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SUMMARY 
Objective: In our study, we aimed to analyse the carotid intima-media thickness (CIMT), systemic cardiac failure parameters, and serum 

copeptin concentrations in patients with severe nasal septum deviation (NSD) causing severe nasal obstruction and evaluating the diagnostic 
value of these parameters for the early onset of cardiovascular diseases in these patients. 

Methods: The sample involved 57 patients with severe NSD and 50 individuals in the control group. The diagnosis of severe NSD was 
made following nasal endoscopic examination. CIMT and cardiac failure parameters were evaluated with carotid ultrasonography and 
echocardiography. Copeptin levels in the sera of the patients were examined with the enzyme-linked immunosorbent assay method (ELISA). 

Results: Right and left CIMT values, serum copeptin measurements, and log (serum copeptin level) values were significantly higher in 
the patient group in comparison to the control group (p<0.001 for all). In the results of the univariate analysis, the log serum copeptin and 
right and left carotid intima thickness variables were significantly associated with severe NSD (p<0.001). The multivariate analysis results 
demonstrated a significant relationship of only log serum copeptin with NSD (p=0.015). The ROC (receiver operating characteristic) curve 
examinations of the log serum copeptin values of the patients with severe NSD revealed an AUC (area under the curve) value of 0.72. The 
specificity of this measure was 86%, and its sensitivity was 50.9%. 

Conclusion: When used together, serum copeptin values and CIMT measurements can serve as biomarkers for the early monitoring of 
cardiovascular diseases in patients with severe NSD causing complete nasal congestion. 
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İLERİ DERECEDE NAZAL SEPTUM DEVİASYONU OLAN HASTALARDA ERKEN KARDİYOVASKÜLER 
HASTALIĞIN BELİRTEÇLERİ: COPEPTİN VE KAROTİD İNTİMA-MEDİA KALINLIĞI 

ÖZET 
Amaç: Çalışmamızda ileri derecede burun tıkanıklığı yaşayan ciddi nazal septum deviasyonlu (NSD) hastalarda karotis intima- media 

kalınlığı (KİMK), sistemik kalp yetmezliği parametreleri ve serum kopeptin konsantrasyonlarını belirleyerek bu bulguların ciddi NSD’li 
hastalardaki erken kardiyovasküler hastalık için tanısal değerini araştırdık. 

Materyal ve Metod: Ciddi NSD'li 57 hasta ve 50 sağlıklı birey çalışmaya dahil edildi. Ciddi NSD tanısı nazal endoskopik incelemenin 
ardından konuldu. KİMK ve kalp yetmezliği parametreleri karotis ultrasonografisi ve ekokardiyografi ile değerlendirildi. Hastaların 
serumlarındaki kopeptin düzeyleri ELISA (enzyme-linked immunosorbent assay) yöntemi ile incelendi. 

Bulgular: Hasta grubunda sağ ve sol KİMK değerleri, serum kopeptin ölçümleri ve log (serum kopeptin düzeyi) değerleri kontrol 
grubuna göre anlamlı olarak yüksekti (tümü için p<0.001). Univaryant analiz sonuçlarında log serum kopeptin ve sağ ve sol karotid intima 
kalınlık değişkenleri şiddetli NSD ile anlamlı derecede ilişkiliydi (p<0.001). Multivaryant analiz sonuçlarında, yalnızca log serum kopeptin 
ile NSD arasında anlamlı bir ilişki olduğu gözlendi. (p=0.015). Ciddi NSD'si olan hastaların log serum kopeptin değerlerinin ROC eğrisi 
incelemelerinde AUC değeri 0,72 olarak bulundu. Bu ölçümün özgüllüğü %86, duyarlılığı %50,9 idi. 

Sonuç: Serum kopeptin değerleri ve KİMK ölçümleri birlikte kullanıldığında, neredeyse tama yakın burun tıkanıklığı olan ciddi NSD'li 
hastalardaki kardiyovasküler hastalıkların erken tanısı için biyobelirteç olarak kullanılabilirler. 
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INTRODUCTION 
Nasal septum deviation (NSD) is defined 

as complex curvatures and deflections of the 
cartilage and bone septum, which prevent nasal 
air flow1,2. NSD is a prevalent source of nasal 
obstruction cases2. It is the primary cause of 
upper respiratory tract obstruction3,4. 

Nasal obstruction contributes to the 
pathogenesis of obstructive sleep apnea (OSA)5-

7. Approximately 45% of OSA patients have 
symptoms of nasal blockage and/or 
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obstruction5,6. Severe near total nasal obstruction 
can result in sleep-disordered breathing7. 

When there is an almost complete 
obstruction of the nasal airway by NSD, hypoxia 
observed as a result of nasal obstruction is not 
rare2. 

In the early phase of atherosclerosis, a 
higher value of intima-media thickness is found 
in the arterial wall. This is observed in both the 
coronary vascular bed and the peripheral arteries. 
Carotid artery intima-media thickness (CIMT), 
which is an early sign of atherosclerosis, is a 
useful marker of subclinical atherosclerosis. 
Carotid atherosclerosis development in OSA 
patients may be mainly explained by 
inflammation, intermittent hypoxia, and 
recurrent arousal. According to previous 
research, OSA patients are expected to have 
significantly higher CIMT values, which 
constitute evidence for predicting cardiovascular 
risk in OSA patients8-10. The evaluation of CIMT 
using carotid artery ultrasonography is a non-
invasive technique to identify atherosclerosis at 
its inchoative stages8-10. 

Severe NSD cases that cause total or 
partial upper airway obstruction during sleep 
may cause hypoxia and oxidative stress, similar 
to pharyngeal or hypopharyngeal collapse. 
Ultimately, loss of endothelial function develops, 
leading to atherosclerosis, cardiovascular 
mortality, and morbidity2,7,9-11. 

In recent years, arginine vasopressin 
(AVP) and copeptin have gained importance due 
to their diagnostic and prognostic value in 
various diseases. Copeptin represents 
vasopressin levels and is more stable in the 
plasma and serum due to its structural properties. 
Copeptin was used instead of AVP in clinical 
studies12. Copeptin concentrations may show not 
only an inflammatory cytokine response but also 
hemodynamic and osmoregulatory disorders13. 

High plasma copeptin concentrations are 
related to an increased likelihood of heart failure 
and are a significant indicator of mortality. 
Among coronary heart disease patients or 
patients suffering from chronic stable heart 
failure patients, elevated copeptin concentrations 
have been associated with poor clinical outcomes 
and unfavorable prognostic factors14. Copeptin 
can be a practical indicator to prevent and treat 

cardiac failure. Çınarka et al. observed higher 
copeptin levels than normal in OSA patients and 
reported that this increase was a significant 
predictor of cardiovascular complications in 
OSA patients12. 

We hypothesized that chronic hypoxia, 
hypercarbia, and free oxygen radicals that are 
observed in patients with severe NSD may 
trigger oxidative stress and cause cardiovascular 
morbidity and mortality just as in OSA 
patients2,14,15. Our study aimed to evaluate 
CIMT, systemic cardiac failure parameters, and 
serum copeptin levels in patients with severe 
NSD. 

MATERIAL and METHODS 
The study received the approval of the 

Faculty of Medicine Clinical Research Ethics 
Board at  Ahi Evran University (decision No. 
2019-02/19). The study was carried out in 
accordance with the Declaration of Helsinki. 
Written informed consent was obtained from the 
patients who agreed to take part in the study. 

The study was performed between 
January 2019 and May 2020 at the Cardiology, 
Radiology, and Otorhinolaryngology 
departments of Ahi Evran University Medical 
Faculty Research and Training Hospital. 

Complete otolaryngologic examinations 
were conducted in all participants. The diagnosis 
of NSD was made by an otorhinolaryngologist 
according to the clinical presence of nasal 
obstruction complaints and determination of 
NSD, by examining the patient with both 
anterior rhinoscopy and nasal endoscopy, using 
0-degree telescopes. 

The degree of NSD was evaluated with 
the Dreher classification (deviation, 0:none, 
1:mild, 2: moderate, and 3:severe)16. Fifty-seven 
patients diagnosed with symptomatic degree 3 
severe, prominent C- or S-shaped marked NSD 
causing near total nasal obstruction were 
included in the study during this period16,17. 

Nasal endoscopic examinations, 
paranasal sinus computed tomography imaging 
processes, as well as fiberoptic nasal and 
nasopharyngeal examinations were carried out to 
eliminate other potential nasal anomalies leading 
to upper respiratory tract obstruction. The study 
excluded individuals who had obstructive 
inferior nasal concha hypertrophy, sinusitis, 
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concha bullosa, allergic rhinitis, nasal tumors, 
nasal polyposis, velopharyngeal and 
hypopharyngeal obstruction by 50% or more, or 
Grade 3 - 4 tonsil hypertrophy according to the 
Brodsky scale18. Patients who mentioned 
tobacco, medication, or alcohol intake were 
excluded. Patients accepted as obese based on 
their BMI were excluded. Hypertension patients, 
patients with heart failure, those with coronary 
artery disease, those with chronic pulmonary 
diseases, valvular heart diseases, cardiac 
arrhythmia cases, or conduction anomalies, and 
those using pacemakers were also not included 
in the sample. 

Other exclusion criteria were medical 
records of any allergy, hyperlipidemia, 
atherosclerotic heart disease, bronchial asthma, 
diabetes mellitus, malignancies, hypertension, or 
severe systemic diseases. Individuals who 
indicated previous sinonasal surgical operations 
or any chronic disease which could destroy nasal 
anatomical structures were not enrolled. 

The oxygen saturation rates in the 
peripheral blood of all patients (SpO2), their 
heart rates, and their diastolic blood pressure 
(DBP)and systolic blood pressure (SBP) values 
were recorded based on measurements made 
using a pulse oximeter and blood pressure 
measurement devices in the same room prior to 
septal surgery. The patients" weight and height 
measurements were kept in the records. The unit 
of the body mass index (BMI) was the ratio of 
the patient’s weight in kilograms to the square of 
their height in meters (kg/m2). Furthermore, 
overnight pulse oximetry was performed in sleep 
in each patient keep a record of their oxygen 
saturation levels (SpO2) with a digital pulse 
oximeter. The lower limit of saturation was set 
as 94%, and lower values were considered to 
indicate hypoxemia19. 

NOSE scale 
The nasal obstruction levels of the 

participants were identified with the Nose 
Obstruction Symptom Evaluation (NOSE) 
Scale20. Individuals who scored 75-100 on 
NOSE were included. The NOSE scale consists 
of 5 categories: i) nasal congestion, ii) partial or 
complete nasal obstruction, iii) difficulty in 
breathing through the nose, iv) trouble sleeping, 
and v) difficulty getting adequate air through the 

nose on exertion. It is a 5-point Likert-type scale 
where each item is scored from 0 indicating no 
problem to 4 indicating a severe problem, and 
the minimum and maximum scores of the scale 
are 0 and 20. It is recommended to multiply the 
respondent’s score by 5 as the quality of life of a 
respondent is usually evaluated between 0% and 
100% in other relevant scales. 

Epworth Sleepiness Scale 
The Epworth Sleepiness Scale (ESS) is a 

valid measurement instrument for excessive 
daytime dysfunction associated with 
sleepiness21. Higher ESS scores show that the 
respondent has a higher risk of OSA and needs 
to be directed to a specialist for additional 
examination. 

The scales and questionnaires were 
completed by all patients, including ESS before 
septoplasty. 

Carotid ultrasonography and 
echocardiography 

CIMT and ejection fraction values were 
evaluated by carotid ultrasonography and 
echocardiography in the Cardiology and 
Radiology Departments of Ahi Evran University 
Medical Faculty Research and Training Hospital. 

Evaluation of carotid intima-media 
thickness 

The carotid arteries of the patients were 
examined with high-resolution B-Mode 
ultrasonography (Aplio 500, Toshiba, Japan) 
with a 4-11 MHz linear transducer. Carotid 
artery imaging was performed when the patient 
was in the supine position with their neck rotated 
20° in the direction opposite to the site of 
examination. CIMT was measured over three 
positions including both of the contralateral 
common carotid arteries, the bifurcation region, 
and the first 2-cm part of the internal carotid 
artery; only the farther wall of the carotid artery 
was evaluated. The CIMT measurements were 
made by a longitudinal examination of the 
distance defined between the vascular lumen 
echogenicity and media/adventitia echogenicity. 
The CIMT values to be used were calculated 
from the averages of three measurements made 
from both carotid arteries. 

Echocardiography 
The transthoracic echocardiography 

imaging processes of all patients were carried 
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out with a 2.5 MHz probe and the Vivid 5S 
General Electric Medical System (Horten, 
Norway) under monitoring by 
electrocardiography (ECG), when the patients 
were put into the left lateral decubitus position. 
All conventional echocardiographic evaluations 
were made in compliance with the standard 
guidelines published by the American Society of 
Echocardiography22. 

All measurement results were saved to a 
digital workstation system (Echopac 
Workstation; Vingmend Ultrasound GE) for the 
offline analyses. The Simpson method was used 
to measure the left ventricular ejection fraction 
(LVEF). In M-mode echocardiography, the left 
ventricular end-systolic diameter (LVESD), the 
left ventricular end-diastolic diameter (LVEDD), 
the left atrial (LA) diameter, and the 
interventricular septum diastolic (IVSd) 
thickness parameters were recorded, in 
parasternal long-axis views. In all patients, apical 
four-chamber images were utilized to determine 
the right atrial end-diastolic (RAED) and right 
ventricular end diastolic (RVED) diameter 
values. Pulmonary arterial systolic pressure 
(PASP) was determined based on the simplified 
form of Bernoulli’s equation according to the 
tricuspid flow velocity, and the addition of the 
right atrial pressure (mean 5 mmHg) was made 
by estimation according to the respiratory 
collapse of the inferior vena cava (IVC). Systolic 
(Sm), early diastolic (Em), and late diastolic 
(Am) tissue Doppler analyses were conducted on 
apical four-chamber views via the activation of 
the velocity-time integral (TVI) setting of the 
device. 

Laboratory analysis-measurement of 
serum copeptin levels 

Venous blood was drawn by 
venipuncture and stored in serum gel tubes. 
These tubes were centrifuged for 10 minutes at 
1500xg. The separated serum was packed and 
stored at -80°C until being analyzed. The blood 
samples were thawed at room temperature prior 
to the analyses. 

Serum copeptin levels were found by 
using the enzyme-linked immunosorbent assay 
(ELISA) technique with a commercial ELISA 
Kit (Human CCP, Elabscience, Houston, USA). 
The sensitivity of the system was calculated to 

be 18.75 pg/mL, and the coefficient of variation 
value was found as <10%. 

Statistical analysis 
The statistical analyses of the data were 

performed on the SPSS program (Version 24.0, 
SPSS Inc., Chicago, IL, USA. The descriptive 
statistics of the data are expressed as mean ± SD, 
median (interquartile range), or frequency (%) 
values. Normal distribution assumptions were 
tested with the Kolmogorov-Smirnov and 
Skewness-Kurtosis tests. The significance levels 
of the differences between the patient group and 
the control group were analyzed with 
independent-samples t-test for the variables that 
were distributed normally. The comparisons of 
the categorical variables were made using the 
Chi-squared test. p<0.05 was determined as the 
level of statistical significance. Spearman’s 
correlation coefficients were tested by measuring 
the associations between the variables of interest. 
ROC (Receiver Operating Characteristic) curve 
analyses were employed to analyze log (serum 
copeptin level) and serum copeptin levels as a 
potential diagnostic test. 

RESULTS 
This study included a total of 107 

individuals, 50 in the healthy control group and 
57 in the patient group. The demographic data 
and blood pressure levels of the participants are 
presented in Table 1. The mean age values of the 
participants were found as 28.8±8.0 and 27.3± 
9.9 in the control and patient groups, 
respectively. There were 25 male participants 
(50.0%) in the control group and 29 male 
participants (50.9%) in the patient group. The 
two groups were not significantly different in 
terms of their age, sex, BMI, systolic blood 
pressure, or diastolic blood pressure values. 

The clinical parameters of the control and 
patient groups are listed in Table 2. Left and 
right CIMT, SpO2, NOSE scale scores, ESS 
scores, and PASP levels were significantly 
higher in the patient group compared to the 
healthy control group (p<0.001, Figure 1, Figure 
2, and Figure 3). 

Since the distribution range of the serum 
copeptin level values was very wide, the analysis 
was continued using the logarithm of these 
values. Serum copeptin measurements and log 
(serum copeptin level) values were significantly 
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elevated among the participants in the patient 
group in comparison to those in the control 
group (p<0.001, Figure 4) (Table 3). 

The variables (CIMT, copeptin) that were 
evaluated in terms of "disease risk" are 
summarized in Table 4. First, each variable was 
modeled alone, as shown in Table 4. The results 
are given under the title of univariate analysis. In 
the univariate analysis, the log serum copeptin 
and right and left CIMT variables were found to 
be significantly related to severe NSD. In the 
multivariate analysis, the enter logistic 
regression analysis technique was used. Three 
variables were modeled together. Although the 
right and left CIMT variables were insignificant 
because they were confounding factors, these 
variables were left in the model. As seen in Table 
4, when a person's log serum copeptin level 
increased by one unit, their risk of developing 
the disease increased by 6.88 times. 

Log serum copeptin levels were 
evaluated by ROC analysis to determine whether 
this value could be used as a diagnostic 
parameter. The details of the ROC analysis are 
given in Table 5. According to the ROC curve 
analysis of the log serum copeptin values in the 
NSD patients, an AUC value of 0.72 was 
obtained. In this test, the specificity value was 
found as 86%, and sensitivity was 50.9%. The 
optimal cutoff value was 2.61. The ROC curve 
of the log serum copeptin values for the 
diagnosis of NSD is shown in Figure 5. 

The results of the correlation analyses 
between different parameters in the patient group 

are presented in Table 6. For the patient group in 
this study, the variable of patient age showed a 
significant correlation the right-hand-side 
measurement of CIMT (p<0.05). This 
relationship was a positive relationship with a 
coefficient of 28.3%. In other words, as people 
got older, the value of right CIMT also rose. 

A statistically significant correlation was 
identified between SpO2 and serum copeptin 
levels (p<0.05). This relationship was a negative 
relationship with a coefficient of 35.9%. That is, 
as the SpO2 levels rose, the serum copeptin 
levels decreased. The correlation coefficients of 
the binary measurements that had significant 
relationships with each other are given in Table 
6. 

The association of serum copeptin 
measurements and left and right CIMT values 
was analyzed. The patient group did not show a 
significant relationship of serum copeptin 
measurements with CIMT values. A correlation 
coefficient of r=0.248 was determined for the 
relationship of serum copeptin with right CIMT, 
whereas the correlation coefficient for the 
relationship of serum copeptin with left CIMT 
was r=0.162 (Table 6). 

Considering the other coefficients, no 
statistically significant relationship was found in 
these binary measurements (p>0.05). 

 
 
 

 
 
 

Table 1 Baseline characteristics of study subjects 
 
Variables                             Patients with NSD (n=57)                   Controls n=50)                           p                                                              

Age, years 27.3±9.9 28.8±8.0                               0.42* 

Gender (F/M)                          28/29  25/25                                    0.92† 

BMI (kg/m2)                            21.5±2.1 21.6±2.1                               0.84* 
Heart rate                                 71(65-79) 72 (65-79)                              0.72 
SBP (mm/Hg)                          115 (100-130) 114 (100-126)                       0.30* 

DBP (mmHg)                          73 (65-84) 72 (64-82)                             0.35* 
Numerical variables were presented as the mean ± standard deviation and median (interquartile range). P<0.05, significant  
NSD nasal septum deviation, F female, M male, BMI body mass index, SBP systolic blood pressure, DBP diastolic blood pressure  
* Independent t test, † Chi-square test were used 
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Table 2. Comparison of echocardiographic parameters and CIMT measurement in patients with NSD and 
Control subjects 
 
Variables                             Patients with NSD (n=57)                   Controls n=50)                           p*                       

CIMT right (mm)     0.53±0.88                                   0.46±0.65                                0.001 

CIMT left (mm)      0.55±0.93 0.47±0.76                               0.001                          
NOSE scale                             16 (15-20) 1 (0-3)                                    0.001 
ESS                                          10 (6-15) 2 (0-7)                                    0.001 
sP02 (%)                                   93.7±1.15 98.0±0.60                               0.001 
LVEDD (mm)                          47.07±1.90 47.17±1.80                             0.77 
LVESD (mm)                          29.67±3.87 29.70±4.03                             0.97 
IVSd (mm)                               9.12±0.99 9.06±1.29                               0.76 
LVEF (Simpson %)                 64.21±2.46 64.70±2.55                             0.31 
RVEDD (mm)                         32.96±2.71 32.79±3.03                             0.76 
RAEDD (mm)                         33.39±1.62 33.13±1.55                             0.40 
PASP (mm Hg)                        35.67±2.54 34.59±3.06    0.04 
                      
Numerical variables were presented as the mean ± standard deviation and median (interquartile range). Bold represents statistically signicant 
p values. P<0.05, significant variables  
IVSd inter ventricular septum end diastolic diameter, LA left atrium, LVEF left ventricle ejection fraction, LVED left ventricle end-diastolic 
diameter, LVES left ventricle end-systolic diameter, RAED right atrium end-diastolic diameter, RVED right ventricle end-diastolic diameter, 
PASP—pulmonary arterial systolic pressure, SpO2, peripheral arterial oxygen saturation. 
* Independent t test 

 

Table 3. Comparison of Copeptin levels of groups 

                      Groups Test statistics 

Copeptin measurement Control 

(mean± sd) 

(median(IQR)) 

Patient 

(mean± sd) 

median(IQR) 

t/z    p 

Serum copeptin level (pg/ml) 

 

325.02±347.47 

212.17 (214.54) 

 

602.05±530.22 

416.32 (467.10) 

3.906* <0.001 

log serum copeptin 2.39±0.27 2.33(0.39) 
 

2.64±0.34 
2.61(0.50) 

4.031 <0.001 

IQR: Inter quartile range; *Mann–Whitney U test 
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Table 4. Evaluation of clinical features in terms of disease risk by dual logistic regression analysis 

 Uni-variate Analysis Multi-variate Analysis 

 
OR 95% CI for OR      p OR 

95% CI for 
OR 

   p 

log serum copeptin 13.470 3.174-57.163 <0.001 6.883 1.463-32.371 0.015 

Right CIMT  1.110 1.048-1.175 <0.001 1.050 0.973-1.134 0.212 

Left CIMT  1.110 1.052-1.171 <0.001 1.050 0.979-1.127 0.170 

OR: Odds Ratio; CI: Confidence Intervals; CIMT: Carotid intima media thickness 

 

Table 5. ROC analysis results for Log serum copeptin levels 

Optimal Cutoff Value AUC p Sensitivity Specificity PPD NPD 

2.61 0.720 0.0001 50.88 86.00 80.6 60.6 

AUC: Area Under ROC Curve; PPD: Positive Predictive Value, NPD: Negative Predictive Value 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Figure 1: Comparison of baseline characteristics, echocardiographic parameters in patientswith NSD and 

control subjects  
 Abbreviation: NSD, nasal septum deviation 
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 Figure 2: Comparison of demographic characteristics, echocardiographic parameters, and CIMT levels 

in patients with NSD and control subjects  
 Abbreviation: CIMT, Carotid artery intima-media thickness; NSD, nasal septum deviation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 3: Comparison of CIMT right and left between patients with severe NSD and healthy control group. 
 

Abbreviation: CIMT, Carotid artery intima-media thickness; NSD, nasal septum deviation  
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 Figure 4: Comparison of copeptin levels between patients with severe NSD and healthy control group. 
 Abbreviation: NSD, nasal septum deviation 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 5: ROC curve for log serum copeptin levels  
Abbreviation: ROC, receiver operating characteristic  
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Table 6. The results of the correlation analysis between different parameters in patient group 
 

 
Age 

CIMT 
right 

CIMT 
left   

Serum 
copeptin  

Levels(pg/m
l) 

Heart 
rate 

Sistolic  
blood 

pressure 

Diastolic 
blood  

pressure 
BMI sPO2 

NOSE 
scale 

ESS  
 

LVED
D 

LVESD IVSd LVEF RVEDD RAEDD 

CIMT right 
(mm) 

r .283*                 

CIMTleft (mm) r .279* .766**                

     

Serum copeptin 
levels (pg/ml) 

r .222 .248 .162               

Heart rate r .077 .014 .009 .123              
Sistolic blood 
pressure 
(mmHg) 

r .253 .190 .244 .249 .194             

Diastolic blood 
pressure 
(mmHg) 

r .088 .057 .051 -.171 -.008 .116            

BMI (kg/m2) r .215 .116 .081 .151 -.006 -.050 -.133           
sPO2 (%) r -.090 -.149 -.114 -.359** .011 -.343** .195 -.036          
NOSE scale r .079 .172 .079 .296* .112 -.116 .157 -.002 -.008         
ESS  r .197 .121 .149 .260 -.033 .147 -.012 -.257 -.113 -.016   
LVEDD (mm) r .003 .231 .196 -.020 -.003 .027 .273* -.067 -.049 -.058 .120       
LVESD (mm) r .156 -.069 .006 .048 -.066 .154 -.056 .150 -.122 -.119 -.012 -.231      
IVSd (mm) r -.057 -.050 -.025 .061 .031 .119 .084 -.234 -.070 -.077 .018 .090 -.190     
LVEF (%) r -.122 .133 .110 .024 .074 .088 .189 -.226 -.087 .273* .159 .121 -.332* .163    
RVEDD (mm) r -.044 .039 -.109 .167 .008 .055 .004 -.078 .130 .033 -.063 -.013 -.208 .272* -.018   
RAEDD r .054 -.137 -.114 -.197 .020 .072 .245 .038 -.002 -.027 -.020 -.174 .153 -.246 -.048 -.153  
PASP r -.200 .034 -.021 .107 -.095 -.176 .076 .211 -.019 -.043 -.204 -.093 -.143 -.088 .065 -.057 ,266* 

 
Bold represents statistically signicant values. IVSd-inter ventricular septum end diastolic diameter, LA—left atrium, LVEF—left ventricle ejection fraction, LVED—left ventricle end-diastolic 
diameter, LVES—left ventricle end-systolic diameter, RAED—right atrium end-diastolic diameter, RVED—right ventricle end-diastolic diameter, PASP—pulmonary arterial systolic pressure, 
SpO2—peripheral arterial oxygen saturation. 
* p<0,05 ;   ** p<0,01 ;   r: Spearman correlation coefficients 
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DISCUSSION 

In this study, we determined higher 
serum copeptin concentrations in the severe NSD 
patients than in the healthy controls. 
Additionally, CIMT was also higher in the 
patients with severe NSD. 

Cardiovascular complications of NSD are 
due to chronic hypoxia and hypercarbia. 
Hypercapnia and hypoxia originating from 
obstructive hypoventilation end in respiratory 
acidosis, which then causes pulmonary arterial 
vasoconstriction, higher right ventricular effort, 
and cardiac hypertrophy. The overall impact of 
chronic airway obstruction is prolonged 
pulmonary arterial hypertension, right 
ventricular failure, and cor pulmonale1. 

Previous studies have shown that severe 
NSD results in chronic alveolar hypoxia and 
hypercapnia, causing PHT and RV failure14,15,23. 
In routine clinical operations, RV failure is 
mostly evaluated based on PASP. In this study, 
the mean preoperative PASP values indicated 
mild PHT in the sample. The findings obtained 
in this study were in agreement with other 
findings reported in previous research14,23. 

At room temperature, the SpO2 level of a 
healthy person is around 97%14. In the sample of 
our study, the mean SpO2 values of participants 
in the patient group decreased overnight in 
comparison to the control group. Simşek et al. 
demonstrated that patients with NSD 
experienced oxygen desaturation, and after 
septoplasty, these desaturation problems 
significantly improved14. Armengot et al. 
evaluated patients who were treated for epistaxis 
with the nasal packing method, and they found 
that 92.5% of the patients displayed lower 
oxygen saturation levels, and 47% displayed 
severe desaturation24. 

Many pathophysiologic mechanisms 
have been described to clarify the effects of nasal 
obstruction on sleep-disordered breathing. 
According to the Starling resistor model, apnea 
can occur when nasal obstruction generates 
enough negative intraluminal pressure 
downstream to cause the compliant soft tissues 

of the oropharynx to collapse. In the face of 
significant nasal resistance, a compensatory 
switch to mouth-breathing may occur. Oral 
breathing in sleep, however, is physiologically 
unfavorable and unstable, and it is associated 
with up to 2.5-fold higher resistance developing 
secondarily to the narrowing of the pharyngeal 
lumen and further posterior collapse of the 
tongue, resulting in more frequent apneic events. 
Additionally, bypassing the nasal airway leads to 
less activation of the nasal receptors and the 
nasal-ventilatory reflex, resulting in lowered 
muscle tone and ventilation secondary to 
decreased activation of the nasal receptors. 
Finally, significant nitric oxide production 
occurs in the nose. With mouth-breathing, the 
decreased nitric oxide production leads to 
changes in the preservation of muscle tone and 
alterations in spontaneous ventilation and sleep 
patterns5,25. 

The assessment of CIMT via carotid 
artery ultrasonography is a non-invasive 
technique to identify atherosclerosis at its 
inchoative stages. Earlier studies have shown a 
rise in CIMT in OSA patients8-10,26,27. Carotid 
atherosclerosis developments in OSA patients 
may be mainly explained by inflammation, 
intermittent hypoxia, and recurrent arousal. 
High-frequency cycles of hypoxia and 
reoxygenation raise the generation of free 
oxygen radicals, which are implicated for lipid 
peroxidation and oxidative stress. Furthermore, 
intermittent hypoxia exacerbates the uptake of 
oxidized LDL by macrophages, causing the 
increased generation of foam cells8. In patients 
newly diagnosed with OSA without known 
cardiovascular diseases, Baguet et al. measured 
mean nocturnal arterial oxygen saturation levels 
and demonstrated that the severity of oxygen 
desaturation can be a predictive factor of 
CIMT28. 

According to recent studies, VEGF can 
contribute to the course of atherogenesis. 
Hypoxia has been reported as a major stimulus 
that raises VEGF levels. Moreover, it has been 
shown that VEGF levels are elevated among 
OSA cases compared to control groups10. 
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Oxidative stress following intermittent hypoxia 
in severe NSD patients with or without 
obstructive sleep apnea (OSA) can play a 
significant part in the cardiovascular disease risk 
of these individuals, and oxidative stress in this 
case is correlated with surrogate indicators of 
cardiovascular disease, such as CIMT2,8. There 
was no article in the literature considering the 
relationship between CIMT and severe NSD. 
Because previous studies showed severe NSD 
associated with OSA, hypoxia, and oxidative 
stress, we studied CIMT measurements using 
carotid artery ultrasound in severe NSD patients. 
In this recent study, the right and left CIMT 
measurements of the patients were higher than 
those of the healthy controls. 

The serum levels of arginine vasopressin 
(AVP), also called antidiuretic hormone, 
increase in certain pathological conditions such 
as cardiovascular diseases11. AVP has low 
stability in the circulation. On the other hand, 
copeptin, a C-terminal peptide of pro-AVP, has 
higher stability in the circulation and can be used 
to monitor AVP levels using immunoassays11,29. 
In addition to cardiovascular diseases, copeptin 
levels were found to be higher in lower 
respiratory tract infections and chronic 
obstructive pulmonary disease, as well as in 
OSA patients, and a higher amount of circulating 
copeptin has been reported as an indicator for 
poor prognosis or long-term clinical failure30-32. 
Oxidative stress and hypoxia may lead to the 
release of antidiuretic hormone and increased 
copeptin concentrations30. Hypoxia induced by 
OSA, hemodynamic factors, oxidative stress, 
vascular endothelial dysfunction, sympathetic 
activation, metabolic dysregulation, in addition 
to inflammation, can result in heightened 
concentrations of copeptin in the circulation, as 
well as pro-atrial natriuretic peptide (pro-ANP), 
and pro-adrenomedullin (pro-ADM)12,33. 
Oxidative stress and hypoxia may lead to the 
release of antidiuretic hormone and increased 
copeptin concentrations30,33. Therefore, relevant 
studies have suggested that there may be a link 
between oxidative stress and copeptin. In support 
of this idea, rats exposed to acute hypoxia 
conditions had increased serum levels of 
copeptin30. In a previous study, in was reported 
that there were hypoxia and oxidative stress in 

patients with severe NSD2. We also investigated 
serum copeptin concentrations in a similar group 
of patients. We identified elevated levels of 
copeptin in these severe NSD patients. This may 
be linked to hypoxia and oxidative stress in these 
patients. Besides, copeptin values were almost 
two-fold in comparison to the values of the 
participants in the control group. 

Since serum copeptin values had a very 
wide distribution, we chose to use logarithm 
serum copeptin values in our further statistical 
analyses. Log serum copeptin values were 
previously used in statistical analyses that 
investigated the association of serum copeptin 
values and heart failure13. Through the 
regression analysis of the relationships between 
log serum copeptin, right CIMT, left CIMT, and 
severe NSD, the relationships of log serum 
copeptin, right CIMT, and left CIMT with severe 
NSD were shown to be significant using the 
univariate analysis. On the other hand, the results 
of the multivariate analysis indicated a 
relationship of only log serum copeptin with 
severe NSD. Based on the multivariate logistic 
regression analysis results, the logarithm of 
serum copeptin levels was an independent 
predictive factor of severe NSD. This statistical 
analysis result meant that when a person's log 
serum copeptin levels increased by one unit, 
their risk of developing the disease increased by 
almost seven times. These data indicated that 
serum copeptin measurements could have a more 
reliable relationship to severe NSD than CIMT 
values do. Since log serum copeptin values had a 
significant relationship to severe NSD in the 
multivariate regression analysis in this study, we 
conducted an ROC curve analysis using log 
serum values in the severe NSD patients to 
determine the potential diagnostic value of log 
serum copeptin values. The ROC curve analysis 
of the log serum copeptin values in the patient 
group resulted in an AUC value of 0.72. The 
specificity of this test was 86%, and its 
sensitivity was 50.9%, while the cut off value 
was found as 2.61. This cutoff value was a 
logarithmic value. Therefore, converting this 
value back to serum copeptin measurements may 
provide an idea of the minimum serum copeptin 
values that may be associated with severe NSD. 
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This value approximately corresponded to a 
value of 407 pg/ml of serum copeptin. 

Several researchers have reported 
relationships between sleepiness secondary to 
nasal septal deviation and OSA34. Patients who 
have nasal obstruction caused by septal deviation 
may suffer from sleep-disordered breathing, 
daytime dysfunction, and fatigue, which tend to 
have significant physical and social 
consequences in patients35. In a previous study, it 
was considered that NSD was significantly more 
frequently encountered among students who 
appeared sleepy (46.8%) in comparison to their 
attentive peers (22.8%)34. We used the Nasal 
Obstruction Symptom Evaluation Scale with the 
Epworth Sleepiness Scale for measuring daytime 
dysfunction. Similar to the literature, we also 
found higher ESS scores in the severe NSD 
patients in comparison to the control group. 

To the best of our knowledge, our study 
is the first one in the literature to investigate the 
relationship between severe NSD and copeptin, 
carotid intima thickness, and cardiac parameters. 

Limitations 

A few limitations of this study should 
also be noted. The main limitation was that we 
could not include the data of the patients after 
septoplasty due to the difficulty of their follow-
up. The other limitation was that we did not have 
the chance to perform polysomnography among 
our patients. 

Conclusion 

when serum copeptin measurements and 
CIMT values are considered together, these 
measurements may serve as markers to monitor 
cardiovascular disease risk at an early stage in 
patients with severe NSD. 
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