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ABSTRACT 

Background and objectives 

          Previous studies have demonstrated that serum N-terminal pro brain 

natriuretic peptide level was lower in the general population with MetS. 

Natriuretic peptides are a group of peptide-hormones that are well known for 

their role in cardiovascular homeostasis. The present study aims at 

determining the N-terminal pro brain natriuretic peptide serum levels in 

patients who have metabolic syndrome in comparison to apparently healthy 

subjects and inhabiting Duhok city in Kurdistan Region-Iraq. 

Materials and methods 

          A cross sectional research was conducted between 1
st
 November, 2019 

and end of January 2020 at Duhok Diabetic Clinic. N-terminal pro brain 

natriuretic peptide level was determined in 80 subjects with metabolic 

syndrome (20 Males and 60 Females; 20-70 years) and 20 apparently healthy 

subjects. The data were analyzed by using the SPSS software version 23. T-

test was used to compare between proportions. 

Results 

          The means ± SD of all demographic parameters (waist circumference, 

systolic blood pressure, and diastolic blood pressure) were significantly 

higher in subjects with metabolic syndrome in comparison to apparently 

healthy subjects except age which was none significant. The means ± SD of 

all biochemical parameters (triglyceride, total cholesterol, fasting blood 

sugar, and insulin) in subjects with metabolic syndrome also were 

substantially higher compared to apparently healthy subjects with the 

exception of high density lipoprotein-cholesterol and N-terminal pro brain 

natriuretic peptide, which in apparently healthy subjects were higher 

compared to the metabolic syndrome. The current data indicate that the N-
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terminal pro brain natriuretic peptide differentiates significantly between 

ages, body mass index, diastolic blood pressure, fasting blood sugar, and 

triglyceride, with total cholesterol (p<0.05).  

Conclusions 

          Metabolic syndrome components are correlated with a lower serum 

concentration N-terminal pro brain natriuretic peptide. These findings 

increase the probability that decreased serum levels of N-terminal pro brain 

natriuretic peptide is an indicator of metabolic syndrome, which could have 

significant pathophysiological and clinical consequences. 
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1.1 Introduction 

          Metabolic syndrome is a set of abnormal physical and laboratory 

findings that take place as a result of the integration of physiological, clinical, 

biochemical, and metabolic factors. As a result, atherosclerosis, 

cardiovascular disease, and overall mortality noticeably increase (Kaur, 

2014). 

          The principal physiological and clinical indications of metabolic 

syndrome are represented by reduced high density lipoprotein-cholesterol, 

elevated TGs, high BP as well as increased FBS which are in direct relation 

to the increase of adipogenesis and weight gain at large; and to intra-

abdominal or ectopic fat accumulation and increased waist circumferences 

(Han & Lean, 2016). MetS is mainly caused by elevated calorie food intake, 

i.e. over nutrition and lack of exercise or physical inactivity side by side with 

some other factors, namely epigenetic, genetic, as well as environmental 

(Moro & Smith, 2009; Wang et al., 2012; Schlueter et al., 2014).  

          NT-proBNP, the circulating hormones secreted from ventricular 

myocytes, underlines an increased ventricular mechanical load and stress and 

stands for an inactive fragment of prohormone proBNP (Panagopoulou et al., 

2013; Gallagher et al., 2017). NT-proBNP represents cardiac biomarkers 

established for the purpose of assessing the left ventricular dysfunction and 

congestive heart failure (CHF) (Schlueter et al., 2014). Individuals with high 

left ventricular end-diastolic pressure have lower levels of NT-proBNP in 

obese people (Nakanishi et al., 2016). There is activation of the renin 

angiotensin-aldosterone system (RAAS) in obese patients (Sarzani et al., 

2008). There is binding of the common receptor, guanylyl cyclase-A by the 

brain natriuretic peptide. This results in biologic actions via a cGMP-

dependent pathway which practices a restraining impact on the renin 

angiotensin-aldosterone system (RAAS) axis (Clerico et al., 2006). 
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Accordingly, the renin angiotensin-aldosterone system (RAAS) may be 

activated by low levels of natriuretic peptide. This may add to metabolic 

syndrome development in obese people in particular (Pedrollo et al., 2016). 

          Sezen et al. (2009) and Li et al. (2011) indicated that a level of NT-

proBNP in metabolic syndrome was similar to that in normal subjects. This is 

on one hand. On the other hand, Olsen et al. (2005) found out a decreased 

level of NT-proBNP level in MetS side by side with a blunted NT-proBNP 

pulse pressure relationship in these patients.  

          In the current study, the role of NT-proBNP has been studied from 

different perspectives so as to shed light on the pathophysiological impact of 

hypertension as a component of metabolic syndrome (MetS) in the subject; 

which has a great role in the development of cardiovascular disease (CVD). 

Since this study endeavors to predict the role of a significant potential risk 

factor, especially in subjects with metabolic syndrome, it may be the seminal 

work carried out in Kurdistan Region as it focuses on subjects with metabolic 

syndrome and others who are apparently healthy in Duhok in Kurdistan 

Region-Iraq. 

1.2 Aims and objectives of the study 

          The present study aims to: 

➢ Determining the N-terminal pro brain natriuretic peptide serum levels 

in patients who have metabolic syndrome in comparison to subject's 

apparently healthy inhabiting Duhok city in Kurdistan Region-Iraq. 

       The current study specific objectives are: 

➢ Assessing the serum N-terminal pro brain natriuretic peptide in patients 

who have metabolic syndrome. 

➢ Ascertaining an association between N-terminal pro brain natriuretic 

peptide level and the metabolic syndrome components. 
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LITERATURE REVIEW 

2.1 Definition of Metabolic Syndrome 

          The metabolic syndrome consist on the co-occurrence of many risk 

factors for type 2 diabetes mellitus (T2DM) and cardiovascular disease 

(CVD). These factors include dyslipidemia (raised triglycerides and lowered 

high-density lipoprotein cholesterol), raised blood pressure, raised fasting 

glucose, and central obesity. In addition, persons with these characteristics 

commonly manifest a prothrombotic state and a proinflammatory state 

(Alonso Calleja et al., 2017). The first noticing and description of protection 

from resistance to insulin-stimulated glucose uptake, hyperinsulinemia, 

hyperglycemia, raised VLDL, elevated TGs, declined HDL-C, and 

hypertension was in 1923 (Kylin, 1923). That was followed by naming it 

later as ''syndrome X" (Reaven, 1988) or "IR syndrome" (Haffiner et al., 

1992) and/or more recently as the "metabolic syndrome" (Grundy, 1999). 

2.2 Clinical Diagnosis of Metabolic Syndrome 

          For metabolic syndrome (MetS) diagnosis, clinical criteria have been 

recommended by different organizations. The primary components of the 

syndrome, namely (glucose intolerance, obesity, raised BP, elevated 

triglyceride and low levels of HDL-C) have gained general consensus, yet 

there have been varied definitions that highlight the differences in terms of 

pinpointing the prevalent reasons for the syndrome (Grundy et al., 2004; 

Zimmet et al., 2005; Alberti et al., 2006; Kelley et al., 2012). 

2.2.1 World Health Organization (WHO) 

          The first attempt at a global definition of the MetS was by World 

Health Organization (WHO, 1999). Primary to the WHO definition was the 

biological and physiological description of insulin resistance (measured by 

the euglycaemic clamp, a method for the quantification of tissue sensitivity to 
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insulin). Insulin resistance was defined as 1 of the following: T2DM; 

impaired fasting glucose; impaired glucose tolerance, or for those with 

normal fasting glucose values (<110 mg/dL), a glucose uptake below the 

lowest quartile for background population under hyper in su l inemic , 

euglycemic conditions. The MetS can also be diagnosed, notwithstanding 

insulin resistance, by two more risk factors (Nematy et al., 2014). 

2.2.2 European Group for Studying Insulin Resistance (EGIR)  

          For measuring insulin resistance (IR), fasting insulin was relied on by 

EGIR on instead of the euglycaemic clamp. The EGIR set out of the belief 

that IR was the main reason of the metabolic syndrome. Yet, the use of the 

definition was limited to those whose IR was measured both easily and 

reliably.  Based on that, the definition excluded the people with diabetes 

(Nematy et al., 2014). According to Alberti et al. (2006) and Kelley et al. 

(2012), reference was made in the EGIR definition to the WC, namely 94 cm 

for male and 80 cm for female, as a means of measuring adiposity. The 

definition further subsumed modified cut points for hypertension, high 

triglycerides, and low HDL-C.  

2.2.3 National Cholesterol Education Program (NCEP) Adult Treatment 

Panel III (ATP III) 

          In 2002, a definition of MetS was coined by the NCEP ATP III (2002). 

The AHA/NHLBI updated the definition in 2005 (Grundy et al., 2005). 

Based on the definition set by the NCEP ATP III definition, meeting three or 

more of the following criteria, viz. WC > 102 cm (male) or > 88 cm (female), 

SBP ≥ 130 mmHg, DBP ≥ 85 mmHg, fasting triglyceride ≥ 150 mg/dl, 

fasting HDL-C < 40 mg/dl (male) or < 50 mg/dl (female) and FBS ≥ 100 

mg/dl indicates the presence of metabolic syndrome. 
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2.2.4 American Association of Clinical Endocrinologists (AACE) 

          AACEs, setting out of the belief that IR represents the main feature of 

MetS, put forward a modified definition based on that by ATPIII definition 

(Einhorn, 2003). According to the criteria set by the AACE, the factors of 

high TGs; low HDL-C, high BP as well as elevated fasting and post load 

glucose have been specified as ‗identifying abnormalities‘ of the MetS 

(Zimmet et al., 2005; Alberti et al., 2006). In addition to the preceding 

identifying abnormalities, there is a set of factors that increase the probability 

of the syndrome. As no specific definition of the syndrome is there in the 

AACE statement; a point that is deliberately done,   clinical judgment formed 

the basis of the diagnosis (Alberti et al., 2006). 

2.2.5 International Diabetes Federation (IDF) 

          The definition provided by the IDF is beneficial to clinicians in their 

attempt to identify individuals who are at risk of T2DM as well as 

cardiovascular disease (Zimmet et al., 2005). It further makes 

epidemiological and clinical research into the metabolic syndrome quite 

feasible (Alberti et al., 2006). The IDF group specified central obesity as a 

fundamental determinant of the MetS. They further noticed the existence of a 

close relationship between waist circumference, cardiovascular disease and 

metabolic syndrome other components. It has been evident that the 

accumulation of visceral fat which is determined by CT scan is closely 

correlated with the improvement of metabolic and cardiovascular disease. As 

such, it plays a pivotal role in the new definition and forms a fundamental 

component of it (Zimmet et al., 2005). 
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2.3 Epidemiology of Metabolic Syndrome  

          The prevalence of the MetS in the Middle East has been the subject of 

many published reports.  In a survey conducted in Turkey, the prevalence of 

33.9% for metabolic syndrome was reported and it was found out to be 

higher in females (39.6%) compared to males (28%) (Kozan et al., 2007). 

          Regarding Iraq, as Mokdad et al. (2016) referred; there is an 

epidemiological transition with chronic non-communicable diseases forming 

an increasing burden. It is worthy to note that diabetes and hypertension, in 

particular, are the main risk factors that lead to CVD and the prominent 

causes behind humans‘ death. The combination of insulin resistance with 

hyperglycemia results in the more prevalence of hypertension in type 2 

diabetics. Mansour (2012) points out that almost 15% of the hypertensive are 

diabetic, and that 75% of type 2 diabetics are hypertensive. In 2010, the IDF 

reported the prevalence of 7.8 diabetics in Iraq (Yasso et al., 2013).  

          In a study that included Saudi adult females, it was found out that MetS 

was prevalent by 16.1% and 13.6% based on the definitions set by IDF and 

ATP III. Also, in Oman, 20.0% prevalence of MetS was reported in one city 

and 75.4% low HDL side by side an increased WC as the two most common 

components. Based on the definition suggested by ATP III, 36.3% of MetS 

prevalence was found among populations of Northern Jordan. The prevalence 

was higher in female compared to male. Low high-density lipoprotein-

cholesterol formed the most widely recognized irregularity in (62.7%) men 

and an increased WC (69.1%) in women (Mansour et al., 2007; Motlagh et 

al., 2009; Abu Sham‘a et al., 2009).  

          There have been wider published studies in the Middle East concerning 

the prevalence of MetS. In 2007, there was a nation-wide survey carried out 

on 3024 Iranians of ages ranging between 25 to 64 years and from urban and 

rural areas in all the 30 provinces. As indicated by the ATP III criteria, the 
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age-standardized prevalence of the MetS formed almost 34.7%, 37.4% 

according to the International Diabetes Federation definition, and 41.6% 

based on the ATPIII//AHA/ NHLBI criteria. All definitions indicated a 

higher MetS prevalence in women whose ages ranged from 55 to 64 years 

and living in urban areas as compared to men in terms of age and living area 

respectively. Delavari et al. (2009) pointed out that an estimation of more 

than 11 million Iranians was affected by the MetS burden.  

2.4 Pathophysiology of Metabolic Syndrome 

          As it has been previously referred to, the constant presence of low-

grade inflammation results in MetS as integration takes place between two 

sets of factors, namely genetic as well as environmental. The inflammation is 

affected by abdominal obesity, endothelial dysfunction, high SBP, high DBP, 

elevated triglyceride, reduced HDL-C, insulin resistance (IR), 

hypercoagulability, and/or chronic stress (McCracken et al, 2018). 

2.4.1 Abdominal Obesity 

          A noticeable decline in physical activity which in turn leads to ‗obesity 

epidemic‘ is the outcome of excessive consumption of cheap fast food that is 

calorie-dense. Adipose tissue consists of adipocytes, immune cells stroma, 

and endothelium. Adipose tissue is easily affected by change in diet, and 

excess nutrients, leading to hyperplasia and hypertrophy.  As such, the supply 

of blood will not suffice to meet what the progressively enlarging adipose 

tissue demands. The result will be hypoxia and necrosis with macrophages 

infiltration. Also, a release of adipocytokines; biologically active metabolites 

that incorporate proinflammatory mediators, glycerol, and free fatty acid will 

be caused by this process. Inflammation starting from the adipose tissue and 

moves on to the body will be induced by these adipocytokines, and 

comorbidities associated will be caused (Bokhari et al., 2018).  
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2.4.2 Insulin Resistance 

          Ordinary weight, moderate movement, utilization of low-fat diet, as 

well as nonappearance of abdominal or visceral obesity are all associated 

with insulin sensitivity which is due to the peripheral tissues‘ improper 

response to normal insulin concentrations. The tissues comprise liver, 

muscle, and adipose, as such, beta cells release more insulin in response to 

hyperglycemia, and these results in hyperinsulinemia that will do partial 

compensation for the abnormalities, and will try to maintain normoglycemia. 

Nonetheless, there will be an overexpression of insulin receptors that lead to 

the clinical complications of MetS represented by glucose metabolism 

dysfunction including anomalous glucose challenge response, elevated FBS 

levels, diminished insulin activity that can be affirmed by means of the 

euglycemic clamp technique, and/or overt hyperglycemia. Over time, there 

will be development of T2DM as a result of the compensation for the 

inadequate pancreatic cells (Roberts et al., 2013).  

2.4.3 Dyslipidemia 

In MetS, dyslipidemia can be attributed to several abnormalities resulting 

from dysfunctional structure, metabolism, and biology of antiatherogenic and 

atherogenic lipoproteins. This will cause increased levels of Apo lipoprotein 

B, triglyceride, low-density lipoprotein, with decreased levels of high-density 

lipoprotein (Halpern et al., 2010).  

          Normally, lipolysis is inhibited by insulin. Therefore, in MetS, 

increased lipolysis activity and increased levels of FFAs are resulted from 

insulin resistance causes. In the liver, FFAs serve as a substrate for the 

synthesis of TGs. On its part, apo B production will be stimulated and 

increased by FFA, causing an increment in VLDL levels. There is also insulin 

participation in apo B degradation. Accordingly, increased levels of VLDL 

will be directly caused by insulin resistance. Additionally, insulin also 

https://www.thesaurus.com/browse/nonetheless


Chapter Two: Literature Review                                                        9 
 

 
 

controls the regulation of lipoprotein lipase activity. In case insulin resistance 

is available, there will be impairment of VLDL clearance, and this will lead 

to lipoproteins accumulation that promotes atheromas formation (Ruotolo & 

Howard, 2002). TGs are received by HDL from very low density lipoprotein 

with the CETP activity. The outcome of such an interaction will be VLDL 

that is rich in cholesterol ester, and particles of HDL that are rich in TGs 

which are liable to rapid clearance by hepatic lipase. There is a solid 

relationship between these mechanisms and increased endothelial 

dysfunction, oxidative stress and the continuous inflammatory; which in turn 

adds to the macro-vascular atherosclerosis (Halpern et al., 2010). 

2.4.4 Hypertension  

          There is a relationship between hypertension and a large number of 

abnormal metabolic statuses, namely obesity, dyslipidemia, and diabetes. 

Angiotensin, AT II, and AT1 receptor expression are increased by 

Hyperinsulinemia and hyperglycemia. These results in the renin angiotensin 

system stimulation which will on turn advance hypertension in patients with 

IR (Yanai et al., 2008).  

          Sympathetic nervous system is noticeably activated by 

Hyperinsulinemia. This results in an increment in vasoconstriction of arteries, 

cardiac output, and reabsorption of sodium in the kidneys, all of which 

contribute to hypertension. Added to that, aldosterone production is caused 

by adipocytes response to ATI. This makes adipocytes a mini RAAS 

(Makaryus et al., 2009). 

 

 

 



Chapter Two: Literature Review                                                        10 
 

 
 

2.5 Natriuretic Peptide 

          In the 2
nd

 half of the 20
th

 century, the cardiac endocrine function was 

first identified. In 1984, there was a description of the structure of atrial 

natriuretic peptide by Kangawa et al. (1984). In 1988, there was isolation of 

the brain natriuretic peptide porcine brain. This was followed by finding 

synthesis and secretion by ventricular myocardium (Sudoh et al., 1988).  

1990 witnessed the isolation of a third NP from pig brain; it was called CNP 

(Sudoh et al., 1990). 

2.6 Biochemistry of Natriuretic Peptide  

          In several groups of patients, there has been identification of natriuretic 

peptides as biomarkers with  diagnost ic and prognost ic  potent ial . 

Brain natriuretic peptide falls under the umbrella of the natriuretic peptide 

family. It is structurally characterized by a seventeen peptide ring, 

along with ANP (Figure 1.1), CNP and D-type NP (Nayer et al., 2014). 

Among the three peptides in the central nervous system, CNP is the most 

prevalent. Yet, it is principally created by the vascular endothelium that acts 

as a paracrine factor through the control of the vascular tone (Yandle, 1994; 

Palmer & Clegg, 2015; Francis et al., 2016).  

 

 

 

 

 

 

 

Figure 2.1: Structure of natriuretic peptides adapted by (Yandle, 1994) 
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2.7 BNP Synthesis, Processing and Circulating 

          Figure 2.2 briefly presents the current understanding of brain 

natriuretic peptide synthesis and processing. Pre-proBNP 1-134 forms the 

initial gene product. During translation, it becomes susceptible to the removal 

of a twenty-six amino acid signal peptide in the sarcoplasmatic reticulum. 

This results in the arrangement of proBNP 1-108. During its N-terminus to a 

variable degree, there may be post-translation glycosylation of ProBNP at 

several sites (Hammerer-Lercher et al., 2008; Mair, 2009; Semenov et al., 

2009). This, in turn, makes prohormone convertases, for example corin and 

furin cleave proBNP so as to release the 76-amino acid NT portion NT-

proBNP 1-76 and the C-terminal 32-amino acid molecule BNP 1-32 which is 

biologically active. Furthermore, there is secretion of ProBNP is secreted 

with a high concentration in the blood of patients with heart failure as 

reported by (Hammerer-Lercher et al., 2008; Costello-Boerrigter et al., 

2013). Pro BNP and NT-proBNP with their split products have a hormonal 

activity that ranges from little to none. There may be the occurrence of some 

processing of secreted Pro BNP, probably by furin, in the blood as well. 

Despite the fact that,  in the case of healthy subjects and subjects with various 

cardiac diseases, there are still doubts about the specific nature and 

dissemination of circling proBNP-derived molecules, the modification of 

both BNP an NT-proBNP into a mixture of various fragments in the blood  

has been identified, although there has been observation of  intact circulating 

pro brain natriuretic peptide, glycosylated N-terminal pro brain natriuretic 

peptide, and glycosylated pro brain natriuretic peptide in patients with heart 

failure (HF) as well (Hammerer-Lercher  et al., 2008; Seferian et al., 2008; 

Niederkofler et al., 2008; Mair, 2009; Semenov et al., 2009; Costello-

Boerrigter et al., 2013;   Mair et al., 2016; Semenov and Katrukha, 2016).  
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Figure 2.2: Processing, Synthesis, and Circulating Forms of proBNP-

Derived Peptides adapted by (Mair et al., 2017) 

2.8 Natriuretic Peptide Release Control 

          The heart constantly releases ANP and BNP by means of the atrial 

muscle mechanical stretch that is notable for expanding such discharge, 

despite the fact that the exact system is obscure, it is accepted to be increment 

in atrial dimension and not the progressions in atrial pressure. The atria 

mainly release the ANP, while the ventricular myocites mainly produce BNP 

and NT-pro BNP.  Just contrary to ANP, BNP mainly resides in the 

ventricular muscle. There is drastic increase in the ventricular BNP secretion 

on congestive heart failure (CHF) occurrence. Such an increase happens, 

indicates noticeable ventricular stress and serious cardiac dysfunction. 

Something very similar happens when atrial natriuretic peptide is released in 

the auricle (Alonso Calleja et al., 2017). 

  

https://www.acc.org/~/media/Non-Clinical/Images/Latest in Cardiology/Articles/2016/12/2016Dec19_Mair_Fig1.jpg?la=en
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2.9 Natriuretic Peptide Receptor 

          NPR-A as well as NPR-B represent guanylyl cyclase coupled trans-

membrane receptors, at the time Natriuretic peptide receptor C represents a 

clearance receptor. Guanylate cyclase is activated by both atrial natriuretic 

peptide and brain natriuretic peptide receptors so as to generate (cGMP) that 

leads to vasodilatation. There is considerable affinity of ANP and BNP to 

NPR-A. Meanwhile, there is considerable affinity between C- type natriuretic 

peptide and natriuretic peptide receptor-B. Natriuretic peptide receptor-C is 

mostly present in adipose tissue and kidney. There is also higher affinity of 

C-type natriuretic peptide for atrial natriuretic peptide. This reality can shed 

light on the reason behind BNP half-life being much longer in comparison 

with that of ANP. Neprelysin (neural endopeptidase), a metalloproteinase that 

is abundantly available in the kidney and lungs also clears Natriuretic 

peptides (Palmer & Clegg, 2015). 

          There had been wide detection of natriuretic peptide receptor-A and 

natriuretic peptide receptor-B transcripts in all peripheral tissues. On one 

hand, there is a high level of NPR-A expression in adrenal gland, terminal 

adipose, ileum, kidney, lung, and vasculature. On the other hand, there is 

high expression of Natriuretic peptide receptor-B heart, vasculature, uterus, 

adrenal gland, kidney, lung ovary, bone, pituitary and brain including 

cerebellum. In the vasculature, NPR-B is highly expressed by VSMCs. 

Added to that, NPR-B, compared to  NPR-A is more feasibly desensitized by 

a set of  factors in the serum, among which is sphingosine 1-phosphate.  

NPRs, in the heart, are expressed by both cardiac myocytes and fibroblasts. It 

is worth noting that NPR-A is predominantly expressed by Myocytes, while 

NPR-A and NPR-B are expressed by fibroblasts. As a matter of fact, there is 

an increase in intracellular cyclic guanosine mono phosphate level in 

myocytes by both atrial natriuretic peptide and brain natriuretic peptide, 
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while it is increased by ANP, BNP, and CNP in fibroblasts. Such findings 

highlight the role of NP as paracrine and/or autocrine factors in the heart 

tissue (Pandey, 2005; Garbers et al., 2006; Potter et al., 2006).  

2.10 Effects of Natriuretic Peptides 

2.10.1 Cardiovascular Effects of NPs 

          Under physiological conditions, the heart releases cardiac natriuretic 

peptides which are included in cardiovascular homeostasis as those peptides 

acting in many organs (Madamanchi et al., 2014; Francis et al., 2016): 

2.10.1.1 Renal system 

          Increase of glomerular filtration which leads to enhanced natriuresis 

and diuresis. Inhibition of renin–angiotensin–aldosterone system, release of 

renin from the kidney and aldosterone from the adrenal gland, which 

enhances natriuresis and reduced extracellular volume (Madamanchi et al., 

2014; Francis et al., 2016).  

2.10.1.2 Vascular system 

          Decrease of vascular tone, and decrease of systemic and peripheral 

vascular resistance. Sympathetic nerve activity is suppressed by natriuretic 

peptides in the peripheral vasculature; this is achieved by catecholamine 

release suppression from the nerve endings, and inhibition of the sympathetic 

outflow. Since the activation threshold of vagal afferents is reduced by these 

peptides, a suppression of reflex tachycardia and vasoconstriction that follow 

reduction in the preload takes place and leads to a sustained decrease in the 

mean arterial pressure (Madamanchi et al., 2014; Francis et al., 2016).  
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Figure 2.3 Target organs of the NP system adopted (Alonso Calleja et al., 

2017) 

2.10.2 Metabolic Effects of NP 

          NPs play a crucial well-known role in cardiovascular homeostasis. 

However, there has been a discovery, during the most recent decade, of a 

bulk of metabolic impacts of these molecules. This fact proves that natriuretic 

peptides have also an active role in the defence against metabolic disease 

(Schlueter et al., 2014). 
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2.10.2.1 NP Activated Lipolysis in Human Adipocytes 

 

 

 

 

 

 

 

 

 

Figure 2.4: Natriuretic peptide related effects in human adipocytes 

adopted by (Schlueter et al., 2014) 

          Catecholamines induce lipolysis stimulating adrenergic β-receptors in 

adipocytes, and subsequent cAMP dependent activation of hormone sensitive 

lipase (HSL). Insulin causes the cAMP degradation, inhibiting lipolysis 

(Figure 2.4). 

          A cGMP dependent pathway is induced and the levels of intracellular 

cGMP are increased in case ANP and BNP stimulate NPRA.  As a result, 

inducing, increasing, cGMP subordinate PKG is activated. These pathway 

ends with phosphorylation of perilipin-A, facilitating the binding of hormone 

sensitive lipase that turns into hydrolysis of triglycerides into free fatty acids 

and glycerol (Sengen s et al., 2000). NPRA expression may be reduced by 

insulin, and simultaneously NPRC expression is enhanced in white adipose 

tissue in humans and rodents. This results in lowering the circulating 

natriuretic peptide thresholds (Nakatsuji et al., 2010). 
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2.10.2.2 Lipid Oxidation and Mitochondrial Respiration Enhancement 

by Natriuretic Peptide  

 

 

 

 

 

 

 

 

 

Figure 2.5: NP prompted impacts in skeletal muscle adopted by 

(Schlueter et al., 2014) 

          In skeletal muscle cells, and by the same cGMP dependent pathway, 

the levels of intracellular cGMP are raised by natriuretic peptides. This leads 

to the expression of PGC1α downstream genes. Added to that, the FFAs from 

adipocyte lipolysis work like extra ligands for the transcriptional regulator of 

mitochondrial biogenesis PPARδ. Mitochondrial respiration, Muscle 

mitochondrial content as well as lipid oxidation in skeletal muscle are all 

increased by these mechanisms. There are numerous examinations on human 

cells and rodents, in vitro and in vivo those bolster this system (Miyashita et 

al., 2009) side by side with studies on human myotubes. Similar effects are 

mediated by natriuretic peptides in white and ‗beige‘ (brite) adipose tissue. 

Thus, the same pathway ending in the activation of the glucokinase-I is 

stimulated. It is imagined that the p38 mitogen activated protein kinase which 

stimulates uncoupling protein 1 gene expression, is activated by this 
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molecule. This is the same with the AMPK that expansion transcriptional 

activity of PGC-1α. This leads to the browning of both the mitochondrial 

biogenesis and white adipose tissue; and to an increment in energy 

expenditure and thermogenesis (Figure 2.5). Bordicchia et al. (2012) 

demonstrated that the genetically engineered mice lacking natriuretic peptide 

receptor-C have plasmatic levels of natriuretic peptide higher than those in 

wild-type mice. Also, there were lower levels of fat mass and an expression 

of genes characteristic of brown adipocytes at high levels; leading to an 

increase in thermogenesis and excess calories consumption. The same 

authors also conducted experiments on two separated human cell lines, and 

came out with similar results (Bordicchia et al., 2012). 

2.10.2.3 Insulin Secretion and Glucose Homeostasis 

          The possible enhancement of insulin secretion from pancreas by 

natriuretic peptide and the resultant increase in glucose disposition have been 

suggested by a number of studies (Alonso Calleja et al., 2017). 

2.10.2.4 Adipose Tissue Distribution 

           Natriuretic peptides may favourable affect adipose tissue distribution. 

There is an association between increased NP levels and the decreases in 

visceral adipose tissue, ectopic, and intra-organ fat deposition, for example, 

the accumulation of intrahepatic lipid and the expanded lowering of body fat. 

Less insulin resistance may be resulted from such a favourable profile 

(Neeland et al., 2013). 

2.11 NPs in Insulin Resistance and Diabetes 

          A potential connection between plasma glucose and insulin levels and 

the natriuretic peptide system has been observed in several studies. As it was 

explained before, insulin has been proved to up-regulate NPR-C in obese 

patients. What is more, in some studies, the inverse relation between NT-
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proBNP levels and visceral adipose mass was attenuated after adjustment for 

HOMA-IR, emphasizing the role for hyperinsulinemia in lower natriuretic 

peptide levels in obesity (Cannon et al., 2016).  

          On the other hand, many studies have suggested that natriuretic 

peptides might be protective against T2DM and against insulin resistance 

(Neeland et al., 2013).  

2.12 Natriuretic Peptides in Obesity 

          The low levels of circulating NP in obese people have been referred to 

in many reports. There may be indirect contribution by this level to 

susceptibility to hypertension as well as hypertension-related cardiovascular 

disease (CVD) (Wang et al., 2004).  Due to reduced natriuretic peptide 

receptor-C expression, atrial natriuretic peptide and brain natriuretic peptide 

levels become higher due to normal diet. Contrariwise, decreased levels of 

atrial natriuretic peptide and brain natriuretic peptide are resulted from 

expanded natriuretic peptide receptor-C expression in the states of 

corpulence; i.e. western diet and reduced physical activity. Also, an increased 

expression of natriuretic peptide receptor-C, namely the clearance of all three 

natriuretic peptides is reported in the adipocytes of obese subjects. This 

results in people who are obese, diabetes, non-alcoholic fatty liver disease, 

and hypertension (Moro & Smith, 2009; Bordicchia et al., 2012; Haufe et al., 

2015). 

          The inverse association between the levels of BMI, BNP, and NT-has 

been confirmed by some cohort studies (Das et al., 2005). 

          Frankenstein et al. (2008) observed decreased levels of NT-proBNP in 

obese patients who had both stable and acute CHF. The following potential 

causes have been attended to: 
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- It is reported that BNP levels in obese CHF patients are depressed by the 

renal function due to the association between obesity and the higher rates of 

glomerular filtration (Griffin et al., 2008). 

- There is an expansion adipose tissue in obesity. As referred to before, 

neprelysin and natriuretic peptide receptor-C, which are expressed in 

adipose tissue, clear the natriuretic peptides (Alonso Calleja et al., 2017). 

          In obese patients, there is overexpression of NPR-C in adipose tissue 

compared to lower expression of NPR-A. This implicates natriuretic peptides 

higher degradation and facilitates weight gain by means of the multiple 

mechanisms explained before (Sengen s et al., 2000). Added to that, NPR-C 

expression in monocytes is induced by hyperinsulinemia that is common in 

obesity (Nakatsuji et al., 2010) and in human adypocites, away from the 

circulation of glucose concentration. However, according to Dallas Heart 

Study, there is likewise a link between that obesity and the lower levels of 

NT-proBNP, that the NPR-C has not cleared (Das et al., 2005). Finally, there 

are increased levels of neprelysin in the adipose tissue of obese patients 

which result in higher clearance (Standeven et al., 2011). 
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MATERIALS AND METHODS 

3.1 Study Design and Period  

          The present study was conducted at Mazi Private medical Laboratory, 

Duhok Diabetic Clinic and Cardiac Center at Azadi General Teaching 

Hospital in Duhok, Kurdistan Region-Iraq; between 1
st
 November, 2019 and 

end of January 2020. The study was affirmed by the medical ethics 

committee and all participants‘ consent was acquired. Also, the study is 

cross-sectional that has been conducted on both subjects with metabolic 

syndrome and apparently healthy subjects.  

3.2 Study Population   

           In this study, 100 subjects (of ages ranging from 20 to 70 years and 

residents of Duhok city) were investigated for NTproBNP. Among the 100 

investigated subjects, 80 had metabolic syndrome (male, n=21 and female, 

n=59) and were coming to Duhok Diabetes Center which is a large medical 

center for diabetes management and offers charge-free services to all citizens. 

A consecutive sampling procedure was adopted to choose the eligible 

subjects of the study added to the 20 apparently healthy subjects (male, n=10 

and female, n=10) chosen including among friends, relatives, and the people 

working at Azadi General Teaching Hospital.            

          Both groups of subjects, those with metabolic syndrome and those 

apparently healthy subjects were arranged into 12 groups based on age, waist 

circumference, BMI, SBP, DBP, FBS, insulin, HOMA-IR, total cholesterol, 

triglyceride, HDL-C, components with metabolic syndrome and NT-proBNP. 
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3.3 Data Collection and Research Tool  

          A questionnaire was designed in advance to be circulated to the 

patients participating in the current study. The following information were 

included: 

➢ Personal information (name, age, work and address). 

➢ Physical examination of features such as height, weight and waist 

circumference .  

➢ Family history of T2DM  and chronic illnesses;  drug history of oral 

hypoglycemic drugs or insulin therapy, lipid lowering agents such as 

Atorvastatin and anti-hypertensive medications, for example calcium 

channel blocker and angiotensin converting enzyme inhibitor. These 

were obtained from clinical records.  

➢ Further information on smoking and physical activities.  

3.4 Subjects Selection Criteria 

3.4.1 Inclusion Criteria 

➢ Subjects with metabolic syndrome that includes its central obesity (WC 

> 88 cm in female and WC 102 cm in male) any two of the following: 

impaired glucose regulation, high TGs, reduced HDL-C, and 

hypertension. 

➢ Patients of ages more than equal or more than to 20 years. 

3.4.2 Exclusion Criteria 

          The exclusion criteria were attended to patients with the following 

conditions: 

➢ chronic liver diseases, 

➢ acute and chronic infection, 

➢ chronic renal failure, 

http://www.heartfoundation.org.au/healthy-eating/Pages/waist-measurement.aspx
http://www.heartfoundation.org.au/healthy-eating/Pages/waist-measurement.aspx
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➢ heart failure by echocardiography, 

➢ cancer, 

➢ pregnancy  

3.4.3 Assessment of the Status of Metabolic Syndrome  

          Diagnosing MetS was performed on the basis of IDF‘s definition of 

MetS (Zimmet et al, 2005) which includes: 

Table 3-1 IDF Definition of Metabolic Syndrome 

Upper body 
 

WC ≥ 102 cm in male and ≥ 88 cm in female. 

High triglycerides 
Triglyceride ≥ 150 mg/dl. 

(or patients who are under treatment) 

Low high 

density lipoprotein-

cholesterol 

HDL-C < 40 mg/dl   in men 

HDL-C < 50 mg/dl  in women 

(or patients who are under treatment) 

High BP 

SBP ≥ 130 mmHg  or 

DBP ≥ 85 mmHg 

(or by using antihypertensive therapy) 

High FBS 

FBS ≥ 100 mg/dl or previously diagnosed T2M. If 

FBS ≥ 100 mg/dl, The test of oral glucose tolerance 

test is unequivocally suggested, yet is not essential to 

identify the presence of the syndrome 
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3.5 Anthropometric Analysis 

3.5.1 Waist Circumference  

          Waist circumference was measured at the level of the umbilicus at the 

end of a relaxed exhalation, cut of value for male ≥ 102 cm, female ≥ 88 cm 

were considered to have central obesity (Rimm et al., 1995). 

3.5.2 Body Mass Index  

            In view of data by Deore et al (2012), BMI was calculated by 

dividing the weight in kilograms by the square of height in meters (kg/m
2
) 

and classified as follows 

➢ Normal weight: 18.50 - 24.90 (kg/m
2
). 

➢ Overweight: 25.00 - 29.90 (kg/m
2
). 

➢ People who are obese: ≥ 30.00 (kg/m
2
). 

3.6 Assessing Insulin Resistance 

          Fasting insulin evaluated by automatic clinical chemistry analyzer 

COBAS 6000 devices and on the basis of a special equation, HOMA-IR was 

estimated: 

HOMA-IR = Insulin (μU/mL) x Glucose (mg/ dL) ÷ 405 

Insulin resistance = HOMA-IR > 3.0 

Insulin sensitive = HOMA-IR ≤ 3.0 (Matthews et al., 1985). 

3.7 Blood Pressure Assessment 

➢ Resting SBP and DBP Random was measured by zero 

sphygmomanometer and cuffs appropriate for arm size. Subjects‘ BP 

was estimated as the average of two measurements after they were 

seated for at least 6 minutes.  
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➢ Elevated SBP and DBP were assessed on the basis of IDF definition: 

BP ≥ 130/85 mmHg or by using antihypertensive therapy (Zimmet et 

al, 2005). 

3.8 Hyperlipidemia Assessment 

          Following the National Cholesterol Education Program guidelines, 

hyperlipidemia was assessed on the basis of: 

➢ Total Cholesterol: Normal < 200, Borderline high 200- 239, High > 

240 (mg/dl). 

➢ HDL-C: Abnormal HDL-C < 40 in men, < 50 in women; normal 

HDL-C > 40 in men, > 50 in women.    

➢ Triglyceride: Desirable < 150, High 150-199, Hypertriglyceridemia 

200-499, very high > 500 (mg/dl) (Thomas et al., 2005). 

3.9 Echocardiography 

          Echocardiography was done by Eco-cardiologist. 

3.10 Method 

3.10.1 Samples Collection 

          Instructions were given to participants to visit the lab-Department of 

Clinical Biochemistry at Azadi Teaching Hospital. The apparently healthy 

subjects were instructed to go to a same place in the morning after overnight 

fasting for 11-13 hours. There was collection of blood samples between 9:30 

and 11:45 a.m... About 8 ml of blood was withdrawn by venepuncture as well 

as collected in Becton Dichinson vacutainer system clot activator tube – 

plane tube. 20-40 minutes after blood collection, the serum was separated for 

8 minutes using a HITACHI centrifuge at 3000 rpm and collected into two 

tubes one of which was prepared promptly so as to measure serum glucose, 

total cholesterol, triglyceride, high density lipoprotein-cholesterol and insulin 
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following standard laboratory procedures using clinical chemistry analyzer 

Cobas 6000 Roche. The obtained serum samples were stored in deep freeze (-

25) for later analysis of NT-proBNP using VIDAS
®
. 

3.11 Biochemical Analysis 

          To arrive at sensitive and accurate results, serum samples were 

biochemically analyzed using Autoanalyzer biochemical machine called 

COBAS series 6000 and VIDAS
®
 at Mazi Private Laboratories in Duhok 

city. 

3.12 Overview 

3.12.1 Principle of COBAS series 6000 

          The immunoassay reactions utilizing electrochemiluminescence (ECL) 

is a process in which highly reactive species are generated from stable 

precursor at the surface of an electrode and react with each other producing 

light. 

 3.12.2 Principle of VIDAS
®
 

          Principle is based on the interaction of two elements (antigens and 

antibodies). 

3.12.3 Measurement of Serum Glucose Level 

          Glucose in specimen is measured using Roche Diagnostics USA cobas 

6000 according to the following principle:  

Glucose + O2 + H2O  Oxidase           Gluconic Acid + H2O2 

H2O2 + Phenol + amino-4-antipyrine     Peroxidase     Quinoneimine + 2H2O 

At 500 nm absorbance increase is proportional to the glucose in the sample. 
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3.12.4 Estimation of Fasting Insulin  

          Using Roche Diagnostics (Germany) cobas 6000 by 

electrochemiluminescence immunoassay (ECLIA) technique. 

3.12.5 Serum Lipid Profile 

3.12.5.1 Serum Total Cholesterol 

          Cholesterol in specimen was measured using Roche Diagnostics USA 

cobas 6000 according to the following principle: 

Cholesterol esters   Cholesterol Esterase Cholesterol + Fatty acid 

Cholesterol Cholesterol Oxidase 4-Cholesten-3-one + H2O2 

H2O2 + Phenol + amino-4-antipyrine Peroxidase   Quinoneimine + 4H2O 

3.12.5.2 Serum Triglyceride 

          Triglycerides in specimen are measured using Roche Diagnostics USA 

cobas 6000 according to the following principle: 

Triglycerides    Lipoprotein lipase glycerol + Fatty acid 

Glycerol + ATP    Glycerol kinase Glycerol-3-phpsphate + ADP 

Glycerol-3-phpsphate + O2   G3P Oxidase   Dihydroxyacetone phosphate +H2O2 

H2O2 + 4-AAP + Quinoneimine + HCL    Peroxidase     Quinoneimine dye + 4 H2O 

3.12.5.3 High-Density Lipoprotein-Cholesterol  

          High-Density Lipoproteins-Cholesterol in specimen is measured using 

Roche Diagnostics USA cobas 6000 according to the following principle: 

          The HDL-CH cholesterol (HDL-CH-C) determination with 

homogenous phase is based on a method called "method by elimination" 

which is more specific than the "blocking method" (blockage of the other 

lipoproteins by cyclodextrin sulfate or polyanion). 
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3.12.6 NT-pro BNP 2 

          NT-proBNP2 kit (60 tests) VIDAS
® with the reference number 30 458 

is used to detect the NT-proBNP level.  

Principle of NT-proBNP 

          A one-step immunoassay sandwich method and a final fluorescent 

detection are combined by the assay principle. Receptacle serves as a solid 

phase and a pipetting device. The reagents for the assay are ready-to-use and 

pre-dispensed in the strip. The instrument automatically performs all the 

assay steps.  The sample is transferred into the well that contains ALP-

labeled anti-NT-proBNP antibody. This is followed by recycling the 

sample/conjugate mixture in and out of the solid phase receptor several times. 

By so doing, the antigen is allowed to bind with the immunoglobulin that is 

fixed to both the interior wall of the solid phase receptor as well as the 

conjugate to form a sandwich. It is worthy to note that there is elimination of 

the unbound compounds during the washing steps. 

          During each one of the 2 detection steps that are performed 

progressively, the substrate (4-Methyl-umbelliferyl phosphate) is cycled in 

and out of the solid phase receptor, and the conjugate enzyme catalyzes the 

hydrolysis of this substrate into a fluorescent product (4-Methyl-

umbelliferone) whose fluorescence is estimated at 450 nm. The intensity of 

the fluorescence is proportional to the concentration of the antigen present in 

the sample. 

          As the assay ends, there is automatic calculation by the instrument in 

relation to 2 calibration curves that correspond to the 2 location steps. The 

calibration curve used for each sample is determined by a fluorescence 

threshold value. Finally, the results were printed out.           

Reference value: < 125 pg/ml 
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3.13 Statistical Analysis 

          Through the SPSS software version 23 the data were analyzed and 

indicated as the normal and mean ± SD. In comparison with proportions, T-

test was used. In addition, one-way variance analysis (ANOVA) was used to 

compare different groups. Pearson correlation was used for the estimation of 

the relationship between variables. A p-value of less than 0.05 has been 

statistically important in all experiments. 
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RESULTS 

4.1 General Characteristics of the Study Population 

          The current study comprises 100 subjects, 80 with metabolic syndrome 

and 20 apparently healthy subjects. Table 4.1 demonstrates the laboratory and 

demographic properties of the study subjects. The mean ± SD of all 

demographic parameters (waist circumference, BMI, SBP, and DBP) in 

patients with metabolic syndrome were substantially higher relative to 

healthy subjects, with the exception of age, which did not matter. Same while 

biochemical parameters (triglyceride, total cholesterol, FBS, fasting insulin, 

and HOMA-IR) were significantly higher in subjects with MetS in 

comparison to apparently healthy subject except HDL-C and NT-proBNP 

which were higher in apparently healthy subject in comparison to metabolic 

syndrome. 
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Table 4.1: General Characteristic Features of Study Population 

Study Variables 

Mean ± SD 

P- Value Metabolic 

syndrome 

(n=80) 

Apparently 

healthy subject 

(n=20) 

Sex (No. 

and %) 

Male 20 (25%) 10 (50%)  

Female 60 (75%) 10 (50%)  

Age (years) 50.61 ± 10.90 51.20 ±11.53 NS 

BMI (kg/m
2
) 34.83 ± 5.89 23.15 ± 1.12 < 0.001 

Waist circumference (cm) 114.53 ± 10.62 90.95 ± 6.63 < 0.001 

SBP (mmHg) 139.81 ± 17.61 118.00 ± 5.71 < 0.001 

DBP (mmHg) 87.62 ± 8.03 77.25 ± 3.79 < 0.001 

Cholesterol (mg/dl) 182.33 ± 42.09 150.65 ± 31.21 < 0.01 

Triglyceride (mg/dl) 226.23 ± 132.91 105.30 ± 29.63 < 0.001 

HDL- Cholesterol (mg/dl) 37.88 ± 8.07 45.30 ± 8.50 <0.01 

FBS (mg/dl) 195.53 ± 67.62 90.60 ± 7.45 < 0.001 

Insulin (μU/mL) 36.31 ± 24.28 6.65 ± 1.87 < 0.001 

HOMA-IR 17.23 ± 12.43 1.40 ± 0.40 < 0.001 

NT-proBNP (pg/ml) 36.31 ± 13.68 53.05 ± 11.63 < 0.001 
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4.2 Serum NT-proBNP Levels in Terms of the Study Population 

Demographic Parameters (Metabolic Syndrome and 

Apparently Healthy Subjects). 

4.2.1 One Way ANOVA Analysis among Study Population According to 

Age Group 

          Table 4.2 introduces the mean ± SD of serum NT-proBNP levels 

ranked according to subjects ages. A statistically significant difference was 

found in the mean values of serum NT-proBNP, using a p-value of 0.05 for 

age of patients and apparently healthy subjects (p< 0.001). 

Table 4.2: One Way ANOVA Analysis between Age Group 

NT-

proBNP 

(Pg/ml) 

NO. mean±SD 

95 % confidence 

interval for mean 

p- value 

Lower 

bound 

Upper 

bound 

Age: 20-30 6 18.83±5.67 12.88 24.78 

 

<0.001 

Age: 31-40 16 37.81±13.55 30.59 45.03 

Age: 41-50 25 34.92±8.64 31.35 38.48 

Age: 51-60 29 41.06±14.35 35.60 46.52 

Age: 61-70 24 49.33±15.95 42.59 56.06 

Total 100 39.66±14.85 36.71 42.60 
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4.2.2 Serum NT-proBNP and Gender 

          Table 4.3presents the mean ± SD of serum levels ranked on the basis of 

subjects‘ gender. A significant difference was found between levels of NT-

proBNP among male metabolic syndrome with male control (p< 0.001) and 

female metabolic syndrome with female control (p< 0.01). Same while a 

significant differences was also observed among male metabolic syndrome 

with female metabolic syndrome (p< 0.05).  

Table 4.3: Serum NT-proBNP Levels Stratified by Gender 

NT-proBNP (Pg/ml) NO. Mean ± SD p- value 

Males with metabolic syndrome 20 31.25±8.57  

<0.001 Apparently healthy males 10 54.60±12.42 

Females with metabolic syndrome 60 38.00±14.68  

<0.01 Apparently healthy females 10 51.50±11.22 

Males with metabolic syndrome 20 31.25±8.57  

<0.05 Females with metabolic syndrome 60 38.00±14.68 

 

4.2.3 Serum NT-proBNP and Body Mass Index (BMI) 

          Table 4.4 illustrates the mean ± SD of serum NT-proBNP level ranked 

according to BMI. Patients of normal weight and those apparently healthy 

had mean serum NT-proBNP level that was significantly higher (p< 0.001) 

compared to that for overweight and obese subjects. 
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Table 4.4: Serum NT-proBNP Levels Ranked on the Basis of Body Mass 

Index 

Variable 

Mean ± SD 

p- value 
BMI (kg/m

2
) 

normal weight 

(N=27) 

BMI (kg/m
2
) 

overweight and 

obese (N=73) 

NT-proBNP 

(Pg/ml) 
48.77±14.22 36.28±16.52 <0.001 

 

4.2.4 Serum NT-proBNP and Waist Circumference (WC) 

          Table 4.5 illustrates the mean ± SD of serum NT-proBNP levels ranked 

on the basis of waist circumference. Patients and apparently healthy subjects 

with central obesity had lower levels of serum NT-proBNP in comparison to 

those with normal group (p< 0.001).  

Table 4.5: Serum NT-proBNP Levels Ranked on the Basis of Waist 

Circumference 

 

Variable 

Mean ± SD 

 

p- value 

(WC) <102 cm in 

male, <88 cm in 

female (N=20) 

(WC) ≥102 cm in 

male, ≥88 cm in 

female (N=80) 

NT-proBNP 

(Pg/ml) 
53.05±11.68 36.31±13.68 <0.001 
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4.2.5 Serum NT-proBNP and Systolic Blood Pressure (SBP) 

          Regarding systolic blood pressure, Table 4.6 demonstrates that there 

was no statistically significant distinction in NT-proBNP between high 

systolic blood pressure subjects in comparison with normal subjects (P>0.05). 

Table 4.6: Serum NT-proBNP Levels Stratified by Systolic Blood 

Pressure 

 

Variable 

Mean ± SD 
 

p-value 
SBP <130 mmHg 

(N=43) 

SBP ≥130 mmHg 

(N=57) 

NT-proBNP 

(Pg/ml) 
38.60±18.88 40.45±11.01 NS 

 

4.2.6 Serum NT-proBNP and Diastolic Blood Pressure (DBP) 

          Regarding DBP, Table 4.7 demonstrates that patients with normal 

diastolic blood pressure and apparently healthy subjects got a mean of the 

serum NT-proBNP level (p< 0.001) that was significantly higher in 

comparison to the subjects with high DBP. 

Table 4.7: Serum NT-proBNP Levels Stratified by Diastolic Blood 

Pressure 

Variable 

Mean ± SD 

p- value DBP <85 mmHg 

(N=40) 

DBP ≥85 mmHg 

(N=60) 

NT-proBNP 

(Pg/ml) 
49.22±15.14 33.28±10.74 <0.001 
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4.3 Serum NT-proBNP Levels With Respect to Biochemical 

Parameters in Study Population (Metabolic Syndrome and 

Apparently Healthy Subjects). 

4.3.1 Serum NT-proBNP and Fasting Blood Sugar (FBS) 

          The mean ± SD of the levels of serum NT-proBNP ranked on the basis 

of fasting blood sugar is presented in Table 4.8. Patients and apparently 

healthy subjects with high blood sugar had lower levels of serum NT-proBNP 

in comparison to those with normal group (p< 0.001). 

Table 4.8: Serum NT-proBNP Levels Stratified by Fasting Blood Sugar 

Variable 

Mean ± SD 

p- value Serum FBS level 

<100 mg/dl (N=20) 

Serum FBS level 

≥100 mg/dl (N=80) 

NT-proBNP 

(Pg/ml) 
53.05±11.66 36.31±13.68 <0.001 

 

4.3.2 Insulin and Serum NT-proBNP   

          The mean ± SD of the levels of serum NT-proBNP ranked according to 

insulin is shown in Table 4.9. Patients and apparently healthy subjects with 

normal insulin had higher levels of serum NT-proBNP in comparison to those 

with high insulin group (p< 0.05). 
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Table 4.9: Levels of Serum NT-proBNP Ranked According to Insulin 

 

Variable 

Mean ± SD 

 

p- value 

Serum insulin  

<24.9 μU/mL 

(N=46) 

Serum insulin  

≥24.9 μU/mL   

(N=54) 

NT-proBNP 

(Pg/ml) 
43.80±15.65 36.12±13.29 <0.05 

 

4.3.3 Serum NT-proBNP and Homeostasis Model Assessment-Insulin 

Resistance (HOMA-IR) 

          The mean ± SD of the levels of serum NT-proBNP ranked according to 

HOMA-IR is shown in Table 4.10. Patients and apparently healthy subjects 

with HOMA-IR ≥ 3.0 had lower levels of serum NT-proBNP compared to the 

normal group (p< 0.001). 

Table 4.10: Levels of Serum NT-proBNP Ranked According to 

 HOMA-IR 

Variable 

Mean ± SD 

p- value HOMA-IR <3.0 

(N=20) 

HOMA-IR  ≥3.0 

(N=80) 

NT-proBNP 

(Pg/ml) 
53.05±11.63 36.31±13.68 <0.001 
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4.3.4 Serum NT-proBNP and Total Cholesterol (TC) 

          The mean ± SD of the levels of serum NT-proBNP ranked on the basis 

of total cholesterol is shown in Table 4.11. Patients and apparently healthy 

subjects with high cholesterol had lower levels of serum NT-proBNP in 

comparison to those with normal group (p< 0.05). 

Table 4.11: Serum NT-proBNP Levels Stratified by Total Cholesterol 

Variable 

Mean ± SD 

p- value TC level of serum 

<200 mg/dl (N=73) 

TC level of serum 

≥200 mg/dl (N=27) 

NT-proBNP 

(Pg/ml) 
41.57±14.57 34.48±14.64 <0.05 

 

4.3.5 Serum NT-proBNP and Triglyceride (TG)  

  Table 4.12 shows the mean ±S D of the levels of serum NT-proBNP 

ranked on the basis of triglyceride. Patients and apparently healthy subjects 

with high triglyceride had lower levels of serum NT-proBNP in comparison 

to those with normal group (p< 0.01). 

Table 4.12: Levels of Serum NT-proBNP Ranked According to 

Triglyceride 

Variable 

Mean ± SD 

p- value Serum TG level 

<150 mg/dl (N=45) 

Serum TG level 

≥150 mg/dl (N=55) 

NT-proBNP 

(Pg/ml) 
44.06±14.63 36.05±14.16 <0.01 
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4.3.6 Serum NT-proBNP and HDL-Cholesterol  

          Table 4.13 illustrates the mean ± SD of the levels of serum NT-proBNP 

ranked according to the HDL-Cholesterol. There was no significant relation 

in NT-proBNP between subjects with low HDL-C and normal group (P> 

0.05).  

Table 4.13: Serum NT-proBNP Levels Stratified by HDL-Cholesterol 

Variable 

Mean ± SD 

p- value 

Serum HDL-

cholesterol level 

<40 mg/dl in male, 

<50 mg/dl in 

female (N=72) 

Serum HDL-

cholesterol level 

≥40 mg/dl in male, 

≥50 mg/dl in 

female (N=28) 

NT-proBNP 

(Pg/ml) 
38.84±14.91 41.75±14.78 NS 

 

4.4 One Way ANOVA Analysis among Study Population 

According to Components of Metabolic Syndrome 

          Table 4.14 demonstrates the mean ± SD of serum NT-proBNP levels 

ranked on the basis of the components of MetS. Patients had lower levels of 

serum NT-proBNP in case they had 3, 4 and 5 components of MetS in 

comparison to those with the normal group. The difference was statistically 

significant (p< 0.001). 
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Table 4.14: One Way ANOVA Analysis between Patients with Different 

Components of Metabolic Syndrome and Apparently Healthy Subjects 

Variable 

Mean ± SD 

p- 

value 

Patients 

with 3 

components 

(N=26) 

Patients 

with 4 

components 

(N=22) 

Patients 

with 5 

components 

(N=32) 

Apparently 

healthy 

subjects 

with <3 

components 

(N=20) 

NT-proBNP 

(Pg/ml) 
35.38±15.53 29.59±8.99 41.68±12.85 53.05±11.63 <0.001 

 

4.5 Correlation Analysis 

          According to Pearson correlation coefficient (r), there were significant 

negative correlation of NT-proBNP with waist circumference, body mass 

index, diastolic blood pressure, total cholesterol, triglyceride, fasting blood 

sugar, insulin and HOMA-IR. Furthermore, NT-proBNP was significantly 

positive correlations in age. On the other hand, NT-proBNP shows non-

significant correlation with systolic blood pressure and HDL-C (Table 4.15).   
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Table 4.15: Correlation between NT-proBNP (pg/ml) and Other Related 

Parameters in Whole Study Population  

Parameters (r) p- value 

Age (years) 0.442 <0.001 

BMI (kg/m
2
) -0.350 <0.001 

Waist circumference (cm) -0.401 <0.001 

SBP(mmHg) 0.103 NS 

DBP(mmHg) -0.390 <0.001 

Total cholesterol (mg/dl) -0.324 <0.01 

Triglyceride (mg/dl) -0.307 <0.01 

HDL-C (mg/dl) 0.144 NS 

FBS (mg/dl) -0.225 <0.05 

Insulin (μU/mL) -0.311 <0.01 

HOMA-IR -0.280 <0.01 
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Discussion 

5.1 Overview 

          The present study is the first cross sectional study that estimates the 

serum NTproBNP level among patients with metabolic syndrome in Duhok 

city. It has put forward clear evidence that patients with metabolic syndrome 

had lower levels of NTproBNP in comparison to apparently healthy subjects. 

The results also confirm a negative association between serum NTproBNP 

levels and the whole metabolic syndrome components except for elevated 

blood pressure and highly dense lipoprotein-cholesterol (HDL-C). 

          Wang et al. (2007) analysed the association between serum levels of 

BNP and the metabolic risk factors in 3333 Framingham study participants 

who had no heart failure. It was found out that BNP had positive association 

with SBP and HDL-C, yet its association with BMI, DBP, total cholesterol, 

fasting glucose and insulin resistance was negative. Olsen et al. reported 

similar findings in a large-scale Danish investigation (Olsen et al., 2005) and 

arrived at results that were compatible with the results of the current research. 

However, to the present researcher‘s best knowledge, this study is viewed as 

the pioneering one in terms of examining the individual and collective effects 

of serum NT-proBNP levels among patients with metabolic syndrome in 

Duhok, Kurdistan Region-Iraq. They are discussed below.     
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5.2 Serum NT-proBNP and Demographic Parameters  

5.2.1 Serum NT-proBNP and Age 

          The ages of all the participants in the current study ranged from 20 to 

70 years. Added to that, the mean value of age in metabolic syndrome was 

found to be (50.61 ± 10.90 years) which was similar to the mean age of 

apparently healthy subjects (51.20 ± 11.53 years) (P > 0.05). Meanwhile, in 

all populations of the study, a NT-proBNP level increased by age (r=0.442, 

p<0.001) and a significant difference was found in the mean ± SD values of 

serum  NT-proBNP between the age groups of the study population (p < 

0.001). 

          It has been shown that age influences the circulating NP levels, when 

the magnitude and potential importance of the effects when interpreting NT-

proBNP remain vague (Galasko et al., 2005). It is possible to explain that the 

increased NT-proBNP levels in terms of age may be due to diastolic 

dysfunction, reduced renal clearance, and increased age-related fibrosis, 

(Wang et al., 2002).  

          A main characteristic of aging is that the redistribution of the body fat, 

the increase in visceral fat and the relative loss of subcutaneous fat in the 

periphery in particular. The failure of the fat tissue to store lipids due to aging 

may be responsible for the increased systemic free fatty acid exposure which 

results in lipotoxicity, ectopic fat deposition, and metabolic disease (Sepe et 

al., 2011). It is worthy to note that anthropometric changes accompanied by 

both an increase in fat mass and a parallel decline in fat free mass, 

environmental changes in the form of dietary habit changes and reduced 

physical activity, neurohormonal variations that may affect insulin 

negatively, and the increase in oxidative stress can all lead to insulin 
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resistance and are associated with impaired glucose handling, mainly by a 

reduced action of the insulin in the elderly (Sinclair & Viljoen, 2010).  

5.2.2 Serum NT-proBNP and Gender 

          In the present study, the serum NT-proBNP levels were significantly 

higher in the females‘ metabolic syndrome compared to males (p< 0.05). 

Meanwhile, a significant difference was found out between the levels of NT-

proBNP among males‘ metabolic syndrome with male control (p< 0.001) and 

female metabolic syndrome with female control (p< 0.01).    

          In population-based studies, sex is viewed as one of the main 

determiners  of circulating B-type NP or N-terminal proBNP (NT-proBNP), 

with women having consistently higher circulating levels compared to men ( 

Wang  et al., 2002; Vasan et al., 2002; Redfield et al., 2002;  Abdullah et al., 

2005). However, the mechanisms responsible for the sex-based difference, as 

far as the circulating NPs are concerned, have not been set yet. 

          The pivotal role played by sex hormones in the regulation of NPs has 

been suggested by the previous studies (Clerico et al., 2009). On one hand, it 

has been demonstrated that estrogens have a stimulating impact on the NP 

system (Kuroski de Bold, 1999; Maffei et al., 2001). As such, they are said to 

mediate the ―NP excess‖ in women compared to men. On the other hand, it is 

suggested by the recent experimental (Deng and Kaufman, 1993; Hwu et al., 

1993) and cross-sectional human data (Chang et al., 2007; Saenger et al., 

2009) that an inhibitory impact on the NP system may be exerted by 

androgens, and in such a way that makes it determine the lower NP levels in 

men and potentially explain men‘s lack of cardiovascular protection 

compared to women (Chang et al., 2007).  

 

 



Chapter Five: Discussion                                                                     45 
 

 
 

5.2.3 Obesity and Serum NT-proBNP  

          In the whole population of the current study, serum NT-proBNP levels 

were significantly higher in normal weight in comparison to overweight and 

obese (p< 0.001). In spite of that, again in the whole study population, there 

had been lower levels of serum NT-proBNP in persons having central obesity 

comparison to the normal group (p< 0.001). There was also a significant 

negative correlation between NT-proBNP and waist circumference (r= -

0.350, p<0.001; r= -0.401, p<0.001) in both (MetS subjects and apparently 

healthy subjects) respectively. 

          As already highlighted, there is a close link between the natriuretic 

peptide system and adiposity (Wang et al., 2004; Das et al., 2005). The 

abundant availability of natriuretic peptide clearance receptors in adipose 

tissue (Sarzani et al., 1996) suggests adipocytes participation in removing 

natriuretic peptides from the circulation. On this basis, there is an increase of 

the clearance of natriuretic peptide concomitant with the possible occurrence 

of a state of decreased NP concentration in obese patients. Added to that, 

there are potential ipolytic effects of NPs in the isolated human fat cells and 

in adipocytes in vivo through cyclic guanosine monophosphate (cGMP)-

medicated phosphorylation (Sengenes et al., 2003). Hence, there could be an 

increase in lipid accumulation in adipose tissue and skeletal muscle (Kalra & 

Tigas. 2002), and the perpetuation of the obese state by a reduced NP 

signalling. 

          In the cohorts of the Framingham Heart Study, the obese individuals 

had lower serum BNP levels compared to those with normal weight (Wang et 

al., 2004). Also recently, there has been a negative correlation between 

plasma BNP and BMI (Wang et al., 2004; Koizumi et al., 2012). It has 

further been hypothesized that a potential link exists between obesity and 
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hypertension due to that obese people‘s having of lower natriuretic peptides 

(Wang et al., 2004).  

5.2.4 Blood Pressure and Serum NT-proBNP  

          It has been illustrated that in the whole population of the current study 

the serum NT-proBNP levels were significantly higher in normal diastolic 

blood pressure in comparison to the abnormal group (p< 0.001). This is on 

one hand. On the other hand, concerning NT-proBNP levels, there was no 

significant relation in NT-proBNP between subjects with high SBP and those 

in the normal group (p> 0.05).   

          There was an inverse relationship between serum natriuretic peptide 

levels and all the components of metabolic syndrome except elevated blood 

pressure and HDL-C. Just opposite to other metabolic factors, in Li‘s study, 

there was an association between elevated systolic blood pressure and higher 

BNP levels (Li et al., 2011). In line with such data, the current study has 

come out with the finding that there was an association between the low NT-

proBNP levels and almost all the components of the Mets except the elevated 

SBP as there was an association with higher serum NT-proBNP levels. This 

indicates that there is a haemodynamic impact of blood pressure on the NP 

synthesis. The observation that there are more different relations between 

plasma NT-proBNP levels and systolic blood pressure than to other 

metabolic components suggests the separate segregation of blood pressure 

from other MetS components (Hanley et al., 2004). In their Insulin 

Resistance Atherosclerosis Study, Hanley et al. (2004) a principal factor 

analysis was used for the identification of 2 "factors", namely a metabolic 

factor that consisted of BMI, triglycerides, glycaemic measures, and HDL-C, 

and a blood pressure factor which comprised SBP and DBP. There was also a 

correlation between fasting insulin and the metabolic factor, but not with that 

of the blood pressure. Such data entail that a different pathophysiological 
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mechanism may be practised by blood pressure compared to other metabolic 

components; a point that may assist in the interpretation of the different 

association between SBP and NT-proBNP from others. A negative 

association has been found out between plasma NT-proBNP levels and DBP. 

This may reflect the impact of pulse pressure (Olsen et al., 2005) since, in 

older individuals, the increased pulse pressure is often accompanied by lower 

diastolic blood pressure. 

5.3 Serum NT-proBNP and Biochemical Parameters  

5.3.1 Blood Glucose, Insulin and Serum NT-proBNP 

          The current study indicates that in whole study populations, a negative 

association existed between fasting blood sugar and insulin on one hand and 

with serum NT-proBNP levels on the other hand. Added to that, the level of 

serum NT-proBNP levels were significantly lower in patients of MetS 

subgroups ranked according to fasting blood sugar and insulin than the 

apparently healthy subjects. In the whole study population, lower mean 

values of serum NTproBNP levels were found in the patients and apparently 

healthy subjects with high blood sugar and high insulin levels compared  to 

those in the normal group, at the time when the differences were statistically 

significant (p < 0.001) (p < 0.05). 

          According to Bao et al. (2011) there was a consistent relationship 

between fasting glucose and BNP. They found out a negative association 

between fasting glucose and NT-proBNP. However, in Olsen et al.’s study 

(2005), there was a consistent inverse relationship between insulin and NT-

proBNP level. It has been suggested by some experimental observations that 

low NP levels could predispose to insulin resistance. Johnston et al. 1989) 

stated that a greater activation of the renin-angiotensin system could be 

resulted from a reduced natriuretic peptide activity.  Also, the development of 
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insulin resistance via multiple mechanisms is promoted by the activation of 

the renin-angiotensin system (Prasad & Quyyumi, 2004). Hence, subsuming 

the inhibition of intracellular insulin signalling, enhancement of oxidative 

stress, inflammation, reduces of adipocyte differentiation and a decreased 

perfusion to the pancreas and skeletal muscle. 

5.3.2 Serum NT-proBNP and Lipid Profile 

          In this study, lipid profile was investigated in subjects with metabolic 

syndrome and apparently healthy subject. The comparison between groups 

illustrated that serum total cholesterol levels varied significantly among 

groups (metabolic syndrome: 182.33 ± 42.09 mg/dl, apparently healthy 

subject: 150.65 ± 31.21mg/dl, P < 0.01). The same result was obtained for 

triglyceride (metabolic syndrome: 226.23 ± 132.91 mg/dl, apparently healthy 

subject: 105.30 ± 29.63 mg/dl, p < 0.001). In contrast, the variation in serum 

HDL-C (metabolic syndrome: 37.88 ± 8.07 mg/dl, apparently healthy 

subject: 45.30 ± 8.50 mg/dl, p < 0.01. As we illustrated in patients and 

apparently healthy subjects with high cholesterol and high triglyceride had 

lower levels of serum NT-proBNP in comparison to those with normal group 

(p < 0.05). In contrast, no statistically significant distinction in NT-proBNP 

was found between subjects with low HDL-C and normal group (p > 0.05). 

          In the previous large-scale investigations, an inverse association was 

found between plasma NT-proBNP and serum total cholesterol and 

triglyceride. Yet, the association was positive with HDL-C (Wang et al., 

2007). The causal relationship between natriuretic peptide and cholesterol or 

triglyceride is unclear and might not be direct. There could be promotion of 

lipid accumulation in adipose tissue and skeletal muscle by reduced 

natriuretic peptide signalling could promote (Kalra & Tigas, 2002) which 

results in the development of visceral adiposity that is associated with 

dyslipidemia. 
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6.1 Conclusions: 

          On the basis of the results arrived by the present study, it is concluded 

that: 

➢ The majority of study participants were females, obese and overweight, 

abnormal waist circumference and hyperglycemia. 

➢ Metabolic components are correlated with a lower serum concentration 

NT-proBNP. These figure out increase the probability that reduced 

serum levels of NT-proBNP are indicators of MetS, which could have 

important pathophysiological and clinical consequences. 

➢ Serum NT-proBNP is negatively correlated with BMI, waist 

circumference, total cholesterol, triglyceride, fasting blood sugar, 

insulin, diastolic blood pressure and HOMA-IR.  

➢ NT-proBNP had a significant positive correlation with age. 
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6.2 Recommendations:  

➢ A larger sample size is recommended for future studies. 

➢ Investigating the relationship between serum NT-proBNP levels and 

cardiovascular disease. 
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Appendix (II) 

The questionnaire form 

 
Code number:                                               Date:       /     / 201 

 

Phone number: 

Name: --------------------------------------------------------------       

Address: -------------------------------------- 

Age: ------------ (Years) 

Gender: ------------  

Economic situation: ------------------------------ 

 

Finding: 

Metabolic syndrome:                     Healthy individual:    

 

Anthropometric measurement: 

Height: -------------------- cm, --------------------- m 

Weight: ------------------------ kg 

BMI: -------------------- kg/m
2 

Waist Measurement: --------------------- cm 

Diastolic blood pressure: --------------------- mmHg 

Systolic blood pressure: --------------------- mmHg 

 

 

  

http://www.heartfoundation.org.au/healthy-eating/Pages/waist-measurement.aspx
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Patient's medication: 

ACE inhibitor                         Beta-blockers                          Fibrate   

ARB                                       Ca
++ 

blockers     CCB  

Insulin                                    Statin    Aspirin 

 Disease history: 

 Liver disease                                        Cardiovascular disease 

Cancer                                                   Diabetes mellitus type 2 

Kidney disease                                      Other disease                                 

General Inflammation                                                                                           

 

 Risk factors: 

 Family History:                                            

 Smoking:                                                            

 Alcohol consumption:                                     

 Physical Activity:                          
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Laboratory investigation 

Parameters Results Comments 

BMI (kg/m
2
)   

Waist circumference (cm)   

Systolic blood pressure (mmHg)   

Diastolic blood pressure (mmHg)   

Total cholesterol (mg/dl)   

Triglyceride (mg/dl)   

HDL (mg/dl)   

NT-pro BNP (pg/ml)   

Insulin (μIU/ml)   

HOMA-IR   

Fasting blood sugar (mg/dl)    
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 الخالصت

 

ذٞشٍْٞاه تشٗ تشِٝ ّاذشٝ٘سذٞل تٞثراٝذ ماُ -أظٖشخ اىذساعاخ اىغاتقح أُ ٍصو ُ الخلفيت واألُذاف:

أقو فٜ عًَ٘ اىغناُ اىزِٝ ىذٌٖٝ ٍرالصٍح االٝط ٍقاسّح تاألشخاص األصحاء ظإشٝا. ّاذشٝ٘سذٞل 

تٞثراٝذ ٕٜ عثاسج عِ ٍجَ٘عح ٍِ ٕشٍّ٘اخ اىثثراٝذ اىَعشٗفح جٞذا تذٗسٕا فٜ ذ٘اصُ اىقية ٗاألٗعٞح 

ذٞشٍْٞاه تشٗ تشِٝ ّاذشٝ٘سذٞل تٞثراٝذ  -ٍ٘ٝح. ذٖذف اىذساعح اىحاىٞح إىٚ ذحذٝذ ٍغر٘ٝاخ ٍصو ُاىذ

فٜ اىَشظٚ اىزِٝ ىذٌٖٝ ٍرالصٍح االٝط ٍقاسّح تاألشخاص األصحاء ظإشٝا اىَقَِٞٞ فٜ ٍذْٝح 

  دٕ٘ك / إقيٌٞ مشدعراُ / اىعشاق. 

فٜ ٍشمضاٍشاض  29/5/2020ٗ  1/6/2019ذٌ إجشاء تحث ٍقطعٜ فٜ اىفرشج ٍا تِٞ  طريقت العول:

شخصا  80ذٞشٍْٞاه تشٗ تشِٝ ّاذشٝ٘سذٞل تٞثراٝذ فٜ -اىغنش تَذْٝح دٕ٘ك. ذٌ ذحذٝذ ٍغر٘ٙ ٍصو ُ

شخصا ٝثذٗ أٌّٖ ٝرَرعُ٘ تصحح  20عاٍا( ٗ  70-20أّثٚ ،  60رمش ٗ 20ىذٌٖٝ ٍرالصٍح االٝط )

ذٞغد(  -اٍج )اط تٜ اط اط(. ذٌ اعرخذاً )ذٍِٜ تشّ 23جٞذج. ذٌ ذحيٞو اىثٞاّاخ تاعرخذاً اإلصذاس 

 ىيَقاسّح تِٞ اىْغة.

ٗظغػ اىذً  ٍحٞػ اىخصشاظٖشخ اىْراٝج اُ ٍعذه عاٍو اىريف ىجَٞع اىقٌٞ اىذَٝ٘غشافٞح ) الٌتائج:

االّقثاظٜ ٗظغػ اىذً االّثغاغٜ( أعيٚ تشنو ٍيح٘ظ فٜ األشخاص اىزِٝ ىذٌٖٝ ٍرالصٍح االٝط 

. ماّد قٌٞ اىنَٞٞاء عالقحٍقاسّح تاألشخاص األصحاء ظإشٝا تاعرثْاء اىعَش، ٗاىزٛ ىٌ ٝنِ راخ 

ثح األّغ٘ىِٞ( فٜ اىحٞ٘ٝح )اىذُٕ٘ اىثالثٞح ، اىن٘ىٞغرشٗه اىنيٜ ، ّغثح اىغنش فٜ اىذً ، ٗ ّغ

 ظإشٝا األشخاص اىزِٝ ٝعاُّ٘ ٍِ ٍرالصٍح االٝط أعيٚ أٝعا ٍقاسّح تاألشخاص األصحاء

ذٞشٍْٞاه تشٗ تشِٝ ّاذشٝ٘سذٞل تٞثراٝذ( ، -تاعرثْاء )م٘ىٞغرشٗه اىثشٗذِٞ اىذْٕٜ عاىٜ اىنثافح ٗ ُ

ٍرالصٍح االٝط.  ٌٖاشخاص اىزِٝ ىذٝ ٗاىرٜ ماّد أعيٚ فٜ األشخاص األصحاء ظإشٝا ٍقاسّح ٍع

ذٞشٍْٞاه تشٗ تشِٝ ّاذشٝ٘سذٞل تٞثراٝذ ٝفشق تشنو مثٞش تِٞ األعَاس ، -ذشٞش اىثٞاّاخ اىحاىٞح إىٚ أُ ُ

ٍؤشش مريح اىجغٌ ، ظغػ اىذً االّثغاغٜ ، ّغثح اىغنش فٜ اىذً ، ٗ اىذُٕ٘ اىثالثٞح، ٗاىن٘ىٞغرشٗه 

 (0.05اقو ٍِ  Pاىنيٜ )

ذٞشٍْٞاه تشٗ تشِٝ -ٞح ذنُ٘ ٍشذثطح ٍع عٞشً ٍْخفعح اىرشمٞض ه ُاىَنّ٘اخ االٝع االستٌتاجاث:

ذٞشٍْٞاه تشٗ تشِٝ -ّاذشٝ٘سذٞل تٞثراٝذ. ٕٗزا ٝظٖش صٝادج االحرَاىٞح تأُ ٍغر٘ٝاخ ٍصو ُ

 ّاذشٝ٘سذٞل تٞثراٝذ اىَْخفعح ٕٜ ٍؤشش عيٚ ٍرالصٍح االٝعٞح، ٗاىرٜ َٝنِ أُ ٝنُ٘ ىٖا ع٘اقة

 عشٝشٝح ٍٗشظٞح فغٞ٘ى٘جٞح.



 

 
 

 حكوهت اقلين كوردستاى العراق 

 وزارة التعلين العالي و البحث العلوي 

 جاهعت الذُوك التقٌيت

التقٌيت الصحيت في شيخاىالكليت   

 

 

بالوتالزهت االيضيت  المصابٌن مرضىال تٌرمٌنال برو برٌن ناترٌورتٌك بٌبتاٌد لدى-ن

 في هذيٌت دُوك

 

جاٍعح دٕ٘ك اىرقْٞح مجضء ٍِ ٍرطيثاخ ّٞو -سعاىح ٍقذٍح اىٚ ٍجيظ اىنيٞح اىرقْٞح اىصحٞح فٜ شٞخاُ

 شٖادج اىَاجغرٞش فٜ اىنَٞٞاء اىغشٝشٝح

 

الطالبهي قبل   

 ساٍٜ ٍصيح ٍحَذ ٍصطفٚ

سٝ٘ط فٜ عيً٘ اىنَٞٞاء٘تناى  

 

 باشراف

 د. ظٞاء ٍصطفٚ عيَٞاُ

 دمر٘سآ فٜ مَٞٞاء اىغشٝشٝح

 

 

2720م٘سدٛ  2020 ٍٞالدٛ 1442 ٕٞجشٛ  
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 وختَپ

شٗ تشِٝ پذٞشٍْٞاه -ُعٞشًٗ  اعرێئ دٝاسدکُٔ ک٘ ِٔڤمچّٔذ ڤٔک٘ىْٞێِ  پيشيٌَ و ئاهاًج:

  ٜڤٍشٗ دگٔهمَٞرشٓ ب تٔ ساٗسد  رات٘ىضٍٜ ێٍ شِٞێم ِ ذ٘شث٘ٛ بێخ٘شّٔ ه ٞثراٝذپّاذشٝ٘سذٞل 

دتِْٞ د  گشّگ ێمٔٞثراٝذٛ م٘ سٗىپد ێما ٕ٘سٍّ٘ٔمٍ٘ ژنذٝد ێپٞثراٝذ پ ّاذشٝ٘سذٞلعاخئ ً. دٝاس 

شٗ پذٞشٍْٞاه -ُعٞشًٗ  اعرێئئٔ ٗٓ م٘  ڤٔک٘ىْٞێ  ڤێ ژِ خْٜٞ دا. ئاسٍاّج ێٞا دىٜ ٗ سٕگّٔفغٕٔ

 ِ ێڤٍشٗ دگٔهِٝ ٔساٗسد تنٔتٍٞرات٘ىضٍٜ  شِٞێم بِ ذ٘شث٘ٛ ێه ّٔ خ٘ش ٞثراٝذپتشِٝ ّاذشٝ٘سذٞل 

   .عشاق/  م٘سدعراُ َاێٕٔ س/  ێشٛ دٕ٘مژێه تا ًٔعاخيدٝاس 

ه  2020\5\29ٕٔ ذا  2019\6\1ثٔ سا ڤّجاً داُ دّإٔاذٞٔ ئ ڤٔک٘ىْٞٔ ٔڤئ رێکێي کارکرًێ:

 ٕٔاذ ٞثراٝذپشٗ تشِٝ ّاذشٝ٘سذٞل پذٞشٍْٞاه -ُعٞشًٗ  ێدٕ٘مٜ. ئاعر ێٝشژه تا ێشٔ مش ێسّٔرٔع

 20( ٗ عاه  70- 20 ،ُژ 60ش ٗ ێٍ 20) ٍٞرات٘ىضٍٜ  شِٞێمِ ذ٘شث٘ٛ ب ێّٔ خ٘ش 80دٝاسمشُ د 

ت٘ دٝاسکشّا پٔٝ٘ەّذٝێ د ّاڤثٔسا  23ک٘پٞا  SPSSدڤێ ڤٔک٘ىْٞێ دا پشٗگشاٍێ  .عاخئ ًدٝاس  ِڤێٍشٗ

ٕاذٔ  گٔه گٕ٘شْٝێِ دٝێِ ڤٔک٘ىْٞێێ د خْ٘ٝێ دا دشٗ تشِٝ ّاذشٝ٘سذٞل تٞثراٝذپذٞشٍْٞاه -ُ

 .تکاسئْٞاُ

پٞڤاّا )شافٜ گِ دَٝ٘ێٍٜ ّشخٔت٘ ٕ ژ ێسەسەص ێسٔٝا فامرێژەس دٝاستُ٘ م٘ ئّٔجاً :ئًَجام

ما ٔٝٞێژەب س ٝا عٞغ٘ىٞنٜ( ێٝا داٝغر٘ىٞنٜ، تيْذتّ٘ا فشاسا خْ٘ٝ ێتيْذتّ٘ا فشاسا خْ٘ٝ ،ّافرّٔگێ

ً ِٔ دٝاس عاخيڤێٍشٗ دگٔهساٗسد ٔتٍٞرات٘ىضٍٜ  شِٞێمب ِ ذ٘شث٘ٛ ێخ٘شٔه ّ ەتيْذذش ڤسجأت

عٞٞاّٜ،  ێ، سْٗٝشٜٔٗسٝا ىٔنشاٝا جێذ) ِ تاٝ٘مَٞٞاٜٝێعا ّشخەسَٗٔرشٓ. ٕێّٜ م٘ مٍٔٔتيٜ ذژ

ساٗسد ٔت تيْذ ذشٍٓٞرات٘ىضٍٜ  شِٞێمب ِ ذ٘شث٘ٛ ێخ٘شٔه ّئْٞغ٘ىِٞ(  ٝاێژەس ،ێمشٔش ٝاێژەس

ه ٔساٗسد دمِٔ عاخئ ً دا صٝاذشٓ ب تڤێم٘ د ٍشٗ HDL-Cتيٜ ژً ِٔ دٝاس عاخيڤێٍشٗ دگٔه

شٗ تشِٝ پذٞشٍْٞاه -ُُ م٘ ّٔ٘ٛ دٝاسدم ِێئاٍاس .ٍٞرات٘ىضٍٜ شِٞێمب ِ ذ٘شث٘ٛ ێخ٘شّٔ

ٝا  ێتيْذتّ٘ا فشاسا خْ٘ٝ ،BMIُ، ٍٔٔ)ذْٝا ٔٛ د ّافثٔما صٗس ٝا ٕٔجٞاٗاصٝ ٞثراٝذپّاذشٝ٘سذٞل 

 .(P< 0.05) ٝا ئْٞغ٘ىِٞ(ێژە، سێمشٔٝا شێژەعٞٞاّٜ، س ێشٜ، سْٗٝٔٗسٝا ىٔنشاٝا جێذ داٝغر٘ىٞنٜ،

-ُعٞشًٗ  ێَثّ٘ا ئاعرێم دگٔه دتْٞٞدٔڤب خ٘ ێمٔذاّێشگٔنفپێ ٍٞرات٘ىٞضٍٜ نٖاذِٞپێ دەرئًَجام:

 ێَثّ٘ا ئاعرێم  ذِ م٘ەدٔما صٗس ّٞشأٍحرَٞاىئّذٓ ٔج ڤٔ. ئٞثراٝذپشٗ تشِٝ ّاذشٝ٘سذٞل پذٞشٍْٞاه 

عا دتٞرِ ەسٕٗٔٝٔ،  ٍٞرات٘ىضٍٜ شِٞێم اّٞشاّ ٞثراٝذپشٗ تشِٝ ّاذشٝ٘سذٞل پذٞشٍْٞاه -ُعٞشًٗ 

  تِ.  ِٔ ميْٞٞنٜ ٗ تاث٘فٞغٞ٘ى٘جٜ ٕێّجأٍئ



 

 
 

   م٘سدعراّا عێشاقٚ إٔسێَ 

 ٗەصاسەذا خ٘ێْذّا تااڵ ٗڤٔمۆىْٞٞد صاّغرٚ

دٕۆك ٝا صاّن٘ٝا ت٘ىٞرٔ مْٞل  

ذٔ مْٞنٜ ذٔ ّذسٗعرٚ شٞخاُم٘ىێژا   

 

 

 شٌنێكتوشبوي ب  نێخوشەن ەفٌبتاٌد لدپروبرٌن ناترٌورتٌك پتٌرمٌنال -ن

  ئكدهو ئرٌژل با مٌتابولزمً

 

کْٞک ٔصاّک٘ٝا پ٘ىٞر –ّذسٗعری شٞخاُ ٔکْٞکی ذّٔأٍٝٔك پێشنٔػ تۆ جڤاذا ک٘ىٞژا ذ

سئ ه ت٘اسئ ٔسّاٍا ٍاعرەئْٞاّا تاٗٔڤێ٘ٝغد ت٘ ب دٓ عرپک ژ پٞذڤِٞٞ ٔشٔک تەدٕ٘ک ٗ

 کَٞٞا ژٝاّی.

 

  ژ الٝێ ق٘ذاتی

 راهي هصلح هحوذ هصطفى

صاّغرٜ مَٞٞاتکاى٘سٝ٘ط ب   

 

 ب عٔسپٔسشرٞا

 د. ضياء هوستَفا سليواى

 دمرۆسا ه کَٞٞا ژٝاّی
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