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Abstract

Background: Over the past two decades, a striking increase
in the number of people with the metabolic syndrome world-
wide has taken place. Thisincrease is associated with the
global epidemic of obesity and diabetes. With the elevated
risk not only of diabetes but also of cardiovascular disease
from the metabolic syndrome, there is urgent need for strategies
to prevent the emerging global epidemic. The metabolic
syndrome is a master of disguise sinceit can present in various
ways according to the different components that constitute
the syndrome.

Aimof Study: This study was to estimate the fasting
plasmalevels of PYY and ghrelin in lean versus metabolic
syndrome overweighed patients.

Patients and Methods: This case-control study included
20 lean (normal weight) healthy control subjects and 80 MetS
subjects 20 with (abdominal obesity, high blood pressure,
high blood sugar), 20 with (abdominal obesity, high blood
sugar high serum triglycerides), 20 [abdominal obesity, high
blood sugar low high-density lipoprotein (HDL) levels] and
20 with (high blood pressure, abdominal obesity, high serum
triglycerides) the age range of the participants was 20-50
years and the participants anthropometric characteristics were
measured.

Results: Total cholesterol (TC) and triglycerides (TG),
Insulin, HbA1C and HOMA-IR in patients with MetS were
significantly higher, while HDL-C, Ghrelin and PYY were
significantly lower in MetS patients.

Conclusion: The current study revealed the possible role
of several Gl-hormones in the pathogenesis of obesity-
associated diseases and MetS. Additional works are needed
to elucidate the possible underlying mechanisms and clarify
several controversiesin thisissue.

Key Words: Metabolic Syndrome — PYY — Ghrelin — Insulin
—HbAL1 C—HOMA-IR.

Introduction

METABOLICSYNDROME (MetS) isacomplex
disease characterized by raised blood pressure,
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central obesity, dyslipidemia and hyperglycemia
andit is related to increased risk of cardiovascular
mortality, stroke, diabetes mellitus type 2, and
even death [1]. The prevalence of MetSisincreas
ing with body massindex (BMI) and age [2].

Severa prior studies showed that MetS is asso-
ciated with a 3-to-4.3-fold increase in mortality
from cardiovascular disease (CV D) and subjects
with MetSwere 3.5 to 5 times more likely to
develop type 2 diabetes [34] . Peptide YY (PYY),
another satiety Gl hormone, existsin two forms
of PYY 3-36 and PYY1-36 [5]. Thecirculating
PY'Y 3-36 as the predominant form is a major
endocrine mediator of satiation and reduces body
weight and its deficiency is a potent inducer of
obesity [6] . Its effects on inhibition of food intake
mostly occur through its high affinity to presynaptic
inhibitory neurons [5].

Ghrelin, a peptide of 28 amino acid polypeptide,
was first identified by Kojimaetal. [7]. Inrat and
human stomachs as an endogenous ligand of growth
hormone secretagogue receptor [7] . In addition to
the growth hormone secretion, ghrelin has been
reported to be implicated in other processes such
asfood intake, insulin release, gastric acid secretion
and body weight gain [g].

In contrast to previously mentioned satiation
Gl peptides (PY'Y and CCK), ghrelin increases Gl
motility and decreases insulin secretion. Ghrelin
concentration reduces in response to high doses of
PYY 3-36 in the pre-meal period [9]. There are
limited studies reporting the possible role of Gl
hormones in the MetS. In the study by Zwirska-
Korczala [5], in comparison of basal concentrations
of CCK, PYY, ghrelin and gastrin inarelatively
low sample size of healthy lean (n=8), obese (n=12)
and morbid obese (n=18) patients with MetS,
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reported higher CCK and PY'Y concentrationsin
lean controls compared with obese patients with
MetS while ghrel in concentrations were higher in
morbid obese patients with MetS than in obese
patients with MetS (p<0.05).

No association of these hormones with MetS
in gredients was reported. Insevera other studies
the possible role of different gene variants of PY'Y
or ghrelin as potent predictor of MetS and its
components in different ethnic populations had
also been reported [10,11] . The above introduction
eluci dates the possible role of GI hormonesin
association with MetS and its in gredients. How-
ever, according to our review of literature, no study
was available to assess the possible relationship
of these Gl hormones with MetS componentsin
obese subjects.

Aim of the study:

Was to estimate the fasting plasma levels of
PYY and ghrelin in lean versus metabolic syndrome
overweighed patients.

Patients and M ethods

The present case-control study was carried out
between August and October of 2019, in Asssuit
Branch, Faculty of Medicine Al-Azhar University,
Egypt. The MetS was diagnosed according to
guidelines from the National Cholesterol Education
Program’'s Adult Treatment Panel |11 (NCEP-ATP
[11) [12]. MetS can be diagnosed when patients
have >3 of 5 following criteria: Increased level of
triglycerides (TG) (>150mg/dL), waist circumfer-
ence (WC) >88cm in women and > 102cm in men,
low serum high density lipoprotein cholesterol
(HDL-C) (<40mg/dL for men and <50mg/dL for
women), diastolic blood pressure (DBP >85mmHg)
or systolic blood pressure (SBP) >130mmHg and
fasting blood glucose (FBG) >100mg/dL .

Therefore, groups were classified into:

- Group | (n=20): Lean (normal weight) healthy
control subjects [body massindex range 18.5-
24.9kg/m?] [13].

- Group 11 (n=80): Metabolic syndrome over-
weighed patients, who were sub-classified ac-
cording Kaur [14] into:

i- Group lla (n=20): Abdominal obesity, high
blood pressure and high blood sugar.

ii- Group I1b (n=20): Abdominal obesity, high
blood sugar and high serum triglycerides.

iii- Group llc (n=20): Abdominal obesity, high
blood sugar and low high-density lipoprotein (HDL)
levels.

iv- Group Ild (n=20): High blood pressure,
abdominal obesity and high serum triglycerides.

Inclusion criteria:

Having BMI >30kg/m? and being aged between
20-50 years. We excluded the patients with the
history of kidney or cardiovascular complications,
cancer, ather osclerosis, recent surgery and those
treated by anti-depressive, diuretics, glucocorti-
coids, anti-hypertensive, hypoglycemic and/or
hypolipidemic drugs in the past three months.

Exclusion criteria;

Diet for losing weight, being pregnant or lac-
tating and menopause in the previous 3 months.

Participants were informed about the protocol
and gave their written consent before initiation of
the study. The project was approved by the ethical
committee of Al-Azhar University of Medical
Science. The study was conducted in accordance
with the Declaration of Helsinki.

Assessments of anthropometric, blood pressure
and appetite:

Anthr opometric variables such as BMI, WC,
height and weight were measured by trained inter-
viewers. Weight was assessed by using adigita
scale with 0.1-kg precision and the height was
assessed by a stadiometer with a precision of 0.5cm.
WC was assessed in the standing position at the
level midway between the anterior iliac crest and
the lower border of the rib. BMI was assessed as
weight (kg)/height (m?). Blood pressure was re-
corded by a standard mercury sphygmomanometer
twice after 10 minutes of rest. The mean of the
two readings was assigned as DBP and SBP meas-
urement.

In this study, appetite profile was assessed by
anchored 100-mm visual analogue scales (VAYS).
Participants were asked to respond to 10 questions
relating to hunger, appetite, fullness, thirst, satiety,
desire to eat and prospective food intake by VAS
for each question.

Biochemical assessments:

After 12-14 hours fasting, venous blood sample
was collected from each individual. The plasma
and serum samples were separated and stored at
—70°C till further use. Scrum PY'Y, CCK and ghrelin
levels were measured by commercial active ELISA
kits (Hangzhou East Biopharm Co, LTD, USA).
The inter-assay and intra-assay coefficients of
variation (CV) for PYY, and ghrelin were <12%
and <10% respectively. Serum insulin was assessed
by Diametra assay ELISA kit with the inter-assay
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and intra-assay CV of <10% and <5%, respectively.
Serum Ox-LDL was assessed by Bioassay Tech-
nology Laboratory ELISA kit with the inter-assay
and intra-assay CV of <10% and <8%, respectively.
Concentrations of serum lipids (TC, TG and HDL-
C) were assessed by enzymatic methods and serum
LDL-C levelswere estimated. All of the biochem-
ical analyses were carried out blind by atrained
lab assistant.

Satistical analysis:

Data were fed to the computer using IBM SPSS
software package version 24.0. Quantitative data
were described using mean and standard deviation
for normally distributed data. For normally distrib-
uted data, comparison between two independent
population were done using independent t-test
while more than two population were analyzed F-
test (ANOVA) to be used. Significance test results
are quoted as two-tailed probabilities. Significance
of the obtained results was judged at the 5% level.

Results

Table (1): Comparison between the different studied groups
regarding age.
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The differencein BMI (mean * SD) between
controls and the four diseased groups was signifi-
cant (Anova=59.179 and p-value 0.00 1 *), but
insignificant difference between any diseased group
and other diseased groups (Table 2).

Table (3): Comparison between the different studied groups
regarding waist circumference (WC).

Group| Grouplla Groupllb Groupllc Grouplid

wcC “n=20"  “n=20" “n=20" “n=20" “n=20"
Range 94.00- 115.00- 116.00- 118.00- 116.00-
102.0 142.0 142.0 142.0 142.0
Mean 98.80 127.80 128.70 131.25 129.00
SD. 2.75 8.50 9.14 7.73 8.77
ANOVA 62.072
p-vaue 0.001*
o] 0.001* 0.001* 0.001* 0.001*
P2 0.211 0.103 0.162
pP3 0.31 0.562
P4 0421

Age Group |
(years) “n=20"

Group lla Groupllb Groupllc Grouplld
“n=20" “n=20" “n=20" “n=20"

Range  35.0-54.0 36.0-54.0 37.0-55.0 35.0-55.0 35.0-55.0
Mean 44.85 44.45 47.60 43.30 47.10

SD. 5.18 5.67 5.36 5.50 6.39
ANOVA 2.097

p-vaue 0.087 N.S.

o] 0.823N.S 0.126 0.387 0.210
P2 0.08 0.520 0.140
p3 0.062 0.852
Pa 0.071

The difference in waist circumference (mean
+ SD) between controls and the four diseased
groups was significant (Anova=62.072 and p-
value 0.00 1 *), but insignificant difference between
any diseased group and other diseased groups
(Table 3).

Table (4): Comparison between the different studied groups
regarding Fasting insulin (mlIU/L).

The difference in ages (mean * SD) between
controls and the four diseased groups was in sig-
nificant (Anova=2.097 and p-value=0.087), also
insignificant difference between any diseased group

and other diseased groups (Table 1).

Table (2): Comparison between the different studied groups
regarding BMI.

BMI Group| Grouplla Groupllb Groupllc Grouplid
=20 =20 “n=20" =20 =20

Range 18.50- 25.50- 25.00- 25.30- 25.30-
24.30 29.90 29.60 29.90 29.90

Mean 21.83 28.11 26.95 28.03 27.62

S.D. 1.87 1.35 1.62 1.30 151

ANOVA 59.179

p-value 0.001*

pP1 0.001* 0.003* 0.001* 0.001*

p2 0.08 0.652 0.103

P3 0.086 0.211

P4 0.107

::nﬁll |nr? Group| Grouplla Groupllb Groupllc Grouplid
“n=20"  “n=20" “n=20" “n=20" “n=20"

(mlU/L)

Range 11.10-  20.10- 20.60- 20.80- 20.00-
14.50 29.70 29.70 29.60 29.60

Mean 12.74 25.72 25.33 25.76 24.81

SD. 115 3.26 3.19 2.62 3.38

ANOVA 79.790

p-value 0.001*

o]} 0.001* 0.001* 0.001* 0.001*

p2 0.682N.S 0568N.S 0425

p3 0.78N.S 081

P4 0.462

The difference in fasting insulin (mlIU/L) (mean
+ SD) between controls and the four diseased
groups was significant (Anova=79.790 p-value=
0.00 1 *), but insignificant difference between other
diseased groups (Table 4).
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Table (5): Comparison between the different studied groups
regarding HOMA IR.

HOMA  Group! Grouplla Groupllb Grouplic Grouplld
IR “n=20" “n=20" “n=20" “n=20" “n=20"
Range  2.70-350 5.70-7.70 5.40-7.50 5.40-7.70 5.40-7.70
Mean 3.04 6.92 6.47 6.70 6.76

SD. 0.28 0.64 0.68 0.74 0.71
ANOVA 79.790

p-value 0.001*

o] 0.001* 0.001* 0.001* 0.001*

p2 0.120 0.107 0.112

P3 0.301 0.214

P4 0.82

The difference in serum triglyceride (mean *
SD) between controls and the four diseased groups
was significant (Anova=215.153, p-value=0.001),
significant difference between diseased group lla
and I1b&I1d (p=0.001 for each), also significant
difference in diseased group between I1b and lic
(p-value=0.001) and significant differencein dis-
eased group between lic and I1d (Table 7).

Table (8): Comparison between the different studied groups
regarding HDL.

Group!l Grouplla Groupllb Groupllc Grouplld

HDL “n=20"  “n=20"  “n=20"  “n=20"  “n=20"

The differencein HOMA IR (mean * SD) be-
tween controls and the four diseased groups was
significant (Anova=135.354 p-vaue= 0.001 *), but
insignificant difference between other diseased
groups (Table 5).

Table (6): Comparison between the different studied groups
regarding HbA 1c.

HbA1c Group|l Grouplla Groupllb Groupllc Grouplld
“n=20" “n=20" “n=20" “n=20" “n=20"

Range  35.0-54.0 30.0-39.0 30.0-400 28.0-35.0 31.0-44.0

Mean 4595 34.60 35.55 31.65 36.85
SD. 5.87 241 3.76 2.62 431
ANOVA 36.483

p-value 0.001*

o] 0.001* 0.006* 0.001* 0.007*
P2 0.211 0.142 0.223
P3 0.147 0.211
P4 0.311

Range  4.50-5.50 7.00-8.50 6.80-8.50 6.80-850 6.80-8.50

Mean 4.92 7.67 7.73 7.67 7.59
SD. 0.31 054 0.56 0.51 0.52
ANOVA 122.355

p-value 0.001*

o] 0.001* 0.001* 0.001* 0.001*
p2 0.231 0.889 0.421
p3 0.521 0.101
P4 0.36

The difference in HbA 1 ¢ (mean * SD) between
controls and the the four diseased groups was
significant (Anova=122.355, p-value=0.001) but
insignificant difference between other diseased
groups (Table 6).

Table (7): Comparison between the different studied groups
regarding Serum triglyceride.

The differencein HDL (mean * SD) between
controls and the four diseased groups was signifi-
cant (Anova=36.483, p-value=0.001) but insignif-
icant difference between other diseased groups
(Table 8).

Table (9): Comparison between the different studied groups
regarding plasmaPYY (pg/ml).

Plasma

Serum Group| Grouplla Groupllb Groupllc Grouplld
triglyceride “n=20" “n=20" “n=20" “n=20" “n=20"
Range 106.0- 107.0- 203.0- 105.0- 193.0-
1450 1400 287.0 144.0 289.0
Mean 126.35 123.15 237.45 125.15 239.40
SD. 1220 11.73 24.81 12.65 27.13
ANOVA 215.153
p-value 0.001*
o]] 0.21N.S.  0.001* 0.211 0.001*
P2 0.001* 0.244 0.001*
p3 0.001* 0.107
P4 0.001 *

PYY Group| Grouplla Groupllb Groupllc Grouplid
“n=20"  “n=20" “n=20" “n=20" “n=20"

(pg/ml)

Range 682.0-  920.0- 984.0- 955.0- 900.0-
937.0 1204.0 1300.0 1313.0 1227.0

Mean 82510 1072.10 1153.95 1093.25 1087.15

SD. 75.98 103.78 109.22 105.90 101.73

ANOVA 36.483

p-value 0.001*

pP1 0.001* 0.001* 0.001* 0.001*

p2 0.046* 0.213 0.452

p3 0.107 0.11

P4 0.652

The differencein plasmaPY'Y (pg/ml) (mean
+ SD) between controls and the four diseased
groups was significant (Anova= 32.506, p-value=
0.001), but insignificant difference between other
diseased groups (Table 9).
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Table (10): Comparison between the different studied groups
regarding plasma ghrelin (ng/ml).

Plh?ZI?r? Group| Grouplla Groupllb Groupllc Grouplld
9 “n=20" “n=20" “n=20" “n=20" “n=20"
(ng/ml)

Range 6.0-9.0 4.10-740 4.60-7.90 4.0-790 3.90-7.20
Mean 7.56 5.74 6.37 6.26 5.80

SD. 0.89 0.92 120 114 0.98
ANOVA 10.091

p-value 0.001*

o]} 0.001* 0.001* 0.001 * 0.001 *

p2 0.045* 0.05* 0.62N.S.
P3 0.25 0.107 N.S.
P4 0.114N.S.

The difference in plasma ghrelin (ng/ml) (mean
+ SD) between controls and the four diseased groups
was significant (Anova=10.091, p-value= 0.001),
also significant differences in diseased groups
between llaand both 11b&l1c (p-value = 0.045 and
0.05 respectively) but insignificant difference be-
tween other diseased groups (Table 10).

p1 comparison between group | and other
groups. p2 comparison between group lla and other
groups. P3 comparison between group I1b and other
groups. p4 comparison between group Ilc and 11d.
p was significant if <0.05 S.D. Standard deviation
N.S. not significant.

Discussion

One third of overweight/obese persons manifest
the metabolic syndrome according to ATP 111 diag-
nosis criteria [19] . In the present work, we found
a negative significant correlation between plasma
PYY and plasmaghrelin and a positive correlation
between BMI and plasmaPYY (pg/ml). Moreover,
increased plasma PY'Y (pg/ml) in patients when
compared with controls. Moreover components of
metabolic syndrome were in parallel of increased
plasmaPYY.

Importance of plasma YY:

Plasma PY'Y has many functions including
retard gastric emptying and its motility, also in
hibits gastric acid secretion, bile secretion, and
pancreatic enzymes, and regulate food intake [16].
Systemic administration of plasma PY'Y decrease
appetite healthy people, thus plasma PYY playsa
rolein regulating satiety [17] . Blood levels of
plasmaYY arelow in fasting and increase after
eating [18]. Moreoverplasma Y'Y isalso released
by gastric acid, cholecystokin in (CCK), and infu-
sion of bile acidsinto theileum or colon [19]. In
addition, plasma PY secretion can influenced by
intestinal peristalsis and intraluminal nutrients [20].
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Modeofaction for peptide YY:

PYY acts on the arcuate nucleus of the hypoth-
alamus by targeting the neuropeptide Y neurons
[21]. PYY isableto cross the blood-brain barrier
freely. Thisindicates that thereis no limit to the
amount of circulating PY'Y that can cross that
blood-brain barrier. Within the arcuate nucleus of
the hypothalamus, there are two subsets of neurons
that integrate signals and influence energy home-
ostasis. These neurons are the NPY /agouti-related
peptide neurons and the pro-opiomelanocortin
/cocaine- and amphetamine-regul ated transcript
(CART) neurons [21]. PY'Y has agonistic properties
on Y 2 receptors, so binding to those receptors leads
to an inhibition of food intake [22].

Since pro-opiomelanocortin neurons are ano-
rexigenic, this would go against the established
satiating effect of neuropeptide Y in the body.
However, it appears that PYY may more strongly
inhibit neuropeptide Y cells, and that the neuropep-
tide Y inhibition is strong enough to override any
possible inhibition in the pro-opiomelanocortin
neurons. Further evidence that pro—opiomelano-
cortin is not the primary regulator of neuropeptide
Y -responsive satiety has been shown with reduced
food intake in response to PY'Y 3-36 administration
in POMC knock-out mice [23] . Therefore, it appears
that inhibition of neuropeptide Y viathe Y 2 receptor
isthe primary way in which PYY 3-36 acts as an
anorexigenic peptide. In the present study, there
was a correlation between a ghrelin and the com-
ponents of MetS.

Association between ghrelin and metabolic
syndrome:

Vaentine et al. [24] approved that hyperinsuline-
miainhibits the activity of AMP-activated protein
kinase (AMPK), and inhibition of AMPK activity
because of metabolic syndrome inactivates the
pentose phosphate pathway [25]. Diabetes mellitus
lead to impairment of energy metabolism by in-
creasing the production of reactive oxygen species
and mitochondrial dysfunction [26] and accelerate
cognitive impairment by promoting abnormal re-
lease of neurotransmitters, particularly y-amino
butyric acid [27].

There was alink between insulin and cholesterol
levels. Actually, insulin increases the activity of
3-hydroxy- 3-methylglutaryl-CoA reductase, which
catalyzes an intermediate in cholesterol synthesis
[28] . Individuals with type 2 diabetes mellitus,
cholesterol absorption is decreased and its synthesis
increased regardless of obesity [29].
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Reduction in activity of tyrosine kinase, lead
to insulin signaling dysfunction which an important
effector system for insulin receptors, also lead to
decreased activities of el ements of insulin-PI3K-
AKT signaling, leading to elevated tau phosphor-
ylation and decreased glucose metabolism. Partic-
ularly, apolipoprotein E, a protein responsible for
the metabolism of plasmalipids [30], Moreover,
apolipoprotein E s4 decreases lipid and glucose
metabolism leading to dysregulation of cerebral
metabolism [31] . However, duration, route, and
dose administration of ghrelin control insulin and
plasma glucose. For examplein rats, acute (1 day)
administration of ghrelin increased levels of insulin
and fasting plasma glucose, but chronic (21 days)
administration of ghrelin normalized these upreg-
ulations [32] . Insulin caninhibits ghrelin byupreg-
ulation of the AMPK-uncoupling protein 2 (UCP2)
pathway through AMPK phosphorylation and
UCP2 expression [33], transmembrane proteins
(1A-20) autoantigens in hibits glucose-stimul ated
insulin through induction of 1A-20 [34].

Actually, ghrelin not only regulates insulin but
also regulates nigrostriatal dopamine function in
a UCP2-dependent manner [35]. Moreover, upreg-
ulation of UCP2 has been demonstrated to have a
protective effect in animal models of ischemic
stroke and Parkinson disease [30] . In elderly, middle-
aged people with metabolic syndromethe concen-
tration of ghrelin is decreased compared to indi-
viduals of the same age who do not have metabolic
syndrome, and its concentration rapidly is decreased
as metabolic abnormalities intensify. Ghrelin par-
ticipates in the metabolism of insulin and glucose.
In healthy subjects, administration of acyl-ghrelin
reduced insulin levels and increased glucose levels
[11].

Obese children with metabolic syndrome have
decreased levels of des-acyl-ghrelin and an in-
creased acyl-ghrelin/des-acyl-ghrelin ratio com-
pared to obese children without metabolic syndrome
[36] . Additionally, obese individuals with normo-
glycemia and type 2 diabetes mellitus have in-
creased plasmalevels of acyl-ghrelin and decreased
levels of des-acyl-ghrelin compared to lean indi-
viduals [37] . Thus, patients with metabolic syndrome
and obesity have a higher acyl-ghrelin/des-acyl-
ghrelin ratio than non-obese patients with metabolic
syndrome, indicating that excessive acyl-ghrelin
levels may promote insulin resistance [31].

Similarly, administration of ghrelin causes
changesin the activity of mitochondrial oxidative
enzymein the specifictissue, and inthe expression
of geneinvolved in lipid metabolism, and triglyc-

eride content in rats, suggesting that ghrelin may
be involved in the regulation of lipid distribution
and metabolism [31] . Given that ghrelin-O-acyl
transferase blockade decreases the acyl-ghrelin/des-
acyl-ghrelin/des-acyl-ghrelin ratio, administration
could be a promising therapeutic approach for
metabolic dysfunction [38] . It is possible that the
reduce acyl-ghrelin/des-acyl-ghrelin ratio in indi-
viduals with obesity may promote insulin resistance
and hyperinsulinemia [31] . Additionally, insulin
transport to the brain is reduced, causing insulin
deficiency. Insulin like growth factor-1 and insulin
are associated with tau phosphorylation [33].

Association between PY'Y and ghrelin with the
components of MetS. SBP in the current study is
in agreement with the previous findings revealing
the positive association of ghrelinwith MetS and
its positive association with the components of
MetS [11,38,39] , further confirming the possible
role of this GI hormone in metabolic syndrome,
obesity and T2DM.

Conclusion:

The current study revealed the possible role
GI-hormonesin the pathogenesis of obesity-related
metabolic disorders and MetS. There are several
controversial findingsin the previous literatures
about the possible role of GI hormonesin the
pathogenesis of metabolic disorders. Elucidating
the possible underlying mechanisms and confirming
the results of our findings warrants further research-
es. There are several controversial findingsin the
previous literatures about the possible role of Gl
hormones in the pathogenesis of metabolic disor-
ders. Elucidating the possible underlying mecha-
nisms and confirming the results of our findings
warrants further researches.
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