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BACKGROUND: Obesity is one of the most prominent risk factors for obstructive sleep apnea
(OSA). Weight loss decreases the number of shorter respiratory events (<40 s), whereas the number
of longer events remains almost unchanged. However, it is unknown how body mass index (BMI)
affects individual obstruction event severity within OSA severity categories when age, sex, smoking,
daytime sleepiness, snoring, hypertension, heart failure, and sleeping posture are considered. There-
fore, we investigated whether individual obstruction event severity varies with BMI within the OSA
severity categories when considering the most important confounding factors. METHODS: Poly-
graphic recordings of 723 subjects without CPAP treatment and with an apnea-hypopnea index
(AHI) of >5 events/hour were reanalyzed retrospectively. The effect of BMI on the severities of
OSA and individual obstruction events was evaluated in general, within OSA severity categories,
and between different BMI groups (ie, BMI < 25; 25 < BMI < 30; 30 < BMI < 35; 35 < BMI <
40; and BMI > 40 kg/m2). RESULTS: AHI increased in mild and severe (� > 0.10, P < .001) OSA
categories, with increasing BMI. However, the proportion of apneas from all respiratory events
decreased (� � �0.55, P � .068) with increasing BMI in all the OSA categories. An increase in BMI
led to a decrease in the median duration of individual apneas, hypopneas, and desaturations in all
OSA categories, whereas desaturation depth increased statistically significantly in the severe cat-
egory (� � 0.20, P < .001). CONCLUSIONS: Because BMI is related to the duration of individual
obstruction events, its effect on OSA severity is more complex than its effect on AHI would
implicate. Therefore, overall severity of OSA may not be the same for non-obese patient and obese
patient who have similar AHI. Thus, these patient-specific characteristics of individual breathing
cessations should be considered when estimating the severity of disease and risk of related adverse
health effects. Key words: BMI; OSA; overweight; obesity; duration; obstruction events. [Respir Care
2019;64(1):77–84. © 2019 Daedalus Enterprises]

Introduction

Obesity is one of the most prominent risk factors for
obstructive sleep apnea (OSA); several studies demon-

strate a strong association between being overweight
and OSA.1,2 In individuals who are obese and individ-
uals who are morbidly obese, the prevalence of OSA has
been estimated to be �30% and 50–98%, respectively.3,4
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Furthermore, it has been estimated that 60–90% of adults
with OSA are overweight and that individuals who are
obese have over 10-fold probability of developing OSA
compared with individuals who are not obese.3 However,
the link between obesity and OSA is complex, and in-
creased body mass index (BMI) affects breathing in many
ways. For example, pharyngeal size and upper-airway mus-
cle force can be reduced or upper-airway structure can be
altered due to an increased amount of adipose tissue in the
upper airway or its muscles.3,5 Even though it has been
shown that OSA severity increases with weight gain and
decreases with weight reduction,6,7 the effect of weight
change on the severity of OSA might not be as straight-
forward as conventional apnea-hypopnea index (AHI), used
to estimate the severity of OSA, indicates. Previously, we
showed that the level of weight change affects the number
but also the duration of individual obstruction events (ie,
apneas, hypopneas, and desaturations).7 It has been shown
that weight reduction decreases and weight gain increases
the number of shorter obstruction events, whereas the num-
ber of longer obstruction events tended to remain almost
unchanged.7,8

In addition to BMI, age, male sex, and smoking are
well-known risk factors for OSA.9-11 As with BMI, OSA
has been connected to cardiovascular outcomes (eg, hy-
pertension), and its most common symptoms are excessive
daytime sleepiness and snoring.12-14 The number and se-
verity of obstruction events have been shown to differ
between sleeping positions; in the supine position, they are
increased compared with lateral positions.10,15,16 In addi-
tion to the fact that obesity is an independent risk factor for
cardiovascular disease,17 the severity of individual obstruc-
tion events is also linked to an increased risk of cardio-
vascular morbidities in patients with moderate-to-severe
OSA.18

However, it has not been previously investigated how a
change in BMI affects the severity of individual obstruc-
tion events within different OSA severity categories (ie,
mild, moderate, severe). Therefore, because both BMI and

severity of individual obstruction events have been linked
to an elevated risk of cardiovascular outcomes, the infor-
mation on the effect of BMI on the severity of individual
obstruction events might enhance understanding of the link
between BMI and overall severity of OSA. In the present
study, we investigated the effect of BMI on the severity of
individual obstruction events adjusted for age, sex, smok-
ing habits, excessive daytime sleepiness, snoring, hyper-
tension, heart failure, and proportion of supine sleep in
general, and also within the different OSA severity cate-
gories. We hypothesized that an increase in BMI would
increase the severity of OSA by increasing the number and
the severity of individual obstruction events.

Methods

During the years 1992–2003, polygraphic recordings of
2,057 patients with clinically suspected OSA were con-
ducted by using custom-made 4-channel ambulatory de-
vices without electroencephalography registration.19,20 The
devices recorded air flow with a thermistor, abdominal
respiratory movements, blood oxygen saturation, and
sleeping position. Furthermore, all the recordings were
manually reanalyzed during the years 2012–2015 by using
RemLogic software (Embla, Thornton, Massachusetts) in
accordance with standard respiratory rules provided by the
American Academy of Sleep Medicine.21 Based on the
2007 recommendations, and because electroencephalogra-
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QUICK LOOK

Current Knowledge

Obesity is strongly associated with the severity of ob-
structive sleep apnea (OSA) when the severity is esti-
mated based on the apnea-hypopnea index (ie, number
of obstruction events). Even though the severity esti-
mation of OSA is improved by considering also the
duration and morphology of individual obstruction
events, the effect of the body mass index on the
severity of individual obstruction events has not been
previously investigated within the different OSA se-
verity categories.

What This Paper Contributes To Our Knowledge

An increased body mass index increased the frequency
of apneas and hypopneas but decreased their duration.
The effect of the body mass index on OSA severity may
not be as straightforward as its effect on apnea-hypop-
nea index would suggest. Therefore, the severity of
OSA may differ between patients with a different body
mass index but similar apnea-hypopnea index.
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phy was not recorded, hypopneas were scored using 4%
threshold for desaturations (rule 4A).21 A favorable state-
ment on the data collection was given by The Research
Ethics Committee of the Hospital District of Northern Savo,
Kuopio, Finland (decision 127/2004 and 24/2013).

Within the whole population, 568 male and 155 female
subjects with an AHI of � 5 events/hour and not treated
with CPAP. These 723 subjects were included in further
analysis. All subjects were classified into mild OSA (ie,
5 � AHI � 15 events/hour), moderate OSA (ie, 15 �
AHI � 30 events/hour), or severe OSA (ie, AHI � 30
events/hour) categories based on conventional AHI. In ad-
dition to AHI, the values of oxygen desaturation index
(ODI), apnea index, hypopnea index, obstruction severity
parameter,20 and proportion of apneas from all breathing
cessation events were calculated from the reanalyzed poly-
graphic recordings. The obstruction severity parameter is
defined as the sum of the products of respiratory event
duration and related desaturation event area divided by
index time (ie, sleeping time).20 Durations of individual
apneas and hypopneas, and durations, depths, and areas of
individual desaturations were calculated by using custom-
made MATLAB functions (Mathworks, Natick, Massa-
chusetts).20 These calculations were based on manually
scored events, as illustrated in Figure 1. Basic anthropo-
metric data and information on smoking history, heart fail-
ure, hypertension, snoring, and excessive daytime sleepi-
ness were collected from subjects’ medical records in
Kuopio University Hospital. Before this information was
used in analyses, variables were categorized. Smoking was
categorized into 3 classes: “yes,” “no” or “quit”; and heart
failure, hypertension, snoring, and excessive daytime sleep-
iness were categorized into 2 classes: “yes” or “no.” If a

subject did not have a history of heart failure, hyperten-
sion, snoring, or suffered from excessive daytime sleepi-
ness before the polygraphic recording, then these variables
were categorized as “no” and, otherwise, the classification
was set to be “yes.” Next, the subjects were divided into
different BMI groups (ie, Normal: BMI � 25; Overweight:
25 � BMI � 30; Obese: 30 � BMI � 35; Severe Obesity:
35 � BMI � 40; and Morbid Obesity: BMI � 40 kg/m2)
and the calculated polygraphic parameters and severity of
individual obstruction events were compared between the
groups.

The statistical significance of differences in demographic
data between different OSA severity categories was eval-
uated by using the Mann-Whitney U test for continuous
variables and the chi-square test for categorical variables.
The effect of BMI on OSA parameters (ie, AHI, ODI,
apnea index, hypopnea index, and obstruction severity
parameter) and the severity of individual obstruction
events within different OSA severity categories were
evaluated by using a general linear model univariate
analysis adjusted for age, sex, smoking habits, snoring,
excessive daytime sleepiness, heart failure, hyperten-
sion, and the proportion of supine sleep. The general
linear model was the statistical method of choice be-
cause it can be used in situations when several depen-
dent variables are correlated and values of predictor
variables are not linearly independent. Furthermore, it is
normally used, unlike the multiple regression analysis,
in cases when predictor variables include both contin-
uous and categorical variables. The statistical signifi-
cance of differences in anthropometric data and back-
ground information between the BMI groups was
evaluated by using the Mann-Whitney U test and the
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Fig. 1. Example of the recorded thermistor (breathing) and SpO2
signals and the scored hypopnea (light gray), apnea (dark gray), and

desaturation events; HypDur and ApDur denote durations of hypopnea and apnea, respectively. DesDur, DesArea, and DesDepth denote
duration, area, and depth of an individual desaturation event, respectively.
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chi-square test. Post hoc tests (Tukey’s honestly signif-
icant difference test for equal variances and the Games-
Howell test for unequal variances) were used to inves-
tigate the statistical significance of the differences in
polygraphic data between the BMI groups. One-way
analysis of variance ie, ANOVA (for equal variances)
and the Welch test (for unequal variances) were used to
evaluate the statistical significance of the trend of vari-
ation in polygraphic parameter values between the BMI
groups. SPSS version 20.0 software (SPSS, Chicago,
Illinois) was used for statistical analyses, and P � .05
was set to be the limit of statistical significance.

Results

Based on the AHI, 329, 140, and 99 male, and 102, 34,
and 19 female subjects were categorized as having mild,
moderate, and severe OSA, respectively (Table 1). The sex
distribution did not differ statistically significantly between
any of the severity categories (P � .16) (Table 1). In mild,
moderate, and severe OSA groups, the median ages were
51.2, 51.2, and 50.7 y, and the median BMIs were 28.8,
30.1, and 33.3 kg/m2, respectively (Table 1). Age was not
statistically significantly different (P � .63) between the
OSA severity categories, but BMI increased statistically

Table 1. Subject Demographic and Individual Event Data in Mild, Moderate, and Severe OSA Categories

Parameter
OSA Category

Entire Cohort
Mild Moderate Severe

Subjects, n
Male 329 140 99 568
Female 102 34 19 155

Age, median (range) y 51.2 (25.5–80.1) 51.2 (27.9–80.5) 50.7 (20.7–84.1) 51.1 (20.7–84.1)
BMI, median (range) kg/m2 28.8 (18.7–60.6)*† 30.1 (19.2–56.1)† 33.3 (21.1–74.0) 29.7 (18.7–74.0)
Supine sleep, median (range) % 37.6 (0–100)† 38.6 (0–100)† 49.0 (0–100) 39.6 (0–100)
Smoking, n (%)

Yes 113 (26.2) 40 (23.0) 40 (33.9) 193 (26.7)
Quit 114 (26.5) 45 (25.9) 30 (25.4) 189 (26.1)
No 204 (47.3) 89 (51.1) 48 (40.7) 341 (47.2)

Heart failure, n (%) 24 (5.6)*† 29 (16.7) 18 (15.3) 71 (9.8)
Hypertension, n (%) 233 (54.1) 102 (58.6) 74 (62.7) 409 (56.6)
Snoring, n (%) 390 (90.5)† 148 (85.1) 98 (83.1) 636 (88.0)
Daytime sleepiness, n (%) 304 (70.5)* 107 (61.5) 83 (70.3) 494 (68.3)
AHI, median (range) events/h 8.4 (5.0–14.9)*† 19.8 (15.0–29.7)† 44.9 (30.0–146.8) 12.2 (5.0–146.8)
ODI, median (range) events/h 7.4 (0.6–14.9)*† 18.0 (3.0–28.6)† 41.3 (11.4–124.3) 11.0 (0.6–124.3)
ObsSev, median (range), s% 7.6 (0.1–52.6)*† 16.9 (2.3–122.7)† 54.0 (8.3–539.8) 11.9 (0.1–539.8)
AI, median (range), events/h 1.1 (0–12.2)*† 5.7 (0–26.6)† 14.7 (0–78.8) 2.3 (0–78.8)
HI, median (range), events/h 6.5 (0–14.9)*† 14.1 (0.3–27.3)† 27.7 (1.6–120.1) 8.7 (0–120.1)
Apnea proportion, median (range), % 13.2 (0–100)*† 27.3 (0–98.9) 31.2 (0–96.8) 19.5 (0–100)
HypDur, median (range) s 29.0 (13.1–75.3)*† 26.3 (12.0–50.0) 25.0 (12.7–50.0) 27.5 (12.0–75.3)
ApDur, median (range) s 16.0 (20.0–62.4)*† 17.5 (10.0–42.0)† 20.0 (12.0–39.0) 17.0 (10.0–62.4)
DesDur, median (range) s 28.3 (11.8–71.5)*† 26.6 (12.8–46.8) 26.4 (12.5–43.5) 27.4 (11.8–71.5)
DesDepth, median (range) % 5.0 (4.0–11.0)*† 5.0 (4.0–12.0)† 7.0 (4.0–25.0) 5.0 (4.0–25.0)
DesArea, median (range) s% 80.4 (31.0–233.5)† 82.4 (35.5–247.8)† 104.4 (43.5–494.0) 83.5 (31.0–494.0)

Statistical significances of differences were evaluated by using the Mann-Whitney U test (for continuous variables) and the chi-square test (for categorial variables).
Mild OSA (ie, 5 � AHI � 15 events/h), Moderate OSA (ie, 15 � AHI � 30 events/h), and Severe OSA (ie, AHI � 30 events/h).
* Statistically significant (P � .05) difference compared with the moderate OSA category.
† Statistically significant (P � .05) difference compared with the severe OSA category.
AHI � apnea-hypopnea index
OSA � obstructive sleep apnea
BMI � body mass index
ODI � oxygen desaturation index
ObsSev � obstruction severity parameter
AI � apnea index
HI � hypopnea index
HypDur � duration of individual hypopnea event
ApDur � duration of individual apnea event
DesDur � duration of individual desaturation event
DesDepth � depth of individual desaturation event
DesArea � area of individual desaturation event
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significantly towards more-severe OSA categories (mild-
moderate: P � .001 and moderate-severe: P � .002) (Ta-
ble 1). The incidence of heart failure, hypertension, snor-
ing, and excessive daytime sleepiness as well as information
on smoking status, the median values of AHI, ODI, apnea
index, hypopnea index, obstruction severity parameter, and
the severity of individual obstruction events are presented
in Table 1.

AHI, ODI, apnea index, hypopnea index, obstruction
severity parameter, and the severity of individual obstruc-
tion events were strongly associated with BMI in the entire
cohort (Table 2). In more-detailed analysis, values of AHI,
ODI, and hypopnea index increased statistically signifi-
cantly (� � 0.10, P � .002) with increasing BMI in all the
OSA categories, except in the moderate OSA category, in
which an increase in AHI and ODI did not reach the limit
of statistical significance (� � 0.047, P � .20) (Table 2).
In contrast, an increase in BMI decreased the apnea index
(� � �0.056, P � .02) in mild and moderate OSA cate-
gories and the proportion of apneas (� � �0.545, P �
.068) in all OSA categories (Table 2). Median durations of
individual apneas decreased in all OSA categories (mild,
� � �0.245, P � .003; moderate, � � �0.334, P � .001;

severe, � � �0.065, P � .42) with increasing BMI as did
the median durations of individual hypopneas (mild,
� � �0.273, P � .001; moderate, � � �0.110, P � .21;
severe, � � �0.318, P � .001) (Table 2).

The same was also observed with the median durations
of desaturations (mild, � � �0.236, P � .004; moderate,
� � �0.115, P � .18; severe, � � �0.240, P � .005)
(Table 2). Furthermore, areas of individual desaturation
events decreased (� � �0.737, P � .007) in the mild OSA
category with increasing BMI, whereas the depth of de-
saturations did not change statistically significantly
(� � 0.000, P � .97) (Table 2). In contrast, the depths and
areas of individual desaturation events increased (� �
0.201, P � .040) in the severe OSA category with increas-
ing BMI (Table 2). Despite the changes in the severity of
individual obstruction events, the obstruction severity pa-
rameter increased with increasing BMI in a statistically
significant manner only in the severe OSA category
(� � 2.809, P � .004) (Table 2).

The subjects with BMI � 25 kg/m2 tended to sleep
less in the supine position and had a higher rate of heart
failure and hypertension than subjects of normal weight
(BMI � 25 kg/m2) (see the supplementary materials at

Table 2. Evaluation of the Effect of BMI on AHI, ODI, AI, HI, ObsSev and Severity of Individual Obstruction Events By Using General Linear
Model Univariate Analysis*

Parameter

OSA Category

Mild OSA
(ie, 5 � AHI � 15 events/h)

Moderate OSA
(ie, 15 � AHI � 30 events/h)

Severe OSA
(ie, AHI � 30 events/h)

� SD Error P � SD Error P � SD Error P

AHI, events/h 0.10 0.027 �.001 0.05 0.054 .39 1.20 0.202 �.001
ODI, events/h 0.14 0.029 �.001 0.08 0.062 .20 1.23 0.197 �.001
ObsSev, s% 0.04 0.073 .63 0.15 0.219 .49 2.81 0.960 .004
AI, events/h �0.06 0.023 .02 �0.20 0.084 .02 0.07 0.176 .68
HI, events/h 0.16 0.030 �.001 0.25 0.079 .002 1.13 0.217 �.001
Apnea proportion, % �0.86 0.240 �.001 �1.03 0.369 .006 �0.55 0.296 .068
HypDur, s �0.27 0.077 �.001 �0.11 0.088 .21 �0.32 0.078 �.001
ApDur, s �0.25 0.081 .003 �0.33 0.093 �.001 �0.07 0.080 .42
DesDepth, % 0 0.009 .97 0 0.017 �.99 0.20 0.046 �.001
DesDur, s �0.24 0.080 .004 �0.12 0.086 .18 �0.24 0.085 .005
DesArea, s% �0.74 0.271 .007 �0.17 0.419 .69 2.13 1.028 .040

* General linear model univariate analysis was adjusted for age, sex, smoking, daytime sleepiness, snoring, hypertension, heart failure, and proportion of supine sleep.
BMI � body mass index
OSA � obstructive sleep apnea
AHI � apnea-hypopnea index
ODI � oxygen desaturation index
AI � apnea index
HI � hypopnea index
ObsSev � obstruction severity parameter
SD error � a variation of a partial regression coefficient
HypDur � duration of individual hypopnea event
ApDur � duration of individual apnea event
DesDepth � depth of individual desaturation event
DesDur � duration of individual desaturation event
DesArea � area of individual desaturation event
� � a partial regression coefficient
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http://www.rcjournal.com). No statistically significant dif-
ference was seen between the BMI groups in smoking his-
tory, snoring, and excessive daytime sleepiness. The trends
for AHI, ODI, obstruction severity parameter, and hypopnea
index were found to be statistically significant (P � .001)
as a function of BMI: the values of these parameters in-
creased with increasing BMI at the group level. Further-
more, with increasing BMI, the decreasing trends for the
median durations of individual hypopneas and desatura-
tions and the decreasing trend for areas of individual
desaturations were found to be statistically significant
(P � .001). In contrast, the depth of the desaturations
increased statistically significantly (increasing trend P �
.001) with increasing BMI. In addition, the median dura-
tions of individual apneas showed decreasing trend with
increasing BMI (at the group level), although this decrease
did not reach statistical significance (P � .08) (see the
supplementary materials at http://www.rcjournal.com).

Discussion

In this study, the effect of BMI on the AHI, ODI, apnea
index, hypopnea index, obstruction severity parameter, and
on the severity of individual obstruction events was inves-
tigated within different OSA severity categories and be-
tween different BMI groups. In general, AHI, ODI, and
hypopnea index were found to increase with increasing
BMI within the OSA severity categories and between the
different BMI groups. In contrast, the apnea index; apnea
proportion; and individual apnea, hypopnea, and desatu-
ration durations tended to decrease with increasing BMI.
Therefore, the effect of the change in BMI on the overall
severity of OSA might be more complex than seems based
on the AHI only. The results imply that hypopneas are more-
dynamic events than apneas because the number of hypop-
neas increased with increasing BMI. In contrast, apneas may
be seen to represent static events with more-severe patho-
physiologic effects because apneas have been shown to result
in deeper desaturations compared with hypopneas.22 There-
fore, because individual obstruction event severity and the
proportion of apneas from all events are modulated by the
BMI, the AHI (which weights apneas and hypopneas equally)
may not be the most sophisticated parameter to assess the
overall severity of OSA. We suggest that severity estimation
of OSA should be based on more-detailed analysis of char-
acteristics of individual obstruction events (eg, adjusted-AHI
parameter19) and that apneas and hypopneas should be
weighted in a different manner.

Previously, it has been shown that the severity of OSA
(based on AHI) is modulated by weight change.6,7 The
present study is in line with this because it was found that
AHI, hypopnea index, and ODI increased with increasing
BMI. In contrast, apnea index and the proportion of apneas
decreased with increasing BMI, especially in mild and

moderate OSA categories and between normal and over-
weight BMI groups. These findings are in line with a
previous study in which very obese (BMI � 45 kg/m2)
OSA patients were compared with OSA patients having a
BMI �35 kg/m2.23 It has been reported that the minimum
intraluminal airway pressure that is needed to keep the
upper airway open is one of the most important factors in
the pathogenesis of apneas.24 In contrast, the occurrence of
hypopneas is more dependent on upstream resistance,24

which may indicate different mechanisms behind the patho-
genesis of apneas and hypopneas.23

In addition, increased genioglossal fatigability has been
reported in non-obese OSA patients, whereas, in obese
OSA patients, the performance of the genioglossus muscle
did not differ from that of obese controls not having OSA.25

Therefore, it can be speculated that, if obese patients with
OSA have better performance of genioglossus muscle com-
pared with patients with OSA and who are not obese, this
could lead to a higher occurrence of hypopneas and reduce
the number of apneas. Also, increase in hypopnea index
and decrease in apnea index along with increasing BMI
might be due to increased amount of adipose tissue in the
upper airway but also increased muscle mass.23 Because
the increased amount of adipose tissue in the upper airway
leads to reduction in upper-airway size, it could be as-
sumed that the upper airway is more prone for partial
occlusions (ie, hypopneas).

An increase in BMI has been reported to increase the
depth of desaturations, independent of age, sex, sleeping
position, smoking habits, baseline oxygen saturation, and
respiratory event duration.22 In the present study, the de-
saturation depth did not change statistically significantly
with increasing BMI in the mild and moderate OSA cat-
egories, albeit increasing trend towards higher BMI was
observed in the BMI group level. This might be because
the general linear model used in this study was not ad-
justed for the duration of respiratory events and the dura-
tions of apneas and hypopneas were found to decrease
with increasing BMI. It has been shown that longer respi-
ratory events cause greater decrease in oxygen saturation
and that apneas lead to deeper desaturations compared to
hypopneas.22 However, in line with Sato et al,26 we found
that the depth and area of desaturation events increased
statistically significantly with increasing BMI only in the
severe OSA category. This can also be seen in the obstruc-
tion severity parameter, which increased statistically signifi-
cantly with increasing BMI only in subjects with severe OSA
due to greater hypoxemia. Because the subjects in the severe
OSA category were the most obese, this finding was proba-
bly caused by restrictions on pulmonary function.27

Median durations of apneas, hypopneas, and desatura-
tions tended to decrease with increasing BMI, whereas no
statistically significant change was observed in the depth
of desaturations in mild and moderate OSA categories.
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This may indicate that, with a higher BMI, short respira-
tory events are sufficient to cause a rapid decrease in ox-
ygen saturation. Furthermore, because median duration of
desaturations decreased at the same time, it could be as-
sumed that the physiologic response for decreased oxygen
saturation might be more rapid in patients with a higher
BMI. Previously, it has been shown that the severity of
respiratory events is modulated by the level of weight
change — weight loss mainly decreases and weight gain
mainly increases the number of shorter respiratory events.7

If the number of shorter events increases proportionally
more than that of longer events while BMI increases, this
might be the reason why median durations of obstruction
events decreased in the present study.

We acknowledge that the present study had some lim-
itations. Polygraphic recordings were done by using 4-chan-
nel devices that did not allow electroencephalography reg-
istration. Therefore, hypopneas followed by arousals could
not be detected. Furthermore, a 4% threshold level for
desaturations was used for scoring hypopneas instead of
the 3% threshold level introduced by the American Acad-
emy of Sleep Medicine in 2012.28 Using the 3% threshold
level for desaturations and also by taking into account
hypopneas followed by arousals would have increased the
number of the hypopneas and desaturations, and would
have affected the average severity of individual events.
Thus, the results of the present study need to be further
confirmed when considering such events. Also, in the
4-channel recording devices used in this study, respiratory
efforts were measured based on abdomen movements only.
This may cause inaccuracy in classification of apneas to be
obstructive, mixed, or central types. However, in this study,
apneas were not separated by their type and, thus, whether
obesity has different affects on various types of apneas
warrants further investigation.

Furthermore, due to the retrospective design of the pres-
ent study, information on the hip-to-waist ratio and the
neck or waist circumference could not be collected, albeit,
for example, waist circumference has been suggested to be
a better predictor for OSA than BMI.29 For the same rea-
son, the values of transcutaneous carbon dioxide partial
pressure could not be included in the analysis, albeit it is
known that alterations in its values are connected to
sleep disturbances. In addition, one possible factor that
affected the present results was how long the subjects had
been obese. This most probably affects the severity of
OSA and needs to be investigated in future studies based
on follow-up datasets.

Conclusions

The number of hypopneas increased statistically signif-
icantly in all OSA severity categories, and the number of
apneas decreased statistically significantly in mild and mod-

erate categories with increasing BMI. In addition, the pro-
portion of apneas (from all obstruction events) and median
durations of individual hypopnea and desaturation events
tended to decrease with increasing BMI in a group level
and within all OSA severity categories. No statistically
significant BMI-related variations were seen in the depth
of desaturation events in mild and moderate OSA catego-
ries, whereas, in subjects with severe OSA, the depth of
desaturations increased with BMI. Therefore, pathophys-
iology of OSA might differ between lean subjects and
obese subjects, which suggests that the overall severity of
OSA may not be equal between lean subjects and obese
subjects having a similar AHI. This highlights the impor-
tance of considering the individual obstruction event se-
verity while estimating the overall severity of OSA and
planning individualized treatment.
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