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Background: Weight loss is considered an effective treatment for obstructive sleep apnoea
(OSA) in overweight patients. Some patients, however, do not benefit from weight loss. It
has been postulated that nasal obstruction may act as an independent risk factor for OSA.

Objective: The aim of our study was to evaluate whether impaired nasal airflow might

Methodology: Fifty-two overweight adult patients with mild OSA were recruited. After
the 12-month lifestyle intervention, all patients who achieved > 5% weight loss were divided
into two groups based on whether they still had OSA or not. Change in nasal resistance
measured by rhinomanometer and AHI were the main outcome variables.

Results: A total of 26152 patients achieved 5% weight reduction. Of those 26 patients, 16
were objectively cured from OSA and 10 patients did not benefit from weight loss. Nasal
resistance reduced significantly more in patients who had been cured from OSA. Smoking
had a negative impact on both nasal resistance and improvement of AHIL

Conclusions: Impaired nasal breathing and smoking may prevent the beneficial effects of
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SUMMARY
explain the missing effect of weight reduction on OSA.
weight reduction in the treatment of OSA.
tion; cigarette smoking.
INTRODUCTION

Obstructive sleep apnoea (OSA) is a major health burden.
OSA is found to be associated with increased morbidity and
mortality !, It has been estimated that OSA affects 2-4 % of
men and 1-2% of women, mainly working aged individuals.
Obesity is considered to be the most important risk factor for
OSA @, There are other predispositions for OSA in adults e.g.
male sex, craniofacial and upper airway abnormalities V. Nasal
obstruction may also act as an independent risk factor for
OSA @. Tt has been claimed that there is a correlation between
obesity and nasal blockage ©. However, our previous study
observed that even an extensive weight loss did not invariably
lead to beneficial changes in nasal breathing ©.

Weight reduction has been reported to be beneficial in most
overweight patients with OSA 79, but in some patients the
apnoea hypopnoea index (AHI) does not seem to improve even
after a successful weight loss. The present study has evaluated
whether impaired nasal airflow might explain part of the miss-
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ing effect of weight reduction on OSA in these patients. The
hypothesis was that patients who had successful weight reduc-
tion but no improvement in OSA would display increased
nasal resistance in the supine position.

The main outcome measures were total inspiratory nasal
resistance in rhinomanometric recordings and AHI. Secondary
outcome measures were symptoms related to OSA and quality
of life assessed by Mini Rhinoconjunctivitis Quality of Life
Questionnaire (MiniRQLQ) scores. To investigate the mecha-
nisms explaining the possible association between OSA and
nasal resistance, the findings of clinical ORL examination of
patients were also included in the analyses.

MATERIALS AND METHODS

Patients

This study is a part of an on-going randomized, clinical trial
exploring the effect of lifestyle intervention including weight
loss diet on overweight patients with mild OSA. The detailed
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study design has been earlier presented V. Previously, we
have also reported the impact of a significant weight reduc-
tion achieved by a 3-month dietary intervention on nasal
breathing ©.

The patients were enrolled if they were aged 18 to 65 years, had
mild OSA (AHI 5 - 15), were overweight (BMI 28 - 40), and
were treated in the clinic of Otorhinolaryngology of Kuopio
University hospital during the years 2004 - 2007. Based on pre-
vious studies of lifestyle intervention, we agreed that the life-
style intervention period of 12 months was considered success-
ful if the patients achieved a minimum of 5% weight reduction
(1010 The details of the study intervention have been described
earlier . The patients who succeeded in 5% weight loss were
then divided in two groups based on AHI at the 12-month
follow-up. The patients, who were able to diminish their AHI
under the cut point value of 5 events/h, were considered to be
objectively cured from OSA (non-apnoeic group). Patients in
the other group had AHI > 5 events/h (apnoeic group). For
further analysis the patients were also divided in smokers and
non-smokers. The study flowchart is presented in Figure 1.

Anthropometric measurements

At the study site, a trained nurse measured height and weight
at the baseline and at the 1-year visit. Body mass index (BMI)
was calculated as weight (kg) divided by height® (m?)

Sleep recordings

Nocturnal cardio-respiratory monitoring by Embletta® (Embla,
Broomfield, CO, USA) at home was conducted in accordance
with accepted guidelines for diagnosing OSA at baseline and
at 12-month visit ». The recordings were manually evaluated
blindly with respect to clinical status and group by the same,
trained physician. Apnoea was defined as a cessation (more
than 90 %) of airflow for more than 10 seconds with oxygen
desaturation for > 4 %. Hypopnoea was defined as a reduction
(more than 30 %) of airflow for more than 10 seconds with
oxygen desaturation for > 4 %. The AHI was defined as the
number of apnoeas and hypopnoeas per hour, and mild OSA
was defined as AHI 5 - 15 events/h. The OSA was considered
objectively cured when AHI < 5 events/h.

Rhinomanometric measurements

Rhinomanometry was performed at baseline, and 12-month
follow-up visit. A NR6-rhinomanometer (GM Instruments Ltd,
Glasgow, UK) was used to make the rhinomanometric record-
ings, whereby total inspiratory nasal resistance was recorded
at a radius of 200 Pascal Y. After a 15 minute acclimatization
period, four recordings were made: first in the seated position,
next in the supine position after lying down for 5 minutes, third
10 minutes after nasal decongestion in the supine position and
the fourth measurement after 5 minutes in the seated position.
Nasal decongestion was achieved by swabbing the mucosa of
the inferior and middle nasal turbinates with a solution con-
taining 20pg/ml adrenaline and 40mg/ml lidocaine.
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Symptoms and quality of life measurements

Epworth Sleepiness Scale (ESS) !4, Snore Outcome Survey
(SOS) 19 and Mini Rhinoconjunctivitis Quality of Life
Questionnaire (Mini RQLQ) !9 scores were obtained at the
baseline and at 12 months. The ESS is an eight item score that
evaluates daytime somnolence in eight specific situations. Total
ESS score can vary from 0 (best) to 24 (worst) and a total score
exceeding 10 points is considered to be abnormal. The SOS is
a disease specific outcome score containing eight items to
evaluate the duration, severity, frequency and consequences
associated with SDB, especially snoring. Scores on the SOS
are normalized on a scale ranging from 0 (worst) to 100 (best).
The MiniRQLQ has 14 items in five domains: activity limita-
tions, practical problems, nasal symptoms, eye symptoms and
other symptoms. In the questionnaire, the subjects are asked
to consider how they had experienced the previous week and
to respond to each question on a seven-point scale (0 = no
impairment, 6 = maximum impairment). In the present study,
eye symptoms were not assessed leaving the questionnaire with
9 items. Therefore, the range of total miniRQLQ score can
vary from 0 (no impairment) to 54 (maximum impairment).
Patient’s lifestyle habits, such as smoking were also recorded.

Clinical examination

Nasal polyposis, septal deviation and nasal congestion were
evaluated using a three point scale in each variable (0 = no
polyps/deviation/congestion, 1 = minor obstruction caused by
polyps/deviation/congestion 2 = nasal cavity entirely obstruct-
ed by polyps/deviation/congestion). Based on these individual
nasal factors the total nasal airway obstruction was evaluated
on a seven-point scale (0 = no obstruction, 6 = total obstruc-
tion).

Statistical analysis

To describe the characteristics of two study groups, mean
values and standard deviations were used. T-test and Fisher’s
exact test were used to assess equality between the treatment
groups at baseline and at 12-month follow-up. The statistical
significance of differences in changes between the groups was
assessed with analysis of covariance (ANCOVA), with adjust-
ment for baseline values. A 95 percent confidence interval (CI)
was calculated for the main outcome measures. The differ-
ences between groups were regarded statistically significant
if a 2-sided p-value was less than 0.05. All characteristics and
variables were analyzed with the Statistical Package for Social
Sciences program (SPSS software, version 17 for Windows;
SPSS Inc, Chicago, IL, USA).

RESULTS

A total of 26/52 patients succeeded in > 5 % weight reduction
during the 12 month follow-up, and of those 16 improved
their AHI under 5 events/hour, and thus, were considered to
be cured from OSA. However, despite the significant weight
reduction, the AHI of 10/26 remained at > 5 events/hour.
There was no significant difference in the clinical findings
between the apnoeic and non-apnoeic groups i.e. regarding



Rhinomanometry and weight reduction in mild OSA

nasal polyposis, septal deviation or nasal congestion evalu-
ated by clinical examination both at the baseline and at the
12-month follow-up visit. At baseline, AHI was significantly
higher in the apnoeic group compared to the non-apnoeic
group, whereas the improvement of AHI at the follow-up was
significantly greater in the non-apnoeic group. Furthermore,
in the apnoeic group, 40% (4/10) of the patients were cigarette
smokers, whereas in the non-apnoeic group 19% (3/16) of the
patients were smokers (Table 1). One patient from the apnoeic
group managed to quit smoking during the follow-up, but
none succeeded from the apnoeic group.

Rhinometric measurements
At the 12-month visit, the mean nasal resistance in the supine
position in the non-apnoeic group was significantly less (0.14
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Pa/cm’/s) than in patients of the apnoeic group (0.29 Pa/cm?/s,
p = 0.006). The mean change in nasal resistance during the
12- month follow-up was -0.13 Pa/cm®/s in the non-apnoeic
group and 0.01 Pa/cm?/s in the apnoeic group (p = 0.006).
At 12 months, the effect of nasal decongestion in the supine
position was significantly more in the apnoeic group (-0.13
Pa/cm’/s) compared to the non-apnoeic group (-0.03 Pa/cm?/s,
p = 0.02). Furthermore, the subjects in the apnoeic group
displayed a greater mean change due to nasal decongestion
in the follow-up period compared to the non-apnoeic group
(p =0.03). (Table 2).

When the 26 patients with a successful weight loss were divid-
ed into smokers (n = 7) and non-smokers (n = 19), the mean
change in nasal resistance was 0.06 Pa/cm?/s in smokers and

Table 1. Patient characteristics at baseline and mean changes over the 12-month follow-up.

Apnoeic group

Non-apnoeic group

n =10 (SD) n=16(SD) p

Age (years) 52 (7.6) 50(7.9) 0.50
Gender (m/f) 8/2 13/3 1.0

Weight (kg) 105 (14) 96 (12) 0.099
Mean change in weight (kg) -11.4(7.4) -12.9(5.1) 0.55
BMI (kg/m?2) 33(3.6) 32(2.5) 043
Mean change in BMI -3.7(2.4) -4.3 (1.6) 0.43
AHI (events/hour) 13(3.2) 9.7 0.003
Mean change in AHI -1.2(6.2) -7.0(2.4) 0.003
Smokers/nonsmokers 4/6 3/13 0.37

t-test for continuous variables, Fisher’s exact test for dichotomous variables; AHI (apnoea-hypopnea index); BMI (body mass index).

Table 2. Rhinomanometric measurements in supine position.

Apnoeic group Non-apnoeic group p#
(SD) (SD)
Baseline 0.28 027 0.8
Mean total nasal inspiratory (0.15) 0.12) ’
resistance
(Pa/cm3/s) 12 months 0.29 0.14 0.006
(0.18) (0.08) ’
Mean Change 0.01 20.13* 0,006
(0.25) (0.20) ’
Baseline 0.25 0.22 051
Mean total nasal inspiratory (0.08) (0.05) ’
resistance, 2 b
decongested months 0.17 0.12 0.07
(0.09) (0.06) ’
Mean Change 0.08% L0.11%*
(0.11) (0.11) 0.51
Baseline -0.03 -0.05
Effect of 1d ti ©.149) ©.18) o
ect of nasal decongestion
& 12 months 0.13 0.03 0.02
(0.14) (0.07) ’
Mean Change -0.10 0.02 0.03
(0.20) (0.18) )

Asterisks indicate whether the change between follow-up and baseline was significant in the respective group: *p < 0.05, **p < 0.01 and ***p < 0.001;

paired-samples t-test. # Indepent-samples t-test, or ANCOVA for changes, adjusted for baseline.
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-Otolaryngological examination
-Rhinometric measurements
-Anthropometric data
-Polysomnography

Exclusion Successfull weight
N =26 loss > 5% of the
Weight loss < 5% of the initial weight
initial weight N = 26

Apnoeic Group N =10

Figure 1. Study flowchart.

-0.12 Pa/cm?/s in non-smokers (p = 0.009). Furthermore, the
mean change in AHI in cigarette smokers compared with non-
smokers was -1.4 and -6.0, respectively (p = 0.035).

In the correlation between the change in BMI and the change
in nasal resistance was a trend to significance with the cur-
rent sample size (Pearson correlation coefficient r = 0.262,
p =0.07).

Non-Apnoeic Group N =
16

Symptom scores and quality of life measures

The decrease of symptoms according to ESS was 4.4 pts in
the non-apnoeic group, which was significantly more when
compared with a decrease of 0.6 pts in the apnoeic group (p
= 0.037). The total ESS score at twelve months was 5.8 in the
non-apnoeic group and 8.7 in the apnoeic group, but the dif-
ference between the groups was not statistically significant (p
=0.16).
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The change is SOS score indicated benefit from the interven-
tion in both groups (22.7 in the non-apnoeic group and 6.2 in
the apnoeic group), but the change between the groups was
not statistically significant (p = 0.077). At 12 months total
SOS score was 71.2 in the non-apnoeic group and 62.1 in the
apnoeic group (p = 0.14).

In MiniRQLQ, both groups reported similar mild impair-
ment in QOL and nose related symptoms. The total miniR-
QLQ score was 15.0 in the non-apnoeic group and 19.3 in the
apnoeic group at the 12-month visit. There was no significant
change between the baseline and 12 month measurements in
miniRQLQ.

DISCUSSION

The present study suggests that impaired nasal breathing
might be one factor preventing the beneficial effect of weight
loss in overweight patients with mild OSA. At the 12-month
follow-up, those patients still having OSA despite a successful
lifestyle intervention and weight loss had a significantly higher
nasal resistance compared with their counterparts who were
objectively cured from OSA. Furthermore, patients with OSA
had more profound effect of nasal decongestion.

Previously smoking has been found to have adverse effects on
the nasal airway. It has been associated with several symptoms
i.e. with increased snoring, more nasal obstruction, and pha-
ryngeal soft tissue volume. Overall, the combination of current
smoking and altered nasal function seems to compromise the
lower airways and thus, predispose to sleep disordered breath-
ing 719 The effects of cigarette smoking on the nasal airway
remain largely unknown, but they might possibly be secondary
to mucosal inflammation . In our study, this adverse effect
of cigarette smoking on nasal breathing was also observed.
In non-smokers, nasal resistance improved during the life-
style intervention, whereas it tended to increase in smokers.
Furthermore, in non-smokers the improvement of AHI was
significantly greater compared with that achieved in smokers.
Since there were more smokers in the apnoeic-group (40%)
compared with the non-apnoeic group (19%), it is possible
that cigarette smoking partly prevented the beneficial effects of
weight reduction on OSA.

In the present study, no correlation between AHI and nasal
resistance was found in either of the groups. The previous data
on the effect of nasal breathing on OSA is conflicting. A cor-
relation between nasal resistance and OSA has been found in
some studies “?%, whereas some studies have shown that nasal
resistance is not related to the severity of OSA @Y and nasal
resistance does not correlate with the AHI @, Furthermore,
the findings on the correlation between nasal breathing and
OSA in different weight groups have been controversial.
Significant correlations between AHI and nasal resistance have
been found in obese patients ¥, while in another study this
was observed only in non-obese patients %,
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Weight reduction is an effective treatment for OSA and weight
loss is recommended in all clinical guidelines for treating OSA
when related to obesity 7. In our study, correlations between
BMI and AHI were significant in all study participants and
all patients improved their AHI, although not all of them
were cured from OSA. Also, the quality of life and symptoms
seemed to be better at the follow-up in the non-apnoeic group
compared with the apnoeic group, although the difference was
not statistically significant.

There have been only few studies exploring the relationship of
obesity and nasal resistance. A correlation between subjective
feeling of nasal blockage and obesity was observed in a popu-
lation based study ©. On the other hand, in a study on young
healthy adults, BMI was found not to have effect on nasal
resistance . Also, our previous study evaluating the effects of
intensive weight reduction on rhinomanometric measures did
not show any correlation between changes in BMI and nasal
resistance ©. In the present study, only a borderline correlation
between BMI and rhinomanometric measurements was found.
However, this is most likely due to small sample size in this
study, as the correlation coefficient was reasonably high.

The main limitation of our study was the considerably small
study population and the patients had mild OSA. Thus, these
results may not be generalized to all OSA patients. At baseline,
there was a small but statistically significant difference in AHI
between the groups.

In conclusion, impaired nasal breathing may reduce the benefi-
cial effects of weight reduction in the treatment of overweight
patients with OSA. Therefore, the assessment of nasal breath-
ing and educational guidance for smoking should always be
included in the management of OSA patients.
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