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Abstract

Background—Suboptimal asthma control during pregnancy may impact perinatal outcomes. US
guidelines recommend questionnaires to assess asthma control including the Asthma Control Test
(ACT).

Objective—To validate telephone administration of a modified version of the ACT during
pregnancy.

Methods—MotherToBaby Pregnancy Studies (2011-2013) enrolled 159 pregnant women with
asthma. Participants were interviewed by telephone at intake, at approximately gestational weeks
20 and 32, and postpartum. The ACT was modified to address dyspnea specifically due to asthma;
the modified version is the Pregnancy ACT (p-ACT). Women answered p-ACT and guideline-
based asthma impairment questions, and reported asthma course changes and exacerbations.
Possible p-ACT scores ranged from 5-25; higher score indicated better control. Reliability,
criterion validity, construct validity, prospective validity, and responsiveness were assessed.

Results—Cronbach’s alpha for internal consistency was similar across time points, 0.84-0.90. P-
ACT score varied by impairment; e.g., at intake, the mean score was 23.2 for well-controlled
versus 13.7 for very poorly controlled asthma. P-ACT score change between interviews differed
by asthma course; e.g., women reporting that their asthma was much better at week 20 than at
intake had a mean score increase of 4.7; women reporting that their asthma was a little worse had
a mean decrease of 1.3. Lower p-ACT score was associated with previous exacerbations, whereas
intake p-ACT was not associated with future exacerbations during pregnancy.
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Conclusions—The p-ACT demonstrated good internal consistency, varied in the expected
direction by impairment level, and was responsive to changes in asthma course. Telephone
administration of the p-ACT is reliable and valid for assessing asthma control during pregnancy.

Keywords
Asthma; Asthma Control Test; pregnancy; questionnaire; telephone-based; validation study

Introduction

In the United States (US), asthma affects approximately 9% of pregnant women.:2 Asthma
is associated with an increased risk for a number of adverse perinatal outcomes including
preeclampsia, antepartum hemorrhage, preterm birth, low birthweight, and small for
gestational age.3~" Risks for adverse outcomes are highest among women with poorly
controlled or more severe asthma.*> Effective management of asthma may reduce the risk
for pregnancy-related complications.>88 To optimize maternal and offspring health, the
treatment goal for pregnant women with asthma is to control manifestations of the disease.®
Close monitoring of asthma control is critical because asthma course may be variable during
pregnancy; asthma course improves in approximately one-third of women, whereas it
worsens in another third.1911 The National Asthma Education and Prevention Program
recommends using validated questionnaires to assess asthma control including the Asthma
Control Test (ACT).12

The ACT is a simple, patient-based questionnaire that measures asthma control and was first
described in the literature in 2004.13:14 It comprises five questions regarding frequency of
asthma symptoms, asthma impact on functioning, and rescue medication use during the past
four weeks.13 Scores range from 5 (poor control) to 25 (complete control).14 A score of 20
or higher reflects well-controlled asthma, whereas a score of 15 or less reflects asthma that
is very poorly controlled.1# Studies have demonstrated validity of the ACT against
specialists’ ratings of asthma control and other asthma control and symptom tools in patients
receiving specialist care, patients new to specialist care, and in a more general population of
asthma patients.13-1% The ACT was originally validated as a self-administered paper-and-
pencil questionnaire, and a subsequent study demonstrated comparability with telephone
interview administration.1® The ACT is one of two asthma control instruments designated as
a core measure for National Institutes of Health-initiated clinical research in adults.1’

The ACT may also be a valuable tool for the clinical management of pregnant women with
asthma and for use in observational and interventional studies of asthma during pregnancy.
However, there is a need for validation of the tool specifically in pregnant women. For
example, the ACT contains a question about dyspnea, which can occur during pregnancy
independent of asthma, potentially impacting the ACT score. A validation study of the ACT
in pregnant women with asthma was conducted recently in Brazil using the Portuguese
version of the ACT.18 This study demonstrated that the ACT, administered through in-
person interview to 40 pregnant women, discriminated between controlled and uncontrolled
asthma and was responsive to symptom improvements during pregnancy. However, it is
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critical to confirm the validity of the ACT for pregnant women in different and larger study
populations.

There is also a need to validate the ACT for telephone administration in pregnancy. A
telephone-based approach in the clinical setting may be desirable for monitoring asthma
during pregnancy while requiring fewer office visits. In the research setting, telephone
administration may be essential for feasibility of study data collection. The objective of the
current study was to validate telephone interview administration of a modified ACT, the
Pregnancy ACT (p-ACT®©, QualityMetric) for use during pregnancy.

Recruitment and Study participants

This validation study was part of the MotherToBaby Asthma Medications in Pregnancy
Study. This study used three methods to recruit participants residing in the U.S. or Canada
who spoke English or Spanish:

1. MotherToBaby is a service of the Organization of Teratology Information
Specialists (OTIS) that provides evidence-based information regarding medications
and other exposures during pregnancy and breastfeeding. Pregnant women with
self-reported asthma who called the toll-free MotherToBaby telephone service
before 20 weeks’ gestation were invited to particpate in the study.

2. Pregnant women with asthma were recruited through direct to health care provider
promotion.

3. Pregnant women with asthma were recriuted through direct to consumer awareness
activites on the internet.

Pregnant women who reported that they had asthma and agreed to participate in the study
before 20 weeks’ gestation were enrolled. Women did not receive incentives to participate in
this study. This study was approved by the University of California, San Diego Institutional
Review Board.

Data collection

Trained MotherToBaby interviewers collected data from participants through telephone calls
at up to four time points as illustrated in Figure 1 and described in detail below. The p-ACT
was translated into Spanish, and interviews were conducted in Spanish for the three
monolingual Spanish speakers who enrolled in the study. All other interviews were
conducted in English. Interviewers administered the p-ACT. The p-ACT contains the five
questions from the original ACT with a modification of question two. This question was
changed to “During the past 4 weeks, how often have you had shortness of breath due to
your asthma?” “Due to your asthma” was added to exclude symptoms of dyspnea caused by
pregnancy (Online Repository Figure 1). Additionally, interviewers administered questions
related to asthma impairment (Online Repository Figure 2) based on the National Asthma
Education and Prevention Program guidelines.12 Although we initially intended to include a
question on the frequency of rescue therapy use, this was inadvertently omitted from the
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guideline based questions. Participants were asked about changes in asthma course between
phone calls using the following question: Since your prior phone call, which of the
following describes the course of your asthma: “much better”, “a little better”, “stayed the
same”, “a little worse”, or “much worse”. Exacerbations were defined as self-report of any
overnight hospitalizations or emergency room visits, unscheduled physician visits, or oral

corticosteroid use because of asthma symptoms.

1. Intake telephone call. This call occurred near the time of study enrollment, i.e., at
any gestational week between the recognition of pregnancy and 20 completed
weeks’ gestation. The interviewers collected information regarding demographics,
comorbidities, and medication use during pregnancy, administered the p-ACT and
the guideline-based asthma impairment questions for the previous 4 weeks, and
asked participants if they had experienced any exacerbations since becoming
pregnant.

2. Week 20 telephone call. This call occurred during the second trimester at
approximately 20 weeks’ gestation. For women who enrolled at 16 weeks’
gestation and beyond, the call occured approximately 4 weeks after enrollment.
With the exception of four women, the call was omitted for those who enrolled
after 18 week’s gestation. During this call, interviewers collected information
regarding medication use, administered the p-ACT and the guideline-based
impairment questions for the previous 4 weeks, and asked participants if they had
experienced a change in asthma course or an exacerbation since the previous call.

3. Week 32 telephone call. This call occurred during the third trimester at
approximately 32 weeks’ gestation and followed the same format as the 20 week
call.

4. Post-partum telephone call. This call occurred after the pregnancy ended. The
interviewers collected information on medication use, administered the p-ACT for
the last 4 weeks of pregnancy and asked participants if they experienced any
exacerbations between the previous call and delivery.

Statistical analysis

First, we used Crohnbach’s alpha to test for internal consistency reliability of the five p-
ACT items. Good internal consistency was defined as an alpha of 0.8 to 0.9.19 Second, we
evaluated criterion validity by comparing mean p-ACT scores at intake, week 20, and week
32 with guideline-based impairment categories of “well-controlled”, “not well-controlled,”
and “very poorly controlled” at the same time points using one-way ANOVA.12 Third, we
evaluated responsiveness of the p-ACT by comparing the mean p-ACT score change
between two calls (i.e., between intake and week 20 and between week 20 and week 32
calls) across the 5 categories of self-reported asthma change status between the same two
calls using one-way analysis of variance (ANOVA). Fourth, we evaluated construct validity
by comparing mean p-ACT scores according to previous exacerbations (yes versus no) since
the beginning of pregnancy for the intake call, since the previous call for week 20 and week
32, or between the previous call and the end of pregnancy for post-partum calls using two
sample t-tests. Finally, we investigated predictive validity in two ways. We compared mean
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p-ACT scores between those who reported subsequent exacerbations before the next call or
before the end of pregnancy for the week 32 call versus those who did not. Excluding those
missing the postpartum call, we compared the mean p-ACT score at intake between those
who had subsequent exacerbations during pregnancy versus those who did not using two-
sample t-tests. P-values less than 0.05 were considered to be statistically significant. As a
sensitivity analysis for potential violations of normality, we substituted non-parametric tests
for the parametric tests used in the primary analysis (i.e., Wilcoxon-Mann-Whitney tests
instead of t-tests and Kruskal-Wallis tests instead of ANOVAS).

Results

Maternal and pregnancy characteristics

Between July 2011 and June 2013, a total of 159 women with asthma residing in the U.S. or
Canada were enrolled in the study at a mean of 12.4 weeks’ gestation. One study participant
who met the gestational age requirement at the time of enroliment later received a revised
estimate of gestational age at enrollment of 20.4 weeks. The average maternal age was 31.5
years old. Most cohort members were Non-Hispanic White (83.7%) and had relatively high
socioeconomic status (Table 1). Short-acting Beta2-agonists (75.5%) and inhaled
corticosteroids (56.6%) were the most commonly used asthma medications during
pregnancy in this cohort. Approximately 15% of the women used an oral corticosteroid at
least once during pregnancy. The mean p-ACT score at intake was 20.4. In terms of
pregnancy outcomes, 87.4% had live births, 4.4% had stillbirths or spontaneous abortions,
and 8.2% were lost to follow-up. Among the 145 (91.2%) pregnancies with known
gestational age at pregnancy outcome, the average gestational age at outcome was 38.2
weeks.

Interview completion and timing

There were 135 (84.9%) women who completed at least three interviews. Fourteen (8.8%)
women completed the intake interview only; of these women, 8 were lost to follow up, 4 had
stillbirths or spontaneous abortions, and 2 had live births. There were 22 (13.8%) women
who were missing the postpartum interview; 13 of these women were lost to follow up, 5
women had stillbirths or spontaneous abortions, and 4 women had live births. Table 2 lists
the proportion of women completing all components of each interview and the average
timing of their interviews. For example, 86.2% of participants completed the postpartum
interview, which occurred on average 5.2 weeks after delivery.

Internal consistency reliability

Cronbach’s alpha for internal consistency was similar across time points. It ranged from
0.84-0.90 (Table 2), which indicates good internal consistency reliability.

Criterion validity

P-ACT score varied by self-reported level of asthma impairment. For example, at the intake
call, the mean score was 23.2 for well controlled asthma, 19.7 for not well controlled
asthma, and 13.7 for very poorly controlled asthma (Table 3). The pattern of decreasing p-
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ACT scores with increasing impairment was observed at the week 20 and 32 calls, although
there were only 4 women classified in the very poorly controlled group at week 32.

Responsiveness

The p-ACT score change between interviews differed by asthma course change (Table 4).
Women reporting that their asthma was much better at week 20 than at intake had a mean
score increase of 4.7, whereas women reporting that their asthma was a little worse had
mean decrease of 1.3. Similarly, women reporting that their asthma symptoms were much
better at week 32 than week 20 had a mean score increase of 3.6, whereas women reporting
that their asthma was a little worse had a mean score decrease of 3.0. There were only 4
women in both comparisons who reported that their asthma was much worse.

Construct validity

At the intake call, mean p-ACT scores were lower among women with an exacerbation
earlier in pregnancy compared with women who did not have an exacerbation earlier in
pregnancy (15.2 versus 21.1; Table 5). For the other calls, mean p-ACT scores were also
lower among women who had exacerbations since the previous asthma assessment, although
the comparison was not statistically significant at the week 32 and postpartum calls.

Predictive validity

The p-ACT score was not a strong predictor of subsequent exacerbations. There was no
evidence of an association between p-ACT score at the intake phone call and having an
exacerbation before the week 20 phone call (Table 6). Mean p-ACT scores at the week 20
and 32 calls were not significantly lower among women who had an exacerbation before the
subsequent asthma assessment, or before the end of pregnancy, respectively, compared with
those who did. Furthermore, p-ACT score at intake was not predictive of having any future
exacerbations during pregnancy; intake p-ACT score was 19.1 for women with future
exacerbations compared with 20.8 for women without future exacerbations (p=0.16).

Sensitivity analysis

Wilcoxon-Mann-Whitney tests comparing median p-ACT scores according to previous
exacerbations at the week 32 and postpartum calls were statistically significant. All other
non-parametric tests yielded the same conclusions regarding statistical significance as the
parametric tests.

Discussion

In this cohort of pregnant women with well-controlled asthma on average, the p-ACT
administered via telephone interview demonstrated good internal consistency, varied by
impairment level, and was responsive to changes in asthma course at multiple time points
during pregnancy. P-ACT score was associated with previous exacerbations, but p-ACT
score was not predictive of future exacerbations. This study suggests that telephone
administration of the p-ACT is reliable and valid for assessing asthma control during
pregnancy.
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The internal consistency reliability was similar to or higher than previous reports that used
paper-and-pencil and telephone administration methods from non-pregnant
populations.13:14.16.20 That p-ACT score from multiple time points during pregnancy varied
by self-reported guideline-based impairment level from well to very poorly controlled
asthma is supportive of criterion validity. This finding is consistent with previous studies of
the ACT among men and women that utilized asthma specialists’ ratings to classify
impairment level.13.14 In the current study, the p-ACT was a responsive measure in the
appropriate direction of change in status at each time point. Previous studies also described
that ACT scores were responsive to changes in asthma course, although the report from
pregnant women was based on only 10 individuals.1418 Furthermore, the current study
provided some evidence supporting construct validity of the p-ACT as lower p-ACT scores
were associated with previous exacerbations at most of the assessments. The predictive
validity of the p-ACT for exacerbations before the subsequent interview was poor,
regardless of the time window examined. A previous study of men and women demonstrated
that ACT categories were predictive of emergency hospital care, oral corticosteroid
dispensings, and beta-agonist dispensings in the 12 months following ACT assessment.20
Limited predictive ability of the p-ACT in this study may be due to the low number of
exacerbations in any one time window, the relatively short follow-up time frame compared
with the previous study,20 and the high proportion of women in the study who had well-
controlled asthma. We did not compare telephone interview administration of the p-ACT
with paper-and-pencil administration of the test. However, telephone interview
administration of the ACT is comparable with the paper-and-pencil format administration.16

This study has some limitations to consider. First, this study compared the p-ACT with
patient-reported impairment level. Consequently, errors in the p-ACT may not be
independent of errors in self-reported asthma status. A more objective standard would be
valuable, such as spirometry and specialist’s rating of asthma control. In the previous ACT
validation study conducted in pregnant women, asthma control level was assessed using
spirometry and clinical evaluation by an obstetrician trained to manage pregnant women
with asthma.1® Second, asthma assessment information was missing for phone calls after the
intake in 14%-20% of participants. The p-ACT would appear to be a more or less effective
tool if the p-ACT was more or less associated with impairment level, changes in asthma
course, previous exacerbations, or future exacerbations among women with missing
information than women who had information available. For example, if women with very
poorly controlled asthma at week 20 did not participate in the week 32 assessment because
of an asthma exacerbation, the evidence supporting predictive validity for week 32 would be
weakened by this missing information. Third, the intake call occurred on average during
gestational week 12 and may only approximate asthma control measures early in pregnancy.
It is possible that some women’s asthma control may have worsened or improved during
pregnancy by the time of the intake call, and an earlier measure of asthma control may be a
stronger or weaker predictor of exacerbations. Fourth, we did not compare the p-ACT with
the original ACT to determine whether adding “due to your asthma” in question two resulted
in different scores. Finally, the cohort was primarily comprised of women who were white
and had older maternal age, high socio-economic status, and relatively well-controlled
asthma. Among low-income women, asthma morbidity during pregnancy has been reported
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to be higher in black women than in white women.2! The results may have less
generalizability if the p-ACT performs differently among pregnant women with less well-
controlled asthma, in non-white women, or in women of lower socioeconomic status.

This was the largest validation study to date of the ACT among pregnant women, and it was
the first conducted in English and Spanish and administered over the telephone. A major
strength of the study was that p-ACT was measured at multiple time points during
pregnancy so that women did not have to recall their symptoms months after delivery, and
conclusions regarding the tool’s validity apply across the entire pregnancy. Additionally,
interview completion was high; approximately 5 out of 6 women who enrolled in the study
completed at least 3 interviews. On average, interviews were conducted at the pre-specified
time points. Furthermore, women included in this study were from a broad geographic area
as opposed to a single clinic.

Building on the previous study from Brazil, these data suggest that telephone administration
of the p-ACT is reliable and valid for assessing asthma control during pregnancy.18
Telephone interview administration of the p-ACT to pregnant women performed well in
terms of reliability, criterion validity, responsiveness, and construct validity as related to
past exacerbations. It was not a strong predictor of future exacerbations in the following
weeks, which may be due to the short time frame and relatively low-risk composition in this
cohort. The inability to confirm predictive validity for exacerbations does not substantially
reduce the importance of the demonstrated reliability and validity of the p-ACT as a
measure of asthma impairment during pregnancy. Similarly, the initial validation studies of
the ACT did not evaluate this type of predictive validity.1314 A larger study is needed to
demonstrate the predictive validity of the p-ACT, and p-ACT score measured even earlier in
pregnancy should be investigated as a potential clinical assessment tool for predicting
exacerbations during pregnancy. Furthermore, future p-ACT validation studies should be
conducted among women with lower socio-economic status and greater racial/ethnic
diversity. Finally, future studies should evaluate whether using the p-ACT improves asthma
control during pregnancy by signaling inadequately controlled asthma that requires
additional interventions.
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Highlights box
1. What is already known about this topic?

e The Asthma Control Test (ACT) is a patient-based validated tool for the
assessment of asthma control.

2. What does this article add to our knowledge?

e Telephone interview administration of the Pregnancy ACT (p-ACT) is a valid
tool for assessing asthma control throughout pregnancy.

3. How does this study impact current management guidelines?

e This study suggests that telephone interview administration of the p-ACT may
be clinically useful for tracking asthma control during pregnancy.
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Figure 1.

[llustration of data collection time points.
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Table 1

Characteristics

All Women (N=159)

Gestational Week at Enrollment, mean (standard deviation) 12.4 (4.3)
Age, mean (standard deviation) 31.5(5.4)
Race/Ethnicity, n (%)
Non-Hispanic White 133 (83.7)
Hispanic 14 (8.8)
Asian 7(4.4)
Non-Hispanic Black 5@.1)
Socioeconomic Status™, n (%)
1 58 (36.5)
2 60 (37.7)
3 25 (15.7)
4 6 (3.8)
5 9(5.7)
Missing 1(0.6)
Nulliparous, n (%) 92 (57.9)
Multifetal gestation, n (%)
Singleton 154 (96.9)
Twin 5(3.1)
Body Mass Index, n (%)
<25 84 (52.8)
25-29.9 47 (29.6)
>30 28 (17.6)
Any Smoking During Pregnancy, n (%) 11 (6.9)
Asthma Medication Use During Pr1agnanchr n (%)
None Observed 24 (15.1)
Short-Acting Beta-Agonists 120 (75.5)
Inhaled Corticosteroids 88 (55.4)
Long-Acting Beta-Agonists 56 (35.2)
Leukotriene Receptor Antagonists 26 (16.4)
Oral Corticosteroids 24 (15.1)
Short or Long Acting Anticholinergics 4 (2.5)
Inhaled Asthma Medication Not Otherwise Specified 3(1.9)
Intake Pregnancy Asthma Control Test Score, mean (standard deviation) 20.4 (4.3)
Pregnancy outcome
Live birth 139 (87.4)
Stillbirth or spontaneous abortion 7(4.4)
Lost to follow up 13(8.2)
Gestational age at outcome
Mean (standard deviation) 38.2 (5.4)
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Characteristics All Women (N=159)
Missing, n (%) 14 (8.8)

*
Calculated using Hollingshead categories based on maternal and paternal education and occupation; 1, highest; 5, lowest.

TWomen may be classified in multiple exposure groups due to the use of combination products and the use of multiple medications during
pregnancy.
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Mean Pregnancy Asthma Control Test score change by asthma course change between two calls.

Table 4

Intake and 20 Weeks’

Gestation, N=124

Change in Asthma Status

20 and 32 Weeks’
Gestation, N=103

Between Two Calls Mean p-ACT Mean p-ACT

n Score Change N Score ChangeJr
(SD) (SD)

Much Better 21 4.7 (4.4) 25 3.6 (3.6)

A Little Better 20 1.4 (4.6) 6 0.8 (1.6)

Stayed the Same 50 0.8(3.3) 45 0.4 (2.3)

A Little Worse 29 -1.3(3.8) 23 -3.0 (4.0)

Much Worse 4 -73(4.1) 4 -0.3(3.6)

ANOVA p-values < 0.01 for both time frames.

Abbreviation: SD, standard deviation.

*
P-ACT Score at intake call subtracted from p-ACT Score at week 20 call.

TP—ACT Score at week 20 call subtracted from p-ACT Score at week 32 call.
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