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Abstract 
Background: Diabetes mellitus is associated with impaired 

immune function and increased susceptibility to 

infections, with oxidative stress and inflammation playing 

significant roles in disease progression. Micronutrient 

deficiencies, particularly in antioxidants, are common 

among diabetic patients and may exacerbate these 

complications. This study aimed to evaluate the impact of 

antioxidant vitamin supplementation on oxidative stress, 

inflammation, and infection frequency in diabetic 

patients. Methods: This randomized, placebo-controlled 

study enrolled diabetic patients from multiple centers and 

assigned them to either a supplementation group 

receiving specific doses of vitamins (including vitamins C, 

E, and B complex) or a placebo group. Baseline data 

included demographic, clinical, and biochemical 

characteristics. Plasma antioxidant levels, inflammatory 

markers, and infection frequencies were assessed at 

baseline, three months, and twelve months for long-term 

effects. Statistical analyses compared group differences 

over time and assessed the association between  

 
 

 

 

 

 

 

 
 

 

 

 

 

 

 

  

supplementation and clinical outcomes. Results: At three 

months, patients in the supplementation group showed 

significant increases in plasma antioxidant levels and 

reductions in inflammatory markers compared to the 

placebo group (p < 0.05). Frequencies of infections over 

the initial three-month period were lower in the treatment 

group (15%) compared to the placebo (25%) (p < 0.05). 

Over the twelve-month follow-up, infection rates 

continued to be lower in the treatment group (20% vs. 

30%), indicating a sustained effect of supplementation on 

infection risk in diabetic patients. Conclusion: Antioxidant 

vitamin supplementation in diabetic patients significantly 

improved plasma antioxidant levels, reduced 

inflammatory markers, and was associated with a lower 

incidence of infections over both short and long-term 

follow-ups.  
Keywords: Vitamin supplementation, diabetes mellitus, antioxidants, 
inflammatory markers, infection rates 

 
1. Introduction 

Type 2 diabetes mellitus (T2DM) is a complex metabolic disorder 
that involves an intricate interplay of macronutrient and 
micronutrient imbalances, impacting energy metabolism and 
cellular function. A defining characteristic of T2DM is oxidative 
stress, resulting from an imbalance between reactive oxygen species 
(ROS) and the body’s antioxidant defenses. This imbalance 
underscores the essential role of antioxidant micronutrients in 
managing diabetes and its complications, as they can mitigate   
  
 
 
 
 
 
 
 
 

Significance | Vitamin supplementation improved plasma 
antioxidants, reduced inflammation, and lowered infection rates in 
diabetic patients, highlighting potential benefits in managing diabetes 
complications. 
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oxidative    damage    to  cells    and   tissues (Valerius et al., 1982). 
Although non-antioxidant vitamins also influence diabetic 
outcomes, their precise impact remains less clear and warrants 
further investigation (Gallacher et al., 1995). 
India, in particular, has witnessed a surge in T2DM prevalence over 
recent decades, largely attributed to rapid urbanization, dietary 
transitions, and sedentary lifestyles. Today, the country ranks 
second globally in diabetes cases, illustrating the pervasive influence 
of modern lifestyle shifts on health (Jeon & Murray, 2008). Diabetic 
patients experience compromised immune function, with altered 
neutrophil activity, impaired cellular immunity, and diminished 
complement activation, leaving them susceptible to infections. The 
weakened immune response in T2DM patients is often exacerbated 
by deficiencies in essential micronutrients, such as ascorbic acid 
and B vitamins, which are vital for both immune and metabolic 
functions (Chandra, 1991). 
Despite the growing body of research on micronutrient status and 
immune function in diabetic populations globally, studies in India 
examining the effects of dietary supplementation on infection risk 
in diabetic patients remain scarce. Evidence from other regions 
suggests that micronutrient deficiencies could contribute to 
impaired immunity and increased susceptibility to infections 
among diabetic individuals (Golden et al., 1999). For instance, while 
B vitamins have shown promise in diabetes management, specific 
recommendations for multivitamin supplementation lack robust 
support. Research emphasizes the importance of obtaining these 
nutrients from a balanced diet to prevent deficiencies, given the 
potential risks associated with over-supplementation, such as 
toxicity (Pomposelli et al., 1998). 
Furthermore, vitamin B12 deficiency is notably prevalent in 
diabetic patients, particularly those on long-term metformin 
therapy. Studies highlight the benefits of B12 supplementation in 
reducing neuropathy risk, a common complication in T2DM, 
underscoring its essential role in nerve function and overall 
metabolic health (Valerius et al., 1982; Gallacher et al., 1995). 
However, the association between micronutrient intake and 
infection risk in T2DM patients remains complex and 
multidimensional, suggesting that further research is essential to 
establish evidence-based guidelines on micronutrient 
supplementation in diabetes management. 
1.1 Immunity and Risk of Infection in Diabetic Patients 
Patients with T2DM are predisposed to immune dysfunction, 
affecting all stages of polymorphonuclear neutrophil output and 
diminishing leukocyte functionality, particularly under acidic 
conditions that impair adherence, chemotaxis, and phagocytosis 
(Valerius et al., 1982; Gallacher et al., 1995). This compromised 
immune response, coupled with oxidative stress, reduces 
bactericidal activity, leaving diabetic individuals  
 

vulnerable to severe infections. Consequently, mortality rates are 
higher in T2DM patients compared to non-diabetics, largely due to 
macrovascular and microvascular complications (Golden et al., 
1999). A sixfold increase in infection-related mortality has been 
reported among diabetic patients, highlighting their heightened 
susceptibility to bacterial infections, including severe conditions 
such as necrotizing fasciitis and Candida infections (Chandra, 
1991). 
Diabetes mellitus also increases tuberculosis risk, although no 
direct association with Mycobacterium avium subspecies 
paratuberculosis has been identified among T2DM patients in 
specific populations (Jeon & Murray, 2008). Additionally, 
hyperglycemia in the postoperative period is linked to elevated 
infection rates and prolonged hospital stays, further underscoring 
the need for effective glycemic control in diabetic patients 
undergoing surgery (Pomposelli et al., 1998). While studies indicate 
a significant correlation between blood glucose regulation and 
infection risk, research on the role of specific micronutrient 
supplementation in mitigating these risks is still evolving. 
1.2 Vitamin B Group and Diabetes 
The B vitamin group plays an essential role in various cellular 
processes, including metabolism, energy production, and nervous 
system functioning. For individuals with diabetes, increased 
urination, a common side effect of elevated blood glucose levels, 
may lead to greater losses of B vitamins (Ahn et al., 2011). Although 
B vitamins are often promoted for benefits like stress reduction, 
enhanced energy, and metabolic support, clinical evidence 
supporting these effects, especially in diabetic populations, remains 
limited (Valerius et al., 1982). Among their important functions, B 
vitamins help regulate homocysteine levels, which is critical since 
elevated homocysteine is associated with increased cardiovascular 
risks in diabetics; however, the clinical implications of 
homocysteine reduction are still under debate (Movva et al., 2011). 
Thiamine (B1) is especially important for carbohydrate metabolism 
and energy production, processes that are often compromised in 
diabetes. Studies have shown that diabetics tend to have lower 
thiamine levels, which has been linked to markers of vascular 
disease. Supplementation with thiamine and pyridoxine (B6) has 
demonstrated positive effects on diabetic neuropathy and pain 
management (Manzetti et al., 2014; Ahn et al., 2011). Moreover, 
benfotiamine, a synthetic and fat-soluble form of thiamine, is more 
readily absorbed than its water-soluble counterpart and may 
provide vascular protection against high blood glucose levels, 
although its safety at high doses requires further research (Bruyère 
et al., 2014). 
Niacin (B3) is involved in energy production and lipid metabolism. 
Known for its cholesterol-lowering properties,  
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niacin has shown potential to improve lipid profiles and slow 
atherosclerosis progression in diabetes. However, high doses can 
lead to flushing and liver complications, a concern given that 
diabetic patients frequently have elevated liver enzymes (Sazonov et 
al., 2013). Therefore, niacin supplementation in diabetes should be 
closely monitored by healthcare professionals to prevent adverse 
effects. 
Biotin (B8), another key B vitamin, aids in carbohydrate and fat 
metabolism. Some studies have suggested that biotin 
supplementation, particularly when combined with chromium 
picolinate, may benefit blood glucose control and lipid metabolism 
in diabetic patients (Rafighi et al., 2013). Although the evidence is 
promising, more research is necessary to clarify biotin’s therapeutic 
potential in diabetes management. 
Cobalamin (B12) is essential for nervous system health and cellular 
reproduction. Deficiency of B12 is common among individuals on 
metformin, a first-line medication for type 2 diabetes, and is 
associated with elevated homocysteine levels and neuropathy. 
Supplementation with B12 has been shown to effectively manage 
diabetic peripheral neuropathy (Gallacher et al., 1995; Rees et al., 
2010). 
In summary, while B vitamins are essential for overall health and 
particularly relevant in diabetes management, supplementation 
should be undertaken with caution and medical guidance. High 
doses of some B vitamins may lead to adverse effects, and individual 
needs should be assessed to prevent deficiencies without risking 
toxicity (Cuerda et al., 2011). 
 
2. Literature Review 
Diabetes mellitus (DM), first identified as a distinct disease around 
3000 years ago by ancient civilizations in Egypt and India, displays 
symptoms similar to the modern clinical understanding of diabetes 
(Frank, 1957). The term "diabetes" originates from a Greek word 
meaning "to siphon" or "to pass through," while "mellitus," a Latin 
term meaning "honeyed" or "sweet," references the disease’s 
characteristic symptom of excess sugar in blood and urine, noted in 
Britain in 1776 (Ahmed, 2002; Reece & Homko, 1998). Today, 
diabetes is understood as a metabolic disorder marked by 
hyperglycemia due to impaired insulin secretion or action, which 
can lead to complications in organs such as the eyes, kidneys, 
nerves, and cardiovascular system (Alberti et al., 1998). 
Diabetes mellitus is classified into three main types based on 
etiology and clinical presentation: Type 1 diabetes mellitus 
(T1DM), characterized by autoimmune destruction of insulin-
producing cells; Type 2 diabetes mellitus (T2DM), involving insulin 
resistance and relative insulin deficiency; and gestational diabetes 
mellitus (GDM), defined as glucose  
 

intolerance first detected during pregnancy. Additionally, diabetes 
may be induced by other conditions or medications, including 
genetic syndromes, surgeries, malnutrition, infections, and 
corticosteroids (Narayan et al., 2006; Jamison et al., 2006; Whiting 
et al., 2011). T2DM risk factors can be categorized as non-
modifiable (age, genetics, race, and ethnicity) and modifiable (diet, 
physical activity, and smoking habits) (WHO, 2000; Shaw et al., 
2010). 
2.1 Physical Activity and Lifestyle 
Research consistently links physical inactivity with an elevated risk 
of developing T2DM (Shaw et al., 2010). For example, a significant 
study involving over a thousand nondiabetic Pima Indians, a group 
with a high diabetes risk, showed that after six years, individuals 
with lower physical activity levels had higher diabetes incidence 
across all BMI categories (Weinstein et al., 2001). Physical activity 
mitigates T2DM risk by enhancing insulin sensitivity, a key factor 
in glucose intolerance driven by insulin resistance. The U.S. 
Department of Health and Human Services highlighted in 2015 that 
physical activity can significantly improve insulin sensitivity, 
delaying or even preventing the need for insulin therapy in T2DM 
(Davies et al., 2003). Moreover, physical activity boosts glucose 
uptake into cells by increasing muscle blood flow during exercise, 
thus promoting glucose transport into muscle cells (Charokopou et 
al., 2015). Another benefit of regular physical activity is its impact 
on reducing intra-abdominal fat, a key factor in insulin resistance, 
as it is inversely related to intra-abdominal fat distribution and 
overall body fat stores. Lifestyle and environmental factors are thus 
major contributors to the global rise in T2DM (Tucker & Palmer, 
2011; Cole et al., 1998). 
2.2 Relation Between Diet and Type 2 DM 
The relationship between diet and Type 2 diabetes mellitus (T2DM) 
has been noted historically, with early Indian observations linking 
the disease predominantly to affluent individuals consuming 
excessive amounts of oils, flour, and sugar (Seidell, 1998). During 
the World Wars, food shortages in European nations, such as 
Germany, correlated with reduced diabetes mortality rates, a trend 
not observed in countries like Japan and North America where food 
availability remained stable (Lumey & Van Poppel, 1994; Khatib, 
2004). Research offers varying results regarding the role of specific 
nutrients, such as carbohydrates, fats, and sugars, in T2DM risk. 
Some studies identify a positive correlation between high sugar 
intake, especially from soft drinks, and the prevalence of obesity and 
diabetes, while findings on dietary fats and carbohydrates have been 
inconclusive (Ludwig et al., 2001). 
Notably, high fructose corn syrup, commonly found in soft drinks, 
is associated with elevated blood glucose levels and BMI, whereas 
diet soft drinks may increase insulin resistance  
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due to glycated chemicals (Amin et al., 2008). Diet composition—
specifically, increased consumption of red meats, sweets, and fried 
foods—correlates with a heightened risk of T2DM, while a diet rich 
in vegetables offers protective benefits due to their high fiber, 
nutrient, and antioxidant content. Recent research in Japanese 
women highlights that high white rice consumption may also 
increase T2DM risk, underscoring the importance of promoting 
balanced diets to curb the rise of T2DM (Amin et al., 2008). 
2.3 Vitamins and Type 2 Diabetes Mellitus 
Micronutrient status, especially vitamin levels, plays a critical role 
in T2DM management and complications. Antioxidants are 
essential for maintaining a balance between free radicals and 
antioxidant defenses, which is crucial in diabetes management 
(Zatalia & Sanusi, 2017). Vitamin A affects metabolic processes 
such as immune response and lipid metabolism, with studies 
indicating that both retinol and retinol-binding protein-4 (RBP4) 
impact insulin sensitivity and lipid profiles; altered levels of vitamin 
A have been noted in diabetic patients, suggesting a possible link to 
diabetes complications (Manolescu et al., 2009). 
B vitamins, particularly thiamine (B1) and pyridoxine (B6), are 
important for energy metabolism and nerve function. Thiamine 
supplementation shows potential in managing diabetic 
nephropathy, while pyridoxine may influence glucose metabolism, 
though its direct association with T2DM remains unclear (Manzetti 
et al., 2014; Ahn et al., 2011). Niacin (B3), which significantly 
impacts lipid metabolism, presents complex effects on diabetes 
management, while biotin and cobalamin (B12) are crucial in 
metabolic pathways, with B12 deficiency linked to neuropathy in 
patients taking metformin (Sazonov et al., 2013; Movva et al., 2011). 
Vitamin C levels are inversely related to glycemic control and 
oxidative stress in diabetics, with supplementation potentially 
beneficial for complications such as periodontitis (Rafighi et al., 
2013). Vitamin D is known to influence insulin secretion and 
sensitivity; however, studies on supplementation show mixed 
results in relation to glycemic control and diabetes complications 
(Bruyère et al., 2014). Vitamin E, another potent antioxidant, has 
shown varied effects on oxidative stress markers and cardiovascular 
complications in T2DM patients (Shearer et al., 2012). 
Vitamin K, especially menaquinones (K2), has been linked to 
improved insulin sensitivity and reduced T2DM risk (Rees et al., 
2010). Studies on multivitamin supplementation offer mixed 
results, with some evidence indicating benefits in micronutrient 
levels and infection rates among diabetics, while other findings 
reveal no significant impact on diabetes management (Cuerda et al., 
2011). Overall, vitamins play significant roles in T2DM and its 
complications, although the effects of supplementation require 
further investigation to elucidate their benefits and risks within 
diabetic populations. 
 

3. Methodology 
3.1 Study Summary and Rationale 
This study's comprehensive approach—including recruitment, 
randomized intervention, detailed assessments, and rigorous data 
handling—enabled a robust examination of the effects of B-group 
vitamins and antioxidants on the health of T2DM patients. 
Through carefully controlled procedures and a commitment to 
high standards of data integrity, the findings provided a meaningful 
contribution to understanding and managing the nutritional needs 
and infection risks associated with T2DM. 
This study conducted an in-depth experimental investigation into 
the effects of B-group vitamins and antioxidants on immunity, 
infection risk, and nutritional status in individuals with Type 2 
Diabetes Mellitus (T2DM). Using both primary and secondary 
data, the research aimed to determine whether supplementation 
could enhance antioxidant levels, improve vitamin status, and 
reduce infection susceptibility among T2DM patients. Secondary 
data were sourced from extensive literature reviews, including 
journal articles, while primary data were gathered from direct 
interaction with diabetic patients and consultations with medical 
professionals specializing in diabetes care. 
3.2 Study Hypotheses and Objectives 
The study hypothesized that T2DM patients, who often experience 
compromised immune function, could benefit from B-group 
vitamins and antioxidant supplementation. Specifically, it proposed 
that these supplements would increase patients' vitamin and 
antioxidant levels, thereby strengthening immune responses and 
lowering the incidence of infections. The research focused on 
community-dwelling T2DM patients and employed a rigorous 
randomized, double-blind, placebo-controlled trial to test this 
hypothesis (Figure 1). 
3.3 Study Population and Recruitment 
The study population included adult T2DM patients aged 18 and 
older, recruited from the Kerala Institute of Medical Sciences and 
Hospital, which serves a broad demographic in Kerala. Exclusion 
criteria were established to ensure the safety and validity of the 
study, excluding individuals with severe chronic diseases, 
psychiatric conditions, enrollment in other intervention studies, 
those on dietary supplements, or individuals unable to provide 
informed consent. This selective recruitment approach maintained 
a homogeneous sample, reducing variables that could influence 
immune response or infection risk outside of the study parameters. 
3.4 Ethical Approval and Consent Process 
Ethical approval was obtained from the relevant ethics committee 
before study initiation, ensuring adherence to ethical standards for 
research involving human participants. All participants underwent 
an informed consent process, during which the study’s objectives, 
procedures, potential risks, and benefits were thoroughly explained. 
Participants provided written consent, signifying their 
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understanding and willingness to participate. This ensured that 
participants were fully informed and voluntarily agreed to the study 
requirements, enhancing the study’s ethical integrity. The study was 
conducted in accordance with the ethical guidelines of the Faculty 
of Medical & Health Sciences at Liwa College, Al Ain, Abu Dhabi, 
United Arab Emirates. 
3.5 Study Design and Intervention 
The study employed a randomized, double-blind, placebo-
controlled design to minimize bias and ensure that neither 
participants nor researchers knew the group assignments of 
participants. Participants were randomly assigned to two groups: 
one group received a daily capsule containing antioxidant vitamins 
(221 mg of vitamin E and 167 mg of vitamin C) and B-group 
vitamins (1.67 mg folic acid, 1.67 mg vitamin B2, 20 mg vitamin B6, 
and 0.134 mg vitamin B12) for a period of 90 days, while the other 
group received a placebo (Table 1). 
The intervention capsules were carefully designed to be 
indistinguishable from the placebo, ensuring that neither 
participants nor study personnel (doctors, researchers, and nurses) 
could differentiate between the two groups. This maintained the 
double-blind nature of the trial, reducing potential biases in 
behavior or outcomes based on treatment knowledge. Standard care 
procedures remained unchanged for both groups, providing a 
stable healthcare environment against which the effects of 
supplementation could be measured. 
3.6 Baseline and Follow-up Assessments 
Baseline assessments included a 10 mL fasting blood sample from 
each participant to evaluate initial levels of antioxidants, B-group 
vitamins, and other relevant nutritional and biochemical markers. 
Additionally, anthropometric data, such as body weight, BMI, and 
waist circumference, were recorded using a Tanita body 
composition analyzer and flexible tape measures. Blood pressure 
and lipid profile measurements were also collected as part of the 
initial assessment. 
Follow-up assessments occurred at 3 and 12 months post-
intervention. At the 3-month mark, blood samples were analyzed to 
assess changes in antioxidant and vitamin levels, and participants’ 
dietary intake, physical activity, and infection occurrences were 
reviewed. Participants were asked to maintain diaries to record any 
infections, including symptoms and duration of illness, to provide 
detailed infection tracking.  
Nutritional assessments included dietary intake of fruits and 
vegetables, measured through a semi-quantitative food frequency 
questionnaire, and physical activity, gauged by noting the frequency 
and duration of activities that induced sweating or breathlessness. 
3.7 Statistical Analysis and Sample Size Calculation 
Sample size calculations indicated that enrolling approximately 96 
patients would provide sufficient statistical power to detect 
significant differences in plasma vitamin C concentrations between 

the treatment and control groups. Statistical analysis was conducted 
using repeated measures ANOVA, adjusted for demographic and 
diabetes-related factors, with a significance level of p < 0.05. This 
approach enabled the detection of time-related changes within and 
between groups, allowing for a comprehensive understanding of the 
impact of the supplementation. 
3.8 Quality Control and Data Integrity 
The study emphasized strict quality assurance and data accuracy. 
Double data entry was implemented to ensure the consistency and 
reliability of the information collected, with regular audits 
conducted on randomly selected data entries to confirm the high 
accuracy rate. These steps were intended to enhance the integrity of 
the dataset, minimize errors, and ensure that any findings were 
robust and replicable. 
3.9 Safety and Efficacy of Supplementation 
A review of the literature confirmed the safety of the vitamin levels 
used in the intervention, with no adverse effects observed in 
previous studies administering even higher doses. This reassured 
that the supplementation posed minimal risk to participants. The 
supplementation’s efficacy was evaluated based on the observed 
changes in antioxidant capacity, vitamin status, and infection rates 
within the treatment group compared to the placebo group. 
3.10 Expected Outcomes and Implications 
This study aimed to clarify whether antioxidant and B-group 
vitamin supplementation had a beneficial impact on the nutritional 
status, immune function, and infection rates in T2DM patients. By 
assessing changes in biochemical markers, infection frequency, and 
overall health status, the research sought to contribute valuable 
insights into dietary strategies that might improve quality of life for 
individuals with T2DM. If the findings supported the hypothesis, 
the study could advocate for broader clinical recommendations on 
the inclusion of vitamin supplements as part of T2DM 
management, potentially influencing dietary guidelines and public 
health policies. 
 
4. Results and Discussion 
This study explored the impact of antioxidant and B-group vitamin 
supplementation on vitamin status, inflammation, and infection 
rates in individuals with Type 2 Diabetes Mellitus (T2DM). Results 
demonstrated beneficial effects on certain vitamin levels and 
inflammatory markers, although the effect on infection rates was 
limited. 
4.1 Vitamin Levels 
The intervention group experienced significant increases in plasma 
vitamin E and serum folate levels compared to the placebo group, 
suggesting that antioxidant and B-group vitamin supplementation  
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Table 1. Vitamin concentrations used in the study intervention. This table lists the vitamins provided to the treatment group, with 
specific concentrations administered to each subject in the study. 

Ingredients in decreasing weight Order Input per Capsule 
in mg 

Capusle 

Vitmin E Powder Natural 
(Covitol l 210 EU) 

221.000 Vitamin E 
 

Vitmin C- Ascorbic Acid 167.000 Vitamin C 
 

Capsule- size 0- HPMC- 
white/white 
 

96.000 Capsule shell  
( Hydroxypropylmethyl 
cellulose, hydroxypropylcellulose, 
propylene glycol as stabilizer, color Titanium dioxide) 

MICR Crystalline 
Cellulose 

97.000 As filling agent 
 

Pyri Doxine 
Hydrochloride 

20.580 Vitamin B6 
 

Mgnesium Stearate 
 

7.946 as flow and release agent 

Riboflavin 1.670 Vitamin B2 
Folic Acid 1.670 Folic acid 
Cyanocobalamin 0.134 Vitamin B 12 

 
 
Table 2. Baseline characteristics of study participants and observed effects of vitamin supplementation. The table summarizes 
demographic, clinical, and biochemical data collected at baseline, as well as the effect of supplementation on selected markers at the 
study endpoint. 

Characteristic/Marker Placebo Group (n=50) Supplement Group (n=50) P-Value 
Vitamin C (mg/L) Baseline: 23.8<br>3 

Months: 19.5 
Baseline: 33.00<br>3 Months: 
18.9 

Baseline: 0.913 

Vitamin E (mg/L) Baseline: 7.3<br>3 Months: 
7.6 

Baseline: 8.6<br>3 Months: 11.4 Baseline: 0.006 

Folate (nmol/L) Baseline: 18.2<br>3 
Months: 18.7 

Baseline: 18.95<br>3 Months: 
32.4 

Baseline: 0.001 

B12 (pmol/L) Baseline: 236<br>3 Months: 
227 

Baseline: 179<br>3 Months: 252 Baseline: 0.001 

Homocysteine (mmol/L) Baseline: 10.3<br>3 
Months: 10.7 

Baseline: 12.7<br>3 Months: 11.5 Baseline: 0.657 

IL6 (pg/mL) Baseline: 3.42<br>3 
Months: 5.40 

Baseline: 2.49<br>3 Months: 3.35 Baseline: 0.023 

TNFα (pg/mL) Baseline: 1.26<br>3 
Months: 1.15 

Baseline: 1.66<br>3 Months: 0.96 Baseline: 0.204 

CRP (mg/L) Baseline: 11.6<br>3 
Months: 15.1 

Baseline: 10.1<br>3 Months: 8.4 Baseline: 0.205 

 

 
Figure 1. Flow diagram depicting enrolment, allocation, treatment, and follow-up of study patients, showing participant distribution 
through each stage of the study. 
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Figure 2. Comparative analysis of baseline and three-month plasma levels of antioxidants and inflammatory markers between the 
intervention and placebo groups. Mean values with standard deviations are shown for each marker to illustrate group differences 
over time. 
 
 

 
Figure 3. Plasma antioxidant levels and inflammatory markers at baseline and after three months in the supplement group. Results 
are presented as mean values ± standard deviation, highlighting the changes observed within the supplementation group over the 
study period. 
 
 
 

 
Figure 4. Frequency of infections over three months in diabetic subjects, comparing treatment and placebo groups. Incidences are 
displayed as proportions to illustrate infection occurrence in each group during the short-term intervention. 
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Figure 5. Frequency of infections over a 12-month follow-up period in diabetic subjects, comparing treatment and placebo groups. 
Data are presented as percentages to capture the long-term effects of supplementation on infection rates. 
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can positively impact vitamin status in T2DM patients (Table 2). 
This result aligns with previous findings that vitamin 
supplementation, particularly with vitamins E and C, can enhance 
antioxidant capacity in diabetic individuals, possibly helping to 
mitigate oxidative stress, a known contributor to diabetes 
complications (Zatalia & Sanusi, 2017; Rafighi et al., 2013). 
Improving vitamin E and folate levels is particularly noteworthy 
because both play key roles in managing oxidative stress. Vitamin 
E, a fat-soluble antioxidant, helps protect cells from oxidative 
damage by neutralizing free radicals (Zatalia & Sanusi, 2017). 
Folate, meanwhile, is essential for homocysteine metabolism, an 
important factor given that elevated homocysteine levels are 
associated with increased cardiovascular risk in T2DM patients 
(Movva et al., 2011). These findings underscore the potential value 
of targeted vitamin supplementation for enhancing antioxidant 
status and nutritional health in diabetic populations. 
4.2 Inflammatory Markers 
The study observed a reduction in inflammatory marker IL-6 in the 
supplement group, suggesting an anti-inflammatory benefit of 
supplementation. Elevated IL-6 levels are often seen in T2DM and 
are associated with increased risks of complications such as 
cardiovascular disease and infection (Ahn et al., 2011) (Figure 2, 
Figure 3). Previous studies have reported that antioxidants, 
including vitamins C and E, may reduce inflammation, which 
supports these findings. For example, Manolescu et al. (2009) noted 
that antioxidant vitamins reduce inflammatory markers in diabetic 
patients, potentially improving metabolic health. 
The observed reduction in IL-6 provides preliminary evidence that 
supplementation with B-group vitamins and antioxidants may 
support immune modulation in T2DM. However, further research 
with larger sample sizes is needed to confirm these findings and to 
explore potential mechanisms by which specific vitamins influence 
inflammatory pathways in T2DM patients. 
4.3 Infection Rates 
Infection rates showed a trend toward improvement in the 
treatment group, with fewer infections per subject observed in the 
supplement group after 3 months, though this difference was not 
statistically significant (Figure 2, Figure 3). At 12 months, infection 
rates between the supplement and placebo groups were almost 
identical, suggesting that short-term supplementation may have a 
limited effect on long-term infection risk. The lack of statistical 
significance in infection reduction could be due to the sample size 
or the duration of supplementation. Future studies might examine 
whether extended or higher-dose supplementation could yield 
more pronounced effects on infection risk reduction in T2DM 
(Chandra, 1991). 
Previous studies have demonstrated that vitamin deficiencies may 
compromise immune function, making diabetic patients more 
susceptible to infections (Valerius et al., 1982). For instance, 

Gallacher et al. (1995) found that poor blood glucose control 
correlates with impaired immune responses, particularly 
neutrophil activity. The current findings add to this body of 
literature by suggesting a possible trend toward reduced infections 
with antioxidant and B-group vitamin supplementation, though 
this benefit may require a longer duration to fully manifest. 
4.4 Dietary and Lifestyle Factors 
Food intake analysis showed that both groups had high fruit and 
vegetable consumption, which further increased at 12 months 
(Figure 4, Figure 5). These dietary habits are essential as fruits and 
vegetables are natural sources of antioxidants, and their intake is 
positively correlated with improved immune function and reduced 
inflammation (Jeon & Murray, 2008). The similarity in dietary 
habits between the two groups reduces the likelihood that 
differences in infection rates or inflammatory markers were 
influenced by diet, highlighting that the effects observed were likely 
due to the supplementation itself. 
Physical activity levels were generally low among participants, 
reflecting a common challenge in diabetes management. Physical 
inactivity in T2DM is a risk factor for both obesity and poor 
metabolic control, potentially exacerbating infection risk and 
inflammation (Danaei et al., 2011). This finding emphasizes the 
need for lifestyle interventions to accompany supplementation, as a 
holistic approach incorporating exercise and diet may enhance 
outcomes for diabetic patients. 
4.5 Obesity and Diabetes Complications 
A notable proportion of study participants were overweight or had 
central obesity, a common condition in T2DM that exacerbates 
inflammation and infection risk (WHO, 2000). Obesity not only 
contributes to insulin resistance but also alters immune responses, 
increasing susceptibility to infections. Addressing obesity through 
lifestyle changes, alongside vitamin supplementation, could be 
crucial for reducing health risks in diabetic patients. 
The prevalence of obesity in this population underlines the 
importance of weight management and regular physical activity as 
integral parts of diabetes care. Lifestyle interventions that reduce 
obesity can improve insulin sensitivity and lower inflammation, 
potentially enhancing the benefits observed with vitamin 
supplementation (Shaw et al., 2010) (Figure 4, Figure 5). 
4.6 Study Strengths and Limitations 
A strength of this study is the double-blind, placebo-controlled 
design, which minimizes bias and provides robust evidence for the 
effects of vitamin supplementation on health markers in T2DM. 
The supplementation was well-tolerated, and participants showed 
good compliance, allowing for accurate assessment of its impact on 
vitamin levels, inflammation, and infection rates. 
However, limitations include potential inaccuracies in self-reported 
infection data and the lack of biological markers for immune 
function beyond IL-6, such as T-cell or neutrophil activity. 
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Additionally, the relatively small sample size and short intervention 
period may limit the generalizability of findings. Expanding future 
studies to include a broader range of immune markers, larger 
cohorts, and longer follow-up periods could provide a more 
comprehensive understanding of the effects of vitamin 
supplementation in diabetic patients (Weinstein et al., 2001). 
 
5. Conclusion and Recommendations 
This study suggests that antioxidant and B-group vitamin 
supplementation can improve vitamin E and folate status and 
reduce inflammatory markers in T2DM patients. While infection 
rates showed a slight, non-significant reduction in the treatment 
group, the data indicate that further research is needed to determine 
the optimal dosage and duration of supplementation. Incorporating 
lifestyle interventions, particularly targeting obesity and physical 
inactivity, may enhance these benefits. 
In conclusion, antioxidant and B-group vitamin supplementation 
shows promise in improving nutritional and inflammatory profiles 
in T2DM patients. However, to fully understand its role in reducing 
infection risk and managing diabetes-related complications, future 
research should consider larger trials with extended durations, 
higher doses, and comprehensive lifestyle interventions. 
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