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Abstract

Objective: We tested the hypothesis that impaired maternal gestational pulmonary function, assessed by a moderate-to-severe

reduction in FEV1% predicted, is associated with adverse perinatal outcomes in women with SCD. Design: Prospective cohort

study. Setting: Tertiary referral centre Population: A total of 104 pregnancies in Ghanaian women with SCD aged 18–41 years.

Methods: Participants were categorized into two groups (FEV1% predicted [?] 65: n = 94; FEV1% predicted < 65: n = 10)

based on spirometry performed before 28 weeks of pregnancy. The rates of adverse perinatal outcomes were compared between

the two groups. Multivariable penalized logistic regression was used to estimate adjusted odds ratios. Main outcome measure:

Fetal death, defined as fetus weighing>500g with no signs of life at birth. Results: Fetal death occurred more frequently in

pregnant women with FEV1% predicated < 65 (30.0% versus 4.3%, p=0.02). FEV1% predicted < 65 was associated with a

nearly 8-fold increased risk of fetal death (OR 7.81, 95%CI [1.59–38.38], p=0.01). Phenotype HbSS (3.41[0.68–17.19], p=0.13)

and low maternal BMI (1.00 [0.84–1.20], p=0.96) were not associated with increased risk of fetal death. Conclusions: In pregnant

women with SCD, low FEV1% predicted is associated with an increased risk of fetal death. Understanding the mechanism

for low FEV1% predicted in pregnant women with SCD and improving gestational FEV1% predicted may result in a targeted

intervention for decreasing fetal deaths. Keywords: Sickle cell disease, pulmonary function, FEV1, pregnancy outcomes, fetal

death.

Introduction

In pregnancy, a combination of hormonal changes and mechanical effects of the enlarging uterus may result
in pulmonary changes including rhinitis of pregnancy, sleep-disordered breathing, and small airway closure
1. Sickle cell disease (SCD), the commonest genetic disease in the world, affects multiple organ systems
including the respiratory system 2. Specifically, SCD is associated with reduced lung growth, airway hy-
perresponsiveness, pulmonary hypertension, and acute chest syndrome (ACS)2–5. The combined effects of
pulmonary changes in pregnancy and SCD may result in substantial reductions in maternal pulmonary
reserves 1,6, with resultant uteroplacental dysfunction and reduced fetal oxygenation 1,6,7.

In a systematic review and meta-analysis, we demonstrated that pregnant women living with SCD have
increased risk of maternal and perinatal morbidity and mortality 8. In contrast to poor maternal outcomes
8–10, the biological basis of the poor perinatal outcomes is not clear, although factors such maternal body
mass index (BMI) and SCD phenotype have been implicated11,12. One potential modifiable risk factor is
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the role of abnormal pulmonary function in pregnant women with SCD on the outcome of the fetus. In a
prospective cohort study of pregnant women with SCD, we tested the hypothesis that impaired pulmonary
function during pregnancy, assessed by a moderate to severe reduction in baseline forced expiratory volume
in one second (FEV1), is associated with increased risk of adverse perinatal outcomes in pregnant women
with SCD.

Methods

Study Design and Settings

The prospective cohort study included pregnant women with SCD at the Korle-Bu Teaching Hospital
(KBTH), Ghana, from May 2015 to December 2016. The primary outcomes of the study were maternal
and perinatal mortality rates. KBTH is a tertiary referral hospital in Ghana’s capital, Accra, and the largest
specialist hospital in Ghana. The maternity unit attends to about 11 000 pregnant women annually including
˜200 pregnant women with SCD.

Recruitment

A total of 149 pregnant women with established diagnosis of SCD were recruited. This excluded women
who were referred with acute pregnancy-related complications, in active labor, or after delivery, and those
who were unable to comply with the follow-up requirements for prenatal visits. The diagnosis of SCD was
determined by cellulose acetate hemoglobin electrophoresis at alkaline pH. For the current analyses, data
from 104 pregnant women (HbSS: 40; HbSC: 64) who had spirometry testing within 2 weeks of enrolment,
and followed up for at least 12 weeks (at least 6 weeks while pregnant and 6 weeks post-delivery) were
included (Figure 1). All study participants received multi-disciplinary care, described in detail in a previous
publication13.

Data Collection

A structured questionnaire was used by a trained research nurse to collect participant data. Data collected
included demographics, gestational ages at enrolment and delivery, duration of follow-up during the preg-
nancy and postpartum periods, antenatal complications, postpartum complications, mode of delivery, and
neonatal information. Laboratory evaluations included complete blood count, blood screening for malaria
and spirometry. Study data were managed using REDCap (Research Electronic Data Capture) electronic
data capture tools hosted at the Data Coordinating Center, Vanderbilt University Medical Center. RED-
Cap is a secure, web-based application designed to support data capture for research studies, providing (a)
an intuitive interface for validated data entry; (b) audit trails for tracking data manipulation and export
procedures; (c) automated export procedures for seamless data downloads to common statistical packages;
and (d) procedures for importing data from external sources.

Assessment of Maternal Outcomes.

Acute painful episode was defined as acute pain episodes leading to hospitalization that required oral or
intravenous opioid pain management, distinguished from labour pains by absence of uterine contraction,
labour progression, and delivery. Based on the adjudication of the multi-disciplinary team (obstetricians,
hematologists, anesthetists, pediatricians, and nurses), ACS was defined as the presence of at least 2 of
the following criteria: fever >38° Celsius, increased respiratory rate > 20 breaths per minute, presence of
chest pain or pulmonary auscultatory findings, increased oxygen requirement (evidenced by a decrease in
SpO2 > 3% below the baseline) or new radiodensity on chest roentgenogram or pneumonia. Preeclampsia
was defined as 1) systolic blood pressure (SBP) [?] 140 mmHg or diastolic blood pressure (DBP) [?] 90
mmHg on two separate readings taken at least four hours apart after 20 week gestation in a study participant
with previously normal blood pressure; and 2) Proteinuria as [?] 300 mg of protein in a 24-hour urine sample
or a spot urinary protein to creatinine ratio [?] 0.3 or a urine dipstick reading of 1+ or greater 14. Malaria
infection was defined using the World Health Organization definition of examining stained thick smears
under the light microscope15.
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Assessment of Perinatal Outcomes.

Gestational age was estimated based on first trimester ultrasound scan. Serial obstetric ultrasounds were
performed bi-weekly in the third trimester to monitor fetal growth. Umbilical artery Doppler studies were
performed in those with suspected intrauterine growth restriction (IUGR). Premature birth was defined
as births that occurred before 37 weeks of gestation. Low birth weight (LBW) and very low birth weight
(VLBW) were defined as birth weights below 2,500 and 1500 grams respectively. Fetal death was defined as
a fetus weighing greater than 500g with no signs of life at birth and meeting all the following criteria; no
fetal heartbeat; no respiratory effort; absence of pulsation in the umbilical cord; and no definitive movement
of voluntary muscles.

Spirometry Evaluation.

A trained physician and a trained research technician performed spirometry for each participant at baseline
visit (< 28 weeks of pregnancy) using the Morgan FVL spirometer according to the American Thoracic
Society/European Respiratory Society (ATS/ERS) guidelines16. The spirometry procedure was first demon-
strated to each participant, after which the participant was made to perform the spirometry. Each participant
was made to inhale rapidly and completely from functional residual capacity, after which the breathing tube
was inserted into the participant’s mouth, with the lips sealed around the mouthpiece and the tongue not
occluding the mouthpiece. The forced vital capacity (FVC) maneuver was then started with minimal hes-
itation (within 1–2 seconds after inspiring to the total lung capacity). The participant was prompted to
“blast” the air from their lungs, and was then encouraged to fully exhale. Throughout the FVC maneuver,
enthusiastic coaching of each participant was carry out using appropriate body language and phrases, such
as “keep blowing” or “keep going”. Measured and calculated spirometric indices from the FVC maneuver
included FEV1, FVC, and the ratio of FEV1 to FVC (FEV1/FVC). The predicted values of the FEV1,
FVC, and the FEV1/FVC ratio were determined for each participant based on their age, gender, height, and
ethnic group using the Global Lung Initiative 2012 equations 17. Poor lung function was defined as FEV1%
predicted < 6518,19 . The choice of 0.65 as the threshold for FEV1% predicted is based on its predictive
value for mortality in the general population 19.

Statistical Analysis

Data with normal distribution were presented as mean (standard deviation); whereas, those not normally
distributed were presented as median (interquartile range). Categorical data were presented as frequencies
(percentages). Differences in demographic characteristics and pregnancy outcomes between the FEV1%
predicted [?] 65 and FEV1% predicted < 65 groups were assessed by chi-square test or Fisher’s exact test
for categorical variables, and t-test for continuous covariates or the Mann-Whitney U-test for covariates not
normally distributed. Given the small number of fetal deaths, a multivariable penalized logistic regression
was used to estimate adjusted odds ratios with 95% confidence intervals. For the same reason, only a
small number of covariates were used in the model. A p value of less than 0.05 was considered statistically
significant. IBM SPSS version 25 for Windows was used for statistical analysis.

Results

The proportion of HbSS phenotype was similar in the group with FEV1% predicted [?] 65 and the group with
FEV1% predicted < 65, as was the proportion of HbSC phenotype (Table 1). Additionally, maternal parity
was similar in the two FEV1% predicted groups. Moreover, the two FEV1% predicted groups were similar
with respect to the mean maternal ages, gestational ages, maternal BMI, and hemoglobin concentrations.
The mean FVC % predicted and FEV1/FVC % predicted were higher in the FEV1% predicted [?] 65 group
compared with the FEV1% predicted < 65 group.

Low FEV1% Predicted is a Significant Predictor of Fetal Death

The rate of fetal death was higher in participants with FEV1% predicted < 65 compared to those with
FEV1% predicted [?] 65 (30.0% versus 4.3%,p= 0.01) with an overall prevalence of 6.8% (7 of 103) (Table
2). In a multivariable penalized regression model, FEV1% predicted < 65 was associated with a nearly 8-fold
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increased risk of fetal death (OR 7.81, 95% CI [1.59–38.38], p = .011) (Table 3). Phenotype (HbSS) (3.41
[0.68–17.19], p=0.13) and low maternal BMI (1.00 [0.84–1.20], p=0.95) were not associated with fetal death.

The preterm delivery rate of 30.1% in pregnant women with SCD was high, as compared with the rates
expected in the general population (10%). A non- statistically significant difference in the preterm delivery
rate occurred between the FEV1% predicted <65 group compared to the FEV1% predicted [?] 65 group
(50.0% versus 28.0%, respectively; p = .163). The difference in the rates of IUGR, LBW, and VLBW
between the FEV1% predicted [?] 65 group and the FEV1% predicted < 65 group were also not statistically
significant. (Table 2)

Similar Rates of Maternal Outcomes in FEV1% Predicted [?] 65 and FEV1% Predicted < 65
Groups

FEV1% predicted < 65 when compared to FEV1% predicted > 65% was not associated with severe acute pain
episodes that required hospitalization or ACS episodes. Similarly, FEV1% predicted < 65 was not associate
with preeclampsia, hospitalization for malaria, medically assisted delivery including cesarean section, and
maternal deaths, Table 2.

Discussion

Main findings

For the first time, we have demonstrated that reduced maternal gestational pulmonary function, assessed by
moderate-to-severe reductions in baseline FEV1% predicted is a significant predictor of fetal death. There was
no significant association between low maternal FEV1% predicted and adverse maternal outcomes including
ACS, acute painful episodes and maternal deaths.

Strengths and limitations

This study has a number of key strengths. Our study contributes unique data, as there are no prior studies
evaluating the impact of maternal pulmonary function on perinatal outcomes in SCD. The prospective study
design has inherent strengths including a decreased likelihood of recall bias. The study participants received
care from a multi-disciplinary team including local obstetricians and gynecologists, hematologists, midwives,
laboratory scientists, a pediatrician, and a dual-certified anesthesiologist and pulmonologist, as well as SCD
experts from Vanderbilt University and an obstetrician and gynecologist from Duke University Medical
Center. This ensured higher quality decision-making and standardized patient care 20.

A significant limitation to this study is the lack of pre-gestational pulmonary function test. In persons with
chronic lung disease, pre-gestational FEV1% predicted is known to correlate well with pregnancy outcomes
21,22. However, changes in maternal pulmonary function during pregnancy may not be influenced by pre-
gestational pulmonary function status 21. Our study is also limited by phenotype distribution (HbSS versus
HbSC). However, the differences in proportion of HbSS and HbSC in the FEV1% predicted groups were not
statistically significant.

Interpretation

Previous studies have demonstrated significant reductions in pulmonary functional reserves in SCD 2,4. Also,
existing data show strong associations between reduction in FEV1% predicted and SCD-related morbidity
and mortality23–25. What remains unclear is whether reduction in pulmonary function in pregnant women
with SCD is associated with adverse pregnancy outcomes. The results of our study suggest that in pregnant
women with SCD, low FEV1% predicted is associated with an increased risk of fetal death

In the general population, low FEV1% predicted or decline in FEV1 has been shown to be associated with
mortality 21,24–28. Also in the general population, FEV1% predicted is a known robust predictor of sudden
cardiac death, with the relationship independent of cardiac function26,28. In addition our team has previously
demonstrated that low FEV1% predicted is a predictor of earlier death in young adults with SCD and future
ACS episodes27.
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Prior studies have indicated that low FEV1% predicted during pregnancy is associated with adverse perinatal
outcome in pregnant women with cystic fibrosis 21,22,29,30; however, the biological basis for this association
has not been elucidated. Reynaud et al . have reported that pregnancy in women with cystic fibrosis
and poor pulmonary function has a negative impact on fetal growth 21. Other retrospective analyses of
pregnancies in women with cystic fibrosis have further highlighted low maternal baseline FEV1% predicted
as a predictor of premature delivery, LBW and fetal death 22,29,30. These findings in pregnant women with
cystic fibrosis lend credence to the biological plausibility that observed association between lower FEV1%
predicted and fetal death in SCD.

We found no significant association between low maternal FEV1% predicted and adverse maternal outcomes
including ACS, acute painful episodes and maternal deaths. Although we found no statistical difference
between the rates of acute painful episodes, ACS, and deaths in women with baseline FEV1% predicted [?]
65 and those with FEV1% predicted < 65, the mean events per patient year for acute pain episodes and
ACS, and maternal mortality were higher (33%, 150%, and 370% respectively) in the group with FEV1%
predicted < 65, compared to the group with FEV1% predicted [?] 65. The lack of statistically significant
difference in our study may be due to limited power or the natural short follow-up period during pregnancy.
These limitations can be overcome with larger multi-center prospective studies.

Conclusion

In pregnant women with SCD, poor baseline gestational pulmonary function is a significant predictor of fetal
death. Stratification based on FEV1% predicted may add valuable information on perinatal risk assessment
in pregnant women with SCD. Understanding the mechanism for low FEV1% predicted in pregnant women
with SCD and improving gestational FEV1% predicted may result in a targeted intervention for decreasing
fetal deaths.
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with FEV1<65% (n = 104)

Outcomes Pregnant SCD women
with FEV1 % predicted
[?]65% n = 94

Pregnant SCD women
with FEV1 % predicted
<65% n =10

p-value*

Maternal outcomes
Acute pain episode,
events/patient year,
mean (std. dev.)

1.8 (2.0) 2.4 (3.2) 0.827

ACS, events/patient
year, mean (std. dev.)

0.4 (1.0) 1.0 (1.7) 0.201

Preeclampsia, n (%),
(n =103)

13 (14.0) 1 (10.0) 1.000
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Hospitalization for
malaria, n (%), (n =
94)

22 (25.3) 4 (57.1%) 0.089

Medically-assisted
delivery, n (%), (n
=101)

58 (63.0) 5 (55.6) 0.726

Cesarean section
delivery, n (%), (n
=101)

58 (63.0) 4 (44.4) 0.302

Maternal death (%) 2 (2.1) 1 (10.0) 0.264
Neonatal outcomes
IUGR, n (%), (n =101) 7 (7.6) 0 (0.0) 1.000
Preterm delivery, n
(%), (n =103)

26 (28.0) 5 (50.0) 0.163

LBW (< 2500 g), n
(%), (n =100)

25 (27.2) 2 (25.0) 1.000

VLBW (< 1500 g), n
(%), (n =100)

4 (4.3) 1 (12.5) 0.347

Fetal death, n (%), (n
=103)

4 (4.3) 3 (30.0) 0.019

Definition of abbreviations: BMI, body mass index; FEV1, forced expiratory volume in one second; FVC,
forced vital capacity; SCD, sickle cell disease; IQR, interquartile range

*T test for mean difference or Fisher’s exact test for percentage difference, unless otherwise indicated.

#Mann-Whitney U test

TABLE 2 Maternal and neonatal outcomes of study participants with FEV1[?]65% compared to those with
FEV1<65% (n = 104)

Outcomes Pregnant SCD women
with FEV1 % predicted
[?]65% n = 94

Pregnant SCD women
with FEV1 % predicted
<65% n =10

p-value*

Maternal outcomes
Acute pain episode,
events/patient year,
mean (std. dev.)

1.8 (2.0) 2.4 (3.2) 0.827

ACS, events/patient
year, mean (std. dev.)

0.4 (1.0) 1.0 (1.7) 0.201

Preeclampsia, n (%),
(n =103)

13 (14.0) 1 (10.0) 1.000

Hospitalization for
malaria, n (%), (n =
94)

22 (25.3) 4 (57.1%) 0.089

Medically-assisted
delivery, n (%), (n
=101)

58 (63.0) 5 (55.6) 0.726

Cesarean section
delivery, n (%), (n
=101)

58 (63.0) 4 (44.4) 0.302

Maternal death (%) 2 (2.1) 1 (10.0) 0.264
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Neonatal outcomes
IUGR, n (%), (n =101) 7 (7.6) 0 (0.0) 1.000
Preterm delivery, n
(%), (n =103)

26 (28.0) 5 (50.0) 0.163

LBW (< 2500 g), n
(%), (n =100)

25 (27.2) 2 (25.0) 1.000

VLBW (< 1500 g), n
(%), (n =100)

4 (4.3) 1 (12.5) 0.347

Fetal death, n (%), (n
=103)

4 (4.3) 3 (30.0) 0.019

Definition of abbreviations: ACS, acute chest syndrome; IUGR, intrauterine growth restriction; LBW, low
birth weight; SCD, sickle cell disease; VLBW, very low birth weight.

*Mann-Whitney U test for rates or Fisher’s exact test for percentage difference.

TABLE 3 Multivariable penalized logistic regression models for fetal death among pregnant women with
SCD (n = 103).

Odds ratio 95% confidence interval p-value
BMI 1.00 0.84 – 1.20 0.959
Phenotype (HbSS) 3.41 0.68 – 17.19 0.137
FEV1 % predicted <65% 7.81 1.59 – 38.38 0.011

Definition of abbreviations: BMI, body mass index; FEV1, forced expiratory volume in one second
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