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Abstract

Introduction: According to the available data, OSAS (Obstructive Sleep Apnea Syndrome) occurs in the fourth decade in 1 to 5% of women
in the total population, and over 90% of women with OSAS do not know about their problems. Approximately 15% of obese pregnant
females are thought to suffer from SAS. The aim of this work is to explore OSAS incidence in high-risk pregnant women and the association
of OSAS with risk factors for pregnancy.

Material: 85 women of a group of 480 monitored high-risk pregnant females were examined, and 61 of these were involved in this study.
Methods: We statistically evaluated the relation between OSAS and hypertension, obesity, preeclamptic placental changes, low pH values
of umbilical cord blood, and low PIGF levels in the group of high-risk pregnant women with AHI < 5 and in the group with AHI > 5.
Results: In the monitored group there was a statistical significant coherence between OSAS and gestational diabetes and obesity in
high-risk gravid women. Surprisingly, an association with hypertension was not found. From a statistical point of view, evaluations of
histomorphological preeclamptic placental changes, low pH values of umbilical cord blood and low PIGF levels was not significant for a

small number of respondents with these disorders.
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Introduction

According to epidemiologic studies, sleep breathing disorders
affect approximately 15% of the population (Slouka et al.,
2015). About half of these disorders are caused by sleep apnea
syndrome (SAS). This syndrome is divided into three forms:
obstructive (OSAS), central and mixed. The seriousness of
sleep apnea syndrome is definitely assessed in accordance with
an average number of breathing events per hour of sleep (ap-
nea-hypopnea index, AHI): mild SAS (AHI 5-14.9), moderate
(AHI 15-29.9) and severe (AHI > 30) (Sonka and Nev$imalova,
2011).

Sleep breathing disorders related to OSAS are associated
with cardiovascular disorders (Monahan and Redline, 2011).
OSAS may cause hypertension or complicate its treatment.
Myocardial infarction, heart failure, cerebral vascular events,
as well as a higher probability of recurrent atrial fibrilation af-
ter successful cardioversion essentially rank among other re-
lated cardiovascular disorders (Kasai, 2012). The risk of cardio-

vascular events in patients with non-treated SAS is three times
higher than in the common population (Barbé et al., 2012).

Other common symptoms and complications of OSAS
include memory and concentration disorders, daytime sleep-
iness, nocturnal polyuria and worsened response to treatment
of diabetes (Slouka et al., 2015). Poor quality of life in patients
with non-treated severe OSAS is connected with social aspects
(Slouka et al., 2018).

Endocrine and metabolic disorders associated with OSAS
are among the lesser-known disturbances. Changes in the en-
docrine system and metabolism (Slouka et al., 2015) influence
the hypertrophy of tissues (as well as space in the upper air-
ways) and breathing control. Fragmented sleep causes lower
secretion of the growth hormone (Xu et al., 2018) and de-
creases testosterone levels (Cho and Duffy, 2017). Some epi-
demiologic studies show that a decrease in progesterone and
estrogen levels after the menopause is directly connected with
a higher risk of OSAS (Polo-Kantola et al., 2003). Coherence
between hypothyreosis and OSAS has not been sufficiently
proven up to now, even if clinical experience with OSAS im-
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provement after compensated hypothyreosis is mentioned
(Slouka et al., 2015), thyreopathic myositis makes muscular
functions (including airway dilators) worse and submucosal
deposition of mucoproteins also causes narrowing of the up-
per airways. There are different opinions on the relationship
between Cushing’s syndrome (hypercorticolism) and apnea
(Shipley et al., 1992). Nocturnal polyuria, mentioned above,
is associated with higher secretion of atrial natriuretic peptide
and decreased activity of the renin-angiotenzin-aldosteron
system (Tanaka et al., 2017). Subsequent higher sodium secre-
tion may be one of the co-factors related to OSAS impact on
hypertension (Tsuda, 2017). Sleep breathing disorders bring
about increased catecholamine excretion and a higher activity
of the sympathicus, leading to hyperinsulinemia as well as po-
tencing hypertension (Slouka et al., 2014).

Continuous positive airway pressure (CPAP) is considered
to be first-line therapy in patients with moderate and severe
OSAS. It takes effect very quickly in the common population
if treatment is performed successfully. Over the course of sev-
eral weeks, we can see considerable subjective (feeling of rest
after nocturnal sleep) and objective improvements of OSAS
(reduction of breathing events and hyposaturation) (Slouka et
al., 2018).

According to the available data, OSAS occurs in the fourth
decade in 1 to 5% of women in the total population, and over
90% of women with OSAS do not know about their problems
(Redline et al., 1994; Young, 1993).

OSAS affecting pregnant females has not been sufficiently
explored until now. The presence of OSAS in women of repro-
ductive age is often underdiagnosed (Bixler et al., 2001). The
real and objectively documented prevalence of OSAS in gravid
women is not known so far. However, approximately 15% of
obese pregnant women are thought to suffer from SAS (Louis
et al.,, 2012). Polysomnographically documented studies show
that OSAS is associated with pathologies related to a higher
incidence of preeclampsia (Champagne et al., 2009; Iczi et al.,
2005; Ursavas et al., 2008).

The aim of this work is to detect OSAS incidence in high-
risk pregnant females and the statistical relationship between
OSAS incidence and risk factors, such as gestational hyper-
tension, diabetes mellitus (GD, Gestational Diabetes), obesity,
histomorphological preeclamptic placental changes, low pH
values of umbilical cord blood, and low PIGF levels (Placental
Growth Factor). If these findings are positive, it will be neces-
sary to adjust the scheme of taking care of high-risk pregnant
patients with respect to early diagnosis of OSAS as a factor
increasing the occurrence of health complications in these pa-
tients. Our next aim will be to identify these patients early, set
the way of care and to prove adequate decrease in their perina-
tal morbidity up to the level identical to that of mothers with-
out OSAS, in a similar way to PAP administration in patients
with SAS (Pien et al., 2005).

Materials and methods

Materials

A group of 480 high-risk pregnant patients monitored in the
Department of Gynaecology and Obstetrics in Pilsen from
2014 to 2016 were used for the purpose of this study. 85 wom-
en from this group were involved in the research. 24 women
did not meet the classification criteria and had to be exclud-
ed. The final studied group included 61 women (Group 1 and
Group 2) (Table 1).

Table 1. Characteristics of the studied group

High-risk pregnant females 480 Age
Involved patients 85

Used group 61 100,0%  31.09 + 5.83
AHI 25 (Group 1) 21 34,4% 33.0 +5.62
AHI <5 (Group 2) 40 65,6% 30.1+£5.77

Classification criteria: high-risk pregnancy, screening
records of nocturnal sleep, complete records of input data
including BMI, changes in blood pressure (normotension,
pregestational and gestational hypertension), gestational dia-
betes mellitus and perinatal and neonatal outcome.

Elimination criteria: multiple pregnancy, non-valid screen-
ing records of nocturnal sleep, poor cooperation and missing
input data.

Methods

This work is a monocentric prospective cohort study deal-
ing with the group of high-risk pregnant women. Commonly
measured data were compared between the sample of patients
with and without OSAS. The aim of the work was to create a
prospective study with subsequent statistical evaluation. This
statistical assessment was calculated with respect to the total
of 61 patients included in the study. The patients’ personal
data was only accessed by authorized medical staff and it was
completely anonymized before the evaluation.

The following variables were recorded and analysed:
Hypertension was defined as blood pressure above 140/90 du-
ring two measurements over the course of 6 hours or if systolic
pressure increased by 30 mmHg and diastolic pressure was ris-
ing by 15 mmHg (WHO, 1999).

BMI (Body Mass Index) was defined as body weight divided
by the height squared; a measure of the degree of obesity.

AHI (apnea-hypopnea index) was defined as the average
number of apnea and hypopnea during one hour of sleep.

Histomorphological (preeclamptic) placental changes were
defined as placental spiral arteries vasculopathy with atherosis
causing limited vascular flow and partial placental infarction.

Low pH value (potential of hydrogen) of umbilical cord
blood was defined as X < 7.25.

Low PIGF level (placental growth factor) was defined as
X<12.

The Ethics Committee of the University Hospital Pilsen
granted the approval of the data analyses.

Statistical methods

Basic statistics

The Shapiro-Wilk test shows significantly non-normal distri-
butions of most quantitative variables. Non-parametric tests
were used for the subsequent analysis. The tested relationship
between AHI parameters and age, BMI, GDM, histomorpho-
logical placental changes, low PIGF levels and low pH values
were compared between the women’s groups with AHI > 5 and
AHI < 5 by carrying out the Mann-Whitney U test. Mutual
correlations between the quantitative variables were analysed
using the Spearman’s correlation coefficient. All mentioned
p-values were two-tailed and the level of statistical significance
was set at a = 0.05. The basic statistical analysis was performed
in STATISTICA (StatSoft, Inc.2013. Version 12. www.statsoft.
com).
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Results

The Chart 1 shows that pregnant females with AHI > 5
(Group 1) are statistically significantly older than pregnant
women of the group with AHI < 5 (Group 2).
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Chart 1. Coherence between the age of pregnant females and groups
with AHI > 5 and with AHI < 5
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Preeclamptic placental changes

Regarding blood pressure examination in the first group
(AHI > 5) of pregnant females with detected OSAS, we diag-
nosed normotension in ten gravid women, gestational hyper-
tension in eight patients, and pregestational hypertension in
three of them. In the other group (AHI < 5) of pregnant fe-
males without detected OSAS, there were twenty-five women
with normotension, thirteen women with gestational hyper-
tension and two women with pregestational hypertension.
From a statistical point of view, there was no difference in both
defined groups (Chart 2a).

GD (gestational diabetes mellitus requiring a diet or insu-
lin therapy) was diagnosed in four women of the first group
(AHI > 5). GD was detected in one patient of the other group
(AHI < 5). From a statistical point of view, this is a significant
dependence of any GDM on AHI (Chart 2b). With regards to
potential confounding related to obesity, the result is almost
beyond the statistical significance due to a small number of
pregnant females with detected GD; that is why it is not men-
tioned.

In the case of the first group (AHI > 5), sixteen patients
had BMI 2 30, and five patients had BMI < 30. Regarding the
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Chart 2. Coherence between (A) AHI and blood pressure; (B) AHI and any GD; (C) BMI and groups with AHI > 5 and with AHI < 5; (D) AHI and
the way to end pregnancy; (E) AHI and histological preeclamptic changes; (F) low values of umbilical cord blood, and groups with AHI > 5 and

with AHI < 5.
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other group (AHI < 5), nineteen women had BMI > 30 and
twenty-one had BMI < 30. A statistically significant positive
correlation was proved in relation to BMI and AHI (Chart 2c).

In terms of the method used to end the pregnancy, cesar-
ean section was performed twelve times, the vacuum extractor
was used once, and seven women delivered vaginally in the
first group (AHI > 5). In the other group (AHI < 5), pregnancy
was ended by performing cesarean section in twenty-two pa-
tients, twice by using the vacuum extractor, and eleven women
delivered vaginally. From a statistical point of view, there was
no substantial difference in both groups (Chart 2d).

Histomorphological preeclamptic changes were detected
in two patients of the first group with OSAS. In the case of
the other group (without diagnosed OSAS), placental chang-
es were only found in one patient. According to the statistical
evaluation, there was no significant difference in both groups
for a very small number of affected placentas (Chart 2e).

The pH values of umbilical cord blood were only monitored
in thirty-six of sixty-one pregnant women involved in the
study. For technical reasons, related results were not availa-
ble in the other ones. In the first group (AHI > 5), low pH was
detected in four pregnant women out of the fifteen observed.
In the other group (AHI < 5), low pH was only found in two
of twenty-one women. According to the statistical evaluation,
this equates to no significant dependence (Chart 2f).

PIGF levels were tested in forty-nine of the sixty-one preg-
nant women involved in the study. These values were not ex-
amined in twelve patients for technical reasons. Very low PIGF
levels were only measured in four patients of both groups. No
significant difference was proved in a statistical way.

Discussion

The incidence of high-risk pregnancies is increasing, resulting
in more demanding care for these patients. This is followed by
indirectly increasing costs of this care (Liu et al., 2009). At the
same time, OSAS occurrence increases in pregnant females
(Bourjeily et al., 2010). Some authors mention that OSAS af-
fects more than one third of women during the third trimester
of pregnancy (Duley, 2009), which corresponds to the findings
related to our group where OSAS occurred in 34.4%. In the
course of the last few years, we can also see a rising frequen-
cy of risk factors in pregnant females leading to preeclampsia.
Early detection of risk factors, detection of preeclampsia and
subsequent treatment are not only prevention against serious
complications, such as organ affection (e.g. liver or kidneys),
but also against mothers” death or fetal damage (Hogberg,
2005). Another crucial fact is the high risk of cardiovascular
diseases in mothers with preeclampsia (O’Brien et al., 2014).
That is why subsequent education on appropriate changes in
lifestyle related to eating, gradual loss of weight, motion activ-
ities and stress prevention is important. Education should be
focused on the women who are put at high risk of cardiovas-
cular diseases as well as on those ones who already suffer from
one of these diseases (Olisarova et al., 2016).

In our compared groups (Group 1 AHI > 5 versus Group 2
AHI < 5), there is a statistically significant age difference. After
clinical correlation, this difference becomes less high and less
important (33.0 + 5.62 versus 30.1 + 5.77) and does not influ-
ence the validity of results.

Blood pressure disorders affect approximately 10% of preg-
nant females and are factorsthat increase the risk of undesir-
able events during pregnancy (Duley, 2009). Surprisingly, we
proved no difference of the statistical occurrence of hyperten-

sion in high-risk pregnant women (with and without OSAS)
in our group. Our conclusions differ from those of O’Brien et
al. (2012), where the dependence of OSAS on gestational hy-
pertension was proved in a large group of pregnant females.
Reid et al. (2011) also came to similar conclusions to O’Bri-
an. The results of O’Brien et al. (2012) and Reid et al. (2011)
correspond, even with the clearly proven connection of OSAS
to hypertension in the common population (Townsend et al.,
2016). The difference between the statistical results is thought
to have been caused by a larger number of respondents’ in the
compared group.

The result concerning the statistical independence of the
occurrence of GD and OSAS was a surprising conclusion of the
O’Brien study mentioned above (O’Brien et al., 2012). Their re-
sults do not correlate with diabetes mellitus (DM) and OSAS in
the common population. The statistical relation between GD
and OSAS was proved by a strong association between GD and
OSAS in our work, and so it conforms with the study work of
Reutrakul et al. (2013).

In the monitored group, we also explored the connection
between obesity (BMI over 30) and OSAS within the com-
pleteness of results. A statistical significant dependence was
proved in compliance with the study work of Olivarez et al.
(2011). Considering overweight and obesity, hidden patterns
of behaviour and motives (e.g. cultural conditionality of eating
habits in pregnant women) may also be found in gravid wom-
en. Their identification can help them to lose weight (Olisarova
etal., 2016).

The dependence of the way to end the pregnancy on OSAS
was not proved in our group. Our results differ from the con-
clusion of Spence et al. (2017) who detected a higher proba-
bility of cesarean section to end the pregnancy in a group of
350 pregnant women. Nevertheless, the difference in results
may arise from the fact that two groups of high-risk pregnant
females with OSAS and without OSAS were compared in our
group of patients, unlike the work of Spence et al. (2017) in
which a common sample of the pregnant population with
OSAS was statistically compared to a sample of risk-free preg-
nant patients.

Unfortunately, no available study has explored the occur-
rence of histomorphological changes, low pH values of umbil-
ical cord blood (potential of hydrogen) and low PIGF levels in
connection with OSAS. The detection of these disorders was so
low in our group that statistical results could not be considered
valid.

Conclusions

High-risk pregnancies increase the costs of medical care of
these patients and make the occurrence of life-threatening
health complications in mothers as well as children higher, too.

Our study detected a coherence between OSAS in high-risk
gravid women and obesity and GD. Owing to the low occur-
rence, the association with OSAS related to histomorpholog-
ical placental changes, low pH values of umbilical cord blood
(potential of hydrogen) and low PIGF levels was not clarified in
our patients. The conclusion will be completed and added after
the number of new respondents involved in the study increas-
es. Our results show the significance of education for common
people in the prevention of obesity as a clear co-factor of OSAS
and an increase in the probability of complications in high-risk
pregnant women. This education should be aimed at patients
at risk, as well as at people who have already been treated for
some disease.
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Syndrom obstrukcni spankové apnoe a vysoce rizikové téhotenstvi

Souhrn

Uvod: Podle dostupnych prament trpi syndromem obstrukéni spankové apnoe (OSAS) ve &tvrté dekadé zivota 1-5 % Zenské po-
pulace a vice nez 90 % zen s OSAS o svém problému nevi. P¥iblizné 15 % obéznich téhotnych Zen ma pravdépodobné SAS (Sleep
Apnoe Syndrome). Cilem prace je prazkum vyskytu OSAS v populaci rizikové téhotnych a prazkum souvislosti OSAS s rizikovymi

faktory pro téhotenstvi.

Charakteristika souboru: Ze 480 sledovanych téhotnych bylo zkoumano 85 a do studie zatazeno 61 rizikové téhotnych responden-

tek.

Metody: Statisticky jsme zhodnotili vztah OSAS k hypertenzi, obezité, preeklamptickym zméndm placenty, nizkému pH pupeéni-
kové krve, nizké hladiné PIGF ve skupiné rizikové téhotnych s AHI < 5 a ve skupiné s AHI > 5.

Vysledky: Ve studovaném souboru byla prokazdna vyznamna statistickd souvislost vyskytu OSAS s gesta¢nim diabetem a obezi-
tou u rizikové téhotnych. Nebyla prokazana souvislost s vyskytem hypertenze. Pro nizky zachyt respondentek s témito potizemi
nebyla statisticky p#inosna hodnoceni vyskytu histomorfologickych preeklamptickych zmén placenty, nizkého pH pupecnikové

krve a nizké hladiny PIGE.

Kli¢ova slova: hypertenze; obezita; OSAS; preeklampsie; rizikové téhotenstvi
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