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Abstract 

Title: The association of obstructive sleep apnea and gestational hypertension 
Rationale: Hypertension occurs in 10% of pregnancies. Snoring is a marker for sleep 
apnea, and is a newly identified risk factor for gestational hypertension. Moreover, sleep 
apnea is an independent risk factor for hypertension in the non-pregnant population. 1 
hypothesized that sleep apnea was associated with gestational hypertension. 
Hypothesis: The prevalence of sleep apnea is higher among pregnant women with 
hypertensive pregnancies than among those without hypertension during pregnancy. 
Design: Case-control study of 17 pregnant women with gestational hypertension and 33 
pregnant women without hypertension, with matching by gestational age. Sleep apnea 
was ascertained by polysomnography. 
Results : The crude odds ratio for the presence of obstructive sleep apnea, given the 
presence of gestational hypertension, was 5.6. The odds ratio was 7.5 (95% CI 3.5-16), 
based on a logistic regression model with adjustment for maternaI age, gestational age, 
nulliparity, first pregnancy, and body mass index. 
Conclusion: Gestational hypertension was strongly associated with the presence of 
obstructive sleep apnea. 

Résumé 

Titre: L'association de l'apnée obstructive du sommeil et l'hypertension gravidique 
Justification: L'hypertension complique 10% des grossesses. Le ronflement est un 
facteur de risque nouvellement décrit de l'hypertension gravidique. De plus, l'apnée du 
sommeil est un facteur indépendant pour l'hypertension dans la population non enceinte. 
J'ai émis l'hypothèse que l'apnée du sommeil devait être associée à l'hypertension 
gravidique. 
Hypothèse: La prévalence de l'apnée du sommeil est supérieure chez les femmes 
enceintes avec hypertension gravidique comparativement à celles avec grossesse 
normotensive. 
Méthodes: Étude cas-témoin de 17 femmes avec hypertension gravidique et 33 femmes 
enceintes avec grossesse normotensive, appariée pour l'âge gestationnel. L'apnée du 
sommeil fut évaluée par polysomnographie. 
Résultats: Le rapport de cote de l'apnée du sommeil en présence d'hypertension 
gravidique est de 5.6. Le rapport de cote est de 7.5 (95% IC 3.5-16) basé sur une 
régression logistique avec correction pour l'âge maternaI, l'âge gestational, la nulliparité, 
le statut gravidique et l'indice de masse corporelle. 
Conclusion: L'hypertension gravidique est fortement associé à la présence d'apnée 
obstructive du sommeil. 
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Section 1. Introduction 

Hypertension occurs in about 10% of pregnancies and is a leading cause of 

maternaI and fetai morbidity and mortality. Women who develop gestational 

hypertension (GR) are at increased risk for subsequent hypertension and stroke, 

metabolic syndrome (1), premature cardio-vascular death decades later (2). Risk factors 

for GH with proteinuria include diabetes, pre-existing hypertension, and obesity (3). 

Likewise, obstructive sleep apnea (OSA) is associated with obesity. It is characterized by 

repeated episodes of upper airway obstruction during sleep. It is an independent risk 

factor for hypertension (4), metabolic syndrome (5) and cardiovascular morbidity (6). 

The well-documented relationship between OSA and cardiovascular events raises the 

intriguing possibility that OSA may be associated with GH. 

1 hypothesized that women with pregnancies complicated by GH are more likely 

to have OSA than women with normotensive pregnancies. 

To address this hypothesis, 1 conducted a case-control study comparing pregnant 

women with gestational hypertension to normotensive pregnant women, matched for 

gestational age. The presence of OSA was ascertained by polysomnography (overnight 

recording of sleep-wakefulness state with respiratory monitoring). 
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Section 2. Literature review 

1 will first review the definition, risk factors, CUITent hypothesis on the 

pathophysiology, clinical implications, prevention and therapy of GR then similarly 

review OSA. The literature on sleep apnea during pregnancy will be reviewed and 

discussed. 1 will then present my hypothesis that sleep apnea could be associated with 

GR. 

2.1. Gestational hypertension (GH) 

GR complicates 5-10% of pregnancies (7). It is defined as the onset of a diastolic 

blood pressure:::: 90 mmRg, measured twice, :::: 4 hours apart (8), during pregnancy in a 

previously normotensive woman. When associated with proteinuria, it is termed 

gestational hypertension with proteinuria or alternatively pre-ec1ampsia. 

Most of the literature reviewed has focused on pre-ec1ampsia and ignored 

gestational hypertension without proteinuria (as defined by Canadian criteria). In this 

text, the term "pre-ec1ampsia" is used when quoting such references. 

Risk factors for pre-ec1ampsia (9) include extremes of age, nulliparity, diabetes, 

pre-existing hypertension, obesity, especially if central (10), renal disease, asthma (11), 

personal and familial history of GR, multifetal gestation, black race, insulin resistance, 

thrombophilia, living in high altitude zones (12;13), collagen vascular 

disease/autoimmune diseases (14), and hydatiform mole. 
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The basic pathophysiology underlying pre-eclampsia has yet to be elucidated, 

though CUITent theories revolve around the placenta. It does not occur in non-pregnant 

women, is more common in conditions of increased placental tissue (multiple 

pregnancies, hydatiform mole) and resolves after or soon after placental removal. Two 

major pathophysiologic hypotheses exist. First, there is the placental ischemia 

hypothesis or« placental pre-eclampsia» (15) which postulates that the process affects 

the spiral arteries in the placenta leading to ischemia, oxidative stress, and then to 

widespread endothelial dysfunction. There is the immune maladaptation hypothesis or 

« maternai pre-eclampsia » which views normal pregnancy as a mild inflammatory 

state whereas pre-ec1ampsia represents overwhelming inflammation with systemic lesions 

mainly of the endothelium, called acute atherosis, similar to those seen in allografts 

(16; 17). In this mode l, hypertension, proteinuria, and edema are probably late 

manifestations of an ongoing process in the endothelium of the blood vessels including 

those ofthe kidneys, which has probably been evolving for weeks or months before it is 

c1inically detected. The initial insult to the placental vessels is thought to occur between 9 

and 12 weeks of gestational age. The endothelium of organs other than the kidneys may 

also be involved as part of the same spectrum of disease as in HELLP syndrome (18) and 

in intra-uterine growth restriction. When present, damage to these other end organs 

worsens the prognosis (18). Similarly, sorne cite a 2-stage condition, initially with 

reduced placental perfusion, then maternaI response/expression to this decreased 

perfusion (19). 
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Rypertensive disorders ofpregnancy are associated with increased morbidity and 

mortality for the mother and her chiid in the peripartum period (20). They contribute to a 

third of maternaI deaths in Canada (8). They are a risk factor for maternaI cerebro-

vascular accident, end-organ failure, RELLP (hemolysis, elevated Iiver enzymes, low 

platelets) syndrome, disseminated intravascular coagulation, and rarely convulsions 

(ec1ampsia) in the acute setting. Infants born to hypertensive mothers are at risk for 

intrauterine growth restriction (IUGR); GR accounts for 25% of aIl neonates under 1500g 

(21). 

GR contributes to neonatal complications inc1uding prematurity, intrauterine 

death (8), necrotizing enterocolitis (adjusted OR 5.21,95% CI 1.64-16.58) (22), and 

encephalopathy (adjusted OR 13.5, 95%CI 3.2- 56.7) (23). In turn, IUGR is associated 

with increased costs for health care, education, and chi Id care compared to normal weight 

children (24;25). Pre-ec1ampsia is responsible for 15% ofpre-term births (19). 

Long term studies have demonstrated that the morbidity and mortality for mothers 

whose pregnancies were complicated by hypertension extends weIl beyond pregnancy. 

These mothers are at increased risk for subsequent hypertension, cardiovascular death, 

and metabolic syndrome. 

In a retrospective cohort study (2), women who had delivered a first live singleton 

baby between 1951 and 1970 were retraced in 1997. 1197 women with GR and 1199 

women with pre-ec1ampsia or ec1ampsia were matched for maternaI age and year of 
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delivery to 1197 women with normotensive pregnancies. The OR for development of 

chronic hypertension, adjusted for maternaI age, body mass index, social class, and 

smoking was 2.47 (95% CI 1.74-3.51). The adjusted OR was 3.98 (95% CI 2.82-5.61) for 

those with pre-ec1ampsia or ec1ampsia. Therefore GR with and without proteinuria is a 

risk factor for chronic hypertension. 

In a cohort study of 626 272 women who had delivered a first chi Id between 1967 

and 1992 and were then followed for a median of 13 years, 4350 deaths occurred. Cardio-

vascular death was more frequent in those with pre-ec1ampsia compared to normotensive 

women with term delivery (> 37 weeks of gestation) with a hazard ratio (HR) of 1.65 

(95% CI 1.01-2.70) for term birth with pre-eclampsia, HR 8.12 (95% CI 4.31-15.33) for 

preterm birth with pre-eclampsia (26), adjusted for maternaI age and year of delivery. 

Therefore Pre-ec1ampsia is a risk factor for premature cardiovascular death. 

In another cohort study (1), 168 women with previous hypertensive pregnancies 

were matched for maternaI age and year of index delivery (between 1989 and 1997) and 

compared an average of7.8 years later to 168 women with previous normotensive 

pregnancies. The OR for metabolic syndrome comparing women with previous 

hypertensive and normotensive pregnancies was 3.6 (95% CI 1.4-9), after adjustment for 

numerous potential confounders. Therefore GH is a risk factor for metabolic syndrome. 
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Similarly children surviving IUGR are more at risk for hypertension, obesity, 

diabetes, cardiovascular disease (27). Rence, burden of disease for the mother, the baby, 

and society, both in the acute and long-term settings is significant. 

Aspirin may have a limited role in the prevention of GR(28;29). Therapeutic 

options include a) pregnancy termination that brings with it the consequences of 

delivering immature babies, b) antihypertensive drugs however this is associated with 

reduced birthweights (30-32), c) Magnesium sulfate which decreases the likelihood of 

eclampsia in moderate and severe pre-eclampsia (33) but does not reduce overall 

matemal-fetal morbidity and mortality (34). 

2.2 Sleep apnea 

Sleep apnea is a prevalent, yet often unrecognized condition that may have major 

adverse consequences for women in their childbearing years. By far the most common 

form of sleep apnea is obstructive sleep apnea (OSA), where repeated dynamic collapse 

of the upper airways during sleep leads to frequent, intermittent cessation of airflow-

despite ongoing respiratory efforts. More rarely, disorders ofventilatory drive lead to 

central sleep apnea, characterized by repeated pauses in respiratory efforts. Oxygen 

desaturation may occur with both types of sleep apnea. These respiratory disturbances are 

often terminated by transient arousals from sleep, which are associated with re-opening 

of the airways or resumption ofrespiratory efforts. 
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OSA has been studied in several population-based cohorts whereas central sleep 

apnea has not, beeause of the mueh higher prevalenee of the former. Both lead to the 

same physiologie responses manifested by arousals, sympathetie surges, and hypoxemia; 

hence clinical consequences are considered similar (35). 

In a population-based cross-sectional sample of 30 to 60 year-old workers, 10.8% 

ofpre-menopausal women were found to have OSA (36). However, only 7% ofthe 

women determined to have moderate to severe OSA reported a previous diagnosis of 

OSA (37). 

While women are generally less likely than men to develop OSA, other risk 

factors inc1ude age, obesity, post-menopausal state, craniofacial features associated with 

a narrowed upper airway, allergic rhinitis, and polycystic ovary syndrome (38). OSA is a 

chronic and progressive condition which often remains undiagnosed for many years or is 

misdiagnosed as depression, for example. 

Large population-based studies have shown that OSA is an independent risk 

factor for prevalent hypertension, even after adjustment for obesity, age, and sex (39). In 

addition, the presence of OSA increased the odds of incident hypertension over a 4-year 

follow-up period with a dose-response relationship; moderate and severe OSA were 

assoeiated with an odds ratio of2.9 (95% CI 1.5 to 5.6) for development of hypertension 

compared to persons without OSA (40). 
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OSA is an independent risk factor for prevalent coronary disease, prevalent and 

incident strokes (41)'(42)'(43), prevalent congestive heart failure,( 40)'(39;44) prevalent 

glucose intolerance and insulin resistance-even after adjustment for confounders (45)'(5). 

Moreover, the oxygen desaturation index (number of episodes ofreduction in oxygen 

saturation by ~4%, per hour of sleep) is a better predictor of insulin resistance than BMI 

(46). Both the insulin resistance and the cardio-vascular complications including blood 

pressure surges are thought to be mediated by sympathetic discharge triggered by 

repetitive desaturations and micro-arousals (47). 

Diagnosis of OSA is based on the results of a polysomnogram. A polysomnogram 

is a standardized study which involves continuous recording of the following : 

electroencephalogram (EEG), electrooculogram (EOG), electrocardiogram, 

electromyogram (EMG) ofthe submentalis and tibialis anterior muscles, thoraco-

abdominal efforts, airflow at the nose or mouth, and pulse oximetry. It is painless and 

usually performed ovemight. It is now recognized that presence of OSA on 

polysomnography does not imply necessarily that the person will have clinical symptoms 

including sleepiness. To diagnose Obstructive Sleep Apnea Syndrome (OSAS), in 

addition to compatible polysomnography results, symptoms must be present (Appendix 

1). 

Because of the complexity of the standard polysomnographic equipment, cost, the 

need for a sleep lab setting supervised by a technician and because of limited availability, 

simplified monitoring equipment has been developed. In those with a high pre-test 
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probability of moderate to severe OSA without co-morbidities, simplified monitoring 

without EEG, EOG, EMG (<< cardio-respiratory monitoring ») may be sufficient to 

confirm the condition. However, a negative study does not role out disease, and can occur 

even in presence of severe OSA if associated with arousals but no desaturation. Oximetry 

is sometimes used alone in similar situations, with more limitations. 

Results ofsleep studies are assessed using standard criteria (Appendix 1) (48). An 

apnea-hypopnea is a 2:1 O-second event with a) a decrease in airflow by 50%-90% 

regardless of saturation or arousal, or b) a c1ear decrease in airflow by less than 50% but 

associated with >3% desaturation or micro-arousal (49). The standard summary statistic 

is the mean number of respiratory events (apneas + hypopneas) per hour of sleep and is 

called the Apnea-Hypopnea Index (AHI). 

Conventionally, sleep apnea is defined as present or absent based on a eut-off. In 

research, an AHI cut-off of 5 is recommended (Appendix 1) though 10 or 15 is most 

often used. The cut-off of 5 is recommended based on population-based studies in non-

pregnant adults showing cardiovascular and neurocognitive morbidity with an index 2:5. 

However, prevalence of an AHI >5 is so high (33%) that a more conservative eut off of 

15 is usuallypreferred (prevalence for an AHI>15 is 13%) (50). Usually, a cut-off2:1 0 or 

15 associated with symptoms (mostly excessive daytime sleepiness) is used as an 

indication for treatment in clinical settings as benefit of CP AP therapy has been mostly 

demonstrated in this population (51). 
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Treatment of OSA includes conservative measures such as avoidance of narcotics, 

muscle relaxants, benzodiazepines, and alcohol, promotion ofweight loss, and 

positioning measures to avoid supine sleep. Control of OSA is most effectively achieved 

by application of a Continuous Positive Airway Pressure device (CP AP) during sleep 

(52). Briefly, this is a tightly fitting nasal mask connected to an air compressor delivering 

positive pressure, wom when asleep. Proven benefits of CP AP include improvement in 

quality oflife, improved alertness, bet1er mood, and decreased anxiety (52). 

2.3. SIeep apnea during pregnancy 

1 will present the literature addressing the relationship between OSA and GR. 

Then 1 will review the literature on sleep apnea during pregnancy as well as briefly 

discuss the literature on snoring and pregnancy. Hypotheses about possible mechanisms 

by which pregnancy could worsen or provoke OSA and how in tum, OSA could increase 

blood pressure during pregnancy will first be presented. 

2.3.1. Hypotheses regarding the association of GH and OSA; 

GR and OSA may be linked through several pathophysiological mechanisms. 

Possibilities may inc1ude: 

1. Pregnancy may initiate, sustain or aggravate OSA. 

2. OSA may initiate, sustain or aggravate GR. 

3. OSA and GR may co-exist because of shared risk factors. 
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Normal pregnancy leads to important physiological changes in women that 

may provoke or unmask OSA. Changes in upper airways inc1uding nasal passages, 

changes in waist circumference, and hormonal changes could contribute to development 

or worsening of OSA. 

22% ofpregnant women are known to develop a pregnancy-related rhinitis (53) which 

increases nasal airway resistance. Pregnancy rhinitis is associated with raised levels of 

placental growth hormone and normallevels of estradiol and progesterone (54) compared 

with pregnancy without rhinitis. Pregnancy-induced edema, facilitated by high levels of 

progesterone (55) could also increase nasal airway resistance. Upper airways are smaller 

among pregnant compared to non pregnant women, and normalize with delivery (56). 

There is a relationship between upper airway size and lung volume- i.e. at low lung 

volumes the cross-sectional area of the upper airway is reduced (57). Pregnancy 

decreases functional residual capacity leading to low lung volumes, therefore it is likely 

to reduce upper airway size (58). This would increase the chance of developing high 

resistance and partial or complete obstruction ofthe upper airway. Respiratory alkalosis 

of pregnancy may lead to unstable ventilatory control facilitating further upper airway 

obstruction(59;60). 

Growth hormone is also suspected to worsen OSA (61). Excessive growth 

hormone secretion is associated with hypertension in acromegaly (62). Excessive growth 

hormone secretion likewise is thought to be associated with a higher chance of 
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developing hypertension in pregnancy (63;64) but no study has systematically compared 

growth hormone levels among those with normotensive and hypertensive pregnancies. 

Pregnancy is associated with weight gain not to mention the enlarging uterus thus 

leading to an accelerated form oftruncal obesity, a known risk factor for OSA (65) and 

for pre-ec1ampsia (66). 

OSA in pregnant women can initiate, sustain or aggravate increases in blood 

pressure. In the non-pregnant population, when breathing difficulties occurred during 

sleep, photoplethysmography showed transient increases in mean arterial blood pressure 

from a mean of77.8 (SD 10) to a mean 99.0 (SD 12.7), p= 0.015 lasting a few seconds 

associated with peripheral vasoconstriction (67). The blood pressure surges are thought to 

be mediated by sympathetic discharge triggered by repetitive desaturations and micro-

arousals (47;68). Blood pressure is described to fail to decrease at night in sorne persons 

with OSA (non-dippers) (69). It is hypothesized that this eventually leads to sustained 

e1evation of rnoming and daytirne blood pressure. 

Finally, OSA and GH are both relatively frequent conditions that could co-

exist by chance alone or because of shared risk factors (obesity, age, insulin 

resistance) . 
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(- 2.3.2. Gestational hypertension and obstructive sleep apnea 

No study has addressed the relationship of OSA to GH without proteinuria while 

very few studies have investigated the presence of OSA in women with GR with 

proteinuria. 

In a case-control study describing sleep architecture among 25 pregnant women 

with pre-eclampsia and 17 normotensive pregnant women, aH those with preeclampsia 

had airflow limitation on polysomnography with EEG (70). This might be considered 

very subtle evidence of OSA. These breathing abnormalities did not meet current criteria 

for the diagnosis of OSA, the American Academy of Sleep Medicine AASM criteria, 

appendix 1. However, precise criteria used were not detailed beyond quoting those 

standard criteria -and those criteria are open to interpretation. An odds ratio was not 

provided. The smaH sample size limited the power to detect a significant difference in 

ARI between hypertensive and normotensive pregnant women; the investigators reported 

a ARI of7.6 (SD 12.5) in the hypertensive group vs 4.5 (SD 4.1) in the normotensive 

group, for a mean difference of3.1 (95% CI -3.3-9.5). 

In another case-control study, the sleep problems of 15 pre-eclamptic women, 45 

normotensive pregnant women, and 15 non-pregnant women were compared using 

cardio-respiratory monitoring. Apneas were defined as a >75% decrease in airflow and 

hypopneas as a 50%-75% decrease in airflow. Relative to the standard AASM criteria, 

the hypopnea definition was more restrictive. Subtle obstructive events termed 

inspiratory flow limitations were present more frequently in those with pre-eclampsia- 31 
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,- +/-8 % sleep period time compared to 15.5 +/- 2.3 in the 3rd trimester and <5% in the 

non-pregnant, Ist and 2nd trimester pregnant women(71). 

In yet another case-control study, the Watch_PAT100 monitor (Itamar Medical 

Ltd, Israel) was used to evaluate the presence of OSA in pregnant women and 

preec1amptic women. Watch _PAT 1 00 consists of actigraphy which detects patterns of 

motion to estimate sleep and wakefulness, peripheral arterial tone, and oximetry. It 

measures periodic peripheral vasoconstriction associated with tachycardia or 

desaturation. This technology was previously validated in the non-pregnant population 

against standard polysomnography for the diagnosis of OSA (72). 

In this study, 17 women with pre-ec1ampsia had a mean AHIpAT of 18.4 (SD 8.4) 

compared to 25 normotensive pregnant women who had a mean of 8.3 (SD 1.3), for a 

mean difference of 10.1,95% CI 6.7-13.5. No odds ratio was provided. No information 

on the number ofwomen meeting a categorical definition of OSA was provided. The 

previous validation study suggested the possibility of misc1assification with respect to 

OSA at this end of the spectrum. Mean birth weights differed between the 2 groups but 

were not adjusted for gestational age, a major confounder. Finally, the absence of 

validation in pregnancy and preec1ampsia specifically could be an issue, as preec1ampsia 

is itself a condition of sympathetic discharge and increased peripheral arterial tone (73). 
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Finally, in an interventional, non-randomized trial, treatment with CP AP in pre-

ec1amptic women with inspiratory airflow limitation reduced noctumal blood pressure by 

a mean of 18 rnrnHg during stable dosing of antihypertensive medication (74). 

These small studies suggest that in women with pre-ec1ampsia, breathing during 

sleep may be characterized by a mild degree of obstruction that usually does not meet 

standard criteria for OSA. However, these studies have been hampered by limited power, 

by the use of non-standard technology, and by non-standard scoring criteria. 

2.3.3 Sleep apnea during pregnancy and maternai blood pressure 

1 conducted a systematic review to search for evidence of a potentiallink between 

sleep apnea during pregnancy and GH. The full description is in Appendix 2. Only case 

reports and case-series were retrieved. 19 papers published between 1978 and 2006 in 

English and French fulfilled inclusion criteria. 

Fourteen of the 42 reported pregnancies with OSA were preceded or complicated 

by increased blood pressure. Ten women developed a hypertensive disorder during 

pregnancy. Six were labelled as pre-ec1ampsia, aIthough not aIl met unequivocal criteria 

for this diagnosis. Two additional women had borderline blood pressure: one at term 

(140/88) (75) and one from the onset ofpregnancy (138-142/90-91) (76). Two had 

chronic hypertension (77;78). 
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There were no reported cases ofHELLP syndrome or eclampsia. One woman had 

severe pulmonary hypertension with right heart failure during pregnancy (79). 

Inference is limited by the relatively small number of reported cases, the absence 

of relevant controls, and the probability of substantial publication bias. Specifically, 

pregnancies with severe complications are most likely to be reported. In addition, the 

articles 1 reviewed did not use a consistent format for collection and reporting of 

obstetrical data, and used varying definitions of hypertension, pre-eclampsia, and sleep 

apnea. Aiso technology used, if any, to document sleep-related events varied over the 28-

year span ofthis review. Because very few cases were available and because physiologic 

responses are similar, we included cases of central sleep apnea despite differences from 

OSA with respect to pathophysiology. However, their exclusion would be unlikely to 

change the conclusions ofthis review. 

Despite the limited evidence, several studies on snoring in pregnancy have been 

conducted recently; alliisted the case reports just cited, as justification. 

2.3.4. Snoring, a Marker for OSA, and pregnancy 

Several studies have investigated snoring (a marker for OSA) in pregnancy and its 

association with fetai growth and maternai blood pressure. 

In a cross-sectional questionnaire-based study (no polysomnography) that enrolled 

502 women, snoring was prevalent in pregnancy (23% women at delivery compared to 

Katéri A. Champagne, MD 24 
The association of obstructive sleep apnea and gestational hypertension 



4% pre-pregnancy). Snoring was associated with GH. The OR was 2.03 (95% CI 1.01-

4.01) after adjustment for maternaI weight, age, and smoking habits. Snoring was 

associated with an OR of 3.45 (95% CI 1.26-9.42) for fetal growth restriction, adjusted 

for the same confounders (80). Mean birthweights were not reported. 

In a cross-sectional study of350 women (81), habituaI snoring prevalence was 

higher in pregnant (14%) than non pregnant women (4%). The study did not detect 

significant birthweight differences based on maternaI snoring status : on average, infants 

born to snorers were 84g 1ighter than those born to non-snorers (95% CI of -107, 275g). 

Prevalence ofIUGR was very low (2/350). Maternai hypertension was not assessed. 

In a prospective study of 267 healthy young women (82), the prevalence of 

habituaI snoring was again shown to increase from 4% pre-pregnancy to 12% at 6 months 

of gestation. Loud habituai snoring was associated with the 1argest increase in b100d 

pressure from the 6th week to the 6th month, on 24-hour blood pressure monitoring. 

However, no subject fulfilled the World Health Organization criteria for pregnancy-

induced hypertension (150/95). This is surprising, given an expected incidence of 5-1 0%. 

It is probably related to selection ofthe sample (very healthy, with no past medical, 

surgical or psychiatric history, well-insured, likely working women) and the use of 

stringent diagnostic criteria (a cut off of 150/95 rather than simply a diastolic blood 

pressure> 90 mmHg). No correlation was found between the infant's weight and 

maternai snoring status. 
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In summary, GR occurs more frequently in obese, hypertensive, diabetic women 

and occurrence is linked to long term maternaI cardiovascular and metabolic morbidity. 

OSA is a frequent and often missed diagnosis, also associated with obesity, metabolic 

and cardiovascular complications. 1 hypothesized that OSA is more frequent in women 

with new onset of hypertension during pregnancy than in women who maintain normal 

blood pressure during pregnancy. This hypothesis is supported by very limited existing 

data, consisting of 1) the case reports and small cross-sectional studies from the pregnant 

population, and 2) larger studies on the impact of OSA on blood pressure in the non-

pregnant population. 1 believe that the potentially important association between GH and 

OSA merits further investigation, to the extent that detection and treatment of OSA could 

ultimately contribute to the prevention of GR. The objective of the present study was 

therefore to contrast the prevalence of OSA among women with GH versus its prevalence 

among women with normotensive pregnancies. 
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Section 3. Methods 

3.1 Design: 

This was a case-control study comparing the prevalence of sleep apnea in 

pregnant women with and without gestational hypertension. 

3.2 Hypothesis 

Women who develop gestational hypertension (with and without proteinuria) after 

20 weeks of gestation have a higher prevalence of sleep apnea than women with 

normotensive pregnancies. 

3.3 Overview 

Women with gestational hypertension as defined by the Canadian Hypertension 

Society (8) (an onset of diastolic blood pressure above 90 mmHg measured twice, at least 

4 hours apart) were compared to women with normal blood pressure in pregnancy for 

presence of sleep apnea. Sleep apnea was ascertained by polysomnography. Cases and 

controls were frequency-matched according to 3 strata of gestational age: 20-27,27-34, 

and> 34 weeks of gestation in alto 2 ratio. 

3.4 Study population 

3.4.1. Inclusion criteria-cases 

In addition to diastolic blood pressure above 90 mmHg, twice, 4 hours apart (8), 

cases were either pregnant (2: 20 weeks of gestation) or had delivered recently (ideally no 

more than 14 days, maximum 6 weeks) with a singleton pregnancy. 
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The inclusion criteria reflected the following considerations. Hypertension 

occurring prior to 20 weeks of gestation is usually considered chronic hypertension as 

opposed to gestational hypertension. OSA is already known to be a risk factor for chronic 

hypertension in the non-pregnant population. True gestational hypertension with 

proteinuria that occurs at less than 20 weeks is almost always as a result ofhydatiform 

mole. In this case, dilatation and curettage is indicated, so diagnosis and treatment of 

OSA is not relevant to pregnancy. Multiple pregnancy is a potential confounder as it is 

clearly associated with GH, and is potentially linked to OSA (additional gain in weight 

and abdominal girth). 

Inclusion criteria were broadened because of slow recruitment. 1 had originally 

restricted the study to women with gestational hypertension with proteinuria. However, 

completing a 24-hour urine collection to document proteinuria prior to delivery proved to 

be impractical, hence delivery often occurred prior to any recording of sleep. Most 

reported cases ofwomen with obstructive sleep apnea diagnosed with "pre-eclampsia" 

were in fact women with gestational hypertension without proteinuria based on CUITent 

criteria. Furthermore, emerging literature suggests that long-term complications of 

gestational hypertension occur regardless of proteinuria. Therefore, women with 

gestational hypertension without proteinuria were considered for recruitment. Inclusion 

criteria were expanded to include those who had recently delivered, e.g. those with 

maternaI or fetal instability ante partum, once stabilized. 
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3.4.2. Exclusion criteria-cases 

Pregnant women with known pre-pregnancy hypertension, neuromuscular 

disease, or cerebrovascular accident were excluded as those three conditions are clearly 

associated with OSA, and affected women should be routinely assessed for OSA in a 

clinical setting, not a research context. Those already treated for sleep apnea with CP AP, 

BiP AP or mandibular advancement orthesis were excluded for ethical reasons. Also 

women who lived beyond a 30-minute drive (for logistical reasons), and those unable to 

communicate in English or French were excluded. 

Initially, pregnancy associated with maternaI or fetal instability was exc1uded. 

This inc1uded mothers with ec1ampsia, active labor, endotracheal intubation, assisted 

ventilation inc1uding CP AP and BiP AP, low room air oxygen saturation «95% measured 

in the mother, awake, lying on her side), and those with impending de1ivery «4 hours of 

sleep anticipated before delivery). Any fetai instability requiring de1ivery within 4 hours 

was excluded. Once postpartum women were accepted, those with unstable conditions 

were eligible, after stabilization and delivery. 

3.4.3. Inclusion criteria-con trois 

Women with 2: 20 weeks of gestation or who had delivered recently (:S 14 days) 

of a single fetus were eligibie. 

3.4.4. Exclusion criteria-con troIs 
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Women with chronic or gestational hypertension as defined by the Canadian 

Hypertension Society (8;83) or with an exclusion criterion as listed for cases were not 

eligible. 

Gestational age was based on the date of the last menstrual period. In case of 

discrepancy between the age as estimated by last period and on an ultrasound performed 

before 24 weeks, the gestational age was based on the ultrasound. We had planned to 

recroit all consenting women regardless of gestational age initially, and then subsequently 

to recruit preferentially so as to achieve overall frequency-matching with respect to 

gestational age. 

3.4.5. Recruitment 

From May 1, 2004 through April 2006, the research nurse screened the charts of 

potential participants. Ail patients newly diagnosed by their obstetrician with gestational 

hypertension identified in the birthing centre or the antenatal ward were approached for 

potential participation. During the same period, the research nurse recruited control 

subjects from 10% of the low and high risk antenatal clinics as well as from obstetrical 

ultrasound clinics. Before each clinic, the research nurse reviewed charts to identify all 

women without hypertension, with singleton 25-35 week pregnancy, living within a one-

hour drive from the hospital; for each such patient, she left a form with the obstetrician to 

determine whether the patient agreed to be contacted. Clinics were not given advance 

notice that would have allowed preferential booking ofwomen with sleep complaints on 

those days. AlI potential controls who agreed to be approached were then contacted for 
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. - participation by the research nurse . 

This tertiary obstetrical centre delivers about 4000 women a year including 10% 

with hypertensive disorders ofpregnancy, and has a Fertility Clinic. The population is 

highly mixed with respect to ethnic origin. 

3.5. Intervention and Data collection: 

Participants filled out a questionnaire (Appendix 3) on sleep and risk factors for 

gestational hypertension and hypertension. The questionnaire and the scoring sc ales were 

available in French and in English. Women were asked to undergo one polysomnography 

(PSG) before delivery (unless recruited postpartum) and another PSG after delivery. 

Obstetrical and birth data were extracted from the mother's and baby's charts. 

Ovemight unattended ambulatory polysomnography included recording of 

1) Standard electroencephalogram (EEG) leads C3/A2 or C4/Al, 

2) Bilateral electro-oculogram (EOG), 

3) Submentalis and anterior tibialis muscles electromyogram (EMG), 

4) Airflow via both nasal pressure transducer and thermistance, 

5) Thoracoabdominal motions using piezoelectric bands around the thorax at the supra-

mammary level and around the abdomen at the umbilicallevel, 

6) Continuous arterial oxyhemoglobin saturation using digital pulsed oximetry 

monitoring (Ohmeda Biox 3700, Ohmeda Corp, Boulder CO), 

7) Continuous electrocardiogram, 

8) Sound via a microphone attached to the participant's clothing, 
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using a validated portable device (Suzanne TM, Tyco, Ottawa). Additionalleads were 

placed on the woman's abdomen for fetal heart monitoring. A trained sleep technologist 

instalIed the equipment for the test which was performed at home or at the hospital. 

Signal verification ascertained electrode impedance < 5000 ohms with visual inspection 

of each bioelectric signal using portable signal verification display box. AlI signaIs were 

acquired on a digital data management system (Sandman, Tyco, Ottawa, Ontario). 

Scoring of the PSG recordings was performed by a trained sleep technologist 

according to standard criteria (84). Scoring criteria are detailed in appendix 4. Scored 

studies were reviewed by an expert sleep physician. Both were blinded to the clinical 

status of subjects. An apnea-hypopnea index> 15 events per hour defined the presence of 

sleep apnea, the primary exposure of concem. 

3.6. Statistics 

3.6.1. Sample size 

Sample size estimates used pre-eclampsia as the outcome of interest. In a previous 

study of habituaI snoring (2: 3 nights a week) in pregnant women (80), 10% of snorers 

(11/113) and 4% ofnon-snorers (15/389) were found to develop pre-eclampsia. The 

overalI prevalence of snoring was 22.5% (113/502). The prevalence of pre-eclampsia was 

5% (26/502). 

snonng margm 
+ -

Pre- + 11 15 26 
eclampsia 

- 102 374 476 
margm 113 389 502 
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Assuming that 50% ofsnorers (n=I13) and 2% ofnon-snorers (n=389) had sleep 

apnea, we estimated that a total of 64 women had OSA. The horizontal margin cornes 

from the article, the vertical margin from estimation. 

OSA margm 
+ -

Pre- + 26 
eclampsia 

- 476 
margin 64 438 502 

Resolving the arithmetic equations gave us the following solution, a predicted 

Relative Risk (RR) of3.45 and an OR of 4.88 with 95% CI 2.11, Il.31 (Appendix 5). 

OSA margm 
+ -

Pre- + 10 16 26 
eclampsia 

- 54 422 476 
margm 64 438 502 

1 used Edwardes' software for sample estimation for matched case-control studies 

(85). Because ofuncertainty of distribution ofthe outcome (pre-eclampsia) with and 

without exposure (OSA), 1 assessed 9 potential scenarios. 1 modeled 3 proportion 

distributions of pre-eclampsia in women without sleep apnea for the 3 strata of 

gestational age (20-27, 27-34, over 34 weeks); 0.1, 0.2, 0.7; 0.2, 0.2, 0.6; 0.3, 0.2, 0.5. 

For example, in the tirst pre-eclampsia distribution (0.1, 0.2, 0.7), among women without 

sleep apnea, 10% ofthese women would be in the 20-27 week strata, 20% in the 27-34 

week strata and tinally 70% in the >34 week strata for a total of 100% ofpre-eclampsia 

without sleep apnea. 1 similarly modeled 3 hypothetical distributions ofpre-eclampsia in 
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women with sleep apnea for the 3 strata of the confounder (gestational age); 0.1, 0.4, 0.5; 

0.2, 0.6, 0.2; 0.3, 004, 004. This gave me 9 scenarios. 

Sample size estimate summary 

Detailed ~ cr OR Probability Case: control Mean Minimum Maximum 
information exposure ratio sarnple sarnple sarnple 

population SlZe size size 
Appendix6 0.1 0.05 4.88 7% 1 75/arm 67 84 

2-tailed 
Appendix6 0.2 0.05 4.88 7% 1 55/arm 49 61 

2-tailed 
Appendix 7 0.1 0.05 4 8% 2 57 cases 53 65 

l-tailed 
Appendix 7 0.2 0.025 4 8% 2 52 cases 48 58 

I-tailed 

At first, 1 calculated with a 2-tailed significance level, a case-control ratio (F) of 

1, a population exposure probability of 7%, an odds ratio of 4.88, no interaction, and 

obtained a mean sample size of74.7 e.g., 75 women per arm, minimum 67, maximum of 

84 for a P 0.10 and a 0.05. For a power of 0.80, a 0.05, the mean sample size is 54.1 e.g., 

55 women per arm, minimum 49, maximum 61 (Appendix 6). Then, because the limiting 

factor was expected to be recruitment of cases, 1 redid the calculations with a control-case 

ratio of2, an odds ratio of 4, a population exposure p=0.08. Based on the literature 

available, snoring is a risk factor for pre-ec1ampsia so 1 didn't anticipate that OSA would 

protect against pre-ec1ampsia, and 1 used a one-sided alpha. With a power of 90%, 

a=0.05 (l-tailed), the estimated sample is 57.3 cases (58 women) and twice as many 

controls whereas with a power of 80%, a=0.025 (l-tailed), 1 estimated a mean sample 

size of52 cases and 104 controls (Appendix 7). For feasibility issues, 1 chose the latter 

sample size ta conduct the study. 
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Justification: 

Cases and controls were targeted for recruitment in a 1:2 ratio because of a 

limited pool of cases. Stratification was used because gestational age is a c1ear 

confounder with a large effect size (80), with respect to a potential relationship between 

OSA and gestational hypertension. According to intemists specialized in fetomatemal 

medicine, distributions of gestational age among cases and unmatched controls were 

expected not to overlap (cases occur late in pregnancy whereas controls might have been 

much earlier in their pregnancies), limiting the robustness of adjusted estimates. 

Frequency matching was preferred to individual matching, because of simplicity and 

greater probability of successful matching. Frequency-matching was integrated in the 

design, recruiting by strata- targeting mainly the> 34-week stratum as most cases were of 

that gestational age. In keeping with the design, the analysis was performed with 

gestational age as a categorical variable. 

3.6.2. Feasibility 

The rate-limiting step was expected to be recruitment of cases. 1 had initially 

planned to recruit at two hospitals but recruitment at the second hospital was not possible. 

1 had anticipated 25 new cases of pre-eclampsia a month. With a participation rate of 

30% and a sample size of 52, it was estimated that this study would require 12 months to 

complete. However, there were typically only 5 cases that came to the attention of the 

research nurse each month, so the recruitment period was extended to 24 months. 
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3.6.3. Analysis 

1 estimated a Mantel-Haenszel odds ratio adjusted for gestational age, with 95% 

CI (86). 1 used logistic regression modeling with gestational hypertension as the binary 

dependent variable to further adjust the odds ratio estimate for other potential 

confounders e.g. age, body mass index, race, smoking, nulliparity, primigravidity as weIl 

residual confounding by gestational age. In secondary analyses, 1 evaluated the AHI as a 

continuous predictor variable for the presence of gestational hypertension. 1 analyzed the 

data using Stata version 8, CoIlege Station (Texas). 

3.7. Ethical considerations 

The Royal Victoria Hospital Research Ethics Board approved the research project 

on March 10, 2004 (Appendix 8). Amendments were submitted in September 2004 and 

approved in November 2004. Approvals were renewed in November 2004 and November 

2005. In agreement with article 19.2 ofthe Act respecting Health Services and Social 

Services, authorization ofthe Director ofProfessional Services was obtained to pre-

screen charts ofpotential subjects without the patient's consent. 

This observational study involved minimal discomfort and risk for subjects, since 

measurements entailed questionnaires, chart reviews, and noninvasive monitoring. AIl 

data were labeled by a unique study number for each subject, rather than by name or 

hospital number, and held in a password-protected database. Polysomnography and fetal 

monitoring done for this study were scored without knowledge of clinical status. Results 

were forwarded to the treating physician when requested for clinical purposes. As the 
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optimal management of sleep apnea in pregnancy remains undefined, no specifie 

intervention was instituted during pregnancy. However, a sleep specialist assessed all 

patients postpartum who had evidence of sleep apnea, with further investigation and 

treatment when c1inically indicated. 
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4. ResuIts 

Between May 2004 and April 2006, 135 hypertensive pregnant women and 150 

normotensive pregnant women were identified. The research nurse visited the antenatal 

ward and birthing center once per weekday, to identify aIl women with hypertension as 

welI as potential controls. Controls were mainly recruited from a sample of the high and 

low risk antenatal clinics as welI as from obstetrical ultrasound clinics. In alI instances, 

the diagnosis of gestational hypertension was made by the treating physiCian, prior to any 

chart review or recruitment. 

Inclusions and exclusions for the pregnant hypertensive women are shown in 

figure 1. Chronic hypertension, multiple pregnancies, and discharge prior to being 

approached were the main reasons for exclusion. Rare exclusions included treated OSA, 

language barrier, minor, distant residence, post-partum status (before the protocol was 

amended to allow post-partum enrolment). The treating teamjudged 8 potentialIy eligible 

women to be unstable (intensive care unit admission, fetalloss). Among the women who 

had consented, 5 withdrew prior to the polysomnography, 7 could not tolerate the sleep 

monitoring equipment, and 3 did not sleep during the monitored study. Finally among the 

17 cases studied, most had proteinuria on spot urinalysis but did not complete a 24-hour 

urine colIection, the standard to document proteinuria in suspected pre-eclampsia. Seven 

ofthe cases were studied only postpartum (median 5 days postpartum). 

Among cases, 7 women had concomitant gestational diabetes and 4 had 2: 2 

spontaneous abortion. Only one case reported no past medical or psychiatrie history. One 
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reported diabetes mellitus type II, 7 allergie rhinitis, 5 asthma, one eoagulopathy, one 

hyperthyroidism, and one, a history of depression. 

Figure 1 

Cases assessed 
for eligibility 

n=135 

1 
1 1 

Excluded Entered the study n=31 
n= 103 1 

1 

1 1 
Did not complete n=15 

1 Refused n=30 1 1 Too unstable n=8 1 
i. Withdrew consent n=5 
ii. Failed PSG n=10 

Ineligible n=65: Cases n=17 
i. Chronic HTN n=26 no proteinuria n=1 
ii. Multiple pregnancy n=17 dipstick protein+n=9 
iii. Other n=22 > .3gProtJ24h n=7 

Inclusion and exclusions for controls are shown schematically in figure 2. The 

main reasons for exclusion were multiple pregnaney, distant residence, and ineomplete 

contact information. The treating team judged 14 to be too unstable for recruitment. 

Among those eonsenting, polysomnographie reeording failed because of lack of sleep or 

diffieulty tolerating the equipment in 7 women. 

At the time of recruitment, sorne controls had non hypertensive obstetrieal 

conditions: 4 were hospitalized for preterm labor, one for premature rupture of 

membrane, one had gestational diabetes, one was diagnosed during the CUITent pregnaney 
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with pancreatitis secondary to hyperlipoproteinemia III and one was diagnosed during the 

CUITent pregnancy with WiIson's disease (hepatoientieular degeneration). 

While 12 had no past medical or psychiatrie history, 4 had ~ 2 previous 

spontaneous abortions, one reported a diagnosis of poIyeystic ovarian syndrome, 3 had a 

eoagulopathy, 2 past fertility treatments (cUITent pregnancy was medieally assisted in 

one), 9 asthma, 14 allergie rhinitis, 2 hypothyroidism, 5 past depression, one had type 1 

diabetes, and one had cardiomyopathy secondary to adriamycine (post lymphoma), and 

one had a micro-prolactinoma .. 

Figure 2 

Controls assessed 
for eligibility 

n= 150 

1 
1 1 

1 Excluded n=103 1 Entered the study n=47 
J 1 

1 1 
1 

Did not complete n=13 
1 Refused n=54 1 1 Too unstable n=14 1 i. Withdrew consent n=6 

ii. Failed PSG n=7 

Ineligible n=35: 1 Controls n=33 1 
i. Multiple pregnancy n=12 
ii. >30 km n=7 
iii. Other n=16 

The mean ages ofparticipating and non participating women were similar, 33.9 

years oId, Standard Deviation (SD) 5.5 and 32.8, SD 5.8, respectively. 
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Baseline demographics 

Hypertensive pregnant women were older and had higher reported pre-gravid 

body mass index than normotensive controls (table 1). 

Table 1 Baseline demographics 

Pregnancy-induced Normotensive 
hypertension pregnancies 
(n=17)* (n=33) 

Age 35.4 ± 4.3 32.7 ± 5.5 
(years) 
Pre-gravid BMI 26.7 ± 4.6 23.8 ± 3.9 
(kg/m2

) 

Gestational age 33.4 ±4.7 32.4 ± 4.6 
(weeks) 
CUITent smokers 1/17 1/33 

Primigravida 5/17 (29%) 7/33 (21 %) 
(1 st pregnancy) 
Nulliparous 11/17 (65%) 16/33 (48%) 
(no previous viable fetus at birth) 
Values are mean ± SD for age, BMI and gestational age 
Abbreviations: BMI body mass index 
* Seven cases were respectively 2,3,3,5,5, 14, and 29 days postpartum 

Sleep characteristics 

As a group, these women had poorer sleep quality than generally observed in the 

healthy non-pregnant population. Sleep efficiency (the ratio of total sleep time/total time 

in bed, normal> 85%) (87), arousal index (normal < 15/hour) were different than 

expected. Sleep was even poorer in the hypertensive group with worse sleep efficiency, 

high periodic limb movement index (normal <15/hour) (88) and more time spent in 

"Wakefulness After Sleep Onset" (WASO) which represents the time awake after 

initiation of sleep. AIl sleep stages were present, with an increase in non-REM sleep stage 

1 (NREM 1) and a decrease in Rapid Eye Movement sleep (REM) among both groups of 
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pregnant women compared to normative data in the healthy non-pregnant population (87) 

(table 2) . 

Table 2 Sleep characteristics on polysomnography 

Pregnancy- Normotensive 
induced pregnancies P-values 
hypertension (n=33) 
(n=17) 

Total Recording Time (h) 7.2 ± 2.6 7.2 ± 2.1 0.98 
Total Sleep Time (h) 4.4 ± 2.0 5.4 ± 1.7 0.069 
Sleep Efficiency (%) 59 ± 15 76 ± 16 0.0009* 
Wakefulness after sleep onset (h) 2.4 ± 1.3 1.3 ± 0.9 0.0011 * 
Stagel shift index (#/TST) 8.4 ± 3.6 6.5 ± 2.8 0.056 
Awakening index (#/TST) 6.5 ± 3.5 4.7 ± 1.8 0.024* 
Arousal index (arousal /h) 58±38 48 ± 18 
NREM Stagel (%TST) nonnaI2-5%§ 11 ± 6 9±4 
NREM Stage2 (%TST) nonnal45-55%§ 55 ± 16 50± 9 
NREM Stage3 (% TST) nonnal 3-8%§ 11 ± 7 11 ± 6 
NREM Stage4 (%TST) nonnallO-l5%§ 8±8 12 ± 10 
REM (% TST) nonnal 20-25%§ 15 ± 9 18 ± 6 
PLM index (pLM/h) 7 ± 17 15 ± 24 
Values are mean ± SD * p<0.05 
Abbreviations:PLM: Periodic Limb Movement TST: Total Sleep Time 
NREM: Non REM sleep REM: Rapide Eye Movement Sleep 

0.23 
0.085 
0.21 
0.82 
0.19 
0.15 
0.24 

§Normative valuesfor NREM and REM sleepfrom Principles and Practice ofSleep 
Medicine, Kryger Roth and Dement 3rd edition, Chapter 2 Normal Human Sleep : An 
overview by MA Carskadon WC Dement page 20 
Legend: Sleep was fragmented with low efficiency in the 2 groups ofwomen but more 
so among the hypertensive women. 

Sleep-related breathing characteristics 

Compared to normotensive pregnant women, those with gestational hypertension 

had more obstructive and desaturating events. This applied whether we compared apneas, 

"big" hypopneas or "big and small" hypopneas or aDJ (4%-desaturating event index) as 

continuous variables. There was no difference in central and indeterminate event index or 

mean saturation (table 3). 
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Table 3 Respiratory characteristics on polysomnography 

Pregnancy- Normotensive 
induced pregnancies 
hypertension 
(n=17) (n=33) 

Res~iratory events 
Obstructive+mixed apnea index (#/h) 6.7±17.6 0.2 ± 0.6 
Obstructive hypopneas(big) index (#/h) 13.1±18.3 4.1 ± 4.8 
Obstructive hypo2neas (big+smaU) index (#/h) 30.0 ± 21.7 16.7 ± 12.4 
Central+indetenninate event index (#/h) 1.9 ± 2.4 1.3 ± 2.0 
AH! (big hypo2nea) (#/h) 21.6 ± 35.2 5.6 ± 5.6 
AH! (big+small hypopnea) (#/h) 38.6 ± 36.7 18.2 ± 12.2 
Oximetry data 
Mean Sa02 (%) 96.7 ± 1.2 97.0± 1.1 
Nadir Sa02 (%) 90.2 ± 4.8 92.4 ± 3.0 
OD! (#/h) 4.0± 9.7 0.2±0.7 
Values are mean ± SD * p<0.05 
Abbreviations: AH! apnea-hypopnea index; aD! 4%-oxygen desaturation index 
Big hypopnea: 50-90% reduction in flow or thermistor signal 
Small hypopnea: 30-50% reduction inflow or thermistor signal with either an 

arousal or > 3%-desaturation 

Prevalence of OSA in normotensive and hypertensive pregnant women 

p-
values 

0.037* 
0.0098* 
0.0078* 
0.37 
0.013* 
0.0053* 

0.33 
0.061 
0.028* 

With OSA defined as an AH! > 15 and inc1uding apneas, big and smaU hypopneas, 

the prevalence of OSA was 82% (14/17) among the hypertensive pregnant women 

compared to 45% (15/33) among the nonnotensive pregnant women. The sample size 

prevented estimation of meaningful gestational age stratum-specific prevalence of OSA 

by blood pressure status (not reported). 

Prediction of GH using univariable analysis 

Crude odds ratios were estimated for each variable (table 4). Pre-gravid body 

mass index, OSA, and maternaI age had the strongest associations with the outcome in 

univariable analysis. Multiparity was defined as a past pregnancy with a viable fetus at 

birth whereas primigravida was defined as a first pregnancy. 
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Table 4 Association of variables with GH: crude odds ratios with predictors 
Variables Odds 95% CI P-values 

Ratio 
OSA (AHI >15) vs no OSA (AHI <15) 5.60 1.35-23.2 0.018 
Maternai age, per 1 year increase 1.19 0.98-1.27 0.087 
Previous parity, reference 1 
Nulliparity (despite previous pregnancy) 1.89 0.47-7.59 0.37 
Primigravida 1.53 0.46-8.89 0.35 
Body Mass Index, per lkg/m2 increase 1.13 0.99-1.30 0.069 
Gestational age, reference >34 weeks 1 
27-34 weeks 0.72 0.20-2.58 0.61 
20-27 weeks 0.52 0.09-3.16 0.48 

Prediction of GH using multivariable analysis 

A full mode1 was developed with maternaI age, gestational age, body mass index, 

nulliparity, primigravid status, and OSA (table 5). In this model, OSA, nulliparity, and 

BMI were the strongest predictors of GR. Compared to women with previous live birth, 

women with previous pregnancies but no live birth (therapeutic or spontaneous abortion 

or late fetalloss) were much more at risk for GR. AIso, a tirst pregnancy seemed to be a 

risk factor for GR compared to women with previous live birth but our sample was too 

small to be conclusive. 

Table 5 Adjusted odds ratio for each variable and its association with GH 

Variables Adjusted 95% CI P-values 
OR 

OSA (AHI> 15) vs no OSA (AHI <15) 7.48 3.5-16 0.000 
BMI, per 1 kg/m2 increase 1.23 1.1-1.4 0.001 
Maternai age, per year increase 1.16 0.95-1.4 0.14 
Previous parity, reference 1 
Nulliparity (despite previous pregnancy) 12.8 3.5-46 0.000 
Primigravida 3.41 0.25-45.5 0.354 
Gestational age, reference >34 weeks 1 
20-27 weeks 1.14 0.41-3.2 0.80 
27-34 weeks 0.79 0.50-1.2 0.32 
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Smoking was not added to the model because only one woman in each group 

smoked. The same applied to pre-existing diabetes. Similarly, race was not added as our 

dataset had only 4 African::american women, the group at highest risk for pre-eclampsia. 

Confounding 

MaternaI age, gestational age, nulliparity, BMI, primigravida status were aIl found 

to be confounders of the association between OSA and GR. Table 6 compares the 

magnitude of OR between the full model and the 4 different models where one 

independent variable is removed at a time. The presence of OSA is 7.5 times more likely 

in cases of gestational hypertension than in controls. In our sample, past failed pregnancy 

(nulliparity) was protective against OSA. 

Table 6 Odds ratio for OSA in presence of GH with adjustments for confounders 

OR 
for 
OSA 

95% CI Models 

7.48 3.46-16.16 Full model OSA, mat. age, GA, nulliparity, BMI, nulligravida 
7.39 3.89-14.06 Full model without gestational age 
9.70 3.18-29.55 Full model without maternaI age 
3.56 1.20-10.55 Full model without parity and primigravid status 
9.40 4.07-21.72 Full model without BMI 
BMI: Pre-gravid body mass index GA: gestational age Mat. Age: maternai age 

In summary, the crude odds ratio for OSA in presence of gestational hypertension 

is 5.6, 95% CI 1.76-17.81, p= 0.0096. The OR, adjusted formaternal age, gestational age, 

BMI, parity and gravid status, is 7.48, 95% CI 3.46-16.16, p< 0.0001. 
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Odds ratio using Mantel-Haenszel method 

The stratified contingency table is presented in table 9. Because ofthe small 

dataset, Mantel-Haenszel estimates of crude ORs for individual gestational age stratum 

were highly imprecise, and could not be estimated in one stratum because of a cell with 

zero subjects (table 7). The pooled Mantel-Haenszel OR for the three strata is 5.24, 95% 

CI 1.3-22. 

Table 7 Contingency table by gestation al age strata 

Stratum Sleep apnea GH+ GH-
>34 weeks 

+ 8 7 
(reference) 

1 7 
27-34 weeks + 4 6 

2 7 
20-27 weeks + 2 2 

0 4 
Total participants 17 33 

Sensitivity analysis 

A sensitivity analysis was done to assess the impact ofusing different definitions 

of respiratory events and using different threshold. This was done because we used the 

recommended research criteria established by the American Academy of Sleep Medicine-

AASM to score respiratory events but those criteria have not been extensively validated 

prospectively, and certainly not in the pregnant population. Most researchers have used a 

cut off of 10 or 15 events per hour to define OSA; these were often limited to 

desaturating events (as in the Sleep Heart Health Study) or to "big hypopneas." The 

results consistently highlighted the association of gestational hypertension with 

obstructive sleep apnea, despite varying AASM definitions used (table 8). 
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Table 8 Adjusted Odds Ratios for Association of OSA & GH 

AHI eut-off OR 95% CI P-values 
value adjusted 

AJ2nea + big + small hypoJ2nea 10 4.32 2.78-6.71 < 0.001 
AJ2nea + big + small hypopnea 15 7.48 3.46-16.16 < 0.001 
Apnea + big hypopnea 10 5.37 1.25-23.00 0.043 
Apnea + big hypopnea 15 8.43 1.07-66.20 < 0.023 

Consistent with other studies in pregnancy, limiting the definition of OSA to desaturating 

events (as in the Sleep Heart Health Study) severely lacked sensitivity, as none of the 

controls and only 2/17 cases (respectively 18 and 38 /h) had an oxygen-desaturation 

index >5. 

Prediction of GH using AHI as a continuous variable 

1 repeated the analysis using the AHI as a continuous variable (in this instance, 

defined as encompassing apneas, big, and small hypopneas). On univariable analysis, 

AHI remained a predictor of GH : for each increase in AHI by 5 events per hour, the odds 

ofhaving GH increased by a factor of 1.35,95% CI 1.08-1.71. When adjusted for 

maternaI age, BMI, gestational age, parity and gravi da status, each increase in AHI by 5 

events/h was associated with an adjusted OR of 1.30,95% 1.19-1.43, P <0.0001, for the 

presence of GR. In summary, the apnea-hypopnea index - whether considered as a 

continuous or as categorical predictor variable, and with the use of several alternative 

thresholds for diagnosis of OSA - was consistently and strongly associated with 

gestational hypertension. 

Katéri A. Champagne, MD 47 
The association of obstructive sleep apnea and gestational hypertension 



5. Discussion 

1 demonstrated a strong association between obstructive sleep apnea and 

gestational hypertension. The association was even stronger after adjustment for multiple 

known confounders: maternaI age, body mass index, nulliparity, first pregnancy, and 

gestational age. The results were robust to different definitions of OSA. 

Previous research has demonstrated OSA to be an independent risk factor for 

prevalent and incident hypertension in the non-pregnant population. This study confirms 

that the association with incident hypertension holds true in a different population, 

women with singleton pregnancies. 

Potential mechanisms linking OSA and hypertension in pregnancy include: 1) 

changes in body habitus mimicking truncal obesity, which is a strong predictor of OSA in 

the non-pregnant population; and 2) smaller upper airway calibre (57), In turn, smaller 

upper airway caliber likely reflects fluid retention (facilitated by hormonal changes), 

pregnancy-related rhinitis (53), increased soft tissue mass (related to placental growth 

hormone secretion), and increased airway collapsibility as a consequence of enhanced 

muscle relaxation (related to relaxin and other hormones). 

Sorne have already proposed that pregnancy is a physiological "stress test," to the 

extent that pregnancy "unmasks" women most likely to develop metabolic and 

cardiovascular complications later in life, as documented by several cohort studies (1 ;26). 

1 hypothesize that pregnancy is a physiological "stress test" that identifies those at risk for 
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OSA, should predisposing conditions (including truncal obesity) reappear later in life. 

Furthennore, OSA may in fact be on the causal pathway which leads pregnant and non-

pregnant individuals to develop metabolic and cardiovascular morbidities. 

The magnitude of the association between OSA and hypertension in this study 

was much larger than that previously described in the non-pregnant population (4;40;89), 

with adjusted odds ratios of7.5 and 2 respectively. Rowever, our results are consistent 

with my initial predictions as to the association between OSA and GR, derived from a 

cross-sectional study of snoring and GR (80). Using that study, 1 had estimated a crude 

OR of 4.88, linking OSA to pre-eclampsia (80), which is very close to the crude odds 

ratio of 5.6 that we estimated from our own study data. 

1 believe that the present study identified a much stronger association between 

OSA and hypertension than was previously found in non-pregnant individuals, for several 

reasons. These relate to the rapid evolution ofboth OSA and hypertension among 

pregnant women, the severity of the associated hypertension, and the relative 

homogeneity of our study population. 

The evolution of OSA during pregnancy is likely to be very rapid, compared to its 

natural history among other individuals. In susceptible pregnant women, OSA may 

quickly develop or worsen, because of the rapidity of changes in body habitus and other 

related factors as discussed above-- whereas abdominal girth increases to an equivalent 

extent over several years in the non-pregnant population, eliciting different responses and 
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compensatory mechanisms. The cardiovascular response to respiratory disturbance events 

may also be augmented during pregnancy. Among pre-menopausal women with OSA, it 

has previously been demonstrated that blood pressure surges are higher in the luteal than 

the follicular phase, possibly due to progesterone (90). Pregnancy is the condition with 

the highest levels of progesterone, potentially promoting an enhanced blood pressure 

increase in response to respiratory disturbances. This could also contribute to the strong 

association we observed. 

The rapid transformation ofblood pressure from normal to elevated levels within 

9 months is likely much more rapid and intense compared to what occurs in community-

based cohorts ofpersons with OSA. In the non-pregnant population, OSA is linked to 

hypertension in a dose-response fashion. That is, the more severe the OSA, the more of 

an impact it is likely to have on blood pressure. Conversely, there is evidence in the non-

pregnant population that, the worse the hypertension, the more pronounced any 

underlying OSA is likely to be, as it is the case in resistant hypertension (91). Compared 

to community-based cohorts ofpersons with variable OSA (and varying degrees of 

hypertension, if any), selection of pregnant women with a more severe form of 

hypertension (GH with proteinuria) might be predicted to highlight the presence of 

underlying OSA to a greater extent. 

Our sample is very homogeneous compared to community-based cohorts of 

persons with OSA or hypertension-by definition, aIl our participants were young 

women, of childbearing age. Hypertension in community-based studies is the end-
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product of various etiologies which may include OSA; in most cases, the cause is 

uncertain and individuals are labeled as having "essential hypertension". One study 

demonstrated that among adults < 60 years old, the association between OSA and 

hypertension was stronger than among those > 60 (89). If OSA is contributing only a 

small attributable fraction to hypertension in older adults because of competing causes for 

hypertension, it would dilute the strength of the association in studies ofthat group. 1 

hypothesize that young adults are more likely to have OSA-induced hypertension than 

oIder groups, and this likely contributes to the stronger association between OSA and 

hypertension in the pregnant than non-pregnant populations. 

This study' s findings are consistent with other studies investigating the link 

between GR and self-reported snoring, a marker for OSA. In a cross-sectional study on 

snoring and GR (80), the OR ofhaving GR in presence of snoring was 2.03, adjusted for 

smoking, maternaI weight and age. Similarly, in another cross-sectional study, snoring-

sleepiness complex was associated with GR with a crude OR of2.7 (80). Not 

surprisingly, the present study, using objective measurements of OSA rather than 

subjective reports of snoring, showed a stronger association with GR--possibly because 

previous investigations were hampered by misclassification of snoring status, limitations 

of snoring as a clinical marker for OSA in women (92) or incomplete adjustment for 

confounding variables. 

This study' s findings are congruent with those of three earlier reports 

investigating the link between pre-eclampsia and OSA (70;71;93). Those studies 
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suggested more sleep-related breathing events among women with pre-eclampsia 

compared to those with normotensive pregnancies. ConnoHy and Edwards had reported 

more frequent inspiratory flow limitation but no frank OSA among those with pre-

eclampsia. This may reflect the technology used to assess OSA, the definition of 

hypopneas, sample size, and the absence of correction for confounders. Vinon reported a 

higher apnea-hypopnea index as a continuous outcome but provided no data on presence 

of frank OSA as a binary outcome or odds ratio, and there was no correction for 

confounders. 

In contrast, a prospective cohort study of 267 healthy pregnant women with no 

past medical, obstetrical or psychiatric history found no association between OSA and 

GR (82). In that study, sorne subjects had inspiratory airflow limitation but none had 

frank OSA, and none of the 267 women developed GR. Rowever, if OSA is associated 

with any medical or psychiatric condition, restricting to healthy women would contribute 

to the absence of observed OSA. Likewise the cohort design likely limited the ability to 

investigate GR - a relatively rare outcome- particularly in a healthy, fairly affluent 

American study population (aH had private health insurance coverage). 

Measurement error is important in assessing variables including blood pressure, 

AHI, and BML The definition of GR relied on blood pressure measurements by the 

clinical team. AIso, inter-night variation in the determination of AHI is known to occur 

and pre-gravid BMI was estimated based on recollection of pre-pregnancy weight by the 

participants. Rowever, random measurement error should regress the association towards 
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the null value. On the other hand, systematic measurement error, e.g. interpretation of 

polysomnographic recordings coloured by knowledge of subjects' disease status (case vs. 

control) could create or exaggerate an association. In this study, the interpretation of 

polysomnographic recordings was blinded. 

To properly assess the magnitude of the association, adjustment is necessary for 

known as weIl as potential confounders. Despite our small dataset, we were able to 

adjust the odds ratio associating OSA with GH for 4 confounders. This included a 

correction for pre-gravid BMI--however, there is a possibility that this could represent 

"over-adjustment." The association between OSA and obesity is well known and it is 

usually assumed that obesity causes OSA. However, there is speculation that in addition, 

OSA could contribute to obesity, and thus sorne epidemiological debate whether 

adjustment for BMI represents overadjustment (4;40). 

In the present study, inclusion ofBMI in the multivariable logistic regression 

model reduced the estimated OR from 9.4 to 7.5. 1 did not adjust for baseline blood 

pressure, as 1 believe it might lead to over-adjustment in that it is likely related to 

unrecognized OSA before pregnancy. Whether correction for diabetes is needed is also 

debatable, as OSA is an independent risk factor for insulin resistance and glucose 

intolerance. Our small sample did not allow correction for diabetes, race, coagulopathy, 

smoking, and medication use (e.g. the muscle relaxant magnesium sulfate and narcotics) 

because subgroups were too smal!. These are potential confounders, which should be 

addressed in larger studies. 
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Major challenges to recruitment, despite our best efforts, meant that only a small 

proportion oftargeted women actually completed the study. For potential cases, their GR 

often precluded approaching them for participation, or obtaining polysomnography. 

Women who presented with hypertension after 34 weeks of gestation often proceeded 

directly to delivery. By attending the obstetrical ward once daily, we were more likely to 

recruit stable women who could be observed at least 24 hours, whereas the most unstable 

women likely delivered immediately and were not even seen by the research nurse as 

they were sent to the postnatal ward, in a different building. This potentiallength bias 

(incidence-prevalence bias) was offset by allowing recruitment after delivery. If the 

urgency to deliver was related to difficult-to-control blood pressure in those with OSA 

(as observed in the non-pregnant population) (91;94), then the odds ratio might have been 

underestimated. Similar difficulties in recruiting pregnant women using 

polysomnography with electroencephalography were reported by another author (93). 1 

believe that the large number of patients not participating and not completing the study 

was indicative ofthe population studied. 

Prevalence of OSA was high in cases but also in controls. This is higher than 

previously documented in other studies among pregnant women using different 

technology, different scoring criteria and could be related to the inclusion of 

normotensive controls with obstetrical complications. If any of these complications 

(preterm labor, premature rupture of membrane, coagulopathy, recurrent miscarriages) is 

also associated with OSA, the inclusion of those women as controls would bias the 
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association towards the null. The fact that participants in the control group had a higher 

frequency of non-hypertensive complications than pregnant women in the general 

population should not limit the generalizability of the key association 1 identified, 

between OSA and GH--unless these non-hypertensive complications are associated with 

a diminished risk of OSA, which seems highly implausible. 

AIthough the advertisement and pamphlets available to potential candidates 

deliberately did not mention the primary hypothesis ofthe study, it is also possible that 

women with sleep apnea were more willing to participate than those without sleep 

disturbance, increasing the prevalence among controls. Once again, inclusion ofthose 

women as controls would have biased the association towards the null. However, 

consistent with other studies of gestational hypertension, with the stricter Sleep Heart 

Health Study scoring criteria (> 5 desaturating eventslhour), the prevalence in cases was 

12% (2/17) and 0% in controls, similar to the expected prevalence in the non-pregnant 

population. 

This study includes seven cases studied after delivery. From one case-series of 

women with OSA documented prior to pregnancy, OSA tends to worsen during 

pregnancy (76). Similarly, in another case series, OSA documented in pregnancy 

decreased in severity post-partum (55). Therefore, those 7 women are likely to have had 

somewhat less severe OSA measured postpartum, compared to during pregnancy. 

Studying them after delivery could therefore have underestimated the true association of 

GH with OSA prevalence and severity. 
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The go Id standard to assess OSA is attended full polysomnography, i.e. monitored 

at the bedside by a sleep study technician. 1 used unattended full polysomnography for 

logistics and security reasons, since sorne participants-especially those with pre-

eclampsia- required direct ovemight observation by the obstetrical team. This contributed 

to a number of inadequate polysomnographic studies, as sorne women removed or 

dislodged the monitoring equipment during the recording period. Ifunsuccessful 

polysomnographic recording was related to the presence of OSA (e.g.: more agitated 

sleep with OSA increased the chances dislodging the recording wires) then the strength 

ofthe association might again have been underestimated. 

The cross-sectional design of this study prevents inference about causality. 

However, in the non-pregnant population, it has now been established that OSA is an 

independent risk factor for subsequent incident hypertension, implying a causallink. 

Furthermore, in a case series, treatment with CP AP in Il pre-eclamptic women with 

inspiratory airflow limitation reduced noctumal blood pressure by a mean of 18 mmHg, 

without any change in antihypertensive medication (74) which suggests that OSA may 

cause or aggravate gestational hypertension. Prospective cohort studies of OSA in 

pregnancy are needed to establish OSA as an independent causal risk factor for 

gestational hypertension. Similarly, benefits oftreatment and absence ofharm will need 

to be addressed in randomized controlled trials with concealed allocation oftreatment 

prior to recommending CP AP use in this population. Design of such randomized trials 

will be facilitated and justified by the results of cohort studies. 
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In summary, this study demonstrates a strong association between obstructive 

sleep apnea and gestational hypertension in women with singleton pregnancies. The 

association is even stronger after adjustment for multiple known confounders, and is 

consistent across several definitions of OSA. Further studies are required to address the 

natural history and the best management of OSA and gestational hypertension among 

pregnant women, which could inc1ude cohort studies of pregnancy outcomes in women 

with and without underlying OSA, and potentially a randomized intervention trial of 

CP AP for pregnant women in this context. 
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Appendix 1 

Accepted for publication April 1999 
Comments and Reprint Requests to: AASM in conjunction with: The 
European Respiratory Society, The Australasian Sleep Association, The 
American Thoracic Society 

Sleep-Related Breathing Disorders in Adults: 
Recommendations for Syndrome Definition and 
Measurement Techniques in Clinical Research 
The Report of an American Academy of Sleep Medicine Task Force 

4.1 Obstructive sleep apnea-hypopnea syndrome (OSAHS) 
4.1.2 Diagnostic criteria 
The individual must fulfill criterion A or B, plus criterion 
C. 
A. Excessive daytime sleepiness that is not better 
explained by other factors; 
B. Two or more of the following that are not better 
explained by other factors: 
-choking or gasping during sleep, 
-recurrent awakenings from sleep, 
-unrefreshing sleep, 
-daytime fatigue, 
-impaired concentration; and/or 
C. Overnight monitoring demonstrates five or more 
obstructed breathing events per hour during sleep.[I,4] 
These events may include any combination of obstructive 
apneas/hypopneas or respiratory effort related arousals, as 
defined below. 
4.1.2.1 Obstructive apnea/hypopnea event 
An event characterized by a transient reduction in, or 
complete cessation of, breathing. In routine clinical practice 
it is not eonsidered neeessary to distinguish obstructive 
hypopneas from apneas beeause both types of events have 
similar pathophysiology. These events must fulfill eriterion 
1 or 2, plus eriterion 3 of the following: 
1. A elear deerease (>50%) from baseline in the amplitude 
of a valid measure ofbreathing during sleep. Baseline is 
defined as the mean amplitude of stable breathing and oxygenation 
in the two minutes preceding onset of the event (in 
individuals who have a stable breathing pattern during 
sleep) or the mean amplitude of the three largest breaths in 
the two minutes preceding ons et of the event (in individuals 
without a stable breathing pattern). 
2. A clear amplitude reduetion of a validated measure of 
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breathing during sleep that does not reach the above criterion 
but is associated with either an oxygen desaturation of 
> 3 % or an arousaI. 
3. The event lasts 10 seconds or longef.[2] 
4.1.2.2 Respiratory effort-related arousal (RERA) event 
A sequence of breaths characterized by increasing respiratory 
effort leading to an arousal from sleep, but which 
does not meet criteria for an apnea or hypopnea. These 
events must fulfill both of the following criteria: 
1. Pattern of progressively more negative esophageal pressure, 
terrninated by a sudden change in pressure to a less 
negative level and an arousal 
2. The event lasts 10 seconds or longer[l] 
4.1.2.3 Justification for the diagnostic criteria 
The use of an event frequency of five per hour as a minimal 
threshold value was based on epidemiological data 
that suggest minimal health effects such as hypertension, 
sleepiness, and motor vehic1e accidents, 10-12 may be 
observed at an apnea-hypopnea index (AH!) threshold of 
five. Additionally, limited data from intervention studies 
suggest treatrnent associated improvements in vitality, 
mood, and fatigue in subjects with AHIs between 5 and 
3013 and improvements in sleepiness and neurocognitive 
function in subjects with AHI levels of 5 to 15.14,15 
4.1.3 Severity criteria 
Severity of the OSAHS has two components: severity of 
daytime sleepiness and of overnight monitoring. A severity 
level should be specified for both components. The rating 
of severity for the syndrome should be based on the 
most severe component. 
A. Sleepiness [Level of Evidence - 3] 
1. Mild: Unwanted sleepiness or involuntary sleep 
episodes occur during activities that require little attention. 
Examples include sleepiness that is likely to occur while 
watching television, reading, or traveling as a passenger. 
Syrnptoms produce only minor impairrnent of social or 
occupational function. 
2. Moderate: Unwanted sleepiness or involuntary sleep 
episodes occur during activities that require sorne attention. 
Examples include uncontrollable sleepiness that is likely to 
occur while attending activities such as concerts, meetings, 
or presentations. Syrnptoms produce moderate impairrnent 
of social or occupational function. 
3. Severe: Unwanted sleepiness or involuntary sleep 
episodes occur during activities that require more active 
attention. Examples inc1ude uncontrollable sleepiness 
while eating, during conversation, walking, or driving. 
Syrnptoms produce marked impairrnent in social or occupational 
function. 
B. Sleep Related Obstructive Breathing Events [Level of 
Evidence - 2] 
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1. Mild: 5 to 15 events per hour 
2. Moderate: 15 to 30 events per hour 
3. Severe: greater than 30 events per hour 
4.1.3.2 Justification for the severity criteria 
There are currently no adequate prospective studies that 
have validated severity criteria for sleepiness. The criteria 
are suggested by the task force as an operational definition. 
The data to justify a severity index based on event frequency 
are derived from the Wisconsin Sleep Cohort data that 
show an increased risk of hypertension that becomes substantial 
at an AH! of approximately 30.10 Currently there is 
no data available to indicate an appropriate distinction 
between mild and moderate degrees of obstructed breathing 
events during sleep. The recommended level of 15 
reflects a consensus opinion of the Task Force (level3). 
Additional data are needed to characterize changing risk 
profiles with changing frequency ofhypopneas/apneas. 
4.1.5 Predisposing factors 
1. Obesity, particularly upper body adiposity 
2. Male gender 
3. Craniofacial abnormalities including mandibular/maxillary 
hypoplasia 
4. Increased pharyngeal soft or lymphoid tissue including 
tonsillar hypertrophy 
5. Nasal obstruction 
6. Endocrine abnormalities: hypothyroidism, acromegaly 
7. Familial history 
4.1.6 Prevalence 
OSARS encompasses a wide spectrum of airflow 
obstruction and associated morbidity. Prevalence varies 
with levels of severity. Snoring is reported by 40-60% of 
adults.16.17 The combination of snoring and "breathing 
pauses during sleep" have been reported in 2.5% of 
adults.18 Using AH! threshold values to define prevalence 
is problematic because of the previous use of disparate definitions 
of hypopneas, limiting both comparisons among 
studies and estimation of prevalence based on the current 
recommended procedures for measuring hypopneas. AH! 
levels >5, based on identifying hypopneas using a breathing 
amplitude criteria in conjunction with desaturation, 
may be present in 24% ofmen and 9% ofwomen.19 
Similarly measured AH! levels of> 15 may be found in 9% 
and 4% of men and women, respectively.19 Using that definition 
of AH! and requiring sleepiness as another disease 
defining criterion reduces prevalence estimates to 2 and 4% 
for women and men respectively. Prevalence may be higher 
among racial and ethnic minorities.2o.21 
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Appendix 2 Systematic Review on the Association of Sleep Apnea during Pregnancy 

and Fetomaternal Complications. 

1 conducted a systematic review to search for evidence of a potentiallink between 

sleep apnea in pregnancy and GH. Searches were performed independently by a librarian 

specialized in systematic searches and by me in the 2nd week ofMarch 2006 using Ovid 

Embase 1980-lOth week 2006, Ovid Medline 1950-2006 including Medline ® (in 

process and other non indexed citations), and Ovid All EBM Reviews (Cohrane Database 

ofsystematic reviews, ACP Journal Club, Database Abstracts ofReviews ofEffects, 

Cochrane Central Register ofControlled Trials). The search was conducted without 

restriction using: « sleep apnea syndromes », « hypoventilation », « central sleep apnea 

syndrome », « snoring » as exploded MeSH words, « sleep » combined with « apnea », 

« hypopnea », « sleep disordered breathing », « sleep related respiratory 

disorder », «ondine », «hypoventilation» (textwords). These terms were combined with 

« pregnancy », « preeclampsia », « toxemia », «maternaI hypertension» (exploded MeSH 

words), «pregnant », « parturient » (textwords) with an exclusion of articles focusing on 

« infant ». 

References cited in the retrieved articles were checked for any additional articles 

that might have been missed. Papers were included ifthey pertained to apnea during 

sleep in pregnant women, and were published in English, French, German, Italian, or 

Spanish. 1 excluded articles on unrelated topics, animaIs, apneas induced either 

pharmacologically or during anesthesia, apneas in fetuses or infants, reviews or 

commentaries, and those which related to pregnant women without OSA who were 

followed for the subsequent development of either snoring or OSA during pregnancy. 
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Three quality criteria were required for inclusion of articles in this review. First, a 

clear diagnosis of sleep apnea was required, supported either by polysomnography or 

peripartum oximetry or by a clear description of sleep apnea as assessed independently 

by two sleep experts (R. John Kimoff and KC); second, data on obstetrical outcomes 

including at least maternaI blood pressure or infant birth weight were required; third, 

information was required as to whether any sleep apnea treatment was initiated during 

pregnancy. Data were extracted using standardized forms, then summarized using 

appropriate denominators. 

Results 

The search strategy yielded 371 articles. 1 rejected 35 papers on animaIs, 10 

commentaries/editorials, 46 on apneas induced pharmacologically or during anesthesia, 

109 covering a different topic, 109 on fetal or child apnea. 1 rejected 18 narrative reviews 

with primary or secondary focus on sleep apnea in pregnancy (95-112). 1 excluded 21 

studies on incidence and prevalence of clinical markers of OSA in pregnancy. 

One study compared pregnant women with and without hypertension, but aIl had 

OSA. This study was excluded as participants were selected specifically based on blood 

pressure values, and no information was provided as to how many were approached (to 

estimate prevalence ofGH in OSA) and no fetai weight data were provided (113). One 

article in Japanese (114) and two without information on obstetricai outcomes (115;116) 

were excluded. A total of 19 papers remained for this review. One case report with a 

narrative review of 8 other cases reported in the Iiterature was included. These were 

published between 1978 and 2006. 
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There were 15 reports (75;77;79; 117-128) of single cases, and one report oftwo 

pregnancies in the same woman with and without treatment of OSA (78). One reported 

on two women (129), one on three women (130) whereas two case series described 8 

(131) and 12 women (76) respectively. 

Baseline characteristics 

A total of 42 pregnancies occurred in 41 women diagnosed with sleep apnea. 

Mean age was 28.5 (minimum 22, maximum 38). 72% (28/39) were primiparous. AlI 

pregnancies were singleton. Based on body mass index (BMI) when provided, 56% 

(21/39) were obese (BMI>30), 15% (6/39) were overweight (BMI 25-30),26% (10/39) 

had a normal weight (BMI 20-25), 5% (2/39) were underweight (BMI<20). 

Sleep characteristics 

Diagnosis of SA was made on clinical grounds alone in 13 pregnancies (especially 

in the reports from 1980s). In 13 pregnancies, the diagnosis was based on 

polysomnographyand clinical features prior to pregnancy. Based on the same elements, 

diagnosis was ascertained during the first trimester in 5, in the last trimester in 5, and 

postpartum in 6. AIl but three had OSA. Two had exclusively central apneas (121;128). 

One had mixed (central and obstructive) sleep apnea presenting in the context of 

hypothyroidism combined with a lingual thyroid (124). Based on the polysomnography 

results (132), OSA was severe in 14, moderate in 8, mi Id in 4, and ofunspecified severity 

in three. 

Information on maternaI oxygenation was available for 25 women. The nadir of 

saturation was below 90% in those 25 parturients, below 80% in 12, and below 50% in 4. 

The baby whose mother had the lowest saturation (20%) died in utero at 26 weeks. The 
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nadir of saturation had a Pearson's correlation of 0.3 with the adjusted birth weight 

percentile. 

Twenty women received no treatment for sleep apnea during pregnancy, one was 

intubated for apnea and delivered immediately at 29 weeks (133), one had a tracheostomy 

at 22 weeks (134), while 20 others used positive airway pressure (continuous or bilevel). 

Positive airway pressure was initiated prior to pregnancy in 10 women, during the first 

trimester in 5, and in the third trimester in 5. 

Reported risk factors for OSA include BMI>25 in 70% (27/39), asthma or 

respiratory allergies in 17% (7/42) but in 50% (6/12) ofwomen where this was 

systematically explored (135), and narrow upper airway (micrognathia, retrognathia, 

crowded oropharynx, ogival hard pa1ate, narrow nasal passage) in 92% (24/26). (Note 

that denominators vary because of inconsistent ascertainmentldocumentation). 

Sleep apnea likely preceded pregnancy in half of the women. In 14 women, sleep 

apnea was documented prior to pregnancy. An additional 5 women had clinical history 

and physical description compatible with sleep apnea pre-pregnancy but were not 

investigated. Ten had documented persistence of sleep apnea post partum and were 

therefore likely to have had sleep apnea antepartum. In only one woman, absence of 

symptoms prior to pregnancy was reported. In the remaining Il women, no information 

was reported. 

OSA worsened in pregnancy in 13 women based on an increase in snoring, 

sleepiness, apnea-hypopnea index, or CP AP requirements. Post partum, severity of sleep 

apnea was decreased clinically or on repeat polysomnography when done though it did 

not disappear. Similarly, in a case-series, ten women diagnosed with OSA during 
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pregnancy had a second polysomnography three months postpartum. The median AHI 

decreased from 54 in pregnancy to 18 postpartum, suggesting marked improvement post 

partum (55). 

Obstetrical complications 

Fourteen ofthe 42 pregnancies were preceded or complicated by increased blood 

pressure. Ten developed a hypertensive disorder during pregnancy. Six were labelled as 

pre-eclampsia, although not aIl met unequivocal criteria for this diagnosis. Two 

additional women had borderline blood pressure: one at term (140/88) (75) and one from 

the onset ofpregnancy (138-142/90-91) (76). Two had chronic hypertension (77;78). 

There were no reported cases ofHELLP syndrome or eclampsia. One woman had severe 

pulmonary hypertension with right heart failure during pregnancy (79). Treatment was 

initiated at 29 weeks gestation. She lost 104 lbs with CP AP at night and supplemental 

oxygen during the daytime. She corrected her right heart failure and improved her 

pulmonary hypertension prior to delivery. One completely reversed her severe pulmonary 

hypertension (systolic blood pressure of 100 rnrnHg by right heart catheterization) and 

polycythemia with BiPAP prior to pregnancy (121). 

Fetal outcomes 

Several reports documented acute fetal di stress in response to maternaI apneas. 

Five fetuses had either low scalp pH, decelerations or decreased fetal heart rate variability 

associated with maternaI desaturating apneas. Four of the five fetuses with documented 

acute di stress had an adjusted birth weight below the 10th percentile. For 7 other 

pregnancies where acute fetal distress was evaluated but found to be absent, 3 infants had 
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birth weights below the lOthpercentile, 2 were at the 25th, and 2 were above the 75th 

percentile for birth weight. 

Birth weight in grams or percentiles were available for 25 infants, out of the 42 

pregnancies reviewed. 1 adjusted birth weights for gestational age, race, sex and parity 

and expressed them in percentiles according to American population charts (136). Of 

these 25 infants, the mean birth weight percentile was 19%; 16/25 had birth weights 

below the 10th percentile, 4/25 were between the 10th and 25th percentiles, 1/25 was at the 

50th percentile, 2/25 were between the 75th and 90th percentiles, and 2/25 were above the 

90th percentile. This distribution is dramatically different from normal expected weights 

adjusted for race, parity, sex, and gestational age, and is even more striking when one 

considers that these mostly obese women might be expected to have large, not small 

babies (137). These observations suggest that SA is associated with chronic compromise 

of maternal-placental-fetal circulation. 

Pregnancy complications for the mother or the fetus 

Overall, pregnancy with maternaI sleep apnea was complicated for the mother 

(GR, pre-eclampsia or right heart failure/pulmonary hypertension) in 31 % (13/42) and for 

the child (birth weight below lOth percentile) in 64% (16/25) where reported. 

Complications for either the mother or the child as defined above occurred at 

most, in 86% (25/29) of pregnancies for whom clear data were available. An additional 

13 normotensive women gave birth to « healthy» babies (76;123) or had« successful 

pregnancies »(124). Assuming those babies were all of normal birthweight, then the 

frequency of complications for either the mother or the chi Id was 60% (25/42). 
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Among the 25 pregnancies with complications (GR, preeclampsia, pulmonary 

hypertension or small for gestational age babies), 18 women (72%) were not treated at 

aIl. Among the 7 who developed complications despite treatment, treatment was initiated 

late in the third trimester in 6, at a time where maternaI complications were already 

present in a1l6. 

Among the 17 uncomplicated pregnancies, 88% (15) received treatment. Treatment was 

initiated prior to or during the first trimester in 13 (76%). Treatment of SA was associated 

with fewer fetomatemal complications. 

Limitations of the literature 

Inference is limited by the relatively small number of reported cases, the absence 

ofrelevant controls, the non-randomized assignment oftreatment, and the probability of 

substantial publication bias. Specifically, pregnancies with severe complications are most 

likely to be reported as are those with apparent successes oftreatment. In addition, the 

articles 1 reviewed did not use a consistent format for collection and reporting of 

obstetrical and fetal data, and used varying definitions of hypertension, pre-eclampsia, 

and sleep apnea. Aiso technology used, if any, to document sleep-related events varied 

over the 28-year span ofthis review. Because very few cases were available and because 

physiologic responses are similar, we included cases of central sleep apnea despite 

differences from OSA with respect to pathophysiology. Rowever, their exclusion would 

be unlikely to change the conclusions ofthis review. 

We conclude that systematic, prospective investigations addressing the impact of 

sleep apnea on pregnancy outcomes are clearly needed. A prospective cohort study of 

women with and without sleep apnea who become pregnant would address the risk of 
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obstetrical complications. Similarly, a carefully designed randomized, controlled trial of 

treatment for sleep apnea during pregnancy would address the question ofbenefits and 

absence ofharm for the mother and baby. 
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Appendix 3 Questionnaire 

Questionnaire to be filled by the participant and a research assistant 

{l)Code Number __________ (2)Date(YYMMDD) _______ _ 

Below is a list of symptoms that some pregnant women may experience. Please score how 
much of a problem this has been over the last 2 weeks. Use the scale provided. 

1 2 3 4 5 6 7 
2 3 4 5 6 7 
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Appendix 3 Questionnaire-continued 
28 Put an X corresponding to your overall rating of sleep quality in pregnancy on this line 

poor 
29 Do you have discomfort in your legs? 

Ifyes 

PI fill thi ease 1 

30 Is it worse in the evening? 
31 Is it worse if you are still (not moving)? 
32 Is it worse if standing up? 
33 Is is better ifyou move? 

f ft d' th S sec Ion a er Iscusslon WI h h b someonew 0 as 

excellent 
Yes No 

Yes No 
Yes No 
Yes No 
Yes No 

f 1 een a wltness 0 your s eep. 
34 How many nights a week did you snore 0 1 2 3 4 5 6 7 NA 
before pregnancy? 
35 Did you snore in the last 2 weeks? Yes No 1 do notknow 

If No or 1 do not know skip to 39 
36 Is the snoring louder than someone talking? Never, rarely, occasionnally, sometimes, often, 

most of the time, 1 don 't know 
37 How many nights a week do you snore? 0 1 2 3 4 5 6 7 
38 Ifyou began snoring in this pregnancy, 
when did the snoring begin? 
39 Clrcle the most appropnate answer concemmg the sleep Wltness: 
bed partner; shares the house; nurse; hospital roommate; no witness; 

H aveyouever h d bl a an)'pro Oh ems Wlt If d Ob bl yes escn e pro em 
40 Breathing No Yes 

Describe: 
41 Nose (including fracture, surgery) No Yes 

Describe: 
42 Allergies with sneezing, blocked nose No Yes 

Circle known allergies: unknown cat dog 
feather animal pollens molds weeds ragweed 
trees 

43 If yes to question 42, No Yes 
did you have sneezing, blocked nose for at Specify trimester( s) of pregnancy: 
least 7 days during pregnancy 1(0-12wks) 2(13-26wks) 3(26wks+) 
44 Heart No Yes 

Describe: 
45 Diabetes No Yes 
46 Bleeding (easy bleeding, blood clots) No Yes 

Describe: 
47 Kidney No Yes 

Describe: 
48 Lupus, arthritis, thyroid (specify) No Yes 

Describe: 
49 Tonsils, head and neck, face fracture or No Yes 

surgery Describe: 
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Appendix 3 Questionnaire-continued 
If k d . 55 you never smo e , go to questton 
50 At what age did you begin smoking? 
51 In the 3 months prior to pregnancy, how In average packs per day 
much were you smoking? 
52 How much are you smoking now? In average J>acks per day 
53 Have you ever quit for more than 6 months? No Yes how long in total 
54 How much are you usually smoking when In average packs per day 
not pregnant? 

Ifthis is your first pregnancy, go to question 58. Pre-eclampsia occurs at different fTequencies if a 
woman chan es partners or if she has sorne health conditions. 
55 Did you have high blood pressure or pre- No Yes 
eclam sia in revious re ancies? S ecify hi h blood 
56 Was the father ofthis child the same as in No Yes 
the other re ancies? 1 don't know 1 don't want to answer 
57 Did you have diabetes (high sugar) in No Yes 
revious re ancies? 

To your knowledge, has anyone related to you by blood had any of the following. 
R rt h th" 1 f t ~epo wo IS IS re a Ive 0 you 
58 High blood pressure in pregnancy (pre- No Yes 
eclampsia) Specify: mother sister grandmother 
59 Bleeding (easy bleeding, blood clots) No Yes 

Specify problem: 
Specify: mother father brother sister 
grandmother grandfather chi Id 

60 Snoring No Yes Specify: mother father brother 
sister grandmother grandfather child 

61 Allergies with sneezing, blocked nose No Yes Specify: mother father brother 
sister grandmother grandfather child 

We would like to know your 
162 weWht just before pregnancy 
63 Hei ht 

We would like to know which products, puffers you used, if any, during this pregnancy while at 
home. Add the names of what you used even i f fT dO" dû not e~uently use . mIt ~uant~ an requency. 
64 Vitamins 
65 Lung medication including puffers 

66 Nasal sprays 
67 Aspirin, ASA 
68 Over-the-counter 
690thers 
70 Did you participate in the Antioxidant trial No Yes 
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Appendix 3 Questionnaire-continued 

On avera e, how often a week did you exercise for at least 30 minutes 
71 From 0 to 13 weeks of re nanc 0 1 2 3 4 >=5da s/wk 

o 2 3 4 >=5days/wk 

Pre-ec1ampsia and sleep apnea occur at different frequencies depending on the country of origin. 
We would like to know where you and your parents were born and the year ofyour arrivaI ifbom 
elsewhere. 
73 My country ofbirth 
74 The year 1 arrived in Canada 
75 Country ofbirth ofparents Father Mother 

Pre-eclampsia may occur at different frequencies depending on years at school. 
76 Check the highest level of school completed. 

o Sorne university studying I __ ~ 
o Sorne Master degree training 
~ê! .X1'i.:O« i ... ;,;;j,t,~.,«,.'..;;,::~,* 
;0 SOI!Je PhD training 

~ 

Pre-eclampsia could occur at different frequencies depending on work. Check aIl that may apply 
77 What was your work during this pregnancy. 
o Homemaker 
o Sick leave or preventive withdrawal 
o Work: -----------------
Comments (you may use the other side ofthis sheet) 

Thank you for your time. 
Charlene Barber, research nurse, Naftaly Naor, research assistant, Katéri Champagne MD, John 
KimoffMD, K Schwartzman MD 

78 Data collected with the assistance of CB NN 
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Appendix 3 Questionnaire-continued 

SCORING 

1. a very large problem 
2. a large problem 
3. a moderate to large problem 
4. a moderate problem 
5. a small to moderate problem 
6. a small problem 
7. no problem 
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Appendix4 Research scoring criteria for the MUHC Sleep Lab 

The American Academy ofSleep Medicine (AASM) published in 1999 recommendations on 
technology to use and definition ofrespiratory events for research purposes (Appendix 1).1 
e1aborated the MUHC research criteria in collaboration with the Sleep Lab director and chief 
technologist following closely those recommendations except for more detailed description of the 
events (apneas/hypopneas are not distinguished and sub classifications are not part ofthe AASM 
recommendations). 1 added the autonomic obstructive hypopneas to acknowledge more subtle 
events with physiological translation. Those would normally require an esophageal probe to be 
diagnosed as Respiratory Events Related Arousals (RERA) something that was not ethically 
acceptable in our population because of the risk of epistaxis in women with severe facial swelling 
as may be seen in pre-eclampsia. The sub classifications were introduced to better describe 
respiratory events from a mechanistic point ofview, to allow flexibility for different research 
settings where needs for either more sensitive or more specifie criteria arise in addition to 
allowing sensitivity analysis. 

Using ambulatory polysomnogram with EEG technology Suzanne, 
Tyco, Ottawa 

1. Respiratory Events: 

Baseline flow amplitude is defined as the mean amplitude of stable 
breathing and oxygenation in the 2 minutes preceding onset of the event (in 
those with stable breathing pattern) 
Or the mean amplitude of the 3 largest breaths in the preceding 2 minutes (in 
those with unstable breathing pattern) 

Epochs are the standard 30-second windows. 

Apnea (9 possibilities): 
Absence of airflow (>90% decrease in airflow) 
lasting > 10 seconds 
Type 

Obstructive: with continued respiratory effort. 
Mixed: 
Central: 

>50% central, > 3 obstructed efforts at end-apnea. 
No respiratory effort on the respiratory bands. 

Sub classify 
Desaturating ifterminating >3% desaturation 
Arousal if terminated with EEG arousal 
Neither ifno >3% desaturation or arousal associated 

Note: If an apnea is associated with both a desaturation and an EEG arousal, 
score as desaturating event. 
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Appendix 4 Research scoring criteria-continued 

Hypopnea (11 possibilities): 

A c1ear decrease from baseline airflow amplitude 
lasting > 1 0 seconds, 
associated with a > 3 % decrease in O2 saturation, 
or terminated with an arousal. 

Type 
Obstructive: 
Indeterminate: 

Sub c1assify 

inspiratory flow limitation, rib cage paradox or snoring. 
no evidence of inspiratory flow limitation, rib cage 
paradox or snoring. 

"Big" 50-90% decrease in airflow; 
(Corresponds to mIe 1 of the Chicago criteria) 

Desaturating ifterminating with >3% desaturation 
Arousal if terminated with EEG arousal 
Neither ifno >3% desaturation or arousal associated 

"Small" <50% but c1ear decrease in airflow; 
(Corresponds to mIe 2 of the Chicago criteria) 

Desaturating if terminating >3% desaturation 
Arousal if terminated with EEG arousal 
Autonomie only for obstructive hypopneas, if associated with 

brady-tachycardia* in the absence of>3%
desaturation and EEG arousal 

*(absolute difference in heart rate of 6/minute between the slowest and 
fastest heart rate) 
Notes: 
1. For obstructive events with small airflow reduction, don't score ifneither 
an EEG arousal, a >3% desaturation nor brady-tachycardia is present 
2. For indeterminate events with small airflow reduction, don't score if 
neither an EEG arousal, a >3% desaturation regardless ofbrady-tachycardia 
2. If a hypopnea is associated with both an arousal and a desaturation, 
c1assify as a desaturating hypopnea 
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Appendix 4 Research scoring criteria-continued 

RERA (Respiratory Event Related Arousal) 
(Scored only on polysomnography with EEG and esophageal probe). 

Pattern of progressively more negative esophageal pressure, 
Terminated by a sudden change in pressure to a less negative level 
And an arousal 
Lasting ~ 10 seconds. 

Summary of respiratory (both central and obstructive) events 

1. ODI (Oxygen Desaturation Index) 
Mean number of>3%-saturation dips per hour ofsleep (total sleep 
time TST) calculated as the sum of the 7 indices associated with 
desaturations ; this inc1udes apneas (obstructive, central and mixed) 
and hypopneas (big and small, obstructive and indeterminate). 

2. Am (Apnea- Hypopnea Index) 
Mean number of apneas + hypopneas + RERAs per hour of sleep 

References: 
Sleep 1999; 22(5) 663- 689 Sleep-related breathing disorders in adults 
American Academy Sleep Medicine (AASM) Task Force "Chicago criteria" 
Sleep Medicine 2003; 4: 537-42 Clinical significance ofpulse rate rise 
during sleep as a screening marker (sic) for the assessment of sleep 
fragmentation in sleep-disordered breathing. Hiroyoshi Adachi, A Mikami T 
Kumano-go, N Suganuma H Matsumoto Y Shigedo y Sugita M Takeda 

2. Sleep-Wake State 
Allan Rechstschaffen and Anthony Kales, A Manual of Standard 
Terminology, Techniques and Scoring System for Sleep Stages ofHuman 
Subject, Los Angeles: DCLA BISIBIR Publications 1968. 

3. Arousal 
The Atlas Task Force of the American Sleep Disorders Association. EEG 
Arousals: scoring mIes and examples. SLEEP 1992; 16: 174-84 
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Appendix 4 Research scoring criteria-continued 

4. Periodic Limb Movements 
The Atlas Task Force of the American Sleep Disorders Association. 
Recording and scoring leg movements. SLEEP 1993; 16:749-59 

Note: PLM associated with the termination of apnea and hypopnea events 
are not included in the PLM score but their presence in association with 
respiratory events should be reported in the comment section. 

As approved by John Kimoff, Allen Olha, and Kateri Champagne 
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Appendix 5 Odds of having pre-eclampsia in presence of OSA 

Odds ratio estimate, based on Franklin paper 
Assumptions: OSA = 50% of snorers and 2% of non snorers 
Using Minitab version 13 

Tabulated Statistics: osa, pe(pre-eclampsia) 
Rows: osa Columns: pe 

0 1 All 

0 422 16 438 
415.31 22.69 438.00 

1 54 10 64 
60.69 3.31 64.00 

All 476 26 502 
476.00 26.00 502.00 

Chi-Square = 16.297, DF = 1, P-Value 
1 cells with expected counts less than 

Cell Contents 
Count 
Exp Freq 

0.000 
5.0 

Binary Logistic Regression: pe versus osa 

Logistic Regression Table 
Odds 95% CI 

Predictor 
Constant 
osa 

1 

Coef 
-3.2724 

1.5860 

Log-Likelihood = -96.396 

SE Coef 
0.2547 

0.4282 

z P 
-12.85 0.000 

3.70 0.000 

Ratio 

4.88 

Test that all slopes are zero: G = Il.784, DF 1, P-Value 

* NOTE * No goodness of fit tests performed. 
* The model uses all degrees of freedom. 

Measures of Association: 
(Between the Response Variable and Predicted Probabilities) 

Pairs Number Percent Summary Measures 
Concordant 4220 34.1% Somers' D 
Discordant 864 7.0% Goodman-Kruskal Gamma 
Ties 7292 58.9% Kendall's Tau-a 
Total 12376 100.0% 
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Appendix 6 Nine Scenarios with case-control ratio 1, 2-tailed alpha 
9 scenarios of distribution of disease (pre-eclampsia) in those exposed and non-exposed 
to OSA at 3 levels of confounder (gestational age), using an odda ratio of 4.88, 2-tailed 
alpha, case-control ratio of l, a probability of exposure in the population of 7%, for 
different levels of power and 2-sided alpha. 

Scenario 1 

Exposed 
Non-Exposed 

RC(i) 

P(CiIE), P(Cilnot E) at 
Confounder Levels 
123 

.100 .400 .500 

.100 .200 .700 

1. 00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODOS RATIO = 4.88, 
FOR VARIOUS POWER AND 2-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 1.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controls 

73 73 
60 60 
50 50 
40 40 

96 96 
81 81 
70 70 
58 58 

Adjusted 
----------------
Cases Controls 

78 78 
65 65 
54 54 
43 43 

103 103 
87 87 
75 75 
62 62 

The population exposure probability is .070. 
No interaction effects assumed. 
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Adjusted & Matched 
------------------
Cases Controls 

75 75 
62 62 
52 52 
41 41 

99 99 
83 83 
72 72 
59 59 
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Appendix 6. Nine Scenarios with case-control ratio 1, 2-tailed alpha
continued 
Scenario 2 

Exposed 
Non-Exposed 

Rc(i) 

P(CiIE), P(Cilnot E) at 
Confounder Levels 

1 2 3 

.100.400.500 

.200 .200 .600 

1.00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.88, 
FOR VARIOUS POWER AND 2-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 1.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 

Cases 

73 
60 
50 
40 

96 
81 
70 
58 

Controls 

73 
60 
50 
40 

96 
81 
70 
58 

Adjusted 

Cases 

76 
63 
53 
42 

100 
85 
73 
60 

Controls 

76 
63 
53 
42 

100 
85 
73 
60 

The population exposure probability is .070. 
No interaction effects assumed. 

Exposed 
Non-Exposed 

RC(i) 

Scenario 3 

P(CiIE), P(Cilnot E) at 
Confounder Levels 

1 2 3 

.100 .400 .500 

.300 .200 .500 

1.00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.88, 

Adjusted & Matched 

Cases 

73 
60 
50 
40 

95 
80 
69 
57 

Controls 

73 
60 
50 
40 

95 
80 
69 
57 

FOR VARIOUS POWER AND 2-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 1.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controls 

73 73 
60 60 
50 50 
40 40 

96 96 
81 81 
70 70 
58 58 

Adjusted 
----------------
Cases Controls 

75 75 
61 61 
51 51 
41 41 

98 98 
83 83 
71 71 
59 59 

The population exposure probability is .070. 
No interaction effects assumed. 

Katéri A. Champagne, MD 

Adjusted & Matched 
------------------
Cases Controls 

71 71 
59 59 
49 49 
39 39 

93 93 
78 78 
67 67 
55 55 
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Appendix 6. Nine Scenarios with case-control ratio 1, 2-tailed alpha
continued 
Scenario 4 

P(CiIEl, P(Cilnot El at 
Confounder Levels 
123 

Exposed 
Non-Exposed 

.200 .600 .200 

.100 .200 .700 

Rc(il 1.00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.88, 
FOR VARIOUS POWER AND 2-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 1.0 CONTROLS PER CASE 

Unadjusted Adjusted 
Type l 

Power Error Cases Controls Cases Controls 

.80 .010 

.90 

.025 

.050 

.100 

.010 

.025 

.050 

.100 

73 
60 
50 
40 

96 
81 
70 
58 

73 
60 
50 
40 

96 
81 
70 
58 

The population exposure probability 
No interaction effects assumed. 

p(eiIEl, P(Cilnot El at 
Confounder Levels 
123 

Exposed 
Non-Exposed 

Rc(il 

Scenario 5 

.200 .600 .200 

.200 .200 .600 

1.00 4.00 5.00 

96 
79 
66 
53 

126 
106 

91 
75 

is .070. 

96 
79 
66 
53 

126 
106 

91 
75 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.88, 

Adjusted & Matched 

Cases 

89 
73 
61 
49 

116 
98 
84 
70 

Controls 

89 
73 
61 
49 

116 
98 
84 
70 

FOR VARIOUS POWER AND 2-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 1.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controls 

73 73 
60 60 
50 50 
40 40 

96 96 
81 81 
70 70 
58 58 

Adjusted 
----------------
Cases Controls 

92 92 
76 76 
63 63 
51 51 

121 121 
102 102 

87 87 
72 72 

The population exposure probability is .070. 
No interaction effects assumed. 
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------------------

Cases Controls 

83 83 
68 68 
57 57 
46 46 

109 109 
92 92 
79 79 
65 65 
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Appendix 6. Nine Scenarios with case-control ratio 1, 2-tailed alpha
continued 
Scenario 6 

Exposed 
Non-Exposed 

RC(i) 

P(CiIE), P(Cilnot E) at 
Confounder Levels 

1 2 3 

.200 

.300 
.600 .200 
.200.500 

1.00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.88, 
FOR VARIOUS POWER AND 2-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 1.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controls 

73 73 
60 60 
50 50 
40 40 

96 96 
81 81 
70 70 
58 58 

Adjusted 
----------------
Cases Controls 

89 89 
73 73 
61 61 
49 49 

116 116 
98 98 
84 84 
69 69 

The population exposure probability is .070. 
No interaction effects assumed. 

Exposed 
Non-Exposed 

Rc(i) 

Scenario 7 

P(CiIE), P(Cilnot E) at 
Confounder Levels 

1 2 3 

.300 

.100 
.400 
.200 

.300 

.700 

1.00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODOS RATIO = 4.88, 

Adjusted & Matched 
------------------
Cases Controls 

80 80 
66 66 
55 55 
44 44 

104 104 
88 88 
75 75 
62 62 

FOR VARIOUS POWER AND 2-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 1.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controls 

73 73 
60 60 
50 50 
40 40 

96 96 
81 81 
70 70 
58 58 

Adjusted 
----------------
Cases Controls 

91 91 
75 75 
63 63 
50 50 

120 120 
101 101 

87 87 
72 72 

The population exposure probability is .070. 
No interaction effects assumed. 
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------------------
Cases Controls 

84 84 
69 69 
58 58 
47 47 

111 111 
94 94 
81 81 
67 67 
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Appendix 6. Nine Scenarios with case-control ratio 1, 2-tailed alpha
continued 
Scenario 8 

Exposed 
Non-Exposed 

Rc(il 

P(CijEl, P(Cijnot El at 
Confounder Levels 
123 

.300 .400 .300 

.200 .200 .600 

1. 00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODOS RATIO = 4.88, 
FOR VARIOUS POWER AND 2-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 1.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Contro1s 

73 73 
60 60 
50 50 
40 40 

96 96 
81 81 
70 70 
58 58 

Adjusted 
----------------
Cases Controls 

87 87 
71 71 
60 60 
48 48 

114 114 
96 96 
82 82 
68 68 

The population exposure probability is .070. 
No interaction effects assumed. 

Exposed 
Non-Exposed 

Rc(il 

Scenario 9 

P(CijEl, P(Cijnot El at 
Confounder Levels 

1 2 3 

.300 .400 .300 

.300 .200 .500 

1.00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.88, 

Adjusted & Matched 
------------------
Cases Controls 

77 77 
64 64 
54 54 
43 43 

103 103 
87 87 
75 75 
62 62 

FOR VARIOUS POWER AND 2-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 1.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controls 

73 73 
60 60 
50 50 
40 40 

96 96 
81 81 
70 70 
58 58 

Adjusted 
----------------
Cases Contro1s 

83 83 
69 69 
57 57 
46 46 

109 109 
92 92 
79 79 
65 65 

The population exposure probability is .070. 
No interaction effects assumed. 
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Adjusted & Matched 
------------------
Cases Controls 

74 74 
61 61 
51 51 
41 41 

97 97 
82 82 
71 71 
59 59 
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Appendix 7. Nine Scenarios with case-control ratio 2, I-tailed alpha 
Modeling 3 possible distributions of pre-eclampsia in those with and without exposure to 
OSA for a total of 9 scenarios, at 3 levels of confounder levels (gestational age strata) 
using an odds ratio of 4, l-sided alpha, a control to case ratio of 2, a proportion of 
exposure (OSA) of 8% in the population, no interaction, for different alpha and beta, 
using Edwardes' software. 

Scenario 1 

P{CiIE), P{Cilnot E) at 
Confounder Levels 
123 

Exposed 
Non-Exposed 

Rc{i) 

.100 .400 .500 

.100 .200 .700 

1. 00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.00, 
FOR VARIOUS POWER AND 1-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 2.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controls 

65 130 
51 101 
40 80 
29 58 

84 168 
68 135 
55 110 
42 84 

Adjusted 
----------------
Cases Controls 

69 138 
54 108 
43 85 
31 62 

89 178 
72 144 
59 117 
45 90 

The population exposure probability is .080. 
No interaction effects assumed. 
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Adjusted & Matched 
------------------
Cases Controls 

64 128 
51 101 
40 80 
29 58 

84 167 
68 135 
55 110 
43 85 
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Appendix 7. Nine Scenarios with case-control ratio 2, I-tailed alpha
continued 
Scenario 2 

Exposed 
Non-Exposed 

Rc(i) 

P(CiIE), P(Cilnot E) at 
Confounder Levels 

1 2 3 

.100 .400 .500 

.200 .200 .600 

1.00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.00, 
FOR VARIOUS POWER AND 1-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 2.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Contro1s 

65 130 
51 101 
40 80 
29 58 

84 168 
68 135 
55 110 
42 84 

Adjusted 
----------------
Cases Controls 

66 132 
52 103 
41 81 
30 59 

86 171 
69 138 
56 112 
43 86 

The population exposure probability is .080. 
No interaction effects assumed. 

Scenario 3 

Exposed 
Non-Exposed 

Rc (i) 

P(CiIE), P(Cilnot E) at 
Confounder Levels 

1 2 3 

.100 .400 .500 

.300 .200 .500 

1.00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.00, 

Adjusted & Matched 
------------------
Cases Con troIs 

63 126 
50 99 
39 78 
29 57 

82 163 
66 132 
54 107 
41 82 

FOR VARIOUS POWER AND 1-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 2.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controis 

65 130 
51 101 
40 80 
29 58 

84 168 
68 135 
55 110 
42 84 

Adjusted 
----------------
Cases Controls 

63 126 
50 99 
39 78 
29 57 

82 164 
67 133 
54 108 
42 83 

The population exposure probabi1ity is .080. 
No interaction effects assumed. 
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Adjusted & Matched 
------------------
Cases Con troIs 

63 126 
49 98 
39 77 
28 56 

81 162 
65 130 
53 106 
41 81 

The association of obstructive sleep apnea and gestational hypertension 
88 



Appendix 7. Nine Scenarios with case-control ratio 2, I-tailed alpha
continued 
Scenario 4 

Exposed 
Non-Exposed 

Rc(i) 

P(CiIE), P(Cilnot E) at 
Confounder Levels 
123 

.200 .600 .200 

.100 .200 .700 

1.00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.00, 
FOR VARIOUS POWER AND 1-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 2.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controls 

65 130 
51 101 
40 80 
29 58 

84 168 
68 135 
55 110 
42 84 

Adjusted 
----------------
Cases Controls 

84 167 
65 130 
52 103 
38 75 

108 216 
87 174 
71 142 
55 109 

The population exposure probability is .080. 
No interaction effects assumed. 

Scenario 5 
P(CiIE), P(Cilnot E) at 

Confounder Levels 
123 

Exposed 
Non-Exposed 

Rc(i) 

.200 .600 .200 

.200 .200 .600 

1. 00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.00, 

Adjusted & Matched 
------------------
Cases Controls 

74 148 
58 116 
46 92 
34 68 

97 193 
79 157 
65 129 
50 100 

FOR VARIOUS POWER AND 1-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 2.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controls 

65 130 
51 101 
40 80 
29 58 

84 168 
68 135 
55 110 
42 84 

Adjusted 
----------------
Cases Controls 

79 158 
62 123 
49 97 
36 71 

102 204 
83 165 
68 135 
52 103 

The population exposure probability is .080. 
No interaction effects assumed. 
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Adjusted & Matched 
------------------

Cases Controls 

70 139 
55 109 
44 87 
32 64 

91 182 
74 147 
61 121 
47 93 
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Appendix 7. Nine Scenarios with case-control ratio 2, I-tailed alpha
continued 
Scenario 6 

Exposed 
Non-Exposed 

Rc(i) 

P(CiIE), P(Cilnot E) at 
Confounder Levels 

1 2 3 

.200 .600 .200 

.300 .200 .500 

1.00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.00, 
FOR VARIOUS POWER AND 1-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 2.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controis 

65 130 
51 101 
40 80 
29 58 

84 168 
68 135 
55 110 
42 84 

Adjusted 
----------------
Cases Controis 

75 149 
59 117 
46 92 
34 67 

97 194 
79 157 
64 128 
49 98 

The population exposure probability is .080. 
No interaction effects assumed. 

Scenario 7 

Exposed 
Non-Exposed 

Rc(i) 

P(CiIE), P(Cilnot E) at 
Confounder Leveis 
123 

.300 .400 .300 

.100 .200 .700 

1. 00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.00, 

Adjusted & Matched 
------------------

Cases Controls 

68 135 
53 106 
42 84 
31 61 

88 176 
71 142 
58 116 
45 89 

FOR VARIOUS POWER AND 1-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 2.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controls 

65 130 
51 101 
40 80 
29 58 

84 168 
68 135 
55 110 
42 84 

Adjusted 
----------------
Cases Controls 

81 162 
64 127 
50 100 
37 73 

105 210 
85 169 
69 138 
53 106 

The population exposure probability is .080. 
No interaction effects assumed. 
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Adjusted & Matched 
------------------

Cases Controls 

69 137 
54 108 
43 86 
32 64 

91 181 
74 148 
61 121 
47 94 
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Appendix 7. Nine Scenarios with case-control ratio 2, I-tailed alpha
continued 
Scenario 8 

Exposed 
Non-Exposed 

Rc(i) 

P(CiIEl, P(Cilnot El at 
Confounder Levels 
123 

.300 .400 .300 

.200 .200 .600 

1.00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.00, 
FOR VARIOUS POWER AND 1-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 2.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controls 

65 130 
51 101 
40 80 
29 58 

84 168 
68 135 
55 110 
42 84 

Adjusted 
----------------
Cases Controls 

76 152 
60 119 
47 94 
35 69 

99 197 
80 159 
65 130 
50 100 

The population exposure probability is .080. 
No interaction effects assumed. 

Scenario 9 

Exposed 
Non-Exposed 

Rc(i) 

P(CiIEl, P(Cilnot El at 
Confounder Levels 

1 2 3 

.300 .400 .300 

.300 .200 .500 

1.00 4.00 5.00 

SAMPLE SIZE REQUIRED TO DETECT AN ODDS RATIO = 4.00, 

Adjusted & Matched 
------------------
Cases Controls 

63 126 
50 100 
40 79 
30 59 

84 167 
68 136 
56 112 
44 87 

FOR VARIOUS POWER AND 1-TAILED SIGNIFICANCE LEVELS, ADJUSTING & NOT 
ADJUSTING FOR A CONFOUNDER WITH 3 LEVELS, GIVEN 2.0 CONTROLS PER CASE 

Type l 
Power Error 

.80 .010 
.025 
.050 
.100 

.90 .010 
.025 
.050 
.100 

Unadjusted 
----------------
Cases Controls 

65 130 
51 101 
40 80 
29 58 

84 168 
68 135 
55 110 
42 84 

Adjusted 
----------------
Cases Controls 

72 144 
57 113 
45 89 
33 65 

94 187 
76 151 
62 123 
48 95 

The population exposure probability is .080. 
No interaction effects assumed. 
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Adjusted & Matched 
------------------
Cases Controls 

61 122 
48 96 
38 76 
28 56 

80 160 
65 130 
53 106 
41 82 
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Appendix 9 Ethics Review Board documents November 27, 2003 

Centre univétSitaite de santé MeGiU 
McGiU University HeaUh Centre 

Bureall d'éthique de la rechen:he 
Offiee of Resoarch Ethics 

Novembet 27, 2003 

Dr. John Kimo(f 
RespIcatoriDMsion 
L4.08 

ReB No. MED:§ 03-084 

~ 
~. -

RE: lba Potentlal Contribution of SIoep ~ to f>~.1a. A ea-c:ontrol Study 
otst.ep AIme. In PBgnant WOCMn with Md Wlthout Pre-edamp$ta 

Dear Dr. Kino(f; 

• 
Thank )IIJU for 8l.IbmItIklg the abOYe nàmed studyfor levIew by the Research EIhiCs Board 0( the 
Royal ~ HospitàI. 

The Mecfk:Ine.B Commltfee al theà' mee6ng 0( November 18,2003 revIewed the protocoI and 
~ 1onn$ (CIOI'IS4Ot for cases and consert for oontrd 1ICbjecIs) boCh dated ~ 31,2003 
end ~ found aoceptabIo for.conduct al the McGII UnIYetsity HttaIUl Ceotte. However, 
the~ wu misslng. and !nU${ be ptOVIded. The folowlng eommenU went made: 

vJ. In the. proIocoI. lem "." of the Ex<:Iu$ion Crferia..cas.s, the comm_ questions tt)Q ". or,. .. ~ , ...... .-L • 
mcw thaII' 4 bcxn of 8Ieep anIk:ipated before dèIIvery. WhIc:h ls It? ,n fYt.,{~ I~ lS c;u ~ 

2. The lnWducUon ~ tif boCh c:ot'IIeIt 1'otm$ muat be rnocif'ted Co kwIté Ulè lRIbjed$ Co >1h ~\-\"'~S 
~and the second pamglapb sholJId atart by'We have .Ilèocythat .... : lQatead of . 
"Vie beIIeve thaL •• ". In~ the 1XlfidItlcn "ieaII:iJg 1ddtIeya" 8houtd ba expIalned as 
havIng"ptrJJein ln the udM", 

3. .-.tte.Sutljeet Rlgtda. aeetIon.l'1lflIacO "To MtheIraw, "the lI'IOthW' rnay cal ..• : by "T 0 wIIhdraw • 
....,.,. .,00' may cali •• : 
'4.-' The lJabIIIly Clause ls mISS1ng. 

6. lnformaIIon 00-'10 the ac:tIje<:t shoŒl cal regarding questiocls about the study must be 
lnoIuded.; 

6. 0eIéle the waness dau8$. 

ft wu &greed that Dr.L Morœ..CItùman of 11& Mediclne-8 Commfttee. v.tI rGlllow)'OUt' 
responae, fhe~. and the.re>Ased·~ 1cn'na and If found to be satisfaGtofy, he wU! 
pn:Mde approitaf. ·TIlerefoœ. pIeate·iUbmIt ywrmpcme. Ile queaUonnaire and fle revI$ed 
ccnunt fonns ln dupllcatt and 11 ~ ba eppreclated It ail ~ ace h!qh1lghted to fa<:litate 
revieW. 

~. 
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Appendix 9 Ethics Review Board documents March 20, 2004 page 1 

Centre universitaire de santé MeGill 
McGlll University HealthCentre 

SUreau d'éthique &! la rec:hef'che 
Office of Reséarch Ethics 

Mardl10.2004 

Or. John Kimoff 
Respiratory Division 
l4.08 

RES No. MEP:B 03-084 

RE: The Potentlal Contribution of Sleep Apnea to Pte-'eClampsla. A Case
controIStudy of Sleep ,\pMaln Pregna.,t Women wJth and wlthout Pre-
eçlampsla ' 

DearDr. Kimoff: 

The above-named protocol received Full Board review at the convenec:l meeting of 
November 18, 2003 by tbe Royal VICtoria Ho$pitalResearchEthics brd, was foWld 10 
be wlthln elhical guIdeIlnes for oonduct,8tlhe.McGiII'University HeafthCentre. and was 
en~1nto 1he~ Of,tbe,R~n:ttEthIcS ~ meetings. At tbe MUHC, 
sponsored research actMties.1hat réq~OS fedé(tJ·~ are condUCted under 
FederàJ Wide ASsuraoçe.(FWI\) ~ •. FInaISflprOvél for.,the researth protocoI 
study. theJ}:atientq~.at,weltI$10tthe~and Fret1#IcOnsenHormsfor 
cases and for eotI!rol&ùbJects (ijrted ;Janu~1.9. 2Q04. waSp~onJanuary24. 
2004. 

BeIow is a Ust of theR~ Ethlç.$ Boaro members ~bltlJor the revIeW of the 
~ named,~ •. ThefWi~ Ôf tIlemeQ1berS ~not dl~for'teaSons of 
oontIdéottali~.Or. J. K{RlOff. Prindpal1rt'leStigàtor, Drs •• K,·~oe and K. 
Schwa~~CèHnllestijàtôra ai'~as1he'~ 9fhl$;~ ·staffWere net 
~ in the revIew orvo~ proce$S".llIe reviëwlng COtTInitteelsoomprised of: 

1 chalr, MD 
2p~ns 
1 ethlêist 
11ega1rnember' (~llatedl 
2 patlOOt cÇn:lmui!ity(Oon-anm.lted) , 
1 member of n1UItIdisclplinaryCommittee (MDC) 
1 nurse" ". 
1 phartnacist 

AIl research invplving human subjects requlres revieW alarecurring loterval and the 
cu~nt $tudy:âJiproval !sIn effect voUI Noventber 18. 2004. An App~tion for· 
ContinOi~ Revi8w must be aubmitted 10 the RJ:Bprior 10 theeXpira~on of approval to 
comply wilhtt!e ~l!lation for eontinulog revlew of ~at least onceperyear". 
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Appendix 9 Ethics Review Board documents March 20, 2004 page 2 

Or. J. Kimoff 
RES No. MEO-B ()3..()84 

P.mItl 

Validation for the translated versions of the consent documents were certified by an 
MUHC translator. As the franslated text was potentially modified, It must be reviewed by 
Ihe study sponsor and any modification to the RES approved and certlfIed eonsent 
document mU$t he Identified by a revised date io the document footer,and re-eubmltted 
for review prior to its use. 

The Research Eth1cs Boards (REBs) of the ~ University Heaith Centre are 
~. REBswOrklng under thepublishedguldellnes of the Tri-Cou~Policy 
~ IncompliancewHhthe "Plan d'action ministériel en éthique de la recherche 
et en Intégrité scieotiflque" (MSSS. 1998) and the food and Orugs Act (7 June 20(1): 
andi:ictlng ln conformlty wIth standards set forth fnthe(US} Code of Federal 
Regulations govemlng human $Obj. reseatc:h,functlon 10 a mamer consistent wIth 
Intematlonally acœpted principles of good clinlcalpractiœ. 

We wish to advi50 you that Ihls document completely satlsfie$ the requlrement for 
Researc:h Eth1cs BOard Aitéstatioo as stlpulated by HeaIIh Canada. 

Should aoy revlslon ta the research or other unantidpated development occur pOOr to 
the nexl required review. pItWe advise the RES promptlyand prlor 10 inltiaJUng any 
revislon. 

Sinoecelv. 

L Moroz.MO 
Chair, Medieine-B Committee 
RVH Research Ethics Board 
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Appendix 9 Ethics Review Board documents October 22, 2004 

Centre, universiWre de santé McGill 
McGill University Health Centre 

Bureau d',uhlque de la .red'Ierd1e 
~ of·ReseaGh Ethk:s 

Octobet 22, 2004 

Or. John Kimoff 
Respilatory Olvislon 
L4.08 

REBoNo. MED:Bo93.1)f4 

RE: ,.... PAAmtlal Contribution of.S'eepApneato.Pre«famp&ta. A eu. 
control Study of SJeepApnû ln pregna.ntWomen wlth .ndwlthout Pr .... 
eêlampsia . ., 

Deal' Or.Kimoff: 

l'hank Y,C)U, for submitting the Amendment dated S.~ 17. 2004 to the aboYé 
referenced.study for ~ by the Res&arch Elhics BoaJd of Ile Royal Vtcloria Hospital. 

o • 

TheBiomedicaHSCommiUee atthetr rneeti'l9 ofOctober 19. 2004 reviewedthe above 
mentiOned:.~t WhIch InoII,Id~the protocOIi c:ons:ent fOn'nand, an'~t. 
lbe.~tothe .. .. Qctëber~;~ and Ihflrevised Q:xîsentforms 
for~ and fôr:.controI. . '0' .~~Ile!:~. 2OQ4 were ap~"0However. 

\ 

1he~JormJprcases Irl .· .. seàoIicf;page.at~~ofthe fir'st~.lnsert 
~in ~ follÔYtYlg the hlghlghtéd wortt~ion·.ln adcIition, ple(ise 

. ··~.o.lna!&. alllhfl conMOt forins.A COpy ohitf1hemodified consent fèMms Is reqtired for 
theREB flle. . .. 

. , 

1 
TheadYér1isementlposter wall aIso rèVlewedandthe c:ommiUeë found the l\d,mlssing 

. '.In. fOrtnatIpn.' i.e •. t/ÙJ titleIMU.··· HCIcigO~whe\'e. thtstucw .. '.. .:.1$ ~.' . çonduetedaQCI .. brief 
lnfonnatlQn,'OIl tl:le study. Ns/:). replaeethe~t"Whb;gaveblrth tateIy" by-who 
r&èenIIy deDver8d'. 

Il was agreedtbat Or. L MOroz. ChaItman of 1he BIorruIdcaI-B Commlttee willt8view the 
revlse<l ~t and If f~ satiGf~. he ,will ~vk1e approvaI. TheÎ'efore. 
please rorwa(d~ ~ adve~JildS!Jl!!eat. 8ii(Sitwould be apPréclatedif ait 
changes are ttlàhllghted to faci~t& revlew.' 

SlnoereIy, 
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Appendix 9 Ethics Review Board documents November 9, 2004 

Centre univemtaire de Sâilt~ McGiIl -
McGill University Health Centre 

Bureau d'éthique do la rechen:llc 
Office of Research Ethic:s 

November 9, 2004 

1lr. Jom Kimotf 
Respiratcxy Division 
l4.08 

RES No. MED-B 03:084 

RE: ~ PotenUaI Contribution of SI..., Apnea toP~pala. A cas.
control ;Stody of Sleep Apnea ln pregnantWomen wl1h and wlthout P ..... 
ecIampsIa 

Dear Dr. Klmoff; 

Thank)'OU foryoll"response dated October'O, 2004 to the REa's letterofO<:tober 22, 
2004 regarding the f'9\'ised consent forins and the ~for reauiIment of 
~~, the above referenœd ltUdy fOr,nMew bylhé ,RMearC:h EthIcSBOard of the 
R$II VicIoria HoSpItal. . 

Dr. L Moro%, Chaitmanof1he ~ Com~ nMeWed your'response and the 
mIsed~androundu.n~" ~ore,Dr. Moc:œ 
pnMdedapproVàffOrtheùseofihë~po$terdatedJuly'2004-September .' 2005. . , 

ln addition, thlsJs to ~~of the FtençherJ(JÉngIish approyed pagInated 
consentfotmsdated Sèptember3.'2OOlfor,the cases anCICàntl'olsubjèets for the REa file. ' , 

PIease take fIOte tha1 aI,~ lnVOMng l1umaF1 ~~, reqwnMHeview at·a regular . 
Intervalend lUs ~ reepoc~!Ji'tof tbe '~lrMtStigator fo'toubmlt 'an ~ 
for ConUn..q ReVk»d~Ei~'~.~ of1hestuèfyapproVal. ShouId MY revlsion 
to the ~ or.~è(r~()Ç()(u'priotto 1henext,requlted 
nMew,"" ad\rise Ihe'PttJmpUyand priôr' to Inltiating any revi$ion. 

SInoerefy, 

Ullan r-aœen 
EthIcs R.ErYilMCOooIInator 
RVH Research Ethlcs Board, 
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Appendix 9 Ethics Review Board documents November 17, 2004 

Centre1ÙÙvenitaire de santé Mc:GnI 
Mc:GiU University Health Centre 

Bureau d'dthlque <te la recherChe 
offlœ of ResêarcbEthiC$ 

Novemb« 17, 2004 

Or. John KlITlOff ' 
Resplratory 0ivisI00 
l4.08 

RES No. Mep..a 03=084 

RE: . The Poten~C<mlrlbutfon of ,Ieep~. to P~ps'" A. eu... 
co~ ~c)f~I,..,ApMa ln PiWgnant Women wIttï'anc:lW~ P ..... eçlM1psta..· .' . . 

Oear 0( •. KiIl)off: 

~)'P!J forsubnùttingthe AppIlcatlon for Continuing Review fpr:the ~ study 
·!ef~~ .. 'ft\e·tèpê,rtwas.ptesented!OrF .... B:P!IRtrevrew!H:the.~ 
. ~'ofthé BiOmjïdiCaI-B ~'ofthê~ EfIjÇS~On'~ 16, 
2Q9:t~foI.md CO~aécepJablefoiongoing (:(mductat .fhê'McGIfJ ~HeaIth 
~.~jind WU entërecl~ngly.lnto~mlrwtas of the rneètlOg •• 1"fl8(~ 
fOl"~'tudy wasprQvtdèdunlir ~17.2005 and oo'revlSion 10 the ~.' 
conSènttloC.uinent 1$' téQùirec:tat thlSUrnê. . . 

A.t the MUt:lC,apOlIsored [8aeal'Çhact/VWes tIlat reql.lire (JSfèdel'àlassuraneeiQ 
condûcted underfedefal WIde Assurànaf(FWAloopoo84O. .." .' .' 

~ 'hO 

AI~~vPMng human subj_ .(eqlhs ~at a rBéUrring iritervat. Jt~,tpa 
respqrisibiltYôfthe·~tQ~lt8ll~f9l'Contihutn9Rê_1O the. , 
REB.ptic:lr to,~·of approvalto conw wlththe reguJatiOn fOr eoOtioo~J8\IIew of 
·at~~peryeàr.·· '. ) .' .. ' , . '.. . . 

~~'àf1èûkI.~"'~, forjaoYrOa$oOpriortoÎhenext...qul;edr8vlew • 
.. you~r~l.ifred;to submit àJ1 . . . Repôrt 1O.tbe:GommiItee ~1hédata 
. ~Is~teto Ive an aééOUntOflt!è atudy N .. s Jnd blidation étatus • . ' ··.·~~~'·lotC. ..' 'ordhéruna" .. ' . '!O,,,,.P'\ . ".' . the 
,~~ •. ··~1héJèT~~=~: .. 
pemit ~tIoOOf.~$eét$tu(ly rnoolffcàttM'pIiOrtomfu apprc;YaItorthe • al11endmènl ". .. ... '.' . ..... . 

Si~. 
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Appendix 9 Ethics Review Board documents October 20, 2005 

Centre universitaire de taillé McÇil1 
MeGUIUnivemty Health Centre ' 

Bt.iteàud;éthlque de la recherche 
OffIce of Research Ethlcs 

0cI0ber 20, 2005 

Or. John Klmoff 
Respitàtory Division 
L4;08" 

BEe No. MEQ.B 03-084 

RE:.Th. Potan&! e~~~on of Sl .. p ApnNtQ Pre-ecJampsla., AC8se· 
cOntroIStudy of Sfêtp Apnea ln Pregnant Women wlth and.wlthQut Pre-
tcIampsla . , . 

OearOr. Kimoff: 

l'hank you for$ubmitting ~ Amendment dated SepJetnber 12,2005 ta the abqVe 
refe~ &tudy for revIèW by.1he Resear:ehEUllês' Board of the Royal Victoria Hospital. 

The ~IC8I43Co!nm!ttee atthelr meeting of ~18~ 2OÔ5. revlewed 8fI!:l 
appj-ovedihe.aI;)Ovemen~ artleitdment.1héàrt'ièndM~8I1diFrench ~nt 
fortilS fo(CQIlt,rols andcaSea dated September'12. 2005as,WelI u'thêreVised 
advertisements.· ., 

Hpwever.,ti)e na. rneof Dr. Lude .Opatmy as <»-IOves.tl9. a .. tgr of,th~,~ shoIÂd be 1 
'added tothe consent for:rrlS: "A final copyl$ required for the' REB lite .. ', 

'~~~;~~~:~~f .. ~.,~~nv!C=~:n 
··forCori . ',6eforethè ~tfon orthe ttiId ~ Should 

aoy 'tOUte; '~., .... uriah~dèvetoprnent~·Prt«tO'lhé next 
, uitêd rèWwÎ; ..... " .... ,t. .. ;'tfîeREB" , fI.>.arid~to k'l1tiaflN.'ièvislon. . req ." .~ . prorrIp"l. tII"":., ... 'Vany 

SiliœJpIy. 

UlianF~ 
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