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Healthcare Burden of Obstetric Conditions

Frequency (US) Annual Extra Cost (per person) US Annual Burden

Hypertensive Disorders

Chronic hypertension

Gestational 8-10% ~$14,000 ~ $3 billion

hypertension

Preeclampsia
Gestational Diabetes 5-9% ~$7,000 ~$2 billion
Perinatal Depression 10-20% ~$35,000 ~$15 billion
Preterm Birth 8-15% ~$150,000 - $500,000 ~$25 billion
Pregnancy Loss / 10-25% $500 ~ $140 million
Miscarriage
Stillbirth 0.6-1% $10,000 ~$240 million

All of these conditions are approximately 2-fold higher in Minority
women

What does maternal sleep have to do with it?
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Frequency of sleep problems/behaviors in pregnancy

80

70

Sleep problems are
common in
pregnancy!!

insomnia Extreme Poor sleep Restless Legs Supine
Duration quality position

5
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preeclampsia

Frequency of habitual snoring in
pregnancy
50

40

30 I
S
20
10
0 J.'.a & li

Pre/early 3rd trimester  Postpartum
pregnancy

Izci 2006, Bourjeily 2010, O’'Brien 2012, Louis 2012, Lui 2022

Sleep-Disordered Breathing (habitual snoring)

Habitual snoring affects ~ 35% of pregnant women by the 3™ trimester and up to 85% of those with

~65% of women with SDB during
pregnancy had persistent sleep-
disordered breathing following
delivery

Unclear if or when SDB resolves

Sleep-Disordered Breathing (OSA)

By mid-to-late pregnancy OSA affects about;
- 8-10% of pregnant women

- 50% of women with pre-eclampsia

- 15-25% of obese pregnant women (BMI=30)

- approximately 60% of pregnant women with BMI=40

How many clinicians ask patients with pre-eclampsia about their sleep?

Reid 2011, O’'Brien 2014, Facco 2017, Pitts, Treadwell, O’Brien (unpublished)
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* Mean gestation 277 weeks
41% African American

78% obese

61% habitual snoring

Baseline sleep study results:

- Mean AHI=13.5 (range 0.1-117.2)
- 80% of women had AHI=1

41% had AHI=5
16% had AHI=15
12% had AHI=30

9

OSA in Hypertensive Pregnancies

* N=51 pregnant women with hypertension unselected for sleep problems

Table 3. Comparison of hypertensive women with and without
snoring

Hypertension Hypertension

and snoring without

(n = 30) snoring

(n=21)

AHI =5 16 (53%)* 5 (24%)
AHI =15 B (27%)** 0%
AHI =30 6 (20%)* 0%
Sp0; nadir <80% 6 (20%)* 0%

AHI, apnoea/hypopnoea index; Sp0;, oxygen saturation.
*P =0.05;, **P=0.01.

Pooled relative risk for OSA in hypertensive women who
snored, vs. non-snoring hypertensives, was 2.0 (1.4-2.8)

M O'Brien et al 2014
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Li et al 2018

. .
Pregnancy-induced Hypertension (PI) Sleep-Disordered Breathing and HTN
Study ID OR (95%CD)  Weight
0SA
Louis, 2010 —— 290 [1.50,5.60] 4.0%
Olivarez, 2011 0.73 [0.08, 6.65] 0.6% H H
Bourjel, 2012 +— 280 (126611 33% ~ 2x odds of hypertensive disorder
Chen, 2012 —— 318 [214,4.73] 6.0%
Louis, 2012 = - 273 [116,642] 3.0%
Fung, 2013 058 [010,336] 1.0%
Ko, 2013 6.49 [0.67,63.28) 06%
Antony, 2014 — 058 [0.36,096] 52%
Louis, 2014 - 128 [1.08,152] 7.7%
Spence, 2017 - 159 }1 08236 6.0% ey
Bin 2018 L 237 iov iz Tew BUT it's important to ask about development of
Csubtotal = 180112025 sso% | : .
new SDB symptoms during pregnancy:
Snoring
Frankin, 2000 .- 203 [101,408] 38%
Perez-Chada, 2007 — 1.82 [1.16,285] 55%
Ursavas, 2008 A 159 [0.74,342] 3.4% *oF
Bourjeily, 2010 (1) e 170 [0.81.356] 3.6% )
Bourjeily, 2010 (2) < 230 [1.36,389] 4.9% 25 ?
Micheli, 2011 (1) 324 [092,11.39) 1.7%
Micheli, 2011 (2) 098 (0.29,338] 1.8%
Sarberg, 2014 (1) 173 [0.35,863] 1.1% 20 -
Sarberg, 2014 (2) 143 [0.17,1211] 0.7%
Sharna, 2015 (1) e 400 [1.32,1210] 2.1%
Sharna, 2015 (2) e 1.50 [0.50, 4.50] 21% 15
Sharna, 2015 (3) - 200 [101,830] 22% g
Ge, 2016 (1) = 145 [0.87, 2.40] 51% I
Ge, 2016 (2) H— 186 [0.95 365 39% IG]
Facco, 2017 g 227 [146,353 56% =
Owusu, 2013 — 057 [019,1.73] 21%
O'Brien. 2012 i 236 [148.377]  54%
[ Subtotal 193 [1.63,2.28) _ 55.0% | 5
Overall . ; 1.84 [1.53,2.22] 100.0% 04 ]
0512 10 Non-Snoring Chronic Snoring Pr:ms:r:x;gonset

O’Brien et al 2012

Li et al 2018

. .
Gestational Diabetes Melltus (GDM) Sleep-Disordered Breathing and GDM
Study ID OR (95%Cl) Weight
0SA
Louis, 2010 460 [15213.90] 22% . .
Olivarez, 2011 1.00 [0.50,201]  3.9% ~
Louis, 2012 206 [067,632] 22% 2x odds of gestat|0na| diabetes
Fung, 2013 3.20 [0.60,16.98]  1.2%
Atony 2014 1.00 [077,131]  67%
Louis, 2014 189 [167,2.14] 7.4%
Spence, 2017 - 287 [2.16,382] 66%
Bin, 2016 = 130 _[097 174 _ 65%
Subtotal < 171 _[1.23,2.38] ;§,§°§|
Snoring
Bourjeily, 2010 (1) e 120 [0.60,2.40] 3.9%
Bourjeily, 2010 (2) - 210 [1.30,340] 52%
Qiu, 2010 e 186 [0.88,394] 36%
Micheli, 2011 (1) t— 197 [0.85,456] 32%
Micheli, 2011 (2) = 177 [1.04,300] 4.9% ;
Facco, 2012 (1) 7.78 [0.78,7758]  0.7% Woman with GDM
Facco, 2012 (2) -+ 14.43 [1.54,135.52] 0.7% Uncompensated insulin
Facco, 2014a (1) — 202 [096,424] 36% resistance, Pancreatic
Facco, 2014a (2) e 5.08 [1.87,13.80] 2.5% f-cell Dysfunction, &
;acco‘ 33: :: g ; —— ;; [[1‘2125@'23{ g,gi 1. Prevent obesity, PCOS, Increased risk for T20 2. Control hyperglycemia
‘acco, Sy 2 prrars | Ia & .
Sharna, 2015 (1) —r— 260 [0.81,837] 20% preeclampsia in pregnancy The Vici in pregnancy s
Sharna, 2015 (2) e 220 [0.78,622] 24% o e Vicious
Sharna, 2015 (3) -t 1.50 [0.48,4.70] 21% CYCIE of
Ge, 2016 (1) = 166 [1.09,2.53] 56% \ —
Ge, 2016 (2) P 120 [0.88,164] 64% Diabetes I
Facco, 2017 e 6.30 [3.77,10.53]  5.0% g
O'Brien, 2012 [~ 129 [0.96,1.74] B5% Young woman with Diabetes Infant of woman with
[SUBToTaT i3 2.4 [1.63, 2.81] 03.4% or at High Risk \‘__'_.r’ GDM
Overall ; 1.95 [1.60,2.37) 100.0% Epigenetic and genetic Epigenetic and genetic predisposition
| S s pee p—] predisposition to obesity and diabetes 3. Prevent obesity and o obesity and diabetes in adulthood
001 01 1 0 10 diabetes in youth

Alejandro et al 2020
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1st Trimester

Sleep Duration and HTN

grid

2nd Trimester

3rd Trimester

Adjusted Mean Arterial Pressure (mm Hg)

|l<=6hrs m7to8hrs m9 hrs m10+ hrs |

Williams et al 2010

13

Shorter sleep duration associated
with higher uterine artery resistance

- Higher resistance assoc.
with PreE and FGR

- More than doubles odds
of HTN years after delivery

4 1 ¥

« !"%"wii'mw "-‘M..’ '43‘_‘,,”'&"; LY .

Tang et al 2021, Miller et al 2021

Sleep Duration and GDM
130
= 125
-g'- 120
‘37 115 I T
g 110 » T
g 105 * + 1. T T *
: - [ -
: L 1]
g w0
E 85
80
<4 5 6 7 8 9 =10
Hours of Sleep
M Facco et al 2017

14

aRR for GDM in those sleeping <4hrs:
5.6 (95%CI 1.3-23.7)

Short sleep duration is inversely
correlated with 1-hr 50g load OGTT:

- Each hour of reduced sleep
associated with 4% increase in

glucose levels in pregnancy

Qiu et al 2010, Reutrakul et al 2011
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Sleep timing matters!
. Midpoint of sleep:
TR T Ll L half-way between sleep onset and wake

Lt ‘ - B | I - Marker of circadian alignment

Normal midpoint between
02:00am — 04:00am

Emerging data suggest that later sleep
midpoint is associated with:

- Increase in GDM

- Increase in preterm birth

- Increase in depressive symptoms

Even if sleep duration is optimal!

M Facco et al 2017, 2019

15

Disparities in sleep across pregnancy

[[] White women early pregnancy
- White women late pregnancy

Mean age White 31.7+.4.8 : Black 28.7+6.5 years
40 Mean BMI White 27.3+6.7 : Black 36.1%+9.7 kg/mZearly pregnancy
Mean BMI White 31.246.9 : Black 42.749.5 kg/m? late pregnancy

|:| Black women early pregnancy
- Black women late pregnancy

35

30
Not only do Black pregnant

women have poorer sleep

25
20 than White women, sleep
appears to get even worse as
15 pregnancy progresses
10
I I I Do these changes play a role
[ «

(5]

in worse perinatal outcomes in
Sleep Sleep AHI - AHI - oDl - oDI - % supine % supine BIaCk Women?
duration duration White Black White Black - White - Black
- White - Black

M O’Brien et al (unpublished)

16
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Fetal Impact of
Maternal Sleep
Disruption

Fetal size is important! Fetal growth restriction (FGR), small for gestational age (SGA) and
large for gestational age (LGA) have increased risk of perinatal morbidity and mortality.

Long-Term Effects of Intrauterine Growth Restriction

Immediate consequences of FGR include:
- Preterm birth
- Intrauterine fetal demise (stillbirth)

Brain

Fetal Programming

I

Increased risk for
cardiovascular
disease, diabetes and
obesity

Liver

Metabolic System

18
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557

4T

45

40

CUSTOMIZED BIRTH CENTILE

354

Sleep-Disordered Breathing and Fetal Growth

Proportion
of SGA births

0.3

0.25

0.2

T
Pregnancy-onset

T
Non-snoring )
snoring

O’Brien et al 2013

T
Chronic snoring

AHI <5 55 AHI <10

0.15
0.1
. B I
0

105 AHI <15

AHI 215

Pamidi et al 2016

Small for Gestational Age (SGA) and Sleep Disordered Breathing (SDB)

Name Ref Design Predictor
Subjective SDB: adjusted OR

ES (95% Cl)

0.3 (0.1,1.1)

Micheli 17 P-C  snore(occasional) <#
Micheli 17 P-C  snore(occasional) €
Howe 33 P-C  snore(preg onset)
Howe 33 P-C snore

Howe 33 P-C  snore(chronic)
O'Brien 30 PC snore(chronic)

Howe 33 P-C pauses(preg onset)
Micheli 17 P-C  snore(severe)
Pamidi 36 P-C  SDB(3T)

Sharma 23 P-C  snore(>=3X)

Howe 33 P-C  pauses

Micheli 17 PC snore(severe)
Franklin 13 Cs snore

Pamidi 36 P-C  snore(3T onser)

Subtotal (I-squared = 49.4%, p = 0.019)

Objective SDB: adjusted OR

Bin 56 CS OSA
Louis 556 CS 0OSA
Chen 54 CS OSA
Chen 54 P-C OSA
Pamidi 38 P-C AHI>=10
Pamidi 36 P-C AHI>=5
Fung 48 P-C O0OSA

Subtotal (I-squared = 71.7%, p = 0.002)

M | Warland..... O'Brien 2018

20

0.5 (0.2, 1.2)

0.8 (0.4, 1.8)

1.2 (0.6, 2.4)

1.6 (0.6, 4.0)
1.6(1.0,27)

1.7 (0.4, 7.9)

2.2(1.0,5.0)

2.4 (0.9, 6.5)

27(1.0,7.2)

- > 2.8(0.9,9.0)
- 2.9 (1.2,7.5)
o > 35(1.3,9.4)

16(1.1,22)

- 3.1(1.0,9.3)
-+ 0.9

0

10
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Estimated fetal weight (kg*
w
|

[N}

Fetal Growth ———— Appropriate for GA
Small for GA

Growth restriction

OSA (n=14) Control (n=27)
Perinatal Outcome
Gestation at delivery (weeks) 387(1.0) 394 (13) 0.06

Birthweight (grams) 3378(472) 3567(501) 025

" Birthweight <10™ centile 2 (14%) 3 (11%) 1
Fall in customised centile 33% between 32 weeks and term 4 (29%) 0 (0%) <001

24 26 28 30 32 34 36 38 40 42

Gestation (weeks)

https://geekymedics.com/small-for-gestational-age/ Fung et al 2013

M Pitts, Treadwell & O’Brien 2021

22

SDB and Fetal Heart Rate -

|

|
‘ Maternal ‘
| apnea |
100 T

| /
Lk [ omnd oot

Are maternal respiratory events temporally related to FHR? |~

Fetal Hdar Rate P d
Deceleration

itertia) Feart Rate
P

Study of n=41 3 trimester women R = —
- 23 (56%) found to have SDB S

18 women had n=37 late decelerations ‘ 84% late decels temporally related to maternal
respiratory event

’ * Note that late decels are often a sign of fetal distress and can be caused by hypoxia ‘

6 women had n=10 prolonged decelerations (mean 4.7 min, range 3-6 min)
‘ * Prolonged decels can lead to clinical intervention ‘

All 6 women had SDB (mean RDI 13.3, range 10.1-18.3)

1

90% of prolonged decels temporally related to a maternal respiratory event

11
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Hbi 258 Wl
Stillbirth g G
Stillbirth is the death or loss of a baby before or during delivery. & /

In the US stillbirth is loss of a baby after 20 weeks of pregnancy:
- An early stillbirth is a fetal death between 20-27 weeks of pregnancy.
- A late stillbirth occurs after 28 completed weeks of pregnancy.

Isn’t this a rare event?

NO!
US stillbirth rate: 6 per 1,000 babies (24,000 babies/year)
Approximately half of stillbirths are late (=28 weeks)

s 1 in 336 deliveries

10 times more common than SIDS

Equivalent to a 747
crashing every 5
days for a year

24

12
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Sleep Position and Stillbirth

Several case-control studies and a cross-sectional study all demonstrate an
association between maternal self-report of supine sleep and late stillbirth

UK MINESS
2.3-fold¢

International STARS

NZ Auckland
2.5-fold ¢

& |NZ Multicentre
3.7-fold ¢

Australia Sydney
6.3-fold 4

Stacey 2011, Owusu & O’Brien 2013, Gordon 2015, Heazell 2017, McCowan 2017 .
Image Courtesy: R. Cronin

INDIVIDUAL PARTICIPANT
DATA META-ANALYSIS

Ir N
IPD
| 851 stillbirth cases & 2257 pregnant controls

4/20/2026

Stillbirth Case  Pregnant Control
N=851 N=2257 OR (95% Cl) aOR (95%)
Going-to-sleep position last 2 weeks EZ?ﬁi(ﬁﬁgm
Left side 359 (42.19) 1074 (47.59) 1 1
|supine/Back |67 (7.87) 73(3.23) 2.89 (2.01t04.14) [2.63 (1.72t04.04) |
Right side | 221 (25.97) 624 (27.65) 1.1(0.9t01.34) |1.04 (0.83to 1.31)
Tummy 3(0.35) 8 (0.35) 1.15 (0.3t0 4.45) |0.63 (0.12 to 3.25)
Variable side |102 (11.99) 265 (11.74) 0.92 (0.69 to 1.23) [0.97 (0.7 to 1.35)
Propped up |20 (2.35) 46 (2.04) 1.28 (0.74 t0 2.23) | 1.3 (0.68 to 2.49)
m-No recall |79 (9.28) 167 (7.40) 1.4 (1.03101.91) |2.26 (1.48 to 3.46)

26

13
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M Stone et al 2016

27

Fetal behavioural states in maternal
positions —% time

Quiet Sleep Active ;Ieep Act|\_/.§ A\‘?‘/fake In the supine position:
OOTURY SO T S PN L e
! P AT S A - fetal heart rate variability
1F 2F aF reduced

Left 11.3 79.1 9.6 - Fetal behavior change from
Right 22.0 71.7 6.3 active to quiescence (low
Semi-recumbent 16.7 81.9 15 oxygen consuming State)
Supine 34.4 63.4 23

Chi-Sq: 32.2 (p<0.0001)

meowesre | 46% of all 4F occurred in left-lateral
Em'{é‘ﬁi 41% of all 1F occurred in supine position

In the presence of a stressor (uteroplacental perfusion or hypoxia), shift to a low oxygen consuming

state would be a protective reaction.

Maternal supine position may be disadvantageous for fetal wellbeing and in compromised
pregnancies may be a sufficient stressor to contribute to fetal demise

Gravid uterus compresses the inferior vena cava resulting in:
venous return
ejection fraction } impaired uterine perfusion
cardiac output

“Maternal supine hypotensive syndrome”

Vena cava
Lumbar

Vena cava

Supine Left Lateral

http://what-when-how.com/nursing/normal-pregnancy-maternal-and-newborn-nursing-part-4/

14
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29

Clinical experience

asleep supine moved onto left
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Left lateral as a form of intrauterine resuscitation

(Thurlow & Kinsella (2002) Simpson & Dotti (2005)

30

Summary of maternal-fetal interaction and the effect of position

D (mm?s’') =
1.50%10° E?;‘ )
Left Lateral Decubitus [l ?25:: o\ | esa
Supine W= 2 °>\14w
— =
Left internal |
iliac artery

) Placental

flow™
400 mL/min
290 mL/min 0.101 Delivery
16.29 Umbilical vein 16862
flow
296 mL/min
- 263 mL/min

Right
internal iliac 8.4%
artery flow™

353 mL/min

281 mL/min
119.0 %

Maternal side Fetal side

Placenta

Figure 3. The summary effect of maternal position on utero-placental blood flow and oxygen delivery
Results which reached statistical significance are shown with an asterisk. [Colour figure can be viewed at
wileyonlinelibrary.com]

Functional MRI study of N=22
healthy pregnant women
Gestational age 34-38 weeks

Compared to the left lateral position,
maternal supine position was
associated with:

Reduced utero-placental blood
flow

Reduced oxygen transfer across
the placenta

Average 11% reduction in fetal
umbilical venous blood flow
Average 6.2% reduction in
oxygen delivery to the fetus

Couper et al 2021

15
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Sleep Position

No data on objective measures of sleep position across pregnancy.

Data lacking on how objective measures of sleep change as pregnancy progresses.

<19 weeks’ gestation; home sleep test Home sleep testing repeated in 3™ trimester

N=174 women; Mean age 31.3+5.0 years; 78% White
Mean gestational age 15.3+3.0 weeks at enrollment and 35.5+1.9 weeks at follow up

Proportion of women who spent some time on their back during the night was
36% in early pregnancy and 50% in late pregnancy

| Average supine sleep time: 17% w——) 73% of the night |

M O’Brien et al (unpublished)

31

Biological Plausibility — £
I [ I

- T Subjective
Poofs_lcup Extreme. Insomnia R‘j”m“’ kgs skeep-disordered
quality skeep duration Siome breathin:

\ [ l [

|
Obstructive . .
skep apnea Supine position

Desynchronization of Sleep Sympathetic Inflammatory Intermitient hypoxia,
circadian patterns fragmentation activation response Oxidative stress
: Desynchronization of Change of Atherosclerosis,
hormonal rhythm neurotransmitter release pattern Endothelial injury
| | \ e |
Endocrine alterations
Increased blood pressure Placental hypoperfusion
PE—

Fetus

Pregnant women

) Gcsla!m\a! ) P‘rc—eclampsm, ) Ccsal.'ean I’re.lcnn oot b Stillbirth \7“
diabetes mellitus Gestational hypertension section birth ) \

| ' > L 1

M Lu 2021 (edited)

32
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Is Pregnancy a Window to Intervene?

=y

Disordered Breathing
Sleep Apnea

U] =0
uo (——]
L_J / Supine Position

\N® [ @

(.

Adverse Pregnancy Oulcomes
Preferm Birth
Gestational Diabetes Mellitus
Preeclampsia

Gasfational Hypertension
Small-for-Gestational-Age Infant
Placental Abruption

Sleep plays a role
in all of these

y.
P
Y

Cardiovascular Disease
Arrhythmias
Heart Failure
Cerebrovascular Disease
Peri-partum Cardiomyopathy
Vahwular Disorders
Coronary Artery Disease
Depression

M Adapted from Thakkar et al 2022

34
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Hypertensive pregnancy:

06:30 am

10:30 pm 0630 any

Edwards et al 2000

145

B

mmkg
3

@
-]

Sysiolk Bod Pemare (
8 B
2 ¥

2 2

Dbsoikc Blod Promur mnHg)
®

™

k)

Poyares et al 2008

36

Treatment with positive airway pressure:

FEME520:pam0m |

=0- Caonirol grewp

a OPAP greup !
1
I
|
I/
o 4
P |
o o !
. = - — 1
o o
I
1

9

1Twha 21whs J5wha  20whs | Dwka  J6wis
Gestmionsl Age (wesis) |
F(5 My=424:p< 0020 |
1
=0~ Cenirol group 1
o CPIP gomp /’
2 | /
. >
P
S s
] 4 1
/
/ |
! I
- 00
e o—7A-a
1
1

TTwis  Ziwas Sk Wl |3Ive
Genamoral Age (weehs)

Fig 1 Lomgitatil biood pess e meassene s

Twis

Alpha-methyl dopa dose increased in
controls; constant or decreased in CPAP

18
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- - - Mot auto-PAP Compliant
1254

Auto-PAP Compliant

1157

105

0
g

Mean MAP during wake (mmHg)
o

75 T T T
wik 1 wkd wk8
Time period
Non-compliant users:
- 65% developed worsening BP and ended up with pre-
eclampsia despite antihypertensives

- 90% of the rest had increased dose of medications

T
baseline

M
37

Positive airway pressure in women with hypertension

- - - Not auto-PAF Compliant
125 B

Auto-PAP Compliant

= -
o =] -
wu i W

| | 1

Mean MAP during sleep (mmHg)
=]
1%y ]
|

75— T o - T
baseline wiel whd k8

Time period

Compliant users (24 hours/night and 24 nights/week):

- Only 27% of women developed worsening BP and ended up
with pre-eclampsia despite antihypertensives

- 90% of the rest had stable or even decreased dose of
medications

O’Brien unpublished

. . |
Obstructive Sleep Apnea and Depression:
Treatment with Positive Airway Pressure: ﬂ
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M Swanson et al under review
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HTN, SDB and Fetal Movements
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M Edwards & Sullivan 2008
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SDB and Fetal Growth
Fetal growth problems defined as birth weight <10th centile,
or a slowing of fetal growth by >30% during the last trimester
- accounted for hypertension, diabetes, anti-hypertensive and
N=54 controls anti-diabetic medications, maternal age, and smoking
%
N=34 sleep 3-fold increased odds of fetal ghgP s
apnea mm=) crowth problems (OR 3.0, 95%Cl AT
(untreated) 1.1-8.3, p=0.03) 7%
%
- I
| ria -
B N=14 positive No differences in fetal growth trajectories between
' IRy~ ) § arwaypressure controls and positive airway pressure
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Positive Airway Pressure and Fetal Outcomes - ﬁ(

Figure 4: Birth weight ey
APAP in high-risk pregnancies is associated with improved infant birth weight:

Infants born to women who used APAP during pregnancy, compared to infants
born to women who did not use APAP, have larger birth weight (3036+833g
vs. 2485+1050g, p=0.08) even after accounting for duration of APAP use

Birth welght (g}

PAP No PAP

APAP is associated with longer gestation. Women who used APAP continued their pregnancies for a
mean of 2.5 weeks longer than non-users (37.7+2.8 weeks vs. 35.1+4.1 weeks, p=0.03)

This is a clinically significant duration that may have long-term impact on infant health.

Anecdotally women on APAP report;
- improved BP control
- feeling better
- increased fetal movement

M O’Brien (unpublished)
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OSA and the Placenta

Markers of tissue hypoxia as well as markers of angiogenesis more common in OSA

Feto-placental weight ratio, balance between fetal and placental growth, is reduced as OSA severity increases:
AHI<5 AHI>5 AHI>15 | AHI>30
(n=23) (n=14) | (n=6) (n=4)
Feto-placental weight ratio | 6.3%1.5 | 6.1+1.3 | 5.8+1.0 | 5.3#0.3

(0]
o

[e2)
o

% chorangiosis
D
o

N
o

0

OSA cOntrc;| PAP Compared to controls (A), HIF-1a levels increased
in OSA (B) but not in PAP-treated women (C)

Chorangiosis, (increase in number of vessels in
chorionic villi), likely a result of a hypoxic stimulus
as nRBC’s also elevated

O’Brien et al (unpublished); Hancock et al (unpublished)

Ravishankar 2015, Bourjeily 2015
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Case 1

32yr Caucasian, BMI 24 G4 P1
Fetal demise #1 at 20/40

Fetal demise #2 at 19/40
Premature delivery at 27/40 - NICU

Enrolled on trial at 21/40 AHI=1 and adhered to PAP

All due to preeclampsia

Did not develop preeclampsia
Delivered healthy male infant at 36+2/40 weighing 6lb 10z

Interestingly, the placenta was normal except for one small infarct, unlike her previous
placenta which showed typical histological changes. Was this due to PAP?

44

Case 2

34yr African American, GHTN, BMI 42 G1 PO
BPs at enroliment >150/80mmHg

- Morning after baseline sleep study, subject in triage with non-reactive FHR, reduced
FM, and severe maternal desats

- OBGYN plan to deliver that day (37/40)
- Study team paged by OBGYN; decision made to start PAP immediately

Subsequently found to have severe OSA on sleep study (AHI=117)

On PAP:
- FHR became reactive - Discharged and continued pregnancy for

- Maternal SpO2 normal another week

- BPs 110-120/64-84mmHg (still on meds) - Delivered healthy 6lb 3oz female infant
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Case 2 continued

Two years later......

- Second pregnancy

- Therapy is not used

Baby was stillborn

45

- Now known to have obstructive sleep apnea
- Instructed to use her positive airway pressure device

But she has a toddler at home and has her hands full
- Positive airway pressure device is “in a cupboard”

At 28 weeks she presents to triage with reduced fetal movements

Treatment of sleep disorders in pregnancy could reduce the healthcare
burden of obstetric conditions!

Frequency (US)

Annual Extra Cost (per person)

US Annual Burden

Hypertensive Disorders
Chronic hypertension

Gestational 8-10% ~$14,000 ~ $3 billion

hypertension

Preeclampsia
Gestational Diabetes 5-9% ~$7,000 ~$2 billion
Perinatal Depression 10-20% ~$35,000 ~$15 billion
Preterm Birth 8-15% ~$150,000 - $500,000 ~$25 billion
Pregnancy Loss / 10-25% $500 ~$140 million
Miscarriage
Stillbirth 0.6-1% $10,000

\~$240 million /

46
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Summary

Maternal sleep is a significant contributor to maternal and fetal health.

- Gestational hypertension/preeclampsia
- Gestational diabetes

- Fetal growth problems

- Stillbirth

and may ultimately decrease healthcare costs

B ~

Thank you!
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Interventions to optimize sleep in pregnancy may offer significant benefit to mothers and babies

Official Learner+
Champion

-,
Sleep

- SE‘ Education
‘Consortium

Sleep Education Consortium (SEC) partners with Learner+, a clinician-centric reflective learning platform that rewards
CMEI/CE credits to busy clinicians anytime and anywhere learning happens. Leam more about how you can reflect to
unlock credits below. view CME Cradit Info

REFLECT NOW

https://champions.learner.plus/sec/

Sleep disorders causing adverse pregnancy outcomes.

What inspired you to reflect?

Pick the context and a clinically relevant concept or phrase that inspired you to reflect.

| Reflective Learning Moment v \

Sleep disorders causing adverse pregnancy outcomes
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