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A b s t r a c t

Background: Nesfatin-1 is a novel anorectic neuropeptide with potent metabolic regulatory effects. 

Aim: We aimed to evaluate the relationship between nesfatin-1 levels and slow coronary flow (SCF).

Methods: A total of 60 consecutive patients with SCF and 60 consecutive patients with normal coronary flow (NCF) were en-
rolled into the study. Nesfatin-1 level was measured from blood serum samples using enzyme-linked immunosorbent assay test.

Results: Serum nesfatin-1 levels were significantly lower in the SCF group compared to the NCF group (p < 0.001). Low levels 
of nesfatin-1 were found to be significantly and independently associated with the SCF (odds ratio 0.982, 95% confidence 
interval 0.969–0.995, p = 0.005). 

Conclusions: The results of this study showed that serum nesfatin-1 level was lower in the SCF group than in the NCF group. 
Nesfatin-1 could play a role in the pathogenesis of SCF phenomenon with mechanisms such as inflammation and endothelial 
dysfunction. Further studies are needed to determine the relation between SCF and nesfatin-1.
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INTRODUCTION
Slow coronary flow (SCF) is an important coronary angio-
graphic phenomenon characterised by delayed progression 
of angiographic contrast media in the coronary arteries in the 
absence of obstructive coronary artery disease (CAD) [1]. The 
incidence of SCF ranges between 1% and 7% among patients 
who undergo coronary angiography [1]. It is known that SCF is 
associated with angina pectoris, myocardial infarction, sudden 
cardiac death, and life-threatening arrhythmias [2, 3]. Behind 
this entity, there may be secondary factors like coronary ar-
tery stenosis, coronary artery ectasia, coronary artery spasm, 
valvular heart disease, and connective tissue disorders [4], but 
the underlying pathophysiological mechanisms of primary SCF 
have not yet been clearly demonstrated. Potential underly-
ing mechanisms like microvascular dysfunction, endothelial 
dysfunction, vasomotor dysfunction, small vessel dysfunction, 

diffuse atherosclerosis, inflammation, oxidative stress, and 
increased platelet aggregability have been evaluated so far 
[1–4]. Neuropeptide Y, a chemical mediator released from the 
adipose tissue, is thought to play a role in this phenomenon 
by causing increased resting resistance; “cardiac syndrome Y” 
has even been proposed as a name [5].

Nesfatin-1 was discovered by Oh et al. [6] in 2006. They 
showed that nesfatin-1 is secreted from the hypothalamic 
nuclei, which are responsible for controlling appetite. It was 
initially evaluated as a satiety molecule involved in decreasing 
appetite and regulating metabolism. Maejima et al. [7] showed 
that acute and chronic anorexigenic effects of nesfatin-1 occur 
through the melanocortin system. Subsequently it was found 
that nesfatin-1 influences growth and differentiation of the 
adipose tissue, inflammation, thermoregulation, pancreatic 
insulin secretion, glucose homeostasis in the liver, nutrient 
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intake in the brain, sleep, fear, anxiety, stress, glucose homeo-
stasis; regulation of gastric emptying, gastric acid secretion, 
gastric motility, and reproductive functions [8].

Dai et al. [9] have shown that serum nesfatin-1 levels 
were lower in individuals with acute myocardial infarction 
(AMI) compared to the angina pectoris group and the con-
trol group, in a study involving 156 individuals. In addition, 
plasma nesfatin-1 levels were inversely correlated with high 
sensitivity C reactive protein (hs-CRP), neutrophil percent-
age, and Gensini score in the AMI group. They reported that 
low levels of nesfatin-1 may have an important role in the 
development of AMI [9].

It has been shown that nesfatin-1 has an effect on in-
flammation and CAD [9]. Chemical mediators released from 
adipose tissue and inflammation have a role in the develop-
ment of SCF [5]. This study aimed to evaluate the relationship 
between nesfatin-1 and SCF.

METHODS
Study population

Between October 2016 and March 2017, 2568 patients who 
underwent coronary angiography due to clinical suspicion or 
myocardial ischaemia demonstrated by exercise stress testing 
or myocardial perfusion scintigraphy were evaluated at Turkiye 
Yuksek Ihtisas Training and Research Hospital. Two groups 
were created. Sixty consecutive patients showing SCF with 
normal coronary artery anatomy were selected as the patient 
group (SCF group), and 60 consecutive patients with a normal 
coronary flow (NCF) pattern showing normal myocardial 
blushing and clearing were considered as the control group.

We obtained a detailed medical history from all patients 
and performed a complete physical examination. The patients 
were evaluated by means of 12-lead electrocardiography. Two 
experienced specialists performed a detailed transthoracic 
echocardiography of all the patients. The diagnosis of hyper-
tension was made by a systolic blood pressure of 140 mmHg 
or higher, or a diastolic blood pressure of 90 mmHg or 
higher by at least three different measurements, or the use of 
anti-hypertensive medication. The diagnosis of diabetes mel-
litus was established by a fasting blood glucose of 126 mg/dL 
or higher, or the use of anti-diabetic medication. Hyperlipi-
daemia was defined as total cholesterol levels of 200 mg/dL 
or higher, or a history of statin use except in the last three 
months. Patients who were smoking before hospitalisation 
were accepted as smokers.

Patients with known CAD, acute coronary syndrome, 
peripheral arterial disease, congestive heart failure with an 
ejection fraction < 55%, history of surgical or interventional 
cardiovascular procedure, stroke, pulmonary hypertension, 
valvular heart disease, cardiomyopathies, myocarditis, peri-
carditis, hepatic or renal dysfunction, chronic inflammatory 
diseases, malignancies, active infections, and endocrine or 
metabolic disorders except diabetes mellitus were excluded 

from the study. Patients taking antiaggregants, anticoagulants, 
corticosteroids, statins in the last three months, anti-oxidant 
vitamins, and alcohol were also excluded from the study.

The study protocol was approved by the local Ethics 
Committee and written, informed consent was taken from 
all patients. The study was conducted in accordance with the 
Declaration of Helsinki, Good Clinical Practice and Interna-
tional Conference on Harmonisation guidelines.

Coronary angiography
Two experienced interventional cardiologists blinded to the 
clinical characteristics of the patients performed coronary 
angiography using the standard Judkins technique. Iohexol 
was used as a non-ionic contrast agent during coronary angi-
ography in all patients and control subjects. During coronary 
angiography, the contrast agent was manually injected as 
6–10 mL at each position. Visualisation of the coronary arteries 
was obtained in standard planes. Coronary flow rates of all 
subjects were documented using the Thrombolysis in Myo-
cardial Infarction (TIMI) frame count (TFC) method described 
by Gibson et al. [10]. The TFCs of the left anterior descending 
(LAD) and circumflex (Cx) arteries were assessed in either the 
right anterior oblique projection with caudal angulations or the 
left anterior oblique projection with cranial angulations, and 
that of the right coronary artery (RCA) [11] usually in straight 
left anterior oblique projection. The initial frame was defined 
as the frame in which concentrated dye occupies the full 
width of the proximal coronary artery lumen, touching both 
borders of the lumen, and forward motion down the artery. 
The final frame is defined as the frame when the leading 
edge of the contrast column initially arrives at the distal end. 
The last frames used for the LAD, Cx, and RCA were those in 
which the dye first entered the moustache segment, the distal 
bifurcation segment, and the first branch of the posterolateral 
artery, respectively. The final count was then subtracted from 
the initial count and the exact TFC was calculated for the given 
artery. The TFC of the LAD artery was corrected by dividing 
the final count by 1.7. Due to different durations required for 
normal visualisation of coronary arteries, the corrected cutoff 
values were 36.2 ± 2.6 frames for LAD, 22.2 ± 4.1 frames for 
Cx, and 20.4 ± 3.0 frames for the RCA, as has been reported 
previously in the literature [10]. Patients with a TFC greater 
than two standard deviations from the normal published 
range for any one of the three vessels were assigned to SCF 
patients. The mean TFC for each patient and control subject 
was calculated by adding the TFCs for LAD, Cx, and RCA and 
then dividing the obtained value by three. 

Laboratory measurements
Samples were taken from the antecubital vein at the admission 
of patients to the hospital. Basal creatinine level, white blood 
cell count, platelet count, and haemoglobin concentration 
were measured. The morning after admission to the hospital, 
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lipid profile and other biochemical parameters were measured 
using standard techniques. Peak and basal levels of troponin 
and creatinine kinase myocardial band levels were measured.

Blood samples to be used for nesfatin-1 measurement 
were centrifuged immediately and serum samples were stored 
at –80°C until the day of analysis. Serum nesfatin-1 levels were 
measured using a commercial enzyme-linked immunosorb-
ent assay (ELISA) kit (Sensitivity: < 10 pg/mL; Assay range: 
31.2–2000 pg/mL; Boster Immunoleader, USA) as recom-
mended by the manufacturer’s protocol.

Statistical analysis
All statistical analyses were performed using SPSS for Windows 
version 19.0 (SPSS, Chicago, IL, USA). For the descriptive 
statistics of the data, mean, standard deviation, rate, and 
frequency values were used. The Kolmogorov-Smirnov test 
was used to evaluate whether the distribution of continuous 
variables was normal. For the analysis of parametric data, 
Student’s t-test was used. For the analysis of non-parametric 
data, the Mann-Whitney U test was used. The c2 test was used 
to compare the categorical variables between groups. For 
correlation analysis, Pearson correlation analysis was used. 
Logistic regression analysis was used to determine the impact 
of variables. Standardised beta coefficients and 95% confi-
dence intervals (CI) were calculated. Statistical significance 
was defined as p-values < 0.05.

RESULTS
Baseline clinical and demographic characteristics of the study 
population are shown in Table 1. There was statistically no 
significant difference between groups in terms of age, body 
mass index, gender, diabetes mellitus, hypertension, dyslipi-
daemia, and family history status. The number of smokers 
was significantly higher in the SCF group compared to the 
NCF group (p = 0.306).

The laboratory findings of the patients and controls are 
shown in Table 2. Hs-CRP levels were significantly different 
between two groups (p = 0.030). Serum nesfatin-1 levels 

were significantly lower in the SCF group compared to the 
NCF group (p < 0.001). 

To determine the possible confounding factors for SCF, 
multistep logistic regression analysis was performed. In multi-
variate logistic regression analysis, low level of nesfatin-1 was 
found to be significantly and independently associated with 
the SCF (odds ratio 0.982, 95% CI 0.969–0.995, p = 0.005; 
Table 3).

DISCUSSION
It was revealed that nesfatin-1 levels were significantly lower 
in patients with SCF phenomenon than in patients with an-
giographically normal coronary artery, in the present study. 
A strong negative relationship was demonstrated between 
nesfatin-1 levels and SCF measured with corrected TFCs.

The underlying pathophysiological mechanisms of pri-
mary SCF have not been overtly shown until now. Yucel et al. 
[12] found that medial hypertrophy, myointimal proliferation, 
endothelial degeneration with changes of myofibrillar degen-
erative foci, and lipofuscin deposits on electron microscopy 
can cause endothelial dysfunction in patients with SCF [12]. 
Coronary adrenergic hyperactivity due to increased sym-
pathetic activity may be the cause of reduction in coronary 
blood flow and angina. Higher adrenalin and noradrenalin 
levels have been determined in SCF patients compared to 
individuals with NCF [11]. So, it is possible to say that may 
have a role in the pathogenesis of SCF. An improvement in 
microvascular tone and coronary flow with microvascular 
vasodilators suggesting a functional increase in microvascular 
resistance in patients with SCF was also reported by Kurtoglu 
et al. [13]. Many studies have shown that inflammation is one 
of the main factors leading to SCF [14].

Some studies in the last decade have demonstrated that 
pathological functions of adipose tissue can be associated 
with increased cardiovascular disease risk, not only due to 
the effect of the hypothalamus nucleus [6] on the regulation 
of cardiovascular function but also by activating the auto-
crine/paracrine/endocrine pathway of chemical mediators 

Table 1. Baseline characteristics of the study groups (n = 120) 

Parameters Patients with NCF (n = 60) Patients with SCF (n = 60) p

Age [years] 54.9 ± 9.5 55.8 ± 8.9 0.566

Body mass index [kg/m2] 27.5 ± 3.3 27.3 ± 4.0 0.752

Female 24 (40.0%) 25 (41.7%) 0.853

Diabetes mellitus 9 (15.0%) 10 (16.7%) 0.803

Arterial hypertension 20 (33.3%) 19 (31.7%) 0.845

Dyslipidaemia 19 (31.7%) 22 (36.7%) 0.564

Family history 7 (11.7%) 11 (18.3%) 0.306

Smoking 22 (36.6%) 33 (55.0%) 0.044

Data are given as mean ± standard deviation or number (percentage); NCF — normal coronary flow; SCF — slow coronary flow
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released from adipose tissue like nesfatin-1 [15]. Nesfatin-1 is 
primarily a satiety hormone [6]. Intracerebroventricular injec-
tion of this peptide to rats or intraperitoneal application to 
mice has decreased food intake in some studies [6]. Recently, 
a close relationship has been reported between this peptide 
and diabetes [16], polycystic ovary syndrome [17], psychiatric 
disorders [18], or neurogenic diseases [19].

Bonnet et al. [20] have revealed an association between 
inflammation of the brainstem and hypothalamus and ac-
tivation of neuron expressing nesfatin-1. One of the most 
important pathophysiological mechanisms of SCF is inflam-
mation, and recent studies have shown anti-inflammatory 
and anti-oxidant effects of nesfatin-1 [21]. It has been dem-
onstrated that intravenous nesfatin-1 application induces 
vasoconstriction via inhibition of nitric oxide production 

and causes high blood pressure [22]. Ayada et al. [23] 
have demonstrated that chronic peripheral infusion of nes-
fatin-1 decreases endothelial nitric oxide synthesis especially 
in chronic restraint stressed rats. Dai et al. [9] have shown 
that plasma nesfatin-1 levels were substantially decreased in 
patients with AMI. In addition, plasma nesfatin-1 levels are 
negatively associated with C-reactive protein and neutrophil 
percentage, which are important predictors of SCF devel-
opment, in patients with AMI [9]. Osaki et al. [24] showed 
that 6-hydroxydopamine, which makes chemical sympa-
thectomy, could increase nesfatin/NUCB2 expression in the 
subcutaneous fat tissues. So, it may be possible to infer that 
sympathetic activity could suppress nesfatin-1 expression. 
Increased sympathetic activity is also closely associated with 
endothelial dysfunction [25]. 

Table 3. Multivariate logistic regression analysis predicting slow coronary flow

Univariable OR (95% Cl) p Multivariable OR (95% Cl) p

Smoking 2.111 (1.016–4.385) 0.045 1.834 (0.847–3.972) 0.124

Hs-CRP 1.127 (1.008–1.261) 0.036 1.099 (0.982–1.230) 0.100

Nesfatin-1 0.980 (0.967–0.992) 0.002 0.982 (0.969–0.995) 0.005

CI — confidence interval; Hs-CRP — high-sensitivity C-reactive protein; OR — odds ratio

Table 2. Comparisons of laboratory findings, TIMI frame counts and nesfatin-1 levels

Parameters Patients with NCF (n = 60) Patients with SCF (n = 60) p

Glucose [mg/dL] 115.4 ± 44.1 122.1 ± 59.7 0.490

Creatinine [mg/dL] 0.98 ± 0.2 1.05 ± 0.4 0.266

Uric acid [mg/dL] 5.8 ± 2.1 5.6 ± 1.7 0.580

WBC count [10³/mm³] 9.8 ± 2.4 10.3 ± 2.6 0.269

Haemoglobin [g/dL] 13.4 ± 1.7 13.7 ± 1.5 0.255

Platelet count [10³/mm³] 236.4 ± 62.4 231.2 ±56.8 0.671

Total cholesterol [mg/dL] 184.0 ± 79.6 191.1 ± 77.4 0.615

Triglyceride [mg/dL] 124.0 (80.0–190.0) 123.5 (78.25–161.25) 0.683

LDL-cholesterol [mg/dL] 113.1 ± 57.3 116.0 ± 58.7 0.790

HDL-cholesterol [mg/dL] 41.0 (33.5–48.0) 43.5 (35.0–49.0) 0.820

Hs-CRP [mg/L] 3.1 (1.2–4.6) 4.9 (2.5– 6.5) 0.030

Nesfatin-1 [pg/mL] 128.1 ± 31.8 108.5 ± 30.8 < 0.001

LVEF [%] 58.0 ± 4.9 58.5 ± 5.1 0.599

TFC–LAD 38.6 ± 9.8 16.8 ± 3.9 < 0.001

TFC–Cx 27.9 ± 7.4 12.1 ± 4.7 < 0.001

TFC–RCA 28.6 ± 6.6 11.6 ± 4.1 < 0.001

TFC-mean 31.7 ± 6.2 13.5 ± 4.0 < 0.001

Data are given as mean ± standard deviation, number (percentage) or median (interquartile range); Cx — circumflex artery; HDL — high-density 
lipoprotein; Hs-CRP — high-sensitivity C-reactive protein; LAD — left anterior descending artery; LDL — low-density lipoprotein; LVEF — left  
ventricular ejection fraction; NCF — normal coronary flow; RCA — right coronary artery; SCF — slow coronary flow; TIMI — Thrombolysis in 
Myocardial Infarction; TFC — TIMI frame count; WBC — white blood cells
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Limitations of the study
The present study is a cross-sectional study with a relatively 
small sample size. We did not measure nesfatin-1 levels after 
discharge and do not have data on major adverse cardiovas-
cular events during follow-up. Therefore, our results should 
be verified in a multi-centre prospective longitudinal studies 
on a larger sample size. The limitations of this study should 
be considered when interpreting the results.

CONCLUSIONS
In conclusion, the results of this study showed that serum 
nesfatin-1 level was lower in the SCF group than in the 
NCF group. Low levels of nesfatin-1 could play a role in the 
pathogenesis of SCF phenomenon with mechanisms such as 
inflammation and endothelial dysfunction. Further studies are 
needed to determine the relation between SCF and nesfatin-1.
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