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Abstract

Purpose To investigate the different pathophysiologies of obstructive sleep apnea (OSA) phenotypes using cluster analysis.
Differences between leptin/adiponectin levels in the resulting OSA phenotypes were also examined.

Methods In total, 1057 OSA patients were selected, and a retrospective survey of clinical records, polysomnography results, and
blood gas data was conducted. Patients were grouped into four clusters by their OSA severity, PaCO2, body mass index (BMI),
and sleepiness. A k-means cluster analysis was performed, resulting in a division into four subpopulations. The Tukey or Games-
Howell tests were used for intergroup comparisons.

Results Among the 20 clinical OSA items, four common factors (Epworth Sleepiness Scale [ESS], BMI, Apnea-Hypopnea Index
[AHI], and PaCO2) were extracted by principal component analysis, and a cluster analysis was performed using the k&-means
method, resulting in four distinct phenotypes. The Clusters 1 (middle age, symptomatic severe OSA) and 4 (young, obese,
symptomatic very severe OSA) exhibited high leptin levels. C-reactive protein levels were also elevated in Cluster 4, indicating a
different pathophysiological background. No apparent differences between clusters were observed regarding adiponectin/leptin
ratios and adiponectin levels. Classification into groups based on phenotype showed that Epworth Sleepiness Scale [ESS] score
and disease severity were not correlated, suggesting that sleepiness is affected by multiple elements.

Conclusions The existence of multiple clinical phenotypes suggests that different pathophysiological backgrounds exist such as
systemic inflammation and metabolic disorder. This classification may be used to determine the efficacy of continuous positive
airway pressure treatment that cannot be determined by the AHIL.

Keywords Obstructive sleep apnea - Phenotypes - Cluster analysis - Leptin - Blood gas analysis

Introduction

The prevalence of obstructive sleep apnea (OSA) was reported
20 years ago by Young and colleagues, affecting up to 9% of
men and 4% of women [1-4]. Although there have been no
major epidemiological studies in Japan, OSA prevalence rates
in men in their 40s and 50s are 23.4% and 30.6%, respectively
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[2]. The OSA prevalence in Japan is comparable with that in
Europe and the USA.

OSA substantially complicates cardiovascular diseases and
they are important factors in determining the OSA prognosis.
Repeated nocturnal hypoxemia is an important factor, and
hypertension or diabetes mellitus is frequently involved.
Thus, OSA is considered to overlap with various risk factors
related to cardiovascular system disorders [3]. It is also recog-
nized as being composed of multiple phenotypes; its diagnosis
and management as well as the assessment of its severity are
often based on a single indicator, the Apnea-Hypopnea Index
(AHI) [S]. Taking the diverse OSA pathologies into consider-
ation is important for a more fine-tuned OSA management.

Cytokines secreted from adipose tissue play an important
role in the pathophysiology of obesity; the relationship be-
tween obesity and sleep-disordered breathing is well-known.
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Among adipokines, leptin and adiponectin have attracted the
most attention [6]. Despite the anti-obesity effects of leptin,
obese individuals have elevated serum leptin levels, and ad-
ministering leptin to obese individuals only produces an ex-
tremely limited impact on obesity. Since this is the result of
reduced sensitivity to leptin signaling, leptin resistance is in-
volved in obesity [7]. Leptin does not only act in the appetite
center but is also involved in the ventilatory response [8].

There have been recent efforts to stratify patients by using
clinical findings as indicators to understand the disease mech-
anism, predict risk, estimate prognosis, and select optimal
treatment [9]. Patient populations classified in this manner
are called “phenotypes” and may not only reflect classification
by clinical features but also pathophysiological
characteristics.

Taking the different phenotypes of OSA into consideration
has the potential to better understand the underlying patho-
physiology and to properly manage treatment according to
trends in arousal, ventilatory sensitivity, and other pathophys-
iological features [10]. The main advantages of numerical
classification are its objectivity and the fact that a methodolo-
gy for including multiple variables, assuming equal
weighting, helps minimize a priori bias and extract clusters
that are important for exploratory purposes.

To classify the clinical OSA phenotypes, we hypothesized
that it would be possible to identify the most important factors
from variables made up of multiple clinical indicators and that
the subsequent cluster analysis would enable us to identify
phenotypes reflective of different OSA pathophysiologies.
To test this hypothesis, a k-means clustering algorithm was
used in the present study to investigate mild-to-severe OSA
diagnosed based on polysomnography (PSG) testing at our
center.

Therefore, this study aimed to investigate the different
pathophysiological OSA phenotypes by clustering patients
with OSA according to different clinical indicators and exam-
ine the cluster differences in leptin and adiponectin levels.

Materials and methods

Our study was approved by the Clinical Research Ethics
Committee of the Nihon University Hospital (Protocol num-
ber RK-170509-07). Written informed consent was waived by
the ethics committee. All protocols and practices were con-
ducted following the World Medical Association’s
Declaration of Helsinki.

Subjects
Medical records of 3214 patients with obstructive sleep apnea

among patients, who visited the Nihon University Sleep
Center between April 1, 2002, and March 31, 2017, with
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suspected sleep apnea syndrome and were diagnosed based
on the PSG results, were registered in a database. Overnight
PSG was performed in 2191 patients with suspected OSA
who visited Nihon University Itabashi Hospital Sleep
Center; of these, 2174 were diagnosed with OSA. Of these,
1057 individuals whose clinical records, PSG data, and blood
gas data were available, were finally enrolled in the present
study. The following patients were excluded: OSA patients
who did not agree to participate in the study, those who were
aged < 20 years, and those who had not undergone PSG and
respiratory function tests.

Polysomnography

PSG was conducted by trained professional inspectors in all
cases. The following items were recorded: electroencephalo-
gram, electrooculogram, electrocardiogram, electromyogram,
nose and mouth airflow, chest and abdomen movement, and
peripheral capillary oxygen saturation (SpO2). Apnea was
defined as airflow cessation in the nose and mouth lasting at
for least 10 s. Hypopnea was defined as decreased airflow,
thoracic excursion, or decreased oxygen desaturation below
4% of the previous baseline value and decreased abdominal
excursion below 50%. The AHI was calculated as the apnea
and hypopnea counts per hour of sleep. The diagnostic criteria
for OSA were AHI > 5 times/h. The severity was defined as
mild for AHI 515 times/h, moderate for 15-30 times/h, and
severe for > 30 times/h. The CPAP adaptation standard in
Japan is AHI > 20 times/h, and most cases in this study had
an AHI of 20 times/h or more.

Average and minimum SpO2 values were also calculated
from the PSG data. Baseline clinical features were assessed,
and blood tests were also performed.

Blood tests

For blood counts and general biochemical testing, data were
obtained from general medical records. Serum leptin and
adiponectin levels were measured in all patients when residual
samples were available after the blood test. Leptin and
adiponectin were measured using the Human Leptin Assay
Kit (catalog number #27775; IBL, Inc., Gunma, Japan) and
Human Adiponectin ELISA Kit (catalog number #CY-8050;
CircuLex, Inc., Nagano, Japan), respectively.

Spirometry

Conventional spirometry was performed using a Chestak
auto-spirometer (Chest Co., Tokyo, Japan). Spirometric pre-
dictions were obtained from the literature [11], and samples
for the arterial blood gas analysis were taken from the radial
artery in a sitting position.
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The criterion for obstructive ventilatory dysfunction was
defined as 70% or less per second, and the criterion for restric-
tive ventilatory dysfunction was 80% or less vital capacity.

Blood gas analysis

Arterial blood samples were analyzed using an ABL3000
auto-analyzer (Radiometer Co., Tokyo, Japan).

ESS score

Daytime sleepiness was assessed using the Epworth
Sleepiness Scale (ESS) [12], a fully validated eight-item
self-administered questionnaire. Eight different situations
were scored on a scale of 0-3, with more than 10 out of 24
scores rated as sleepiness.

Statistical methods

The k-means method was considered to be suitable consider-
ing that a relatively large number of samples were classified
into four clusters in this study. The principal component anal-
ysis was used as a simple method for confirming the clustering
of data (Fig. 1). The required number of subjects was deter-
mined from the independent variables while performing a
multi-group comparison of each cluster, and the sample size
was sufficient (n > 64) even when the power was set to 80%.
Results are presented as mean + standard deviation (SD). AHI,
partial pressure of carbon dioxide (PaCO2), body mass index
(BMI), and ESS were obtained as four higher level compo-
nents from eigenvalues, contribution rates, and cumulation.
The k-means cluster analysis was performed based on these
four principal components, resulting in four subpopulations (Fig
2). The resulting data were tested for equality of variance be-
tween the clusters in each of the items. For equal variance, the
one-way ANOVA with Tukey’s all column comparison test was
used for intergroup comparisons. Otherwise, intergroup compar-
isons were performed using the nonparametric Games-Howell
test. If an F-value was > 4, p values < 0.05 were considered
statistically significant. (Text Explorer module of JMP Pro 13)

Results
Patient characteristics

Of the 1057 registered patients, 24 (3.2%) had incomplete or
absent data, or chiefly presented central sleep apnea or
hypopnea. These patients were excluded from the analysis.
The remaining 1023 patients diagnosed with OSA had a mean
age of 51.4 years, ranging from 20 to 83 years, with 88%
being men. The percentage of current smokers was around
24%. The mean neck circumference was about 40 cm, which

was higher than an average Japanese adult. The self-reported
day time sleepiness was assessed using the ESS and the mean
score was 9.7 points (Table 1).

The cluster analysis identified four clusters. Compared
with the Clusters 1 and 2, Cluster 3 was older and the
Cluster 4 younger. There were no significant differences in
male-female ratio or history of smoking between the clusters.
The BMI values, as well as the neck, waist, and hip circum-
ferences, were highest in Cluster 4. ESS scores were elevated
in Clusters 1 and 4 (Table 2).

Table 3 shows the PSG results. Of the enrolled OSA pa-
tients, 95 (9%) had mild (AHI 5-15/h), 200 (20%) had mod-
erate (AHI 15-30/h), and 728 (71%) had severe (AHI > 30/h)
OSA, with a mean AHI of 47(/h) and a mean oxygen
desaturation index of 50/h. Sleep-disordered breathing data
(obstructive apnea (OA), apnea index (Al), AHI, oxygen
desaturation index 3%, mean SpO2, and arousal index) was
the worst in Cluster 4, followed by Cluster 2.

Table 4 displays the results of the lung function test. Although
no ventilatory dysfunction was observed, the forced vital capac-
ity (FVC) and the forced expiratory volume (FEV| o) were the
lowest in Cluster 4. There were no significant differences regard-
ing the peripheral airway obstruction. The results of the arterial
blood gas tests are shown in Table 4. Overall, CO2 tended to be
high with metabolic compensation. Especially in Cluster 4, the
mean value above 45 mmHg was substantially increased.
Besides, oxygen at rest tended to be low in this cluster.

According to the blood test data (Table 5), the white and red
blood cell count, as well as the hemoglobin levels, were increased
in Clusters 2 and 4. Similarly, liver function parameters, uric acid
levels, and the values of a high-sensitivity test that detects C-
reactive protein (CRP) were increased, particularly in Cluster 4.

Cluster analysis

Cluster 1 (290 subjects, 28.3%); middle age, symptomatic
severe OSA

This cluster was centered on the middle-aged participants with
amean age of 51.00 = 12.71 years. The mean BMI of patients
belonging to this cluster was 26.20 + 3.45(kg/m?). Based on
the BMI (kg/mz) classification (normal weight, 18.5-24.9;
overweight, 25.0-29.9; and obese > 30), these patients were
mildly overweight. The mean ESS score of this cluster was
14.40 £ 3.15, indicating the most symptomatic excessive day-
time sleepiness (EDS) of all clusters. The AHI, however, was
with 36.17 £ 18.66(/h), far below the overall average.

Cluster 2 (271 subjects, 26.5%); middle age, obese, minimally
symptomatic, very severe OSA

Like Cluster 1, this cluster was centered on the middle-aged
participants with a mean age of 49.10 + 12.71 years. Their
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1 5.2621 37.586 +++ 37.586
2 2.0701 14.786 + 52.373
3 1.5038 10.742 + 63.114
4 1.1024 7.875 70.989
5 0.8879 6.342 77.331
6 0.7073 5.052 82.383
7 0.5273 3.767 86.149
8 0.4754 3.396 89.545
9 0.396 2.829 92.374
10 0.3072 2.194 94.568
11 0.2661 1.901 96.469
12 0.2193 1.566 98.035
13 0.1884 1.346 99.381
14 0.0867 0.619 100

mean BMI was 30.30 + 3.74(kg/m?), with many patients
found to be obese. The mean ESS score of this cluster was
8.40 + 3.45, making this cluster a population with a low ESS
score and a decreased likelihood to present with EDS symp-
toms among all clusters (Table 2). Yet, the AHI was 56.00 =
20.02(/h), representing severe apnea and hypopnea.

Cluster 3 (361 subjects, 35.3%); oldest age, obese, minimally
symptomatic, severe OSA

This cluster was centered on middle-aged patients with a mean
age of 55.24 + 13.29 years. The mean BMI of patients belong-
ing to this cluster was 25.15 + 3.48(kg/m?), indicating that
they were mildly overweight. The mean ESS score of this
cluster was 5.63 + 2.60, suggesting the most limited EDS
symptoms of all clusters (Table 2). The AHI was 31.34 +
15.53(/h), which was far below the overall mean for AHI.

@ Springer

This cluster was accordingly composed of non-obese OSA
patients, equivalent to mild-to-moderate symptoms (Table 3).

Cluster 4 (101 subjects, 9.9%); young age, obese,
symptomatic very severe OSA

This cluster was composed of relatively young patients with a
mean age of 42.71 £ 10.96 years. The mean BMI of these
patients was 36.87 + 6.04(kg/m?), indicating severe obesity.
The mean ESS score of this cluster was 13.70 +4.03, suggest-
ing the strongest EDS symptoms of all clusters (Table 2).
Accordingly, with an AHI of 68.20 £ 18.66(/h), this cluster
presented the most severe OSA of all clusters (Table 3).
Respiratory function testing with a FEV, (% of 77.61% did
not detect airflow obstructions, but the FEV, ; of 86.55% was
significantly lower than that in other clusters (Table 4). As
shown by the blood gas analysis, PaO, at 72.57 £ 9.00 Torr
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Fig. 2 Cluster analysis (k-means) a b
Cluster average
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was the lowest despite this group being the youngest of all
cluster populations. The PaCO2 was 47.88 + 5.43 Torr indi-
cating hypercapnia (Table 5). Blood tests also showed higher
levels than other clusters with the white blood count at 8.44 +
2.08/uL and h-CRP at 4.8 £ 12 pg/mL. GOT and GPT

Table 1  Patient characteristics

All clusters

N=1023
Age Year 51.41
Female Number 121
Sex (female) % 11.8
Smoker (n) 249
Ex-smoker (n) 262
Body mass index (kg/m?) 27.97
Neck (cm) 40.27
Waist (cm) 95.50
Hip (cm) 104.17
ESS score 9.65

ESS Epworth Sleepiness Scale

-2 0 2 4
Principle component 1

indicated hepatic dysfunction with 39.10 + 23.37 and 62.34
+43.37 U/L, respectively. T-Cho, LDL, HbAlc, and UA also
exhibited the highest values out of all clusters (Table 6).

Comparison of serum leptin and adiponectin levels

Serum leptin and adiponectin levels were determined in 167
patients whose samples were still available and compared be-
tween the four clusters (Table 6). Of the identified clusters,
Clusters 1 and 4 exhibited high leptin levels. Adiponectin/
leptin ratios and adiponectin levels showed no clear differ-
ences between the clusters.

Discussion

Summary of result

Four common factors (ESS, BMI, AHI, and PaCO2) were
extracted by principal component analysis, and the cluster

analysis revealed four clusters of various phenotypes with
different clinical features. The subjects were middle-aged
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Table 2  Summary of the main features in the identified clusters

Patient characteristics All clusters Cluster 1 Cluster 2 Cluster 3 Cluster 4
N=1023 N=290 N=271 N =361 N=101 p value

Age Year 5141 £ 1334 5182 + 1271 49.10 4+ 1293 5524 + 1329 4271 + 1096 <0.0001
Sex (F/M) 121 /902 29 /261 29/242 54 /307 9/92

Female % 11.8 10.0 10.7 15.0 8.9
Smoker n) 249 58 67 86 38
Ex-smoker (n) 262 82 46 110 24
BMI (kg/m?) 2797 + 528 2620 + 345 3030 + 374 2515 + 348 3687 + 6.04 <0.0001
Neck (cm) 4027 + 374 3936 + 305 4173 + 296 3859 + 318 4507 + 395 <0.0001
Waist (cm) 9550 £ 1329 9025 + 958 9973 + 972 8951 £ 1044 11522 + 1390 <0.0001
Hip (cm) 104.17 + 11.03 101.81 + 740 108.68 + 7.66 9830 =+ 869 12341 =+ 1093 <0.0001
ESS score 9.65 + 490 1440 + 3.15 840 + 345 563 <+ 260 1370 + 4.03 <0.0001

*ANOVA with Tukey with post hoc test, **Body Mass Index
ESS Epworth Sleepiness Scale

The cluster analysis identified four clusters. Compared with the Clusters 1 and 2, Cluster 3 was older and Cluster 4 youngest. There were no significant
differences in the male-female ratio or history of smoking between the clusters. The BMI values, as well as the neck, waist, and hip circumferences, were
the highest in Cluster 4. ESS scores were elevated in Clusters 1 and 4

patients around 50 years old, mostly male, tended to be obese, Our research was inspired by previous studies, and we
but did not tend to have high daytime sleepiness. As a result,  considered that phenotyping could influence the actual clini-
severe OSA was more frequent. cal practice. The anticipated result was that items that have

Table 3  Sleep characteristics

All clusters Cluster 1 Cluster 2 Cluster 3 Cluster 4 p value

N=1023 N =290 N=271 N=361 N=101
Awake (min) 7458 + 67.86 6723 £ 6429 78.18 + 71.84 80.94 + 6848 60.61 £ 61.11 0.0162
REM (min) 65.57 + 3423 7212 + 3482 57.68 + 33.04 6764 £ 3385 5869 + 3225 <0.0001
Awake (%) 1464 + 1353 1291 £+ 1236 1601 + 1522 1567 + 1337 11.78 <+ 11.69 0.0117
REM (%) 1280 + 854 1437 £+ 1234 1141 + 630 1294 <+ 637 11.19 =+ 635 0.0004
SPT 502.03 + 5474 509.73 + 4877 490.57 + 59.12 502.02 + 5857 51021 + 34.64 0.0004
TST 43984 + 8890 45257 + 8299 42628 + 9624 43612 + 88.60 453.65 + 80.48  0.0040
SE 0.87 + 0.14 0.89 + 013 0.86 + 0.14 0.87 + 014 0.89 + 0.14 0.1526
CA (%) 097 + 364 091 + 371 0.80 + 250 1.59 + 518 025 + 0.66 0.0118
OA (%) 2417 £ 1921 1720 + 1552 3227 + 1894 1521 + 1352 3782 + 2139 <0.0001
MA (%) 279 + 899 1.89 + 489 439 + 13.63 197 + 526 253 + 7.24 0.3506
Al (/h) 3052+ 25.02 2138 £ 1845 4923 + 2239 1829 + 1552 5927 + 2861 <0.0001
AHI (/h) 4743 £+ 2498 36.17 + 18.66 69.63 + 1519 31.74 <+ 1537 7630 + 21.55 <0.0001
ODI3 (/h) 4986 £+ 5437 3587 4+ 2923 73.65 + 5343 3274 £ 3381 9807 + 10832 <0.0001
Mean Sa02 (%) 9337 + 395 9463 + 251 91.78 + 355 9504 + 197 8801 <+ 6.52 < 0.0001
Arousal Index  (/h) 42.03 £+ 23.02 3416 + 17.02 5600 + 20.02 3134 £ 1553 6820 + 29.63 <0.0001

*ANOVA with Tukey’s post hoc test

REM, rapid eye movement; SPT7, sleep period time; 757, total sleep time; SE, sleep effect; CA, central apnea; OA, obstructive apnea; MA, mixed apnea;
Al apnea index; AHI, Apnea-Hypopnea Index; ODI, oxygen desaturation index

Of the enrolled OSA patients, 95 (9%) had mild (AHI 5-15/h), 200 (20%) had moderate (AHI 15-30/h), and 728 (71%) had severe (AHI > 30/h) OSA,
with a mean AHI of 47/h and a mean oxygen desaturation index of 50/h. Sleep-disordered breathing data (obstructive apnea (OA), apnea index (Al),
AHI, oxygen desaturation index 3%, mean SpO2, and arousal index) was the worst in Cluster 4, followed by Cluster 2
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Table 4 Lung function tests and arterial blood gas analysis
All clusters Cluster 1 Cluster 2 Cluster 3 Cluster 4 p value
N=1023 N =290 N=2T71 N =361 N=101
Lung function test
vC (% predicted) 113.21 + 47.60 11429 =+ 1425 10948 + 1430 11824 + 7636 10124 + 1630 0.0094
FVC (% predicted) 106.58 + 17.12 108.58 + 1824 10413 + 14.72 109.56 =+ 1655 96.13 + 17.14 <0.0001
FEV,, (% predicted) 100.19 + 16.59 103.10 + 1595 97.16 + 13.62 103.73 =+ 1698 86.55 + 1592 <0.0001
FEV 0% (%) 76.63 + 793 7691 <+ 710 7767 + 720 7539 £+ 851 7761 + 929 0.0035
MMF (% predicted) 79.59 + 2857 80.75 + 27.59 8030 + 2638 7995 + 3018 7291 + 3039 0.1249
V50 (% predicted) 69.98 + 24.11 71.39 + 2455 7190 + 22.62 6838 + 2388 6667 <+ 27.06 0.1214
V25 (% predicted) 44.12 + 20.51 4590 + 2122 4428 + 1836 43.11 + 2086 4230 + 2244 03016
Blood gas analysis
pH 7.40 + 0.03 740 + 0.02 740 + 004 741 + 0.03 739 + 0.02 <0.0001
PaCO2 (mmHg) 4343 + 407 4395 £+ 341 4296 £ 329 4212 + 371 4788 + 545 <0.0001
PaO2 (mmHg) 81.66 + 11.10 8277 + 10.88 80.07 =+ 1055 8451 + 1070 7257 + 9.00 <0.0001
HCO3 (mmoL/L) 2659 + 192 2672 + 171 2638 + 171 2621 + 1.88 2823 + 223 <0.0001
Sa02 (%) 96.17 + 157 9638 + 145 9586 + 1.63 9657 =+ 134 948 + 171 <0.0001

*ANOVA with Tukey’s post hoc test

VC, vital capacity; FVC, forced vital capacity; FEV, forced expiratory volume; MMF, maximal mi-expiratory flow

Although no ventilatory dysfunction was observed, the forced vital capacity (FVC) and the forced expiratory volume (FEV, o) were the lowest in Cluster
4. There were no significant differences regarding the peripheral airway obstruction. Overall, CO2 tended to be high with metabolic compensation.

Especially in Cluster 4, the mean value above 45 mmHg was substantially increased. Besides, oxygen at rest tended to be low in this cluster

been previously linked to the severity of OSA, such as age
[13], obesity [14], and daytime sleepiness [15], would be ex-
tracted as principal components. Previous reports made it clear
that it is important to distinguish OSA types by phenotype
[16]. However, these studies were not able to explain how
phenotype and endotype are linked to this disease. We suggest
that in all cases, the arterial blood gas analysis and leptin
measurements are important tests to clarify the impact of
OSA on respiratory control and lipid metabolism, i.e., the
relationships between phenotypes and endotypes.

Distinguishing factors of the identified
subpopulations

Interestingly, no significant differences between men
and women were observed for each cluster. Cluster 4
had a significantly higher rate of smokers (37%
smokers; 61% if ex-smokers were included). Cluster 1
(middle age, symptomatic severe OSA) and Cluster 4
(young, obese, symptomatic very severe OSA) exhibited
high leptin levels. C-reactive protein levels were also
elevated in Cluster 4. In this group, the CRP and leptin
levels were especially high indicating a different patho-
physiological background, such as systemic inflamma-
tion or metabolic disorder, which we believe increases
the cardiovascular risk [17]. Although not significantly
different, Cluster 4 did exhibit a notably abnormal

glucose tolerance. Counterregulatory hormones of insu-
lin and the sympathetic nervous system impair the glu-
cose utilization in brain tissue, reduce insulin secretion
in pancreatic (3 cells, and decrease insulin sensitivity in
peripheral tissues, thereby leading to abnormal glucose
metabolism [18].

Shortcomings of ESS and AHI in defining these
subgroups

The correlation of the ESS score to indices of sleep-
disordered breathing has been reported [12], but the
classification into phenotypes generated groups with no
correlation between the ESS score and severity of OSA.
This suggests that sleepiness is affected by multiple el-
ements, such as the duration of sleep, arousal response,
and hypoxemia, which are not well reflected by this
medical questionnaire.

Our data also show that severe OSA patients could
not be described by AHI alone. This is because it is not
possible to distinguish a disease state such as obesity
hypoventilation syndrome (OHS). OHS is defined as
hypoventilation (PaCO2 > 45 mmHg) and obesity
(BMI > 30), after the exclusion of other causes. The
direct measurement of CO2 levels is often difficult; nev-
ertheless, the assessment of ventilation abnormalities, as
performed in the present study, is essential for the
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Table 5 Blood chemistry analysis

All clusters Cluster 1 Cluster 2 Cluster 3 Cluster 4 p value

N=1023 N =290 N=271 N=361 N=101
WBC (x10% 6.89 + 1.92 6.46 + 1.86 7.42 + 192 6.40 + 1.56 8.44 + 2.08 <0.0001
RBC (x10% 4.76 + 049 4.73 + 047 4.80 + 046 4.66 + 049 5.11 + 0.50 <0.0001
Hb (g/dL) 1491 + 144 1487 + 127 1500 + 1.50 1466 + 1.48 15.65 + 1.35 <0.0001
Het (%) 4385 + 419 4361 + 3.74 4406 + 428 4321 + 422 4626 + 4.19 < 0.0001
Platelet (x10%uL) 25009 + 60.15 24545 = 5568 25172 =+ 5847 25125 + 63.92 25446 =+ 62.55 0.4985
T-Bil (mg/dL)  0.63 + 027 0.63 + 027 0.61 + 0.26 0.64 + 027 0.60 + 027 0.3994
AST (U/L) 2877 + 1575 2614 + 1190 31.81 + 1855 2567 + 1128 39.10 + 2337 <0.0001
ALT (U/L) 39.64  + 33.03 3458 + 2663 49.03 + 4066 3032 £+ 21.19 6234 + 4337 <0.0001
LDH (U/L) 188.57 + 6096 18233 + 3542 19795 + 9621 18044 =+ 41.07 21024 + 49.89 <0.0001
ALP (U/L) 23583 + 6898 22455 £ 6098 243.17 + 7125 23507 £ 70.69 250.51 =+ 73.50 0.0028
G-GTP (U/L) 6491 + 5936 5527 + 4181 7457 + 6326 6133 £ 6795 7935 + 51.17 <0.0001
T-Cho (mg/dL)  208.64 + 3854 20634 + 3598 21087 + 3691 20594 + 4126 218.69 + 3811 0.0194
HDL (mg/dL)  49.16 + 1287 4981 + 13.18 4535 + 992 5270 + 1429 4463 + 899 <0.0001
LDL (mg/dL) 12224 + 3438 121.01 + 3221 12382 + 3396 11953 + 3551 131.56 + 35.84 0.0239
TG (mg/dL) 18779 + 12952 17858 + 11530 21440 + 159.88 17025 + 118.04 206.58 + 102.11 0.0002
FBS (mg/dL) 113.06 + 3228 10941 =+ 29.60 119.02 + 37.52 109.70 + 2597 11933 + 40.87 0.0014
HbAlc (%) 5.69 + 093 5.59 + 0.79 5.76 + 0.88 5.54 + 091 6.24 + 1.16 0.0014
BUN (mg/dL) 1486 + 9.87 1541 + 1342 1467 + 6.08 1510 + 10.04 1299 + 3.18 02174
Creatinine (mg/dL)  0.88 + 0.84 091 + 0.85 0.94 + 1.14 0.84 + 0.68 0.80 + 0.14 0.3503
UA (mg/dL)  6.20 + 1.46 6.07 + 145 6.57 + 1.36 5.87 + 141 6.83 + 1.54 < 0.0001
BNP (pg/mL)  30.69 + 8147 2910 =+ 61.62 4022 =+ 12592 2836 + 51.88 11.81 + 13.12 0.6852
IgE (IU/mL)  226.05 + 311.73 4000 <+ 9.64 16400 + 211.39 12838 + 129.56 56840 =+ 477.03 0.0705
h-CRP (ng/mL) 1616  + 3898 1472+ 3489 2029 + 1938 1121 + 1901 4786 £ 12,132 <0.0001

*ANOVA with Tukey’s post hoc test

WBC, white blood cells; RBC, red blood cells; /b, hemoglobin; Het, hematocrit; 7-Bil, total bilirubin; AS7, aspartate aminotransferase; ALT, alanine
aminotransferase; LDH, lactate dehydrogenase; ALP, alkaline phosphatase; G-GTP, gamma-glutamyl transferase; 7-Cho, total cholesterol; HDL-C,
high-density lipoprotein cholesterol; LDL-C, low-density lipoprotein cholesterol; 7G TG, triglyceride; FBS, fasting blood sugar; HbAIc, hemoglobin
Alc; BUN, blood urea nitrogen; UA, uric acid; BNP, brain natriuretic peptide; /gE, immunoglobulin E; #-CRP, high sensitive C-reactive protein; eGFR,

estimated glomerular filtration rate

The white and red blood cell count, as well as the hemoglobin levels, were increased in Clusters 2 and 4. Similarly, liver function parameters, uric acid
levels, and the values of a high-sensitivity test that detect C-reactive protein (CRP) were increased, particularly in Cluster 4

determination of OSA severity. There are also differ-
ences in the metabolic dysfunction in each cluster so

Table 6  Adipokines

that it is difficult to determine the disease prognosis
by AHI alone neither.

All clusters Cluster 1 Cluster 2 Cluster 3 Cluster 4 p value
N=167 N=68 N=31 N=55 =13
Leptin (ng/mL) 845 + 691 7.1 =+ 547 1215 + 6.69 577 =+ 498 1801 =+ 9.65 <0.0001
Adiponectin (ug/mL) 4.24 + 457 373 % 257 472 + 6.11 496 =+ 576 277 + 1.58 0.2746
Leptin/adiponectin  3.55 + 487 295 =+ 394 454 + 329 208 =+ 287 1059 =+ 10.44 0.0013

*ANOVA with Tukey’s post hoc test

Serum leptin and adiponectin levels were determined in 167 patients whose samples were still available and compared between the four clusters
(Table 6). Of the identified clusters, Clusters 1 and 4 exhibited high leptin levels. Adiponectin/leptin ratios and adiponectin levels showed no clear
differences between clusters
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Subgroup-specific links to adipokines

Obesity is a major factor for developing OSA; therefore,
adipokine is critical in OSA pathophysiology. Most im-
portantly, adipokine-leptin is closely related not only to
obesity but also to the ventilation response. As a result,
OSA patients have an increased leptin resistance as not-
ed in past reports [19]. Leptin, however, was not a
sufficient biomarker. This study classified the patients
into characteristics and compared the leptin levels. We
believe that leptin may be useful as a biomarker for
OSA if such phenotyping is used.

Consequences for clinical practice

To improve patient’s outcome, physicians would want to
identify patients who would respond best to continuous posi-
tive airway pressure (CPAP) therapy and the patients that are
at most risk for cardiovascular disease. In our study, we hy-
pothesized that the effects of CPAP were high in groups that
had metabolic dysfunction or central nervous system resis-
tance to leptin’s ventilation promoting effect. We also hypoth-
esized that these groups could have reduced cardiovascular
risk [20-22].

In this context, the extent to which CPAP therapy ensures a
sufficient sleep duration should be taken into consideration. A
short sleep duration results in lower leptin and elevated ghrelin
levels, increasing the appetite and, thus, causing a vicious
cycle with the progressing obesity [23].

A limitation of this study is that it is a retrospective
study and that the sample size is small. Also, we did
not consider the daily sleep duration or complications
such as hypertension, cardiovascular disease, and diabe-
tes. Prospective studies regarding the effects of CPAP
therapy are needed.

Conclusion

The existence of multiple clinical phenotypes suggests that
different pathophysiological backgrounds exist, such as sys-
temic inflammation and metabolic disorder. This classifica-
tion may be used to predict the efficacy of continuous positive
airway pressure treatment that cannot be determined by the
AHL
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