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Main Article

Nasal obstruction is implicated in the 
etiopathogenesis of Obstructive sleep apnea 
(OSA). OSA is associated with mean heart rate 

(HR) variations in wakefulness and in sleep.1 Nasal 
obstruction is caused by various pathologies like deviated 
nasal septum, hypertrophied turbinates, vasomotor 
phenomenon, sinonasal polyps, sinusitis, allergy and 
chronic granulomatous nasal conditions. 

Nasal obstruction compels mouth breathing and during 
sleep, due to greater negative pressure which develops in 
the oropharynx area, pliable structures like soft palate, 
uvula, vibrate leading to snoring.  The Starling resistor 

model of upper airway collapsibility describes how the 
upper airway behaves like a Starling resistor, in that 
obstruction at the inlet (i.e. the nasal airway) produces 
collapsing forces, that manifest downstream in the 
collapsible segment, the pharynx.2 

Nasal obstruction results in nocturnal mouth 
breathing, sleep fragmentation3 and snoring, leading 
to sequele of disturbed sleep4,5 like excessive daytime 
sleepiness.  Definite role of nasal obstruction in complex 
etiopathogenesis of Obstructive sleep apnea (OSA) has 
been proven in the literature.4,6

Association between snoring / OSA and adverse 
cardiovascular event is well documented. Time-domain 
analysis of heart rate (HR) variability, used as the only 
criterion, could represent an efficient tool in OSAS 
diagnosis with a sensitivity of 90%.7 Heart rate variability 
is an important parameter measured for the assessment of 
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ABSTRACT
Introduction
Nasal obstruction is implicated in the etiopathogenesis of Obstructive Sleep Apnea (OSA). OSA is associated with mean heart 
rate (HR) variations in wakefulness and in sleep. Early intervention has proven to reduce cardiovascular morbidity in OSA 
patients. In spite of various confounding factors HR measurement has been utilised as an independent predictor of mortality. 
The influence of severity of nasal obstruction on HR has not been studied in the literature. This study aims to clarify the influ-
ence of severity of nasal obstruction on HR.
Materials and Methods
We examined 55 patients aged less than 50 years with no previous cardiac complaints, who underwent overnight oxygen 
saturation and HR monitoring. The patients were divided into Mild, Moderate and Severe Nasal Obstruction group depending 
on NOSE scale grading.
Results
There was no statistically significant difference in the Mean HR, Min HR, Max HR, and Max-Min HR in mild, moderate or severe 
nasal obstruction groups.
Discussion
The role of nasal obstruction in Obstructive Sleep Apnoea and the importance of HR as predictor of cardiovascular morbidity 
have been discussed. The studies on the heart rate in nasal obstruction and OSA were reviewed.
Conclusion
Nasal obstruction does not influence the heart rate.
Keywords: Heart Rate, Obstructive Sleep Apnea, Nasal Obstruction
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autonomic nervous system activity indirectly measuring 
the adverse cardiovascular outcome. Furthermore 
elevated Mean HR was reported to be a risk factor for 
cardiovascular mortality in normotensive patients with 
end stage renal disease.8 HR represents one of the most 
important independent predictors of cardiovascular, 
noncardiovascular, and overall mortality.9 

HR can easily be monitored in various clinical 
setting. Few literature reviews are available implicating 
experimentally induced nasal obstruction as an 
independent factor involved in increase of HR.10 But 
role of spontaneous nasal obstruction as an independent 
factor in increasing the HR has not been proved in 
the literature. This study is intended to analyze the 
relationship of severity of nasal obstruction to mean 
HR, thus indirectly predicting adverse cardiac as well 
as overall mortality.

Materials and Methods

A cross-sectional study involving 55 patients, who 
underwent septoplasty and or turbinate reduction 
between November 2014 to April 2016 for various 
indications like nasal obstruction, Sluders neuralgia, 
epistaxis, and as an approach to DCR and FESS. Subjects 
with known cardiovascular diseases, on medications 
with beta blockers, hyperthyroidism and OSA (Epworth 
Sleepiness Scale score >8) were excluded from the 

study.  Subjects were given NOSE (Nasal obstruction 
and septoplasty evaluation) scale11 and depending on 
the subjective grading of the severity of the obstruction, 
they were divided into 4 groups: No obstruction group, 
mild obstruction group, moderate obstruction group and 
severe obstruction group. 

On the preoperative day, overnight monitoring 
heart rate was done for minimum of 6 hours. Clinical 
parameters like Mean Heart Rate (MHR) Minimum 
Heart Rate (Min HR) Maximum Heart rate (Max HR) 
and Difference of Maximum and Minimum Heart 
rate (Max-Min HR) were recorded using 24 hour 
pulseoximetry. 

Statistical tests: Continuous data were expressed as 
mean and SD.  Spearman’s Correlation coefficient test 
was used to determine the relationship between degree 
of nasal obstruction and Mean HR, Max HR, Min HR, 
Max-Min HR, Intergroup variability and significance 
was determined by one way ANOVA test. Linear 
regression analysis was performed to determine the 
relation of severity of nasal obstruction to HR. A p value 
of <0.05 was considered statistically significant. 

Results

Clinical characteristics of the patients are shown as in 
Table I. Group IV had higher age group distribution 
compared to the similar age distribution in other groups. 

Table I: Patient Characteristics

PATIENT "GROUP I 
(N=10)"

"GROUP II 
(N=25)"

"GROUP III 
(N=11)"

"GROUP IV 
(N=09)" P VALUE

Age
"16-28yrs 
Mean 20.2 

yrs"
"16-45 yrs 

Mean 28.2 yrs"
"16-44 yrs 
Mean 27.64 

yrs"

"24-50yrs 
Mean=36.78 

yrs"
"F=5.811 

p=0.0017"

Male Gender 9 ( 90%) 17(68%) 10(90.9%) 6(66.67%) "F=1.247 
p=0.30"

Septal Deviation 
with concomitant 

Turbinate 
pathology

1(10%) 3(12%) 3(27.3%) 2(22.2%) "F=0.5838 
p=0.63"
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All groups had predominant Male gender population and 
septal deviation was the predominant nasal pathology in 
all groups. 

Overnight Heart Rate measurement revealed Mean 
HR of 74.6, 75.24, 74.91 and 71.78, Max HR was 
105.6, 103.28, 106.54 and 102.33; Max-Min HR was 
44.2, 42.64, 45.54, 43.89 respectively in Group I-IV as 
shown in Table II.

Spearman’s correlation coefficient value was -0.15 
and the two tailed  p value was  0.27583, which indicates 
there is very weak negative  monotonic relationship 
between Mean HR and severity of the nasal obstruction 
and as p value is more than 0.05, results were statistically 
insignificant. 

Similarly, Spearman’s correlation test was done to 
find the relationship between Max HR, Min HR, Max-
Min HR and Min HR.  For Max HR the correlation 
coefficient value was -0.15316 and the two-tailed 
value of P were 0.26427 indicating very weak negative 
relationship without statistical significance. For Min 
HR, The value of correlation coefficient was -0.25683 
and the two-tailed value of P is 0.05838. 

The association between the two variables would not 
be considered statistically significant and are negatively 
weakly correlated. For HR fluctuation (Max-Min HR) 
the value of correlation coefficient value was 0.02839 
and the two-tailed value of P was 0.837 indicating very 
weak positive relationship for Max-Min HR. These 
results clearly indicate there is no statistically significant 
relationship between the severity of Nasal Obstruction 

and HR parameters. 
A    simple linear regression was calculated to predict HR 

based on severity of nasal obstruction. A Non significant 
regression equation was found, R2=1.901752424.10-1, 
Y=3.138205319.10-2 , X=2.246768581, considering 
participants’ predicted increased HR was equal to or 
more than 80.8 When severity of nasal obstruction was 
measured as no obstruction, mild, moderate, severe 
nasal obstruction, HR did not increase for each degree 
of nasal obstruction. A scatter plot diagram shows 
the linear regression as shown in Fig.1. An Analysis 
of Variance showed that the effect of degree of nasal 
obstruction was not significant F=1.756, p=0.167. 

Table II: Overnight Heart Rate monitoring findings

HEART RATE 
PARAMETER

"GROUP I 
(N=10)"

"GROUP II 
(N=25)"

"GROUP III 
(N=11)"

"GROUP IV 
(N=09)" P VALUE

Mean HR "74.6 
(70-78)"

"75.24 
(67-80)"

"74.91 
(70-80)"

"71.78 
(57-80)"

"F=1.759 
p=0.17"

Max HR "105.6 
(100-110)"

"103.28 
(96-114)"

"106.54 
(90-115)"

"102.33 
(96-112)"

"F=1.253 
p=0.30"

Min HR "61.6 
(58-66)"

"60.64 
(56-66)"

"61 
(56-66)"

"57.33 
(49-68)"

"F=2.831 
p=0.047"

Max-Min HR "44.2 
(40-50)"

"42.64 
(36-54)"

"45.54 
(34-61)"

"43.89 
(36-53)"

"F=0.6906 
p=0.56"
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Discussion

Role of Nasal obstruction in OSA: Nasal obstruction 
is caused by various pathologies like deviated 
nasal septum, hypertrophied turbinates, vasomotor 
phenomenon, sinonasal polyps, sinusitis, allergy and 
chronic granulomatous nasal conditions.  Significant 
role of nasal obstruction in the etiopathogenesis of 
OSA is debatable.  Mc Nicholas describes the starling 
resistor model for the development of OSA.  Nose being 
the inlet of the respiratory tube, obstruction of the inlet 

leading to the development of negative pressure in the 
oropharynx leading to collapse of compliant pharyngeal 
structures.2 It was observed that fixed nasal obstruction 
as seen in deviated nasal septum, polyps, hypertrophied 
turbinates,  contributes less when compared to variable 
nasal obstruction like reversible nasal congestion and 
allergy.2  Since breathing through the nose appears to 
be the preferred route during sleep, nasal obstruction 
frequently leads to nocturnal mouth breathing, snoring, 
and ultimately to OSA.  

It has also been demonstrated that nasal stimulation or 
obstruction determines an increase in the lung airways 
resistance. In normal subjects, nasal obstruction partial 
or total, due to various causes (septal deviation, turbinate 
hypertrophy and other nasal abnormalities) provokes 

snoring in a high percentage of cases. Numerous studies 
examining the effects of experimentally induced nasal 
obstruction (ie nasal packing) on OSA have indicated 
a positive association. In predisposed individuals, 
treatment of allergy has proven a vital role in reducing 
obstructive sleep apnea.6 	

Even though NO plays a minor role in the complex 
pathogenesis of OSA, but has relevance in the aetiology 
of snoring.12 The switchover from nasal breathing 
to mouth breathing is crucial in determining the 
pathophysiology of OSA.2 Nasal and oral resistance, 

tone of the muscles, architecture of the upper airway, 
posture of the individual, age of the individual, obesity 
and medications influences OSA. 

Clearing nasal obstruction relieves snoring in few, 
but some continue to snore indicating multifactorial 
nature of OSA.2,12

Use of external nasal devices,13 surgery for reducing 
the nasal obstruction like turbinoplasties, correction of 
nasal septum, removing the polyps have successfully 
reduced nasal resistance and severity of snoring, but 
failed to improve AHI, RDI, Arousal Index, total sleep 
time, sleep architecture, sleep fragmentation, including 
snoring loudness.3 

Furthermore, surgical intervention for OSA was 

Fig. 1. Showing scattered plot depicting the relationship between increased HR 
and nasal obstruction.
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clearly successful in children and adults where a long 
segment of upper airway is corrected like removing 
tonsils, reducing the tongue base, osteotomies and 
combination procedures, than short segment surgery 
like isolated correction of soft palate UPPP, septoplasty, 
isolated turbinate correction which has met with more 
failure rates. 4 

 HR as predictor of Cardiovascular Morbidity: It’s a 
general agreement that heart rate represents one of the 
most important independent predictor of cardiovascular, 
non-cardiovascular and overall mortality.9 Mean HR was 
reported to be a risk factor for cardiovascular mortality.1 
In a study by Fulvia Seccareccia, involving 2533 men 
aged between 40-69 with other variable, calculated the 
risk of mortality against increase in the HR.9 

It was found when other risk factors being equal, 
death risks increase about 50% for each 20- beat-
per-minute increment, and relative risks between 
extreme HR levels are more than 2-fold.9 Heart rate 
exhibits great inter individual variability: is influenced 
by stress, anxiety,9 physical activity, psychological 
makeup, hormonal status, gender etc. It also shows intra 
individual variation, influenced by circadian rhythm, 
stages of sleep.  Resting heart rate i.e. HR measured 
during sleep is of more clinical importance than heart 
rate measured during wakefulness. 

Factors like nature of the surgery, less effective pain 
control, sleep deprivation following surgery, type of nasal 
packing influences the basal heart rate measurements 
in the post operative period. Hence preoperative 
measurement of HR gives near physiological values 
than post operative measurement. HR monitoring can be 
easily done with the use of pulse oximetry in resource 
poor setting.

The differences between healthy and OSA subjects 
were much smaller between sleep stages indicating 
similar mechanism for heart rate control in both 
healthy and OSA patients.14 The severity of OSA was 
independently associated with elevated mean HRs 
during 24 hours, wakefulness, and sleep in patients with 
OSA and six month treatment with nCPAP reduced the 
values in those patients. The prognostic significance of 
elevated mean HRs during 24 hours, wakefulness and 
sleep is necessary to be clarified in patients with OSA.

Le Heuzey et al  described greater visual enlargement 
of the RR trend and a significantly higher difference 
between minimal and maximal HR during the night in 
OSAS patients than in control subjects.7 In our current 
study, higher difference between minimal and maximal 
HR during night monitoring did not signify any 
correlation with severity of nasal obstruction.

In a pilot study by John Hart, it was observed that 
a higher Resting Pulse Rate (RPR) at baseline was 
associated with increased RPR change, whereas a lower 
baseline RPR was associated with a stable or reduced 
RPR change.15 In a Study by Michael S. Benninger, 
on athletes to detect the effect of nasal obstruction, on 
workload, respiratory rate, Mean Heart rate, oxygen 
saturation, systolic BP, did not find any statistically 
significant difference in these parameters. Our results 
matches with this study, with reference to the Mean 
heart rate.10

Conclusion 

Mean heart rate, Maximum Heart Rate and difference 
between Max and min HR is not affected by severity of 
nasal obstruction. 

Limitations of the study: Comparison between two 
objective values (like rhinomanometry, flow, resistance 
values) may provide a better correlation than assessing 
subjective scores (NOSE score) with HR. Measurement 
of HR with reference to various stages of sleep would 
indicate the effect of nasal obstruction on autonomic 
control mechanisms of CVS. Concomitant measurement 
of ECG, with various time domain parameters of HR 
variability would have given more predictability in 
terms of adverse cardiovascular events. 
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