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Abstract

Introduction: Physiological changes in pregnancy increase the vulnerability of antenatal women to develop obstructive sleep
apnoea (OSA). It is a known cause of several adverse health outcomes in pregnancy.

Objectives: To assess the risk status of OSA in pregnant women and to study its association with adverse maternal outcomes,
fatigability, and daytime sleepiness.

Material and methods: Pregnant women were interviewed to assess for the risk of OSA, fatigability, and daytime sleepiness.
STOP BANG, the fatigue severity scale, and the Epworth sleepiness scale were used to assess these parameters.

Results: The mean age of the 214 participants was 27.2 + 4.7 years. 7 (3.3%) participants had a history of snoring louder than
the volume of normal talking, or of being loud enough to be heard past closed doors. A moderate risk status of 0SA was present
among 3 (1.4%) participants. 45 (21.0%) pregnancies were high risk in nature. The risk status of OSA was associated with a high
risk status of pregnancies among the participants (p = 0.0088). 41 (19.2%) participants had a history of significant fatigue over
the previous week of the study. 7 (3.3%) participants reported mild to severe excessive daytime sleepiness. A history of snoring
loudly (p = 0.0179) and OSA risk status (p = 0.0027) was associated with excessive daytime sleepiness.

Conclusions: A risk status for 0SA was associated with a high risk pregnancy status and excessive daytime sleepiness among
pregnant women in the current setting. Therefore, pregnant women with these conditions need to be evaluated for 0SA. They

also need to be suitably managed to ensure the healthy well-being of the mother and the baby.
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Introduction

Pregnancy is a state associated with a num-
ber of physiological changes in the body. High
levels of progesterone and estrogen during preg-
nancy cause fluid retention leading to swelling
around the neck, mucus membranes, and nasal
passages. These changes result in narrowing of
the oropharyngeal diameter and increased upper
airway resistance leading to the occurrence of
snoring [1]. As many as 25% of pregnant women
have been found to be first time snorers during
the gestational period [1]. Heavy snoring accom-
panied by pauses in breathing lead to a state
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of obstructive sleep apnea (OSA) [1]. The state
of reduced oxygenation during each episode of
OSA can end with disastrous consequences both
in the antenatal and in the intranatal period [2].
Prior studies have observed OSA complicating
pregnancy and resulting in an increased risk of
intensive care admission as well as an increased
duration of time spent in the hospital [3].
Although OSA is a common complication in
pregnancy, it unfortunately remains underdiag-
nosed due to reasons such as variable clinical pre-
sentations [4] and poor validity of certain question-
naire-based tools [5]. Overnight polysomnogram,
which is the gold standard for its diagnosis, is an
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expensive, time-consuming, and uncomfortable
procedure which is not practical for application [6].

Surveys have reported that 90% of pregnant
patients with OSA were unaware of OSA and its
consequences [7]. Doctors may also misinterpret
the excessive daytime sleepiness complaints
among antenatal women as a normal symptom of
pregnancy. This results in a further delay in its
identification and management [8].

This study was therefore done to study the
risk status of OSA among pregnant women at
various tertiary care centres in an urban setting.
Its association with adverse maternal outcomes,
fatigability, and daytime sleepiness were also
evaluated in this study.

Material and methods

This cross-sectional study was conducted
among pregnant women, both admitted and
those seeking outpatient services, at a private
and a government tertiary care hospital in Man-
galore, India. Ethical clearance was approved by
the Institutional Ethics Committee. The reference
number was IECKMCMLR/023/2019. Permission
was granted by the medical superintendent of the
respective hospitals. The study was conducted in
the month of February 2019.

Consent was given in writing after clarifying
the procedure and purpose of the study to each
participant.

Assuming that 31.9% 9] of pregnant women are
at a greater risk for developing OSA, the sample size
was calculated as 214 at 95% confidence intervals
and 80% power using the formula n = 4pg/d®.

All participants were examined only once as
a part of this study. They were enrolled using the
convenience sampling method. Participants aged
18 years and above were included whereas those
who refused to give consent for participation were
excluded from this study. They were then inter-
viewed using a structured interview schedule.
The risk status for developing OSA was assessed
using the STOP BANG questionnaire. It has eight
items with responses for each in a “yes” and “no”
format. The participant was categorized as having
either a low, moderate, or high risk of OSA if they
answered “yes” to < 3, 3—4, > 5 items respectively.
This tool has been validated to identify OSA in
pregnancy and has been found to have the highest
specificity among the various questionnaire-based
OSA screening tools [10].

The current level of fatigue among participants
was assessed using the fatigue severity scale (FSS)
which consists of nine items. The responses to
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each item were “strongly disagree”, “moderately
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disagree”, “slightly disagree”, “neutral”, “slightly
agree”, “moderately agree”, and “strongly agree” in
a Likert scale with scores ranging from 1 to 7 respec-
tively. A cumulative score of > 36 was indicative of
a significant level of fatigue among the participants.

Desire to sleep while engaging in different
activities during the daytime in recent times
was assessed using the Epworth sleepiness scale
(ESS). The responses to the eight items in this
scale were “would never nap”, “slight chance
of napping”, “moderate chance of napping” and
“high chance of napping”, scored from 0 to 3 re-
spectively. An ESS score over 10 was indicative
of excess daytime sleepiness.

The internal consistency of the STOP BANG
questionnaire, FSS and ESS used in this study had
the Cronbach’s alpha value of 0.724, 0.878 and
0.693 respectively, indicating good reliability.

Demographic details (age, occupation, educa-
tion, and place of residence), obstetric details (ob-
stetric score and gestational age), and the presence
of risk factors (co-morbidities, history of tobacco
usage, long standing medication history, family
history of snoring, and known status of OSA) were
enquired about among the respondents.

In addition, height, weight, neck circumfer-
ence, and blood pressure were measured among
all participants using instruments like stadi-
ometers, measuring tapes, weighing scales and
mercury sphygmomanometers as per standard
guidelines.

Pre-pregnancy weight, recent haemoglobin
values, and recent fasting blood sugar (FBS) val-
ues were noted from the antenatal records of the
participants. BMI status was assessed using the
Asian classification. Participants with haemoglo-
bin values < 11 g/dL were categorized as anaemic
and those with FBS > 95 mg/dL of blood were in-
terpreted as having increased blood sugar levels.

The interview schedule was content validat-
ed and was also language validated in the local
language “Kannada” with the help of experts. The
schedule was then pilot tested among 10 antena-
tal women who were not part of the main study.

IBM SPSS for Windows version 25.0, Ar-
monk, New York was used for data entry and
analysis. The Chi-square test and Fisher’s exact
test were used to test association. p<0.05 was
considered a significant association.

Results

Out of the 214 pregnant women, 138 (64.5%)
were from the government hospital and 76 (35.5%)
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Table 1. Socio-demographic distribution of pregnant women

Characteristics Number  Percentage
Age group (years)

18-20 20 9.4
21-25 54 25.2
26-30 88 411
31-35 44 20.6
36-38 8 3.7
Educational status

Graduate/postgraduate 24 11.2
Pre-university course/ diploma 48 22.4
High school Al 33.2
Middle school 34 15.9
Primary school 17 79
Illiterate 20 9.4
Occupational status

Housewives 174 81.3
Semi-professionals 15 7.0
Semi-skilled workers 12 5.6
Unskilled workers 13 6.1
Place of residence

Urban 169 79.0
Rural 45 21.0
Total 214 100.0

were from the private hospital. 27 (12.6%) were
admitted while 187 (87.4%) had come for ante-
natal check-ups on an outpatient basis at these
hospitals.

Reasons for admission included pregnancy
induced hypertension (PIH) among 7 patients,
abdominal pain and bleeding among 7, safe con-
finement among 2, oligohydramnios among 2,
gestational diabetes mellitus (GDM) among 2, hy-
potension in 1, vomiting and dysentery in 1, renal
calculi in 1, anaemia in 1, placenta praevia in 1,
polyhydramnios in 1, and fetal microsomia in 1.

The mean age of the participants was 27.2 +
4.7 years. The majority of participants were edu-
cated up to high school level [71 (33.2%)], were
housewives [174 (81.3%)], and were from urban
areas [169 (79%)] (Table 1).

The majority of pregnant women were in
the third trimester [144 (67.3%)]. A past history
of abortion was reported among 27 (12.6%) par-
ticipants (Table 2). Out of the 214 participants,
a history of a single episode of abortion was
present among 23 (10.7%), two episodes among

Table 2. Pregnancy-related characteristics among parti-

cipants
Characteristics Number  Percentage
Trimester
First 13 6.1
Second 57 26.6
Third 144 67.3
Gravida
Prima 118 55.1
Second 63 294
Third 25 1.7
Fourth 7 33
Seventh 1 0.5
Parity
Nulliparous 125 58.4
First 60 28.0
Second 23 10.8
Three 6 2.8
Number of children
None 129 60.3
One 63 29.5
Two 17 1.9
Three 5 23
Past history of abortion 21 12.6
High risk status of pregnancy 45 21.0
Recent haemoglobin value 43 20.1
< 11 g/dL
Total 214 100.0

2 (0.9%), and three and four episodes in 1 (0.5%)
participant each. The current BMI status was
underweight among 22 (10.3%), normal among
82 (38.3%), overweight among 52 (24.3%), and
obese among 58 (27.1%) participants. A current
body mass index (BMI) more than 35 kg/m®was
present in only one participant.

45 (21.0%) of the total pregnancies were high
risk in nature. The mean age of these women was
28.5 = 4.5 years. Six (13.3%) were illiterates,
4 (8.9%) were educated up to primary school,
7 (15.6%) up to middle school, 10 (22.2%) up
to high school, 12 (26.7%) completed a pre-uni-
versity course/diploma, and 6 (13.3%) of them
were educated at the undergraduate/postgraduate
level. Six (13.3%) of them were coolie workers,
4 (8.9%) were beedi rollers, and the rest were
house wives. Thirty two (71.1%) of them were
from rural areas. Twenty nine (64.5%) were pri-
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Table 3. Association between risk factors and 0SA risk status among the participants

Characteristics 0SA risk status
Trimester Moderate risk (%) Low risk (%) Total
First 0(0) 13 (100) 13
Second 1(1.8) 56 (98.2) 57
Third 2(1.4) 142 (98.6) 144
X2 =0.236, p = 0.889
Age group (years)
<30 1(0.6) 161 (99.4) 162
> 30 2(3.9) 50 (96.1) 52
p=0.1471

Total 3 211 214
BMI status before pregnancy
Underweight/ normal 2(1.8) 111(98.2) 113
Overweight/obese 1(2.7) 36 (97.3) 37

p=1
Total 3 147 150
Weight gain among women coming for ANC
visit between 32 to 33 weeks in comparison to
their pre-pregnancy weight
< 11 kilograms 0(0) 11 (100) "
> 11 kilograms 1(50) 1(50) 2

p =0.1538

Total 1 12 13

ANC — antenatal care; BMI — body mass index; 0SA — obstructive sleep apnoea

migravida, 13 (28.9%) were of second gravida,
2 (4.4%) were of third gravida, and 1 (2.2%)
was of fourth gravida. Four (8.9%) of them were
underweight, 17 (37.8%) were normal, 9 (20%)
were overweight and 15 (33.3%) were obese as
per their BMI status. The reasons for high risk
pregnancies were PIH among 15, hypothyroid-
ism among 6, GDM among 5, Rh negative status
among 3, abdominal pain and bleeding among 2,
hypotension among 2, oligohydramnios among 2,
polyhydramnios in 1, threatened abortion in 1,
fibroid in 1, ovarian cyst in 1, GDM and PIH in
1, GDM and asthma in 1, psoriasis in 1, placenta
praevia in 1, pre-eclampsia in 1, and hyperthy-
roidism and PIH in 1 participant.

A history of the use of long-standing med-
ications prior to pregnancy was present among
8 patients. The medications used by them were
labetalol among 3, metformin among 3, and iron
tablets among 2 patients. Current blood pressure
readings were raised among 5 (2.3%), the most
recent FBS levels were raised among 2 (0.9%)
and the glucose challenge test result was on the
higher side in 1 participant.

Seven (3.3%) participants had a history of
snoring louder than the volume of normal talking
or being loud enough to be heard through closed
doors. Only 1 participant had a positive family
history of snoring.

A history of snoring loudly was reported
among 3 (6.7%) of the 45 participants with a high
risk pregnancy status in comparison to 4 (2.4%)
out of 169 participants with normal pregnancy
status (p = 0.163). There was no association of
having a history of snoring loudly as a result of
gravida status >2 (p = 1), multigravida status (p
= 1), parity > 2 (p = 1), number of living children
> 2 (p = 1), past history of abortion (p = 0.5996),
trimester status (p = 0.531), being a housewife by
occupation (p = 1), being illiterate (p = 0.502),
residential status (p = 0.349), recent FBS val-
ues (p = 1), haemoglobin < 11 g/dL (p = 0.34),
a history of taking long standing medications (p
= 0.237), family history of snoring (p = 1), age >
30 years (p = 0.3645), pre pregnancy BMI status
(p = 0.6367), current BMI status (p = 0.715), and
weight gain among women coming for ANC visit
between 32 and 33 weeks (n = 13) in comparison
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to their pre-pregnancy weight (p = 0.2949) among
the participants.

Five (2.3%) participants had a positive his-
tory for someone having observed them stop
breathing during sleep.

Moderate risk status for the development of
OSA were present among 3 (1.4%) out of the total
214 participants.

There was no association between gravida
status >2 (p = 0.3965), multigravida status (p
= 0.589), parity > 2 (p = 1), number of living
children >2 (p = 1), history of abortion (p = 1),
third trimester status (p = 1), being a housewife
by occupation (p = 0.4642), educational status
(p = 1), place of residence (p = 1), family history
of snoring (p = 1), haemoglobin < 11 g/dL (p =
0.571), history of taking long standing medica-
tions (p = 0.108), current BMI status (p = 1),
weight gain among women coming for ANC visit
between 22 to 23 weeks in comparison to their
pre-pregnancy weight (n = 3; p = 1), weight gain
among women coming for ANC visit between 39 to
40 weeks in comparison to their pre-pregnancy
weight (n = 9; p = 0.4444) and OSA risk status.

A moderate risk status for OSA was present
among 2 (3.9%) out of 52 women aged more
than 30 years in comparison to 1 (0.6%) out of
162 women aged 30 years or below (p = 0.1471).
(Table 3)

Risk status for OSA was associated with
a high risk status of pregnancy among the par-
ticipants (p = 0.0088) (Table 4).

Forty one (19.2%) participants were found to
have a history of significant fatigue over the pre-
vious week of the study. Lower normal daytime
sleepiness was present among 177 (82.7%), higher
normal daytime sleepiness among 30 (14%), mild
excessive daytime sleepiness among 3 (1.4%),
moderate excessive daytime sleepiness among
3 (1.4%), and severe excessive daytime sleepiness
in 1 (0.5%) participant in recent times.

A history of snoring loudly (p = 0.0179) and
OSA risk status (p = 0.0027) was associated with
excessive daytime sleepiness (Table 4).

Discussion

Early identification of OSA among pregnant
women is essential for both maternal and fetal
well-being.

A history of snoring loudly was present
among 3.3% participants which was less than the
findings of previous studies [21.2% and 35.3%
(11, 12)]. The tendency to snore occurs as a re-
sult of the normal physiological changes during

pregnancy which lead to narrowing of upper air-
ways. A history of snoring and frequent snoring
(> 3 nights/week) among pregnant women have
also been linked to the surge of estrogen and pro-
gesterone levels during the antenatal period [13].

In the current study, 1.4% of the participants
were found to have a greater risk for develop-
ing OSA which was again less than 13.4% [14],
18.4% [15], 26.4%[9], 26.7%[16] and 30.9% [17]
reported in previous studies. The trimester wide
distribution of greater risk status for OSA was
none in the first, 1.8% in the second, and 1.4%
in the third trimester among participants in this
study. In previous studies, the risk of OSA in the
first trimester was reported as 10.5% [18], 10.7%
[2], and 30.4% [9]; in the second trimester 29%
[19] and 33.3% [9]; in the third trimester 24.1%
[2], 26.7% [18], 32% [9], and 34.7% [20] of all
participants. The risk of OSA was therefore low
in particular trimesters of pregnancy in this study
compared to the results of other authors.

However, it is notable that the risk of devel-
oping OSA was observed to increase in the sec-
ond and third trimesters as compared to the first
trimester of pregnancy in this study. This can be
explained due to the fact that the enlarging uterus
elevates the diaphragm and alters respiration.
These alterations during sleep increase the risk
of upper airway collapse, and for OSA, as the
pregnancy progresses. An increase in the levels
of estrogen and progesterone as the pregnancy
advances is also responsible. An increase in estro-
gen concentration increases mucosal edema and
progesterone increases the respiratory centre’s
sensitivity to carbon dioxide and destabilizes the
respiratory control mechanism [21]. Therefore, it
is important to screen for OSA and monitor for
its development during every trimester as the
pregnancy advances. It has been recommended
to screen for OSA between 12 and 18 weeks to
allow adequate time for its evaluation and early
management [22].

In a study done in Peru, overweight and obese
pregnant women were more likely to report a his-
tory of snoring [23]. Snoring has been found to
be a risk factor for PIH, pre-eclampsiaand GDM
[24]. However, these were different from our ob-
servations because no such association was seen.

No specific risk factors were associated with
OSA risk status in this study. This was again differ-
ent from findings of previous studies where age [2,
14, 18], tongue enlargement [2], pre-pregnancy BMI
[9], first trimester BMI[18], current BMI [2, 9, 14,
13] and weight gain during pregnancy [9] were re-
ported as potential risk factors for developing OSA.
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Table 4. Association between a history of snoring loudly and 0SA risk status with a high risk status of pregnancy, fati-
gue, and excessive daytime sleepiness among participants

Fatigue status

History of snoring loudly
Present
Absent

Total

History of snoring loudly
Present

Absent

Total

History of snoring loudly

Present
Absent

Total

History of snoring loudly
Present

Absent

Total

0SA risk status
Moderate risk
Low risk

Total

0SA risk status
Moderate risk
Low risk

Total

0SA risk status
Moderate risk
Low risk

Total

0SA risk status
Moderate risk
Low risk

Total

0SA risk status
Moderate risk

Low risk

Total

Present Absent
2(28.6) 5(71.4)
39(18.8) 168 (81.2)
4 173
Daytime sleepiness status
Excessive Normal
2 (28.6) 5(71.4)
5(2.4) 202 (97.6)
7 207
Type of pregnancy
High risk Normal
3(42.9) 4 (57.1)
42 (20.3) 165 (79.7)
45 169
PIH/Pre-Eclampsia status
Present Absent
1(14.3) 6 (85.7)
17 (8.2) 190 (91.8)
18 196
Fatigue status
Present Absent
2 (66.7) 1(33.3)
39(18.5) 172 (81.5)
41 173
Daytime sleepiness status
Excessive Normal
2 (66.7) 1(33.3)
5(2.4) 206 (97.6)
7 207
Type of pregnancy
High risk Normal
3(100) 0(0)
42 (19.9) 169 (80.1)
45 169
PIH/Pre-Eclampsia status
Present Absent
1(33.3) 2 (66.7)
17 (8.1) 194 (91.9)
18 196
GDM status
Present Absent
1(33.3) 2 (66.7)
6(2.8) 205 (97.2)
7 207

Total
7
207
p = 0.621
214

Total
7
207
p =0.0179
214

207

p=0.163
214

207
p = 0.464
214

Total

211
p = 0.095
214

Total

211
p = 0.0027
214

3
21

p = 0.0088
214

21
p = 0.233
214

211
p = 0.0954
214

GDM — gestational diabetes mellitus; 0SA — obstructive sleep apnoea; PIH — pregnancy-induced hypertension
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Although OSA risk status was associated
with a high risk status of pregnancy, it was not
specifically associated with either hypertensive
disorders or GDM among participants in this
study. In other studies, OSA in pregnancy was
associated with PIH [14, 24], preeclampsia [15,
24] and GDM [14, 24]. Various hypertensive dis-
orders in pregnancy have been suggested to result
from endothelial dysfunction as a consequence
of OSA related intermittent hypoxemia [25]. Fre-
quent arousals from sleep among OSA patients
lead to a decrease in slow wave sleep. This causes
sympathetic activation which disrupts the hy-
pothalamic-pituitary-adrenal axis. Altered sleep
also causes an alteration in cortisol synthesis
and release. These mechanism induce insulin
resistance and alter glucose homeostasis [26, 27].
Periodic hypoxia in OSA affects beta cell activity
of the pancreas [28].

Pregnant women are therefore advised to
sleep in a lateral position which keeps airways
open and thereby minimizes the risk of hypoxia
induced by OSA [25]. On top of this, continuous
airway positive pressure (CPAP), if initiated
early in pregnancy even in those with history
of chronic snoring, would be beneficial in blood
pressure control [4]. Tolerance to nasal CPAP has
been found to be good during pregnancy without
reports of any adverse effects [29].

There was no association between OSA risk
status and fatigability among pregnant women
in this study.

However, the present study found that a his-
tory of snoring loudly and OSA risk status were
associated with excessive daytime sleepiness
among pregnant women. This was in contrast to
the findings of previous studies done in the USA
[18] and in Thailand [9] where no such association
was reported. Medical practitioners and patients
themselves end up mistaking excessive daytime
sleepiness as usual symptoms in pregnancy. This
may further delay the diagnosis and management
of OSA which needs to be taken care of [8]. Health
care providers need to further take up the respon-
sibility of bringing up the awareness about OSA
and its consequences among pregnant women.
This is important as pregnancy may be the only
occasion during which the woman might seek
medical attention.

Conclusions
OSA risk status was associated with a high risk

pregnancy status and excessive daytime sleepiness
among pregnant women in the current setting.

Therefore, pregnant women with these conditions
need to be evaluated for OSA. They also need to be
suitably managed to ensure the healthy well-being
of both the mother and the baby.

Limitations

Under reporting of information may be pos-
sible among participants with respect to snoring
and other variables such as fatigability and day-
time sleepiness. The cross-sectional design of
this study is limited with regards to its ability
to interpret temporality of the association. This
could have been rectified had the same pregnant
women been longitudinally followed up during
the gestational period.
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