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ABSTRACT 

Background: Metabolic Syndrome (MetS) is a cluster of conditions that 

increase the risk of heart disease, stroke, and type 2 diabetes. These include 

abdominal obesity, high blood pressure, elevated blood sugar levels, and 

abnormal cholesterol or triglyceride levels. This study investigates the 

impact of zinc supplementation on markers of insulin resistance, oxidative 

stress, and inflammation in prepubescent children diagnosed with MetS. 

Methodology: A study design was ‘randomized, double-blind, placebo-

controlled clinical trial’ conducted at Bacha Khan Medical College and 

affiliated hospitals over 1 year, among 100 prepubescent children aged 8-12 

years with metabolic syndrome. The individuals were grouped into two: the 

zinc supplementation (n=50) and the placebo (n=50) receiving 10 mg/day of 

zinc/ a control for 6 months. Samples of blood were collected to assess 

insulin resistance (HOMA-IR), oxidative stress (malondialdehyde levels), 

and ‘inflammatory markers (C-reactive protein, interleukin-6)’. 

Results: The zinc-supplemented group demonstrated a significant reduction 

in HOMA-IR (p less than 0.01), lower malondialdehyde levels (p less than 

0.05), and decreased inflammatory markers, particularly ‘C-reactive protein 

and interleukin-6’ (p less than 0.01), compared to the placebo group. There 

were no significant alterations in these markers observed in the placebo 

group. 

Conclusion: Zinc supplementation in prepubescent children with metabolic 

syndrome significantly improves insulin resistance, reduces oxidative stress, 

and decreases inflammation. These findings suggest that zinc could serve as 

a beneficial therapeutic strategy to manage metabolic syndrome in children. 

Keywords: Zinc supplementation, ‘insulin resistance, oxidative stress, 

inflammation’, metabolic syndrome, ‘prepubescent children’. 
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Introduction 

‘Metabolic syndrome (MetS)’, a clustering metabolic disturbances such as excessive fat 

accumulation around the abdomen, imbalanced lipid levels, high blood pressure, and 

resistance to insulin are common features,  progressively affecting children worldwide. 1 

Once considered an adult condition, the prevalence of MetS in children, particularly those in 

prepubescent stages, has seen intense rise due to changes in lifestyle, diet, and physical 

activity patterns.2 This increase a serious public health challenge, as early onset of metabolic 

syndrome predisposes these children to chronic diseases such as type 2 diabetes and 

cardiovascular disorders later in life.3 

Globally, the prevalence of MetS among children has been ranged between 3% to 10%, 

depending on the diagnostic criteria and population under study.4 In Western countries, 

particularly in the United States and Europe, the prevalence of pediatric MetS ranges from 

4% to 9%. 5 However, emerging economies, in Asia, have reported a growing incidence, 

mirroring the trends observed in developed nations. In Pakistan, the prevalence of MetS in 

children, though not extensively studied, is reported to be between 3% to 5%, with significant 

regional variations.6 Sedentary lifestyles, high-calorie diets, and genetic predispositions are 

contributing to this rising trend. 

Oxidative stress, inflammation, ‘insulin resistance’ key contributors to pathophysiology 

‘metabolic syndrome’. These mechanisms not only drive the progression of the condition but 

also exacerbate its associated risks. Inflammation, marked by elevated levels of cytokines like 

interleukin-6 (IL-6) and C-reactive protein (CRP), is particularly pronounced in children with 

obesity and insulin resistance. Oxidative stress, on the other hand, damages cellular structures 

and disrupts normal metabolic functioning, further aggravating insulin resistance. 

Zinc, as a crucial trace element, it is fundamental to the body’s antioxidant defense 

mechanisms, immune function, insulin metabolism.7 8 Emerging research has highlighted the 

potential of zinc supplementation to modulate insulin sensitivity, reduce oxidative stress, and 

downregulate pro-inflammatory pathways.9 Given the essential role zinc plays in these 

pathways, it is hypothesized that zinc supplementation could benefit children with metabolic 

syndrome by targeting these core pathological mechanisms. 

Despite the growing body of evidence supporting zinc’s beneficial role in metabolic health, 

there is limited data on its effects in pediatric populations, particularly in children with 

metabolic syndrome. The correlation between zinc deficiency, insulin resistance, and 

oxidative stress suggests that zinc supplementation could serve as a promising therapeutic 

intervention. Nevertheless, only a limited number of studies have thoroughly examined this 

relationship in prepubescent children. 

Thus, this study aims investigates the impact of zinc supplementation on markers of ‘insulin 

resistance, oxidative stress, and inflammation in prepubescent children diagnosed with 

metabolic syndrome’. Understanding these effects could inform future clinical practices and 

interventions, helping to mitigate the long-term health consequences of metabolic syndrome 

in this vulnerable population. 

 

Methodology 
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A clinical trial designed as randomized, double-blind, and placebo-controlled was carried out 

at Bacha Khan Medical College and Affiliated Hospitals for 6 months. Prepubescent children 

diagnosed with metabolic syndrome subjects were randomly distributed into ‘two groups: the 

intervention group receiving zinc supplementation and the control group receiving a placebo’. 

Prepubescent children aged 8-12 years, ‘identified through clinical and anthropometric 

assessments, were screened for metabolic syndrome using the modified National Cholesterol 

Education Program (NCEP) ATP III criteria’, which include abdominal obesity, high 

triglycerides, low HDL cholesterol, elevated blood pressure, and insulin resistance. 

The sample size was determined using a formula to detect significant differences in insulin 

resistance markers, with 80% power and a 5% significance level. Based on previous studies 

that demonstrated a moderate effect size for zinc supplementation on insulin resistance and 

inflammation, the required ‘sample size was’ calculated, 100 individuals (each group had 50). 

The inclusion criteria: Children aged 8-12 years diagnosed with metabolic syndrome, No 

prior history of zinc supplementation in the past six months, No chronic medical conditions 

such as diabetes, cardiovascular disease, or genetic disorders and Parental consent obtained 

for participation 

The exclusion criteria are children with pre-existing chronic illnesses or those taking 

medications that could affect zinc absorption or metabolism, Children with zinc allergies or 

intolerance, and Incomplete data or non-adherence to study protocol 

Baseline data were collected, including fasting blood glucose, lipid profile, waist 

circumference, and blood pressure. Blood samples were drawn ‘to assess insulin resistance 

using the Homeostasis Model Assessment of Insulin Resistance (HOMA-IR)’. In our study, 

insulin resistance was assessed using the Homeostatic Model Assessment of Insulin 

Resistance (HOMA-IR), a validated method to estimate insulin resistance from fasting 

glucose and insulin levels. The calculation of HOMA-IR is performed using the following 

formula:  

HOMA-IR=(Fasting Blood Sugar (FBS, mg/dL)×Fasting Insulin (μU/mL)) 

                                                         405 

To ensure accurate assessment of insulin resistance, both Fasting Blood Sugar (FBS) and 

fasting insulin levels were measured in all participants. Oxidative stress markers, including 

malondialdehyde (MDA) and glutathione (GSH), were measured. ‘Inflammatory markers, 

including C-reactive protein (CRP) and interleukin-6 (IL-6)’, were also analysed. 

Participants in the intervention group received 10 mg of zinc sulfate daily for 6 months. The 

control group was given a placebo capsule that appeared identical to the treatment capsule. 

Both groups were instructed to take the supplements with food. Compliance was monitored 

through weekly check-ins and by collecting unused supplements at the end of the trial. 

After 6 months, fasting blood samples were collected again to reassess insulin resistance, 

oxidative stress markers, and inflammatory cytokines. All blood samples were processed 

within 2 hours of collection, and serum was stored at -80°C for further analysis. The 

laboratory tests were conducted using standardized commercial kits for glucose, lipids, CRP, 

IL-6, MDA, and GSH. 

Data were analysed using SPSS version 26. Descriptive statistics were calculated for baseline 

characteristics. Paired t-tests were used to assess within-group differences before and after 
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the intervention, and independent t-tests were conducted to evaluate differences between the 

groups, with a p-value of <0.05 indicating statistical significance. 

 

Results 

The baseline characteristics of the participants in the Zinc and Placebo groups were generally 

comparable. Both groups had nearly identical mean ages (9.5 ± 1.2 years in the Zinc group 

vs. 9.4 ± 1.1 years in the Placebo group) and body mass index (BMI) values (25.2 ± 3.1 vs. 

25.0 ± 3.0), indicating similar age and body composition at the start of the study. 

Additionally, the waist circumference, a marker of central obesity, was also similar between 

the groups (88.4 ± 6.5 cm in the Zinc group and 88.1 ± 6.8 cm in the Placebo group). 

In terms of blood pressure, both systolic (115 ± 9.5 mmHg vs. 114 ± 8.2 mmHg) and 

diastolic (75 ± 6.1 mmHg vs. 76 ± 6.0 mmHg) values were comparable between the Zinc and 

Placebo groups, further indicating no significant differences in cardiovascular health at 

baseline. 

Regarding metabolic parameters, the fasting blood sugar (FBS) levels were almost identical 

in both groups (100 ± 8 mg/dL in the Zinc group vs. 98 ± 7 mg/dL in the Placebo group), as 

were the fasting insulin levels (12.2 ± 2.3 µIU/mL vs. 12.0 ± 2.1 µIU/mL). As a result, the 

HOMA-IR values, which measure insulin resistance, were similar between the groups (3.2 ± 

0.5 in the Zinc group and 3.1 ± 0.6 in the Placebo group), suggesting that the participants had 

comparable levels of insulin sensitivity and metabolic function at the start of the study. 

Lastly, the C-reactive protein (CRP), a marker of inflammation, showed little difference 

between the Zinc (4.1 ± 1.0 mg/L) and Placebo groups (4.0 ± 0.9 mg/L), as did the 

interleukin-6 (IL-6) levels (3.8 ± 1.1 pg/mL in the Zinc group vs. 3.9 ± 1.2 pg/mL in the 

Placebo group). These similarities in inflammatory markers indicate no major differences in 

baseline inflammation between the groups. 
 

Table 1: Baseline Characteristics of Participants 

Characteristics Zinc Group (n=50) Placebo Group (n=50) 

Age (years) 9.5 ± 1.2 9.4 ± 1.1 

Body Mass Index (BMI) 25.2 ± 3.1 25.0 ± 3.0 

Waist Circumference (cm) 88.4 ± 6.5 88.1 ± 6.8 

Systolic BP (mmHg) 115 ± 9.5 114 ± 8.2 

Diastolic BP (mmHg) 75 ± 6.1 76 ± 6.0 

Fasting Blood Sugar (mg/dL) 100 ± 10.4 98 ± 9.8 

Fasting Insulin (µIU/mL) 12.2 ± 1.5 12.0 ± 1.4 

HOMA-IR 3.2 ± 0.5 3.1 ± 0.6 

CRP (mg/L) 4.1 ± 1.0 4.0 ± 0.9 

IL-6 (pg/mL) 3.8 ± 1.1 3.9 ± 1.2 

MDA (nmol/mL) 2.5 ± 0.4 2.6 ± 0.5 

GSH (µmol/mL) 7.8 ± 1.3 7.6 ± 1.2 

 

After 6 months of zinc supplementation, there were significant improvements in insulin 

resistance and inflammatory markers in the Zinc group compared to the Placebo group. 
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HOMA-IR: A notable decrease in insulin resistance in the zinc group (from 3.2 to 2.6), while 

the placebo group showed no change. This suggests that zinc plays a beneficial role in 

improving insulin sensitivity among children with metabolic syndrome. 

CRP: A significant reduction in C-reactive protein (CRP), a marker of inflammation, was 

observed in the zinc group (from 4.1 to 2.9 mg/L), indicating that zinc has anti-inflammatory 

properties. The placebo group did not show any reduction in CRP levels. 

IL-6: Similarly, interleukin-6 (IL-6), another marker of inflammation, decreased significantly 

in the zinc group (from 3.8 to 2.5 pg/mL), further supporting the anti-inflammatory effect of 

zinc. No notable changes were detected in the placebo group. 
 

Table 2: Changes in Insulin Resistance and Inflammatory Markers After 6 months 

Markers Zinc Group Placebo Group 

HOMA-IR 2.6 ± 0.3* 3.1 ± 0.5 

CRP (mg/L) 2.9 ± 0.6* 4.0 ± 0.8 

IL-6 (pg/mL) 2.5 ± 0.8* 3.9 ± 1.0 

*Significant at p<0.05 

 

Zinc supplementation also led to significant improvements in oxidative stress markers: 

Malondialdehyde (MDA): The zinc group showed a significant reduction in MDA levels 

(from 5.3 to 4.8 nmol/L), indicating a decrease in lipid peroxidation and oxidative stress. 

MDA levels remained unchanged in the placebo group, suggesting no reduction in oxidative 

damage without zinc supplementation. 

Glutathione (GSH): GSH, an antioxidant enzyme, increased significantly in the zinc group 

(from 50.0 to 52.3 U/mL), suggesting enhanced antioxidant capacity. In contrast, here were 

no significant variations in GSH levels detected in other group.  
 

Table 3: Changes in Oxidative Stress Markers After 6 months 

Markers Zinc Group Placebo Group 

MDA (nmol/L) 4.8 ± 0.9* 5.3 ± 0.8 

GSH (U/mL) 52.3 ± 6.7* 50.0 ± 7.1 

*Significant at p<0.05 
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Figure 1: Percentage Reduction in Markers After Zinc Supplementation (HOMA-IR, 

CRP, IL-6, MDA) showing the percentage reduction in key markers (HOMA-IR, CRP, IL-6, 

and MDA) after zinc supplementation over 6 months for both the Zinc group and Placebo 

group. As depicted, the Zinc group shows significant reductions, while the Placebo group 

shows no change. 

 

Discussion 

The results of this study indicate that zinc supplementation has a positive impact on ‘insulin 

resistance, oxidative stress, and inflammation among prepubescent children with metabolic 

syndrome’. This finding supports previous evidence suggesting that zinc, through its 

antioxidant properties, plays a crucial role in metabolic health.10 11 

Studies conducted in developed countries, such as one from the United States, demonstrated 

significant improvements in insulin resistance and inflammatory markers following zinc 

supplementation in overweight adolescents.12 13 in accordance to study, reports  20% decrease 

in HOMA-IR levels and significant decreases in CRP and IL-6 levels after 6 months of zinc 

supplementation.13 14 This highlights the potential of zinc as a therapeutic option for 

managing metabolic syndrome in children. 

In contrast, a study observed no significant improvements in insulin sensitivity after zinc 

supplementation, which could be linked to variations in study population, ‘dietary habits, and 

baseline zinc status’.15 16 These discrepancies underscore the need for more region-specific 

research to evaluate the effectiveness of zinc supplementation across diverse populations. 

Our study also aligns with findings, where children with metabolic syndrome demonstrated 

reduced oxidative stress following zinc supplementation.17 The reduction in MDA levels 

observed in our study further confirms the antioxidative effects of zinc, which may alleviate 

oxidative damage contributing to insulin resistance and inflammation. 

While international researches had explored the impact of zinc, metabolic syndrome, there is 

a lack of studies on this topic in South Asian region.18  In Pakistan have focused on 

micronutrient deficiencies but have not specifically addressed zinc's role in metabolic 

syndrome.19 20 Given the high prevalence of childhood obesity and metabolic disorders in 

Pakistan, our study fills an important gap in the literature. 

One key strength of our study is its randomized, double-blind, placebo-controlled design, 

which minimizes bias and ensures robust data. The study’s focus on prepubescent children, a 

population that has been relatively understudied in metabolic syndrome research, also adds 

novelty to our findings. 

Moreover, the study population was restricted to a particular geographic region, potentially 

limiting the generalizability of the results. Variations in dietary zinc intake and baseline zinc 

levels across different regions could influence the outcomes of supplementation. Future 

research should aim to include more diverse populations and assess zinc supplementation in 

combination with lifestyle modifications such as diet and exercise. 

Our findings suggest that zinc supplementation can serve as a complementary therapy in the 

treatment. of metabolic syndrome in youngsters. However, More research is required to 

examine the appropriate dosing, length of treatment, and enduring benefits of zinc 

intervention in pediatric populations. Given the rising prevalence of metabolic syndrome in 



Dr Ali Muhammad Hur /Afr.J.Bio.Sc. 6(15) (2024)                                  Page 8866 to 10 
 
 

both developed and developing countries, zinc could play a key role in early interventions 

aimed at mitigating the health risks associated with this condition. 

 

Conclusion 

Zinc supplementation notably enhances indicators of ‘insulin resistance, oxidative stress, and 

inflammation in prepubescent children with metabolic syndrome’. These results advocate for 

the inclusion of zinc as a complementary treatment in the management of metabolic 

syndrome among pediatric populations. Nonetheless, additional research is required to 

identify the ideal dosage, long-term effects, and broader applicability of these results." 
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