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Abstract
Objective The aim of this study was to evaluate the risk of
obstructive sleep apnea (OSA) to preterm delivery (PTD),
using the Berlin Questionnaire (BQ).
Methods This was a large, prospective cohort study among
pregnant Thai women. The BQ was employed for symptom-
based OSA screening during the second trimester, and PTD
was recorded in 1345 pregnant women. Multivariate models
were applied in controlling for potential confounders.
Results The overall prevalence of the high risk of OSA was
10.1%, and it was significantly associated with pre-pregnancy
body mass index and score on the Perceived Stress Scale. An
adjusted odds ratio for PTD in womenwith a high risk of OSA
was 2.00 (95 % confidence intervals (CIs) = 1.20, 3.34).
Stratified analyses, after adjusting for confounding factors,
indicated that a high risk of OSA was associated with an in-
creased risk of spontaneous preterm delivery (odds ratio

(OR) = 2.45, 95 % CI = 1.20, 5.02), but not with preterm
premature rupture of membranes (OR = 1.61, 95 %
CI = 0.61, 4.26), and medically indicated preterm delivery
(OR = 1.83, 95 % CI = 0.72, 4.64).
Conclusion Pregnant women with a high risk of OSA are at
an increased risk of having PTD, compared with pregnant
women with a low risk of OSA.

Keywords Obstructive sleep apnea . Pregnancy . Preterm
delivery . Berlin Questionnaire

Introduction

Preterm delivery (PTD), defined by the World Health
Organization as birth before the completion of 37 weeks of
gestation, is the leading cause of perinatal mortality and long-
term morbidity and is an important public health concern [1]. It
has been estimated that 9.6 % of all births are preterm, account-
ing for 12.9 million babies per year worldwide. Approximately
85 % of this burden has been concentrated in Africa and Asia,
where 10.9 million births have been preterm [2]. Many mater-
nal risk factors have been associated with PTD, including ma-
ternal demographic characteristics, nutritional status, pregnancy
history, present pregnancy characteristics, psychological char-
acteristics, and adverse health behavior [3]. Preventing PTD
remains one of the great challenges in modern obstetrics [4];
therefore, factors associated with preterm birth, but not obvi-
ously in the causal pathway, have been sought to explain PTD
[4]. One area of increased investigation relates to obstructive
sleep apnea (OSA).

OSA consists of decreased airflow due to repetitive com-
plete or partial obstruction of the upper airway associated with
progressive respiratory effort to overcome the obstruction.
OSA is more common among pregnant women than non-
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pregnant women [5]. Several prior studies have provided in-
formation regarding the association between OSA and preg-
nancy outcomes [6–10]. Despite the potential adverse effects
of OSA onmaternal and fetal outcomes [11, 12], little research
has been conducted in Asia (including Thailand) on the effects
of OSA on pregnancy outcomes. OSA and its risk among
pregnant Thai women, however, have not been widely evalu-
ated, partly because of the lack of awareness of the impact of
OSA in pregnancy and the limited availability of
polysomnography (PSG).

Comparing data from those studies, differences should be
noted amongmethodologies, definitions, and diagnostic criteria
used.Many studies have used questionnaires to determine sleep
apnea or its risk, whereas many have relied on overnight PSG
studies, which are generally considered the gold standard diag-
nostic tool for evaluating OSA. Because PSG is expensive and
time consuming, questionnaires have been developed to identi-
fy persons with OSA. However, the Berlin Questionnaire (BQ)
is one screening tool widely used to identify patients with OSA,
including pregnant women [13]. It is a useful and practical
method of screening for OSA and can easily be incorporated
into routine prenatal care. In addition to this, prior studies have
suggested that the BQ has different predictive values, depend-
ing on the trimester of pregnancy when it is administered [14].
During the first trimester, the amount of sleep increases, coin-
ciding with the subjective worsening of sleep quality. General
sleep disturbance and fatigue are more commonwith advancing
gestation, particularly during the third trimester [15–17], where-
as during the second trimester, normal characteristics of sleep,
such as sleep duration or sleep quality, prevail [18, 19].
Therefore, we sought to examine the independent effects of
OSA screening by BQ during the second trimester of pregnan-
cy on PTD among pregnant Thai women.

Methods

A prospective cohort study was conducted among women pre-
senting to five prenatal care clinics affiliated with Maharat
Nakhon Ratchasima Hospital, a large tertiary hospital in
Nakhon Ratchasima Province, Thailand, between July 2013
and December 2014. Women in the second trimester of single-
ton pregnancy who initiated antenatal care prior to 20 weeks
and planned to carry the pregnancy to term and to deliver at the
study hospitals were recruited and followed up until delivery.
Participants with asthma and chronic renal disease were exclud-
ed from the study. Because pregnancies complicated by chronic
hypertension are at increased risk of several adverse pregnancy
and perinatal outcomes, including PTD [20, 21], we also ex-
cluded participants with chronic hypertension. As this study
examined pregnancy outcomes, enrolled subjects who had mis-
carriages or were lost on follow-up (delivery outcome unknown

or medical record not found) were not included for outcomes
analysis.

The plan was to enroll 1500 women. Assuming a 90 %
completion rate, a 5 % PTD rate among the low-risk group
for OSA, and a 10 % high risk for the OSA rate, 1350 women
would complete the study, of whom approximately 135 would
be PTD.With these sample size numbers for the current study,
using an α error of 0.05 and a power of 0.80, the lowest
detectable risk ratio was 2.3 for PTD, with a prevalence of
5 % in the low-risk group for OSA.

Data collection

This study was conducted by means of a self-administered,
close-ended questionnaire distributed by research personnel at
the five prenatal care clinics. Study participants, i.e., pregnant
women between 14 and 27 weeks of gestation, were asked to
complete a questionnaire that ascertained demographic infor-
mation, including maternal age at the expected delivery date,
marital status, and education level. Questions were also relat-
ed to behavioral risk factors such as smoking and alcohol
consumption. Consenting subjects were also administered a
BQ to evaluate the risk of OSA in addition to the
Perceived Stress Scale-10 (PSS-10) questionnaire to as-
sess stress [22, 23]. Following delivery, participants’
medical records were reviewed by well-trained research
personnel who used a standardized abstraction form.
Information abstracted from medical records included a
total amount of weight gain, gravidity, parity, number of
previous abortions, gestational age at delivery,
pregestational diabetes mellitus, and prior history of
PTD.

Pre-pregnancy body mass index (BMI) was calculated
from maternal self-report of height and weight just prior to
conception and cross-checked with documented BMI from
the initial obstetric visit in the first trimester. Serial weights
throughout the pregnancy were obtained from clinical visits,
and following delivery, the total amount of weight gain was
calculated.

Pre-pregnancy BMI categories were defined according to
he World Health Organization: underweight <18.5, normal
weight 18.5 to 24.9, overweight 25 to 29.9, and obese
>30 kg/m2. BMI was calculated using height and weight data
(kg/m2) [24].

Preterm delivery

The diagnosis of PTD was made using the American College
of Obstetricians and Gynecologists (ACOG) guidelines [25].
Gestational age was based on the last menstrual period or
ultrasound examination. Ultrasound-established dates should
take preference over menstrual dates when the discrepancy is
greater than 7 days during the first trimester or greater than
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10–14 days during the second trimester [25, 26]. The ultraso-
nography was available for 96.4 % (54.3 % during the first
trimester and 42.1 % during the second trimester) of all partic-
ipants in this study. We also categorized PTD cases suggested
from prior studies [3, 27, 28], by etiologic heterogeneity as well
as heterogeneity in its underlying clinical presentations: spon-
taneous onset of labor, preterm premature rupture of mem-
branes, and medically indicated PTD.

The Berlin Questionnaire

The BQ, developed in 1996 [13], includes a series of
questions about risk factors for sleep apnea, including
snoring behavior, wake-time sleepiness, or fatigue, and
obesity or hypertension. The BQ contains five questions
concerning snoring, three questions addressing daytime
sleepiness, and one question concerning obesity or his-
tory of high blood pressure. Predetermination of high
risk and lower risk for sleep apnea was based on re-
sponses in three symptom categories. In category 1, in
two or more questions about participants’ snoring, high
risk was defined as persistent symptoms (more than
three to four times per week). In category 2, high risk
was defined as persistent (more than three to four times
per week) wake-time sleepiness, drowsy driving, or
both. In category 3, high risk was defined as a history
of high blood pressure and/or a BMI of more than
30 kg/m2. Because we excluded all participants with
known chronic hypertension at the time of screening, a
positive response in category 3 was based on the pres-
ence of a BMI of more than 30 kg/m2. As per the
questionnaire guidelines, for a person to be considered
at high risk of OSA, she had to qualify as high risk for
at least two symptom categories. Those with symptoms
in at least two categories which were not persistent or
those who were qualified in only one symptom category
were considered to be at low risk of OSA [13].

Statistical analysis

All data were analyzed with Stata software, version 11.0
(Stata Corp., College Station, TX, USA). Histograms,
boxplots, and descriptive methods were used to examine
data for errors, outliers, and missing values. Between-
group comparisons of continuous variables (perceived
stress score and total amount of weight gain) were con-
ducted with t tests (low risk of OSA vs. high risk of
OSA). Dichotomized variables were compared with
Fisher’s exact test. Logistic regression was used to de-
termine associations between the risk of OSA and PTD
after adjusting for potential covariates, where appropri-
ate. We considered the following covariates as possible
confounders: maternal age, marital status, maternal

educational attainment, pre-pregnancy BMI, alcohol con-
sumption, smoking status during pregnancy, parity, pre-
vious abortion, pregestational diabetes mellitus, prior
history of PTD, and score on PSS. Confounders were
defined as those factors that altered unadjusted odds
ratios by at least 10 %. Statistical hypotheses were test-
ed using two-tailed odds ratios (OR), 95 % confidence
intervals (CIs), and p < 0.05 was considered statistically
significant.

Results

During the study period, 1568 eligible women were
approached and 1500 (95.7 %) agreed to participate. One
hundred and fifty-three women who were lost to follow-up
(delivery outcome unknown or medical records not found)
were excluded from this analysis. Also excluded were women
who experienced an abortion or fetal demise prior to 28 weeks
of gestation (n = 2). A cohort of 1345 women remained for
analysis.

Of the 1345 respondents who completed screening ques-
tionnaires for symptoms of OSA at a mean gestational age of
18.1 (SD 3.29) weeks, 10.1 % (n = 136) met the criteria for a
high risk of OSA, while the remainder of the participants were
classified as low risk. Table 1 provides the maternal
sociodemographic factors stratified by the risk group for

Table 1 Sociodemographic and behavioral characteristics of study
participants according to high risk and low risk of OSA, Nakhon
Ratchasima Province, Thailand, 2013–2014

Characteristic Low-risk group
(n = 1209)a, n (%)

High-risk group
(n = 136)a, n (%)

p

Maternal age (years)

<20 117 (9.7) 10 (7.4) 0.584
20–24 282 (23.3) 38 (27.9)

25–29 317 (26.2) 33 (24.3)

30–34 294 (24.3) 29 (21.3)

>35 199 (16.5) 26 (19.1)

Maternal education (years)

<6 93 (7.7) 13 (9.6) 0.622
7–12 818 (67.7) 88 (64.7)

>12 297 (24.6) 35 (25.7)

Marital status

Married 975 (81.1) 109 (80.7) 0.564
Unmarried 199 (16.6) 21 (15.6)

Separated 28 (2.3) 5 (3.7)

Smoked during
pregnancy

7 (0.6) 2 (1.5) 0.230

Alcohol use in
pregnancy

37 (3.1) 8 (5.9) 0.123

aNumber may not be added up to the total number due to missing data
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OSA. Overall, women at high or low risk of OSAwere similar
with regard to maternal age, educational attainment, marital
status, smoking, and alcohol consumption status. As seen in
Table 2, no clinically meaningful differences were observed
between women at high risk and low risk of OSAwith regard
to parity, prior history of PTD, previous abortion,
pregestational diabetes mellitus, and total gestational weight
gain. The women in the high-risk group for OSA, however,
were more likely to be overweight or obese pre-pregnancy and
were reported to be more likely to have an average score on
PSS than the low-risk group was.

As seen in Table 3, women in the group at high risk of OSA
were at higher risk of PTD than those in the group at low risk

(unadjusted OR = 2.10, 95% CI = 1.32, 3.36). Adjustment for
possible confounding by maternal age, pre-pregnancy BMI,
parity, smoking during pregnancy, previous preterm delivery,
and number of previous abortions did not result in a material
difference in the association (adjusted OR = 2.00, 95 %
CI = 1.20, 3.34).

Additionally, analyses were also performed stratified by the
PTD subtype described previously (i.e., spontaneous preterm
delivery, preterm premature rupture of membranes, and medi-
cally indicated preterm delivery). As seen in Table 4, the risk of
OSAwas associated with an increased risk of spontaneous pre-
term delivery after adjusting for potential confounders
(OR = 2.45, 95 % CI = 1.20, 5.02). For preterm premature
rupture of membranes or medically indicated preterm delivery,
there was no clear evidence of a positive association with the
risk group for OSA. The high-risk group for OSAwas associ-
ated with an increased risk of preterm premature rupture of
membranes (OR = 1.61, 95 % CI = 0.61, 4.26) and medically
induced preterm delivery (OR = 1.83, 95 % CI = 0.72, 4.64),
though these latter associations were not statistically significant.

Discussion

To the best of our knowledge, this is the first prospective
cohort study comparing PTD between high risk and low risk
of OSA among pregnant Thai women. In this study, using
both adjusted and unadjusted analyses, we found that screen-
ing positive for OSA on BQ was associated with PTD. Also
notable was the risk of spontaneous preterm delivery among
those screening positive on the BQ, demonstrating that the
risk of spontaneous preterm delivery increases with screening
positive on BQ.

Our findings confirm those of prior studies [10, 12].
For example, Louis et al. reported that women with
OSA were more likely to have PTD than obese controls
and normal-weight controls (30 % vs. 10 % and 12 %,
respectively; p < 0.01) [10]. Another study by Chen
et al. also found that after adjusting for mother’s education, mar-
ital status, gestational diabetes mellitus, gestational hypertension,
anemia, coronary heart disease, hyperlipidemia, obesity, geo-
graphic region, paternal age, infant’s sex, and parity, pregnant
women with OSAwere at an increased risk of preterm delivery

Table 2 Reproductive and medical characteristics of study members
according to high risk and low risk of OSA, Nakhon Ratchasima
Province, Thailand, 2013–2014

Characteristic Low-risk group
(n = 1209)a, n (%)

High-risk group
(n = 136)a, n (%)

p

Parity

Nulliparous 484 (40.0) 56 (41.2) 0.854
Multiparous 725 (60.0) 80 (58.8)

Prior history of PTD

Parous-no prior
PTD

659 (91.2) 69 (86.2) 0.157

Parous-prior PTD 64 (8.8) 11 (13.8)

Number of previous abortion

0 969 (80.2) 106 (77.9) 0.176
1 199 (16.5) 21 (15.4)

≥2 41 (3.4) 9 (6.6)

Pre-pregnancy body mass index (kg/m2)

<18.5 248 (20.6) 10 (7.4) <0.001
18.5–24.9 770 (64.0) 56 (41.2)

25.0–29.9 147 (12.2) 38 (27.9)

≥30.0 39 (3.2) 32 (23.5)

Pregestational
diabetes mellitus

106 (8.8) 16 (11.8) 0.270

Total gestational
weight gain (kg):
mean (SD)

14.7 (4.44) 14.9 (5.56) 0.699

Mean Perceived
Stress Scale score
(SD)

15.8 (5.30) 16.9 (5.24) 0.024

a The number may not be added up to the total number due to missing data

Table 3 Odds ratio and 95 %
confidence interval of preterm
delivery according to the risk
group for OSA, Nakhon
Ratchasima Province, Thailand,
2013–2014

Risk of
OSA

Term delivery
(n = 1197), n (%)

Preterm delivery
(n = 148), n (%)

Unadjusted OR
(95 % CI)

Adjusted ORa

(95 % CI)

Low risk 1087 (89.9) 122 (10.1) 1.00 (reference) 1.00 (reference)

High risk 110 (80.9) 26 (19.1) 2.10 (1.32, 3.36) 2.00 (1.20, 3.34)

a Adjusted for maternal age, pre-pregnancy body mass index, parity, smoked during pregnancy, previous preterm,
and number of previous abortion
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2.31 (95 % CI = 1.77, 3.01) [12]. Moreover, our findings are
similar to those that used more invasive, though objective, mea-
sures of sleep traits (e.g., polysomnography) [10].

The association between OSA and PTD has biological plau-
sibility. For example, some research suggests that inflammatory
cytokines may play a major role in the initiation of PTD
[29–32]. The meta-analysis study has identified that levels of
systemic inflammatory markers were found to be higher in
OSA patients than in the control subjects [33]. The associations
between OSA and increased inflammatory cytokine concentra-
tions and between inflammatory cytokines and PTD demon-
strate a plausible mechanism for the observed associations.
However, no prior research has directly examined the relation-
ship between OSA, levels of pro-inflammatory markers, and
risk of PTD. More research is needed to enhance our under-
standing of the effect of OSA on PTD and the physiological
mechanisms underlying this relationship.

When interpreting our data, there are several points to con-
sider. First, the screening of participants by BQ in this study had
no confirmation with the PSG. However, the BQ is widely used
in pregnancy [14, 34–36], and a prior study confirms that the
predictive values are acceptable, particularly in the second tri-
mester [34]. Second, although we adjusted for many potential
confounders, we cannot exclude the possibility that some resid-
ual confounding factors not measured in our study (e.g., urinary
tract infection, bacterial vaginosis, chorioamnionitis, and pre-
existing OSA) may have influenced the reported risk estimates.

Despite the abovementioned limitations, our large datasets,
examined for integrity and validity as described in the previous
text, provided sufficient statistical power to detect differences.
The prospective study design and very high successful follow-
up rate (89.7 %) of the enrolled subjects and the fact that less
than 5 % of the cases in this study had missing values represent
important strengths in our study.We also compared the baseline
characteristics of enrollees lost to follow-up to those who com-
pleted the study and noted that all the variables were compara-
ble, suggesting that the few women lost to follow-up would not
have affected the outcomes disproportionately. We worked to-
ward identifying the etiologically homogenous grouping of
PTD by a subgroup analysis of spontaneous preterm delivery,

preterm premature rupture of membranes, and medically indi-
cated preterm delivery. This study also suggests that the BQ,
administered in the second trimester of pregnancy, may be ca-
pable of screening for OSA, as the potential for earlier screening
tools will hopefully allow earlier detection of OSA and more
time for effective intervention and potentially improved preg-
nancy outcomes including PTD.

Conclusion

The results of this study indicate that pregnant women with a
high risk of OSA detected by BQ had a high risk of PTD. Our
result, given the local relevance of OSA, suggests that it is
important to increase awareness not only among pregnant
women but also, more importantly, among physicians. OSA
symptoms should be assessed in all pregnant women. Early
diagnosis and management may decrease the adverse out-
comes associated with OSA during pregnancy. Close moni-
toring of pregnant women with a high risk of OSA is essential.
Moreover, our study illustrates the need for further studies to
assess the mechanisms for the association between OSA and
PTD.
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Table 4 Odds ratio and 95 % confidence interval of preterm delivery subtypes according to the risk group for OSA, Nakhon Ratchasima Province,
Thailand, 2013–2014

Risk of OSA Term delivery (n = 1197) Spontaneous preterm
delivery (n = 69)

Preterm premature
rupture of membrane
(n = 41)

Medically indicated
preterm delivery (n = 38)

No. No. ORa (95 % CI) No. ORa (95 % CI) No. ORa (95 % CI)

Low risk 1087 57 1.00 (reference) 35 1.00 (reference) 30 1.00 (reference)

High risk 110 12 2.45 (1.20, 5.02) 6 1.61 (0.61, 4.26) 8 1.83 (0.72, 4.64)

a Adjusted for maternal age, pre-pregnancy body mass index, parity, previous preterm, and number of previous abortion
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