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Abstract

Type 2 diabetes mellitus (T2DM) is a chronic health problem characterized by chronic hyperglycemia,
insulin resistance, and is often followed by oxidative-carbonyl stress, hyperlipidemia, resulting in the
accumulation of AGEs. This accumulation is a major pathogenic mechanism that induce end-organ
damage. In T2DM patients, leptin induces insulin resistance, obesity, and inflammation. A high Body
Mass Index (BMI) impacts adipocytokines, increasing the risk of insulin resistance. Hence, this research
aims to evaluate the relationship of AGEs and BMI with serum leptin in T2DM subjects. Observational
analytic with a cross-sectional design was employed using 69 respondents (26 males and 43 females).
AGEs and leptin levels were examined utilizing the sandwich Enzyme-Linked Immunosorbent Assay,
while the BMI was measured following WHO guidelines. An insignificant negative correlation was found
between AGEs and leptin in subjects with T2DM (r = -0.102, p = 0.404), and no significant association
was shown in either male (r = -0.323, p = 0.107) or female groups (r = 0.016, p = 0.920). However, BMI
and serum leptin showed a significant correlation (r=0.492, p=<0.001). Similarly, a significant
association was observed between BMI and leptin in both gender groups (r=0.512, p=0.007 and
r=0.533, p=<0.001). In T2DM subjects, the negative relationship between AGEs and leptin is not
significant, but there is significant positive correlation between BMI and leptin. Increased leptin
concentration is a plausible risk factor for T2DM individuals with a high BMI.
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INTRODUCTION

Diabetes mellitus (DM) was reported to have become an epidemic which increased in
the 21st century [1]. The rising occurrence of type 2 DM leads to microvascular and
macrovascular complications and serves as a precursor to morbidity and mortality in
T2DM patients [2]. Management of type 2 DM requires proper monitoring of blood
glucose control, particularly through the measurement of HbAlc to observe the
progression of DM in reducing the risk of complications [3]. The major contributing
factor in type 2 DM complication is insulin resistance which Lead to hyperglycemia.
Uncontrolled hyperglycemia induces the formation of advanced glycation end products
(AGESs) and oxidative stress [4]. AGEs formation occurs due to nonenzymatic glycation
reactions that are accelerated by particular factor such as hyperlipidemia,
hyperglycemia, and oxidative stress. This process leads to AGEs accumulation in
tissues and plasma, which, accompanied with RAGE or Receptor for Advanced
Glycation End Product, causes various signaling events [5]. Excessive accumulation
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of AGEs can impair tissue function by disrupting the activity of macromolecules and
glycated enzymes; additionally, by binding the surface receptors for AGEs (RAGE) on
leukocytes, this can generate the activation of stress transcription factors, by
producing proinflammatory and inflammatory mediators including cytokines and acute-
phase proteins [4]; [6]. Subclinical inflammation, which is an pivotal risk factor in the
growth of T2DM and associated complications, may be exacerbated by AGE
accumulation through activation of inflammatory pathways [6]. The consequences of
increased level of AGEs are observed in chronic degenerative diseases such as DM,
cardiovascular, neurological disorders, several types of cancer and all pathologies
involving oxidative stress mechanisms and the aging process [4]. This implies that
AGEs potential in glucose metabolism is the key contributor in the development of
T2DM. The resistance of insulin is connected to higher levels of circulating insulin,
which may stimulate leptin secretion from adipocytes [7].

Leptin may interact with the glucose regulatory system in the body. Previous study
stated that leptin may play a part in regulating hepatic glucose production as well as
insulin sensitivity in peripheral tissues like muscle and fat. Leptin may contribute to
regulating the balance between gluconeogenesis and glycolysis [8]; [9]. Increased
levels of leptin have been correlated to the resistance of insulin and T2DM
development. In cases concerning T2DM, studies exhibited correlations between
elevated concentration of leptin and high risk of cardiovascular disease, as well as the
incidents of cardiac autonomic dysfunction and microvascular complications [10].
When insulin resistance occurs, body cells, including adipose (fat) cells, become less
responsive to insulin signals. Consequently, adipose cells tend to increase the
production of leptin, leading to an increase of leptin in the blood. This condition may
result in a high level of leptin, but since the body is already resistant to the effect of
leptin, the response becomes ineffective. Furthermore, leptin has been proven to
restrain the expression of insulin precursor genes, ultimately affecting insulin
secretion. Schmidt et al 2006 revealed that the rise in leptin levels is related to a higher
risk of diabetes due to its role in controlling the sensitivity and secretion of insulin [11].
Chronic elevation of leptin levels can interfere with the responsiveness of the cells
receptor system that produce insulin, subsequently lead to insulin resistance [12]. The
incompetence to regulate the release of insulin is attributable to a decrease in cellular
response. Hyperinsulinemia possesses the potential to exacerbate obesity by
increasing the expression of leptin and genes in white fat tissue (the primary source
of leptin production). Obesity which reflects a high Body Mass Index (BMI) affects
adipocytokines, increasing the risk of insulin resistance in T2DM; this can result from
excessive leptin production, consequently increasing the risk of undergoing T2DM
[13]. Moreover, obesity, hypertension, metabolic syndrome (MetS), and endothelial
dysfunction are frequently observed more often in those experiencing T2DM who
exhibit high levels of leptin [14].

Previous studies presented that AGEs and leptin each contribute to T2DM
complications. Sabbatinelli et al 2022, stated that a high level of AGEs was linked to
an increased risk of cardiovascular complications [15], while Bidulescu et al 2020
stated that insulin resistance intervened the relationship between leptin and the
occurrence of T2DM [16]. Furthermore, a study conducted by Kalousova et al 2003,
exhibited a significant correlation between AGEs and leptin, as well as the ratio of
leptin/body fat in hemodialysis patients with DM [17]. These studies, however, are
mainly focused on the individual role of AGEs or leptin, without exploring the potential
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relationship between these two variables. Furthermore, the research examining the
relationship between these two variables was only conducted on DM subjects with
hemodialysis.

So far, there is a limited research that comprehensively study the association between
AGEs and BMI with the levels of serum leptin in individuals diagnosed with type 2 DM.
Considering the importance of these variables in the pathophysiology of type 2 DM,
studies that integrate the analysis of these variables are crucial to deepen the
understanding of the mechanisms causing the progression of T2DM. Therefore, the
current study aims to fill that gap by exploring the correlation between AGEs and BMI
with the level of serum leptin in research subjects suffering from T2DM. We hope that
the results of this study will offer significant new insights into the interaction between
AGEs and BMI with leptin in the context of type 2 DM and may assist the development
of more effective treatment plan.

METHODS
Research Plan and Population

This research was carried out by employing the observational analytic method and a
cross-sectional study design. All T2DM patients who visited the Central General
Hospital (RSUP) Dr. Wahidin Sudirohusodo, Makassar, for treatment were determined
as the research population. The inclusion criteria were men and women with type 2
DM aged >18 years who received information related to this research and were willing
to take part by filing out and signing an informed consent form. Meanwhile, the
exclusion criteria included pregnant women, patients taking statins, patients with acute
infection or malignancy, and those with cardiovascular disease, osteoporosis, diabetic
nephropathy, liver cirrhosis, and autoimmunity. A total of 69 samples were involved,
comprising 26 males and 43 females. This study was conducted at the laboratory of
Hasanuddin University Medical Research Center (HUM-RS) after the Health Research
Ethics Commission (KEPK) of Hasanuddin University Hospital (RSPTN UH) granted
the ethical approval number 910/UN4.6.4.5.31/PP36/2023.

Laboratory Measurements

This current study was conducted by recording the patient's identity. Prior to blood
collection, patients underwent a fasting period and an anthropometric examination.
Examination of BMI was performed by dividing body weight (kg) by height (cm?).
Whole blood samples were collected on red cap blood tubes without anticoagulant to
examine the levels of serum AGEs and serum leptin. The blood samples were then
left to stand in a vacuum tube for 15-30 minutes to let it clot and then they were
centrifuged at 3000 rpm for 10 minutes. After that, the serum that had been separated
from the blood cells was transferred to sample cups using a disposable pipette, with a
volume of 250 pl per cup. They were then stored in a calibrated freezer at -20°C to
keep the samples stable. To examine the level of Serum AGEs and serum leptin, the
Enzyme-Linked Immunosorbent Assay (ELISA) kit MyBioSource on a Thermo ELISA
Reader instrument was utilized.

Data Analysis

To analyze the obtained data, SPSS software version 22 was employed. All variables,
including age, gender, BMI, and laboratory examination results, were examined. Two
types of tests, Kolmogorov-Smirnov and Shapiro-Wilk, were performed to examine the
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normality of distribution of data using a significant value (a=0.05). Additionally, the
Spearman correlation test was performed in this study.

RESULTS

Based on the analysis, there were 69 patients suffering from T2DM, consisting of 26
males and 43 females. They had average age of 57.49 = 11.03 years, average BMI of
25.047 £ 4.14 kg/m2, average GDP of 146.99 + 45.93 mg/dL, average AGEs levels of
22.27 + 6.00 ng/mL, and average Leptin levels of 8.30 + 7.83ng/mL (Table 1).

Table 1: Variable Description of Age, AGEs Levels, and Leptin Levels of
Research Subjects

Characteristics N MeantSD | Median| Min-Max p
Age (Year) 69 57.49+11.03 58 22-83 -
BMI (kg/m?) 69 25.047+4.14 24.1 | 16.87-36.89 | 0.009*
FBG (mg/dL) 69 | 146.99+45.93 | 141 75-291 0.040*
Level of AGEs (ng/mL) 69 22.27+6.00 | 22.018 | 11.02-39.68 | 0.200*
Level of Leptin (ng/mL) 69 8.30£7.83 5,572 | 0.03-28.61 |<0.001*

Description: BMI = Body Mass Index, FBG = Fasting Blood Glucose, AGEs = Advanced
Glicated End Products, N = Total of Subject, Mean= Average value, SD = Standard
Deviation, Min = Minimum, Max = Maximum, *the Kolmogorov-Smirnov test

Analysis of the AGEs level revealed p>0.05, indicating normally distributed data, in contrast
to other data that is not normally distributed. This study also found that the mean level of
AGEs in the male group (22.80 ng/mL) was higher than that of the female group (21.94
ng/mL). Conversely, the mean leptin levels in the male group (4.85 ng/mL) were lower
than in the female group (10.38 ng/mL), as can be seen in Table 2.

Table 2: Differences in AGEs and Leptin levels in male and female groups

Gender | N | Mean | SD p
Level of AGEs (ng/mL) |Male 26 | 22.80 |5. 63
Female | 43 | 21.94 | 6.25
Level of Leptin (ng/mL) |Male 26 | 4.85 |5.58
Female | 43 | 10.38 | 8.30

0.568*

0.004*

Description: AGEs = Advanced Glicated End Products *Independent Sample T-test
(p<0.05)

The Table 3 below displays the correlation between AGEs and Leptin in T2DM
research subjects according to their gender group. AGEs and leptin levels were
observed to have a negative correlation in the male group and an inverse correlation
in the female group. Thus, it can be concluded that no significant association was
found between the levels of AGEs and leptin based on gender.

Table 3: Correlation of AGEs and Leptin with Gender Groups in Type 2 DM

Subjects
. Gender Group |
Variable Leptin (ng/mL) Males Females
n p* r* n p* r* n p* r*
AGEs (ng/mL) 69 0.404 -0.102| 26 |0.107 |-0.323| 43 | 0.920 | 0.016

Description: * Spearman’s rank correlation test
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Data exploration can be effectively carried out by using scatterplot graphs to visually
analyze the pattern of linear relationships between data on AGEs levels and Leptin
levels. The scatterplot image presented in Figure 1 clearly illustrates that the data
points form a random pattern, indicating no significant association between the levels
of AGEs and Leptin. The random pattern of the scatterplot is an evidence that there is
no discernible relationship between the variables. In addition, the significant variability
observed in Leptin levels across the AGEs range suggests that factors other than
AGEs may influence the level of Leptin. The scatterplot of AGEs and leptin levels in
both male (Figure 2) and female groups (Figure 3) exhibit similar results, with scatter
points forming a random pattern. This indicates no correlation or substantial
relationship between AGEs level and leptin levels by gender.
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Figure 1: Correlation of AGEs and Leptin Levels in All Subjects with Type 2 DM
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Figure 2: Correlation of AGEs and Leptin Levels in the Male Group
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Figure 3: Correlation of AGEs and Leptin Levels in the Female Group

Table 4 displays the association between BMI and serum leptin levels in type 2 DM
subjects of both male and female gender groups. In addition, BMI and leptin were also
observed to be positively correlated with type 2 DM subjects both in male and female
groups. The p-value <0.05 for BMI and leptin as well as the gender groups showed a
significant correlation.

Table 4: Correlation between BMI and Serum Leptin Levels in Type 2 DM
Patients and Gender Groups

BMI Gender Group
Variable Males Females
n p* r* n p* r* n p* r*
Leptin (ng/mL) 69 |<0.001]0.492| 26 | 0.007 | 0.512 | 43 <0.001 | 0.533

Description: *Spearman’s rank correlation test

The scatterplot illustration in Figure 4 shows a linear association between BMI and
leptin levels. The data distribution in the scatterplot clearly forms a linear pattern. This
indicates a noteworthy correlation or relationship between BMI and leptin levels. A
similar linear pattern can also be observed in Figures 5 and 6, which represent the
data for male and female groups, respectively.
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Figure 4: Correlation of BMI values and Leptin levels in T2DM Subjects
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Figure 5: Correlation between BMI and Leptin Levels in Male Type 2 DM
Subjects
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Figure 6: Correlation between BMI and Leptin Levels in Female Type 2 DM
subjects

DISCUSSION

Globally, the impact of T2DM is caused by factors such as decreased physical activity
levels, urbanization, and higher socioeconomic status. The occurrence rate tends to
increase in urban areas compared to rural areas, and in countries with higher level of
income than those with lower income levels [18]. This chronic disease may potentially
cause various complications, both acute and chronic. These complications will affect
various other organs like diabetic kidney disease (DKD), Diabetic retinopathy (DR),
and neuropathic and cardiovascular diseases; individuals with T2DM possess higher
risk (two to ten times) of suffering from heart disease compared to those without
diabetes [19]. Dysfunction in insulin secretion, insulin action, or both can lead to
hyperglycemia, which is regarded as a sign of DM. Persistent hyperglycemia triggers
the AGEs and oxidative stress formation [4]. The interaction occurred between AGEs
with their receptors triggers pathways that can cause elevated oxidative stress and
inflammation, which then exacerbates tissue damage in individuals with DM [20]. In
subjects with T2DM, the accumulation of AGEs increases, contributing to the
development of complications such as nephropathy, vascular complications, and
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cardiovascular disease (CVD) [21]; [20]. The intake of chronic AGEs leads to
increased oxidative stress and inflammation, resulting in insulin resistance
characterized by elevated fasting plasma insulin and leptin levels as well as decreased
adiponectin levels [2]. Individuals with type 2 DM experience elevated levels of leptin,
which may contribute to insulin resistance. Chronically elevated leptin levels can lead
to leptin resistance, where the body becomes less sensitive to the leptin effect. This
leptin resistance can hinder the normal signaling pathways involved in insulin action,
consequently result in impaired glucose metabolism and insulin resistance [7].

The current study demonstrates an important perspective on the involvement of AGEs
and BMI with serum leptin in the onset and progress of T2DM. The study found a non-
significant negative correlation between the level of AGEs and serum leptin in T2DM
subjects due to a small amount of serum leptin levels being significantly lower in these
individuals. This is attributable to poorer pancreatic function, as evidenced by lower B-
cell function; it as can be seen from the homeostatic model assessment for B-cell
function, and high insulin resistance, as indicated by HOMA-IR values [22]. Similarly,
Xing-ping et al 2009, found that patients with hyperglycemia crisis had lower leptin
levels and higher levels of oxidative stress markers compared to healthy individuals,
suggesting a significant imbalance in their body's stress response and energy
regulation mechanisms [23]. In contrast, Kalousova et al 2003, found significantly
higher levels of AGEs in patients with type 2 DM undergoing hemodialysis than in
those without T2DM undergoing regular hemodialysis [17]. The association between
AGEs and leptin in hemodialysis patients with DM displayed a strong positive
relationship between AGEs and leptin variables in hemodialysis patients suffering from
T2DM. Individuals with Type 2 DM receiving hemodialysis showed increased levels of
AGEs which is attributed to nutritional influences in conjunction with changes in
carbohydrate metabolism associated with AGEs [17]. In contrast, individuals with renal
dysfunction usually exhibit hyperleptinemia, anorexia, and a tendency towards
decreased body fat. The increased leptin levels observed in hemodialysis patients are
influenced by reduced renal clearance and the potency of increased action of
proinflammatory cytokines [24]. Moreover, serum leptin is closely linked to
atherosclerotic index in male and female individuals receiving hemodialysis, while
AGEs are recognized for their significant contribution to atherosclerosis as a
complication of certain chronic medical conditions [25]. The current study has different
findings because the type 2 DM subject being studied did not have complications
related to kidney disease while the previous study used type 2 DM subjects with
hemodialysis. Another study carried out by Han et al 2013, on test animals revealed
that a total of 51.9% of B cells expressed AGES/RAGE on the cell surface with high
levels of leptin [26]. This study revealed that glycolipotoxicity characterized by
increased FFA and AGE formation due to prolonged hyperglycemia can lead the
failure of pancreatic B cell through upregulation of RAGE expression on B cells as a
result of insufficient leptin action in T2DM. Prevention of leptin resistance or provision
of adequate leptin action may help protect against glycolipotoxicity in B cells of
individuals with type 2 DM. Adipose tissue is not only regarded as an inert storage site
for surplus energy. It is considered an active endocrine organ with biologically active
adipokine networks such as leptin, adiponectin, and free fatty acids (FFAS).

The correlation of AGEs and leptin levels in male subjects experiencing T2DM
revealed a non-significant negative relationship. This finding is in line with the study
by Vinitha et al 2015, which examined a cohort of Asian Indian men whom glucose
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tolerance suffer from impairment; this study observed no significant association
between the level of leptin and glycated haemoglobin [27]. This lack of correlation is
attributed to the leptin levels in both the control group and case group being
approximately the same. The correlation of AGEs and leptin levels in female subjects
with T2DM also exhibited an insignificant positive relationship. Similarly, a study
conducted by Saeed & Binjawhar 2023, on Saudi Arabian women revealed no
significant correlation between leptin and glycated hemoglobin due to the substantial
association of elevated level of leptin with insulin resistance and other risk factors,
including triglycerides, fasting glucose, and BMI [28].

The findings revealed an interesting link between BMI and serum leptin levels in
individuals with T2DM across both male and female groups. This implies a potential
hypothesis of the effect of nutrition and changes in carbohydrate metabolism in
patients with T2DM. The significant positive association in this finding is similar to
those of previous studies [29]; [30], which exhibited that serum leptin levels were
higher in obese groups with T2DM and positively correlated with BMI. Furthermore,
the significant positive relationship observed in this finding is in line with researach by
Moonishaa et al 2017, and Zulfania et al 2020, which exhibited that serum leptin levels
were higher in obese groups with T2DM and positively correlated with BMI [29]; [30].
This also aligns with the research by Saeed & Binjawhar 2023, revealing that among
women with type 2 diabetes, high insulin resistance, plasma atherogenic index, and
BMI were associated with increased leptin levels [28]. This finding suggests that
elevated leptin levels in women are due to high waist circumference and BMI, which
are linked to the resistance of insulin. Moreover, women with T2DM who are obese
and have high leptin levels and low level of adiponectin should be regularly monitored
to prevent or reduce complications such as cardiovascular disease. Subcutaneous
adipocytes in the abdominal region of women exhibit leptin secretion levels that are
threefold higher than those of intra-abdominal fat accumulation. Subcutaneous
adipocytes crucially contribute as the main source of circulating leptin in the
bloodstream. Obesity causes excessive fat accumulation, which leads to increased
levels of free fatty acids in adipose tissue, consequently resulting in increased
triglycerides. Leptin, synthesized by adipose tissue, serves a pivotal part in regulating
balance of energy and body weight by inhibiting the production of lipids, fatty acids,
and acetyl CoA carboxylase, thereby promoting lipid deposition. HDL-c serves to
control the synthesis of triglycerides and cholesterol in the arteries, ultimately result in
difficult prevention of atherosclerosis.

Prior studies suggest that increased leptin levels are associated with the occurrence
of insulin resistance and the progression of T2DM [31]; [29]; [28]; [30]. Conversely, Al-
Harithy & Alomari 2021, found decreased leptin levels in their study examining the
expression of leptin mMRNA as a non-invasive biomarker in T2DM [32]. They found that
Leptin mRNA levels were significantly diminished in T2DM subjects compared to the
non-diabetic control group. Furthermore, several other studies [33]; [34], also revealed
low leptin levels in patients with T2DM. This occurred due to various factors including
the distribution of fat, the increase in waist circumference, reduction in BMI, gender,
insulin deficiency, and insulin resistance. Although fluctuations in leptin levels in
patients with T2DM have been regarded as an issue that is quite controversial, these
inconsistent results cannot be associated with differences in gender, ethnicity, or the
research methodology.
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Individuals with a longer duration of type 2 diabetes may experience an exacerbation
of chronic inflammation due to prolonged exposure to diabetes-related risk factors. As
blood glucose levels remain elevated and inflammation persists over time, more tissue
damage occurs, leading to a more complex inflammatory response.

Sustained chronic inflammation can lead to coronary heart disease and other
complications in individuals with diabetes. A study conducted by Bhattacharya 2008,
found that patients with T2DM for 5 to 10 years exhibited higher levels of leptin and
inflammatory cytokines (IL-2, IL-6, and TNF-alpha), which are regarded as the markers
of inflammation [35]. Additionally, it was found that individuals with T2DM who were of
normal weight had lower leptin level but higher levels of IL-6 and TNF-alpha
inflammatory markers.

Therefore, the duration of T2DM affects AGEs and leptin levels, influencing
inflammation, cardiovascular risk factors, and glucose tolerance. Furthermore, a
closer examination of the progression of type 2 DM found that more often than not,
insulin therapy is needed by the patient as the disease progresses, either alone or
combining it with oral hypoglycemic agents. Alfagih et al 2023, revealed that T2DM
patients who received metformin with uncontrolled glycemia exhibited lower serum
leptin levels after adjusting the age, BMI, duration of treatment, and HOMA-IR [36].

Another study stated that treatment by using insulin, oral hypoglycemic drugs, and
other drugs utilized in the management of T2DM can affect leptin levels in patients
[37]. In addition, Abdulrahman et al 2023, who conducted a study on troglitazone, a
thiazolidinedione (TZD) drug, found that it lowered serum leptin levels and prevented
bone loss in patients suffering from T2DM [38].

Generally, this study’s findings align with those of previous research, which has
demonstrated a relationship of AGEs, BMI, and serum leptin in the development of
T2DM. This research, however, is the first to investigate this association within the
Indonesian population and the result suggests that the interaction between AGEs,
BMI, and serum leptin may significantly impact insulin resistance and beta cell
dysfunction.

This research has several limitations related to variables which influence various
factors, including the protracted duration of suffering Type 2 DM, regulation of
glycemic levels, and the particular type of medication used. In addition, it is important
to note that another limitation is the scarcity of valuable data regarding the duration of
patient undergoing regular check-ups, as well as their compliance with the treatment
received.

CONCLUSION

In subjects with type 2 DM, the negative relationship between AGEs and leptin is not
significant. However, BMI shows a significant positive correlation with serum leptin.
The elevated leptin concentrations may be regarded as a potential risk factor in people
with T2DM and a high BMI.
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