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Objectives. This study aimed to elucidate the patterns of upper airway collapse in obstructive sleep apnea (OSA) patients
with a low body mass index (BMI).

Methods. We designed and conducted a retrospective cohort study. Consecutive patients diagnosed with OSA who under-
went drug-induced sleep endoscopy (DISE) were included. Patients were classified into four groups according to their
BMI. Age, sex, and polysomnography data were investigated. The patterns of upper airway collapse were character-
ized by the structures involved (soft palate, tongue base, lateral pharyngeal wall, and epiglottis). We compared the
patterns of upper airway collapse in the supine and lateral decubitus position among the four BMI groups using the
chi-square test and multivariate binary logistic regression analysis.

Results. A total of 627 patients (male, 517; mean age, 47.6+12.8 years) were included, consisting of 45, 79, 151, and 352
patients who were underweight or lower normal-weight (defined as the low BMI group), upper normal-weight, over-
weight, and obese, respectively. Severity indicators of OSA, such as the overall apnea-hypopnea index and duration
of Sa0: below 90%, were significantly lower in patients with a low BMI than in obese patients, while their average
oxygen saturation was significantly higher. The most common obstruction site in the supine position was the tongue
base in patients with a low BMI (100%), whereas this obstruction site was significantly less common in obese pa-
tients (54.8%). Tongue base obstruction was mostly relieved in the lateral position, with no discernible obstruction in
86.7% of the low BMI patients.

Conclusion. Airway obstruction in OSA patients with a low BMI is mostly due to tongue base obstruction, which improves
in the lateral position. These characteristics should be kept in mind when considering treatment options for this sub-
group of OSA patients.
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sible causative factor, for the development of systemic hyperten-
sion, depression, stroke, angina, and cardiac dysrhythmias [1].

The pathogenesis of obstructive sleep apnea (OSA) is com-
plex, although obesity is considered to be the single most im-
portant risk factor for OSA [2]. The impact of obesity on OSAS
has been investigated extensively. However, OSAS in under-
weight patients has not been well characterized, although a re-
cent study showed that underweight OSA patients had a higher
apnea-hypopnea index (AHI) and a higher proportion of mod-
erate to severe OSA cases than normal-weight patients [3]. Up-
per airway changes, such as redundant soft palate, elongated
uvula, enlarged tonsils, and oropharyngeal crowding, have been
reported to be associated with OSA in obese individuals [4].
However, the anatomical obstruction sites in underweight OSA
patients have not been clearly established. A few studies have
shown that non-obese OSA patients had concomitant craniofa-
cial skeletal abnormalities, while obese patients had larger up-
per airway soft tissue structures [5-8].

Drug-induced sleep endoscopy (DISE) has been increasingly
used in recent years as a dynamic three-dimensional modality
to evaluate upper airway collapse [9]. It has shown to be a valid
and reliable method to evaluate the site, degree, and configura-
tion of upper airway obstruction in patients with OSA [10-15].
The aim of the present study was to identify characteristic fea-
tures of OSA patients with a low body mass index (BMI), with
an emphasis on the upper airway obstruction site determined
using DISE.

MATERIALS AND METHODS

This study was approved and informed consent was exempted
by the Institutional Review Board of Seoul National University
Hospital (IRB No. 1803-111-932).

Study design

To address the research purpose, we designed and implemented
a retrospective cohort study. The study population was composed
of the adult patients (age =19 years) who visited the sleep cen-
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= In the supine position, tongue base (TB) obstruction was ob-
served in every patient with a low body mass index (BMI).

= In the supine position, soft palate and lateral pharyngeal wall
obstruction was frequently observed in obese patients.

= In the lateral position, TB obstruction showed improvement in
most patients irrespective of BMI.

= Airway obstruction in low-BMI obstructive sleep apnea pa-
tients is mostly due to TB obstruction, which improves in the
lateral position.

ter complaining sleep symptoms (such as snoring and/or daytime
sleepiness) and underwent nocturnal polysomnography (PSG)
and DISE at Seoul National University Hospital (Seoul, Korea)
from September 2012 to January 2016. To be included in the
study sample, patients had to be diagnosed as OSA with an AHI
greater than 5 on full-night attended PSG. Patients who suspected
central sleep apnea, overt craniofacial anomaly (defined as cra-
niofacial syndrome which are known to affect airway obstruction,
such as trisomy 21, fragile-X syndrome, Treacher Collins syn-
drome, PraderWilli syndrome, and Pierre-Robin syndrome) or
previous history of upper airway surgery were excluded.

In this study, the primary predictor variables are BMI and
sleeping position, and the primary outcomes according to these
variables are the obstruction sites of upper airway. The measure-
ment method of each variable is described in the data collection
part. Several patients’ clinical variables, such as age, sex, AHI
(overall, supine, non-supine), O saturation (average, lowest, du-
ration of Sa02 <90%), and position dependency, can also influ-
ence the primary outcome and are also measured.

Data collection: patients’ information

Subgroup analysis was performed according to BML The patients
were divided into the following four groups: group 1, the under-
weight (UW) and lower normal-weight (LNW) group, with a
BMI of less than 20.75 kg/m?; group 2, the upper normal-weight
(UNW) group, with a BMI equal to or higher than 20.75 kg/m?
but less than 23 kg/m?; group 3, the overweight (OW) group, with
a BMI equal to or higher than 23 kg/m? but less than 25 kg/m?;
group 4, the obese (OB) group, with a BMI equal to or higher
than 25 kg/m?. Hereafter patients in group 1 are referred to as
low BMI OSA patients. Position dependency was determined to
be present if the AHI in the supine position was more than twice
the value in the non-supine position [16], only in patients who
had more than 30 minutes of lateral sleep time.

Data collection: DISE

DISE was performed in the following manner as described pre-
viously [17].The patient was positioned comfortably in the supine
position. Heart rate and oxygen saturation was monitored through-
out the examination, which started in the awake state after uni-
lateral nasal topical anesthesia and decongestion by means of a
cotton pledget placed at the middle meatus. Thereafter, sleep was
induced by intravenous administration of midazolam (initial dose
of 3 mg for adult patients over 50 kg; 0.06 mg/kg). After the pa-
tient fell asleep, endoscopy (3.8 mm, VNL 1130; Pentax, Tokyo,
Japan) was performed through the same nostril. Desaturation
events (drop of basal saturation during sleep of more than 3%)
were analyzed for obstruction level, structure, pattern and degree,
and representative findings were recorded. If there was no de-
saturation, changes during snoring were analyzed. An additional
bolus of 0.5 mg of midazolam was administered in the event of
awakenings. The target level of sedation was upper muscle re-



laxation-producing obstruction (i.e., snoring or apnea) without
respiratory depression. The level of sedation was maintained to
a modified Ramsay score of 5 (sluggish response to a light gla-
bellar tap or loud auditory stimulus), or 70 to 80 in selected pa-
tients if bispectral index monitoring was instead used.

After observing the airway in the supine position, the patients
were positioned in the right lateral decubitus position. The body
and head was turned simultaneously so that the axis of the body
and the Frankfort plane of the head were perpendicular to the
bed. At least three obstructive events were observed in each po-
sition, and the most severe event was determined as the obstruc-
tion site of the patient. After the conclusion of the examination,
2 mg of flumazenil was administered intravenously as an anti-
dote.

DISE findings were classified according to obstruction struc-
tures: soft palate (SP); lateral pharyngeal wall (LPW), including
palatine tonsils; tongue base (TB); and epiglottis (EPI). The de-
gree of obstruction was determined as: 0, no obstruction; 1, par-
tial obstruction (vibration with desaturation); and 2, complete
obstruction (total collapse of airway with desaturation). For ob-
struction in the TB, more than 50% displacement compared to
the supine awake state was determined as grade 1, whereas grade
2 obstruction was attributed for more than 75% obstruction [18].
In this study, we considered a structure to be obstructing when
there was grade 2 collapse. The procedures were performed and
interpreted by one senior author (TBW).

Data analysis

Descriptive statistics were computed and values are described
as mean tstandard deviation. Continuous variables (AHI, O
saturation and duration) were compared by independent #-test.
Corresponding categorical variables (sex and obstruction site)
were compared by chi-square or Fisher’s exact test. To determine
BMI-specific airway obstruction sites, we used multivariate bi-
nary logistic regression analysis. Statistical significance was con-
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sidered when the P-value was <0.05. All statistical analyses were
performed using IBM SPSS ver. 19.0 (IBM Corp., Armonk, NY,
USA).

RESULTS

Demographic and polysomnographic findings

The study group comprised 627 patients (517 men and 110 wom-
en), with a mean age of 47.61+12.8 years. Their average BMI
was 26.0+3.4 kg/m?. Among the 627 patients, 45 (7.2%) had a
BMI of less than 20.75 kg/m? and were classified into the UW
and LNW group. The 79 patients (12.6%) whose BMI was be-
tween 20.75 kg/m? and 23 kg/m?* were classified as the UNW
group, 151 patients (24.1%) with a BMI between 23 kg/m? and
25 kg/m? as the OW group, and 352 patients (56.1%) above
25 kg/m? as the OB group. The proportion of women in the UW
and LNW group was significantly higher than in the OB group
(P=0.028). The overall AHI, supine AHI, and non-supine AHI of
the UW and LNW group were significantly lower than those of
the OB group (P=0.001, P=0.002, and P=0.001, respectively),
but did not show significant differences from the UNW and OW
groups. The average oxygen saturation in the UW and LNW group
was significantly higher than that in the OB group (P=0.020),
and the duration of oxygen saturation below 90% was signifi-
cantly lower than in the OB group (P=0.012) (Table 1). Every
OSA patient in the UW and LNW group showed position-de-
pendent OSA, in contrast to the OW and OB groups, in which
the proportion was 56.7% and 24.3%, respectively (P=0.016
and P=0.002, respectively).

DISE findings according to BMI

Table 2 presents the obstruction sites according to sleep position
in each group during DISE. In the UW and LNW group, the most
common structure responsible for obstruction in the supine po-

Table 1. Demographic and clinical characteristics according to body mass index (n=627)

Variable UW & LNW (n=45) UNW (n=79) OW (n=151) OB (n=352)
Age (yr) 43.4+16.8 43.2+15.1 48.3+134 47.8+123
Male sex? 32(71.1) 64 (81.1) 120 (79.5) 301 (85.5)
Overall AH[*®) 225+16.8 20.7£13.7 23.2+16.2 37.2+£229
Supine AHI#c®) 33.4120.7 26.3+16.4 33.8+£22.5 49.1+£25.7
Non-supine AHI*® 9.4+13.8 9.2+20.2 9.6+15.8 22.7+241
Average Sa0: (%) 95.4+2.8 957413 94.6+2.8 92.3+7.0
Lowest Sa0z (%)= 82.6+8.1 84.9+6.3 83.6+7.1 78.9+9.4
Duration of Sa0» <90% (% in total sleep)*® 29175 1.9+79 3.3+9.38 821153
Position dependency (%) 100 66.7 56.7 24.3

Values are presented as mean * standard deviation or number (%).

UW, underweight (BMI<18.5 kg/m?); LNW, lower normal-weight (18.5<BMI<20.75 kg/m?); UNW, upper normal-weight (20.75<BMI<23 kg/m?); OW, over-
weight (23<BMI<25 kg/m?); OB, obese (BMI=25 kg/m?); AHI, apnea-hypopnea index; Sa0», oxygen saturation.
AP <0.05 for UW and LNW group vs. OB group. ®P<0.05 for UNW group vs. OB group. ®P<0.05 for OW group vs. OB group. “P<0.05 for UW and LNW

group vs. OW group. ®P<0.05 for UNW group vs. OW group.
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Table 2. Obstruction sites according to body mass index (n=627)

Variable UW & LNW UNW ow OB
(n=45) (n=79) (n=151) (n=352)
Supine
gpab) 21(46.7) 46(582) 98(64.9) 247(70.2)
LPWade) 7 (15.6) 41(51.9)  90(59.6) 224 (63.6)
TRz 45(100.0) 57(72.2) 86(57) 193 (54.8)
EPI 9(20.0) 21(266) 32(21.2) 65(18.5)
Lateral decubitus
Spd 4(8.9) 15(19.0) 39(25.8) 155 (44.0)
L PWa©) 3(6.7) 13(16.5) 33(22.2) 197 (55.9)
B 3(6.7) 7(8.9) 11(7.2) 29(8.2)
EPI 0 2(2.5) 0 1(0.3)
No obstruction®®? 39 (86.7) 27 (34.2) 42(278) 20(5.6)

Values are presented number (%). The numbers are not mutually exclusive.
UW, underweight (BMI<18.5 kg/m?); LNW, lower normal-weight (18.5<
BMI<20.75 kg/m?); UNW, upper normal-weight (20.75<BMI<23 kg/m?);
OW, overweight (23<BMI<25 kg/m?); OB, obese (BMI=25 kg/m?); SP,
soft palate; LPW, lateral pharyngeal wall; TB, tongue base; EPI, epiglottis.
3P<0.05 for UW and LNW group vs. OB group. *P<0.05 for UNW group
vs. OB group. ®P<0.05 for OW group vs. OB group. P<0.05 for UW and
LNW group vs. OW group. ®P<0.05 for UNW group vs. OW group. "P<0.05
for UW and LNW group vs. UNW group.

sition was the TB, as TB obstruction was observed in all patients,
whereas the SP, LPW, and EPI contributed to obstruction in
46.7%, 15.6%, and 20% of patients, respectively. There was a
trend for an increased frequency of TB obstruction with a de-
crease in BMI, and the prevalence of TB obstruction in the low
BMI group was significantly higher than in the OW and OB groups
(P=0.012 and P=0.006, respectively). Conversely, obstruction
of the SP and LPW became more frequent as BMI increased,
with the low BMI group having a significantly lower frequency
of obstruction at these two sites than the OW and OB groups
(P=0.021 and P=0.010 for SP obstruction, respectively; P=0.006
and P=0.002 for LPW obstruction, respectively).

In the lateral decubitus position, obstruction of the TB and
EPI decreased significantly, irrespective of BMI. The number of
patients with no apparent obstruction on DISE was 86.7% in
the low BMI group, which was significantly higher than in other
groups. The percentage of patients showing SP and LPW obstruc-
tion was 8.9% and 6.7 %, respectively, in the low BMI group; in
contrast, in the OW and OB groups, persistent SP and LPW ob-
struction in 25.8% and 22.2% (OW vs. low BMI group; P=0.011,
P=0.064, respectively) and 44% and 55.9% (OB vs. low BMI
group; P=0.021, P=0.015, respectively).

After adjustment for differences by sex, regression analysis
was performed to compare the obstruction sites in the UW and
LNW group and the OB group (Table 3).The LPW (P=0.016) in
the supine position and SP (P=0.016) and LPW (P=0.014) in
the lateral decubitus position were obstruction sites that showed
significant differences between the UW and LNW group and
the OB group. LPW obstruction was less frequent in both the
supine position and the lateral decubitus position (odds ratio,

Table 3. Multivariate analysis of the airway obstruction site in the un-
derweight and lower normal-weight group compared to the obese
group after sex adjustment

Obstruction site OR (95% ClI) P-value

SP in the supine position 0.756 (0.064-2.616) 0.213
LPW in the supine position 0.077 (0.009-0.624) 0.016
(
(

TB in the supine position 5.72(0.690-47.400)  0.106
SP in the lateral decubitus position 0.075 (0.014-0.616) 0.016
LPW in the lateral decubitus position ~ 0.072 (0.009-0.588) 0.014

OR, odds ratio; ClI, confidence interval; SP, soft palate; LPW, lateral pha-
ryngeal wall; TB, tongue base.

0.077 and 0.075, respectively).

DISCUSSION

To our knowledge, this is the first study to evaluate upper airway
obstruction patterns in OSA patients with a low BMI using DISE.
Previous studies showing anatomical differences between obese
and non-obese OSA patients [5,6,8,19] have been limited by
the use of static awake lateral cephalograms, a method that falls
short of evaluating the dynamic changes in the upper airway
during sleep. Those studies have documented that non-obese
OSA patients had a significantly narrower distance between the
TB and the posterior pharyngeal wall than non-OSA subjects or
obese OSA patients [19]. Recent studies have shown that DISE
is a safe, feasible, and valid tool for dynamically assessing the
upper airway in OSA patients [15,17,20,21]. Sleep position has
a major effect on upper airway patency during sleep. It is well
known that sleep position affects the occurrence and severity of
sleep apnea [22]. In a previous study, we have used DISE to show
changes in obstruction sites that occurred when shifting a patient
from a supine to lateral decubitus position [17]. Understanding
the patterns of obstruction in different postures enables a better
characterization of the overall pattern of obstruction in OSA pa-
tients. The uniqueness of this study lies in that it evaluated the
obstruction sites in OSA patients with a low BMI in different
body positions during drug-induced sleep, enabling a more pre-
cise characterization of dynamic changes in the upper airway in
this group of patients.

The main finding of our study was that the most common
structure responsible for obstruction in OSA patients with a low
BMI was the TB, as TB obstruction was present in all patients in
the supine position. Interestingly, TB obstruction improved in all
but three patients (6.7%) when they were changed to a lateral
decubitus position. Similarly, the proportion of patients with SP
obstruction in the supine position (46.7%) decreased to 8.9%
in the lateral decubitus position, and the proportion of those with
EPI obstruction dropped from 20% to 0%. In the majority of
low BMI patients, airway obstruction improved when their posi-
tion was changed from the supine position to the lateral decubi-



tus position. According to the DISE findings, there was no ap-
parent obstruction in 86.7% of patients in the lateral position.
The structures responsible for airway collapse are usually multi-
ple and interrelated, although the TB plays a major role. The
change in posture from the supine position to the lateral decubi-
tus position improves retrodisplacement of the tongue, thereby
alleviating TB obstruction, which in turn improves obstruction of
the SP and EPI. Although this possibility has not been conclu-
sively established, the improvement of TB obstruction in the lat-
eral decubitus position may be largely related to the effects of
gravity on the upper airway [23]. A lack of obstruction in the
lateral position during DISE does not guarantee normalization
of the AHI, but we have seen a good correlation.

Position-dependent OSA may be related to factors such as
disease severity, BMI, age, and sleep stage [16,24,25]. When po-
sition dependency was evaluated in patients who had a non-su-
pine sleep time of more than 30 minutes, every patient in the
low BMI group had position-dependent OSA and in 84% of
these patients, the lateral AHI was lower than 5. Therefore, OSA
patients with a low BMI are the best candidates for position
therapy, and if successful, position therapy alone can cure most
of the patients in this group.

In the multivariate analysis, the LPW in the supine position
and the SP and LPW in the lateral decubitus position were sta-
tistically less likely to cause obstruction in the UW and LNW
group than in the OB group. Although the TB was the most
prevalent site of obstruction in the supine position in the low
BMI group, TB obstruction did not show a statistically signifi-
cantly higher prevalence than in the OB group after sex adjust-
ment. A reason for this result may be that TB obstruction was
also frequently found in the OB group. The difference is that TB
obstruction is more likely to coexist with SP and/or LPW ob-
struction in the OB group [26,27]. We speculate that in the su-
pine position, SP obstruction is masked by TB displacement,
causing secondary obstruction of the SP in the low BMI group.
When changed to the lateral position, the independent collaps-
ibility of the SP and LPW could be evaluated. Hence, a statisti-
cally significant difference was found for SP and LPW collapse
in the lateral decubitus position. Patients with severe OSA or
those with a higher BMI tend to have higher LPW collapsibility,
which causes persistent obstruction in the lateral position [17].
In contrast, airway obstruction in patients with mild OSA or
those with a lower BMI is likely to disappear when they change
from the supine position to the lateral decubitus position
[22,25,28]. However, conflicting reports have been published
with regard to position-dependent obstruction sites. Although a
study showed that patients with SP obstruction were prone to
have position-dependent OSA [25], another study implicated
retroglossal obstruction as the determinant factor [29].The char-
acteristic obstruction pattern of the low BMI group can be sum-
marized as universal presence of TB obstruction, with a lack of
collapsibility of the SP and LPW.
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Keeping these results in mind, the treatment of OSA patients
with a low BMI should target TB collapse. Options other than
continuous positive airway pressure may include position thera-
py, the use of oral appliances, and hypoglossal nerve stimulation
surgery. Traditional pharyngeal airway surgical procedures, such
as uvulopalatopharyngoplasty targeting the SP and or LPW, are
not likely to be a good treatment option for most OSA patients
with a low BMI.

We adopted an unorthodox method of classifying patients ac-
cording to their BMI. The number of UW patients according to
the WHO classification (BMI less than 18.5 kg/m?) [30] was too
small in our cohort (n=11), and the BMI range for the normal-
weight group (18.5-23 kg/m?) was judged to be too wide. There-
fore, we broke down the normal BMI group into UNW and
LNW groups. We believe that combining the UW and LNW
groups together enabled a better characterization of those pa-
tients whom we intuitively regard as low BMI patients in the
clinic. The results of our study showed that this low BMI group,
which accounted for 7.2% of the entire OSA cohort, had a sig-
nificantly higher proportion of women than the OB group. A
large demographic study of 3,659 Japanese OSA patients
showed similar results, in that UW patients accounted for 8.6%
of the OSA patients, with a lower male predominance (77.7%)
than in the obese group (83.3%) [3].

Traditionally, non-obese OSA patients have been regarded as
having milder disease in terms of the AHI [31,32]. However, a
thorough comparison of severity of OSA within non-obese pa-
tients has not been made. In the previously mentioned cohort
study of Japanese OSA patients, the underweight group had a
higher AHI than the normal-weight group [3]. The authors sug-
gested that these findings might be unique to Asian OSA pa-
tients, but failed to elucidate more specific causes. The results of
our study showed that the overall AHI was significantly higher
in the OB group compared to the other BMI groups, confirming
the results of previous studies. However, when severity was
compared among the non-OB groups, the low BMI group did
not show significant differences from the other BMI groups. Al-
though a different classification system was used in our study,
the severity of OSA in low BMI patients was not significantly
different from those in the UW and OW groups. Therefore, it
can be misleading to automatically presume that low BMI pa-
tients have mild disease.

The limitations of our study include the small number of UW
patients, which led us to combine their results together with
those of the LNW population. Hence, our findings might not
depict the true nature of the UW phenotype. Furthermore, a
control group comprising patients with a low BMI who did not
have OSA would have been desirable, but would have been dif-
ficult to recruit. Soft tissue enlargement may play a more impor-
tant role in the development of OSA in obese patients, whereas
in non-obese patients, bony craniofacial abnormalities may be
the dominant contributors to OSA [5-8,19]. Although patients
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with overt craniofacial anomalies (syndromic patients) were ex-
cluded, more subtle phenotypes such as a retrognathia could
have contributed to retroglossal narrowing, partially explaining
why the TB was the most common obstruction site in low BMI
OSA patients. A further study including a cephalometric analy-
sis and DISE findings would be warranted. There is a concern
that the endoscope may affect pharyngeal dynamics. We ac-
knowledge this effect, and have tried to minimize it by using the
smallest available endoscope and by performing a stepwise pro-
cedure confirming the lower-level obstruction after fully con-
firming the upper-level obstruction.

In conclusion, OSA patients with a low BMI exhibited dis-
tinct characteristics from the higher BMI OSA patients more
commonly encountered in clinical settings. Airway obstruction
most often occurred due to TB obstruction, which improved in
the lateral position. This accounts for the position dependency
of these patients and their high likelihood of having a patent
airway in the lateral position. These characteristics should be
kept in mind when choosing the appropriate treatment for this
subgroup of OSA patients. Further studies, including those with
a large sample, a normal control group, and cephalometric anal-
ysis, are needed in the future.
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