
劉劉⽂文德醫師

臺北醫學⼤大學  睡眠研究中⼼心 研發主任/呼吸治療學系 副教授 
衛⽣生福利利部雙和醫院/臺北醫學⼤大學附設醫院 胸腔內科/睡眠中⼼心 主治醫師

e-mail: lion5835@gmail.com

結合穿戴式裝置與⼈人⼯工智慧應⽤用於睡眠呼吸障礙

跨領域學習講座

mailto:lion5835@gmail.com




• 睡眠障礙問題：超過三成⼈人⼝口。

• 睡眠障礙問題：流⾏行行率⾼高、併發症嚴重、危險因⼦子及
共病多且複雜

• ⽬目前相關研究多侷限「橫斷⾯面」分析：
- 診斷技術複雜且不便便
- 診斷缺乏真正的黃⾦金金標準
- 病患治療意願不⾼高

⾯面臨臨的問題



關於睡眠

我們真正在意的是？



打鼾

併發症

關於睡眠

我們真正在意的是？

睡眠不⾜足    

⼯工作表現

情緒控制



最常⾒見見的睡眠疾病

失眠

睡眠呼吸中⽌止症
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阻塞型睡眠呼吸中⽌止症



睡眠時發⽣生的不正常呼吸 
Sleep related breathing disorders

• Abnormal respiratory pattern: 
– Apneas 
– Hypopneas 
– Respiratory effort related arousals 

• Abnormal reduction in gas exchange: 
– Hypoventilation 

During Sleep

Sleep apnea
Obstructive sleep apnea (OSA)
Central sleep apnea (CSA)
Mixed sleep apnea (MSA)



正常呼吸 呼吸費⼒力力 呼吸不⾜足 停⽌止呼吸

http://www.google.com.tw/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&docid=3jvOy47KF0-IdM&tbnid=naf3p0LuvKiVRM:&ved=0CAUQjRw&url=http%253A%252F%252Fwww.docstoc.com%252Fdocs%252F39372806%252FThe-Fundamentals-of-Sleep-and-Obstructive-Sleep-Apnea&ei=0hKAUcjUFYrUkAWk94GoAw&psig=AFQjCNGOBUS5iGAf8E7GUWnuVYl-sUTSdw&ust=1367434315083321


睡眠多項性⽣生理理檢查 
Polysomnography





造成 
阻塞型睡眠呼吸中⽌止症 

的原因？



Retrognathia

•More retrograde or posteriorly positioned tongue 
•Easier for the tongue to fall back and block the oropharynx 
(when pharyngeal muscles relax)



Macroglossia

•Down syndrome 
•Hypothyroidism 
•Acromegaly



Neck circumference

•Greater than  
- 17 inches in men 
- 16 inches in women 

Highly correlated with obstructive 
sleep apnea



Effects of Nasal Cycling on Sleep-Disordered Breathing

Nasal cycling : 
Alternation of the degree of congestion between nares
Autonomic response originate from the hypothalamus
Normal event throughout the day and during the sleep
One side of nasal cavity mucosa becomes more swollen ! diminished airflow 
through the obstructed naris



Correlation with obstructive sleep 
apnea
(1) Nasal septum abnormalities
(2) Open space in the oropharynx 
  -- Tongue, soft palate, hard palate, uvula, tonsils
(3) Mandible : retrognathia 
(4) Tongue size : macroglossia
(5) Neck circumference: shorten or widen 

Mallampati Score
Class 1 Normal,  all five structures visible

Class 2 All five structures identified, but only the 
upper portions of the tonsils and uvula 
visible

Class 3 Only the tongue, the soft and hart palate 
and the base of uvula to be seen

Class 4 Only the hard palate and tongue to be seen
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阻塞型睡眠呼吸中⽌止症 
會有哪些症狀狀？



阻塞型睡眠呼吸中⽌止症的合併症狀狀

夜間多尿尿

喝太多⽔水？ 

膀胱功能異異常？ 

腎功能不好？ 

攝護腺肥⼤大？



阻塞型睡眠呼吸中⽌止症的合併症狀狀

夜間多尿尿

呼吸暫停：
缺氧導致 
肺臟⾎血管收縮

⽤用⼒力力吸氣：
增加回流 
⼼心臟的⾎血流量量

右⼼心壓⼒力力
與體積增加：
產⽣生⼼心房利利納素



Sleep Apnea Syndrome with  
Cardiovascular/Cerebrovascular Risks



Sleep vs. Cognitive function



!24Science. 2013 Oct 18;342(6156):373-7

• In live mice, we show that natural sleep or 
anesthesia are associated with a 60% increase 
in the interstitial space, resulting in a striking 
increase in convective exchange of 
cerebrospinal fluid with interstitial fluid. 

• In turn, convective fluxes of interstitial fluid 
increased the rate of amyloid-beta clearance 
during sleep.

Sleep Drives Metabolite Clearance from the Adult Brain



β-Amyloid accumulation in the human brain after 
one night of sleep deprivation 

Proc Natl Acad Sci U S A. 2018 Apr 24;115(17):4483-4488. Sleep Med. 2018 Mar;43:71-76.

Elevated tau concentrations 
in adults with OSA

Biomarkers of Alzheimer Disease in Children with Obstructive Sleep Apnea: 
Effect of Adenotonsillectomy

Sleep. 2016 Jun 1;39(6):1225-32.
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Biomarkers of Alzheimer Disease in Children with Obstructive Sleep 
Apnea: Effect of Adenotonsillectomy

CO: control, OB: obesity, OSA: obstructive sleep apnea

Treatment of OSA with 
adenotonsillectomy resulted in 
significant Aβ42 reductions 

AB42: Amyloid beta 42



阻塞型睡眠呼吸中⽌止症

診斷        ⽣生活習慣 + 病情追蹤

睡眠檢查、呼吸器、⼿手術治療、牙套等，還有哪些可以做的？



主 / 客觀數據 
環境因素

選出影響因⼦子

確立模型預測

提出改善策略略 
⽅方向 / 具體⽅方法

回饋調整變項 
減少變項 增加變項





阻塞型睡眠呼吸中⽌止症：四個⽣生活習慣

環境與慢性⿐鼻炎 胃食道逆流

規律律運動 ⼝口腔舌咽咽肌⾁肉訓練



阻塞型睡眠呼吸中⽌止症：四個⽣生活習慣

胃食道逆流環境與慢性⿐鼻炎

規律律運動 ⼝口腔舌咽咽肌⾁肉訓練



慢性⿐鼻炎、⿐鼻竇炎、張⼝口呼吸

⿐鼻塞的病患容易易改成張⼝口呼吸，導致⼝口腔、咽咽喉乾燥，黏膜損傷，咳嗽受體
及感覺神經變的異異常敏感，⼀一旦說話或⼀一點點⿐鼻涕倒流，便便容易易引起咳嗽。



阻塞型睡眠呼吸中⽌止症的合併症狀狀

胃食道逆流



•治療胃食道逆流可有效改善慢性⿐鼻炎與⿐鼻涕倒流

•胃內容物並未發現直接逆流⾄至⿐鼻腔的現象

•胃食道「反射 reflex」可造成⿐鼻腔內充⾎血腫脹的現象，並增加呼吸
道分泌泌物

胃食道逆流 與 慢性⿐鼻竇炎

氫離⼦子引發神經物質
（ H+ induced sensory neuropeptides）

神經性發炎
（Neurogenic inflammation）

咳嗽閥值改變
（Cough receptor threshold）



惡惡性循環

上呼吸道狹窄症候群 / 阻塞型睡眠呼吸中⽌止
(氣流受限覺醒RERAs)

胃食道逆流 與 慢性⿐鼻竇炎



如何預防胃食道逆流



阻塞型睡眠呼吸中⽌止症：四個⽣生活習慣

胃食道逆流環境與慢性⿐鼻炎

規律律運動 ⼝口腔舌咽咽肌⾁肉訓練



Am J Respir Crit Care Med Vol 179. pp 241–246, 2009



J Physiol. 2013 Mar 1;591(Pt 5):1179-93.

http://www.ncbi.nlm.nih.gov/pubmed/?term=Role+of+nocturnal+rostral+fluid+shift+in+the+pathogenesis+of+obstructive+and+central+sleep+apnoea#


阻塞型睡眠呼吸中⽌止症：四個⽣生活習慣

胃食道逆流環境與慢性⿐鼻炎

規律律運動 ⼝口腔舌咽咽肌⾁肉訓練



⼝口咽咽運動（Oropharyngeal Exercises)可有效改善中等嚴重度阻塞
型睡眠呼吸中⽌止症之呼吸中⽌止程度、⽩白天嗜睡、打鼾嚴重度

Chest. 2015 Sep;148(3):683-91.Am J Respir Crit Care Med. 2009 May 15;179(10):962-6.

迪吉⾥里里杜管 (Didgeridoo) 做為治療 
阻塞型睡眠呼吸中⽌止症的另類療法

BMJ. 2006 Feb 4;332(7536):266-70.









Annual air pollution exposure vs. blood pressure

Sleep-disordered breathing Air pollution

Cardiovascular disease

Effects of COMMUTING MODE 
on air pollution exposure and 
cardiovascular health among 
young adults in Taipei, Taiwan

Wen-Te Liu et al., 
Int J Hyg Environ Health. 2015 
May;218(3):319-23.

HRV index Walking: PM2.5



Decrease in cardiac contractility?
Shifting of ANS to parasympathetic 
nerve system?

Severe sleep apnea 
(AHI ≥ 30)
⬇	

Significant increases in 
Diastolic B.P. 

(by NO2, PM2.5)

Overweight
(BMI ≥ 25)
⬇	

Stronger effects of PM2.5 
& NO2 on elevated 

Diastolic B.P.

Increased levels in 
All air pollutants

⬇	

Decrease in Systolic 
B.P.

AHI and BMI: modify the effect of 
air pollution
Sleep apnea / Overweight: 
vulnerable subjects

Severe sleep apnea 
+ Overweight

⬇	

Greater effects of 
PM2.5 & NO2 on 
Diastolic B.P.



Pathophysiology of 
Obstructive Sleep Apnea

Interquartile (IQR) increase in 
PM2.5/NO2: AHI increased 

4.7% and 3.6%

PM2.5 vs OSA



Pathophysiology of 
Obstructive Sleep Apnea

PM2.5 vs OSA

Specific location
+

Specific timing
vs.

Sleep apnea severity
Co-morbidity



Pathophysiology of 
Obstructive Sleep Apnea

PM2.5 vs OSA

Specific location
+

Specific timing
vs.

Sleep apnea severity
Co-morbidity

Airbox, LASS 社群 ( Location Aware 
Sensing System ) 
中研院 陳伶志博⼠士



Pathophysiology of 
Obstructive Sleep Apnea

PM2.5 vs OSA

Specific location
+

Specific timing
vs.

Sleep apnea severity
Co-morbidity

Airbox, LASS 社群 ( Location Aware Sensing System ) 
中研院 陳伶志博⼠士







ADDWII 隨⾝身空污⿐鼻
個⼈人隨⾝身、隨時、隨地的空氣品質，強調指標個
⼈人化，室內⼾戶外兼顧個⼈人

將空污偵測裝置由定點帶入全移動世代，體積輕
巧，在攜帶和移動上展現⾼高度靈活與彈性。移動

主動 
偵測

多項專利利的微型泵浦核⼼心技術，提供 TVOC、
PM2.5、eCO2 及溫、溼度的精準數據

全記錄 終⾝身記錄，將使⽤用者每分每秒所吸入
的空氣品質資料，終⾝身儲存於雲端

雲端 
數據

⼤大數據資料，除了了個⼈人隱私不公開，
可做為相關研究和醫療機構參參考

⽤用⼾戶 
中⼼心

透過使⽤用裝置所蒐集的數值與使⽤用經
驗，能在社群媒體平台上交流







Heart Rate Variability, Accelerometer, 
Respiratory Pattern, Skin Temp



使⽤用穿戴式裝置：智慧⼿手錶

睡前禁食、運動、嘴巴貼3Ｍ膠帶



Gait analysis vs. Sleep

BMC Pulm Med. 2014 Aug 23;14:140. doi: 10.1186/1471-2466-14-140.

Positive association between stride-to-stride variability of 
stride time and sleep related breathing disorders
(innersoles pressure sensors)

G-sensor, Gyro-Sensor for Gait Analysis



Circadian rhythm, Activity, Respiration, Arousal

Thorax effort

Physical activity of daily life 
(Circadian Rhythm)



RAI: Respiratory Arousal Index = CVHR/hours of sleep
CVHR: Cyclic Variation of Heart Rate



Thorax effort

根據 G-sensor之 XYZ軸 換算之Thorax effort



Correlation between RAI and AHI

RAI AHI值 (/hr) In bed 
(mins)

Total 
sleep 
time 

(mins)

Sleep 
Ouality 

(%)
Onset 

latency WASO

51 45.7 444 208.68 47 3 230

18 18.6 478 406.3 85 0 69

18 24.5 506 440.22 87 31 32

32 14.3 412 329.6 80 14 65

23 56.9 457 370.17 81 16 69

35 46.9 446 414.78 93 12 18

32 48.3 520 421.2 81 29 66

3 16.2 476 276.08 58 0 197

32 59.4 495 455.4 92 21 20

45 69.7 499 419.16 84 9 70

51 81.7 469 436.17 93 21 11

28 30.6 477 410.22 86 29 34

74 67.4 456 396.72 87 32 27

34 39.8 2062 1237.2 60 6 818

8 4.4 441 357.21 81 69 13

7 10.4 497 422.45 85 58 14

Pearson correlation 
95% CI: 0.4683 to 0.9209 

r = 0.7824, r squared = 0.6121 
P=0.0003



PSG Rooti Rx with PSG Rooti Rx, home (1st) Rooti Rx, home (2nd) Rooti Rx, home (3rd)

AHI值 (/hr) RAI Supine 
(mins) Supine % RAI Supine 

(mins) Supine % RAI Supine 
(mins) Supine % RAI Supine 

(mins) Supine %

45.7 51 207 46.5 20 63 13.6
18.6 18 261 54.4 15 181 27.2 30 187 38.4

24.5 18 500 98.6 8 175 31.0 19 223 45.7 0 146 73.4

14.3 32 233 56.4 23 184 88.5 34 200 51.9 16 111 46.1

56.9 23 137 29.9 26 21 8.7 10 113 19.3 17 83 23.0

46.9 35 436 97.5 11 305 61.5 0 354 59.1

48.3 32 266 51.1 10 121 37.9 23 155 32.5 32 176 40.3

16.2 3 212 44.4 7 130 27.0 0 171 52.3
59.4 32 476 96.0 13 211 48.8 10 160 40.5 14 227 54.8

69.7 45 247 49.4 7 76 16.5 4 89 23.7

81.7 51 459 97.7 25 595 95.4 20 227 91.5 24 714 93.3

30.6 28 231 48.3 5 221 46.3 25 98 49.0 11 151 30.3

67.4 74 121 26.5
39.8 34 604 29.3 60 129 23.8

4.4 8 215 48.6 13 345 50.9 9 233 51.1

10.4 7 84 16.9 6 139 29.3 6 141 27.9 13 67 17.6

肢動症

Discrepancy between Hospital and Home
Position during sleep: Supine (hospital), Left/Right (home)

平躺為主 supine 居家：⾃自由翻⾝身

⾸首次由穿戴式裝置證明： 
醫院 vs 居家 檢測之睡姿不同 
⾜足以影響睡眠呼吸中⽌止嚴重度
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Morphological change 

Impedance change

Voltage change



Rooti Rx

Polysomnography

Resp

X-axis

Y-axis

Z-axis

Thermistor

Abdomen

Thorax

Nasal 
pressure

Airflow



Rooti Rx

Polysomnography
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X-axis

Y-axis
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Nasal 
pressure

Airflow



Male 
61 y/o 
170 cm 
48kg 
BMI: 16.6

此呼吸肌⾁肉阻抗測量量，亦可作為監測慢性呼

吸道疾病（如氣喘、慢性阻塞性肺病

COPD）病患動態呼吸模式之應⽤用

呼吸肌⾁肉阻抗於運動當中之變化

六分鐘運動肺功能





ImmunoMagnetic Reduction (IMR) 免疫磁減量量檢測

利利⽤用分散在⽔水中之披覆有⽣生物探針的磁性粒⼦子與待測⽣生物分⼦子結合後，形成
磁性粒⼦子叢集（magnetic cluster）或造成磁性粒⼦子變⼤大變重，再藉由量量測
因這些磁性粒⼦子叢集或⼤大磁性粒⼦子的形成⽽而改變試劑磁性⼤大⼩小，以探知待測
⽣生物分⼦子濃度。

磁量量⽣生技



PSG Rooti Rx with PSG Rooti Rx, home (1st) Rooti Rx, home (2nd) Rooti Rx, home (3rd)

Tau x 
AB42 AHI值 (/hr) RAI Supine 

(mins) Supine %
Total 
sleep 
time 

(mins)
RAI Supine 

(mins) Supine %
Total 
sleep 
time 

(mins)
RAI Supine 

(mins) Supine %
Total 
sleep 
time 

(mins)
RAI Supine 

(mins) Supine %
Total 
sleep 
time 

(mins)

45.7 51 207 46.5 208.68 20 63 13.6 267.96

18.6 18 261 54.4 406.3 15 181 27.2 498 30 187 38.4 369.36

24.5 18 500 98.6 440.22 8 175 31.0 501.96 19 223 45.7 365.25 0 146 73.4 162.36

350.56 14.3 32 233 56.4 329.6 23 184 88.5 171.81 34 200 51.9 299.52 16 111 46.1 218.4

56.9 23 137 29.9 370.17 26 21 8.7 208.8 10 113 19.3 461.36 17 83 23.0 316.8

386.49 46.9 35 436 97.5 414.78 11 305 61.5 217.8 0 354 59.1 203.32

364.33 48.3 32 266 51.1 421.2 10 121 37.9 263.94 23 155 32.5 333.2 32 176 40.3 162.06

443.30 16.2 3 212 44.4 276.08 7 130 27.0 355.2 0 171 52.3 270.58

216.14 59.4 32 476 96.0 455.4 13 211 48.8 396.52 10 160 40.5 366.42 14 227 54.8 379.96

204.88 69.7 45 247 49.4 419.16 7 76 16.5 307.53 4 89 23.7 258.75

484.26 81.7 51 459 97.7 436.17 25 595 95.4 535.78 20 227 91.5 234.65 24 714 93.3 588.28

Neurodegenerative biomarkers: Amyloid-beta 42, Tau protein
(Amyloid-beta 42 X Tau protein)



穿戴式裝置 與 聊天機器⼈人 疾病管理理系統

on
lin

e 
Q

&
A

Sleep Diary

Sleep 

quality

CBTi-like Chatbot

Data 
m

onitoring

Wearable device

Thorax effort

Physical activity of daily life 
(Circadian Rhythm)

Autonomic Nerve System 
(Heart Rate Variability)



睡眠環境 ： 




