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A B S T R A C T: 
The epidemic of obesity is at previously unheard-of heights. In 2016, it was predicted that 39% and 13% of individuals worldwide 

were overweight or obese, respectively. Obesity, which is defined as an imbalance between energy intake and expenditure, results 

from multiple interactions between genetic, environmental, psychological, behavioral, and nutritional variables, making it a 

difficult condition to study and treat. The present study aimed to approach the understanding of appetite, bodyweight regulation 

and the causes of obesity through studying gastrointestinal hormones such as (NPY, GLP-1, and ghrelin) hormones and their 

impact on controlling appetite in obesity. This comparative study included (152) participants (Obese and non-Obese) in the age 

range (30-66 years), both males and females who visited (The surgical specialty hospital cardiac center, Hawler teaching hospital, 

and Erbil’s court). A self-administered questionnaire was used for data collection. Fasting serum metabolic parameters and 

hormones were measured included (S.NPY, S.GLP-1, S.Ghrelin) and (S.Total Cholesterol, S.Triglycerides, S.HDL, S.LDL, and 

S.VLDL). According to the BMI of participants, there was a significant association (P < 0.001) between NPY, GLP-1 hormones 

and BMI, and a significant (p = 0.033) association between Ghrelin and BMI. The present study concluded that serum NPY, GLP-

1 and Ghrelin hormones significantly impacted controlling appetite in obesity, would be a useful and important marker to 

evaluation for obesity. And a strong relationship between these hormones and obesity. 
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1. INTRODUCTION: 

 

One of the major health issues of the twenty-first 

century is the increasing obesity epidemic. It has 

been linked to an increase in morbidity and is a 

risk factor for heart disease, type 2 diabetes, 

hypertension, dyslipidemia, and numerous 

malignancies. The physiological processes behind 

food intake behavior and overeating, particularly 

in humans, are still poorly understood (Hanssen et 

al., 2021). Neuropeptide Y (NPY) one of the most 

effective endogenous orexigenic 

neurotransmitters, as well as one of the most 

plentiful (Newmyer et al., 2013). 

 

 

 

 

 

The NPY is involved in the physiological 

regulation of food intake. Several studies have 

shown that central administration of NPY 

increases food intake significantly, resulting in 

increased fat mass and body weight (Katus et al., 

2021). GLP-1 (glucagon like peptide-1) is a 

cleavage product of the pre-proglucagon gene that 

acts as a gut hormone. The primary function is to 

stimulate insulin production while inhibiting 

glucagon secretion. GLP-1 reduces stomach 

emptying and limits food intake by increasing 

satiety (Villanueva-Peñacarrillo et al., 2011). 

Researchers discovered that participants with 

overweight and obesity class I, II, and class III 

had larger GLP-1 peaks than subjects with normal 

weight (Acosta et al., 2015). Ghrelin is a stomach 

peptide hormone that regulates hunger, food 
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intake, and body weight peripherally acting 

orexigenic manner (Briggs and Andrews, 2011).  

Obese people had lower fasting ghrelin 

concentrations than normal-weight persons. 

However, after meals, ghrelin concentrations 

decrease to a lesser extent in obese people, 

resulting in the preservation of relatively high 

postprandial levels and excessive food 

consumption (Pardak et al., 2022). This study 

aimed to assess serum peptide hormones within 

the context of obesity and BMI among obese and 

non-obese adult in Erbil City. 

 

 

2.MATERIALS AND METHODS: 

 Study population and design of the study: 

A comparative study included 152 participants. 

The subjects of this study were grouped into three 

categories: Normal group (Group I): Fifty-five 

non-obese were selected as normal weight 

subjects and their BMI were between (18.5-24.9). 

Overweight group (Group II): Forty-two 

overweight selected their BMI were between 

(25.0-29.9). Obese group (Group III): Fifty-five 

obese selected their BMI were between (30.0-

40.0). This group was subdivided into three 

subgroups: Obese Class (I): their BMI were 

between (30.0-34.9). Obese Class (II): their BMI 

were between (35.0-39.9). Obese Class (III): their 

BMI were (≥ 40.0). (BMI) Body mass index was 

calculated as weight (kg) divided by the square of 

height (metre
2
) for all samples. Medical 

examinations were performed for each participant. 

Collection of blood samples: 

A total of 152 blood samples were collected from 

55 normal weigh, 42 overweight and 55 obese.  

The obtained samples underwent a 10-minute 

centrifugation process at 3500 rpm. The separated 

NPYserums were used for the measurement of S. , 

 GLP-1, S. Ghrelin,S.  S. total cholesterol, S.HDL, 

The serum samples for S.LDL, and S.VLDL. 

hormone tests were stored at -70°C until analyzed 

according to manufacturer guidance kits must kept 

at 2-8℃ until analysing. 

Inclusion and exclusion criteria: 

were Both genders, adults aged 30-66 years, 

obese, normal weight, and overweight samples, 

≥30-years old, with cardiovascular disease, 

hypertension and diabetic were included. 

underweight samples, less Exclusion criteria were 

than 30-years, patients taking hormones 

replacement therapy, taking antioxidant 

supplements, any history of endocrine diseases, 

pregnant women, cancer, chronic kidney diseases, 

individuals who were dieting, taking hormonal 

supplements, haemolysed blood samples, gastric 

bypass, and cholecystectomy.  

Study timeline: 

The present study carried out from 1
st
 September 

2021 until 30
th 

March 2022, by a collaboration of 

surgical specialty hospital cardiac center, Hawler 

teaching hospital, and Erbil’s court in Erbil/ Iraq. 

Questionnaire form design: 

The data collection instrument is a structured 

direct interviewer-administered face-to-face 

questionnaire that is pretested with modifications 

access made before its use in the study, along with 

to medical records or records which contain 

intimate personal information, and are 

individually identifiable and are not publicly 

available. The questionnaire includes the 

demographic variables (name, age, gender, home 

address, time and date), clinical risk factors of the 

patient, family history, and smoking habitual of 

the patient. 

Ethical considerations: 

Ethical approval was obtained from the ethics 

committee of Hawler Medical University. 

Verbally Informed consent was taken from each 

patient. A Complete explanation of the nature and 

aim of the study was given to each participant, and 

reassure about the confidentiality of the data and 

their anonymity.  

Hormonal assays: 

The fasting serum hormones tests were performed 

using method Enzyme-linked immunosorbent 

assay (ELIZA), by using (ELIZA Kit USA), 

delivered company Al-Shkairate establishment for 

medical supply, for the determination of tests 

(NPY), (GLP-1), and (Ghrelin). The assay was 

performed according to the manufacturer’s 

specifications. Serums were separated by 

centrifugation at 3500rpm for 10 minutes. NPY 

levels are considered to be (15.625-1000pg/ml) in 

adults.  GLP-1levels are considered to be (0.313-

20ng/ml) in adults. Ghrelin levels are considered 

to be (46.875-3000pg/ml) in adults.  

Biochemical assays: 

The fasting serum lipid tests were performed by 

using colorimetric-enzymatic methods, using a 

fully automated biochemistry analyzer 

(Roche/Hitachi COBAS C-311, Germany) for the 
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determination of total cholesterol, triglycerides, 

HDL-cholesterol. LDL-cholesterol. The assay was 

performed according to the manufacturer’s 

specifications. Serums were separated by 

centrifugation at 3500rpm for 10 minutes. 

Cholesterol levels are considered to be below 200 

mg/dL in adults (Greiling and Gressner, 1995). 

Triglyceride levels are considered below 150 

mg/dL in adults (Greiling and Gressner, 1995). 

HDL-C levels are considered (45-65 mg/dL) in 

Female and (33-55 mg/dL) in male (Nauck et al., 

1997). LDL-C levels are considered to be below 

100 mg/dL in adults (Rifai et al., 1992). (VLDL-

C) was determined indirectly using the formula 

(VLDL-C = triglycerides/5). And (VLDL-C) 

levels in adults are considered to be between (2-

30) mg/dL.  

Statically analysis 

Data were analyzed using the Statistical Package 

for Social Sciences (SPSS, version 26). Results 

were expressed as mean± SD and mean ± SE. The 

difference among mean values of groups was 

determined by using the chi-square test, and a 

one-way (ANOVA) test was used to examine the 

difference between mean values of groups. 

Pearson correlation coefficient (r) was calculated 

to assess the strength of correlation between two 

numerical variables. A (p-value of ≤ 0.05) was 

considered statistically significant. 

3.RESULTS: 

The total number of participants in this study was 

152. Participants were divided into three groups: 

Normal group (Group I): 55 (36%) non-obese, 

who represented of the study population. 

Overweight group (Group II): 42 (28%) 

overweight represented of the study population. 

Obese group (Group III): total 55 (36%) obese 

represented of the study population, this group 

was subdivided into three subgroups: Obese class 

(I): 15 obese, class (II): 20 obese, class (III): 20 

obese. The age range was 30-66 years. The 

majority (73.7%) of the participants were aged 

less than 50 years, and (71.1%) were males. Other 

details are presented in Table 1. Table 2 presents 

medical history. Arithmetic means of biochemical 

parameters in the study population are presented 

in Table 3. However, significantly lower serum 

levels of TG (p<0.025), and VLDL (p <0.025) 

with higher serum levels of HDL (p<0,023), were 

estimated in normal compared with overweight 

and obese patients, and there was no significant 

association serum level of T.C (p=0.383) and 

LDL (p=0.645) among individuals represented in 

table 4. It is evident from Table 5 that the more 

the BMI, the less the NPY (p < 0.001). The 

mean±SE of GLP-1 was (2.22± 0.16 ng/ml) 

among people with normal weight which was 

significantly less than the means of overweight 

and obese individuals (p < 0.001), in contrast the 

mean±SE of Ghrelin of normal weight individuals 

(0.97±0.03 pg/ml) was significantly more than the 

means of the overweight and obese individuals (p 

= 0.033). It is evident in Table 6 that there was 

inverse significant correlation between NPY and 

BMI (r = -0.604, p < 0.001). A positive significant 

correlation was detected between the GLP-1 and 

BMI (r = 0.549, p < 0.001), while inverse 

significant correlation was found between Ghrelin 

and BMI (r = -0.173, p = 0.033). Lower serum 

NPY and serum Ghrelin levels observed in obese 

compared to non-obese (Figure 1) and (Figure 3) 

respectively, and Higher serum GLP-1 levels 

estimated in (Figure 2). Correlation of hormone 

parameters with lipid parameters in obesity (Table 

7) shows that the result from Pearson correlation 

coefficient (r) analysis between hormones and 

lipid parameters in obese individuals. Because 

BMI and age might mediate the relationship 

between hormones and lipids. These variables 

were excluded from multivariate analysis. Serum 

NPY had no statistically significant associations 

with serum T.C (p=0.06), TG (p=0.106), HDL 

(p=0.966), LDL (p=0.303) and VLDL (p=0.106) 

among obese. While serum GLP-1 showed a 

significant was found a positive correlation with 

serum T.C (r=0.207, p=0.011), TG (r=0.279, 

p=0.001), VLDL (r=0.279, p=0.001). And there 

was no statistically significant with HDL 

(p=0.961), and LDL (p=0.714). Serum Ghrelin 

showed significant negative associations with 

HDL (r=-0.231, p=0.004), while positive 

significant correlation for TG (r=0.263, p=0.001), 

VLDL (r=0.263, p=0.001). And no statistically 

significant with T.C (p=0.642), and LDL 

(p=0.268). 

4. DISCUSSION: 

Public health issues related to obesity and its 

complications are getting worse and worse. It has 

long been understood that hormonal dysregulation 

derived from the gut and obesity are related. More 

specifically, peptide hormones that control 

appetite include, PYY, GLP-1, CCK, insulin, 

leptin, NPY and ghrelin (Koliaki et al., 2020). The 

body mass index (BMI) represents the most used 
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tool to assess the degree of obesity (Flehmig et al., 

2014). Hunger and satiety signals, activated in 

response to appetitive stimulation and ingestion, 

are substantially in control of feeding behavior 

and body weight management. The study on the 

control of enter-endocrine hormones in obesity 

was conducted by (Muñoz et al., 2015). The 

amygdala's NPY neurons play a significant 

function in eating (Ip et al., 2019). Evidence 

suggests that NPY, acting through the NPY Y1 

receptor is essential for controlling short-term 

food intake, such as after fasting and in obesity. 

Studies have shown that leptin reduces NPY, 

making their interaction the most significant 

mechanism in the control of body weight, the 

appetite by blocking the hypothalamic NPY gene 

and lowering the serum NPY level (Alkan et al., 

2019). This study showed that a negative 

significant correlation between Neuropeptide and 

BMI (r = -0.604, p < 0.001), (Table 6). The levels 

of NPY in normal weight was (3.08±0.02 pg/ml), 

(Table 5) which was higher than both of 

overweight and obese with three classes (I, II, III), 

(Figure 1).  These studies had reported similar 

results (Milewicz et al., 2000), (Baltazi et al., 

2011), (Tyszkiewicz-Nwafor et al., 2021). Studies 

who showing that negative correlation between 

BMI and NPY were observed in obese and serum 

NPY levels were significantly lower in obese. Our 

results seem to be consistent with recently 

published research (Shalitin and Gat-Yablonski, 

2022), who suggested that Ghrelin was found to 

increase the activity of proopiomelanocortin 

(POMC) and corticotropin-releasing hormone 

(CRH) cells, while decreasing the activity of 

neuropeptide Y/agouti-related protein (NPY/ 

AgRP) and hypocretin/orexin cells.  Furthermore, 

the responses of the appetite inhibiting hormone 

GLP-1  remain significantly increased, whereas 

the orexigenic hormone ghrelin decrease in obese 

(Iepsen et al., 2016). GLP-1 effects on satiety may 

be mediated directly through the hypothalamic 

GLP-1-receptor (Sauer et al., 2013). In the present 

study positive significant correlation was detected 

between the GLP-1 and BMI (r = 0.549, p < 

0.001), (Table 6). The levels of GLP-1 in normal 

weight was (2.22±0.16 ng/ml) (Table 5), which 

was less than both overweight and obese with 

three classes (I, II, III), (Figure 2). The findings in 

this study correlated with these studies (Purtell et 

al., 2011), (de Boer et al., 2016). Who reported 

that high levels of satiety-inducing hormone GLP-

1 and self-reported feelings of satiety, 

significantly greater hunger persistent. In line with 

other studies, we discovered that obese 

participants had significantly higher fasting GLP-

1 levels. The only independent gut peptide 

predictor of obesity markers was GLP-1, which is 

noteworthy (Stinson et al., 2021). Our results 

seem to be conducted with recently published 

research (Stinson et al., 2021), (Ali Ahmad et al., 

2022). Another possibility is that GLP-1 levels in 

obese participants are naturally elevated as a 

homeostatic defense mechanism to balance out 

energy surplus. Overeating has been shown to 

raise GLP-1 levels in the fasting state, making this 

hypothesis plausible (Kubota and Yabe, 2021). 

Suggesting that fasting GLP-1 may be a marker of 

cardiometabolic risk. Most importantly, these 

results point to potential therapeutic applications. 

GLP-1, an incretin hormone, for example, controls 

glucose homeostasis and inhibits hunger. Ghrelin 

levels have been characterized as being lowered in 

obesity, and ghrelin production has been described 

as being particularly resistant to the inhibitory 

impact of food consumption. It has been proposed 

that decreased ghrelin production and action may 

play a role in obesity-related neuroendocrine and 

metabolic changes. Through vagal pathways, 

ghrelin enhances stomach emptying rate and 

motility. During obesity, the hypothalamic NPY 

and Agouti-related protein circuits resist ghrelin-

induced food intake. The hypothalamus detects an 

excess of positive energy balance or calorie intake 

and responds by inhibiting the neuroendocrine 

ghrelin axis at the lateral ventricle (Briggs et al., 

2010). In this study, significant inverse correlation 

was found between Ghrelin and BMI (r = -0.173, 

p = 0.033), (Table 6). The levels of ghrelin in 

normal weight was (0.97±0.03 pg/ml), (Table 5), 

which was higher than both overweight and obese 

with three classes (I, II, III), (Figure 3). This study 

agreed with those has been done by (Rosická et 

al., 2003), (Tassone et al., 2003), (Soriano-Guillén 

et al., 2004), (Greenman et al., 2004),  (Geliebter 

et al., 2008), (Samy et al., 2014), (Atas et al., 

2021). Studies who claimed that obesity causes 

ghrelin resistance in arcuate NPY/AgRP neurons 

and confirm earlier findings that obesity disrupts 

the hypothalamic circuits controlling energy 

balance. Finally, we discovered that participants 

who were obese had significantly lower fasting 
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ghrelin levels. Obesity causes a decrease in fasting 

ghrelin while diet-induced weight loss causes an 

increase. Although the underlying mechanisms 

have not been clarified, it has been observed that 

plasma ghrelin levels significantly drop after 

eating. The findings in this study correlated  with 

recently published research (Zigman et al., 2016), 

(Woodward et al., 2022). The level of plasma 

ghrelin appears to be suppressed by increased 

caloric intake, and decreased ghrelin may be 

compensatory rather than causal as a physiological 

response to the positive caloric balance and excess 

body weight. This study found lower mean values 

of TG levels in normal weight compared to 

overweight and obese with three classes (Table 4) 

(150.31 ± 130.464mg/dl) and (p=0.025). In 

addition the result of this study illustrated higher 

mean values of HDL levels in normal weight 

compared to overweight and obese with three 

classes (Table 4), (41.31 ± 11.047mg/dl) and 

(p=0.023). However, the result of this study 

showed lower mean values of VLDL levels in 

normal weight compared to overweight and obese 

with three classes (Table 4), (30.062 ± 

26.0927mg/dl) and (p=0.025). our study 

conducted with these studies (Bhatti et al, 2001), 

(Garaulet et al., 2001), (Garcés et al., 2005), (Fan 

et al., 2019).  Obesity was linked to a worse lipid 

profile, according to these investigations obese 

people had greater TG levels and decreased HDL-

C. Small dense LDL cholesterol (sdLDL-c) is a 

distinct LDL cholesterol subtype that is associated 

with increased TG and decreased HDL-c levels in 

obesity and diabetes, and plays a distinct 

metabolic role in atherosclerosis. A higher level of 

sdLDL-c could be a key marker associated with 

Metabolic syndrome progression even before the 

appearance of central obesity, diabetes, and 

inflammation (Fan et al., 2019). Obesity is reason 

for developing risk factors such as cardiovascular, 

hypertension and diabetes type-2 in this study. A 

Numerous ideas and methods have been 

developed to comprehend and avoid, to underline 

the already present linked complications of type 2 

diabetes and obesity, and to generate estimative 

risk models (Minciună et al., 2021). According to 

this study, participants who were obese had 

statistically significant differences in GLP-1, and 

ghrelin with TC, TG, HDL and VLDL. The 

outcome of this study noticed that GLP-1 highly 

significant correlated with serum T.C (r=0.207, 

p=0.011), TG (r=0.279, p=0.001), VLDL 

(r=0.279, p=0.001). And serum Ghrelin negatively 

correlated with HDL (r=-0.231, p=0.004), while 

positively correlated with TG (r=0.263, p=0.001) 

and VLDL (r=0.263, p=0.001) according obesity 

(Table 7). It is verified that a marker of obesity is 

increased serum levels of TC, TG, and LDL-C and 

decreased levels of HDL-C (Guo et al., 2022). Our 

findings highlight the link between obesity and 

peptide hormone secretion profiles that are 

dysregulated (Steinert et al., 2017).  

 

5.Strengths and Limitations 

To the best of our knowledge, this is the first 

study examining the relationships between gut 

peptide hormones and obesity in adults in Erbil 

City. In addition, we measured total GLP-1, NPY, 

and ghrelin, which gave us real evidence about the 

secretion of the hormones and their effects than 

measurements of intact (or active). However, there 

were a number of restrictions on this analysis. It 

began by concentrating only on fasting peptide 

hormone concentrations, which varied according 

to food intake and macronutrient composition. On 

the other hand, this preliminary data revealed 

(lipid profile) as one of the risk marker in obesity. 

Unresolved issues in this study may be clarified 

by investigating postprandial concentrations and 

how they relate to obesity. Additionally, our 

sample included people from Erbil city who were 

33-66 years old. Future research is required to 

determine whether the relationships found here 

apply to other age groups. Finally, the relatively 

small sample size and comparative nature of the 

study limit the validity of our findings. Therefore, 

to validate our findings and identify potential 

cause-and-effect relationships, prospective studies 

with powered samples should be conducted. 

 

6. CONCLUSIONS: 

In this study, we found that obese and non-obese 

adults in Erbil City had significantly different 

serum concentrations of peptide hormones. This is 

the first study assessing serum (Neuropeptide Y), 

(Glucagon like peptide-1) and (Ghrelin) among 

obesity in this region. The present study 

concluded that serum NPY, GLP-1 and Ghrelin 

hormones significantly impacted controlling 

appetite in obesity. Due to low levels of both NPY 

and Ghrelin with high GLP-1levels in obese 

compared with non-obese individuals and a strong 
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relationship between these hormones and BMI, by 

affecting lipid profile and BMI markers GLP-1 

was shown positively related to T.C, TG and 

VLDL, while Ghrelin negatively related to HDL 

and positively related with TG and VLDL in 

obese. GLP-1 and Ghrelin may be used as 

predictor in obesity. It is highly recommended 

that the body weight gain and increase in appetite 

were correlated with the actions of these 

hormones in obesity. According to this study, 

these hormones were significant in controlling 

appetite in obesity. 
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Table 1. Habits and Socio-demographic characteristics 

 

Variables 

 

 

No. (%) 

Age (years) 

30-39 66 (43.4 %) 

40-49 46 (30.3 %) 

50-59 28 (18.4 %) 

≥ 60 12 (7.9 %) 

Gender 

Male 108 (71.1 %) 

Female 44 (28.9 %) 

Smoking  

Never 79 (52 %) 

Ex-smoker 20 (13.2 %) 

Current smoker 53(34.9%) 

Consumption of sweets, soft drinks and Junk foods 

Yes 125(82.2%) 

No 27(17.8%) 

Alcohol  

Never 139(91.4%) 

Occasionally 3(2%) 
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Sometimes 10(6.6%) 

Diet 

I eat meat 148(97.4%) 

I don't love meat 4(2.6%) 

Meals 

Once 8(5.3%) 

Twice 30(19.7%) 

Three times 103(67.8%) 

More than three times 11(7.2%) 

 

Total 

 

152(100%) 

 

 

 

Table 2. Medical History 

Variables 

 

No. (%) 

 

 

Diabetes 

Type 2 DM 20(13.2%) 

No DM 132(86.8%) 

Chronic heart disease 

None 123(80.9%) 

Cardiovascular disease (CVD) 12(7.9%) 

Congestive heart failure (CHF) 7(4.6%) 

CVD and CHF 5(3.3%) 

CVD and previous myocardial infarction 5(3.3%) 

Hypertension 

Yes 25(16.4%) 

No 127(83.6%) 
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 Table 3. Arithmetic means of biochemical parameters in the study population 

 

 

 

 

 

 

 

 

 

 

FBS: Fasting blood sugar, BMI: Body mass index, SD: Standard deviation, TC: Total Cholesterol, TG: Triglycerides, HDL: High-

density lipoprotein, LDL: Low-density lipoprotein, VLDL: Very-low-density lipoprotein, p: p-value 

Table 4: Arithmetic means of biochemical parameters among groups 

Metabolic 

parameters 

 

 N Mean ± SD 95% CI 

Lower-Upper 

p-value 

Total Cholesterol 

(mg/dl) 

Normal 55 161.09 ± 40.806 150.06-172.12 0.383 

 Overweight 42 166.17 ±33.185 155.83-176.51 

Obese class I 15 175.33± 44.089 150.92-199.75 

Obese class II 20 157.90 ± 31.417 143.20-172.60 

Obese class III 20 175.45± 30.120 161.35-189.55 

Total 152 165.37 ± 36.751 159.48-171.26 

Triglycerides 

(mg/dl) 

Normal 55 150.31 ± 130.464 115.04-185.58 0.025 

 Overweight 42 189.14 ± 83.029 163.27-215.02 

Total 152(100%) 

Variables 

 

Mean ±SD p-value 

FBS (mg/dl) 124.86± 43.69 <0.001 

BMI (kg/m
2
) 29.73± 7.49 <0.001 

Total cholesterol (mg/dl) 165.37± 36.75 0.15 

Triglycerides (mg/dl) 187.72± 119.03 0.004 

HDL (mg/dl) 39.07± 9.30 0.37 

LDL (mg/dl) 88.79± 30.67 0.83 

VLDL (mg/dl) 37.55± 23.80 0.004 
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Obese class I 15 239.60 ± 150.588 156.21-322.99 

Obese class II 20 220.70 ± 103.690 172.17-269.23 

Obese class III 20 215.70 ± 117.181 160.86-270.54 

Total 152 187.72 ± 119.027 168.64-206.79 

HDL (mg/dl) Normal 55 41.31 ± 11.047 38.32-44.30 0.023 

Overweight 42 36.81 ± 6.876 34.67-38.95 

Obese class I 15 40.53± 11.167 34.35-46.72 

Obese class II 20 34.75 ± 7.376 31.30-38.20 

Obese class III 20 40.85± 6.450 37.83-43.87 

Total 152 39.07 ± 9.299 37.58-40.56 

LDL (mg/dl) Normal 55 89.720± 27.3769 82.319-97.121 0.645 

Overweight 42 91.521± 32.1038 81.517-101.526 

Obese class I 15 86.880 ± 39.6962 64.897-108.863 

Obese class II 20 79.260 ± 28.4193 65.959-92.561 

Obese class III 20 91.465 ± 32.0645 76.458-106.472 

Total 152 88.791 ± 30.6708 83.876-93.706 

VLDL (mg/dl) Normal 55 30.062 ± 26.0927 23.008-37.116 0.025 

Overweight 42 37.836 ± 16.6016 32.662-43.009 

Obese class I 15 47.920 ± 30.1176 31.241-64.599 

Obese class II 20 44.140 ± 20.7380 34.434-53.846 

Obese class III 20 43.140 ± 23.4363 32.171-54.109 

Total 152 37.545 ± 23.8045 33.731-41.360 

 

 

Table 5. Descriptive statistics of the studied parameters by BMI categories 

Hormone Parameters  BMI Mean ± SE 95% CI 

Lower-Upper 

p-value 

N
eu

ro
p

ep
ti

d
e 

Y
 

(p
g

/m
l)

 

  

Normal 3.08±0.02 3.03-3.12  

 

 

 

Overweight 2.80±0.06 2.67-2.92 

Class I* 2.32±0.06 2.19-2.45 

Class II* 2.22±0.08 2.05-2.39 
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Class III* 2.37±0.09 2.18-2.57 <0.001 

Total 2.72±0.04 2.65-2.79 

G
lu

ca
g

o
n

 l
ik

ep
ep

ti
d

e-
1

(n
g

/m
l)

 Normal 2.22±0.16 1.90-2.54  

 

 

 

<0.001 

Overweight 3.32±0.10 3.11-3.52 

Class I* 3.71±0.02 3.67-3.76 

Class II* 3.67±0.08 3.50-3.84 

Class III* 3.81±0.01 3.79-3.83 

Total 3.07±0.08 2.90-3.23 

G
h

re
li

n
 (

p
g

/m
l)

 

Normal 0.97±0.03 0.90-1.04  

 

 

 

0.033 

Overweight 0.92±0.05 0.83-1.01 

Class I* 0.80±0.07 0.64-0.95 

Class II* 0.79±0.06 0.67-0.91 

Class III* 0.88±0.05 0.78-0.97 

Total 0.90±0.02 0.86-0.95 

 

*Refers to classes of obesity. CI: Confidence interval. By ANOVA, p: P-Value for all, SE: Standard Error. 

Table 6. Correlation between Hormones with BMI 

Variables Pearson correlation and 

P-Value 

BMI(Kg/m
2
) 

Neuropeptide Y (pg/mL) 

 

r -0.604 

p-Value < 0.001 

Glucagonlikepeptide-1(ng/mL) 

 

r 0.549 

p-Value < 0.001 

Ghrelin (pg/mL) r -0.173 

p-Value 0.033 

BMI: Body mass index, p: P-Value, r: Pearson correlation 
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Figure 1: Correlation between BMI and Neuropeptide Y (NPY)     Figure 2: Correlation between BMI and Glucagon like 

Peptide-1       Figure 3: Correlation between BMI and Ghrelin 

 

Table 7: Correlation between hormone parameters with lipid parameters in obesity 

Hormone parameters Pearson correlation and 

p-value 

T.C mg/dl TGs 

mg/dl 

HDL 

mg/dl 

LDL 

mg/dl 

VLDL 

mg/dl 

Neuropeptide Y (NPY) 

(pg/mL) 

r -0.152 -0.131 0.003 -0.083 -0.131 

 

 p-value 0.06 0.106 0.966 0.303 0.106 

Glucagon 

likepeptide-1(ng/mL) 

r 0.207 0.279 0.004 0.029 0.279 

 p-value 0.011 0.001 0.961 0.714 0.001 

Ghrelin (pg/mL) r 0.038 0.263 -0.231 -0.09 0.263 

 p-value 0.642 0.001 0.004 0.268 0.001 
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