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Abstract

Obesity by different mechanisms can contribute not only to the development of type 2 diabetes mellitus
(T2DM) but also to make it worse. One of these mechanisms may include the disturbances of neuropeptide Y
(NPY) serum levels which is one of the most powerful orexigenic peptides, that’s produced in large amounts in
the hypothalamus, as well as in peripheral adipose tissue. The present study aimed to assess the impact of
obesity in type 2 diabetic patients on serum neuropeptide-Y levels and its impact on fasting serum glucose and
insulin levels. Eighty-seven T2DM patients attending the clinic of The National Center of Diabetes Treatment &
Research/Baghdad, were included in this study, had been categorized into; Group (1): 45 patients (19 male, 26
female) obese T2DM patients with BMI (30.5- 44) kg/m2 and age range (31-59) years, and Group (2): Non-
obese T2DM patients with BMI (18.6-24.9) kg/m2, included 42 patients (20 male, 22 female), with age range of
(33-60) years .Fasting blood specimens were utilized to measure serum NPY and glycemic markers. Data
analysis revealed that fasting serum glucose, HbAlc, homeostatic model assessment of insulin resistance
(HOMA-IR) and neuropeptide Y values were significantly elevated (P<0.001) in group-1 in comparison with
group-2, however fasting insulin level and homeostasis model assessment of beta-cell function (HOMA-B) were
significantly elevated (P<0.001) in group-2 compared to group-1. Furthermore, neuropeptide-Y was positively
correlated with BMI (rho=0.670, P<0.001), fasting serum glucose (tho=0.697, P<0.001), HbA1c% (rho=0.274,
P=0.010) and HOMA-IR (rho=0.301, P=0.005), whereas it was negatively correlated with fasting serum insulin
(rho=-0.296, P=0.005) and HOMA-B (rho=-0.598, P<0.001).
Conclusion: Elevated serum levels of neuropeptide Y in obese diabetic patient as compared with non-obese
diabetic patients suggests that obesity plays a role in serum NYP levels. Furthermore, NPY levels are negatively
correlated with serum insulin levels and HOMA-B values; which is indicative of its inhibitory effect on beta
cells' ability to secrete insulin in T2DM patients.
Keywords: Neuropeptide Y, obesity, Type 2 diabetes mellitus, HOMA-B, HOMA-IR.

Introduction

Diabetes mellitus (DM) is a universal encompass glucose  metabolic disorders,

metabolic challenge (), it is predicted to afflict
10.2% of people in 2030 and 10.9% of people in
2045®.T2DM is a common chronic metabolic
disease characterized by a persistent rise in blood
glucose levels due to insulin resistance and /or a
relative  lack of insulin ¢ Long-term
hyperglycemia damages and malfunctions many of
the body's organs . The major risk factor for the
development of type 2 diabetes is obesity, which is
occur when energy intake exceeds expenditure over
an extended period of time ®. Beyond simply
being overfed, obesity is strongly linked to a
number of illnesses . The word "diabesity" was
coined due to the significant correlation between
diabetes and obesity, implying a pathophysiological
causal relationship between both conditions (9.
Metabolic problems associated with obesity

dyslipidemia, hypertension, and dysregulation of
numerous  biochemical  markers, including
neuropeptide Y (NPY), that are associated with
adiposity and interact with its action V. NPY is a
polypeptide consisting of 36 amino acid residues, it
belongs to the neuroendocrine peptide family,
which also contains peptide YY (PYY) and
pancreatic polypeptide ('?). There are six isoforms
of NPY: Y1, Y2, Y3, Y4, Y5, and Y6 receptors, by
interaction with these receptors NPY produce its
actions (¥ Pancreatic islet cells express the NPY
(Y1, Y2, and Y5) receptors, and an NPY
autoantibody may be utilized as a Type | diabetes
diagnostic marker (9.One of the strongest
orexigenic peptides, NPY, is generated in
significant quantities by the hypothalamus and
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peripheral adipose tissue. A surplus of it can be
released in response to overindulgence, which
raises energy intake and sets off a chain reaction of
negative consequences that can lead to diabetes,
heart disease, and other ailments V. The aim of
this study is to estimate serum NPY levels in obese
T2D patients then to assess the impact of obesity
in type 2 diabetic patients on NPY levels and it’s
correlation to serum glucose and insulin levels.

Materials and Methods

A case control study, which took place at
the National Center for Diabetes/College of
Medicine Mustansiriya University from October
15, 2023, to January 25, 2024, a total of 87 diabetic
patients, aged between 31 and 60, were chosen
based on specific criteria from the out-patient
clinic. Of these patients, 48 were female and 39
were male, and they were all under the care of an
endocrinologist. =~ The  American  Diabetes
Association's diagnostic guidelines were followed
while diagnosing diabetic individuals ®. They
were divided into two groups according their Body
Mass Index (BMI) ; Group-1: obese T2DM patients
with BMI (30.5-44) kg/m2, included 45 patients
(19 male, 26 female) age range (31-59) year,
Group-2: Non-obese T2DM patients with BMI
(18.6-24.9) kg/m2, included 42 patients (20 male,
22 female), age range (33-60) year. The study was
approved by The Ethics Committee of the College
of Pharmacy, University of Baghdad (No of Ethical
approval (22102023)); a verbal consent was taken
from each participant after being informed about
the purpose of the study and the expected benefits.
The patients was selected to have T2DM (diabetes
duration > 1 year) for both male and female
patients. Aged > 18 years, with BMI range of (18-
24.9 kg/m2 ) for non-obese, and (> 30 kg/m2) for
the obese .Whilst , those patients having any other
endocrinopathy, or those with chronic liver
diseases, renal diseases, malignant diseases, or on
insulin therapy ,or on drugs that affect serum level
of NPY, regnant and lactating women, all were
excluded from the study.

Methods

Venous fasting blood samples (6mL) were
drawn from each patient. Fresh blood (1mL) was
added to EDTA tubes for measuring glycated
hemoglobin HbAlc in the blood by boronate
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affinity assay using the NycoCard Reader II
(Sweden). The remaining blood was left at room
temperature for 30 min to complete clotting and
then to be centrifuged at 4,000 rpm for 10 minutes;
serum was separated and transferred into
Eppendorf tubes and stored at -20°C until the time
of measuring fasting serum insulin and NPY levels
by enzyme-linked immuno-sorbent assay (ELISA)
specific kits (Cloud-clone crop./ USA and
Elabscience /USA for serum insulin and serum
NPY respectively), while fasting serum glucose
(FSG) ), high density lipoprotein cholesterol (HDL-
C), total cholesterol (TC), and triglycerides (TG)
were measured by colorimetric assay. Low density
lipoprotein-cholesterol (LDL) levels is estimated
using the Friedewald formula ().

LDL (mg/dL) = Total cholesterol — (HDL+ TG/S)
Where (TG/5) represents the VLDL in mg/dL.
Insulin resistance was calculated using the
homeostasis model assessment of insulin resistance
(HOMA-IR); where

HOMA-IR= [(FBG (mg/dL) xfasting insulin
(uU/mL))/404] (7 and Beta-cell function was
calculated using the homeostasis Model
Assessment of Beta-cell function (HOMA-B);
where HOMA-B= [360 x fasting insulin (xU/mL)/
(FBG (mg/dL)-63)] % (3.

Statistical analysis

Statistical analysis was performed by
Statistical Package for Social Science (SPSS,
version 24, USA) for Windows. The uniformity of
data distribution of the variables has been checked
via Shapiro-Wilk test. Continuous variables defined
as median (interquartile rang (IQR) ), and
difference between two groups were checked by
Mann-Whitney U test, while the categorical
variables were expressed as percentages, and
difference between groups were checked using Chi-
square test. Spearman's correlation coefficient (rho)
was run to find out the statistical significant
correlations between measured parameters. P< 0.05
values were considered significant.

Results

“Table 1”7 summarizes participants’
demographic and bio-chemical characteristics
where the variables defined as median

(interquartile rang).

Table 1. Demographic, and Biochemical Characteristics of Participants

Variables Non-obese N=42 Obese N=45 P-value
Age(years) 52 (21) 50 (13) 0.717
Gender | male 20 (47.62%) 19 (42.22%) 0.615
female 22 (52.38%) 26 (57.78%)

Duration(years) 5(8) 333 0.097
BMI(Kg/m? 23.95 (1.83) 33.2(4.25) <0.001
HbAlc (%) 6.8(1.38) 8.76(3.07) <0.001
FSG (mg/dL) 126.49(13.10) 190.74(40.56) <0.001
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Fasting Insulin(uU/ml) 2.911(0.538) 2.148(0.94) <0.001
HOMA-IR 0.86(0.33) 1.04(0.53) 0.001
HOMA-B 16.38(7.12) 5.86(2.22) <0.001
Total Cholesterol 186.5(67) 178(42) 0.347
(mg/dL)

TG (mg/dL) 164.5(84) 133.5(117) 0.742
HDL (mg/dL) 40.5(17) 46.5(12) 0.403
LDL (mg/dL) 119.5(69) 108(80) 0.527
VLDL (mg/dL) 34(17) 26.5(23) 0.705
NPY pg/ml 116.07(59.32) 167.14(50.90) <0.001

Where: N, is number of patients BMI, is body mass index; HbAlc, is glycated hemoglobin; FSG, is fasting

serum glucose; HOMA-IR, is

Homeostatic Model Assessment for Insulin Resistance; HOMA.B, is

Homeostatic Model Assessment for b-cell function, TG is triglyceride, HDL is high density lipoprotein, and
LDL is low density lipoprotein, VLDL is very low density lipoprotein, NPY is neuropeptide Y and (*) refers to

significant difference.

Data analysis for the estimated serum values of
NPY of the studied groups indicate a significant
difference between them (p<0.001), where the
median value (NPY=167.143pg/ml) were higher in
group 1 (obese T2DM patients), than the median
value (NPY=116.068pg/ml) in group 2 (non-obese
T2DM patients “Figure .1”.
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Figure 1. Median values of serum NPY Levels in
obese and non-obese groups

As shown in “Figure .2”, the median values of
FSG, HbAlc and serum insulin of group 1 (obese
T2DM patients) and group 2 (non-obese T2DM
patients) were significantly different where P value
for each biomarker was <0.001, (the median values
of FSG=10.597mmol/L, HbA1¢c=8.76% and serum
insulin =2.148uU/ml in group 1, while the median
values of FSG=7.027mmol/L, HbAlc=6.8% and
serum insulin =2.91pU/ml in group 2).
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Figure 2. Median values of fasting blood glucose,
HbAlc and serum insulin in obese and non-
obese groups

Furthermore, the median values of HOMA -
IR were significantly different (P=0.001), in group
1 (obese T2DM patients) as compared to that of
group 2 (non-obese T2DM patients) where the
median values for HOMA-IR were (1.036 and
0.859 in group 1 and group 2 respectively), as
shown in “Figure .3”.
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Figure 3. Median values of HOMA-IR in obese
and non-obese groups
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The median values of HOMA-B were significantly
different (where P<0.001) in group 2 (non-obese
T2DM patients) as compared to that of group 1
(obese T2DM patients) where the median values
for HOMA-B were (16.377 and 5.858 in group 2
and group 1 respectively), as shown in “Figure .4”.
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Figure 4. Median values of HOMA-B in obese
and non-obese groups respectively.

Table 2. Correlations of serum Neuropeptide Y levels with the studied variables of the total participants.

Variable NPY (N=87)

rho P value
Age (years) 0.063 0.564
Gender (M/F) 0.167 0.123
Duration (years) -0.209 0.052
BMI (kg/m?) 0.670** <0.001
HbA1c% 0.274** <0.010
FSG (mg/dL) 0.697** <0.001
FSI (nU/ml) -0.296** 0.005
HOMA-IR 0.301** 0.005
HOMA-B -0.589** <0.001

Where: N, is number of patients BMI, is body mass index; HbAlc, is glycated hemoglobin; FSG, is fasting
Serum glucose; FSI, is fasting serum insulin, HOMA-IR, is Homeostatic Model Assessment for Insulin
Resistance; HOMA.B, is Homeostatic Model Assessment for b-cell function, NPY is neuropeptide Y, (¥*)
refers to significant difference and rho is spearman’s correlation coefficient.

As shown in “Figure.5” spearman’s correlation
coefficient values of 0.670 and P value <0.001
indicating significant positive correlation between
NPY and BMI of the total participants.
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Figure 5. A scatter plot showing the positive
Correlation between Neuropeptide Y and BMI
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“Figure.6” spearman’s correlation coefficient
values of 0.301 and P value 0.005 indicating
significant positive correlation between NPY and
HOMALIR of the total participants.
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Figure 6. A scatter plot showing the positive
Correlation between Neuropeptide Y and
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Whereas in “Figure.7” spearman’s correlation
coefficient values of -0.296 and P value 0.005
indicating a significant negative correlation
between NPY and insulin of the total participants.

Neuropeptide Y

N S
T

fasting serum insulin

Figure 7. A scatter plot showing the negative
Correlation between Neuropeptide Y and serum
insulin

Additionally in “Figure.8” spearman’s correlation
coefficient values of -0.589 and P value <0.001
indicating a significant negative correlation

between NPY and HOMA.B of the total
participants.
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Figure 8. A scatter plot showing the negative
Correlation between Neuropeptide Y and
HOMA.B

Discussion

According to the criteria used to choose the
study's participants, there were no differences in
the groups' age, gender or duration of diabetes.
This eliminated the possibility that any of these
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variables might have an impact on the biomarkers
the research was looking at.

This study found that serum NPY level
was remarkably higher in obese DM patients group
than in the non-obese weight patients group as
showed in “figure .17, and it has a positive
correlation with body mass index “figure .5”.
Sitticharoon et al. described a higher NPY mRNA
expression in both subcutaneous and visceral
adipose tissue in obese women compared to normal
weight subjects; greater serum NPY levels were
also observed (1. Whereas Tang HN et al. indicate
that higher serum NPY levels were found in only
obese individuals that have metabolic abnormalities
(D While Guzelkas et al. observe the high NPY
levels in both obese and non-obese patients with
PCOS and it’s not associated with body weight @9,
Obesity correlates with the induction of a chronic
state of inflammation that result in alteration in the
inflammatory  profile  of adipose tissue
macrophages (ATM), which lead to Physiologic
stress signals activation, while there are many
neuro-humoral factors associated with stress
responses, NPY is a dominant hormone that is
elevated in chronic stress and sympathetic nervous
system activation V. The released NPY as response
to stress causing by obesity induced inflammatory
state act as a potent immune mediator with both
pro-inflammatory ??,and anti-inflammatory actions
on leukocytes®. Many studies support the
evidence that NPY has protective functions during
chronic stress in the context of anxiolysis ?¥ and
appetite  ®>. Some observation indicate that
myeloid cells within adipose tissue are a regulated
non-neuronal source of NPY production @V, other
study indicate that NPY can be secreted by
adipocytes located in visceral adipose tissue in
obese participants with hyperlipidemia (V.

The data of this study indicate that the
fasting serum insulin level “figure .2” and
HOMA.B “figure. 4” values were higher in non-
obese patients (group 2) than in obese patients
(group 1), and these parameters (fasting serum
insulin “Figure.7” and HOMA.B “Figure .8” had a
significant negative correlation with serum NPY
levels. While HOMAL.IR “Figure .3” values were
lower in non-obese patients (group 2) than in obese
patients (group 1), and had a significant positive
correlation with serum NPY levels. Yang CH et al
identified a more than 2-fold increase in NPY1R
and its ligand, NPY mRNA expression in human
islets from subjects with T2D, that was
significantly associated with reduced insulin
secretion, Furthermore, demonstrates that the
inhibition of the Y1 receptor by BIBO3304 (Y1
receptor-specific antagonist) represents a potential
B-cell-protective therapy for improving functional
B-cell mass and glycemic control in T2DM @9, On
the other hand, Siva ZO et al demonstrate that the
fasting NPY levels were significantly higher in
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migraineurs than in control subjects and it did not
show any significant correlation with parameters
related to HOMA.IR or HOMA.B (B-cell function)
@7, Insulin resistance and beta cell failure are both
involved in the pathogenesis of type 2 diabetes,
although there are various theories linking obesity
and insulin resistance, the mechanism behind the
development of islet failure in obesity is not fully
known. Interestingly, NPY, is a peptide that is
known to be present in both the brain and the
pancreatic islets, it is possible that NPY contributes
to islet dysfunction and potentially serves as a link
between and obesity diabetes. NPY exerts its
effects through interaction with NPY G- protein-
coupled receptors (NPYRs 1-6), NPYR Y1 is the
most predominant receptor expression on beta cells
in addition to Y2 and Y5 NPYRs (¥, Prior research
has demonstrated that diabetogenic  stress
conditions, such as oxidative stress, ER stress, and
inflammation, upregulate NPY-Y1 signaling in f
cells 29, such these stressful condition also may be
caused by the obesity, thus the stress situation that
associated with the obesity may result not only in
elevation in serum NPY level as mentioned above
but also it can lead to upregulation of NPY-Y1
receptors in B cells. NPY By binding to Y1
receptors in B cells directly triggers a signaling
cascade, causing the Gi/a subunit of the G-protein
complex to be released, resulting in the inhibition
of adenylyl cyclase leading to the reduction of
cytosolic cAMP level has been proposed to cause
the inhibition of glucose-stimulated insulin
secretion ®® NPY had also an effect on glucose
metabolism by downregulating cell
phosphatidylinositol 3-kinase (PI3K) and glycogen
synthase kinase-3 phosphorylation of adipose cells
@9 study data analysis also indicate that the FBG,
HbAlc “Figure. 2” values were higher in obese
patients (group 1) than in non-obese patient (group
2), and these parameters had a significant positive
correlation with serum NPY levels. Koseci T, et al
report that the overweight PCOS group had a
higher serum NPY and FBG levels than control
group and the elevation of both was a statistically
significant %, Yang CH et al. demonstrate that the
differential expression of NPY and NPYIR
between diabetic and control group was not
associated with HbAlc @9
Conclusion

The current research shows a
considerable effect of obesity on serum
Neuropeptide Y level, which is positively
correlated with glycemic markers indicating
faster the progression of T2DM complications
in obese patients.
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