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Abstract

Background and objective: Pregnancy alters the severity of asthma unpredictably. Uncertainty still
exists about longitudinal changes in pulmonary function during pregnancy in both healthy and
asthmatic women. This study aimed to compare pulmonary function changes during pregnancy
in healthy and asthmatic women and to determine the relationship between pulmonary function
and asthma-related quality of life during pregnancy. A secondary aim was to investigate the
application of forced expiratory volume in 6 s (FEV6) for monitoring asthma during pregnancy.
Methods: Pregnant women with (n¼ 20) and without asthma (n¼ 20) had pulmonary function
tests at 8–20, 21–28 and 29–40 weeks gestation. Those with asthma also completed the Asthma
Control Questionnaire (ACQ) and mini Asthma Quality of Life Questionnaire (mAQLQ) at each
visit. Results: Pulmonary function declined in both groups at follow-up #1 (more markedly in
those with asthma) but then improved at follow-up #2 (more markedly in those with asthma). In
those with asthma, ACQ scores increased, while mAQLQ scores declined at follow-up #1; whilst at
follow-up #2 these changes were in the opposite direction. FEV6 and forced vital capacity (FVC)
were highly correlated (r¼ 0.88, p50.01) in asthmatics. Conclusions: Pulmonary function changes
during second and third trimesters were more pronounced in asthmatics than in healthy women.
FEV6 monitoring may assist pregnant women and their health professionals in optimizing asthma
management. The changes in pulmonary function in women with asthma were not significantly
associated with changes in asthma control or asthma-related quality of life.
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Introduction

Uncertainty still exists about the longitudinal changes in

pulmonary function during pregnancy in both healthy women

and those with asthma. During pregnancy asthma improves in

nearly a third of patients, worsens in slightly more than one-

third, and remains unchanged in one-third [1]. Some pregnant

women with asthma may have few symptoms, but their

pulmonary function may be abnormal, putting the health of

mother and fetus at risk [2]. Since pregnancy alters the

severity of asthma unpredictably, patients should be moni-

tored closely so that any changes in asthma control can be

matched with appropriate changes in management. Regular

objective monitoring in conjunction with assessment of

asthma-related quality of life (QoL) and asthma control

might help early detection of worsening asthma by patients

and health professionals, enabling changes in management.

Spirometry is still the best means of monitoring and

assessing asthma severity [3]. For pregnant women with

asthma, spirometry should be conducted early in pregnancy

and periodically, as needed [4]. Forced expiratory volume in

6 s (FEV6) has been shown to be equivalent to forced vital

capacity (FVC) in consecutive patients referred to a New

Zealand tertiary hospital respiratory laboratory for spirometry

[5]. Performing FEV6 is easier, more achievable, more

reproducible and less physically demanding than FVC

[5–7]. FEV6 has the advantage that at the end of a spirometry

measurement, the result is more explicitly defined and easier

to achieve compared to FVC [8]. However, FEV6 has not been

used in prospective evaluation of lung function during

pregnancy.

This study aimed to: (i) compare changes in pulmonary

function during pregnancy between healthy women and those

with asthma; (ii) determine the relationship between changes
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in pulmonary function and asthma-related QoL in pregnancy

and (iii) investigate the application of FEV6 in monitoring

asthma during pregnancy.

Methods

Subjects

Pregnant women with a singleton pregnancy aged �18 years

and able to communicate in English were recruited when

attending scheduled antenatal visits at the Mercy Hospital for

Women, Melbourne, Australia. The healthy group had no

history of asthma and none of the participants in either group

had a history of hypertension or cardiovascular disease.

Pregnant women who self-reported asthma at the time of

booking their first antenatal clinic visit and had used any

asthma medication (anti-inflammatory or bronchodilator)

during or in the 12 months before the current pregnancy

were eligible for inclusion. The study was approved by the

Human Research Ethics Committees of Monash University

and the Mercy Hospital for Women. Written informed consent

was obtained from all participants.

Design

A prospective cohort study was conducted to observe changes

in pulmonary function. Pulmonary function (pre-bronchodila-

tor) was measured, seated; three times (gestational weeks 8–

20, 21–28, and 29–40) in the Respiratory Laboratory, Austin

Health, using a spirometer (Jaeger MasterScreen, Carefusion,

Hoeschberg, Germany). All spirometry variables were

reported to American Thoracic Society/European

Respiratory Society (ATS/ERS) 2005 standards [9].

Spirometry was not performed if participants self-reported

respiratory infection at a particular visit to avoid compromis-

ing the quality of the maneuver due to coughing or sneezing

and to reduce infection control hazards.

Study outcomes

Pulmonary function parameters measured or calculated at the

three time points included FEV1, FEV6, FVC, FEV1/FEV6

and FEV1/FVC. FEV1 and FVC were also expressed as

percentage (%) predicted values using the National Health and

Nutrition Examination Survey (NHANES III) reference

equations. A standard ethnicity correction 0.88 for non-

Caucasian subjects was applied as suggested by ATS/ERS

2005 guidelines [10].

Asthma control and asthma-related QoL were assessed

prior to spirometry using the Asthma Control Questionnaire

(ACQ) 7 questions [11] and mini Asthma Quality of Life

Questionnaire (mAQLQ) [12], respectively. An ACQ score of

�1.5 suggested that asthma was not well controlled; and a

change in ACQ score by �0.5 was regarded as clinically

significant [minimum clinically important difference

(MCID)] [13]. The mAQLQ measures the functional (phys-

ical, emotional, occupational and social) problems that

concerned patients with asthma. The maximum score on

mAQLQ was 7, which meant there was no impairment due to

asthma [12].

Neonatal characteristics including Activity Pulse Grimace

Appearance Respiration (APGAR) scores at 1 and 5 min,

gestational age, birth weight, length and head circumference

were recorded at delivery. Birth weight centiles were

calculated using www.gestation.net/grow-au.aspx, which

adjusted for maternal characteristics including height,

weight, ethnicity, parity and fetal gender.

Statistical analysis

Statistical analysis was performed using SAS version 9.3

(SAS Institute, Cary, NC) and SPSS version 19.0 (IBM SPSS

Statistics for Windows, Armonk, NY). Differences in demo-

graphic characteristics, and maternal and fetal outcomes were

examined using �2 tests, unpaired t-tests or Mann–Whitney

U-tests where appropriate. Univariate correlations were

determined using Pearson’s r and Spearman’s �. All reported

p values were two-sided and not adjusted for multiple

comparisons. A p50.05 indicated statistical significance.

Pulmonary function parameters were the main outcome

measures. A longitudinal analysis was performed using the

PROC MIXED procedure in SAS with patients treated as

random effects. Models were fitted using main effects for

group (asthma versus healthy), time (baseline, follow-up visits

#1 and #2) and an interaction between group and time to

ascertain if the groups behaved differently over time. To

account for any baseline imbalances, baseline values of

outcomes were included as potential covariates in these

models. The PROC MIXED procedure uses a restricted

maximum likelihood algorithm that enables specific modeling

of the within-patient covariance structure. Using an Akaike

information criterion (AIC) to determine goodness of fit, an

auto regressive (order 1) covariance structure was found to

produce the best fit to data. All observed data were considered

for analysis, with the mixed-effects models treating missing

values as being missing at random. Post hoc pairwise

comparisons were performed to assess between group differ-

ences at follow-up visits and within group differences

between follow-up visits.

Results

The flow of participants through the study is illustrated in

Figure 1. Forty pregnant women (20 healthy, 20 with asthma)

were recruited between 11 and 19 weeks of gestation. All

participants completed baseline spirometry including FEV6

measurement prior to 20 weeks gestation. The characteristics

of the sample are summarized in Table 1. There were no

significant differences in demographic or maternal character-

istics between women with and without asthma. Twelve (60%)

women with asthma used short-acting beta agonists (SABA)

as needed only, while the rest also used an inhaled cortico-

steroid (ICS) or an ICS long-acting beta agonist (LABA)

combination. None of the women with asthma self-reported

any comorbidities.

Changes in pulmonary function

When the pulmonary function parameters were analyzed with

the mixed-effects models, significant group� time interaction

effects were found for FEV1 (p¼ 0.04), FEV1% predicted

(p¼ 0.042) and FEV1/FVC% predicted (p¼ 0.01). Changes in

pulmonary function during pregnancy were similar in both

2 E. Zairina et al. J Asthma, Early Online: 1–9
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groups. At baseline, there were no statistically significant

differences in pulmonary function between groups (Table 2).

At follow-up #1, pulmonary function declined in both groups,

but women with asthma had a greater reduction. At follow-up

#2, both groups showed improvement in pulmonary func-

tion compared to follow-up #1. FEV1, FEV1% predicted

(both p¼ 0.02) and FEV1/FVC% predicted (p¼ 0.01) values

were significantly different between healthy and asthmatic

groups at follow-up #2. These changes are also illustrated in

Figure 2.

The within group differences in FEV1, FEV6, FVC,

FEV1% and FEV1/FVC% predicted at the first and second

follow-ups compared to baseline are presented in Table 3. In

the healthy group, mean baseline FEV1 dropped by 101 and

43 ml at follow-ups #1 and #2, respectively. On the other

hand, women with asthma had a mean reduction in baseline

FEV1 of 139 ml at follow-up #1, which subsequently

increased by 51 ml to higher than baseline levels at follow-

up #2.

Changes in ACQ and mAQLQ

In women with asthma, the decline in pulmonary function at

follow-up #1 was also marked by a reduction in asthma

control (i.e. increase in ACQ score) and QoL (i.e. decline in

mAQLQ score). At follow-up #2 these changes were in

the opposite direction, suggesting improvement in

pulmonary function, better asthma control and QoL

(Figure 3). At follow-up #1 ACQ score increased 40.5

(MCID) in 58% of the asthmatic group, decreased in 21%, and

remained unchanged in 21%. At follow-up #2 ACQ score

increased in 19%, decreased in 56% and remained unchanged

in 25%. A strong inverse correlation was found between ACQ

and mAQLQ at follow-ups #1 (r¼�0.74; p50.01) and #2

(r¼�0.75; p50.01). However, correlations between pul-

monary function parameters and both ACQ and mAQLQ

were very weak.

Correlations between FEV6 and FVC

At follow-up #1, compared to non-asthmatics, women with

asthma had a greater decline in FEV6 and the decrease of

FEV6 in the asthmatic group was also followed by the

reduction in FVC (Table 3). However, at follow-up #2 the

differences in reductions of FEV6 and FVC from baseline

between the groups were not significant. There were strong,

positive correlations between changes in FEV6 and FVC from

baseline to follow-up #1 (r¼ 0.88, p50.01) and from follow-

up #1 to follow-up #2 (r¼ 0.85, p50.01).

Maternal and neonatal characteristics

Pregnant women with asthma delivered slightly shorter babies

(p¼ 0.02) with lower APGAR scores at one minute (p¼ 0.01)

compared to those without asthma (Table 1). Nevertheless,

Follow-up #2
(Weeks 29 – 40):

(n=20)

Follow-up #2
 (Weeks 29 – 40):

(n=16)

Pregnant women
(n=40)

Women without asthma
(n=20)

Women with asthma
(n=20)

Baseline visit
(Weeks 11 – 20):

(n=20)

Baseline visit
 (Weeks 11 – 20):

(n=20)

Follow-up #1
 (Weeks 21 – 28):

(n=20)

Follow-up #1
 (Weeks 21 – 28):

(n=19)

• 1 withdrew due to personal
reasons

• 1 had a premature delivery at
30 weeks

• 2 had delivered before follow-
up #2 appointment

Figure 1. Flow of study subjects through the study.

DOI: 10.3109/02770903.2015.1080268 Pulmonary function changes in pregnancy 3
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there were no differences noted in 5 min APGAR or

customized birth weight centile which are better measures

of acute and chronic fetal compromise due to placental

insufficiency, respectively. Two women in the asthma group

reported symptoms in Weeks 21–28 and were prescribed

prednisolone 50 mg daily for 2 weeks; one of them presented

to the emergency department due to asthma exacerbation and

was hospitalized. Only 55% women in the asthma group had a

Table 1. Demographic, maternal and neonatal characteristics of the study participants.

Without asthma (n¼ 20) With asthma (n¼ 20) p Value

Demographic characteristics n (%) n (%)
Race 0.34

Caucasian 16 (80) 19 (95)
Asian 4 (20) 1 (5)

Past smoker 8 (40) 6 (30) 0.51
Gravidity 0.74

Primigravid 6 (30) 7 (35)
Multigravid 14 (70) 13 (65)

Maternal characteristics Mean ± SD Mean ± SD
Age (year) 33.2 ± 5.0 32.3 ± 3.1 0.47
Height (cm) 165.8 ± 6.7 162.1 ± 6.6 0.08
BMI (kg/m2) at baseline* 24.7 (21.9–27.0) 26.1 (22.7–30.5) 0.30
Weight (kg) at

Baseline 70.7 ± 15.8 74.2 ± 20.0 0.56
Follow-up #1 72.9 ± 14.7 78.3 ± 19.5 0.34
Follow-up #2 79.5 ± 15.0 80.9 ± 19.1 0.79

Gestational age (weeks) at*
Baseline 16 (16–17) 15.5 (13.3–17) 0.28
Follow-up #1 24 (22–26) 25.5 (24–27) 0.15
Follow-up #2 35 (34–36) 35.5 (34.3–36.8) 0.65

Duration of asthma (years)* – 24.5 (18.5–29.8) –
Asthma severity – –

Intermittent to mild 12 (60%) –
Moderate to mevere 8 (40%) –

Asthma medications
SABA only – 12 (60%) –
ICS + SABA – 1 (5%) –
ICS/LABA + SABA – 7 (35%) –

Neonatal characteristics Median (interquartile range) Median (interquartile range)
Gestational age 39.9 (38.6–40.5) 39.4 (39–40.7) 1
Mode of delivery [n (%)]

Vaginal delivery 16 (80) 11 (55) 0.09
Emergency cesarean 2 (10) 5 (25) 0.41
Elective cesarean 2 (10) 2 (10) 1.00
Forceps/vacuum 0 (0) 2 (10) 0.48

Birth weight (gm) 3600 (3339–3745) 3400 (3118–3523) 0.13
Birth weight percentile510th [n (%)] 2 (10%) 2 (10%) 1.00
Birth length (cm) 51.5 (51–52) 50.3 (47.4–51) 0.02
Head circumference (cm) 34.5 (34.4–36) 34.25 (33.6–35) 0.33
APGAR scores at 1 min 9 (9–9) 9 (6.25–9) 0.01
APGAR scores at 5 min 9 (9–9.75) 9 (9–9) 0.24

*Median (interquartile range).

Table 2. Pulmonary function parameters during pregnancy in women with and without asthma.

Baseline Follow-up #1 Follow-up #2

Test
Without asthma

n¼ 20
With asthma

n¼ 20
Without asthma

n¼ 20
With asthma

n¼ 19
Without asthma

n¼ 20
With asthma

n¼ 16

FEV1 (L) 3.18 ± 0.03 3.17 ± 0.03 3.08 ± 0.03 3.04 ± 0.03 3.14 ± 0.03 3.24 ± 0.03*
FEV6 (L) 3.87 ± 0.03 3.87 ± 0.03 3.80 ± 0.03 3.71 ± 0.03 3.83 ± 0.03 3.85 ± 0.03
FVC (L) 3.91 ± 0.03 3.90 ± 0.03 3.85 ± 0.03 3.77 ± 0.04 3.87 ± 0.03 3.86 ± 0.03
FEV1% 100.37 ± 0.90 100.00 ± 0.90 96.92 ± 0.90 95.75 ± 0.92 99.07 ± 0.90 102.13 ± 0.99*
FVC % 103.20 ± 0.86 103.14 ± 0.86 101.25 ± 0.86 99.41 ± 0.88 102.35 ± 0.86 102.15 ± 0.96
FEV1/FVC 81.97 ± 0.84 81.12 ± 0.84 80.47 ± 0.84 81.72 ± 0.84 80.92 ± 0.84 83.80 ± 0.93
FEV1/FVC% predicted 97.37 ± 0.70 96.19 ± 0.73 95.57 ± 0.70 94.36 ± 0.72 96.12 ± 0.70 98.71 ± 0.78*
FEV1/FEV6 82.53 ± 0.55 81.65 ± 0.55 81.42 ± 0.55 81.16 ± 0.57 82.41 ± 0.55 83.69 ± 0.61
ACQ score – 0.5 (0.3–1.2) – 1.43 (1–1.6) – 0.7 (0.4–1.4)
mAQLQ score – 6.1 (5.6–6.5) – 5.3 (4.9–6.2) – 6.2 (5.3–6.6)

FEV1%, FEV1 expressed as a percentage of the predicted value; FVC%, FVC expressed as a percentage of the predicted value. Pulmonary function data
are presented as mean ± SE; ACQ and mAQLQ scores as median (interquartile range).

Significantly different from healthy *p50.05.

4 E. Zairina et al. J Asthma, Early Online: 1–9
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normal vaginal delivery compared to 80% in those without

asthma (p¼ 0.09).

Discussion

Changes in spirometry during pregnancy differed signifi-

cantly between women with and without asthma. Compared to

their counterparts, women with asthma showed a greater

reduction of FEV1 from baseline at follow-up #1, but had

better pulmonary function at follow-up #2, the latter result

being consistent with a previously described reduction in

bronchial hyper responsiveness later in pregnancy [14]. The

majority of the asthmatic group (60%) had mild asthma,

as reflected by their use of only occasional SABA and

the overall well preserved interval lung function, as is

commonly seen in people with intermittent or mild persistent

asthma [15].

Shortness of breath, often referred to as ‘‘physiologic

dyspnea’’, is a common symptom during pregnancy [16].

Physical examination and spirometry can be used to distin-

guish physiologic dyspnea from pathologic dyspnea [17].

Physiologic dyspnea often occurs while at rest or with mild

exertion; but when accompanied by other symptoms such as

wheezing or cough is possibly due to asthma [17]. White et al

[18] showed that some women with infrequent-mild asthma

felt subjectively better during pregnancy when they were

asked to self-report symptoms using diary cards, although no

improvements were found in pulmonary function. Ideally,

monitoring asthma changes during pregnancy should not rely

on subjective patient perceptions alone; spirometry and

Figure 3. Pulmonary parameters, ACQ and mAQLQ scores in women with asthma.

Table 3. Changes from baseline in pulmonary function, asthma control score and asthma-related QoL in women with and without asthma.

Mean difference (95% CI)

Without asthma With asthma

Test Follow-up #1 Follow-up #2 Follow-up #1 Follow-up #2

FEV1 (ml) 101 (29,172) 43 (�28,115) 139 (65,212) �51 (�130, 28)
FEV6 (ml) 71 (�5,147) 47 (�29,123) 159 (8, 237) 46 (�37,129)
FVC (ml) 52 (�34,138) 34 (�52,121) 134 (45, 222) 58 (�36, 153)
FEV1% 3.20 (0.98,5.41) 1.05 (�1.17, 3.26) 4.55 (2.27, 6.83) �1.73 (�4.20, 0.74)
FVC% 1.92 (�0.14, 3.98) 0.82 (�1.24, 2.88) 3.74 (1.63, 5.86) 1.35 (�0.92, 3.62)
FEV1/FVC 0.92 (�1.11, 2.95) 0.47 (�1.56, 2.50) 0.12 (�1.93, 2.17) �2.05 (�4.31, 0.21)
FEV1/FVC% predicted 1.02 (�0.65, 2.69) 0.47 (�1.20, 2.14) 2.88 (1.14, 4.62) �1.56 (�3.41, 0.29)
FEV1/FEV6 0.51 (�0.78, 1.79) �0.49 (�1.77, 0.79) 1.25 (�0.08, 2.58) �1.37 (�2.80, 0.05)
ACQ scores – – �0.36 (�0.44, 0.30) �0.14 (�0.65, 0.56)
mAQLQ scores – – 0.29 (�0.32, 0.43) 0.02 (�0.69, 0.71)

FEV1%, FEV1 expressed as a percentage of the predicted value; FVC%, FVC expressed as a percentage of the predicted value. There were no
significant differences between the groups at baseline.

Values represent mean difference (CI) compared with baseline. Positive means values lower than baseline (decrease) and negative means values higher
than baseline (increase).

6 E. Zairina et al. J Asthma, Early Online: 1–9
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validated asthma questionnaires may identify clinically sig-

nificant changes in asthma [14,18,19].

Previous studies

Previous studies have not observed consistent changes in

pulmonary function during healthy pregnancy. Table 4

compares the pulmonary parameters in our study to previous

studies. While our study showed that FEV1 and FVC

decreased significantly at Weeks 21–28 in healthy subjects,

Grindheim et al. [20] did not find a change in FEV1 but

showed that FVC increased significantly after Week 23,

which was maintained at 6 months post-partum. Norregaard

et al. [21] showed that FEV1 decreased slightly during second

and third trimesters, but then increased postpartum. The study

by Puranik et al. [22] found that FEV1 and FVC remained

unchanged throughout normal pregnancy. Siddiqui et al. [23]

demonstrated that pulmonary function parameters were not

significantly different between healthy singleton and twin

pregnancies in the last trimester (36 weeks gestation); while

the values were lower in healthy pregnant women (singleton

or twin pregnancy) than in non-pregnant women.

Sims et al. [24] measured FVC and FEV1 in 27 pregnant

women with asthma and 11 healthy pregnant women. The

groups were not matched except for age. The asthmatic group

had lower values at all-time points compared to controls. This

study was not able to show significant longitudinal changes in

FEV1 and FEV1/FVC between pregnancy and the non-

pregnant state [24]. It also showed no indication that FEV1

or FEV1/FVC were affected by pregnancy either during

exercise or at rest [24].

Our study sample was different from previous studies.

Grindheim et al. [20], Norregaard et al. [21] and Sims et al.

[24] studied European populations, while Puranik et al. [22]

and Siddiqui et al. [23] studied Indian populations.

The differences in subjects’ ethnicity, sample size, medication

use, data analysis methods, spirometer and measurement

position (e.g. standing, sitting or supine) may account for

differing results.

FVC versus FEV6

We confirmed that FEV6 and FVC are significantly correlated

in pregnancy. FEV6 and FEV1/FEV6 have been widely studied

as surrogates for FVC and FEV1/FVC, respectively [7], but

have not previously been applied prospectively to monitor

asthma in pregnancy. FEV6 can be used as a substitute for

FVC and has been shown to be equivalent to FVC in adults

with asthma [5]. Longitudinal changes in FEV6 and FVC

during pregnancy in the asthmatic group were in the expected

direction with changes in asthma control and asthma-related

QoL, further supporting the potential use of FEV6 for

monitoring asthma in pregnancy.

A descriptive cross-sectional study by Nwagha et al. [25]

in 172 healthy women with varying gestational ages [40 non-

pregnant and 132 pregnant comprising 30 (514 weeks), 48

(14–27 weeks) and 54 (427 weeks)] showed that FVC and

FEV6 values were lower while the FEV1/FVC and FEV1/

FEV6 were higher as pregnancy progressed. Our study has

confirmed longitudinal changes in FVC and FEV6 in both

women with and without asthma at various stages of

pregnancy.

Our participants represented women attending major

Australian maternity hospitals [26,27]. Although this study

is limited by a small sample size, it is still sufficient to

describe the longitudinal changes of pulmonary function

during pregnancy in healthy women and those with asthma as

they relate to gestational age. Statistically significant changes

in pulmonary function may be meaningful to researchers, but

of little clinical importance to patients [10]. The small

Table 4 Summary of pulmonary function parameters in our study and previous studies during pregnancy.

Our findings* Sims [24] Grindheim [20] Nørregard [21] Puranik [22] Siddiqui [23]

Tests
Without asthma

n¼ 20
With asthma

n¼ 20
Without asthma

n¼ 12
With asthma

n¼ 27
Without asthma

n¼ 100
Without asthma

n¼ 39
Without asthma

n¼ 50
Without asthma

n¼ 60

Gestational age: 8–20 weeks
FEV1(L) 3.18 ± 0.03 3.17 ± 0.03 – – 3.18 ± 0.44 – 2.00 ± 0.09 –
FVC (L) 3.91 ± 0.03 3.90 ± 0.03 – – 3.89 ± 0.48 – 2.19 ± 0.25 –
FEV1% 100.37 ± 0.90 100.00 ± 0.90 – – 98.2 ± 11.10 104.0 ± 12.00 – –
FVC% 103.20 ± 0.86 103.14 ± 0.86 99.3 ± 12.20 96.90 ± 9.50 – – – –
FEV1/FVC 81.97 ± 0.84 81.12 ± 0.84 81.40 ± 4.40 83.30 ± 6.10 – – – –
FEV1/FVC% 97.37 ± 0.70 96.19 ± 0.73 – – – – 92.60 ± 5.01 –

Gestational age: 21–28 weeks
FEV1(L) 3.08 ± 0.03 3.04 ± 0.03 – – 3.16 ± 0.39 – 2.07 ± 0.25 –
FVC (L) 3.85 ± 0.03 3.77 ± 0.04 – – 3.96 ± 0.51 – 2.10 ± 0.28 –
FEV1% 96.92 ± 0.90 95.75 ± 0.92 – – 99.1 ± 11.40 96.0 ± 12.00 – –
FVC% 101.25 ± 0.86 99.41 ± 0.88 101.20 ± 12.10 82.60 ± 6.80 – – – –
FEV1/FVC 80.47 ± 0.84 81.72 ± 0.84 83.40 ± 4.40 82.60 ± 6.80 – – – –
FEV1/FVC% 95.57 ± 0.70 94.36 ± 0.72 – – – – 98.63 ± 3.54 –

Gestational age: 29–40 weeks
FEV1(L) 3.14 ± 0.03 3.24 ± 0.03 – – 3.21 ± 0.43 – 2.15 ± 0.21 2.17 ± 0.25
FVC (L) 3.87 ± 0.03 3.86 ± 0.03 – – 4.00 ± 0.53 – 2.21 ± 0.27 2.47 ± 0.29
FEV1% 99.07 ± 0.90 102.13 ± 0.99 – – 99.3 ± 11.30 96.0 ± 19.00 – 88.64 ± 5.62
FVC% 102.35 ± 0.86 102.15 ± 0.96 102.20 ± 11.2 95.50 ± 13.10 – – – 86.48 ± 4.37
FEV1/FVC 102.35 ± 0.86 102.15 ± 0.96 84.4 ± 3.5 82.80 ± 3.10 – – – 85.52 ± 2.32
FEV1/FVC% 96.12 ± 0.70 98.71 ± 0.78 – – – – 97.51 ± 4.04 –

Values are mean ± SDs except for *mean ± SEs.
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changes in FEV1 and FVC observed in women with asthma in

this study were possibly the result of restriction rather than

obstruction as FEV1/FVC did not change, suggesting asthma

was not the major contributor to the pattern of pulmonary

function changes in this group. The majority of studies in both

adults and children have found no significant correlation

between objective measures such as FEV1/peak expiratory

flow (PEF) and clinical asthma symptoms [3].

We observed some significant differences in pulmonary

function between groups; hormonal, metabolic and physio-

logical changes during pregnancy may alter the mechanics of

breathing and pulmonary function in pregnant women.

Pulmonary function changes during pregnancy are mediated

initially by hormonal changes and later by the enlarging

uterus [28]. In healthy women, there is usually adequate

maternal compensation for the increase in oxygen demands,

with the increases in tidal volume leading to a significant fall

in partial pressure of carbon dioxide (pCO2) [28]. The process

appears to be mediated by rising levels of progesterone and

augmented by a decrease in residual volume [28].

Progesterone and cortisol may affect the respiratory center

[29]. Progesterone levels rise progressively in the first

trimester and remain elevated until delivery resulting in

stimulation of the respiratory center and smooth muscle

relaxation [30]. Cortisol also rises sharply throughout preg-

nancy potentially leading to increased pulmonary glucocorti-

costeroid receptor interactions and effects causing smooth

muscle relaxation [1,30].

Asthma symptoms may improve or worsen during preg-

nancy; hence appropriate management should be tailored to

changes in pulmonary function. Various factors may contrib-

ute to poor QoL in pregnant women with asthma. Asthma

changes unpredictably during pregnancy, and asthma symp-

toms usually worsen during the second and third trimesters,

especially the sixth month, with improvement in the last 4

weeks [1,31]. Women who have poorly controlled asthma

from the beginning of the pregnancy are likely to have more

asthma symptoms throughout pregnancy; therefore they

should be treated with appropriate medications and monitored

closely [31]. Concerns about medication safety during

pregnancy may prompt women to stop taking their medication

without consulting their healthcare professionals leading to

worsening symptoms and QoL [27,32]. However, in this study

we did not assess asthma medication adherence at each visit.

Asthma self-management programs for pregnant women,

involving regular monitoring of FEV1 and FEV6 in conjunc-

tion with assessment of asthma symptoms, should be

evaluated in larger prospective studies for their ability to

optimize health outcomes in women with varying severities of

asthma. Future studies may also benefit from including

longitudinal markers of inflammatory change in serum and

possibly in exhaled condensate given the changes present at

follow-up #1. A larger study with groups matched for body

mass index (BMI), age, height and gestational age with more

severe cases of asthma may also be beneficial.

In summary, we have demonstrated that pulmonary

function declined during second trimester, then improved in

the final weeks of gestation in both groups, but larger changes

were found in women with asthma. Although the changes in

pulmonary function were statistically significant in the asthma

group, they were modest. The changes in pulmonary function

in women with asthma were not significantly associated with

changes in asthma control or QoL. FEV6 can be substituted

for FVC for monitoring during pregnancy. Regular monitor-

ing of FEV1 and FEV6, along with assessment of symptoms

and medication adherence, may assist pregnant women and

their health professionals in optimizing asthma management.

Acknowledgements

The authors wish to thank the study participants, staff at

Mercy Hospital for Women and the Respiratory Laboratory

Austin Health, Heidelberg, Victoria.

Declaration of interest

The authors report no conflicts of interest. The authors alone

are responsible for the content and writing of this article.

Dr George has received in-kind support from Vitalograph,

the manufacturers of COPD-6, for this research. Prof.

Abramson and Dr George have held investigator-initiated

research grants from Pfizer and Boehringer Ingelheim for

unrelated research. Prof. Abramson has undertaken an

unrelated consultancy for Astra Zeneca and received assist-

ance with conference attendance from Boehringer-Ingelheim

and Sanofi. Prof. McDonald has participated in advisory

boards and educational meetings for Boehringer Ingelheim,

Novartis, GSK and AstraZeneca.

References

1. Schatz M, Harden K, Forsythe A, Chilingar L, Hoffman C, Sperling
W, Zeiger RS. The course of asthma during pregnancy, post partum,
and with successive pregnancies: a prospective analysis. J Allergy
Clin Immunol 1988;81:509–517.

2. Schatz M, Dombrowski MP, Wise R, Momirova V, Landon M,
Mabie W, Newman RB, et al. Spirometry is related to perinatal
outcomes in pregnant women with asthma. Am J Obstet Gynecol
2006;194:120–126.

3. Stahl E. Correlation between objective measures of airway calibre
and clinical symptoms in asthma: a systematic review of clinical
studies. Respir Med 2000;94:735–741.

4. Clark SL. Asthma in pregnancy. National Asthma Education
Program Working Group on Asthma and Pregnancy. National
Institutes of Health, National Heart, Lung and Blood Institute.
Obstet Gynecol 1993;82:1036–1040.

5. Swanney MP, Beckert LE, Frampton CM, Wallace LA, Jensen RL,
Crapo RO. Validity of the American Thoracic Society and other
spirometric algorithms using FVC and forced expiratory volume at
6 s for predicting a reduced total lung capacity. Chest 2004;126:
1861–1866.

6. Bellia V, Sorino C, Catalano F, Augugliaro G, Scichilone N, Pistelli
R, et al. Validation of FEV6 in the elderly: correlates of
performance and repeatability. Thorax 2008;63:60–66.

7. Jing JY, Huang TC, Cui W, Xu F, Shen HH. Should FEV1/FEV6
replace FEV1/FVC ratio to detect airway obstruction? A metaana-
lysis. Chest 2009;135:991–998.

8. Vandevoorde J, Verbanck S, Schuermans D, Kartounian J, Vincken
W. FEV1/FEV6 and FEV6 as an alternative for FEV1/FVC and FVC
in the spirometric detection of airway obstruction and restriction.
Chest 2005;127:1560–1564.

9. Miller MR, Hankinson J, Brusasco V, Burgos F, Casaburi R, Coates
A, Crapo R, et al. Standardisation of spirometry. Eur Respir J 2005;
26:319–338.

10. Pellegrino R, Viegi G, Brusasco V, Crapo RO, Burgos F, Casaburi
R, Coates A, et al. Interpretative strategies for lung function tests.
Eur Respir J 2005;26:948–968.

8 E. Zairina et al. J Asthma, Early Online: 1–9

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 1
2:

08
 0

1 
O

ct
ob

er
 2

01
5 



11. Juniper EF, O’Byrne PM, Guyatt GH, Ferrie PJ, King DR.
Development and validation of a questionnaire to measure asthma
control. Eur Respir J 1999;14:902–907.

12. Juniper EF, Guyatt GH, Cox FM, Ferrie PJ, King DR. Development
and validation of the Mini Asthma Quality of Life Questionnaire.
Eur Respir J 1999;14:32–38.

13. Juniper EF, Bousquet J, Abetz L, Bateman ED. Identifying ‘well-
controlled’ and ‘not well-controlled’ asthma using the Asthma
Control Questionnaire. Respir Med 2006;100:616–621.

14. Schatz M, Mosen DM, Kosinski M, Vollmer WM, Magid DJ,
O’Connor E, Zeiger RS. The relationship between asthma-specific
quality of life and asthma control. J Asthma 2007;44:391–395.

15. National Asthma Council Australia. Australian Asthma Handbook:
quick reference guide, version 1.0. Melbourne: National Asthma
Council Australia; 2014. Available from: http://www.asthmahand-
book.org.au [last accessed 30 May 2015].

16. Hegewald MJ, Crapo RO. Respiratory physiology in pregnancy.
Clin Chest Med 2011;32:1–13.

17. Bidad K, Heidarnazhad H, Pourpak Z, Ramazanzadeh F, Zendehdel
N, Moin M. Frequency of asthma as the cause of dyspnea in
pregnancy. Int JGynaecol Obstet 2010;111:140–143.

18. White RJ, Coutts, II, Gibbs CJ, MacIntyre C. A prospective study of
asthma during pregnancy and the puerperium. Respir Med 1989;83:
103–106.

19. Juniper EF, Daniel EE, Roberts RS, Kline PA, Hargreave FE,
Newhouse MT. Improvement in airway responsiveness and asthma
severity during pregnancy: a prospective study. Am Rev Respir Dis
1989;140:924–931.

20. Grindheim G, Toska K, Estensen ME, Rosseland LA. Changes in
pulmonary function during pregnancy: a longitudinal cohort study.
BJOG 2012;119:94–101.

21. Nørregaard O, Schultz P, Østergaard A, Dahl R. Lung function
and postural changes during pregnancy. Respir Med 1989;83:
467–470.

22. Puranik BM, Kaore SB, Kurhade GA, Agrawal SD, Patwardhan SA,
Kher JR. A longitudinal study of pulmonary function tests during
pregnancy. Indian J Physiol Pharmacol 1994;38:129–132.

23. Siddiqui AH, Tauheed N, Ahmad A, Mohsin Z. Pulmonary function
in advanced uncomplicated singleton and twin pregnancy. J Bras
Pneumol 2014;40:244–249.

24. Sims CD, Chamberlain GV, de Swiet M. Lung function tests in
bronchial asthma during and after pregnancy. Br J Obstet Gynaecol
1976;83:434–437.

25. Nwagha U, Iyare E, Anyaehie U, Onyedum C, Okereke C,
Ajuzieogu O, Amucheazi A, et al. Forced expiratory volume in 6
s (FEV6) and FEV1/FEV6 values as a viable alternative for forced
vital capacity (FVC) and FEV1/FVC values during pregnancy in
South East Nigeria: a preliminary study. Ann Medical Health Sci
Res 2014;4:516–521.

26. Lim AS, Stewart K, Abramson MJ, Walker SP, Smith CL, George J.
Multidisciplinary Approach to Management of Maternal Asthma
(MAMMA): a randomized controlled trial. Chest 2014;145:
1046–1054.

27. Sawicki E, Stewart K, Wong S, Paul E, Leung L, George J.
Management of asthma by pregnant women attending an Australian
maternity hospital. Aust NZ J Obstet Gynaecol 2011;52:183–188.

28. Carlin A, Alfirevic Z. Physiological changes of pregnancy and
monitoring. Best Pract Res Clin Obstet Gynaecol 2008;22:801–823.

29. Garcia-Rio F, Pino JM, Gomez L, Alvarez-Sala R, Villasante C,
Villamor J. Regulation of breathing and perception of dyspnea in
healthy pregnant women. Chest 1996;110:446–453.

30. Gee JB, Packer BS, Millen JE, Robin ED. Pulmonary mechanics
during pregnancy. J Clin Invest 1967;46:945–952.

31. Gluck JC, Gluck PA. The effect of pregnancy on the course of
asthma. Immunol Allergy Clin North Am 2006;26:63–80.

32. Lim AS, Stewart K, Abramson MJ, Ryan K, George J. Asthma
during pregnancy: the experiences, concerns and views of pregnant
women with asthma. J Asthma 2012;49:474–479.

DOI: 10.3109/02770903.2015.1080268 Pulmonary function changes in pregnancy 9

D
ow

nl
oa

de
d 

by
 [

U
ni

ve
rs

ity
 o

f 
L

iv
er

po
ol

] 
at

 1
2:

08
 0

1 
O

ct
ob

er
 2

01
5 


	A prospective cohort study of pulmonary function during pregnancy in women with and without asthma
	Introduction
	Methods
	Results
	Discussion
	Acknowledgements
	Declaration of interest
	References


