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 Abstract
 Objective. Metabolic syndrome (MetS) is a 
metabolic condition with high prevalence worldwide. 
This study aims to examine the relationship between 
serum concentrations of gastrointestinal hormones such as 
cholecystokinin (CCK), ghrelin, peptide YY (PYY), and high 
sensitive C-reactive protein (hs-CRP) and the ingredients of 
MetS in obese population.
 Subjects and Methods. This case-control study 
included 40 obese subjects (20 with MetS and 20 BMI 
and age-matched control individuals). The age range of 
the participants was 20-50 years and the participants’ 
anthropometric characteristics were measured. Serum lipids 
and the concentrations of oxidized low density lipoprotein 
(Ox-LDL), insulin, hs-CRP, CCK, PYY, and ghrelin were 
assessed with commercial ELISA kits.
 Results. Serum levels of hs-CRP, total cholesterol 
(TC) and triglycerides (TG) in patients with MetS were 
significantly higher while CCK and insulin concentrations 
were higher in obese non- MetS group (P <0.05). PYY had 
a negative association with waist circumference (WC) and 
high density lipoprotein cholesterol (HDL-C) and ghrelin had 
a positive association with systolic blood pressure (SBP) and 
TC in obese control group (P < 0.05). In obese patients with 
MetS, hs-CRP had a strong positive association with TG. 
 Conclusion. The current study revealed the possible 
role of hs-CRP and several GI- hormones in the pathogenesis 
of obesity-associated diseases and MetS. Additional works 
are needed to elucidate the possible underlying mechanisms 
and clarify several controversies in this issue.

 Key words: Metabolic Syndrome, CCK, PYY, hs-
CRP, Ghrelin.

INTRODUCTION

 Metabolic syndrome (MetS) is a complex 
disease characterized by raised blood pressure, central 
obesity, dyslipidemia and hyperglycemia and it is 

related to increased risk of cardiovascular mortality, 
stroke, diabetes mellitus type 2, and even death (1). 
The prevalence of MetS is increasing with body mass 
index (BMI) and age (2). In a cross-sectional study by 
Ervin RB et al. overweight females and males were 5-6 
times and obese females and males were 17-32 times 
more likely to have metabolic syndrome (2). In Iran 
also a high prevalence of MetS has been identified; in a 
relatively large sample study, the unadjusted prevalence 
of MetS in the study participants was 30.1% and age-
standardized prevalence was 33.7%. The prevalence 
of MetS increased with age in both genders and was 
more prevalent in female than in male (3-5). Several 
prior studies showed that MetS is associated with a 3 
to 4.3 fold increase in mortality from cardiovascular 
disease (CVD) (6) and subjects with MetS were 3.5 to 
5 times more likely to develop type 2 diabetes (7-9). 
Within recent years, measuring serum high sensitivity 
C-reactive protein (hs-CRP) concentrations as an 
indicator of chronic inflammation was considered as 
a potent prognostic marker for diabetes and CVD. 
Moreover, the level of hs-CRP is related to the MetS 
and its components. Early identification of the MetS 
is desirable as lifestyle interventions and adequate 
treatment of its risk factors can prevent CVD and 
improve quality of life (10-12). Numerous studies have 
revealed that hs-CRP is increased in obese patients 
concurrently to the number of available existing 
components of the MetS (13). Engelsen and colleagues 
reported that hs-CRP could be a prognostic marker to 
detect MetS in patients with central obesity (11). 
 There are limited studies evaluating the role 
of gastrointestinal hormones in metabolic syndrome or 
obesity; cholecystokinin (CCK) is the most extensively 
studied gastrointestinal satiety hormone and is secreted 
from endocrine cells (I-cells) within the proximal 
intestinal tract, the jejunum and duodenum and also is 
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largely distributed through the central nervous system. 
CCK is secreted primarily by the ingestion of fatty acids 
and protein in chime (14). In normal lean individuals, its 
secretion reaches at its peak concentrations 15 minutes 
after meal ingestion and its concentrations are higher in 
women than in men because of the effects of estrogen 
(15). CCK sends its satiety signals into the brain through 
CCK receptor 1 and chronic CCK administration reduces 
meal size and might increase meal frequency and is a 
strong stimulator of ghrelin secretion through mucosal 
cells of gastric fundus (16-18).
 Peptide YY (PYY), another satiety GI hormone, 
exists in two forms of PYY3-36 and PYY1-36 (17). 
The circulating PYY3-36 as the predominant form is a 
major endocrine mediator of satiation and reduces body 
weight and its deficiency is a potent inducer of obesity 
(19, 20). Its effects on inhibition of food intake mostly 
occur through its high affinity to presynaptic inhibitory 
neurons (17).
 Ghrelin, a peptide of 28 amino acid polypeptide, 
was first identified by Kojima et al. in rat and human 
stomachs as an endogenous ligand of growth hormone 
secretagogue receptor (21). In addition to the growth 
hormone secretion, ghrelin has been reported to be 
implicated in other processes such as food intake, insulin 
release, gastric acid secretion and body weight gain 
(22). In contrast to previously mentioned satiation GI 
peptides (PYY and CCK), ghrelin increases GI motility 
and decreases insulin secretion. Ghrelin concentration 
reduces in response to high doses of PYY3-36 in the 
pre-meal period (23). There are limited studies reporting 
the possible role of GI hormones in the MetS. In the 
study by Zwirska-Korczala (17), in comparison of 
basal concentrations of CCK, PYY, ghrelin and gastrin 
in a relatively low sample size of healthy lean (n=8), 
obese (n=12) and morbid obese (n=18) patients with 
MetS, reported higher CCK and PYY concentrations in 
lean controls compared with obese patients with MetS 
while ghrelin 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 ingredients was reported. In several other studies 
the possible role of different gene variants of PYY or 
ghrelin as potent predictor of MetS and its components 
in different ethnic populations had also been reported 
(24, 25). The above introduction elucidates the possible 
role of GI hormones in association with MetS and its 
ingredients.
 However, according to our review of literature, 
no study was available to assess the possible relationship 
of these GI hormones with MetS components in obese 

subjects. Therefore, the present study was aimed to 
assess the possible relationship between GI hormones 
and hs-CRP with serum lipids, insulin, blood pressure, 
appetite and central obesity in obese individuals with 
and without MetS.

MATERIALS AND METHODS

 Subjects and sample collection
 The present case-control study was carried out 
between August and October of 2016, in Tabriz, Iran. 
The MetS was diagnosed according to guidelines from 
the National Cholesterol Education Program’s Adult 
Treatment Panel III (NCEP-ATP III) (26). MetS can 
be diagnosed when patients have ≥ 3 of 5 following 
criteria: increased level of triglycerides (TG) (≥ 150 mg/
dL), waist circumference (WC) ≥ 88 cm in women and 
≥ 102 cm in men, low serum high density lipoprotein 
cholesterol (HDL-C) (≤ 40 mg/dL for men and≤ 50 
mg/dL for women), diastolic blood pressure (DBP ≥85 
mmHg) or systolic blood pressure (SBP) ≥130 mmHg 
and fasting blood glucose (FBG) ≥ 100 mg/dL. 
 Therefore, groups included 20 obese patients 
with MetS and 20 obese subjects without MetS age 
and BMI- matched apparently healthy control subjects. 
Inclusion criteria were having BMI ≥ 30 kg/m2 and 
being aged between 20-50 years. We excluded the 
patients with the history of kidney or cardiovascular 
complications, cancer, atherosclerosis, recent surgery 
and those treated by anti-depressive, diuretics, 
glucocorticoids, anti-hypertensive, hypoglycemic and/
or hypolipidemic drugs in the past three months. Other 
exclusion criteria were diet for losing weight, being 
pregnant or lactating and menopause in the previous 3 

Figure 1. The association between serum ghrelin and CCK 
concentrations in obese individuals (r=0.32, P = 0.02). 



Gastrointestinal hormones and CRP in metabolic syndrome

39

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 Tabriz University of Medical Science. 
The study was conducted in accordance with the 
Declaration of Helsinki.

 Assessments of anthropometric, blood 
pressure and appetite
 Anthropometric variables such as BMI, 
WC, height and weight were measured by trained 
interviewers.
 Weight was assessed by using a digital scale 
with 0.1-kg precision and the height was assessed by 
a stadiometer with a precision of 0.5 cm. 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 (m2). 
Blood pressure was recorded by a standard mercury 
sphygmomanometer twice after 10 minutes of rest. The 
mean of the two readings was assigned as DBP and 
SBP measurement.
 In this study, appetite profile was assessed by 
anchored 100-mm visual analogue scales (VAS) (27). 
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. Serum PYY, 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, 
CCK and ghrelin were <12 % and <10 % respectively. 
Serum CRP concentrations were determined by 
commercial ELISA kits (Monobind Inc, Lake Forest, 

CA, USA) with the inter-assay and intra-assay CV of 
<10 %. Serum insulin was assessed by Diametra assay 
ELISA kit with the inter-assay and intra-assay CV of 
≤10 % and ≤ 5 %, respectively. Serum Ox-LDL was 
assessed by Bioassay Technology 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 levels were estimated by Friedewald 
formula (28). All of the biochemical analyses were 
carried out blind by a trained lab assistant.

 Statistical analysis
 All statistical analysis was carried out using 
Statistical Package for Social Sciences, version 18.0 
(SPSS Inc., Chicago, IL, USA). Categorical and 
continuous variables were presented as frequency (%) 
and mean ± standard deviation, respectively. Also, 
chi-square test and independent sample t-test were 
used for comparison of categorical and continuous 
variables, respectively. Partial correlation analysis 
with adjustment for the confounders of BMI and age 
were performed for identifying the correlation between 
CCK, PYY, Ghrelin and hs-CRP and components of 
MetS. Sample size calculation was carried out based on 
80% power and a type I error of 5% as explained before 
(29). 

RESULTS 

 The general demographic characteristics of the 
40 subjects are reported in Table 1. Baseline values of 
WC and DBP were significantly higher in patients with 
MetS compared with control group (P < 0.05). However, 
no significant difference was seen between the groups 
regarding appetite, BMI age, gender distribution, and 
SBP. The comparison between biochemical variables 
including serum lipids, CCK, PYY, hs-CRP, ghrelin 
and insulin concentrations are shown in Table 2. As 
can be observed in this table, TG, TC and hs-CRP 

Variables The study groups P-valueObese control subjects (n=20) Obese subjects with MetS (n=20)
Age (Year) 35.46± 8.01 32.15± 9.97 0.339*
Female gender 15 (75) 17 (85) 0.211**
Appetite 190.00± 34.01 204.23± 46.43 0.360*
WC (cm) 95.13± 7.01 102.07± 8.55 0.026*
BMI (kg/m2) 32.60± 2.49 33.70± 3.51 0.343*
SBP (mmHg) 122.00± 6.76 126.10± 9.60 0.193*
DBP (mmHg) 79.33± 4.57 83.84± 5.06 0.020*

Table 1. The baseline characteristics of the study subjects

*P-value was reported based on Independent Sample T test. ** P-value was reported based on Chi-square test. BMI: Body Mass Index; SBP: Systolic Blood 
Pressure; DBP: Diastolic Blood Pressure; MetS: Metabolic Syndrome. Data are presented as mean± SD.
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concentrations in patients with MetS were significantly 
higher while CCK and insulin concentrations were 
higher in obese control group (P <0.05). In evaluating 
the relations between CCK, PYY, ghrelin and hs-CRP 
concentrations in study groups (Table 3), PYY was in 
negative association with HDL-C and WC and ghrelin 
had a positive association with SBP and TC in obese 
control group (P < 0.05). In obese patients with MetS, 
hs-CRP had a strong positive association with TG (r = 
0.59, P = 0.04). 

DISCUSSION

 In the present work, we found higher hs-CRP 
concentrations in patients with MetS and its positive 

association with serum TG in these patients. In obese 
apparently healthy individuals, CCK and insulin 
concentrations were higher compared with other 
group; moreover, in this group, PYY was in negative 
association with HDL and WC and ghrelin in a positive 
association with SBP and TC. 
 Similar to our findings, in a population based 
study by Engelsen et al. (11), hs-CRP concentrations 
in centrally obese patients with MetS were higher 
compared with patients with central obesity but 
without MetS. Moreover, increased components of 
metabolic syndrome were in parallel of increased hs-
CRP concentrations in these patients. Accordingly 
the authors suggested that hs-CRP levels can be 
used as a diagnostic indicator of MetS. High hs-CRP 

Figure 1. Light microscopic micrograph of testis in control group.

Table 2. The comparison of biochemical parameters among study groups

*P-value was reported based on Independent Sample T test. TG: triglyceride; HDL: High Density Lipoprotein; WC: Waist Circumference; LDL: Low density 
Lipoprotein.

Variables The study groups P-value*
Obese Control  subjects (n=20) Obese Subjects with MetS (n=20)

TG (mg/dL) 128.46 ± 57.67 186.08 ± 73.65 0.028
HDL (mg/dL) 34.00 ± 11.26 31.61± 8.62 0.540
LDL (mg/dL) 115.82± 24.65 126.33± 27.28 0.134
Total cholesterol (mg/dL) 177.13± 31.81 195.69± 31.40 0.02
CCK (pg/mL) 11.96±9.40 5.77±2.42 0.017
PYY (pg/mL) 267.29  ±84.08 270.32 ± 90.18 0.92
Ghrelin  (ng/mL) 8.82 ±5.74 8.34 ± 5.35 0.78
OX-LDL (ng/L) 2776.69 ± 593.36 1963.98± 632.15 0.36
Insulin (µIU/L) 11.96 ± 9.40 5.77± 2.42 0.017
hs-CRP (µg/mL) 2.92 ± 0.56 4.89 ± 1.69 0.02

Data analysis was done by partial correlation adjusted for age and BMI. MetS: Metabolic Syndrome; SBP: Systolic Blood Pressure; DBP: Diastolic Blood 
Pressure; TG: triglyceride; HDL: High Density Lipoprotein; WC: Waist Circumference; LDL: Low density Lipoprotein.

Table 3. The correlation between CCK, PYY, Ghrelin and hs-CRP with appetite and components of  metabolic syndrome in study groups 

Study groups Variables
CCK PYY Ghrelin hs-CRP

Variables r P r P r P r P

Obese control 
group 

Appetite 0.032 0.84 -0.012 0.94 -0.05 0.73 -0.02 0.88
SBP 0.12 0.09 0.23 0.65 0.45 0.02 0.34 0.97
DBP 0.23 0.90 0.14 0.48 0.11 0.07 0.01 0.98
TC  0.26 0.10 -0.14 0.39 0.28 0.049 -0.12 0.49
TG 0.12 0.44 0.21 0.19 -0.18 0.28 0.08 0.62
HDL 0.09 0.54 -0.34 0.039 0.13 0.42 -0.08 0.64
WC 0.06 0.71 -0.27 0.05 0.06 0.71 -0.07 0.66
LDL 0.05 0.72 -0.08 0.62 0.02 0.90 -0.19 0.27
OX-LDL -0.04 0.98 -0.28 0.22 0.17 0.48 -0.37 0.11

Obese MetS 
group 

Appetite -0.03 0.92 -0.24 0.45 -0.16 0.61 0.09 0.77
SBP 0.56 0.87 0.45 0.34 0.23 0.54 0.12 0.09
DBP 0.98 0.65 0.09 0.09 0.65 0.65 0.34 0.34
TC 0.26 0.43 0.012 0.97 0.01 0.96 0.10 0.75
TG 0.35 0.27 0.015 0.97 -0.23 0.44 0.59 0.04
HDL -0.33 0.32 0.07 0.81 -0.16 0.6 -0.3 0.34
WC -0.29 0.38 -0.37 0.29 -0.32 0.28 0.29 0.35
LDL 0.26 0.43 0.04 0.89 0.21 0.47 -0.09 0.78
OX-LDL -0.27 0.51 -0.47 0.2 0.4 0.28 -0.42 0.25
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concentration in patients with MetS is in accordance with 
higher TG, LDL, TC and lower HDL concentrations as 
also confirmed in our study.
 This positive association arises from several 
key mechanisms including a) the role of hs-CRP in 
impairing insulin signaling through suppressing insulin-
induced nitric oxide (NO) production, inhibiting the 
phosphorylation of Akt and endothelial nitric-oxide 
synthase (eNOS), and stimulating the phosphorylation 
of Insulin receptor substrate 1 (IRS-1) in a dose-
dependent manner (30-32); b) the role of hs-CRP in 
endothelial dysfunction and suppressing endothelial 
reactivity and reducing NO synthesis from endothelial 
cells (33) and c) the pro-inflammatory role of CRP in 
monocyte–macrophages include induction of tissue 
factor, pro-inflammatory cytokines, reactive oxygen 
species (ROS), matrix metalloproteinases release and 
oxidized LDL-C uptake (34).
 The higher CCK and insulin levels in obese 
subjects without MetS compared with obese patients 
with Mets were another result of the present study. In 
an animal model by Chun-Min Lo (35), CCK-deficient 
mice developed lower insulin secretion and higher 
insulin sensitivity. In their study, CCK was introduced 
as a gut peptide involved in glucose intolerance, insulin 
resistance and suggested the chronic effects of CCK on 
β-cell adaptation to diet. Moreover, obesity is a CCK 
resistant state that makes them less sensitive to the 
satiety effect of CCK than lean individuals (36). 
 In the present study, serum PYY was in 
negative relationship with central obesity and HDL-C 
concentrations in obese individuals. Although PYY 
is an appetite suppressing hormone and several 
studies revealed that its deficiency is associated 
with greater BMI, however, the data in this issue is 
controversial. Similar to our findings, Cahill et al. 
(37) found that fasting PYY was positively related to 
adiposity measures only among women. The female 
dominant population of the current study also makes 
similar findings which can be explained by gender-
specific difference in the PYY concentrations and 
its association with the components of MetS. The 
positive relationship between ghrelin and TC or SBP 
in the current study is in agreement with the previous 
findings revealing the positive association of ghrelin 
with MetS and its positive association with the 
components of MetS (24, 38, 39) further confirming 
the possible role of this GI hormone in metabolic 
syndrome, obesity and T2DM. 
 In conclusion, the current study revealed the 
possible role of hs-CRP and several GI- hormones in 

the pathogenesis of obesity-related metabolic disorders 
and MetS. There are several controversial findings in 
the previous literatures about the possible role of GI 
hormones in the pathogenesis of metabolic disorders. 
Elucidating the possible underlying mechanisms and 
confirming the results of our findings warrants further 
researches. 
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