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Mechanism of OSA Consequence

Obstructive sleep apnea (OSA)

l l l

Intrathoracic pressure swings Recurrent arousals Intermittent hypoxia
/ Oxidative stress
+ 8-isoprostanes > |
\ / INOx
Sympathetic activation l I
Increased l Inflammation :
transmural proinflammatory cytokines,

endothelial cells, t+ CRP, adhesion

— molecules, activated leukocytes
coagulation disorders

(1 fibrinogen, activated platelets)

gradients Insulin resistance
Dyslipidemia
Metabolic syndrome

NO | |

v — " Hypertension
Excessive vessel «+— Endothelial dysfunction B
shear stress

Atherosclerosis e

|

Cardiovascular morbidity

Jullian-Desayes | Sleep Medicine Reviews 2014
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Prediction of OSA (AHI210) :38-Feats vs 10-Feats

ROC curve
1.0 A e . -7
" ’/’
0.8 1 ,/”’
g e
< 0.6 e
o 0.4 1 / ,//
g /
J ,,’
0.2 f ’/”
; /// —— SVM (38 features), AUC: 0.8271
004 » SVM (10 features), AUC: 0.8210
O.IO 0.I2 O.'4 0.r6 018 le
False positive rate
38-Feat 0.827 0.780 0.835 0.649 0.850 2.379 0.254
10-Feat 0.821 0.774 0.844 0.609 0.835 2.159 0.256

Huang WC in preparation



Phenotyping with Multiple Trait: Sleep Disturbance, Sleepiness,
Co-morbidities

* 822 moderate-to-severe OSA (AHI>15/hr) clustered with Latent class analysis (LCA)

\ELE 1 Demographic and clinical characteristics of the total cohort and by clusters

Total cohort Cluster 1 Cluster 2 Cluster 3 p-value
Subjects n 822 269 203 350
% of total 100 32.7 24.7 42.6
Males n (%) 666 (81.0) 211 (78.4) 170 (83.7) 285 (81.4) 0.336
Age years 54.5+10.6 54.1+11.0 56.6+10.3 53.6+10.3 0.005
BMI kg-m™2 33.5+5.7 33.315.6 33.0+5.6 34.0+5.8 0.130
AHI events-hour™’ 44.9+20.7 43.8+20.4 43.1+18.9 46.7+21.7 0.181
0DI events-hour™' 35.5+20.2 34.0+18.4 33.5+18.9 J7.8-E21.9 0.117
Minimum oxygen saturation % 76.2+8.0 76.5+7.8 76.7+7.7 75.7+8.4 0.385
SF-12 physical component score 40.3+10.9 39.7+£10.5 45.4+9.9 37.7+£10.7 <0.001
SF-12 mental component score 48.3+10.9 46.9+11.2 52.94+9.6 46.6+10.7 <0.001

Cluster 1 Disturbed sleep group
Cluster 2 Minimally symptomatic group
Cluster 3 Excessive daytime sleepiness group

Conditional Probability of 12 Symptoms within Cluster

- #-- Disturbed sleep group —#— Minimally symptomatic group -~ Excessive daytime sleepiness group

Doze off while driving

Have difficulties falling
alseep at night

Wake up too early

Wake up often during the
night

Perspire heavily during the
night

Restless during sleep i sleep

Breathing pauses at night

Ye L. 2014 Eur RespirJ



Phenotyping with Multiple Trait: Symptoms, Co-morbidities,
and Anthropometrics

18,263 moderate-to-severe OSA (AHI215/hr) clustered with multiple
correspondence analysis (MCA)

Table1 Patlenlscharaclerlstlcsoflheenllrecohorland by clusters Anthropometrlc and demographm characterlsllcs

All clusters

N = 18,263
Age (years) 59 [50; 67]
Gender (male) 13,465 (73.8)
BMI (kg/m?) 31 [27;36]
Waist circumference (cm) 109 [100;120]
Sedentary 3071 (16.8)
Current smoker 2838 (15.5)
Former smoker 5366 (29.4)

Systolic Blood pressure (mmHg) 130 [125;140]

Diastolic Blood pressure (mmHg) 80 [70:86]

Cluster 1
N = 1,823

48 [41,55]

1,427 (78.3)

29 [26;35]

104 [96;116]

233 (12.8)
562 (30.8)
338 (18.5)

130 [120;140]

80 [70;86]

Table 2. Patients characteristics of the entire cohort and by clusters: Co-morbidities. Values in Numbers (%).

Cardiovascular and metabolic co-morbidities
Coronary heart disease
Arrhythmias
Stroke
Heart failure
Hypertension
Diabetes
Dyslipidemia

Other co-morbidities
Respiratory co-morbidities *
Depression

All clusters
N = 18,263

1402 (7.7)
1562 (8.6)
594 (3.3)
538 (2.9)
8462 (46.4)
2683 (14.7)
5552 (30.4)

1171 (6.4)
2573 (14.1)

Cluster 2 Cluster 3 Cluster 4 Cluster 5
N = 4,200 N = 3,363 N =2,715 N = 3,511
63 [56;71] 66 [60;74] 49 [40;57] 56 [48;63]
3,138 (74.7) 2,349 (69.8) 2,209 (81.4) 2,432 (69.3)
31 [27;35] 33 [29;38] 28 [25;33] 31 [27;36]
108 [100;119] 115[106;124] 100 [92;111] 108 [99;118]
272 (6.5) 1021 (30.4) 90 (3.3) 538 (15.3)
357 (8.5) 207 (6.2) 721 (26.5) 632 (18)
1156 (27.5) 1570 (46.7) 324 (11.9) 912 (26)
130 [130;140] 140 [130;147] 130 [120;140] 130 [124;140]
80 [70;84] 80 [70;85] 80 [70;80] 80 [70;88]
Cluster 1 Cluster 2 Cluster 3 Cluster 4 Cluster 5
N =1,823 N = 4,200 N = 3,363 N =2,715 N = 3,511
19 (1) 295 (7) 642 (19.1) 17 (0.6) 101 (2.9)
28 (1.5) 343 (8.2) 689 (20.5) 22 (0.8) 139 (4)
13 (0.7) 141 (3.4) 244 (7.3) 10 (0.4) 63 (1.8)
11 (0.6) 116 (2.8) 250 (7.4) 10 (0.4) 54 (1.5)
254 (13.9) 2050 (48.8) 2857 (84.9) 115 (4.2) 1203 (34.3)
44 (2.4) 408 (9.7) 1306 (38.8) 7 (0.3) 221 (6.3)
195 (10.7) 922 (22) 2090 (62.1) 104 (3.8) 834 (23.8)
56 (3.1) 229 (5.5) 388 (11.5) 56 (2.1) 178 (5.1)
229 (12.6) 325 (7.7) 604 (18) 142 (5.2) 578 (16.5)

Cluster 6
N = 2,642
60 [54;66]
1,910 (72.3)
33 [29;37]
113 [104;122]
917 (34.7)
360 (13.6)
1068 (40.4)
140 [130;150]
80 [70;90]

Cluster 6
N = 2,642

328 (12.4)
341 (12.9)
124 (4.7)
99 (3.7)
1988 (75.1)
697 (26.4)
1407 (53.3)

264 (10)
698 (26.4)

Table 3. Patients characteristics of the entire cohort and b clusters: Sleen characteristics. 0SAS svmotoms and functional scales.

Sleep characteristics
seli-reporiea sieeo aurauor (hours)
Short sleeper (<6h)
Intermediate sleeper (6h-9h)
Very long sleeper (>9h)
AHI (/)
ODI (/h)

Time spent with nocturnal Sa02 below 90% (%)

OSAS symptoms
Snoring
Self-declared daytime sleepiness
Morning fatigue
Nocturia
Headaches
Near miss accident

Functional scales
Pichot Scale
Depression scale
Epworth scale

All cluster
N = 18,263

7 [6; 8]
1465 (8)
8558 (46.9)
1516 (8.3)
35 [26; 51]
27 [16; 45]
34[9; 104]

16955 (92.4)
14451 (79.2)
12740 (69.8)
10647 (58.3)
6578 (36)
1389 (7.6)

13 [6; 20]
3[1;7]
10 [6; 14]

Cluster 1
N=1,823

7 [6;8]

168 (13.2)
970 (76.1)
136 (10.7)
31.6 [22;47]
23 [13;40.9]
20 [5;72]

1818 (99.7)
1812 (99.4)
1770 (97.1)
1060 (58.1)
1567 (86)
348 (19.1)

16 [9;22]
4[1;7]
12 [8;15]

Cluster 2
N = 4,200

7.5[6.5:8]
206 (11)
1429 (76.3)
239 (12.8)
34 [26;47.4]
26 [15.9:41]
32[9:91]

3314 (78.8)
2261 (53.8)
1618 (38.5)
1670 (39.7)
446 (10.6)
77 (1.8)

7.5 [3;14]
2[0;5]
8[5;12]

Cluster 3
N = 3,363

7.5[6:8]
284 (12.1)
1662 (71.1)
393 (16.8)
40 [30;55]
33 [21;50]
59 [18;148]

3226 (95.9)
2755 (81.9)
2293 (68.2)
2695 (80.1)
632 (18.8)
133 (4)

12 [6;19]
3[1;7]
9 [6;13]

Cluster 4
N =2,715

7 [6;8]

175 (11.8)
1190 (80.5)
113 (7.6)
31 [22;42]
21 [11.8;35]
15 [4;50]

2484 (91.5)
1856 (68.3)
1612 (59.4)
672 (24.7)
667 (24.6)
158 (5.8)

10 [4;17]
2 [0;5]
10 [6;14]

Cluster 5
N = 3,511

7 [6;8]

342 (13.6)
1860 (73.8)
317 (12.6)
34 [25;50]
25 [14.2;42]
29 [8;89]

3434 (97.8)
3197 (91.1)
2975 (84.7)
2361 (67.2)
1544 (44)
305 (8.7)

14 [8;20]
411;7]
11 [7:14]

Cluster 6
N = 2,642

7 [6:8]

290 (14.1)
1447 (70.4)
318 (15.5)
39 [29;58]
31 [18;51]
49 [15;130]

2614 (98.8)
2577 (97.4)
2480 (93.7)
2194 (82.9)
1726 (65.2)

368 (13.9)

16 [10;22]
5 [2;8]
11 [7:14]

Bailly 2016 PLoSONE






Table 1: Demographic and clinical characteristics of the ISAC symptom clusters

Phenotyping with Complex Trait: Sleep Disturbance, Sleepiness,
Co-morbidities PAP Adherence

Baseline Characteristics

Variable overall Disturbed  Minimally Sleepy .
Sleep Symptomatic

N (%) 706 (100) 229(324) 170(24.1) 307 (43.5) -
Male, % 80.6% 77.7% 84.1% 80.8% 0.278
Age, years 5471103 5441108 56.8+10.0 53.8+10.0 0.008
BMI, kg/m” 33.615.7 33.7+56 33.0+54 340x59 0.194
AHI, events/hour 459+19.9 448+188 43.6+180 479+215 0.135
ODI, events/hour 36.31£19.8 344+174 3451186 3871219 0.132
Sa0, Nadir 76.11£8.1 764179 765176 755185 0.447
% Time Sa0,<90 14.1+18.2 13.3+18.7 124+16.2 1571188 0.166
SF-12 Physical’ 40.1£11.0 39.7+10.7 4521100 37.6x10.7 <0.0001
SF-12 Mental’ 48.3+10.7 47.2+11.1 52.7+98 46.8+10.2 <0.0001

Table 3: Comparisons of PAP adherence and usage among symptom clusters

Variable

Symptom Clusters

Minimally

Disturbed Sleep Symptomatic Sleepy
N (%) 229 (32.4) 170 (24.1) 307 (43.5)
Any PAP Usage, n (%) 140 (61.1) 102 (60.0) 215 (70.0) 0.034'
PAP Usage Group, n (%) 0.085
Full User 112 (48.9) 84 (49.1) 165 (53.8)
Partial User 28 (12.2) 18 (10.6) 50 (16.3)
Non-user 89 (38.9) 68 (40.0) 92 (30.0)
Hours PAP Usagei
Mean £ SD 6523 6.2+1.7 6.4+1.9 0.596
Median (Range) 6.9(0.1,10.4) 6.5(0.3,9.7) 6.9(0.6,10.4) 0.160
Nights PAP Used®
Mean £ SD 24.2+6.6 23.8+6.2 245%5.9 0.720
Median (Range) 28 (1, 28) 26 (1, 28) 27 (2, 28) 0.183

=c

Pien G W 2017 Sleep



Changes in Symptoms within and between Cluster

Estimate (95% ClI)

. - . N FE
Pairwise Differences Estimates

Overall
Symptom Measures Disturbed Minimally ®
Sleep (DS) Symptomatic (Ms) Sleepy (S) p DS vs. MS DSvs. S MSvs. S
Epworth Sleepiness Scale -2.06 (-2.64,-1.48)° -1.33(-2.00,-0.66)° -5.31(-5.81,-4.81)° <0.0001 -0.19(-0.42,0.04) 0.84(0.65 1.04)" 1.03(0.82,1.25)
. !feelsleepy during the day 0.94 (-1.13,-0.75)° -0.68(-0.91,-0.46)° -1.41(-157,-1.24)° <0.0001 -0.22(-0.47,0.03) 0.40(0.18 062)" 062(0.38,0.86)"
g ) - )
& 'fa't'ha:';ae‘f involuntarily during 44 (.0.21,0.13)  -0.04(-0.24,0.16) -1.31(-1.45,-1.16)° <0.0001  0.00(-0.24,025) 1.18(0.97,1.39)" 1.18(0.94, 1.41)"
i
2
@ | fall asleep if I relax (TV) -0.56 (-0.73,-0.39)° -0.58(-0.78,-0.39)° -1.21(-1.36,-1.07)° <0.0001  0.02(-0.19,0.23)  0.53(0.35,071)" 051(0.31,0.70)
I take a nap during the day 0.48 (-065,-0.30)° -0.01(-0.22,0.19) -0.58(-0.73,-0.43)° <0.0001 -0.36 (-0.56,-0.15)" 0.08(-0.10,0.26) 0.44(0.24,0563)"
I doze off at the steering wheel
oze Ol atthe steering WNeel 4 11 (93 0.02)  -0.09(-0.24,0.05) -0.82(0.92, 071 <0.0001 -0.02(-0.26,023) 092(0.71,1.13)" 094(0.71,1.17)"
when driving
I feel physically tired during th
egas Ysically tired dUMNgTe ) 67 (-1.25,-0.88)° -0.53 (-0.74,-0.32)° -1.54(-1.70,-139)° <0.0001 -0.48 (-0.73,-0.23)' 0.43(0.21, 0.64)7 0.91(0.67, 1.15)"
° ! haa"ten?g:tcu“'es falling asleep ;g (-0.44,-013)° -0.03(-0.21,015)  -0.01(-0.14,0.13) 0021 3 e s
T U RIS ]
g o2 0.54 (-0.73,-0.35)°  0.09(-0.13,0.31) -0.04(-02,013) <0.0001 -0.46 (-0.68,-0.25)" -0.37(-0.55,-0.19)" 0.09 (-0.11, 0.29)
K fall back to sleep
I wake up often during the night  -0.90 (-1.1, -0.69)°  -0.26 (-0.50,-0.03)  -0.92(-1.1,-0.74)° <0.0001 -0.46 (-068,-0.23)" 002 (-0.18,021) 0.47(0.26,0.69)"
@ M+ MORONO -1.25 (-146,-1.05)° -0.13(-0.37,0.11) -1.10(-1.27,-0.92)° <0.0001 -0.81(-1.04,-0.59)" -0.11(-0.31,0.08) 0.70(0.49,091)"
| feel rested when | wake up 1.27(1.07, 1.47)° 052 (0.29, 0.74)° 169(152,1.86)° <0.0001 0.60(0.36,0.83)" -0.34(-054,-0.13)" -0.93(-1.16,-0.71)"
1 wake up suddenly and feel as if 5 5 1 1
; 0.51 (-065,-0.37)° -0.04(-0.20,0.12) -0.53(-0.65,-0.41)° <0.0001 -0.55(-0.80,-0.30)" 0.03(-0.19,0.25) 0.58(0.35, 0.82)
Hime ST
I have been told that | st
g VBN UEL S 1.29 (-155,-1.04)° -1.32(-1.62,-1.03f° -1.77(-1.99,-155° 0.009  0.02(-0.25029) 0.32(0.08,056)" 0.30(0.05,0.56)
T breathing at night
2 Anyloud snoring 0.02(0.01,007)°  0.06(0.02,0.17)° N/A N/A 0.35(0.11, 1.09) N/A N/A
I snore loudly and it disturbs my 5 5 5 q q
0.10(0.05, 0.19, 0.14 (0.07,0.28 0.02(0.01,0.05 <0.0001  070(0.30,1.66) 5.01(2.11,11.9)" 7.14(2.86,17.8
OB &0 ( ) ( ) ( ) ( ) ( ) ( )
My nose is congested at night -0.28 (-0.48, -0.08)§ -0.25 (-0.48, -0.02) -0.54(-0.71, -0.37)§ 0.065 3 3 3
I wake up with a headache 030 (-042,-017)° -0.08(-0.23,007) -050(-0.61,-0.39)° <0.0001 -0.23(-0.44,-0.03) 0.21(0.04,039) 0.44(025,064)
5 | ire heavily during th
= per:is;":e eI -0.90 (-1.08,-0.72)° -0.26 (-0.47,-0.05) -0.65(-0.81,-0.5° <0.0001 -0.49 (-0.70,-0.28)" -0.19 (-0.37,-0.01) 0.30(0.10, 0.50)"
o
o3

Presence of RLS

0.43(0.26, 0.72)°

0.57(0.25, 1.26)

0.33(0.21,0.52)°

0.445

©3

©3

Changes in Co-morbidities, BMI, BP, and QoL Among Clusters

Table 5: Adjusted models for changes in comorbidities, BMI, blood pressure and quality of life within and between symptom clusters

(6]

Estimate (95% Cl) overal Pairwise Differences Estimates
Measure Disturbed Minimally )
Sieep 05] Symptomatic (V) Sleepy () p DS vs. MS DSvs. § MSvs.§

Hypertension 067(032,141)  225(093,540)  097(052,18) 0116 o) & o
Cardiovascular Disease 065(0.18,233)  5.40(134,218  116(037,3.64)  0.083 3 3 (4
Obstructive Lung Disease ~~ 138(0.58,3.28)  1.12(037,341)  1.11(052,235) 0925 ™ &) o
Diabetes Mellitus 207(051,840)  4.15(0.69,25.1) N/A N/A  050(0.054.66) N/A N/A

Body Mass Index 066(037,0%)  066(032,101  035(009,060  0.188 ) e &
Diastolic Blood Pressure ~~ 0.11(-137,1.16) -258(-4.06,-110] -281(38,-L71 0004  026(006,046)' 028(0.11,046) 0.02(0.17,0.22)
Systolic Blood Pressure 201(0.20,3.81)  -0.41(-253,170) 131(-025,2.88) 0223 @ “ G

SF-12 Physical Component
SF-12 Mental Component

0.96-0.27, 2.20)

3.26(1.77, 475

1.23(-01, 267)

0.61(-1.12,235)

182(377,588  <0.0001 -0.03(0.22,0.16) -0.38(-0.55,-022)" -036(-053,-0.18)'

280(1.53, 407

0.057

€4

(64 (Cf

Pien G W 2017 Sleep
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A Higher Proportion of Metabolic Syndrome
in Chinese Subjects with Sleep-Disordered
Breathing: A Case-Control Study Based on
Electrocardiogram-Derived Sleep Analysis

Ping-Huei Tseng’, Pei-Lin Lee'?, Wei-Chung Hsu'-??, Yan Ma®*, Yi-Chia Lee’, Han-
Mo Chiu', Yi-Lwun Ho', Ming-Fong Chen', Ming-Shiang Wu'*, Chung-Kang Peng*

Table 3, Logistic regression analysis for sleep-disordered breathing based on metabolic parameters.

Univariate analyses Multivariate analyses
Variables Crude OR 95% CI Povalue* Adjusted OR 95%Cl P-value*
BMI 1.27 1.10-1.46 001
Waist circumference 1.10 1.04-1.16 <,001 110 1.04-1.16 001
Systolic blood pressure 1.03 1.00-1.05 03
Fasting blood glucose 1.03 1.01-1.05 01

Table 4. Comparison of metabolic syndrome and its various components between subjects with sleep-disordered breathing and the control

group.

Metabolic syndrome component SDB (n=40) Control (n=80) OR(CI) P-value*
Waist circumference (central obesity) 29(725) 34 (425) 36(1.6-8.1) 002
High blood pressure 19(475) 29(36.3) 06(0.7-34) 2
Low HDL 14(35.0) 21(26.9) 15(0.7-34) 32
Hyperglycemia 18 (45.0) 21(26.3) 2.3(1.0-5.1) 04
Hypertriglyceridemia 17(425) 29(36.3) 13(0.6-28) 50
Number of MS components 24116 1.7¢14 . 01
Matabolic syndrome 18(45.0) 18(22.5) 28(1.2-6.9) 01

Tseng PH PLoS ONE 2016



