help in growth, development, and other activities of 
body parts. A significant lower zinc and higher Copper levels in short stature individuals were observed in our study, 
similar results also reported in the previous study.15–19 Gibson et al had also reported significant Zn deficiency in short 

Figure 2 The violin plot shows cases and controls compared in terms of compression. Key statistical variables including the median (shown by a horizontal black line), 
interquartile range (represented by a box), and the overall data range after outliers have been excluded (represented by thin black lines) are displayed in each violin plot as 
boxplots. The colorful areas on the plot show an estimate of the kernel density and shed light on the data’s distribution.

https://doi.org/10.2147/JIR.S473895                                                                                                                                                                                                                                    

DovePress                                                                                                                                                 

Journal of Inflammation Research 2024:17 6068

Yadav et al                                                                                                                                                            Dovepress

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


stature in comparison to the control sample.20 High serum copper levels in short stature have been reported by other 
scientist too.21,22

The trace elements, however, showed no correlation with BMI. BMI had non-significant difference between the case 
and control. However, BMIZ (BMI for age Z-score) shows a slight significant difference between case and control, which 
is similar to a previous study by Hamza RT et al 2012 where no significant difference was observed amongst short stature 
children and adolescent BMI with Zinc.23 In another study, Sugawara et al (2022) suggested Zn levels are associated with 
anthropometric measurements, especially body weight and BMI, but had showed no association with short stature.22

Zinc is necessary for several other cellular functions necessary for growth, such as hormone control, protein synthesis, 
cell division and detoxifying ions of heavy metals from the cells of the liver and kidney. These processes can be 
hampered by a zinc deficit, which can cause delayed maturation and growth retardation and also affect the decreased 
immune system.24–26 For optimal health, a certain amount 2–4 gram of zinc trace element needs to be consumed daily as 
it is utilized in the liver, brain, muscles, bones, eyes and kidneys.27

Zn is bound and transported by albumin (60%) and transferrin (10%) in blood plasma. Since transferrin also carries 
iron, too much iron might impede the absorption of zinc, and vice versa. Regardless of zinc intake, the plasma’s zinc 
content is mostly constant.28,29

No significant association was observed for the trace element Fe (iron) in individuals with short stature and control 
group. Similar observations were made by previous authors.30

Magnesium is another important trace element that is essential for normal fetal development. Deficiency of this trace 
element was found in short stature girls and boys group which impaired growth development.31–33

Similary significant reduction in magnesium levels was observed in our study. No significant differences amongst 
Selenium (Se) and Chromium (Cr) levels were observed in accordance with previous studies.34–36

The Cu/Zn ratio, however, showed a significant difference p value 0.001.37–39

The increased Cu/Zn ratio denotes the impairment of the liver and can affect the level of malnutrition markers like 
albumin and prealbumin notably, a robust and significant association was identified, with erythrocyte sedimentation rate 
(ESR) showing a primary link to the Cu/Zn ratio and a secondary connection with serum Cu levels. This suggests that the 
Cu/Zn ratio could potentially serve as an inflammatory marker study reported by Liu Y et al. The study, reported by 

Table 3 Compression Between Proinflammatory Cytokine 
IL-6, TNF-α and Oxidative Stress in Short Stature Verses 
Control

Parameter Case 
N = 100

Control 
N = 120

P value

SOD (U/mL) 17.41 ± 1.36 73.30 ± 5.97 0.0001
IL-6 (pg/mL) 84.84 ± 7.21 8.29 ± 0.53 0.001

TNF-α (pg/mL) 10.21 ± 0.896 0.654 ± 0.181 0.0001

Figure 3 Correlation analysis between serum zinc and TNF-α in short stature (r = - 0.327, p = 0.003).
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Escobedo-Monge MF et al in Cystic fibrosis patients Increase Cu/Zn ratio a may be an indicator of zinc deficiency and 
high inflammation response.38,40

One of the oxidative stress marker showed a highly significant decrease, i.e., SOD in our study Aly GS et al found 
oxidative stress marker levels SOD, Glutathione Peroxidase, MDA and Catalase statistically significantly decreased in 

Table 4 This Table Shows the Correlation Analysis of Serum 
Proinflammatory Markers TNFα, IL-6, and Trace Elements in Short 
Stature

Variables TNF alpha (pg/mL) IL-6 (pg/mL)

Correlation  
Coefficient (r)

P-value Correlation  
Coefficient (r)

P-value

Cu (µg/dl) −0.209 0.061 −0.072 0.523

Zn (µg/dl) −0.380 0.001 −0.039 0.730
Fe (µg/dl) 0.159 0.156 0.147 0.192

Cr (µg/L) −0.129 0.251 0.158 0.159

Mg (mg/dl) 0.161 0.151 0.062 0.579
Se (µg/L) 0.145 0.158 0.107 0.343

Cu/Zn Ratio 0.219 0.050 0.006 0.954

Notes: IL-6, interleukin 6, Zn, Zinc, Cu, Copper, Fe, Iron, Cr, chromium, Mg, Magnesium, Se, 
Selenium, TNF-α, tumor necrosis factor –α, r, correlation coefficient. The Spearman coefficient 
is statistically significant if it is less than p<0.05.

Figure 4 Zn2+ ion binding site prediction in TNF-alpha protein. (A) Binding score of TNF-alpha amino acid residues. (B) Zn2+ ion binding pocket in TNF- alpha protein (C) 
Electrostatic interactions of GLU 127 and ASP 130 with Zn2+ ion.
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short stature. Additionally, the trace element copper (Cu) and zinc (Zn) were found to be significantly lower in short 
stature.41

Costarelli L et al and Garcia O et al stated that low zinc intake was associated with obesity, which was associated with 
an elevated risk of metabolic disturbance and inflammation.41,42 Zinc plays a significant role in regulating inflammation 
through various mechanisms. It exhibits anti-inflammatory properties by effectively preventing the activation of NF-kB, 
a transcription factor involved in the expression of numerous proinflammatory genes.43

Pro- inflammatory markers TNF-α and IL-6 were raised significantly in short stature in our study. Our result aligns 
with Noori N et al and Ekim M et al found similar results.44,45

Growth can be affected by inflammation by disturbing growth hormone and insulin-like growth factor signalling 
pathways. In patients suffering from chronic liver disease, TNF-α appears as a primary factor contributing to the 
development of growth hormone resistance.46–48

A study reported in an animal model showed that IL-6 does not affect growth but does decrease levels of IGF-1.49

Sprietsma JE et al had observed in individuals with asthma and a deficiency in zinc are likely to experience 
heightened inflammation. Both asthma and zinc deficiency are linked to an inclination towards the proinflammatory 
Th2 response, leading to an upregulation of the production and release of various proinflammatory cytokines TNF-α and 
IL-6. Therefore, asthmatics who are also deficient in zinc may exhibit increased inflammatory responses.44 Negative 
correlation between Zinc (Zn) and TNF-α levels aligns with the result reported by Feitosa MC et al, where they identified 
a negative correlation between Zinc and TNF-α (r = −0.44, p = 0.01550 (Figure 3).

We suggest that short stature associated with inflammation, which leads to zinc deficiency, which, in turn, triggers the 
activation of proinflammatory markers-TNF-alpha and IL6 cytokine. These in turn increased the reactive oxygen species 
triggering oxidative stress. The SOD in turn is utilized to neutralize these reactive oxygen species with the help of Zinc. 
Zinc also triggers glutathione peroxidase to neutralize the hydrogen peroxide into water and oxygen. The imbalance 
caused by the disproportionate increase in the reactive oxygen species due to zinc deficiency leads to altered redox 
homeostasis and in turn low SOD (Figure 1).

In silico analysis highlights the specific region key amino acid residues of TNF-alpha: GLU127 and ASP130 involved 
in interactions with Zn2+ ions. Forming a complex the strong binding draws a strong suggestion that zinc might have 
been utilized by TNF alpha increase and thus low level in the serum. There on, it turns on a vicious cycle of low zinc, 
inflammation and further increase in TNF alpha. The above suggestions, however, need more experimental backup to 
facilitate insight into the exact mechanism of how low zinc or altered Cu/zn ratio lead to short stature.

We further suggest that as a maker of short stature zinc levels alone or Cu/Zinc ratio may be more reliable if TNF 
alpha and IL6 levels are also accounted for in patients. Thereafter, zinc supplements in the management of these children 
could alter their stature to normal.

Conclusion
Zinc deficiency is a prevalent issue in developing nations and has been linked to impaired absorption of various nutrients, 
exacerbating the deficiency itself or it could be a consequence of childhood inflammation due to any infection is yet to be 
elucidated. However, it is certain that this deficiency contributes to systemic inflammation, which adversely affects 
proper growth and development. Consequently, initiating daily zinc supplementation in children diagnosed with short 
stature early on may potentially trigger a growth spurt.
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