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ABSTRACT -

 Purpose: Sleéping in the lateral position during pregnancy can potentially reduce‘t‘he-

. severity of sleep-disordered breathing (SDB). However, this hypothésis has not been

formally investigated in pregnant women. Unlike previous studies that have relied

- largely on self-reported measures of sleeping position, we investigated the relationship

betweeh SDB and sleeping position during late prégnancy using objective
measurements. | |

Methodé: Thirty pregnant women at the 37™ gestational week apd 30 non-pregnant
women (n-Pr) participated in the prgse‘ntvstudy. The pregnant women were divided into |

2 groups: those with body mass index (BMI) >30 kg/m® (with obesify, p-Ob),_'and those

‘with BMI <30 kg/m* (without obesity, p-nOb). Data were collected using a portable

screening device to detect SDB indicated by‘the respiratory disturbance index (RDI), as

well as sleeping position.



Results: The occurrence of the lateral sleeping position was higher in pregnant women

than in n-Pr (P <‘.05). The total RDI signiﬁcgntly diffe:red among the 3 groﬁps [P< 01 ;

~ p-Ob, 10.7 3.1); p‘-nOb, 7.0 (3‘.0); n-Pr, 4.3 (2.9)]. The p-Ob group showed

significantly lower RDI in the lateral position thaﬁ in the. supine position (P =.04).

| Moreover, there was a significant difference in RDI between p-Ob and p-nOB for the

“supine position (P = '001)" but there was no ‘betwe‘en-group difference for the laterél
position. | |
Conclusions: Sleeping in the lateral position is likely to mitigate existing SDB 1n
pregnant women with obes‘ity in late pregnancy and may be an effective precaution

against undiagnosed SDB and associated complications.
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INTRODUCTION:
Pfegnant women are ét increased risk of sleep-disordered brgathing (SDB), partly
because of the drastic changes they undergo, including Weighf gain [1], airflow
-' limit:ation [2], mucosal oedemé [3], nasal congestion [1,3], a;ld snbring [1-7]. Obesity
méy further increase the risk of SDB m pregnant women [5,6,8-10], and pre-existiﬂg
SDB can be exacerbated: by pregnancy; Obstfuctivé sleep apnoeé. (OSA), a severe type
of SDB, adversely affects maternal and foetal health [7] and is relgted to varioué
complications, including pregnancy-induced hyperténsion (PIH) [1,11,12], pre-
eclampsia [1,7], gestational diabetes mellitus [12;13], stillbirth [14], and foetal growth |
' restriction [1]. Thus, the early diagno_sisha‘md freatment of SDB in pregnant women are
éssential to reduce the risk of complications. Unfortunately, SDB is difficult to diagnose
because of a lack of clear objective symptoms; and SDB in pregnancy remains
ﬁndel;diagnosed [5 ,6]. Furthermore, a screening test for SDB in the pregnant population
hds not yet been well ‘established [6]. Therefore, a comprehensive,' large scale study is
Warranted to investigaté SDB in high-risk pregnancies, including in pregnant women
-with obesity, in order to facilitate the eaﬂy diagnosis and niénagemcnt of this condition. '
Sleeping in the lateral position is recommended for the management of position-
dependent OSA in the general population [15]. This ‘positional therapy’ prevents
airway collapse caused by sleeping in a supine positioh and has alsb been. recommendéd '
for obstetric patients with OSA [5]. waever, no study to date has used bbjective
measuréments to evaluate the effect of sleeping in the latgral position on SDB sevcrity
in pregnant women, with most previous studies eiﬁploy_ing subjective measurements
such as Self-reports [16-18]. In general, studies using self-reports are affected by recall
- bias, and the reliability of self-reported results during sleep is questionable. Furthermore;,

most previous reports have considered women of different gestational ages within the
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third trimester as one grouin [14-19], despite 'the‘fact that fhe severity of SDB increases
as gestation progresses-[5,10,17]. Studying participants at the same gestational age may
provide more accurate and reliable data on the influence of gestational stage on SDB
severity. |

- The present study investigated the relationship between SDB and sleeping position at
the 37" gestational week using an objective method to assess éleeping poéition. The
primafy aim was to clarify wheth_er the severity of SDB.is reduced by sleépihg ‘in the

lateral position and to investigate whether pregnancy increases the severity of SDB.

MATERIALS AND METHODS:
Study participants
Thirty-four pregnant women aged 20 to 40 years were recruited via flyers and oral
invitations dufing their visits to the Obstetrics and Gynecology department at our
hospital owing to their pregnancy. Thirty non;pregnant women aged 20 to 43 years also
‘participated and comprised t’he’control group. |
Participants were excluded if they had multiple pregnancies, were diagnosed with
sleep apnoea-hypopnea syndrome (SAS) or cardiovascular diseases such as congenital
heart disease or atrial fibrillation, or if they were taking medications such as sleeping

pills or tranquilizers.

St'ud_y design |

This was an observational cross-sectional and cade-c‘dntro] study conducted in
Japanesevwomen. Pregnant women were divided into groups depending on their pre-
pregnancy\/body mass index (BMI: kg/m?), ds defined by the ‘BMI classification’ [20].

This resulted in a total of 3 groups: pregnant women with obesity (BMI‘Z30 kg/m*; p-
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Ob; n - 15), 4pre‘gnant deen without obesity (BMI <30 'kg/m2; p-nOb; n = 15), and
non-pregnant womén with a normal BMI (n-Pr; n. = 30).‘ The 3 groups were matched for
age. ahd-height, and in pregnant women, ‘examinavtio‘ns were condupfed between the; 370
and early 38™ gestational weeks. In addition, B_oth wéight and BIvﬁ be_fdre pregnaﬁcy in
the p-nOb group were ﬁatched with those of the n-Pr grqup. Wg c;hose to match‘p-‘nOb
with n-Pr in weight and BMI before pregnaﬁcy to investigate the relationship between

pregnancy and sleep variables [13].

. Protocol
The ‘Sleep EYE® (GD700; GAC Co., Nagano, Japah), a non-restrictive p_ortablé
screening device, Waé used to measure total recording time (TRT), time spent in bed
(TIB), and body position (supiné or baék/right or left side), and to detect SDB indicated
by the respiratory disturbance index (RDI). The Sleep EYE® (width, 812 mm; depth,
| 555 mm; height, 33 mm; and weight, 1.6 kg) is a sheet containiné 99 membrane-type
pressure—sensitive Sensors té deteét gravitational alterations. The automatic scoring of
respi'ratofy events defived from the Sléep EYE® was performed using analytical
softwam and was followed by i_ﬁanual scoring to confirm the Valiaity of the aﬁtomét-ic
scoring. The details of the .principle of the Sleep EYE® have beén previoﬁsly feported
[21-24]. Takasaki et al. [21] demonstrated a significant correilation.between the RDI
obtaihéd from the SD-lOl. (a larger-sized variant of the Sleep_EYE®) and the apnoea-
hyp'oimea index (AHI) from polysomnography (PSG) data of apnoea-hypopnea
episodes in the _Supine and lateral ‘pdsitio‘ns in women with suspected SAS (all r > .95).
‘ We‘ defined SDB as an RDI greater than or equal to 5 events per hour (RDI was the

average number of respiratory events per hour during TIB).



Data collection

Participants slept on the Sleep EYE® at home or in the hospital (if they were
hospitalized). ’They were asked to conduct recordings for 2 nights during their 37‘th
gestational week to prevent missing or faulty recordings, and non-pregnant participants

- recorded sleep for one night.

Statistical analysis
Data are expressed as the mean [standard deviation (SD)]. The Shapiro-Wilk test was
used to clarify whether the data (participant .characteristics and sleeping conditions;
positions, and RDI) showed a nqrmal distribution, followed By unpaired z-tests that
were used to compare differences between the p-Ob and p-nOb groups and between the
- p-nOb and n-Pr groups. Spearman’s rank correlation coefficient was used to analyse the
iassociavtion between BMI at recording time and total RDI. A paired ¢-test was performed
to compafe differences betWeen the supine and the lateral positions within the same
participants. All tests were 2-tailed, and P-values under .05 were considered statistically
significant. All data were analysed using IBM SPSS Statistics (version 24, 1IBM

Corporation, Armonk, NY, USA).

RESULTS:

Nineteen pregnant wome‘n with obesity, 15 pregnant Wémen with normal BMI, and
30 non-pregnant women agreed to participate in the study. Of 19 pregnant women with
obesity, one was excluded from analysis due to treatment with inhaled oxygen while in
the hospital, and 3 dropped out after agreeing to participate due to the development of |
- pregnancy-induced hypertension at 37 and 34 weeks gestation (n = 2), or onset of labour -

pains on the date of examination (mn=1).



A totaI of 60 women participated ih this study (p-Ob = 15, p-nOb = 15, n-Pr = 30).
Eight of the 30 pfegnant women (p-Ob = 7, p-nOb = 1) underwent the study 1n the
hospital due to pregnancy corriplic;,ations. Five of these hospitalized pregﬁant women
underwent recordings for one night only for the following réasons': birth on the next day
- (n = 2);” discomfort due to anxiety (n = 1), discomfort due to room temperature (n=1);
24-hour urine collection (n=1). All other participants underwent the study at home. In
the p-Ob group, there were ﬁo significant differences between home- and ho-sp’ital-
based recordings regarding sleeping conditions, positions; and RDI (unpaired ¢-tests). |

‘Table 1 shows subject demographics and clinical characteristics. As expected, there
were differences in weight and BMI both pre-pregnancy and at the time of recording
bétweep the p-Ob and p-nOb groups (all P < .001). Sleeping conditions, positions, and
RDI results are/shown in Table 2. The proportion of time épent in the vlateral bosition of
tile, TIB was significantly greater in the pregnant women, regardless of BMI, than in the
- n-Pr group (P <.05).

Fig. 1 illustré-tes a strong correlation between BMI at recording time and total RDI (v
=.648, P < .0'01). Prediétably, Table 2 shows significant betwce;n-group differences in -
the total RDI values (p-Ob vé p-nOb, P = .003; p-nOb vs n-Pr, P - .006). In particular,
RDI vaiues in the p-Ob group were significantly greater than those in thé p-nOb groﬁp
for the supim: position (P = .001); however, there was no significant difference in RDI
for the lé,teral position between ijb and p-nOb (P = .40) (Table 2).

Fig. 2 demonstrates comparisons of the same subjects between the supine and the
lateral positions. The p-Ob (A) group showed signiﬁcaﬁtly lower RDI in fhe lateral
position thaﬁ in the supine position (P = .04), whereas there was no significant
difference in the RDI values in supine and lateral positions between .t‘]he p-nOb (B) and

n-Pr (C).groups. Furthermore, in the p-Ob group (A), all participants who showed RDI
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values in the supine position of 11.4 or greater (n = 10) showed lower RDI values for |

' the lateral position (P =.01).

 DISCUSSION:

The major findings of the piesent study include the following: 1) in p-Ob the severity
of SDB was decreased by sleeping in the lateral position; 2) pregnancy is likely to
increase the severity of SDB; and 3) pregnant womeil tend to sleep more frequently in
the lateral position than do non-pregnant women.

The benefits of the lateral position have previously been demonstrated in women with
~ position-dependent OSA among the general population [15]. However, although an
effect has been hyiaethesized [5], our stuciy is one of the first to demonstrate that there is
a relat_ionshipibetween SDB and sleeping position in the late-pregnancy population wit}i
obesity. These results are supported by anatomical evidence. Izci et al. [25]
demonstrated that the upper airways in pregnant females ‘were smaller in the third.
trimester of pregnancy than those in non-pre gﬁant women. They also reported posture-
dependent size differences in the upper airways, supine yielding the narrowest airways,
followed by the lateral and seated positions. This suggests that a commo‘n type of SDB
in pregnant women with obesity iri our study may be position-dependent, although not
all the cases in the present study were classified according te Cartwright’s criteria for
po sition-dependent OSA [1 51 |

The pregnant woinen spent significantly greater time in the lateral position. Takasaki
et al. [21] mentioned a weak correlation between SD-101 and PSG in the reported
duration of postures. Although the accuracy of positioning in Sleep EYE® remains

uncertain, previous research [5,6,13,16] may also support this finding. Thus, our finding -



~could be interpteted to indicate that there is a tendene}i for pregnant women to sleep
more freqnently in the lateral position than do non-pregnant women.

Additionally, an enlarged uterus and abdominal pressure caUSe an elevation of the
di_aphragm, and as a result, functional residual capacity is reduced in pregnant women
[26]. Because of these ‘anatomical changes,' pregnant women are at risk of hypoxemia
and sleep-related hypoventilation during sleep in the supine position [25]. This suggests
that pregnant women face risks of hypoxemia and sleep-related hypoventilation. In
addition to positional OSA; these symptoms are likely to be reduced b& sleeping in the |
lateral position. | ‘

- "Focusing on the RDI value, the increased RDI in p-nOb, which was presumed to be -
caused by pregnancy, was not decreased in the lateral position (Table 2). That is, the '
SDB was not a type of positional OSA. As mentioned in the Introduction, mucosal

~ oedema [3], nasal congestidn [1,3], and rhinitis [5] are .eommon in pregnant Women.
Theee changes may cause or worsen SDB, but they are not always decreased by - |
sleeping in lateral position because they are induced by oestrogen [5];

On the other hand, interestingly,_ in the p-Ob group the effect of sleeping in the lateral
position on RDI reduction seemed particularly remarkable in women. who‘had RDI
values of more than 11.4 in the sdpine position (F 1g 2A). In 2014, The American
Academy of Sleep Medicine [27] accepted SDB diagnosis in adults by using.the RDI
values of portable monitoring; considering the RDI as equivalent to the AHI vaiues
obtained from PSG. Howe\ier, the standard RDI value used in the present study is
deb'atable, because when we applied this reference value to the RDI obtained from the

' Sleep EYE?®, the prevalence of SDB in these groups far exceeded published results (p-

Ob, 15/15 [100%]; p-nOb, 11/15 [73%]; n-Pr, 9/30 [30%]) [10,19,28].
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AIndeed, previous sfudies have irivestigated the correlation between data from PSG and
the SD-101. In 2 studies, RDI >11.5 [2 lb] é.nd RDI >12.4 [22] were stated to c'orrespoﬁd
to an AHI >5 on PSG. If we apply these cut-off values to the data from the present study,
the prevalence of SlDB seems more reasonable: p-Ob, 5/ 15 [33.3%]; p-nOb, 1 to 2/15
t6.7—13.3%], ﬁ-Pr: 1/30 [3.3%]. Even so, a relatively high prevalence of SDB was
observed in our participants in the p-Ob group, and thisvmight be due to the timing of
measurement—the women in our study' were in later stageé of pregnéney than those
~ enrolled in other studies '[10,19,28-30]. Therefore, more pregnant women might have
“developed SDB, reflecting the influence of the precise timing of examination at the 37

Week of pregnancy. |

The current study also found a significant difference in the total RDI between the p-
nOi) and n-Pr éroups, ‘suggesting that the severity of SDB worsened during pregnancy
(Table. 2). in addiﬁon, pregnant women with higher BMI were more likely to develop
SDB (Fig. 1, Table 2). These facts have previously been reportedrusing PSG [6,7,9,10].
The present study, however, demonstrated a similar frend to PSG data using a portable
device. Although PSG is a gold standard to diagnose SDB, since it requires the use of
mahy electrodes, tight bands on the chest and abdomen, and hospitalization, fhis
‘measurement can worsen sleep quality for pregnant participants. In compa_rvison, the
device used in our emdy only required to be switched on and the participants could
sleep on a sheet at home, which imposed little physicai and psychological burden on the
partieipant and therefore hardly disturbed participants’ usual sieep. Thus, the device
used in this study was suitable for use as é screening test in pregnant women.

The present study demenstrated using objective measurements that women in the late

stages of pregnancy tended to sleep in the lateral position than non-pregnant women

(Table 2). This finding suggests that SDB caused or exacerbated by pregnancy might be
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relieved By spending more time in the,iatérél position. Sil_lCe»pregnant women in general,
and espécially those with-obves.ity, represent a group at high risk for SDB, ’we

| recommend sleeping in the lateral position as a means t§ reduce the risk Qf SDB and
possible complications. ..

To validate the present fesults; we would ideally conduct a screening tes\t'for' SDB by
enrolling the cntiré pregnant population. Howéver, that is not realistic bec;ause women
ata reéroductive age are leés likely to have SDB [28]. On the other hand, Fig. 1 may |
suggest one possible‘ cut;off point to effectiVely reduce SDB: a BMI ovef apbroximately

- 35 kg/m* (RDI: nearly equal to 10 from the Sleep EYE® data).fThAi‘s value is sﬁnply a |
statistically suggested point. Hence, in pregnant women, even n‘iild SDB or obesity may
be related to some pregﬁancy-related complications [iO, 19], and therefdre, it might be
better to consider a BMI of 30 kg/m* (RDI = 8.0 of the Sleep EYE®) as an indicator of
poss-i'blev complicatiéns. | |
Limitations

First, the Sleep EYE® cannot discriminate between the supine and prone po'sitions, or -
between the right aﬁd left lat_eral positions. Thercforc; the oqcurrencé of the supi;ie

_positioh might have \been chre'stimated in non-pregnant women. This 0verést_imation is,

| however, less likely to have occurred in pregngnt women, becal.iseb it is hard to sleep in a
prone positioh in laté pregnancy. Second, the Sleep EYE® cannot score slcép stages;
thus, careful interpretat_ioh of the findings associated Witﬁ TIB is néeded because ‘time.
spent in bed’ was less accurate than ‘tqtal sleep'fime’ measured by EEG. Third, this was
a cross—secﬁonal study with a small sample size, and we did not recruit 2 group of non-
pregnant participants with obesity. Thué, it is unknown when the pregnant women with
obesity developed SDB and when they stérted freqﬁently sleeping in the lat‘eral'_position;

these could have been preSént before pregnancy. HoWever, obesity is not highly
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prevalent amongst non-pregnant Japanese women without co-morbidities such as
diabetes mellitus and hypertension. These co-morbidities may affect results, and thus
affect the analysis. Thus, recruitment of non-pregnant J apanesé women without co-
morbidities was difficult. Regardless, further studies need to be conducted to overcome
this limitation.
Conclusions
To overcome the limitations vof previous studies, the present study objectively
investigated the relationship betWeen SDB and sleepiﬁg position in pregnant woinén in
late-stage pregnancy. The current study suggests that the increased RDI induced by
pregnancy observed in non-pregnant obese women islnot likely tb be reduced by
“sleeping in the lateral position. This suggests the existence of various causes of
hypoxémia in pregnancy. On the other hand, pregnant women with obesity have a
higher risk of SDB. Our findings suggest that‘vsleeping in the lateral bosition could
mitigate the severity of SDB in pregnant women with obcsity; as a result, this sleep
strategy may potentially prevent pregnancy-related complications, particularly in the

late stage of pregnancy.
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Table 1. Demographics and clinical characteristics of study participants

Pregnant - 'Non-pregnant - P-value

BMI>30(n= BMI<30(n BMI<30(n p-Obvs p-nObvs

15) =15  =30) p-nOb n-Pr
Age (years) 32045 2967 29170 62 07
" Height (cm) 159.6(56)  1599(40) 159.1(66) 88 .69
Pre-pregnancy weight A |
91.1(9.2) 53.6 (6.7) 528(59)  <.001 68
(kg) -
Pre-pregnancy BMI : .
| 36039 21022  209(1.9) = <.001 87
(kg/m’) : |
Pregnancy weight L
96.0 (10.2) 61.6 (7.1) N/A <001  NA
(kg)* '
Pregnancy BMI ‘
37.7 (4.0) 24.1 (24) N/A <.001 N/A
(kg/m’)*
Gestational week - .37.0(04) 37.1(0.3) N/A . .58 N/A

Data are expressed as mean (SD).

Significant P-values (under .05) are written in bold.

“At the time of recording. |

BMI: body mass ihdex (kg/m?); p-Ob: pregnant women With bbesity (BMI >30 kg/m?);
p-ﬁOb: i)regnant women without obesity (BMI <30 kg/m?); n-Pr: non;pregnant women;

N/A: not applicable.
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Table 2. Comparison of sleeping conditions, positions, and respiratory disturbance
index during the 37" gestational week in pregnant women with and without obesity and

in non-pregnant women.

Pregnant Non-pregnant P-value
BMI>30(n= BMI<30(n BMI<30(n p-Obvs p-nObvs
15) =15) =30) p-nOb n-Pr

Sleep conditions |

TRT (min) 448.2 (124.2) 436.3(104.1) 3762 (56.1) .78 01

TIB (min) 4323 (116.5) 429.3 (103.4) 373. 5 (55.3) 94 02
Sleepiﬁg'positions | | |

Supine (min) 240.1 (144.4)  273.0 (140.3) | 279.2 (66.1) 54 .83

% Supine in TIB (%) 55.5 (29.0) 63.6 (25.1) 74.8 (16.0) 53 .03

Lateral (mih) | 192.2 ('136.3) 156.1 (102.2)  94.1(63.3) 42 .02

% Lateral in TIB-(%) 44.5 (29.0) 36.4 (25.1) 25.2 (16.0) 52 .03
RDI (times/hour)

Total 10.7 (3.1)‘1 7.0 (3.0) 4.3 (2.9) .003 006

in Supine position 12;4 (6.3) 6.0 (3.0) 4.4(3.1) | .001 A3

in Lateral position 8.0 (4;5) 6.6 (4.4) 34(32) 40 .008

Data are expressed as mean (SD).

Significant P—valueé (under .05) are written in bold. |

BMI: body mass index (kg/m”); p-Ob: pregnantrwon»len with obesity (BMI >30 kg/mzj;
p-nOb: pregnant women without obesity (BiV[I <30 kg/m®); n-Pr: non—pregﬁant women;

TRT: total recording time; TIB: time spent in bed; RDL: respiratory disturbance index.
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Figures and figure legends
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Fig. 1 Correlation between BMI at recording time and total RDI.
Spearman’s coefficient showed a strong correlation between BMI at the recording time
(x-axis) and RDI total (y-axis) (N = 60)

BMI: body mass index (kg/mz); RDI: respiratory disturbance index
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BMI z 30 in pregnant (n=15) BMI < 30 In pregnant (n=15; " Non pregnant jn=20"
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p =0.539 . p =0.142
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*excludad 1 case of > £2s¢

Fig. 2 Comparison of RDI values between the supine position and the lateral position
amoﬁg the 3 gfoups. Analysis pérfonﬁed using paired t-tests showg;d that the pregnant
women with obesity (A) showed significantly lower RDI in the lateral position than in
the supine position, and if the RDI values in the supine position were 11.4 or greater (n
= 10), all of them Showéd lower RDI values for the lateral position. On the other hand,
there were no s1gn1ﬁcant differences in the RDI values between supine and lateral |
ppsitions for the groups of pregnant women without obesity (B) and for non-pregnant
women (C) |

* One case in the non-pregnant (C) group was excluded from the statistical analysis
because it was an outlier (more than mean (2 SD): total RDI, 13.9; in supine, 14.4; in
lateral, 6.9)

\

BMI: body mass index (kg/m?); RDI: respiratory disturbance index
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