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Abstract

Objective—To determine if asthma control improves in patients who receive physician-

pharmacist collaborative management (PPCM) during visits to primary care medical offices.

Design—Prospective pre-post study of patients who received the intervention in primary care

offices for 9 months. The primary outcome was the sum of asthma-related emergency department

(ED) visits and hospitalizations at 9 months before, 9 months during, and 9 months following the

intervention. Events were analyzed using linear mixed effects regression. Secondary analysis was
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conducted for patients with uncontrolled asthma (Asthma Control Test [ACT]<20). Additional

secondary outcomes included the ACT, the Asthma Quality of Life Questionnaire by Marks

(AQLQ-M) scores, and medication changes.

Intervention—Pharmacists provided patients with an asthma self-management plan and

education and made pharmacotherapy recommendations to physicians when appropriate.

Results—Of 126 patients, the number of emergency department (ED) visits and/or

hospitalizations decreased 30% during the intervention (p=0.052) and then returned to pre-

enrollment levels after the intervention was discontinued (p=0.83). Secondary analysis of patients

with uncontrolled asthma at baseline (ACT<20), showed 37 ED visits and hospitalizations prior to

the intervention, 21 during the intervention, and 33 after the intervention was discontinued

(p=0.019). ACT and AQLQ-M scores improved during the intervention (ACT mean absolute

increase of 2.11, AQLQ-M mean absolute decrease of 4.86, p<0.0001 respectively) and sustained

a stable effect after discontinuation of the intervention. Inhaled corticosteroid use increased during

the intervention (p=0.024).

Conclusions—The PPCM care model reduced asthma-related ED visits and hospitalizations and

improved asthma control and quality of life. However, the primary outcome was not statistically

significant for all patients. There was a significant reduction in ED visits and hospitalizations

during the intervention for patients with uncontrolled asthma at baseline. Our findings support the

need for further studies to investigate asthma outcomes achievable with the PPCM model.
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Introduction

Over 25 million Americans have asthma, and the number of diagnoses increased nearly 15%

in the last decade.1 While deaths related to asthma have declined in recent years, it remains a

significant cause of morbidity with 479,300 hospitalizations and almost 2 million emergency

department (ED) visits in 2009.2 African Americans are at the highest risk for developing

asthma and are two to three times more likely to die from asthma than any other race or

ethnic group.2 Asthma exacerbations can be prevented by proper pharmacotherapy and

guideline adherence3, yet missing asthma action plans, suboptimal use of prescribed

medications, poor adherence, and insufficient patient education contribute to significant

gaps in care.4–6

Pharmacists can assist with asthma management.7 Most studies that evaluated a pharmacist

intervention for asthma were conducted in community pharmacies.4,6,7–21 In a large

randomized controlled trial evaluating pharmacist-assisted care for patients with asthma or

COPD in chain community pharmacies in Indiana, peak expiratory flow rates (PEFRs) were

greater in the intervention arm compared to usual care after one year.22 However, there was

no benefit when compared to patients who simply received a peak flow meter and

instructions on use. Additionally, there were more ED and hospital visits when compared to

usual care.22
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Physician-pharmacist collaborative management (PPCM) is a process in which pharmacists

work directly with primary care physicians in the medical office to optimize therapy. PPCM

has been especially beneficial for specific cardiovascular risks and is a key component of the

patient-centered medical home.23–25 However, few studies have examined PPCM for

asthma in a primary care medical office, and results have been mixed.26,27 In one study of

physician-pharmacist collaboration for asthma, significant reductions in ED visits were

found compared to two similar time periods prior to study initiation.27 The National Asthma

Education and Prevention Program’s (NAEPP) most recent Expert Panel Report 3 (EPR-3)

specifically mentioned pharmacists and recommended that they should “be considered; [as]

such programs are feasible, and they require further studies of effectiveness.3,7” In addition,

it is not known if the effects of a pharmacist intervention can be sustained after it is

discontinued.

The true benefit derived from PPCM for asthma is unknown, as many gaps in research

remain. The purpose of this study was to determine if patients who received PPCM within

primary care medical offices achieved improved asthma control.

Methods

This study was conducted in one arm of a three-arm randomized control trial, the

“Collaboration Among Pharmacist and Physicians to Improve Blood Pressure Now”

(CAPTION). CAPTION was an effectiveness trial with specific aims to examine blood

pressure (BP) control following implementation of PPCM. The background study design

and baseline data for hypertensive patients have previously been reported.8,28 CAPTION

was an effectiveness trial to determine if the intervention would be implemented in a large

number of diverse offices. CAPTION was a 5-year, prospective, cluster-randomized multi-

center clinical trial in 32 medical offices from 13 states. All offices employed pharmacists

with a Doctor of Pharmacy degree, 95% of whom had also completed post-doctoral

residencies or fellowships.29 Offices were stratified based on the structure of pharmacy

services and percent minority patients.8,30 Clinics were then randomized to one of three

groups: usual BP care, a 9-month BP intervention, or a 24-month BP intervention (Figure 1).

Clinics randomized to the usual BP care arm also enrolled an unrelated second group of

patients with a diagnosis of asthma and implemented a distracter PPCM asthma intervention.

The PPCM asthma intervention is the subject of the present study.

The primary outcome was the sum of asthma-related ED visits and hospitalizations in three

time periods: 9 months before (Pre-PPCM), 9 months during (PPCM), and 9 months

following the intervention (Post-PPCM). Secondary outcomes included the sum of asthma-

related ED visits and hospitalizations in patients with uncontrolled asthma at baseline,

Asthma Control Test (ACT) scores31, Asthma Quality of Life Questionnaire by Marks

(AQLQ-M) scores32, and asthma medication changes.

The ACT is a 5-question test that identifies asthma exacerbation and asthma-related

symptom frequency in the past month. Patients answer in a multiple choice fashion, with

five selections available for each question, leaving a total score of 0 to 25. A high score

(≥20) indicates “well-controlled” asthma.31 The AQLQ-M is a 20-item questionnaire that
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measures the impact of asthma on the lives of patients in the past month. AQLQ-M

measures physical, emotional, and social impact and health concerns related to asthma.32

Scores range from 0 to 60, and higher scores indicate a lower quality of life due to asthma.

Both instruments have been validated.31,32

Study Coordinator and Pharmacist Training

Two investigators (GM & BLC) designed the asthma training program for site personnel at

all CAPTION asthma sites. One trainer (GM) was a faculty member at the University of

Iowa Hospitals and Clinics Pediatric Allergy and Pulmonary Clinic. He had extensive

experience in implementing national asthma guidelines and strategies to promote proper

medication adherence, especially in pediatric patients. One-day asthma training sessions

were conducted at 4 regional locations (California, Texas, Florida, and Wisconsin). An

educational presentation based on the 2007 NAEPP EPR-33 was provided which focused on

making the appropriate diagnosis, choosing drug therapy, therapy implementation,

counseling, and monitoring of outcomes. The program focused on distinguishing

intermittent from persistent asthma, described the various therapeutic options based on the

pattern of disease, and illustrated the stepwise approach to care. Training included methods

of intensifying therapy, step-down therapy, or stopping therapy if indicated and were

completed by lead physicians, nurses, and pharmacists from each asthma intervention site.

Following the training sessions, attendees provided the same educational sessions for other

personnel in their offices in a “train-the-trainer” model.

Patient Recruitment

The study was approved by the Institutional Review Board (IRB) for each office. One nurse

or medical assistant employed in each office was trained to specifically recruit patients and

collect data in their offices (hereafter referred to as research nurses). A research nurse at

each of the 11 medical offices generated electronic lists of patients seen in the previous 24

months with a diagnosis of asthma (ICD9 code 493.x). The goal was to recruit 10–15

patients per office. Each patient list was de-identified and then randomized by the

CAPTION biostatistician (CC). To prevent selection bias, the biostatistician sent the

randomized patient list to research nurses to begin enrollment. Research Nurses screened

patient’s medical records, in order from the randomized list, for available inclusion and

exclusion criteria and mailed invitations to patients who appeared to qualify. The invitation

letter described the study and requested that patients return an enclosed response card by a

specified date. The letter also informed the patient that they would be called if the response

card was not returned by the specified date and included staff contact information should

they wish to call. In order to ensure adequate recruitment, the research nurse continued this

process until 10–15 patients per office had been enrolled.

Inclusion & Exclusion Criteria

Eligible patients were males or females 12 years of age or older with a diagnosis of

persistent asthma who were being managed by primary care physicians. Patients who had a

history of severe, life-threatening asthma evidenced by a history of loss of consciousness,

intensive care unit admissions or mechanical ventilation due to asthma were excluded.

Patients with severe asthma were excluded for safety reasons and also because they would

Gums et al. Page 4

Pharmacotherapy. Author manuscript; available in PMC 2015 October 01.

N
IH

-P
A

 A
uthor M

anuscript
N

IH
-P

A
 A

uthor M
anuscript

N
IH

-P
A

 A
uthor M

anuscript



be more likely to be managed by pulmonologists and not strictly by primary care providers.

Patients with a diagnosis of chronic obstructive pulmonary disease (COPD), previous

involvement in a pulmonologist or multidisciplinary asthma management clinic, self-

reported pregnancy, poor prognosis with a life expectancy estimated less than 2 years,

residence in a nursing home, or a diagnosis of dementia were also excluded from the study.

Asthma PPCM Model

The on-site pharmacist conducted a baseline interview upon receipt of the signed, written

informed consent form. The pharmacist and physician decided upon short-term and long-

term treatment goals. Drug therapy goals included proper maintenance and rescue asthma

medications, correct administration, high adherence, and strategies to reduce adverse event

rates. Pharmacists assessed asthma severity and control (via ACT scores), provided asthma

education (e.g. importance of “controller” medication adherence) and training in asthma

management skills such as self-monitoring education (e.g. symptoms and peak flow

measurement). Pharmacists wrote and supplied patients with an asthma action plan based on

the NAEPP EPR-33 guidelines for daily treatment and self-management of exacerbations or

symptomatic episodes. The pharmacist observed the patient’s inhaler technique and

provided instructions on proper technique if necessary. Next, the pharmacist assessed the

medication regimen and made recommendations to physicians regarding potential

improvement of the current regimen in accordance with the NAEPP EPR 3.3 This often

included initiation and/or titration of inhaled corticosteroids, modifications to how β-

agonists were used (e.g., pre-exercise for exercise induced asthma, rate and frequency of

use, etc.), and prescribing a spacer. The PPCM model did not require the use of a

collaborative drug therapy management (CDTM) protocol.

The 9-month asthma PPCM intervention suggested a visit frequency and activities including

structured face-to-face visits with the pharmacist at baseline and 1, 2, 4, 6, and 9 months.

Optional visits at 3, 5, 7, and 8 months and a telephone call at 2 weeks were available for

patients with continued poor asthma control. This visit frequency was designed to parallel a

similar frequency used in the hypertension intervention in the other arms of the CAPTION

trial. Because this was an effectiveness study, pharmacists were asked to use discretion for

patient management and were free to modify or reduce this frequency, especially if they felt

patients were well-controlled. We expected to see diversity in the visit frequency between

offices. The pharmacist assessed medication delivery technique, AQLQ-M scores, and ACT

scores at each visit. Medication therapy was reviewed, with special attention given to

frequency of β-agonist use and need for asthma maintenance medications (i.e. inhaled

corticosteroids). The pharmacist then reviewed goals, adjusted the asthma action plan as

needed, and presented recommendations to the physician. Physicians were free to accept or

reject any recommendation.

Data Collection

Research nurses collected the following data by patient-report at baseline, 9-month, and 18-

month visits (with the option of conducting the 18-month visit by telephone): demographics,

list of asthma medications, number of clinic visits, number of hospitalizations and/or ED

visits for asthma in the past 9 months, number of non-ED visits for asthma in past 9 months,
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number of courses of oral corticosteroids in past 9 months, and days of missed work or

school in past 9 months. For patients with chronic asthma medications, adherence was

assessed using self-report via a validated 6 question instrument.33 Patients were considered

“nonadherent” if they endorsed ≥ 2 of the 6 items, as previously validated. Research nurses

administered the ACT and the AQLQ-M at the same time points. All research data elements

were confirmed by medical record review (e.g., documentation of any hospitalizations, ED

visits, medication changes, adverse events, etc.). Because all CAPTION offices admitted

patients to their own local hospital and had access to these records, all data were complete

unless a patient was seen at another hospital that failed to provide discharge notes.

Formative evaluations with the study personnel indicated that such events were rare.

Analysis

The primary outcome was the combined number of asthma-related ED visits and

hospitalizations. Because the main CAPTION trial was powered based on hypertension

endpoints, a formal sample size and power calculation were not conducted. All analyses

were performed on the intention-to-treat data set, with the last observation carried forward

(LOCF). In order to assess the sensitivity of our conclusions on the chosen approach for

handing missing data, we also conducted a sensitivity analysis using only those patients with

observed data. The results and overall conclusions from both approaches were identical, thus

only the primary intention-to-treat results are reported. These events were analyzed using a

linear mixed effects regression model to compare total number of visits across the three time

periods: 9-months before (Pre-PPCM), 9-months during (PPCM), and 9-months after the

intervention (Post-PPCM). We used Restricted Maximum Likelihood (REML) methods to

account for the repeated measures across the three time periods.

Secondary analyses were performed on patients with uncontrolled asthma at baseline

(ACT<20) and on asthma medication regimens for all three time periods. Secondary

outcomes also included ACT scores and AQLQ-M results. Categorical outcomes, including

dichotomous ACT and medication adherence results, were compared across the three time

periods using a generalized linear mixed effect model with a logit link function and

continuous outcomes were compared using a linear mixed effect model.

Results

Research nurses enrolled 126 patients from the 11 medical offices in the asthma arm of

CAPTION. The recruitment and enrollment period spanned from March 2010 to October

2011. There were 33 patients (26%) who were prematurely terminated because of loss of

follow-up (n=17), withdrawal of consent (n=5), ineligibility (n=3), and changes in eligibility

status (n=8) (Figure 1). One study site was discontinued early due to poor patient

enrollments. Demographic characteristics are displayed in Table 1. Age ranged from 12 to

83 years (mean 39.7 years), and African Americans (n=50, 39.7%) and Hispanics (n=18,

14.3%) were well represented. A large number of patients had household income below

$25,000 per year (n=59, 46.8%) or had either Medicaid or self-pay as their pay source

(n=59, 46.8%). Patients saw the pharmacist an average of 2.52 times over the course of the

9-month intervention, with visit frequency ranging from 0 to 7 visits per patient. The most
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common encounter frequency was 2 (n=40; 31.8%) and ≥ 4 encounters (n=33 patients;

26.2%). Patients with uncontrolled asthma at baseline met with pharmacists an average of

2.81 times, versus controlled patients averaging 1.84 encounters. Baseline visits lasted 15–

90 minutes, with an average of approximately 60 minutes. Follow-up visits required

approximately 15 minutes based on formative evaluations with the pharmacists. At baseline,

100 patients were taking chronic asthma medications. Data were available for 76 patients at

9 months and 66 patients at 18 months. When using the LOCF for missing data, there was a

significant increase in the number of patients with high adherence when comparing baseline

(64%) to 9 months (75%, p=0.007) but not at 18 months (73%,p=0.067). When considering

only those patients with actual observed data at each visit, 64% had high adherence at

baseline, 80.3% had high adherence at 9 months (n=76, p=0.004) and 81.8% at 18 months

(n=66, p=0.03).

Primary Outcome

The number of ED visits and/or hospitalizations decreased 30% during the intervention

(p=0.052), but returned to pre-enrollment levels after the intervention was discontinued

(p=0.83) (Table 2).

Secondary Outcomes

Patients with Uncontrolled Asthma at Baseline (ACT<20)—Almost one-third

(n=38) of patients had controlled asthma at baseline (ACT ≥20), therefore an additional

intention-to-treat analysis was performed to examine only those patients who had

uncontrolled asthma at baseline (ACT<20). The number ED visits and/or hospitalizations

decreased 43.2% during the intervention (p=0.016) and then returned to near pre-enrollment

levels after the intervention was discontinued (p=0.64) (Table 3).

Asthma Control Test (ACT)—There was a significant increase (improvement) in mean

ACT scores after implementing the PPCM intervention (p<0.0001) (Table 2). When

compared to the 9 months prior to the intervention, ACT scores showed significant

improvement during both the 9-month period of the intervention (0–9 months mean absolute

increase of 2.11 [95% CI: 1.44, 2.78] p<0.001 compared to baseline) and the 9-month period

following discontinuation of the intervention (9–18 months mean absolute increase of 2.26

[95% CI: 1.42, 3.09] p<0.001 compared to baseline). No significant difference was found

between the intervention period compared to the post-intervention period (p=0.67)

suggesting there was a sustained effect of the intervention on asthma control.

The percentage of patients with controlled asthma, as measured by the ACT, also showed a

significant increase over time (p<0.0001) (Table 2). Asthma control rates increased from

30.2% at baseline to 50.8% at 9 months (p<0.0001), and 54% at 18 months (p<0.0001).

Asthma Quality of Life (AQLQ-M)—There was a significant improvement in the mean

asthma quality of life score after implementing the intervention (p<0.001) (Table 2).

Compared to the 9 months prior to initiation of the intervention, AQLQ-M scores

significantly improved during both the 9-month period of the intervention (0–9 months

mean absolute decrease [ie, improvement] of 4.86 [95% CI: 3.23, 6.48, p<0.0001 compared
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to baseline]) and the 9-month period following the intervention (9–18 months mean absolute

decrease of 5.22 [95% CI: 3.11, 7.33, p<0.0001 compared to baseline]).

Asthma Medication Regimens—Asthma medication regimens were evaluated during

all three time periods. Regimens that included inhaled corticosteroids prescriptions increased

from 90 to 105 during the intervention (p=0.0239) and were sustained after the intervention

(n=103). Use of leukotriene modifiers and short-acting beta agonists remained fairly

constant (Table 4).

Discussion

We observed a non-significant reduction in asthma-related ED visits and hospitalizations

during the 9-month pharmacist intervention. However, when only patients with uncontrolled

asthma at baseline was evaluated, there was a significant reduction in events (p=0.016). This

reduction in ED visits and hospitalizations shows the importance of targeting the

intervention for those with uncontrolled asthma. We also found significant improvements in

ACT and AQLQ-M scores in patients who received the PPCM intervention. Furthermore,

ACT and AQLQ-M scores sustained improvement following the discontinuation of the

intervention. Asthma control rates (ACT ≥ 20) increased to 54% by 18 months. To our

knowledge, this is the first study to show a sustained effect on ACT and AQLQ-M following

discontinuation of a pharmacist-led intervention. These findings are important because the

population consisted of a large number of patients from racial minority groups and those

with lower socioeconomic status who have been largely under-represented in previous

studies. This population increases our external validity.

Another study assessing a physician-pharmacist care model in asthma demonstrated

reductions in ED visits for patients who had been seen in the ED at least three times in the

past year before study enrollment.27 These findings could indicate that intensifying the

intervention for those who chronically seek additional care might minimize ED visits. Our

study randomly enrolled patients with asthma irrespective of the degree of asthma control at

baseline, and 30.2% were controlled (ACT ≥ 20) at baseline. These patients may be less

likely to benefit from the intervention (i.e., asthma education and pharmacotherapy

adjustments), and thus could explain the lack of statistical significance for ED visits and

hospitalizations. However, there was a significant reduction in these events when patients

with controlled asthma at baseline were removed from analysis. This finding suggests future

research should selectively target patients who suffer from uncontrolled asthma.

Patients met with their pharmacist an average 2.52 times over the course of the intervention

versus the 5 visits that were recommended. However, there were more visits for patients

with uncontrolled asthma. There was also a wide range of visit frequency (0–7 visits/patient)

at the medical offices. These differences were expected because this study was an

effectiveness trial in diverse medical offices with variable degrees of asthma control at

baseline. The study was designed to specifically allow pharmacists to use total discretion in

their visit frequency, especially if asthma became controlled early.
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ACT and AQLQ-M scores displayed sustained improvement even though ED visits and

hospitalizations increased in the post-intervention period. One explanation for this finding

may be that once the intervention was stopped, patients were alerted and increased their

care-seeking behavior. This theory is supported by a previous study of patients with asthma

and COPD, where an increase in breathing-related ED visits were noted in patients who

received a peak flow meter, and in those who received a peak flow meter and

pharmaceutical care, compared to usual care.25 The authors speculated that the patients

associated their PEFR values and symptoms, which led to more care-seeking. Another

possible explanation for the increase in ED visits when the intervention was discontinued

may be due to the patients’ inability to easily access the primary care provider. Pharmacists

served to increase access and time for patient care, with the ability to provide quick primary

care access and answer critical questions when sudden asthma exacerbations arose. Without

this access, patients may have sought care from the ED rather than thorough primary care.”

Self-reported adherence data demonstrated a significant improvement at 9 months and some

reduction in high adherence at 18 months (using LOCF), which supports the primary

outcome findings.

The present study also found a significant increase in inhaled corticosteroids during the

intervention (p=0.024) showing that more asthma regimens included chronic “controller”

medications. These changes may have positively impacted the reduction in ED visits and

hospitalizations. However, many other variables impact drug use and ED visits.

There were limitations to the present study. First, the study used a pre-post design and

lacked a control group. However, this study was unique because we evaluated patients after

the intervention was discontinued. Second, asthma-related ED visits and hospitalizations

were self-reported which could have influenced the findings. We confirmed self-reported

ED visits and hospitalizations by medical record audit, however some self-reported events

were unable to be verified. ACT questionnaires were also self-reported and completed

repeatedly by patients, which may increase bias. Third, the intervention was conducted for 9

months to be consistent with the BP intervention in the CAPTION trial. Asthma control may

have varied based on seasonal changes, which would be hard to identify without 12 month

data. Fourth, 26% of patients dropped out of the study which may be due to high asthma

control rates at baseline.

Conclusion

The PPCM care model reduced asthma-related ED visits and hospitalizations and improved

asthma control and quality of life. The primary outcome was not statistically significant.

However, there was a significant reduction in ED visits and hospitalizations during the

intervention for patients with uncontrolled asthma at baseline. Out findings support the use

of the PPCM models in treating asthma. Additional research is needed to investigate both

the effects on asthma outcomes achievable through the PPCM model and the cost-

effectiveness of the intervention when implemented in medical offices.
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Figure 1.
Design of the CAPTION trial: Asthma Arm
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Table 1

Demographic Characteristics

Variable Asthma group
(N=126)
N (%)

Gender

  Male 32 (25.4)

  Female 94 (74.6)

Race/Ethnicity

  Non-Hispanic Caucasian 53 (42.1)

  Minority 70 (55.6)

  Declined to answer/Missing 3 (2.4)

Education

  <= 12 Years 76 (60.3)

  > 12 Years 50 (39.7)

Marital Status

  Married 35 (27.8)

  Not married 91 (72.2)

Insurance Status

  Medicare/Medicaid 66 (52.4)

  Other 60 (47.6)

Annual Income

  < $25,000 59 (46.8)

  >= $25,000 66 (52.4)

  Missing 1 (0.8)

Smoking Status

  Current smoker 25 (19.8)

  Former smoker 30 (23.8)

  Never smoker 70 (55.6)

  Missing 1 (0.8)

Alcohol Intake

  No alcohol intake 81 (64.3)

  Any alcohol intake 43 (34.1)

  Missing 2 (1.6)

Duration of Asthma
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Variable Asthma group
(N=126)
N (%)

  <= 3 years 13 (10.3)

  > 3 – 10 years 25 (19.8)

  > 10 years 88 (69.8)

  Missing 0 (0.0)

Asthma Diagnosis

  Persistent 42 (33.3)

  Mild 50 (39.7)

  Moderate/severe 34 (27.0)

Age

  Mean (SD) 39.7 (17.8)

  Min.-Max. (12, 83)
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Table 4

Asthma Medications at each Time Period1

Medication Class Pre-PPCM
Intervention:

Baseline
(N=126)

PPCM
Intervention: 0–9

months
(N=126)

Post-PPCM
Intervention: 9–

18 months
(N=126)

Patients
N (%)

Patients
N (%)

Patients
N (%)

Inhaled Corticosteroids 90 (71.43%) 105 (83.33%)2 103 (81.75%)

Long Acting Beta 2 Bronchodilators 0 (0.00%) 0 (0.00%) 1 (0.79%)

Leukotriene Modifiers 34 (26.98%) 39 (30.95%)3 33 (26.19%)

Short Acting Beta Agonists 117 (92.86%) 116 (92.06%) 120 (95.24%)

Short-Acting Anticholinergics 4 (3.17%) 2 (1.59%) 3 (2.38%)

Long-Acting Anticholinergics 1 (0.79%) 1 (0.79%) 1 (0.79%)

Oral Corticosteroid 4 (3.17%) 1 (0.79%) 1 (0.79%)

1
Chi-squared tests were used to determine the p-values.

2
p=0.024

3
p=0.488
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