GESTATIONAL HYPERTENSION AND SLEEP DISORDERED BREATHING

Pregnant Women with Gestational Hypertension May Have a High Fre:qUency
of Sleep Disordered Breathing
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Background: Gestational hypertension is a common complication of pregnancy. Recent evidence suggests that women with gestational hyperten-
sion have a high rate of sleep disordered breathing (SDB). Using laboratory-based polysomnography, we evaluated for the frequency of SDB in
women with gestational hypertension compared to healthy women with uncomplicated pregnancies.

Methods: In this single-center cross-sectional study, women with the diagnosis of gestational hypertension were screened in the Fetal Assessment
Unit and Antepartum ward. Healthy subjects were recruited by local advertising. Subjects completed a series of questionnaires addressing sleep
quality and daytime sleepiness, followed by full night polysomnography. The primary outcome was frequency of SDB (defined as a respiratory
disturbance index = 5) in the gestational hypertension and healthy groups.

Results: A total of 34 women with gestational hypertension and singleton pregnancies and 26 healthy women with uncomplicated singleton preg-
nancies consented to participate in the study. The mean ages and gestational ages, but not the body mass indices, of the 2 groups were similar.
The frequencies of SDB in the more obese gestational hypertension group and the healthy group were 53% and 12%, respectively (P < 0.001).
Interpretation: Women with gestational hypertension may have a significantly higher frequency of SDB than do healthy women with uncomplicated

pregnancies of similar gestational age. The relative causal contributions, if any, of SDB and obesity remain to be determined.
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INTRODUCTION

Hypertensive disorders in pregnancy are the most common
medical complications of pregnancy and are an important cause
of maternal and perinatal morbidity and mortality worldwide.
Hypertensive disorders in pregnancy are divided into three cat-
egories: chronic hypertension, gestational hypertension (GH),
and preeclampsia. Preeclampsia has classically been defined by
as triad of hypertension, namely a resting BP > 140/90, protein-
uria (24-h urinary protein level > 0.3 g), and edema occurring
after 20 weeks’ gestation in previously normotensive women.
Preeclampsia is also referred to as “gestational hypertension
with proteinuria” (GHP) and is a multisystem disease that can
result in HELLP syndrome characterized by microvascular he-
molysis, elevated liver enzymes, thrombocytopenia, and renal
dysfunction with proteinuria, as well as peripheral and cerebral
edema.' GHP is associated with adverse maternal and fetal out-
comes® and commonly results in intrauterine growth retarda-
tion, early induction of labor, and caesarian section. While the
effect of GH without proteinuria on maternal fetal outcomes is
less clear, up to half of the women initially diagnosed with GH
can progress to GHP.*¢ Furthermore, even without proteinuria,
GH is linked to an increased risk of hypertension and adverse
cardiovascular outcomes for the mother later in life.”

Sleep disordered breathing (SDB) is a recognized cause of
hypertension in non-pregnant adults,® and effective treatment of
SDB can result in improved blood pressure control.”!? In preg-
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nancy, nasal congestion and snoring are common complaints,
but occur even more frequently in women with GH or GHP''2;
these symptoms may be markers of SDB. The consequence
of SDB can include intermittent hypoxemia'*'* and surges in
sympathetic tone's; these events in the mother could potentially
trigger or exacerbate maternal hypertension, placental hypoper-
fusion, and fetal hypoxia.'®'

By these mechanisms, there is physiologic plausibility for
SDB to be a cause in initiating or exacerbating GH/GHP and
its complications.'® In the last 10 years, there has been accu-
mulating evidence to suggest that women with GH/GHP have
a high prevalence of snoring and SDB.'"'2!"22 However, most
investigations in this area have employed questionnaire-based
assessments''?%22 or small case series that have either not had
appropriate comparison groups or relied on limited sleep moni-
toring technologies.?! %

Additionally, not all of these studies have found a strong as-
sociation between GH/GHP and SDB.* In a rigorous evalua-
tion of women with uncomplicated pregnancies, Guilleminault
et al.? reported an association between abnormal breathing dur-
ing sleep and a trend to higher (but still within normal limits)
blood pressure. Most recently, in the largest case-control series
to date, Champagne et al.?’ found a strong association between
GH and SDB. If those findings can be reproduced on a broader
scale, this may expand the clinical armamentarium in the man-
agement of women with GH. By utilizing the gold-standard test
for SDB—full-night polysomnography (PSG) in the sleep lab-
oratory—we investigated the frequency of SDB in women with
GH (with or without proteinuria) and in women with uncompli-
cated pregnancies of similar gestational age.

METHODS
This was a single-center cross-sectional study, which com-
pared women with singleton pregnancies and the diagnosis of
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GH or GHP to healthy women with uncomplicated singleton
pregnancies of similar gestational age.

Participants

Women > 18 years of age with singleton pregnancies and
the diagnosis of GH (with or without proteinuria) were recruit-
ed from the Fetal Assessment Unit and Antepartum ward of
Royal University Hospital, Saskatoon, Saskatchewan, Canada,
between February 2006 and February 2008. GH was defined
according to standard criteria.”® Exclusion criteria included
multiparity gestation, imminent delivery, severe underlying ma-
ternal or fetal conditions expected to worsen maternal or fetal
outcomes, and maternal condition preventing safe transfer off
of the obstetrical floor. Women with chronic hypertension were
considered eligible, providing they met the criteria of chronic
hypertension with superimposed gestational hypertension.” If
there was any question of the diagnosis, the treating physician
was consulted for confirmation. Women with poorly controlled
chronic hypertension were excluded. All other women with GH
or the more complicated GHP were considered eligible for study
inclusion and labeled collectively as “GH” for study analysis.
Screening occurred on weekdays and occasional weekends. All
potentially eligible women identified were screened for eligibil-
ity by chart review and if possible, by interview. Healthy sub-
jects were recruited by local advertising (posters and handout
information provided in the Fetal Assessment Unit and obstetri-
cians offices). “Healthy” was defined as having an uncompli-
cated pregnancy and the absence of any underlying maternal
condition expected to adversely affect the pregnancy. Eligible
GH subjects were studied by PSG as soon as possible, usually
within a few days of study enrollment. To fulfill the definition
of GH, these women had to present after 20 weeks gestation;
most were > 32 weeks gestation. In attempt to generally match
gestational age between the GH and healthy groups, interested
healthy women who presented at earlier gestational ages were
deferred until after 32 weeks. Written informed consent was
obtained for all patients included in the study protocol, which
was approved by the University of Saskatchewan Biomedical
Ethics Review Board and registered with the National Institute
of Health Clinical Trials Registry (Identifier NCT00259688).

Procedures

Baseline data were collected for age, height, weight, weight
gain in pregnancy, body mass index (BMI), estimated pre-preg-
nancy weight, snoring history, as well as previous and present
obstetrical history and general medical history. Subjects com-
pleted a series of short questionnaires which addressed both
sleepiness and common signs or symptoms of SDB. These in-
cluded the Epworth Sleepiness Score (ESS),” the Pittsburgh
Sleep Quality Index (PSQI),* the Berlin Questionnaire,*' and
a visual analogue scale of sleep quality which asked subjects to
rate their current sleep on a horizontal scale between “worst”
and “best.” This was converted to a percentage score, with
worst being 0% and best being 100%. This was followed by
a full-night diagnostic PSG (Sandman 8.0, Tyco Inc., Ottawa,
Canada) performed in the Royal University Hospital Sleep
Laboratory. PSG channels included -electroencephalogram;
electrooculogram; submental electromyogram (EMGQG); pulse
oximetry; nasal airflow pressure sensor and oronasal thermistor
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airflow, chest movement by piezoelectric belt; snore vibration
sensor; intercostal surface EMG; and anterior tibialis EMG;
electrocardiogram. Studies were scored according the Amer-
ican Academy of Sleep Medicine criteria’?> by a single regis-
tered sleep technician who was blinded to clinical data. As per
the AASM criteria, respiratory events were categorized as ap-
neas (a decrease in airflow > 90% from baseline for > 10 sec);
hypopneas (decrease in airflow > 30% for > 10 sec and fol-
lowed by a desaturation > 4% from the pre-event baseline); and
respiratory event-related arousals (RERAs), defined as a se-
quence of breaths lasting > 10 sec, associated with flattening of
the nasal pressure waveform leading to an arousal from sleep,
(not meeting criteria for apnea or hypopnea). The total number
of apneas, hypopneas, and RERAs divided by the hours of sleep
was expressed as the respiratory disturbance index (RDI).

Statistical Analysis

The primary endpoint was determined a priori to be the fre-
quency of SDB, using a cutoff of RDI > 5 events per hour.
Secondary endpoints included diagnosis of SDB using more
stringent cutoffs of RDI > 10, > 15, and > 20, mean RDI, and
scores on self-administered questionnaires. Our main outcome
of interest was the frequency of SDB in GH women versus
women with uncomplicated pregnancies. Means and standard
deviations were calculated for continuous variables and means
were compared using the Student #-test. Frequencies of cat-
egorical variables were identified and assessed by x* and Fisher
exact test. The correlation between BMI and RDI among study
subjects with GH was assessed using correlation coefficient.
Logistic regression was performed to assess the association
between SDB and the presence of GH. Microsoft Excel 2003
and SAS Version 9.1 were used for data collection and statisti-
cal analysis.

RESULTS

Between February 2006 and February 2008, a total of 8651
deliveries occurred at Royal University Hospital; of these
there were 422 diagnoses of GH. We identified 219 (52%) of
these women. The remaining 48% were missed mostly because
they presented after hours or on weekends, and were either
discharged or progressed to delivery before we could identify
them. Of the 219 women screened, 34 (16% of those screened
and 8% of all diagnoses of GH) consented to participate in
the study protocol (Figure 1). Table 1 compares the group of
GH women who consented to our study (68% of whom had
proteinuria and therefore met criteria for GHP) versus the GH
women who were screened but were either excluded or de-
clined participation. Twenty-eight healthy subjects expressed
interest during the same study period. One was excluded be-
cause of coexistent disease (diabetes). The other subject devel-
oped GH one week prior to her sleep study and was therefore
studied as part of the GH group. This left 26 healthy pregnant
participants. Table 2 compares the GH subjects we studied
with the uncomplicated pregnancy cohort. The 2 groups were
similar for maternal and gestational ages, but the GH wom-
en had a significantly higher mean BMI both at the time of
evaluation (37.4 = 7.3 vs 28.7 £ 4.4; P = 0.0001) and prior to
pregnancy (31.9 + 8.0 vs 23.2 + 4.6; P < 0.0001). We found a
much higher frequency of self-reported current, regular snor-
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8651 deliveries at RUH between
February 2006-Febuary 2008

— 422 (5%) diagnoses of GH

— 219 (52%) patients screened

77 declined

108 excluded
— 85 imminent delivery L 34 (16%; 8%) GH subjects enrolled

— 23 ‘other’

2 studies not analyzed <
— 1 inadequate sleep time*
— 1 PSG data lost

32 subjects with complete PSG

Figure 1—Recruitment of GH subjects. *This subject had a total of 4.5
minutes of discontinuous sleep before being transferred back to the labor
and delivery ward.

ing (82% vs 38%, P = 0.0005) and nasal congestion (71% vs
36%, P=10.008) in the GH women than the healthy cohort. The
GH subjects described lower quality sleep as measured by the
PSQI (9.7 +3.8 vs 6.4 £2.7, P=0.0003) and visual analogue
scales (42% =+ 18% vs 59% + 18%, P=0.001), but there was no
difference in daytime sleepiness between groups (ESS of 8.4
+ 3.4 vs 8.3 + 3.6, P=10.89). The majority of the GH women
(79%) were taking at least one antihypertensive medication.
The medications used were, in order of frequency, labetalol,
a-methyldopa, and nifedipine.

Polysomnographic data comparison is presented in Table 3.
Two PSG recordings (one GH and one healthy) were inadver-
tently deleted, and one GH study was discarded because of
minimal sleep time. Women with GH had less total sleep time
(252 £ 81 min vs 311.8 = 54.2 min, P = 0.003), lower sleep
efficiency (62% = 19.5% vs 71.9% + 10.3%, P = 0.04), and
a lower percentage of REM sleep (8.4% + 5.1% vs 12.6% +
5.1%, P = 0.003) than the healthy women. Furthermore, the
GH women had a higher apnea-hypopnea index (AHI; 3.13 +
6.2 vs 0.5+ 1.3, P=0.04) and higher RDI (11.5+ 11.2 vs 2.3
+ 3.1, P = 0.0002) than the healthy women. The unadjusted
odds ratio (OR) for SDB in subjects with GH was 8.3 (95%
CI2.1-33.4; P=0.003). There was a highly significant differ-
ence in BMI between the GH and healthy groups, so much so
that when adjusted for BMI, there was no association between
SDB and GH. Looking at our primary endpoint, there was a
significantly higher frequency of SDB (defined as RDI > 5) in
the GH group compared to the healthy group (53% vs 12%,
P = 0.001). When using more stringent thresholds of RDI >
10, RDI > 15, and RDI > 20, the GH women still had a much
higher frequency of SDB (40% vs 4%, P =10.001; 31% vs 0%,
P =0.005; and 19% vs 0%, P = 0.03, respectively), and this
was not influenced by the presence or absence of proteinuria
(Figure 2).
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Table 1—Excluded/declined patients with GH compared to the GH study
group

GH Women:
Excluded/  GH women:
Declined studied
N=185 N=34 P-value

Age 289+6.3 28.7+6.1 0.97
Gestational age 36.3+3.2 347+32  0.004
BMI 359+70 374+73 03
Pregnancy weight gain (kg)  13.6 £6.3 11.8+64 015
Gestational diabetes 28/150* (19%) 3(9%) 0.20
Snoring 106/149* (71%) 82%) 0.18

28 (
Nasal congestion 106/134* (79%) 24(711%) 0.29

*The number for which data was available is listed
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Figure 2—Frequency of sleep disordered breathing using 4 separate
RDI criteria. RDI, respiratory disturbance index; Proteinuria is defined as
> 3 grams/d on 24-h collection. All GH n = 32; Proteinuria n = 21; No
Proteinuria n = 11; Healthy n = 25.

DISCUSSION

We found that the frequency of SDB is high in unselected
women with GH, and is much higher than in women with un-
complicated pregnancies of the same gestational age. Consistent
with previous reports,'"'> we also found that women with GH
complained of snoring and nasal congestion at a much higher
rate. Although some of our GH subjects had moderate to severe
obstructive sleep apnea, many had relatively mild SDB with re-
current arousals but minimal or no episodes of arterial oxygen
desaturation. We feel this is an important point, because simple
monitoring techniques such as overnight oximetry and other
bedside testing devices rely heavily on the presence of either
frank apneas or oxygen desaturation events to detect SDB. Such
testing strategies are not sensitive enough to detect subtle dec-
rements in airflow, and many of our subjects with SDB would
not have been diagnosed using these limited technologies. This
may explain the discrepancies in the literature and why many
previous studies of women with GH have reported the pres-
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cohort.

Table 2—Baseline data GH: study group compared to healthy cohort

Healthy GH

(n=26) (n=34)
Age 296+46 28.7%6.1
Gestational age 347+26 347+32
Pre pregnancy BMI 232+46 31980
Pregnancy BMI (kg/m?2)T 287+44 374+73
Pregnancy weight gain (kg) 134+39 11.8+64
Neck circumference (cm) 342+32 386+34
Proteinuria (= 0.3 g/day) NA* 23 (68%)
Chronic hypertension 0* 3 (9%)
Gestational diabetes 0* 3(9%)
Snoring pre pregnancy 5 (19%) 19 (56%)
Snoring during pregnancy 10 (38%) 28 (82%)
Nasal congestion 9/25* (36%) 24 (71%)
ESS Score 83+36 84+34
PSQl Score 64+27 97+38
Berlin Questionnaire — high risk for SDB 1 (4%) 18 (53%)
Sleep quality by VAS (%) 59+8 42+ 18
Systolic blood pressure 106 +12 142 + 16
Diastolic blood pressure 68 +10 86 +12
= 1 antihypertensive med 0* 27 (719%)
> 2 antihypertensive meds 0* 5 (5%)

BMI, Body mass index; ESS, Epworth Sleepiness Score; PSQ, Pittsburg Sleep Quality
Index, a higher score represents more disturbed sleep; VAS, visual analogue scale,
where 0% represents “worst” sleep and 100% represents “best” sleep by subjective
assessment. IBMI at the time of assessment. *By requirement these subjects were
healthy. *Data on nasal congestion was unavailable for one subject in the healthy

ence of subtle airflow abnormalities™?* but not clear
SDB.21,23-25
We used the most sensitive diagnostic cutoff (RDI >
P-value 5) for SDB applied in common practice. While this is
0.6 lower than the diagnostic threshold used by some au-
0.9 thors, we think it is justified because even mild SDB has
<0.001 been shown to have hemodynamic consequences in the
<0.001 non-pregnant population; this may be particularly true
0.26 in preeclamptic women, in whom the hemodynamic
<0.001 responses to obstructive respiratory events of SDB are
NA exaggerated.'>?' Subtle obstructive respiratory events
NA typical of SDB have been shown to precipitate transi-
NA ent blood pressure spikes, and women with GH dem-
0.03 onstrate an exaggerated hypertensive response to these
<0.001 events.'>'3?! In fact, recent data suggest that short-term
0.008 relief of even very mild SDB, including isolated flow
0.89 limitation or snoring, with nasal continuous positive
<0.001 pressure (CPAP) is associated with improvements in
<0.001 hemodynamic status, including blood pressure in pre-
0.001 eclamptic patien.ts.zl”‘34 Fuﬂhermore, during normal
<0.001 pregnancy there is a progressive rightward shift of the
' oxyhemoglobin dissociation curve,” which facilitates
<0.001 . . . .
oft-loading of oxygen to peripheral tissues, most im-
NA portantly the placenta. Not only does this rightward
NA shift not occur in preeclampsia, but there is actually
a shift to the left,® which impairs oxygen off-loading
and thereby renders the fetus particularly vulnerable to
even subtle obstructive respiratory events of the pre-
eclamptic mother. In this clinical context, even our low
RDI cutoff of > 5 may have been too high.
Although we studied only 8% of the women who
were diagnosed with GH during the enrollment period,

Healthy

(n = 25)*
Total sleep time (min) 311.8£54.2
Sleep efficiency (%) 723+104
Percentage REM sleep 126 £5.1
Percentage stage 3/4 sleep 21.0+6.9
Arousal Index 111270
Mean SpO, (%) 959+15
ODI - NREM 0717
ODI - REM 1.1+£45
AHI (events/h) 05+13
RERA index (events/h) 1.9+21
RDI 23+341
REMRDI 59+938
RDI = 20 events/h 0
RDI = 15 events/h 0
RDI = 10 events/h 1(4%)
RDI = 5 events/h 3(12%)

Table 3—Polysomnographic data: GH study group compared to healthy cohort

GH
(n=32) P-value
252 + 81 0.003
62+ 195 0.04
84+51 0.003
224+99 0.56
16.5+12.2 0.07
955+1.2 0.37
14+22 0.27
94+157 0.02
31+6.2 0.04
83+84 <0.001
11.5+11.2 <0.001
28.1+£394 0.006
6 (19%) 0.03
10 (31%) 0.005
13 (40%) 0.001
17 (53%) 0.001

ODI, oxygen desaturation index; AHI, apnea hypopnea index; RERA,
respiratory event related arousal; RDI, respiratory disturbance index (the total
number of apneas, hypopneas and RERAs per hour of sleep). *25 of 26 studies
were available for analysis. *32 of 34 studies were available for analysis.

and only 16% of the GH women who were screened;

our data shows similar rates of snoring and nasal con-
gestion as well as similar BMI between the GH group stud-
ied and those GH women who declined or were excluded
(Table 1). We therefore think that the GH subjects we studied
are representative of the general GH population. This is im-
portant because the high rate of obesity in our GH subjects
is clearly a considerable confounder, and most of our sub-
jects with SDB were obese (BMI > 30). We still think that
our findings are important because obesity is an established
risk factor for GH,>***%%7 and therefore any study looking
at unselected women with GH should be expected to enroll
women with elevated BMIs. It may be that an increased fre-
quency of SDB is one mechanism by which obesity and GH
are linked; however, the correlation between BMI and RDI
was only moderate (r = 0.54), suggesting there may be other
factors at play. Certainly, in non-pregnant adults, BMI and
neck circumference explain only 30% of the variability in the
frequency of apnea-hypopnea indices,** and only 60% of
adults with SDB are obese.*** Further study is needed to bet-
ter understand the interactions between BMI, GH, and SDB.
Another potential limitation of our study is that the total
sleep and REM sleep times were short in both groups, par-
ticularly the GH women (Table 3). These low times increase
the likelihood of error when calculating time-indexed values.
However, since SDB normally worsens as the sleep period
progresses and with subsequent REM periods, we believe that
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longer sleep times and more REM would only have amplified
our results. With this in mind, it is noteworthy that during REM
sleep both the RDI (28.1 + 39.4 vs 5.9 + 9.8, P = 0.006) and
the oxygen desaturation index > 3% (9.4 + 15.7 vs 1.1 £ 4.5,
P =0.02) were much higher in GH women. In fact, as there was
no clear external cause for worsened sleep quality in the GH
group (no complaints of headache, cramping or other pain), we
postulate that the short total and REM sleep times of the GH
women may actually have been consequences of SDB-induced
sleep disruption

Furthermore, this REM related deterioration is concerning
because of its potential physiologic importance. Due to the de-
crease in muscle tone associated with this sleep stage," REM
sleep is a uniquely vulnerable time for upper airway obstruc-
tion; and this REM-related deterioration appears to be espe-
cially pronounced in young women.** Moreover, sympathetic
nervous system activity is much higher in REM than in other
sleep stages*'; therefore, the cardiovascular consequences of
obstructive respiratory events and oxygen desaturations during
REM sleep may be particularly profound.

It could be argued that the high frequency of SDB we found
represents a marker of GH disease, rather than a contributing
factor. Gestational hypertension is a complex disorder that is
incompletely understood, but current thinking is that vascular
endothelial damage underpins the hypertension and end organ
damage, and we are not proposing that SDB is the sole cause of
GH or even that SDB always results in GH. Just as is seen with
non-pregnant adults, pregnant women can have SDB and not
develop hypertension'*?7; we found this to be the case in 12% of
our healthy subjects. However, SDB is a known cause of hyper-
tension in non-pregnant adults,®**-¢ and it seems plausible that
the same physiologic interaction can occur during pregnancy.
We believe that the interaction between GH and SDB may be
bidirectional: along with obesity, upper extremity and facial
edema are common features of GH, and GH-mediated oropha-
ryngeal edema may exacerbate a predisposition towards SDB;
the development of SDB could then further aggravate the un-
derlying microvascular inflammation of GH."'82'47 However,
our study was designed only to assess for frequency of SDB in
GH and did not evaluate for a causal relationship.

The strength of our study is the rigorous design and screen-
ing process. This is largest study of SDB in GH versus healthy
pregnant women to be done using the gold standard test—
laboratory-based PSG. We believe that our study population
is a fair representation of the larger group of women with GH.
The incidence of GH at our hospital during the study period
was 5% of all deliveries. This is at the low end of the reported
range for GH and probably reflects strict adherence to the
diagnostic criteria by obstetricians and family practitioners at
our institution.

CONCLUSION

Snoring, nasal congestion, and poor quality sleep are very
common in unselected women with GH. More importantly,
more than 50% of women with GH had significant SDB, as op-
posed just 12% of women with uncomplicated pregnancies of the
same gestational age. As SDB can cause physiologic stress on
the mother and fetus,'>'$24% an evaluation for co-existent SDB
should be considered in pregnant women diagnosed with GH.
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