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Background: As part of recertification, the American
Board of Internal Medicine requires its diplomats to com-
plete at least 1 practice improvement module (PIM). We
assessed whether completing an asthma-specific PIM re-
sulted in improved patient outcomes.

Methods: Practices were the unit of randomization in
this cluster randomized trial. Physicians in the interven-
tion group were asked to complete the PIM through its
planning phase. The primary outcome was the dispens-
ing of an inhaled corticosteroid (ICS) after a postinter-
vention visit for asthma. Secondary outcomes included
patient reported processes of care, asthma-related heath
care use, and asthma severity. Analyses were adjusted for
baseline rates at the cluster-level as well as for indi-
vidual sociodemographic characteristics.

Results: Eight practices (19 internists) were random-
ized to the intervention group and 8 practices (21 inter-
nists) to the control group. For the primary outcome, ICS
fill rates, patients seen by intervention group physicians
were not more likely to fill an ICS prescription in the post-

intervention period than patients seen by control group
physicians (adjusted odd ratio [AOR], 1.00; 95% confi-
dence interval [CI], 0.64-1.56). Patients seen for asthma
by intervention group physicians were less likely to re-
ceive a written action plan than patients seen by control
group physicians (AOR, 0.67; 95% CI, 0.48-0.93); how-
ever, they were more likely to discuss potential asthma
triggers (AOR, 1.62; 95% CI, 1.08-2.42) and had lower
self-reported asthma severity measures (unadjusted
P=.03). Per-protocol analysis supported the latter 2 as-
sociations.

Conclusion: A PIM designed to improve asthma care did
not improve filling of ICS prescriptions but may have less-
ened asthma severity through an increased discussion of
asthma triggers.

Trial Registration: clinicaltrials.gov Identifier:
NCT00115284
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I N 1995, THE AMERICAN BOARD OF

Internal Medicine (ABIM) ad hoc
Committee on Assessment of
Practice Performance recom-
mended that the ABIM assess

practice performance in addition to as-
sessing knowledge in its maintenance of
certification program.1,2 These recommen-
dations were developed in the setting of a
national movement to measure and moni-
tor quality3 and with the hope that phy-
sician participation would be more likely
to effect practice change.4 Initially, main-
tenance of certification included the op-
tion of completing a practice improve-
ment module (PIM); however, in January
2006, this became a recertification require-
ment for all internists with time-limited
certification.5 Modules have been devel-
oped for a number of conditions, includ-
ing asthma, diabetes, and hypertension.

The overall design of each PIM was based
on the chronic care model6 and idealized de-
sign of the clinical office practice.7 Each PIM
is intended to improve care by having phy-
sicians adopt quality improvement in their
practice, in part through increased aware-
ness of the office microsystem.8,9 In com-
pleting a PIM, physicians evaluate their (and
their practice’s) management of a specific
disease condition; they develop and imple-
ment a plan to improve care for that con-
dition; and they measure the impact of the
implemented plan on subsequent care.
However, despite the current requirement
that recertifying internists complete a PIM,
it is not currently known whether these
modules result in objective improvement in
disease outcomes. We chose a cluster-
randomized study design to determine
whether an asthma PIM improved disease-
specific outcomes.
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METHODS

STUDY SETTING AND POPULATION

The trial was performed at a large vertically integrated health
care system in southeastern Michigan. All participating pro-
viders were practicing, board-certified internists and mem-
bers of a large multispecialty medical group. Written consent
was required of all participating physicians. The study was ap-
proved by the health system’s institutional review board and
was compliant with its Health Insurance Portability and Ac-
countability Act policy.

RANDOMIZATION

This study was designed in accordance with the recommen-
dations of the Consolidated Standards of Reporting Trials for
cluster randomized trials.10 Practicing, board-certified gen-
eral internists were recruited at the multiple practice sites
(ie, clinics) throughout the health system. In the consent
process, physicians were notified that if they were random-
ized to the intervention group they would be asked to com-
plete an asthma PIM. The recruitment goal was 40 internists
(20 internists per study arm), although the number of con-
senting physicians and their practice location determined
the number and size of the practice clusters. As PIMs were
designed to improve the disease-specific performance at
both the physician level and the practice level, participating
internists were grouped according to practice, and the prac-
tices were randomized such that all participating physicians
at a given practice site were randomized to either the inter-
vention arm or the control arm. Likewise, participating phy-
sicians within a practice who were randomized to the inter-
vention group could work together to develop a practice
improvement plan for their practice. Outcomes were
assessed in patients seen for asthma by both intervention
and control group physicians and accounted for higher-level
clustering by physician and practice. Neither physicians nor
researchers were informed of their intervention assignment
until after randomization.

To ensure comparable patient populations in each study arm,
practice randomization was stratified by rate of use of asthma
controller medications (ie, greater than and less than 70% of
asthmatic patients who were using a controller medication)11

and practice location (ie, urban vs suburban). Patients with
asthma who received their care from enrolled providers were
notified by mail of their physician’s participation in the study;
however, patients were not aware of their physician’s group as-
signment.

INTERVENTION

There were 2 phases of the asthma PIM: a data collection phase
(ie, physicians collected a minimum of 10 patient surveys, per-
formed at least 10 chart reviews, and completed 1 practice re-
view) and an improvement plan phase (ie, physicians re-
viewed the results of the data collection phase, selected practice
processes to improve, submitted the plan to the ABIM, imple-
mented the plan in their practice, and measured the impact of
the plan). We requested that participating physicians in the in-
tervention group complete the PIM through plan implemen-
tation. All participating physicians in the intervention group
received the asthma PIM contemporaneously and were ini-
tially allowed 45 days to complete the PIM; this period was ex-
tended to 90 days when it was clear that additional time was
required. Control group physicians continued to provide their
usual care and did not complete an asthma PIM. After this 90-

day period, we began assessing the differences between the pa-
tients who were seen by intervention group physicians and the
patients who were seen by control group physicians.

OUTCOME MEASURES

The primary outcome of this study was the likelihood of fill-
ing 1 or more inhaled corticosteroid (ICS) prescriptions after
a visit for asthma. Secondary patient-level outcomes included
the likelihood of each of the following after a physician visit
for asthma: (1) filling the prescription for 1 or more short-
acting �-agonist canisters; (2) filling the prescription for 1 or
more oral corticosteroid medications; (3) reporting a prior pre-
scription of an asthma controller medication (defined as an “in-
haler or pill that is not used for quick relief, but instead is used
to control asthma”); (4) receiving a written action plan for
asthma exacerbations; (5) receiving instruction on the use of a
peak flow meter; (6) reporting instructions regarding proper
inhaler technique; (7) having a discussion regarding asthma
triggers; (8) experiencing nocturnal asthma symptoms in the
4 weeks before the survey; (9) using a rescue inhaler regularly
in the 4 weeks before the survey; and (10) being instructed to
quit smoking (among current smokers with asthma). Addi-
tional secondary outcomes that were examined but not pre-
specified included the likelihood of asthma-related hospital-
ization in the 3 months after the asthma visit; the likelihood of
an asthma-related emergency department visit in the 3 months
after the asthma visit; measures of asthma severity and con-
trol; and both the Physical Functioning Scale and the General
Health Scale from the 36-Item Short-Form Health Survey (SF-
36).12 These latter 2 dimensions of the SF-36 were used be-
cause they were the most strongly correlated with asthma se-
verity in a previous study.13

DATA SOURCES

Patient-level data regarding sociodemographics, processes of
care, medication dispensings, asthma control and symptoms,
and perception of general health were assessed by both pa-
tient surveys and electronic claims data. Because this study was
a cluster-randomized trial, with practice as the unit of random-
ization, we assessed both utilization data and survey data on
600 patients with asthma who were seen at these practices to
adjust postintervention study results. This double cross-
sectional approach for cluster-randomized studies has been de-
scribed in detail elsewhere.14 The survey assessed process in-
dicators consistent with the primary and secondary outcomes,
as well as asthma control, asthma severity, and general health,
using validated instruments from the Asthma Control Test,15

the Asthma Symptom Utility Index,16 and the SF-36, respec-
tively. A total of 358 of 600 patients (60%) responded to the
baseline survey; 14 of 358 respondents (4%) reported that they
did not have a diagnosis of asthma. Baseline rates of medica-
tion dispensing were assessed using electronic claims data. These
data were used to identify the proportion of patients with a pre-
scription fill in the 3 months after their last asthma-related visit
to a study physician in the preintervention period.

To assess study outcomes, the same survey was administered
to all patients seen by intervention and control group physicians
for an asthma-related visit (N=741) (ie, primary or secondary di-
agnosis coded as International Classification of Diseases, Ninth Re-
vision, 493.xx) in the 6 months after the intervention (ie, the post-
intervention period). Some patients from the preintervention
cohort may have been included in the postintervention cohort
owing to the double cross-sectional design of the trial. Of the 741
postintervention surveys that were mailed, 496 (67%) were re-
turned; 49 of the 496 respondents (10%) reported that they did
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not have a diagnosis of asthma. Electronic claims data were used
toidentifytheproportionofpatientswithanICSfill inthe3months
after their firstasthma-relatedvisit toastudyphysician inthepost-
interventionperiod.Informationonpatientage,sex,race,andmari-
tal status was also available from electronic data. Race/ethnicity
categories were entered at the time of registration into the health
system; usually this information was self-identified but, on occa-
sion, couldhavebeenassignedbyhealthcarepersonnel.Weused
diagnosis and procedural codes to calculate an adaptation of the
CharlsonComorbidity Index, anestimateof concomitantcomor-
bidity.17 To estimate median household income and other socio-
economicstatusvariables,weusedacommerciallyavailablepack-
age (Mapping Solutions LLC, Lansing, Michigan). The compo-
nents included MapInfo Professional and MapMarker (MapInfo
Corp,Troy,NewYork),bundledwithAllocate/Solocast(SRCLLC,
Orange,California).MapMarkergeocodingsoftwareassignedlon-
gitude and latitude coordinates to the address record, which was
then mapped to the census block using MapInfo Professional.
Allocate/Solocast are data retrieval and reporting engines, which
then linked census-block level demographic information to the
mapped address. An individuals’ household income was taken as
the median household income for their census block using year
2000 data from the US Census Bureau.

STATISTICAL ANALYSIS

Analyses were specific to the cluster-randomized design and
accounted for correlation of outcome measures within prac-

tice clusters.14 This study had 80% power to detect an 18% dif-
ference in ICS/controller use (50% vs 68%) between treat-
ment arms, assuming an intraclass correlation coefficient of 0.05
for patients seen in the same practice. Differences in the so-
ciodemographic characteristics of patients seen for asthma in
the preintervention and postintervention periods in the 2 study
arms were compared using generalized estimating equation
(GEE) logistic regression for categorical variables and GEE lin-
ear regression for continuous variables. The clusters for the GEE
analyses were defined by physicians nested within practice lo-
cations. Differences in the primary and secondary outcomes be-
tween study arms were fit first with a univariable model and
then with a multivariable model using logistical regression to
estimate adjusted odds ratios (AORs) and 95% confidence in-
tervals (CIs). Multivariable models were adjusted for baseline
asthma severity and stratifying variables in practice clusters,
baseline rates for the outcomes of interest in practice clusters,
and individual sociodemographic characteristics, including age,
sex, race, and median household income. We selected these in-
dividual characteristics to include in the models based on their
prior association with asthma outcomes.18-20 Differences in
asthma control, asthma severity, physical functioning, and gen-
eral health were assessed using linear regression. Because many
physicians in the intervention arm did not complete the PIM
as directed, we repeated our analyses comparing patients who
were seen by the 5 intervention physicians who completed the
intervention as directed (ie, per-protocol analysis) with pa-
tients who were seen by control group physicians. P� .05 was
considered statistically significant. Data were analyzed using a
commercially available software package.21

RESULTS

Eight practices, consisting of 19 participating physi-
cians, were randomized to the intervention arm, and 8
practices, consisting of 21 physicians, were randomized
to the control arm (Figure). No differences in age, sex,
length of board certification, or location of practice (ie,
urban or suburban) were found between intervention arm
and control arm physicians (data not shown). Of the 19
physicians in the intervention group, only 5 (26%) com-
pleted the PIM through submitting the practice improve-
ment plan (Table 1). Of the remaining 14 physicians,
10 initiated some portion of the PIM; 4 physicians (21%)
in the intervention group did not submit any material.

Baseline differences between patients seen by inter-
vention and control group physicians are shown in
Table 2. No statistically significant differences were ob-
served in the baseline variables that were used to adjust
the postintervention results. Postintervention differ-
ences in the sociodemographic composition of patients
seen by physicians in both study groups are shown in
Table 3. There was no statistically significant differ-
ence in the sociodemographic characteristics between pa-
tients seen by intervention group and control group phy-
sicians (P values not shown).

Table 4 presents the intention-to-treat analysis com-
paring the odds of study outcomes between treatment arms.
For the primary outcome, ie, ICS use, patients seen by in-
tervention group physicians were not more likely than pa-
tients seen by control group physicians to have a fill of an
ICS in the 3 months after the visit for asthma in the post-
intervention period (AOR, 1.00; 95% CI, 0.64-1.56). Pa-
tients of physicians in the intervention group were less likely

104 Eligible internists

Practices randomized

40 Internists consenting to participate
(17 Practices)

9 Practices randomized to the 
intervention group 
(19 Internists)

0 Practices unavailable for follow-up
(5 internists from 4 clinics 
completed the full intervention
[Table 1])

342 Eligible patients for analysis
(16 ± 12 Patients per internist)
(39 ± 25 Patients per practice)
 
 

242 Patients responded to 
postintervention survey
(11 ± 9 Patients per internist)
(27 ± 19 Patients per practice)
 
 

85
Per-protocol analysis

Patients seen for asthma by the 5 intervention
physicians who completed the full intervention 
were compared with the 254 patients seen for
asthma by the physicians in the control group
 

399 Eligible patients for analysis
(22 ± 17 Patients per internist)
(50 ± 47 Patients per practice)
 

0 Practices unavailable for follow-up

8 Practices randomized to the 
control group (21 Internists)

104 Internists invited to participate
(20 Practices)

254 Patients responded to 
postintervention survey
(14 ± 12 Patients per internist)
(32 ± 34 Patients per practice)
 
 

Figure. Flow of practice clusters, participating internists, and patients in the
practice improvement module intervention trial. Eligible patients for
assessing outcomes were those who were seen for asthma in the
postintervention period by participating internists. Values for eligible patients
and responders are expressed as mean±SD.
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to report discussing a written action plan for asthma ex-
acerbations (36% vs 46%; AOR, 0.67; 95% CI, 0.48-0.93)
but more likely than patients of physicians in the control
group to discuss possible asthma triggers with their phy-
sician (77% vs 70%; AOR, 1.62; 95% CI, 1.08-2.42). In the
unadjusted analysis, patient-reported asthma severity (ie,
Asthma Symptom Utility Index score) was significantly
lower in patients seen by physicians in the intervention
group (P=.03) but was of borderline significance after ad-
justment (P=.09) (Table 5).

Because many physicians in the intervention arm did
not complete the PIM as directed, we compared post-
intervention study outcomes between patients who were
seen by the 5 intervention physicians who completed the
intervention as requested and all patients who were seen
by control group physicians (ie, per-protocol analysis).
Patients who were seen by intervention physicians were
more likely to report discussing potential asthma trig-
gers with their physician (AOR, 1.55; 95% CI=1.01-
2.37) (Table 6). Also, patients who were seen by phy-
sicians in the intervention group had a lower index of
asthma severity and a better index of disease control af-
ter intervention (P� .001 and P=.01, respectively) than
patients who were seen by control group physicians
(Table 7).

COMMENT

In this study, we did not observe an improvement in our
primary outcome measure: filling of ICS prescriptions.
However, we did observe an improvement in patient self-
reported asthma severity in patients who were seen by
intervention group physicians compared with patients
who were seen by control group physicians. Although
asthma severity was an a priori outcome at the time of
data collection (and all measured outcomes are shown),
it was not prespecified at the time of study registration,
nor was it the primary outcome. These findings, albeit
speculative, provide the first evidence that recent recer-
tification requirements implemented by the ABIM may
improve relevant disease outcomes.

If traditional, didactic continuing medical education
may be of limited utility in improving physician behav-
ior or health outcomes, practice-based interventions may
be more effective.22-24 In 1 study, physicians were asked
to record those learning activities that prompted prac-
tice changes.25 Investigators found that learning by re-
viewing the treatment of 1 or more patients was 37% more
likely than medical literature review to result in a change
in practice. In light of the recent evidence suggesting that
physicians do not accurately self-assess their perfor-
mance,26 structured feedback, as occurs with the PIM,
may provide a stronger impetus for behavioral change.27

In a meta-analysis of interventions used in disease man-
agement, provider feedback appeared effective in im-
proving adherence to guidelines but resulted in modest
improvements in disease control.28

In this study, the exact process through which the PIM
may have improved asthma severity was not known. The
only significant postintervention differences that we noted
for patients seen by intervention group physicians were

increased discussions of asthma triggers but lower rates
of receiving a written action plan when compared with
patients seen by control group physicians. We did not
observe a significant difference in the primary outcome
measure: ICS use.

Despite the limited differences in process measures,
there are a number of reasons why we believe that the
observed differences in asthma severity resulted from the
intervention. First, differences in asthma severity be-
tween treatment arms persisted after baseline severity mea-
sures within practice clusters were controlled for. Sec-
ond, the strength of the association increased after limiting
the analysis to those physicians who completed the PIM
as requested (this finding also included other measures
of disease control, such the Asthma Control Test score).
Third, other measures of asthma severity that preceded
the postintervention index visit, such as historical
asthma-related emergency department visits and hospi-
talizations, did not differ between patients seen by phy-
sicians in both study arms, suggesting that patients seen
by both groups of physicians were similar in disease se-
verity before the postintervention index visit. Finally,
patterns of rescue medication use (ie, lower short-act-
ing �-agonist and oral steroid use) after the postinter-
vention visit were consistent with subsequent less se-
vere asthma in patients seen by intervention group
physicians when compared with those seen by control
group physicians.

It is important to note that in completing the PIM, phy-
sicians chose the process measure that they wished to im-
prove. Accordingly, physicians may have identified and
targeted different deficiencies to improve. We assumed
that given the well-described benefits of ICS use,29-32 most
physicians would choose ICS use as the process to im-
prove. In particular, more than 90% of patients reported

Table 1. Components of Asthma Practice Improvement
Module Completed by 19 Physicians Randomized
to the Intervention Groupa

No. of
Physicians
Initiating

Component

No. of
Physicians
Completing
Component

Part 1: Data collection phase
Patient chart review (10 reviews

required)
12 11

Patient survey (10 patient
surveys required)

14 7

Practice/system survey (1 survey
required)

11 11

Download compilation of data
from the ABIM

6 NA

Part 2: Improvement plan phase
Practice improvement plan

submittedb
5 5

Results of practice improvement
reported to the ABIM

3 3

Abbreviations: ABIM, American Board of Internal Medicine; NA, not
applicable.

aFour physicians did not initiate the practice improvement module.
bDefines completion of the intervention according to study protocol.
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a previous prescription for a controller medication, yet
only 50% of patients with asthma filled an ICS prescrip-
tion at baseline. This suggested that actual ICS use was
inappropriately low even after other asthma controller

medication use was accounted for (data not shown). How-
ever, physicians completing the asthma PIM adjudi-
cated ICS use by abstracting patient charts and were not
privy to pharmacy fill information or rates of adher-

Table 2. Comparison Between Study Arms of Baseline Patient-Level Variables Used to Adjust Postintervention Resultsa

Variable

Patients Seen by
Intervention

Group Physicians

Patients Seen
by Control

Group Physicians

Derived from claims data
Fill of an inhaled corticosteroid prescription in the 3 mo after the preintervention index visit 73/142 (51) 100/213 (47)
Fill of a short-acting �-agonist prescription in the 3 mo after the preintervention index visit 69/142 (49) 96/212 (45)
Fill of an oral steroid prescription in the 12 mo before the preintervention index visit 32/142 (23) 38/212 (18)
Asthma-related hospitalization in the 12 mo before the preintervention index visit 3/242 (1) 10/358 (3)
Asthma-related emergency department in the 3 mo after the preintervention index visit 0/242 (0) 11/358 (3)

Derived from survey responses
Reported prior prescription of an asthma controller medication 131/146 (90) 176/193 (91)
Reported receipt of written action plan for asthma exacerbations 51/145 (35) 87/194 (45)
Reported physician recommendation to use peak flow meter to measure control 62/146 (42) 98/192 (51)
Report of being observed for proper inhaler technique 47/144 (33) 75/192 (39)
Reported discussion of potential asthma triggers 100/147 (68) 136/195 (70)
Reported nocturnal asthma symptoms in the 4 wk before the preintervention survey 61/146 (42) 90/192 (47)
Reported use of a quick-acting rescue inhaler in the 4 wk before the preintervention survey 94/147 (64) 137/190 (72)
Among self-reported current smokers, reported advice by physician to stop smoking 12/13 (92) 15/20 (75)
ASUI score, mean ± SDb 0.8 ± 0.2 0.8 ± 0.2
ACT score, mean ± SDc 18.3 ± 3.4 17.6 ± 3.6
SF-36 Physical Functioning Scale, mean ± SDd,e 43.9 ± 12.5 42.2 ± 12.1
SF-36 General Health Scale, mean ± SDd,f 44.5 ± 11.0 43.6 ± 11.4

Abbreviations: ACT, Asthma Control Test; ASUI, Asthma Symptom Utility Index; SF-36, 36-Item Short Form Health Survey.
aDenominators represent those patients with data available. The preintervention index visit was the last outpatient practice visit to a participating physician for asthma

between the dates of October 1, 2004, and March 31, 2005. Values are expressed as number (percentage) unless otherwise indicated.
bHigher values of ASUI indicate lower asthma symptom severity (score range, 0-1). The numbers with data were 138 and 178 for patients seen by intervention group

physicians and control group physicians, respectively.
cHigher values of ACT indicate better asthma control (score range, 5-25). The numbers with data were 142 and 186 for patients seen by intervention group physicians

and control group physicians, respectively.
dThe SF-36 norm-based scoring for both the Physical Functioning Scale and the General Health Scale uses a linear T-score transformation (mean ± SD, 50 ± 10).
eThe numbers with data were 146 and 192 for patients seen by intervention group physicians and control group physicians, respectively.
fThe numbers with data were 143 and 188 for patients seen by intervention group physicians and control group physicians, respectively.

Table 3. Comparison Between Study Arms of Patient-Level Sociodemographic Characteristics
for Patients Seen in the Postintervention Period

Characteristic
Patients Seen by Intervention

Group Physicians
Patients Seen by Control

Group Physicians

Age, mean ± SD, y 50.4 ± 16.7 51.6 ± 17.2
Male, No. (%) 89/348 (26) 123/401 (31)
Race, No. (%)

White 202/340 (59) 239/396 (60)
African American 125/340 (37) 137/396 (35)
Other 13/340 (4) 20/396 (5)

Married, No. (%) 186/345 (54) 224/397 (56)
Household income, mean ± SD (No.), $ 55 750.50 ± 25 203.40 (348) 52 275.30 ± 21 925.10 (401)

Education, No. (%)
Less than high school 12/238 (5) 19/249 (8)
High school graduate 56/238 (24) 51/249 (20)
Some college 85/238 (36) 88/249 (35)
College graduate 52/238 (22) 48/249 (19)
Graduate school 33/238 (14) 43/249 (17)

Charlson Comorbidity Index score, mean ± SD (No.)b 1.3 ± 0.7 (348) 1.3 ± 0.8 (401)
Current smoker, No. (%) 24/217 (11) 18/227 (8)

aDenominators represent those patients with data available. Data were ascertained from claims and survey data after the first outpatient visit to a study
physician for asthma after October 10, 2005 (ie, the postintervention index visit).

bCalculated for the 12 months before the postintervention index date.
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ence. Because patients and physicians tend to overre-
port33,34 and overestimate35 compliance, respectively, it
is quite possible that physicians did not perceive a defi-
ciency in ICS use and therefore did not target it for im-
provement.

Although we did not observe a change in the primary
outcome measure, if the net effect of multiple process
changes (measured and unmeasured) resulted in im-
proved asthma care, we might expect to see an improve-
ment in an end measure, such as asthma severity, rather
than a single, intermediate-process measure. However,
patients who were seen by intervention physicians were
significantly more likely to report discussing potential

asthma triggers with their physician than were patients
who were seen by control group physicians. Therefore,
it is also plausible and possible that a resulting decrease
in trigger exposure among patients seen by intervention
group physicians resulted in less severe asthma symp-
toms, as has been demonstrated in intensive home-
based interventions.36

In focusing on 1 aspect of asthma-related care to im-
prove, such as discussing asthma triggers, other pro-
cesses may have been neglected by physicians in the in-
tervention group. Neglecting to discuss these other aspects
of asthma care may explain why patients who were seen
by intervention physicians were significantly less likely

Table 4. Unadjusted and Adjusted Odds of Study Outcomes in the Postintervention Perioda

Outcome Unadjusted OR (95% CI) Adjusted ORb (95% CI)

Primary outcome
Fill of an inhaled corticosteroid prescription in the 3 mo after the postintervention index visitc 0.97 (0.64-1.48) 1.00 (0.64-1.56)

Secondary outcomes
Fill of a short-acting �-agonist prescription in the 3 mo after the postintervention index visitc 0.92 (0.61-1.40) 0.93 (0.59-1.46)
Fill of an oral steroid prescription in the 3 mo after the postintervention index visitc 0.70 (0.40-1.22) 0.61 (0.35-1.07)
Asthma-related hospitalization in the 3 mo after the postintervention index visitc 1.13 (0.46-2.79) NA
Asthma-related emergency department in the 3 mo after the postintervention index visitc 0.97 (0.33-2.82) NA
Reported prior prescription of an asthma controller medicationd 0.89 (0.47-1.69) 1.39 (0.93-2.06)
Reported receipt of written action plan for asthma exacerbationsd 0.59 (0.44-0.81) 0.67 (0.48-0.93)
Reported physician recommendation to use peak flow meter to measure controld 0.64 (0.44-0.93) 0.75 (0.51-1.10)
Report of being observed for proper inhaler techniqued 0.66 (0.43-1.00) 0.70 (0.47-1.04)
Reported discussion of potential asthma triggersd 1.10 (0.70-1.73) 1.62 (1.08-2.42)
Reported nocturnal asthma symptoms in the 4 wk before the postintervention surveyd 0.85 (0.57-1.26) 0.77 (0.55-1.07)
Reported use of a quick-acting rescue inhaler in the 4 wk before the postintervention surveyd 0.90 (0.57-1.41) 0.98 (0.58-1.67)
Among self-reported current smokers, reported advice by physician to stop smokingd 1.22 (0.16-9.10) NA

Abbreviations: CI, confidence interval; NA, not applicable; OR, odds ratio.
aData were ascertained from claims and survey data after the first outpatient visit to a study physician for asthma after October 10, 2005 (ie, the postintervention

index visit). Odd ratios greater than 1.0 indicate a higher likelihood of outcomes for patients seen by intervention group physicians than for patients seen by control
group physicians. Conversely, ORs less than 1.0 indicate a lower likelihood of outcomes for patients seen by intervention group physicians than for patients seen by
control group physicians.

bAdjusted for patient-level variables (ie, age, sex, race, and household income), cluster-level variables (ie, baseline rates for the outcome of interest), and
randomization strata (ie, practices with greater than and less than 70% of patients with asthma who are using a controller medication and urban practice location vs
suburban practice location).

cDerived from claims data.
dDerived from survey responses.

Table 5. Differences in Measures of Asthma Severity and Asthma Control in the Postintervention Perioda

Measure Unadjusted Parameter Estimate P Value Adjusted Parameter Estimateb P Value

ASUI scorec 0.03 .03 0.03 .09
ACT scored 0.04 .88 0.07 .80
SF-36 Physical Functioning Scalee 0.33 .73 0.05 .96
SF-36 General Health Scalee 1.09 .18 0.11 .91

Abbreviations: ACT, Asthma Control Test; ASUI, Asthma Symptom Utility Index; SF-36, 36-Item Short Form Health Survey.
aData were ascertained from survey data after the first outpatient visit to a study physician for asthma after October 10, 2005.
Parameter estimates represent difference in continuous outcome variable for patients seen by intervention group physicians and patients seen by control group

physicians. Positive parameter estimates suggest that the outcome measure is higher in the former group.
bAdjusted for patient-level variables (ie, age, sex, race, and household income), cluster-level variables (ie, baseline rates for the outcome of interest), and

randomization strata (ie, practices with greater than and less than 70% of patients with asthma who are using a controller medication and urban practice location
vs suburban practice location).

cHigher values of ASUI indicate lower asthma symptom severity (score range, 0-1). Positive parameter estimates indicate lower asthma symptom severity in
patients seen by intervention group physicians than in patients seen by control group physicians.

dHigher values of ACT indicate better asthma control (score range, 5-25). Positive parameter estimates indicate better asthma control in patients seen by
intervention group physicians than in patients seen by control group physicians.

eThe SF-36 norm-based scoring for both the Physical Functioning Scale and the General Health Scale uses a linear T-score transformation (mean ± SD,
50 ± 10). Positive parameter estimates indicate better physical functioning and better general health in patients seen by intervention group physicians than in
patients seen by control group physicians.
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to report receiving written action plans. The long-term
effects of these potential trade-offs were not evaluated and
will need further study.

This study must be interpreted in light of its other limi-
tations as well. Randomizing practices may result in an in-
equitable distribution of patients, which can confound out-
come differences between treatment arms.14 To prevent and
control potential confounding, we stratified our random-
ization and adjusted for baseline intercluster differences.
Although we found no difference in baseline or patient-
level sociodemographic characteristics by study arm, other

important differences may have persisted in spite of our
efforts. Despite this limitation, we believe that the cluster-
randomized design was the most appropriate model for a
practice-based intervention.

Next, most of the physicians in the intervention group
did not complete the intervention as intended. One of
the barriers identified was the time that physicians had
to complete the PIM through the planning stage, which
was initially shorter than the time allowed by the ABIM
in actual practice. As a result, time was extended (ie, from
45 days to 90 days) to more closely replicate the actual

Table 6. Unadjusted and Adjusted Odds of Study Outcomes in the Postintervention Period: Per-Protocol Analysisa

Outcome
Unadjusted OR

(95% CI)
Adjusted ORb

(95% CI)

Primary outcome
Fill of an inhaled corticosteroid prescription in the 3 mo after the postintervention index visitc 1.27 (0.67-2.42) 0.93 (0.37-2.35)

Secondary outcomes
Fill of a short-acting �-agonist prescription in the 3 mo after the postintervention index visitc 0.82 (0.44-1.53) 0.58 (0.33-1.03)
Fill of an oral steroid prescription in the 3 mo after the postintervention index visitc 0.48 (0.20-1.15) 0.48 (0.22-1.08)
Asthma-related hospitalization in the 3 mo after the postintervention index visitc 1.44 (0.38-5.50) NA
Asthma-related emergency department in the 3 mo after the postintervention index visitc 0.59 (0.08-4.27) NA
Reported prior prescription of an asthma controller medicationd 1.50 (0.88-2.56) NA
Reported receipt of written action plan for asthma exacerbationsd 0.74 (0.54-1.02) 0.80 (0.61-1.05)
Reported physician recommendation to use peak flow meter to measure controld 0.90 (0.60-1.35) 1.22 (0.62-2.38)
Report of being observed for proper inhaler techniqued 0.68 (0.34-1.36) 0.82 (0.45-1.48)
Reported discussion of potential asthma triggersd 1.13 (0.82-1.54) 1.55 (1.01-2.37)
Reported nocturnal asthma symptoms in the 4 wk before the postintervention surveyd 1.05 (0.61-1.80) 0.74 (0.52-1.05)
Reported use a quick-acting rescue inhaler in the 4 wk before the postintervention surveyd 0.80 (0.45-1.41) 0.71 (0.44-1.16)
Among self-reported current smokers, reported advice by physician to stop smokingd 0.84 (0.06-12.86) NA

Abbreviations: CI, confidence interval; NA, not applicable; OR, odds ratio.
aData were ascertained from claims and survey data after the first outpatient visit to a study physician for asthma after October 10, 2005 (ie, the

postintervention index visit). Odd ratios greater than 1.0 indicate a higher likelihood of outcomes for patients seen by intervention group physicians than for
patients seen by control group physicians. Conversely, ORs less than 1.0 indicate a lower likelihood of outcomes for patients seen by intervention group
physicians than for patients seen by control group physicians. Per-protocol analysis indicates that the analysis was restricted to patients seen by the 5 intervention
group physicians who completed the practice improvement module as requested and all patients seen by control group physicians.

bAdjusted for patient-level variables (ie, age, sex, race, and household income), cluster-level variables (ie, baseline rates for the outcome of interest), and
randomization strata (ie, practices with greater than and less than 70% of patients with asthma who are using a controller medication and urban practice location
vs suburban practice location).

cDerived from claims data.
dDerived from survey responses.

Table 7. Differences in Measures Asthma Severity and Asthma Control in the Postintervention Period: Per-Protocol Analysisa

Measure Unadjusted Parameter Estimate P Value Adjusted Parameter Estimateb P Value

ASUI scorec 0.05 �.001 0.08 �.001
ACT scored 0.29 .21 0.67 .01
SF-36 Physical Functioning Scalee −0.67 .41 0.29 .81
SF-36 General Health Scalee 0.80 .52 1.93 .18

Abbreviations: ACT, Asthma Control Test; ASUI, Asthma Symptom Utility Index; SF-36, 36-Item Short Form Health Survey.
aData were ascertained from survey data after the first outpatient visit to a study physician for asthma after October 10, 2005. Parameter estimates represent

difference in continuous outcome variable for patients seen by intervention group physicians and patients seen by control group physicians. Positive parameter
estimates suggest that outcome measure is higher in the former group. Per-protocol analysis indicates that the analysis was restricted to patients seen by the 5
intervention group physicians who completed the practice improvement module as requested and all patients seen by control group physicians.

bAdjusted for patient-level variables (ie, age, sex, race, and household income), cluster-level variables (ie, baseline rates for the outcome of interest), and
randomization strata (ie, practices with greater than and less than 70% of patients with asthma who are using a controller medication and urban practice location
vs suburban practice location).

cHigher values of ASUI indicate lower asthma symptom severity (score range, 0-1). Positive parameter estimates indicate lower asthma symptom severity in
patients seen by intervention group physicians than in patients seen by control group physicians.

dHigher values of ACT indicate better asthma control (score range, 5-25). Positive parameter estimates indicate better asthma control in patients seen by
intervention group physicians than in patients seen by control group physicians.

eThe SF-36 norm-based scoring for both the Physical Functioning Scale and the General Health Scale uses a linear T-score transformation (mean ± SD,
50 ± 10). Positive parameter estimates indicate better physical functioning and better general health in patients seen by intervention group physicians than in
patients seen by control group physicians.
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time allowed when a module for maintenance of certifi-
cation is being completed. Extending the time allotted
to complete the module did not markedly increase the
number of physicians who completed the required PIM
components. Because some physicians in our study had
time-unlimited ABIM certification, we also examined
whether PIM completion rates were different for this group
when compared with the intervention group physicians
who were required to complete a PIM for recertifica-
tion. Surprisingly, completion rates were not different be-
tween groups (P� .99, data not shown). Therefore, al-
located time and current ABIM requirements did not seem
to affect completion rates.

Anecdotally, some clinicians expressed difficulty in
having sufficient numbers of patients return surveys, a
problem well known to researchers. Given low patient
response rates on surveys in general, it may be onerous
for physicians to meet the requisite number of surveys
to complete a PIM. This component of the PIM also had
the lowest rate of completion in our study. However, now
that PIMs are a requirement for ABIM recertification, a
formal analysis of factors related to completion could be
performed on a much larger group of physicians than was
involved in our study.

Although there were few intervention physicians who
completed the PIM as requested, our results suggested that
the intervention may have affected clinically important out-
comes (ie, asthma severity and control), especially among
patients whose physicians developed a plan to improve
asthma care in their practice. However, the overall clinical
relevance of these changes is uncertain. Moreover, the lack
of multiple-process measure improvements proximal to the
time of the intervention could also be construed as evi-
dence against the intervention’s robustness, since this would
have been the time of peak effect. Finally, given sample size
limitations, there was no prespecified plan to adjust for the
multiple comparisons of secondary outcomes. However,
in this study, we show all outcome measures examined,
and post hoc adjustment using a conservative criterion, such
as the Bonferroni correction, would still suggest that the
PIM reduced asthma severity.

In summary, despite many physicians in our study not
completing the PIM as directed, our findings suggest that
asthma severity may be lowered in patients whose phy-
sicians complete an asthma PIM. Although the effect ap-
peared modest, as pointed out by Shojania and Grim-
shaw,37 perhaps this is the magnitude of improvement
that we should rationally expect from quality improve-
ment efforts. Further studies will be needed to confirm
our findings and to identify modifiable barriers to phy-
sicians completing PIMs.
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