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Abstract

Background: Agouti-related peptide (AgRP) and myeloperoxidase (MPO) are key markers associated with meta-
bolic and inflammatory dysfunctions linked to type 2 diabetes (T2DM) and obesity through appetite-regulating
mechanisms and immune activity. Material and methods: Total of 150 participants (30-55 years old) were sepa-
rated into 3 groups: control group, the obesity group, and the T2DM with obesity group. Fasting blood samples
were collected. Biochemical tests (e.g. fasting glycemia and lipid profile), were determined using colorimetric
methods, while insulin, AgRP, and MPO were measured using ELISA. Statistical analyses (e.g. one-way ANOVA,
multiple linear regression, ROC analysis) were conducted. Results: AgRP was significantly higher in the obesi-
ty and T2DM with obesity groups. Conversely, MPO levels significantly decreased in these groups (p < 0.0001)
compared to the control group. The ROC curve showed good discriminatory performance between patient and
control groups. Conclusions: Increased AgRP levels might reflect alterations of appetite and energy balance, whi-
le decreased MPO levels may indicate a complex inflammatory response that could involve enzyme retention in
certain tissues. This study confirmed the importance of AgRP and MPO as potential supplementary indicators of
metabolic disorders. There is a need for more studies to elucidate the mechanisms underlying the decrease in
MPO in these patients.
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Introduction

Obesity was originally characterized by excessive adi-
pose tissue accumulation. The understanding of obesity has
evolved into a complex illness with significant effects on phys-
iological and metabolic processes, and it is no longer consid-
ered strictly a result of lifestyle decisions [1-2]. In type 2 di-
abetes mellitus (T2DM), the body becomes insulin resistant
(IR), which forces the pancreatic beta cells to secrete higher
amounts of insulin to produce a glucose-lowering effect. Over
time, the pancr eatic beta cells might become unable to pro-
duce enough insulin to compensate for IR, which leads to rel-
ative insulin deficiency and elevated blood glucose levels [3].
In obese individuals, IR is more common due to shared patho-
physiological pathways between obesity and T2DM. Further-
more, changes in adipose tissue biology that link obesity to IR
and impaired beta-cell function lead to increased incidence of
T2DM, in line with increasing abdominal fat distribution and
body mass index (BMI) [4-5]. Despite its common use as a cri-
terion for classifying obesity, the BMI does not accurately re-
flect the distribution of body fat or the metabolic dysfunction
associated with obesity. That is why the European Association
for the Study of Obesity (EASO) has indicated that functional
impairment associated with fat should be the basis for defin-
ing obesity [6].

Agouti-related peptide (AgRP) is a type of neuropeptide
produced by the AgRP/NPY neurons (neuropeptide Y) in the
ventral part of the arcuate nucleus of the hypothalamus
[7-8]. In humans its transcription is composed of 132 amino
acids [9]. AgRP acts as an internal competitor to the MC3R
and MC4R of melanocortin receptors and is essential for the
control of energy balance [10]. If AgRP/NPY neurons’ activity
increases, then food consumption will increase and less en-
ergy will be expended, leading to weight gain. These neurons
are a component of a complex neural network that reacts to
several energy-related cues, including hormones that signal
hunger (ghrelin) or fullness (insulin and leptin). AgRP/NPY
neurons are activated during periods of low energy (e.g. fast-
ing), which increases hunger and encourages eating-seeking
conduct [11-12]. AgRP neuronal activity modulates feeding
and glucose homeostasis, with disrupted insulin signaling
contributing to insulin resistance and the etiology of T2DM
[13-14].

Myeloperoxidase (MPO, EC 1.11.2.2), is a type of heme
peroxidase, generally found in the neutrophils and, with
less content, in monocytes. MPO has extensive bactericidal
activity by catalyzing the Cl reaction with H202 to produce
the potent oxidant hypochlorous acid (HOCI). But excessive
MPO-derived oxidant generation has harmful effects, par-
ticularly in conditions where inflammation is either acute or
chronic [15]. Over the past years, there has been a significant
shift away from the prevalent and oversimplified understand-

ing of MPO as a cytotoxic agent. It is now clear that MPO has
functions that extend beyond its antibacterial properties and
contribute to the host sustaining tissue damage. MPO has
been shown to directly influence the function of inflamma-
tory cells in addition to neutrophils, endothelium, dendritic
cells, macrophages, and epithelial cells, as well as to influence
immunity [16-17]. Obesity associated with diabetes increases
oxidative stress, which leads to increased MPO activity and
exacerbates inflammation, lipid abnormalities, vascular dam-
age, and insulin resistance compared to obese non-diabetic
individuals [18]. The relationship between AgRP and MPO
and T2DM linked to insulin resistance and obesity remains
unclear despite a growing number of studies on the subject.
The purpose of this study was to investigate the role of AgRP
and MPO in metabolic disorders and oxidative stress in peo-
ple who are obese with T2DM and without.

Materials and methods

Study design

This research was conducted from January to March 2026
at the Al-Yarmouk Teaching Hospital (Baghdad, Iraq) in collab-
oration with the College of Science for Women at the Univer-
sity of Baghdad. A total of 150 adults, aged 30-55 years, were
enrolled and equally divided into 3 groups according to their
clinical status. Group 1 (control group) consisted of 50 individ-
uals with no history of DM, obesity, or other chronic diseases
(BMI < 25 kg/m?). Group 2 (obesity only) included 50 people
diagnosed with obesity only but without medical history of
DM or chronic disease (BMI > 30 kg/m?). Group 3 (DM with
obesity) included 50 individuals diagnosed with both obesity
and T2DM (BMI > 30 kg/m?). The sample size was determined
based on previous studies that investigated the biochemistry
that links obesity and T2DM. Exclusion criteria included preg-
nancy, cardiovascular diseases, thyroid diseases, renal dis-
ease, autoimmune disorders, malignancies, insulin injections
and use of medications that are known to impair neutrophil
activity. The participants provided informed consent and met
the diagnostic criteria for obesity and diabetes as applicable.
This study was approved by the local Scientific Research Ethics
Committee (Approval No. CSW-REC 1018).

Anthropometric measurements

All participants completed a questionnaire and recorded
a set of characteristics such as gender, age, and medical histo-
ry. Weight, height, and waist circumference were also meas-
ured in the normal standing position. BMI was computed
by dividing weight in kilograms by squared height in meters



(kg/m?). The waist-to-hip ratio (WHR) was computed by divid-
ing the waist circumference in cm by the hip circumference in
c¢m. The waist-to-height ratio (WHtR) was calculated dividing
the waist in cm by the height in cm.

Laboratory measurements

Venous blood fasting samples were collected after 8-12
hours of fasting. Biochemical analyses included fasting blood
glucose and lipid profile (LDL, HDL, triglycerides, and total
cholesterol). Fasting serum insulin, AgRP) and MPO were
measured using a human ELISA kit (ELK Biotechnology, Sugar
Land, TX, USA) according to the instructions from the man-
ufacturer. The assay sensitivity for AgRP is 3.1 pg/mL, and
the detection range is 7.82-500 pg/mL. For MPO, the as-
say sensitivity was 0.65 ng/mL, and the detection range is
2.34-150 ng/mL; the absorbance was measured using a Hu-
maReader HS microplate reader (HUMAN Gesellschaft fiir
Biochemica und Diagnostica mbH, Wiesbaden, Germany). In-
sulin resistance was computed using the Homeostatic Model
Assessment of Insulin Resistance (HOMA-IR) model, which is
[Insulin (LU/mL) x Glucose (mg/dL)]/405 [19].

Statistical analysis

The Social Sciences Statistical Package (v. 26, SPSS Inc.,
Chicago, USA) and JASP (v. 0.19.1, JASP Team) were used
for the statistical analysis [20]. The data is presented as
mean + SD. Analyses included one-way ANOVA to compare
groups, Pearson’s correlation analysis, multiple linear regres-
sion (including VIF for multicollinearity) and ROC curve analy-
sis. A p-value < 0.05 was deemed significant statistically.

The duration of diabetes in the DM with obesity group
ranged from < 3 years to 10 years. The mean + SD values for
BMI, WHR, and WHtR in the obesity group and the DM with
obesity group were significantly higher compared with the
control group (Table 1). Both fasting glycemia and HOMA-IR
showed a higher value in the DM with obesity group relative
to the control group. All lipid profile indices were elevated in
the obesity and DM with obesity groups, except for HDL-C
which decreased in both these groups compared to the con-
trol group. VLDL-C levels were noticeably higher in the DM
with obesity group compared with the other groups.

The AgRP levels in the obesity group and the DM with
obesity group were significantly elevated (mean value + SD:
227.91 + 66.46 pg/mL and 204.02 + 51.15 pg/mL, respec-
tively) compared to the control group. In contrast, MPO was
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decreased in the patient groups compared with the control
group (mean value + SD: 118.76 + 16.55 ng/mL).

The correlation analysis showed a positive correla-
tion between WHtR and AgRP (r = 0.438, p < 0.001), while
MPO showed a negative correlation with WHtR (r = -0.628,
p < 0.001) (Table 2). Additionally, AgRP and MPO showed
a moderate negative correlation with each other (r = -0.345,
p <0.001).

Multiple linear regression analysis revealed that AgRP
was positively associated with BMI (B = 0.514, p < 0.001)
and shows no significant correlation with age or fasting gly-
cemia, while MPO was negatively correlated with both BMI
(B = -0.511, p < 0.001) and fasting glycemia (B = -0.311,
p <0.001) (Table 3).

The box plot analysis showed that AgRP levels were high-
er in both the obesity and DM with obesity groups. In contrast,
MPO levels were lower in these groups compared to the con-
trol group, as shown in Figure 1.

Table 4 shows the results of the ROC analysis between
the control and obesity groups. The area under the AUC of
the ROC curve for AgRP and MPO proved to be indicating
good discriminatory performance, having values of 0.915 and
0.975, respectively, as shown in Figure 2.

Table 5 presents the ROC analysis, which showed a good
discriminatory performance for AgRP and MPO between the
control and the DM with obesity groups, with AUC values of
0.857 and 0.976, respectively, as shown in Figure 3.

BMI is used to assess obesity, but it doesn’t account for
fat distribution differences [21]. Recent frameworks by the
Lancet Commission and EASO have highlighted the limita-
tions of BMI in diagnosing obesity, however it remains the
routinely used criterion for obesity classification in Iraq ac-
cording to the WHO classification [6, 22-23]. Therefore, BMI
was used as the primary criterion for obesity classification
among the participants in the present study [23]. As excess
weight advances, many individuals develop a characteristic
pattern of fat accumulation in the abdominal region, leading
to a larger waist circumference and a higher WHR and WHtR.
A high WHR is a predictive risk factor that plays a role in sev-
eral diseases, e.g. T2DM and heart disease [24]. In addition,
WHtR may provide additional information for the assess-
ment and classification of obesity [25]. Obesity particularly
central obesity, is a metabolic disorder that impairs insulin re-
sponsiveness and causes persistent low-grade inflammation.
Elevated levels of inflammatory cytokines trigger multiple in-
tracellular signaling pathways, promoting lipid accumulation
within adipocytes and, thereby, playing an important part in
the progress of IR and T2DM [26-27].
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Table 1. Mean * SD of anthropometric data, biochemical parameters, and main metabolic parameters among three groups

Parameters

Control group

(n = 50)

Obesity group
(n = 50)

DM with
obesity group
(n = 50)

Anthropometric data

Age (year) 42.32 + 7.58 42.36 + 8.05 44.58 + 7.06 0.234

BMI (kg/m?2) 23.25 + 1.49 37.45 + 4.69 37.27 + 5.30 < 0.0001%**

WHR 0.84 + 0.06 1.06 = 0.03 1.15 £ 0.03 < 0.0001**

WHtR 0.48 £ 0.036 0.66 + 0.065 0.65 + 0.063 < 0.0001%**
Glycemic profile

Fasting

glycemia 92.54 + 13.18 111.40 = 8.63 248.54 £ 33.14 | < 0.0001**

(mg/dL)

{:;;_’,'}';L) 9.18 + 1.26 14.82 +4.34 | 13.84+2.15 | <0.0001%

HOMA-IR 2.04 £ 0.40 4.06 £ 1.35 8.45 + 1.68 < 0.0001%**
Lipid pofile

Cholestero} 168.26 + 5.46 | 203.33 + 30.35 | 206.05 + 22.97 | < 0.0001**

(mg/dL)

{gg'}’:f)”de 175.38 + 18.52 | 178.64 + 12.54 | 244.55 % 24.05 < 0.0001%*
HDL-C (mg/dL) 59.40 + 6.81 31.98 + 7.21 42.82 + 8.31 < 0.0001%**
LDL-C (mg/dL) 74.50 £ 10.17 135.66 = 33.10 | 114.35 £+ 26.37 | < 0.0001**
VLDL-C (mg/dL) 35.03 £ 3.71 35.68 + 2.51 48.87 + 4.81 < 0.0001%**
Biochemical markers
AgRP (pg/mL) 135.60 + 36.50 | 227.91 £ 66.46 | 204.02 + 51.15 | < 0.0001**
MPO (ng/mL) 118.76 £ 16.55 | 61.13 £ 19.84 49.45 £+ 25.98 < 0.0001%**

** ANOVA test significant difference between means at level p < 0.01

Table 2. Correlation analysis between WHtR with AgRP and MPO levels

VEL DS WHtR AgRP MPO

WHtR

AgRP b < 0.001

MPO b < 0001 b < 0,001

At p < 0.001, it is considered statistically significant.
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Table 3. Multiple linear regression analysis of AgRP and MPO levels

Dependent | predictors | Unstandardized(B) | Standardized(B) | t-value p-value

AgRP BMI 4.283 0.514 6.317 < 0.001 1.291
Age -0.894 -0.104 -1.435 0.153 1.020
FBS -0.031 -0.035 -0.426 0.671 1.307
MPO BMI -2.402 -0.511 -7.850 < 0.001 1.291
Age -0.280 -0.057 -0.994 0.322 1.020
FBS -0.158 -0.311 -4.748 < 0.001 1.307
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Figure 1. Box plot showing the distribution of serum AgRP and MPO levels among the 3 study groups. The horizontal line represents
the median, the box represents the interquartile range, and the circles represent the individual observations.

Table 4. AUC value of the AgRP and MPO between control and obesity groups

Parameters AUC Std. error2 | Asymptotic Sig.? | Asymptotic 95% CI Cut-off value
Lower Upper
bound bound
AgRP (pg/mL) | 0.915 0.03 0.000 0.857 0.973 < 160.3 pg/mL
MPO (ng/mL) | 0.975 0.016 0.000 0.943 1.000 >99.8 ng/mL

Table 5. AUC value of the AgRP and MPO between control and DM with obesity groups

Parameters AUC Std. error? | Asymptotic Sig.? | Asymptotic 95% CI Cut-off value
Lower Upper
bound bound

AgRP (pg/mL) | 0.857 0.038 0.000 0.782 0.932 < 140 pg/mL

MPO (ng/mL) | 0.976 0.014 0.000 0.949 1.000 >99 ng/m
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Figure 2. ROC curve analysis of AgRP and MPO between control and obesity groups
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Figure 3. ROC curve analysis of AgRP and MPO between control and DM with obesity groups

Our regression model verified the independent impact of
obesity on circulating AgRP, implying that these changes are
mostly caused by obesity, independent of age or blood sugar
levels. Similarly to Su et al., AgRP is an efficient peptide that
enhances appetite; the hormone ghrelin activates its effect
on appetite; therefore, increased food intake is associated
with increased AgRP expression [28]. AgRP neurons release
neurotransmitters, such as NPY, to increase hunger, while
the pro-opiomelanocortin (POMC) fibers release a-MSH to
reduce hunger and increase satiety. The competitive interac-
tion between these neurotransmitters influences the degree
of satiety felt after a meal [29]. During fasting in the arcuate
nucleus, decreased leptin plays a role in increasing food con-
sumption and reducing energy spending through POMC inhi-
bition and AgRP/NPY cell activation [30]. Overeating and poor
glucose regulation are promoted by obesity’s central oxida-
tive stress in the hypothalamus, where increased reactive ox-
ygen species interfere with the function of energy-regulating

neural circuits, including AgRP cells [31]. A study conducted
by Zhang et al. indicated that AgRP is intimately linked to oxi-
dative stress and metabolic degradation. Increased oxidative
load inside AgRP cells themselves, resulting from disturbed
mineral balance and metabolism, exacerbates obesity, insulin
resistance, and impaired glucose balance [32]. The neural cir-
cuits responsible for regulating appetite and energy may be
disrupted as a result of hypothalamic dysfunction caused by
oxidative imbalance and metabolic stress. Furthermore, circu-
lating AgRP levels may not accurately reflect central hypotha-
lamic activity, therefore the peripheral measurements should
be interpreted with caution.

Although inconsistent with several previous studies, the
low levels of MPO in our study among participants with T2DM
and obesity, may be explained by multiple mechanisms. Laba-
to et al. indicated that neutrophil secretion may be impaired
or affected by chronic metabolic dysregulation in obese indi-
viduals with T2DM, leading to a disruption in the granule re-



lease process and consequently reducing the release of MPO
into the bloodstream [33]. Similarly, evidence suggests that
circulating MPO levels in chronic inflammation are subject to
a complex regulatory mechanism. This complexity indicates
that MPO levels may not always follow a linear pattern be-
cause their release into the circulation may not strictly corre-
spond to their total protein content or enzymatic activity, or
their functions may be actively suppressed [34]. In addition,
MPO is considered a bridge link between oxidative stress,
inflammation and systemic diseases. Studies have reported
changes in oxidative stress in patients with T2DM, which may
contribute to metabolic dysfunction or disorder [35-36]. Due
to MPQ'’s high reactivity with various substrates such as lipids
and proteins, the enzyme may be consumed in multiple path-
ways in metabolic states characterized by high oxidative bur-
den, such as obesity and T2DM [15, 37]. Therefore, decreased
circulation of MPO should be interpreted cautiously and does
not imply the absence of inflammatory activity. Furthermore,
intracellular enzyme activity and tissue retention in chronic
metabolic conditions require more studies.

The ROC analysis in our study for both AgRP and MPO
showed a good AUC value. This may indicate that AgRP and
MPO are sensitive to early metabolic and oxidative alterations,
which could support their potential use as early biomarkers of
metabolic dysregulation. However, further validation studies
are still needed to define their precise role.

Study limitations

Despite the importance of its findings, this study has
many limitations. Firstly, serum MPO measurements do not
necessarily represent its real functional activity within tissues.
Additionally, the cross-sectional design of the study may not
demonstrate a causal relationship between AgRP and MPO.
We measured only peripheral AgRP, which may not fully re-
flect central neuroendocrine signaling pathways. Another
limitation is the exclusion of the BMI 25-30 kg/m? group. In
individuals with a BMI between 25 and 30 kg/m?, there may
be increased cardiometabolic risk and metabolic dysfunction
associated with obesity [38]. Our sample size and the fact that
the participants were recruited within a single geographical
area may restrict the generalizability of our results. In addi-
tion, lifestyle factors, dietary habits, physical activity, smok-
ing status, ethnic differences, and the use of oral antidiabetic
medications were also not fully evaluated among our study
participants, which may have affected some anthropometric
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indicators and circulating biomarker levels. Furthermore, the
lack of HbAlc measurements may restrict the thorough eval-
uation of long-term glucose control.

AgRP and MPO are associated with metabolic disorders
observed in both T2DM and obesity. An increase in AgRP
levels may reflect a potential disruption in the neural con-
trol of appetite and energy balance, which may contribute to
overeating and impaired glucose regulation. In contrast, the
observed decrease in MPO may suggest a complex inflam-
matory response possibly related to enzyme consumption in
tissues as a result of chronic oxidative stress. Further studies
are needed to test this hypothesis. Although there is no di-
rect link between AgRP and MPO, these biomarkers may be
indirectly connected through pathways associated with insu-
lin resistance and the onset of T2DM due to the metabolic
dysfunction in obesity. This supports their potential role as
complementary markers of metabolic disorders rather than
as stand-alone diagnostic tools. Long-term and longitudinal
research is required to confirm these biomarkers’ clinical rel-
evance and usefulness.
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