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Abstract

Purpose: Obesity has emerged as one of the biggest health crisis and is the leading cause of 

death and disabilities around the world. BMI trends suggest that majority of the increase in T2D is 

resulting from the increased prevalence of obesity. In fact, 85.2% of people with T2D are 

overweight or obese. The highest prevalence for obesity is seen in non-Hispanic, African 

American women (56.6%). T2D is classified as an inflammatory disease because of elevated, 

circulating pro-inflammatory cytokines and acute-phase inflammatory proteins. This study was 

designed to determine how high HbA1c and serum glucose correlate with circulatory cytokine 

levels in obese, African American women.

Methods: We investigated cytokine/chemokine serum levels using a multiplex assay. Then we 

used Pairwise Pearson Correlation Test to determine the relationship between clinical metabolic 

parameters and cytokine/chemokine serum levels.

Results: The results indicated that participants with elevated HbA1c exhibited an up regulation 

of IL-3, IL-4, IL-7, TNF-α, IFN-α2 and CX3CL1 serum levels compared to participants with 

normal HbA1c. These cytokines were also correlated with several clinical metabolic parameters.

Conclusions: The results suggest that IL-3, IL-4, IL-7, TNF-α, IFN-α2 and CX3CL1 serum 

levels may contribute to the development and onset of type 2 diabetes.
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Introduction

Obesity has emerged as one of the biggest health crisis and is the leading cause of death and 

disabilities around the world [1]. If these trends persist, it is estimated that by 2030, 86.3% 

of adults will be overweight or obese and 51.1% obese by the year 2048 [2]. Obesity 

increases faster in adults than adolescents and faster in females than males. The highest 

prevalence for obesity is seen in non-Hispanic, African American women (56.6%) [3]. When 

considering obesity alone, African American women has the highest rate of increase (0.88% 

annually) compared with other ethnic groups. BMI trends suggest that majority of the 

increase in the prevalence of type 2 diabetes (T2D) is resulting from the increased 

prevalence of obesity. In fact, 85.2% of people with T2D are overweight or obese [4]. Using 

obesity measures alone, African American women have the greatest risk for developing 

T2D. It is estimated that 1 in 3 Americans will have T2D by 2050 [5]. The economic burden 

linked to diagnosed and undiagnosed T2D, gestational diabetes mellitus, and prediabetes 

surpassed $322 billion in 2012, which is a 48% increase from that of 2007 in the United 

States alone [6].

Obesity, a chronic disease characterized by the enlargement of adipose tissue and 

inflammatory components, is highly correlated to the development of several metabolic 

diseases [7]. Individuals with abdominal obesity, who have accumulated visceral adipose 

tissue (VAT), have an increased risk of developing insulin resistance or metabolic syndrome. 

Studies have shown the crucial role of VAT in obesity inflammation [8]. These conditions 

precede the development of T2D and are highly correlated with NAFLD [9,10]. Increased 

levels of cholesterol are associated with obesity, cardiovascular disease (CVD) and 

atherosclerosis. Immune responses to these conditions are mediated by chemokines, which 

lead to the innate immune response characterized by the production of cytokines.

T2D is caused by defects in insulin secretion, insulin action, or both, in responses to high 

circulating levels of glucose. This results in insufficient hepatic and peripheral glucose 

clearance. T2D is classified as an inflammatory disease because of elevated, circulating pro-

inflammatory cytokines and acute-phase inflammatory proteins response [11,12]. The 

primary purpose of inflammation is to restore tissue homeostasis. However, when the degree 

or interval of inflammation is excessive, inflammation may lead to tissue injury [13]. In 

diabetes, the presence of chronic, low-grade inflammation increases the risk of 

cardiovascular and kidney complications [14].

Inflammatory cytokines have been involved in the development of diabetic complications, 

including diabetic kidney disease (DKD) [14–19]. Mounting incidences of obesity and T2D 

have made DKD the most prominent cause of chronic kidney disease and end-stage renal 

disease in the world. Despite pharmacological interventions, which include glycemic control 

and inhibitors of the renin-angiotensin system, DKD is responsible for approximately half of 

all cases of end-stage renal disease in the US [20]. In DKD, dendritic cells and macrophages 
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have both been reported to infiltrate the kidneys and increased expression of adhesion 

molecules, cytokines and chemokines [21–23]. This correlates with clinical and histological 

measures of DKD in both animal models and human kidneys [24,25].

Interleukins (IL) are regulatory proteins, capable of obstructing and accelerating 

inflammatory processes. Interleukins are responsible for cellular growth, differentiation, 

functional cell- surface receptor expression, and cellular effector function [26]. Interleukins 

may be the most widely produced biomarkers; however, there is considerable ambiguity 

regarding their clinical value. Many interleukins are pleiotropic and are capable of acting on 

different cell types. They also possess paradoxical effects; an interleukin may have 

protective properties in one system and destructive properties in another system [26].

Inflammation is prevalent in obesity due to the expansion of VAT, which leads to insulin 

resistance and T2D. Inflammatory cytokines also play a major role in the progression of 

T2D and diabetic complications. This study was designed to determine how high HbA1c and 

serum glucose correlates with circulatory cytokine levels in obese, African American 

women. African American women are the most at risk population for T2D and would benefit 

greatly from this study. The cytokines and chemokines selected for this study are prominent 

in inflammation. To eliminate obesity as a confounding factor of cytokine levels, both the 

control and experimental groups were obese. We also investigated the relationship between 

cytokine levels and clinical metabolic parameters. Herein, we present data showing cytokine 

and chemokine serum levels are significantly higher in participants with high HbA1c in 

comparison to control group. In addition, several clinical metabolic parameters are 

correlated with these key inflammatory cytokines.

Methods

Study Population

A total of 68 whole blood samples were collected from African American women: 34 obese, 

normal HbA1c and 34 obese, high HbA1c participants. We define normal HbA1c as ≤ 6.5 

and high HbA1c as >7.0. The participants also completed a survey about their health status 

and lifestyle. All participants were over the age of 40 and located in a rural northeastern 

county in North Carolina. Participants in both groups were on medications to regulate 

hypertension, cholesterol and T2D. Participants were fasting during blood collection. Blood 

samples were processed and serum was collected and immediately frozen at −80 °C until 

use.

After serum collection we discovered two participants that identified as non-diabetic, 

actually had HbA1c levels above 7.0. There were 14 participants with a previous self-

reported diagnosis of T2D that had HbA1c levels lower than 6.5. We classified the control 

group as participants with HbA1c ≤ 6.5 and participants with HbA1c >7.0 were classified as 

the experimental group, regardless of self-reported diabetic status. This investigation was 

designed to determine the impact of current circulating glucose on current serum cytokine 

levels. We cased matched the participants in this study based on age and BMI. We also made 

sure that every pair has at least a 2% difference in HbA1c. Men were excluded from the 

study due to low participation and a desire to eliminate sex as a potential confounding 
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variable. Informed written consent was obtained for all participants and the right to privacy 

was observed according to the North Carolina Central University Institutional Review Board 

approved protocol.

Cytokine/Chemokine Quantification

A total of 30 chemokines and cytokines were quantified using panel MILLIPLEX MAP 

Human Cytokine/Chemokine Magnetic Bead Panel-30 Plex-Immunology Multiplex Assay 

(Milliplex map kit, HCYTMAG-60 K; Millipore, USA) following the manufacturer’s 

instructions. Analyte quantification from the reactions were obtained using Luminex 

Technologies and Luminex Xponent managed the data output. Milliplex analyst software 

(Version 5.1 Flex; Darmstadt, Germany) was used to determine the analyte concentration 

(pg/mL) using mean fluorescence intensity (MFI).

Participant Metabolic Parameter Quantification

Clinical metabolic parameters were determined using standard commercial kits administered 

by Laboratory Corporation of America.

Statistical analysis

The data from each assay were expressed as mean ± SEM values. The experimental and 

control groups were compared using unpaired t-test. The relationship between cytokines and 

clinical metabolic parameters was assessed by Pearson’s correlation coefficient (r). Graph-

Pad Prism software (Version 6.05; San Diego, CA, USA) was used for statistical analysis 

and graphical representation of the data. P-values for each assessment that are ≤0.05, were 

noted as statistically significant.

Results

Increased cytokine/chemokine levels in individuals with high HbA1c

Cytokine expression plays a role in glucose metabolism. We quantified 30 cytokine/

chemokine levels in serum of 34 obese, normal HbA1c participants and 34 obese, high 

HbA1c participants. The basic demographic and clinical metabolic parameters of the 

participants are shown in Table I. There is no significant difference in age or BMI between 

the two groups. There is a significant difference in HbA1c (p<0.0001) and fasting glucose 

levels in the serum (p<0.0001). We also observed a significant difference in circulating 

VLDL cholesterol (p =0.005), triglycerides (p =0.019) and sodium (p=0.008) between the 

two groups. There was no significant difference between the other parameters measured.

Several cytokines are known to be involved in systemic inflammatory and metabolic 

disorders including T2D. However, the type of cytokines that may contribute to higher 

incidence and circulatory levels in obese, African American women with high HbA1c 

remains ambiguous. We therefore, determined serum levels of several cytokines/chemokines 

in participants with normal and high HbA1c. The data shows cytokine/chemokine levels that 

are significantly different between the experimental and control group. Using Luminex 

technology, we were able to determine that the serum levels of IL-3 (P=0.0007), IL-4 

(P=0.0126), IL-7 (P=0.0012), TNF-α (P=0.0005), IFN-α2 (P=0.0079) and CX3CL1 
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(P=0.0069) were significantly higher in obese, African American women with high HbA1c 

compared to control (Figure 1). The number of individuals fluctuate because the minimum 

detection level for each analyte varies. Minimum detection levels can be found in Table SI. 

In previous studies, IL-1, IL-6, IL-8, IL-10 has been noted as key regulators of obesity and 

T2D. We observed no significant difference in IL-1, IL-6, IL-8, IL-10 between the control 

and experimental group in this study (Table II). Values for the rest of the cytokines can be 

found in Table SII.

Several inflammatory cytokines/ chemokines correlate with clinical metabolic parameters

Cytokines are the key regulators of inflammatory responses. Fluctuating cytokine levels have 

been associated with various metabolic disorders including T2D and DKD. We, therefore, 

wanted to investigate the association of circulating pro-inflammatory cytokine levels (IL-3, 

IL-4, IL-7, TNF-α, IFN-α2, CX3CL1) and clinical metabolic parameters of the participants. 

In this regard, we found that IL-4 (R= −0.37, P=0.04) and IFN-α2 (R= −0.48, P=0.007) 

were negatively correlated with BMI in participants with high HbA1c (Figure 2). In all 

participants, IL-7 (R=0.44, P=0.002) and TNF-α (R=0.52, P=0.001) were positively 

correlated with HbA1c (Figure 3).

Risk factors for chronic kidney disease include age, hypertension, T2D, CVD, family 

history, and levels of serum creatinine. TNF-α (R=0.35, P=0.05) was positively correlated 

with creatinine in participants with high HbA1c (Figure 4a). In addition, TNF-α (R=0.36, 

P=0.005) was positively correlated with creatinine in all participants (Figure 4b). Il-7 (R= 

−0.47, P=0.01) and TNF-α (R= −0.35, P=0.04) were negatively correlated with the Bun/

Creatinine ratio is participants with high HbA1c (Figure 5a and 5b). In all participants, IFN-

α2 (R= −0.32, P=0.02) is negatively correlated with the Bun/Creatinine ratio (Figure 5c). 

Cytokine expression was also correlated with electrolytes. Chronic kidney disease can cause 

imbalances in bone metabolism and creatinine clearance. These imbalances also can cause 

the dysregulation of calcium and sodium. In all participants, IL-7 (R= −0.32, P=0.03) is 

negatively correlated with sodium (Figure 6a). TNF-α (R=0.35, P=0.04) is positively 

correlated with calcium in all participants (Figure 6b).

Increased cholesterol levels can trigger an innate response leading to the production of 

cytokines. We found that several cytokines are correlated with triglycerides and VLDL in 

this study. In all participants, IL-7 (R=0.37, P=0.02), TNF-α (R=0.36, P=0.005), and 

CX3CL1 (R=0.35, P=0.01 were positively correlated with triglycerides (Figure 7a–c). We 

observed IFN-α2 (R=0.47, P=0.04) positively correlated with triglycerides in participants 

with normal HbA1c (Figure 7d). In addition, IL-7 (R=0.36, P=0.03), TNF-α (R=0.31, 

P=0.01), and CX3CL1 (R=0.38, P=0.007 were positively correlated with VLDL in all 

participants (Figure 8a–c). In participants with normal HbA1c, IFN-α2 (R=0.47, P=0.04) 

was positively correlated with VLDL (Figure 8d). VLDL is a lipoprotein that enables fats 

and cholesterol, which include triglycerides, to move within the bloodstream.

Discussion

Cytokines and chemokines are key modulators of inflammation. They play an active role in 

chronic inflammation via a complex network of interactions. A better understanding of 
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cytokine expression and effected signaling pathways will help facilitate more efficient 

treatment of inflammatory diseases such as obesity and T2D. When the quantity or interval 

of inflammation response is excessive, patients are a risk for tissue injury. Diabetic 

complications such as CVD and DKD are eminent in obese populations with T2D, due to 

the presence of chronic, low-grade inflammation. African American women have the highest 

prevalence of T2D and body fat percentage and have the greatest risk of T2D. African 

American women are the least studied population that could benefit greatly from this study. 

We designed a study to determine the effect of high circulating glucose on cytokine levels. 

We eliminated obesity as a confounding influence on cytokine levels by selecting obese 

participants in the control and experimental groups, hence answering the question of HbA1c 

influence.

We found an increase in serum levels of five cytokines (IL-3, IL-4, IL-7, TNF-α IFN-α2) 

and a chemokine (CX3CL1). However, we did not observe a difference in IL-1, IL-6, IL-8, 

IL-10. These cytokines have been previously mentioned to be major regulators of 

inflammation in metabolic disease [26–29]. In our study, we found that there is no 

significant difference (Table II). This suggests that African American women may exhibit a 

different pattern of cytokine expression. Our study differs from other studies because of our 

case matched, single-sex study design. We also observed that the quantity of cytokines in 

circulation, compared to previous studies are upregulated approximately 2–5 fold or greater, 

depending upon the cytokine in question [28–30]. However, these studies also included men 

in addition to women. Some of the studies also included obese individuals in the control and 

experimental group as well; the quantity of circulating cytokine levels was still less than our 

African American population. African American women have a higher quantity of cytokines 

present in the blood, irrespective of the control or experimental group [28–30].

IL-3 is a glycoprotein cytokine involved in the hematopoietic response to infection, immune 

response and inflammatory stimulation. IL-3 has been reported to play a protective role in 

the pathogenesis of T1D and a destructive role in CVD [31,32]. In this study, we found to 

that IL-3 levels were upregulated 1.7 fold in the presence of high circulating glucose (Figure 

1a). IL-3 was not correlated with any of the parameters in Table 1. Further studies are 

needed to elucidate the role of IL-3 in T2D. IL-4 is involved in the activation, growth and 

differentiation for lymphocytes. IL-4 has also been shown to protect lymphoid cells from 

apoptosis [33–35]. IL-4 plays a protective role in inflammation by suppressing pro-

inflammatory cytokine production like TNF-α and IL-1 [36]. IL-4 levels are increased 1.9 

fold in the presence of high circulating glucose (Figure 1b). Individuals with high HbA1c 

exhibit a negative correlation between IL-4 and BMI (Figure 2a). An increase in obesity 

increases the expression of pro-inflammatory cytokines and risk of metabolic disease. IL-4 

expression may be increased because of increased expression of pro-inflammatory 

cytokines. Since pro-inflammatory cytokines are predominating involved in obesity [37], 

IL-4 may lose its protective role while blood glucose remains elevated. A high BMI, may 

contribute to a cascade of pro-inflammatory cytokines that IL-4 is unable to suppress.

IL-7 is a homeostatic cytokine involved in the maturation and survival of T-cells. IL-7 effect 

appears to be system dependent. Previous studies have shown that IL-7 can drive 

inflammation in CVD by activating platelets, monocytes, and chemokines [38]. However, in 
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the kidneys, IL-7 protects renal tubular epithelial cells from high glucose-induced fibrosis 

[39]. In adipose tissue, IL-7 overexpression protects from impaired differentiation, glucose 

intolerance, and insulin resistance [40]. IL-7 administration in high fat diet mice protects 

from obesity and decreases adipose tissue inflammation [40]. We found IL-7 to be 

upregulated 1.7 fold in the presence of high circulating glucose (Figure 1c). This is 

consistent with the positive correlation between IL-7 levels and HbA1c (Figure 3a). Based 

on the negative correlation between BUN/Creatinine ratio and IL-7, we also believe that 

IL-7 may play a protective role in the kidney. The BUN/Creatinine ratio is a measure of 

kidney damage and our data suggest that the increase in serum IL-7, the less kidney damage 

(Figure 5a). IL-7 correlation with sodium is also consistent with IL-7’s protective role in the 

kidneys. Increased serum sodium has been associated with hypertension. We observe that 

sodium levels negatively correlate with IL-7 levels (Figure 6a). This data suggests that IL-7 

may act in the renal system to decrease circulating sodium, possibly through filtration. IL-7 

may decrease the risk of sodium-induced hypertension through the kidneys. Persistent 

increased circulating sodium can contribute to CVD. Altogether, this data suggests IL-7 may 

participate in protecting humans from CVD by decreasing hypertension parameters. We also 

observed an increase IL-7 in association with increasing VLDL and triglycerides (Figure 7a 

and Figure 8a). This suggests that IL-7 may drive dysfunction in the liver. Increased lipid 

content in the liver leads to NAFLD and insulin resistance [41]. It has been previously 

shown that IL-7 serum levels are increased in morbidly obese patients with simple steatosis 

[42].

TNF-α is a multifactorial, pro-inflammatory cytokine that activates macrophages and 

lymphocytes. It is involved in the pathogenesis of autoimmune diseases, rheumatoid 

arthritis, septic shock and several inflammatory disorders. Previous studies have shown that 

TNF-α production in adipose tissue derived from obese rodents and human may be a 

causative factor in obesity-associated insulin resistance and the pathogenesis of T2D [43–

46]. TNF-α has also been implicated as a potent contributor to CVD by the upregulation of 

free fatty acids, the induction lipogenesis, and the inhibition of lipid metabolism [47–49]. 

Our results are consistent with previous studies. We found TNF-α has a positive correlation 

with VLDL and triglycerides (Figure 7b and Figure 8b). TNF-α also plays critical 

immunoregulatory role involved in immune homeostasis. Paradoxical functions of TNF-α 
result from interaction with its two receptors, TNFR1 and TNFR2 [50]. TNFR1 plays an 

immunoregulatory function to mediate chronic inflammation. TNFR1 is only expressed in 

the glomeruli of the kidney and expression is increased in inflammatory kidney diseases 

[51,52]. On the other hand, TNFR2 promotes leukocyte infiltration and tissue injury in an 

animal model of immune complex–mediated glomerulonephritis. TNFR2 is usually not 

expressed in normal kidney [51,53]. However, in response to kidney injury, TNFR2 

expression is activated in post-capillary venules and in glomeruli in a glomerulonephritis 

model [53].

We found that TNF-α levels are upregulated 1.6 fold in the presence of high circulating 

glucose (Figure 1d). This result is consistent with the positive correlation between TNF-α 
levels and HbA1c (Figure 3b). Previous studies have also reported these findings [43–46]. In 

addition, we found a positive correlation between serum creatinine and TNF-α levels 

(Figure 4). This finding confirms previous reports implicating TNF-α expression in relation 
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to kidney injury [53]. Increased TNF-α expression results in the infiltration of macrophages 

and monocytes into the kidney, causing extensive inflammation and leading to tissue injury. 

Tissue injury may affect creatinine clearance, resulting in an increased amount in the serum. 

The kidneys play a critical role in the balance between the internal milieu and external 

environment. Tissue injury may disrupt a number of homeostatic mechanisms that control 

serum calcium levels. Calcium absorption may be severely impaired in early chronic kidney 

disease, which results in very low urinary calcium excretion [54]. Impaired urinary excretion 

results in increased serum calcium levels due to retention. We observed a positive correlation 

between serum calcium levels and TNF-α levels (Figure 6b). We also observed a negative 

correlation between TNF-α levels and Bun/Creatinine ratio (Figure 5b). The Bun/Creatinine 

ratio is a measure of kidney filtration. Volume depletion leads to enhanced proximal tubule 

salt and water retention, thereby increasing the passive reabsorption of urea, leading to a rise 

in the Bun/Creatinine ratio. When Bun/Creatinine ratio is high, TNF-α levels are low. This 

result is opposite of what has been reported in previous studies.

Type I IFN action impacts innate and adaptive immune responses. These cytokines are 

produced upon infection or in association with damage to a cell [55]. IFN-α1 and α2 were 

the first two subtypes characterized. IFN-α2 is the prototypic type I IFN subtype used in 

fundamental research and most clinical applications. Type I IFN signaling alters the balance 

of cellular lipid requirements by decreasing synthesis and increasing import of cholesterol 

and long chain fatty acids [56]. We found that IFN-α2 levels increase as triglycerides and 

VLDL increase, which is consistent with increased import of cholesterol to the liver (Figure 

7d and Figure 8d). High glucose in T2D can cause cell damage, which may elicit an increase 

IFN-α2 to modulate damage. We found that IFN-α2 levels are upregulated 1.5 fold in the 

presence of circulating high glucose. IFN-α2 is a protective cytokine and we observed a 

negative correlation with BMI and Bun/Creatinine ratio (Figure 2b and 5c) This data 

suggests that an increase BMI leads to decreased expression and increased risk of DKD. 

Metabolic diseases have eminent pro-inflammatory expression and IFN-α2 

immunoregulation is lost. BMI is elevated for both groups; however, when paired with 

increased blood glucose, it elicits a response in IFN-α2.

Fractalkine (CX3CL1), a chemokine that signals through a single known receptor 

(CX3CR1), is implicated in recruitment and adhesion of both monocytes and T-cells in 

atherosclerosis [57–59]. CX3CL1 also coordinate inflammatory cell recruitment and 

localization to the site of inflammation that expanding VAT in obesity and T2D. We found 

that CX3CL1 levels are upregulated 1.5 fold in the presence of circulating high glucose 

(Figure 1f), which is confirmed by the positive correlation with HbA1c (Figure 3c). 

CX3CL1 has previously been reported to play a role in monocyte adhesion to adipocytes, 

which is associated with obesity, insulin resistance, and T2D [60,61]. Fractalkine signaling 

and cellular mechanism may link pathophysiologic processes between adipose and vascular 

tissue [62]. They suggest that CX3CL1 play a role in atherogenesis, which provides a 

molecular link between obesity-related metabolic dysfunction and CVD. We confirm this 

finding by uncovering a positive correlation with CX3CL1 and VLDL and triglycerides, 

which is consistent with previous reports of CVD (Figure 7c and Figure 8c).
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In the present study, we examined the global effect of circulating high glucose on aerum 

cytokines levels in obese, African American women. In previous research, elevated levels of 

pro-inflammatory cytokines have been reported in young obese, African American women 

with prediabetes [63]. Our results suggest that as obese African American women age and 

their HbA1c increases, the quantity of circulating serum cytokine increases approximately 

3–8 fold. These studies may highlight the role of pro-inflammatory cytokines in the 

progression of T2D. Although cytokine expression and production is not unique to 

individuals with T2D, we show that African American women express a unique population 

of cytokines and higher levels of basal expression [28–30]. Our study is also consistent with 

differences in the metabolic capabilities of subcutaneous and visceral fat. It has been 

previously shown that 25–30% of obese individuals do not develop insulin resistance, which 

are considered the “healthy obese” population [9]. It appears that our control group may be 

made up of healthy obese participants with more subcutaneous fat than visceral fat. 

Proficient subcutaneous fat expansion may improve the processing of excess calorie intake. 

This may be a result of intrinsic genetic characteristics and/or a reduced inflammatory 

response, with limited triglyceride overflow into the visceral fat depots [9].

Our correlative data also supports IL-3, IL-4, and IL-7 as possible new markers for 

metabolic inflammation in obese African American women with T2D. We also were able to 

confirm previously reported inflammatory markers such as TNF-α, IFN-α2 and CX3CL1. 

This study begins to explore the possibilities of interleukins in T2D and potential a useful 

marker in T2D. Cohen et al (64) highlights the importance of personalized medicine for 

racially different subgroups of people. This racial difference in Hba1c has lead to African 

Americans being inadequately treated or harmed because of the criteria for the threshold for 

diabetes diagnosis. We need additional biomarkers in addition to HbA1c and glucose serum 

to aid in diabetes diagnosis. We believe that IL-3, IL-4 and IL-7 will strengthen racial 

dispersion in in the HbA1c-glucose serum relationship. With the addition of newly 

developed of technologies, the treatment of T2D with a new approach to address additional 

cytokines could offer a new area of treatment. In the future we intend to conduct studies 

involving larger multi-racial groups to validate these preliminary findings. In the future, we 

plan to confirm our findings and elucidate the role of IL-3, IL-4 and IL-7 in T2D in vitro and 

in vivo.

Limitations

We acknowledge that our participants may be on medication such as insulin and blood 

pressure prescriptions. We believe given the design and case-matched approach to this study, 

reduces the impact of medication use. In addition, there are 14 people who identified as 

diabetic who had HBA1c lower than 6.4 and 2 participants that identified as non-diabetic 

that had HbA1c above 7.0. The pinnacle of this research is not diabetic status. This research 

is addressing the relationship between current circulating glucose serum and current serum 

cytokine levels. We have separated the groups based on HbA1c and glucose serum. We are 

confident that our segregation parameters and our case-matched approach will effectively 

answer our research question.
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Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Serum cytokine levels in normal and high HbA1c individuals. The number of individuals 

fluctuate due to some values registering below threshold, Cytokine levels were measure 

using magnetic beads from 30-plex immune assay from Millipore Sigma. *significant at 

p<0.05; ** significant at p<0.005; ***significant at p<0.001; ****significant at p<0.0001;
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Figure 2: 
The correlation between BMI and inflammatory cytokines in individuals with high HbA1c. 

Cytokine levels were measure using magnetic beads from 30-plex immune assay from 

Millipore Sigma
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Figure 3: 
The relationship of HbA1c with inflammatory cytokines in all participants. Cytokine levels 

were measure using magnetic beads from 30-plex immune assay from Millipore Sigma.
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Figure 4: 
The association between inflammatory cytokines and Creatinine. Cytokine levels were 

measure using magnetic beads from 30-plex immune assay from Millipore Sigma.
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Figure 5: 
The correlation of inflammatory cytokines and Bun/Creatinine ratio. Cytokine levels were 

measure using magnetic beads from 30-plex immune assay from Millipore Sigma.
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Figure 6: 
The association of inflammatory cytokines and electrolytes. Cytokine levels were measure 

using magnetic beads from 30-plex immune assay from Millipore Sigma.
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Figure 7: 
The relationship of Inflammatory cytokines and triglycerides. cytokine levels were measure 

using magnetic beads from 30-plex immune assay from Millipore Sigma.
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Figure 8: 
The correlation of inflammatory cytokines and VLDL. Cytokine levels were measure using 

magnetic beads from 30-plex immune assay from Millipore Sigma.
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Table I

Participant Characteristics

All
(mean± SEM)

Normal HbA1c
(mean± SEM)
N=34

High HbA1c
(mean± SEM)
N=34

P-value

Age (years) 60.54 ±1.06 60.88 ±1.51 60.21 ± 1.52 0.753

BMI (kg/m2) 35.73 ±0.96 34.72 ±1.56 36.74 ±1.13 0.299

HbAlc (%) 7.76 ±0.26 5.94 ± 0.05 9.58 ±0.28 <0.0001

Glucose Serum (mg/dL) 142.4 ±9.66 101.4 ±3.30 183.4 ±16.31 <0.0001

Total Cholesterol (mg/dL) 179.20 ±5.01 178.6 ±6.58 179.9 ±7.66 0.896

HDL Cholesterol (mg/dL) 55.13 ±2.52 59.85 ±4.41 50.41 ±2.24 0.062

LDL Cholesterol (mg/dL) 99.24 ±3.92 100.9 ±5.61 97.58 ±5.54 0.689

VLDL Cholesterol (mg/dL) 22.30 ±1.64 17.85 ±1.71 26.88 ±2.61 0.005

Triglycerides (mmol/L) 123.60 ±14.54 89.24 ±8.49 157.9 ±26.73 0.019

Creatinine (mg/dL) 0.89 ±0.04 0.81 ±0.02 0.96 ±0.07 0.076

BUN/Creatinine (Ratio) 17.38 ±0.69 17.44 ±1.09 17.32 ±0.86 0.933

Sodium (mmol/L) 140.20 ±0.34 141.1 ± 0.38 139.4 ±0.51 0.008

Calcium (mg/dL) 9.48± 0.05 4.09 ±0.06 4.27 ±0.09 0.849

Potassium (mmol/L) 4.18±0.05 9.49 ±0.08 9.47 ±0.06 0.092

*C-Reactive protein 6.38±1.08 4.94 ± 1.05 8.45 ±2.101 0.149

*
N=23 for normal HbA1c and N=16 for high HbA1c
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Table II

Key Inflammatory Agents in Literature

Cytokine Normal HbA1c (N) High HbA1c (N) P-value

IL-1a 59.42 ± 21.32 (4) 41.36 ± 8.34 (12) 0.3501

IL-1b 1.120 ± 0.47 (11) 2.331 ± 0.51 (19) 0.1218

IL-6 75.33 ± 47.33 (10) 41.77 ± 15.51 (19) 0.4094

IL-8 15.55 ± 8.14 (26) 16.84 ± 4.01 (33) 0.8798

IL-10 12.10 ± 2.90 (9) 10.53 ± 1.53 (25) 0.6129
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