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Airflow Limitation Severity

Background

Study Design

Results

▪ Unattended in-home sleep study during

▪ Early pregnancy (6-15 weeks, N=3009), and 

▪ Mid pregnancy (22-31 weeks, N=2141)

▪ Signals: nasal pressure, thoracoabdominal movements, pulse oximetry, 

ECG, body position

▪ Hypopnea criteria: ≥30% reduction in flow with ≥3% desaturation.

▪ Sleep disordered breathing (SDB) in pregnancy commonly presents as 

inspiratory flow limitation rather than increased Apnea-Hypopnea Index 

▪ We assessed whether flow limitation during pregnancy is a risk factor for 

▪ Pre-eclampsia (primary outcome)

▪ Hypertensive disorders, gestational diabetes mellitus, preterm delivery, 

low infant birth weight (secondary outcomes)

▪ in a large community study (Nulliparous Pregnancy Outcomes Study 

Monitoring Mothers-to-be, nuMoM2b) 

Conclusion

Greater flow limitation during sleep during early-to-mid pregnancy is associated with greater risk of preeclampsia independent of 

maternal age, chronic hypertension status, BMI, and AHI. Increased risk of hypertensive disorders in pregnancy and lower birth 

weight were also observed. Overall, adverse hypertensive outcomes of pregnancy were more closely associated with flow limitation

than AHI. 

▪ Conceptually, flow limitation is defined by

▪ Ratio of actual ventilation (flow) to intended ventilation (drive) 

▪ Lower flow:drive reflects increasing flow limitation severity

▪ Breath by breath flow:drive ratio estimated from nasal pressure airflow 

shape characteristics (Mann et al, ERJ 2019). 

▪ Median flow:drive during sleep from both visits (N=1939) were averaged to 

provide a continuous flow limitation severity measure.
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Odds Ratio
▪ Multivariable logistic regression quantified whether flow limitation was associated with preeclampsia adjusting 

for maternal age, BMI, chronic hypertension status, and flow limitation during wake.

Primary Analysis: Average Flow Limitation

Odds Ratio for preeclampsia

*All models 

adjusted for age, 

BMI and chronic 

hypertension 

Early v. Mid Pregnancy

Odds Ratio for preeclampsia
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Example participant who later developed 

preeclampsia (Age=21 years, BMI=33 kg/m2, AHI=3 

hr-1, normotensive pre-pregnancy). 

(a) Flow limitation per flow:drive ratio for the entire 

night. Lower flow:drive represents greater flow 

limitation. Orange horizontal lines indicate sleep 

periods. 

(b) Normal breathing during wake, note higher 

flow:drive ratio (~100%) and normal flow shapes 

(nasal pressure signal below). 

(c-d) Flow limited breathing during sleep, Flow:drive

ratios are lower and flow shapes illustrate flow 

limitation. 

(e) Histogram of flow:drive ratio during sleep.m
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Flow:Drive (%)

Fully unobstructed

Fully obstructed

Age (years) 27.0±5.4

Chronic Hypertension Status, Y:N 41:1898

Body Mass Index (kg/m2) 27.7±6.1

Apnea-Hypopnea Index (AHI, events/h) 0.6 [0.2-1.5]

Flow-limitation 86.0 [81.8-89.8]

Preeclampsia, Y:N 113:1826

Hypertensive Disorders of Pregnancy, Y:N 247:1692

Gestational Diabetes Mellitus, Y:N 88:1851

Preterm Delivery, Y:N 144:1792

Infant Birth Weight (g) 3316 [2985-3625]

Participant Characteristics

Variables are 

represented by the 

mean±SD or 

median [interquartile 

range] as 

appropriate.
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