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What is already known about this topic? Asthma specialists have higher adherence to asthma guidelines than general
practitioners. Yet, little is known whether guideline agreement and adoption vary between allergists and pulmonologists at
the national level.

What does this article add to our knowledge? Guideline agreement and self-efficacy did not differ between specialist
groups, and both had relatively low percentages who almost always provided asthma action plans or regularly assessed
the inhaler technique. Adherence differences were explained by practice-specific differences.

How does this study impact current management guidelines? Improving understanding of factors and clinical decision
making underlying lower adherence to guideline recommendations and different adherence patterns between allergists
and pulmonologists could better inform guideline recommendations with respect to specialist practice characteristics and
patient populations.
BACKGROUND: Little is known about specialist-specific
variations in guideline agreement and adoption.
OBJECTIVE: To assess similarities and differences between
allergists and pulmonologists in adherence to cornerstone
components of the National Asthma Education and Prevention
Program’s Third Expert Panel Report.
METHODS: Self-reported guideline agreement, self-efficacy,
and adherence were assessed in allergists (n [ 134) and
pulmonologists (n[ 99) in the 2012 National Asthma Survey of
Physicians. Multivariate models were used to assess if physician
and practice characteristics explained bivariate associations
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between specialty and “almost always” adhering to recommen-
dations (ie, ‡75% of the time).
RESULTS: Allergists and pulmonologists reported high
guideline self-efficacy and moderate guideline agreement. Both
groups “almost always” assessed asthma control (66.2%,
standard error [SE] 4.3), assessed school/work asthma triggers
(71.3%, SE, 3.9), and endorsed inhaled corticosteroids use
(95.5%, SE 2.0). Repeated assessment of the inhaler technique,
use of asthma action/treatment plans, and spirometry were lower
(39.7%, SE 4.0; 30.6%, SE 3.6; 44.7%, SE 4.1, respectively).
Compared with pulmonologists, more allergists almost always
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Abbreviations used

AAP- A
sthma action/treatment plan

AOR- A
djusted odds ratio

CI- C
onfidence interval
COPD- C
hronic obstructive pulmonary disease

ED- E
mergency department
EPR-3- E
xpert Panel Report-3

ICS- In
haled corticosteroid
LABA- L
ong-acting b-agonist

LTRA- L
eukotriene receptor antagonist
NAMCS- N
ational Ambulatory Medical Care Survey

NAS- N
ational Asthma Survey
NCHS- N
ational Center for Health Statistics

SABA- S
hort-acting b-agonist
performed spirometry (56.6% vs 38.6%, P [ .06), asked
about nighttime awakening (91.9% vs 76.5%, P [ .03) and
emergency department visits (92.2% vs 76.5%, P [ .03),
assessed home triggers (70.5% vs 52.6%, P [ .06), and
performed allergy testing (61.8% vs 21.3%, P < .001). In
multivariate analyses, practice-specific characteristics
explained differences except for allergy testing.
CONCLUSIONS: Overall, allergists and pulmonologists adhere
to the asthma guidelines with notable exceptions, including
asthma action plan use and inhaler technique assessment.
Recommendations with low implementation offer opportunities
for further exploration and could serve as targets for increasing
guideline uptake. Published by Elsevier Inc. on behalf of the
American Academy of Allergy, Asthma & Immunology (J Allergy
Clin Immunol Pract 2020;-:---)

Key words: Self-efficacy; Spirometry; NAEPP; Agreement;
Inhaler technique; Asthma treatment plan

Practice guidelines can improve both the process and
outcomes of care and have been available for asthma since 1991.
The most recent complete update from 2007, the National
Asthma Education and Prevention Program’s Third Expert Panel
Report (EPR-3), highlighted 4 cornerstones of asthma manage-
ment: regular assessment of asthma control, patient education,
control of environmental factors including avoidance of asthma
triggers, and pharmacologic therapy.1 EPR-3 used an evidence-
based approach and where evidence was lacking, a consensus
approach to make guideline recommendations.

Compared with general practitioners, asthma specialists have
higher adherence to asthma guidelines and better patient
outcomes.1 It is not clear, however, if better outcomes among
specialists are due to higher guideline use compared with
generalists; specialty training and experience in managing
asthma2,3; differences in patient population; or a combination of
all these factors. Most comparisons have been between generalists
and allergists, or generalists and pulmonologists.4,5 Few studies
have examined how different asthma specialists (allergists and
pulmonologists) use the guidelines.6,7 One study reported high
use of spirometry by both specialty groups, greater use of asthma
treatment plans by allergists compared with pulmonologists, and
low use by both specialty groups of standardized asthma control
tests.7 Another study described differences in practice charac-
teristics associated with differences in patient populations.8

The goal of this study was to compare guideline agreement
and self-efficacy (defined as clinician confidence in their ability to
competently implement specific EPR-3 recommendations)
between allergists and pulmonologists, using data from a
nationally representative sample of asthma specialists. We
investigated similarities and differences in guideline use between
the 2 specialty groups to provide information regarding
implementation of the guidelines and to inform implementation
efforts based on specialty type, patient population, and/or
practice characteristics.
METHODS

Data source and study population
The National Ambulatory Medical Care Survey (NAMCS) is

conducted annually by the National Center for Health Statistics
(NCHS) to collect information about patient, clinician, and office
visit characteristics. In 2012, a one-time clinician questionnaire
supplement (the National Asthma Survey of Physicians, NAS) was
added. The NAS questionnaire was designed to assess self-reported
clinician agreement, self-efficacy, and adherence with EPR-3 rec-
ommendations. Data from the 2012 NAS supplement to NAMCS
were released in 2017. In addition to the traditional sample of
nonfederally employed physicians who were engaged primarily in
office-based patient care, the 2012 NAMCS oversampled allergists
and pulmonologists to provide a sufficient sample size of asthma
specialists for the NAS supplement.9,10 The NCHS Institutional
Review Boardeapproved NAS and informed consent was obtained
from participating clinicians.

The unweighted and weighted response rates for the overall
combined NAS sample were 38% and 28%, respectively, a rate
similar to another national physician survey.11 Of the 1726
respondents (ie, those who responded that they saw patients with
asthma), 234 were categorized as asthma specialists. One nonclinical
respondent was excluded. The final sample included 134 allergists
and 99 pulmonologists. Clinician sociodemographic information
included clinical specialty, age, sex, and race and ethnicity. Available
data for practice characteristics included census region, level of ur-
banization, practice ownership, age group(s) of patient population,
and patient revenue source. Results using the NAS supplement
comparing all specialists combined and primary care clinicians have
been published previously.12

Outcomes
The 4 EPR-3-recommended cornerstones of care—assessment

and monitoring, patient education, environmental control, and
pharmacologic treatment—were used to categorize outcome
variables and assess self-reported clinician adherence (Table E1,
available in this article’s Online Repository at www.jaci-inpractice.
org). Specialist agreement and self-efficacy with a smaller subset of
EPR-3 recommendations were also determined by self-report
(Table E2, available in this article’s Online Repository at www.
jaci-inpractice.org). Adherence to individual guideline recommen-
dations was initially assessed using a Likert scale of percentage of
asthma visits for which the recommendation was followed: “almost
always” (�75% of the time), “often” (25%-75% of the time),
“sometimes” (1%-25% of the time), and “never” (0% of the time).
Similarly, agreement was measured with responses ranging from
“strongly agree” to “strongly disagree,” and self-efficacy with
responses “very confident,” “somewhat confident,” “not at all
confident,” and “N/A” (do not perform). Missing responses were
low (0.01%-2.0%) and were excluded for individual outcomes.13
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Three index variables were created as dichotomous measures of
adherence. An agreement index variable was defined as a response of
“strongly agree” versus all other responses to all 5 questions about
agreement with selected guideline recommendations (Table E2,
available in this article’s Online Repository at www.jaci-inpractice.
org). Similarly, a self-efficacy index variable was defined as a
response of “very confident” versus all other responses for all 5
questions about self-efficacy related to selected guideline recom-
mendations. To assess overall adherence with assessing asthma
control, individual outcomes were combined into a third index
variable (control index). Asthma control defined by EPR-3 is
composed of 2 domains—impairment and risk. Validated asthma
control tests assess impairment but not risk. Accordingly, in the
asthma control index, we included questions that assess impairment.
Respondents who reported almost always using a control assessment
tool and/or almost always asking 5 questions about impairment
(ability to engage in normal activities, daytime symptoms, nighttime
symptoms, rescue inhaler/short-acting b-agonist [SABA] use, and
patient perception of control) were categorized as almost always
assessing control. That is, the control index variable indicates if a
clinician reported almost always adhering with the overall
recommendation to assess asthma control using at least 1 of 2
possible methods.

Assessment of adherence to recommendations for pharmacologic
treatment of asthma was evaluated by providing respondents with a
list of medication classes and requesting respondents to specify the
indication for which they used each class of medications (eg,
symptoms relief, controller therapy, add-on therapy, difficult-to-
control asthma). Frequencies of use of each medication class for
each clinical indication were estimated.

Statistical analysis

NAS sample weights that accounted for the probability of
selection and nonresponse were used to calculate national estimates,
and all analyses accounted for the complex survey design. We
compared agreement, self-efficacy, and adherence for each EPR-3
recommendation between allergists and pulmonologists using c2

test statistics. Statistical reliability of proportions was determined
according to NCHS standards,14 and estimates with low reliability
are indicated. A 2-sided P value less than .05 was considered sta-
tistically significant. P values in the text and tables reflect differences
across the range of categories (eg, age categories or Likert scale).

Separate logistic regression models to assess the association
between specialty and adherence are shown only for the 6 guideline
recommendations for which adherence differed between allergists
and pulmonologists (P < .10) (documenting asthma control, asking
about nighttime awakening, asking about emergency department
[ED] visit frequency, performing spirometry, assessing triggers at
home, and allergy testing). Multivariable models for each of these
outcomes were constructed a priori and included, in addition to
specialist category: agreement with guideline recommendations
(strong agreement vs other response categories), self-efficacy (very
confident vs other response categories), clinician age group (<40,
40-59, 60þ years), clinician sex, clinician race/ethnicity (non-His-
panic white, all other races), practice region (Northeast, Midwest,
South, West), urbanization (large metro, medium/small metro, non-
metro), practice ownership, and revenue source (eg, Medicaid,
Medicare, private). Covariates were added sequentially in 3 groups
(clinician characteristics, practice location, and practice characteris-
tics) to assess the possible separate sources of confounding.
Differences in pharmacologic use between specialty groups were
assessed by c2 analysis. Analyses were conducted using SAS 9.4 (SAS
Institute Inc., Cary, NC) and SUDAAN 11.0 (RTI, Research
Triangle Park, NC).
RESULTS

Clinician and practice demographics, guideline

agreement, and self-efficacy

Compared with pulmonologists, allergists were more likely to
be female (29.6% vs 8.7%, P < .001) and to care for both
children and adults (97.3% for allergists vs 12.6% for pulmo-
nologists, P < .001) (Table I). Practice characteristics also varied.
Compared with allergists, pulmonologists reported a higher
proportion of practice revenue from Medicare (71.5% of pul-
monologists reported more than 25% revenue from Medicare vs
22.9% of allergists, P < .001).

Agreement with 5 key guideline recommendations from EPR-
3 (usefulness of spirometry for asthma diagnosis, inhaled
corticosteroid [ICS] effectiveness, asthma action/treatment plan
[AAP] effectiveness, need for �6-month follow-up visits, and
assessing severity for initial treatment) ranged from 41.0% for
agreement with the effectiveness of AAP to 79.3% for severity
assessment to determine initial treatment (Table II). Strong
agreement with all 5 selected guideline recommendations, how-
ever, was 27.9%. In contrast, self-efficacy in managing asthma
for all 5 selected guideline recommendations ranged from 81.3%
to 92.8% of respondents expressing high confidence in using
spirometry, assessing severity, prescribing ICS, and stepping up
and stepping down treatment. The overall high self-efficacy index
for these 5 recommendations was 72.3%. There were no dif-
ferences in individual indices for agreement and self-efficacy
between allergists and pulmonologists.

Use of guideline recommendations: similarities and

differences between specialties

Assessment of asthma control was high among both allergists
and pulmonologists. Allergists were more likely to almost always
document asthma control (85.1% vs 72.5%, P ¼ .04) and to ask
about nighttime awakening (91.9% vs 76.5%, P ¼ .03) than
pulmonologists. Regarding assessing risk, allergists more
frequently asked about ED visit frequency (92.2% vs 76.5%,
P ¼ .03). Both groups of specialists also almost always assessed
frequency of use of rescue inhalers (90.6%) and oral steroid
frequency (86.8%) (Table III). Both allergists and pulmonolo-
gists almost always (93.6% vs 90.7%, respectively) assessed daily
controller medication use for patients with persistent asthma.

For some components of the asthma guidelines, fewer than
half of clinicians from each specialty group reported high
adherence (Table III). These included almost always using an
asthma control assessment tool (28.6%), asking about peak flow
results (12.8%), and regular assessment of inhaler technique
(39.7%). Spirometry was almost always performed by less than
half of the specialists (44.7%). Reported adherence to providing
a written AAP was low among both specialty groups (30.6% for
“almost always”) with no difference in adherence between
specialty groups (P ¼ .25) (Table III). Moderate proportions
of specialists almost always assessed individual home and/or
school/workplace environmental triggers (range, 58.7%-71.3%
overall), whereas a higher percentage of allergists than
pulmonologists almost always performed allergy testing (61.8%
vs 21.3%, P < .001).

http://www.jaci-inpractice.org
http://www.jaci-inpractice.org


TABLE I. Physician and practice characteristics and physician agreement and self-efficacy with EPR-3 guidelines (weighted
percentages), by physician specialty, 2012 National Asthma Survey of Physicians

Total (n [ 233) Allergy (n [ 134) Pulmonology (n [ 99) c2

n % (SE) % (SE) % (SE) P value

Provider age (y)

<40 24 9.5 (2.3) 8.2* (2.8) 10.1* (3.1) .28

40-59 124 54.0 (4.1) 47.4 (5.3) 57.4 (5.5)

60þ 85 36.5 (4.0) 44.4 (5.4) 32.5 (5.4)

Provider sex

Female 44 15.7 (2.7) 29.6 (4.6) 8.7* (3.3) <.001

Male 189 84.3 (2.7) 70.4 (4.6) 91.3 (3.3)

Race/ethnicity

Non-Hispanic white 175 75.3 (3.6) 75.8 (4.2) 75.0 (5.1) .56

Other 50 22.8 (3.6) 20.8 (4.1) 23.8 (5.1)

Missing 8 2.0 (0.8) 3.4* (1.7) 1.3* (0.9)

Ownership of practice

Private 198 84.4 (2.8) 87.8 (3.4) 82.7 (3.9) .10

HMO, academic center, other 26 12.0 (2.5) 6.5* (2.4) 14.8 (3.6)

Missing 9 3.6 *(1.4) 5.8* (2.6) 2.5* (1.7)

Census region

Northeast 47 21.1 (2.0) 22.6 (2.7) 20.3 (3.0) .57

Midwest 54 17.8 (1.5) 20.5 (2.7) 16.4 (2.3)

South 73 38.0 (2.7) 37.4 (3.5) 38.3 (4.2)

West 59 23.2 (1.8) 19.5 (2.7) 25.0 (2.9)

Level of urbanization

Large metro 154 66.5 (3.8) 63.7 (4.5) 68.0 (5.5) .80

Medium/small metro 65 27.2 (3.7) 30.3 (4.7) 25.5 (5.2)

Nonmetro 14 6.3 (2.2) 6.0 (2.6) 6.5 (3.1)

Patient population

Pediatric only 11 8.2* (2.9) 1.4* (1.4) 11.6* (4.3) <.001

Adult only 74 50.6 (4.2) 1.3 (0.7) 75.8 (5.0)

All ages 141 41.3 (3.5) 97.3 (1.6) 12.6 (3.1)

Percent revenue, Medicare (%) <.001

<25 96 29.5 (3.5) 62.2 (4.9) 12.7* (4.1)

25-100 102 55.1 (4.0) 22.9 (4.2) 71.5 (5.4)

Missing 35 15.5 (3.4) 14.9 (3.6) 15.8 (4.7)

Agreement with guidelines (index variable)

Strongly agree 64 27.9 (3.9) 23.0 (42) 30.4 (5.5) .29

Other 169 72.1 (3.9) 77.0 (4.2) 69.6 (5.5)

Self-efficacy with guidelines (index variable)

Very confident 175 72.3 (3.9) 76.6 (4.2) 70.2 (5.4) .33

Other 58 27.7 (3.9) 23.4 (4.2) 29.9 (5.4)

EPR-3, Expert Panel Report-3; HMO, Health Maintenance Organization; NCHS, National Center for Health Statistics.
Source: 2012 National Asthma Survey of Physicians: National Ambulatory Medical Care Survey.
*Estimate does not meet NCHS standards of reliability.
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Asthma control can be assessed in at least 2 ways that are
consistent with the guidelines (asthma control tool or asking a set
of questions). To more broadly compare asthma specialist groups
assessing asthma control, specialties were compared on “almost
always” using 1 or both possible means to assess asthma control
using an index variable (Table IV). Overall, 66.2% of specialists
reported almost always assessing control using 1 or both
methods. The percentage with high adherence to assessing
asthma control did not vary between specialties (P ¼ .26), but
the method used did (P ¼ .02). Allergists were nearly evenly split
between using questions combined with an asthma control tool,
or questions only (49.6% and 48.4%) with only 2% almost al-
ways using only an asthma control tool. Nearly two-thirds
(61.6%) of pulmonologists used questions only, 27.0% used
both questions and an asthma control tool, and 11.4% used only
an asthma control tool.

Assessing differences in adherence between

specialties
Table V shows crude and adjusted odds for the 6 adherence

outcomes that differed between allergists and pulmonologists. In
unadjusted analyses, allergists had higher odds of almost always
adhering to the following recommendations: document asthma
control, ask about nighttime awakening, ask about ED/urgent
care visits, perform spirometry, assess triggers at home, and
perform allergy testing (crude odds ratios ranged from 2.0 to



TABLE II. Percentage of physicians with strong agreement and high self-efficacy with EPR-3 guideline recommendations, and overall
agreement and self-efficacy indices* (weighted percentages), 2012 National Asthma Survey of Physicians

Agreement n

Total Allergy Pulmonology

P value†

Strongly

agree Other

Strongly

agree Other

Strongly

agree Other

Spirometry is essential for
diagnosis

233 77.6 (3.8) 22.4 (3.8) 84.2 (3.5) 15.8 (3.5) 74.2 (5.3) 25.8 (5.3) .12

Inhaled corticosteroids are
effective for persistent
asthma

232 76.0 (3.4) 24.0 (3.4) 70.4 (4.9) 29.6 (4.9) 78.9 (4.5) 21.2 (4.6) .21

Asthma action plans are
effective

233 41.0 (4.1) 59.0 (4.1) 39.2 (4.8) 60.8 (4.8) 41.9 (5.8) 58.1 (5.8) .72

Follow-up visits every 6 mo 233 68.8 (3.5) 31.3 (3.5) 61.1 (5.3) 38.9 (5.3) 72.7 (4.5) 27.3 (4.5) .10

Assessing severity needed for
initial treatment

233 79.3 (3.3) 20.7 (3.3) 76.6 (4.6) 23.5 (4.6) 80.7 (4.4) 19.3 (4.4) .52

Overall agreement index 233 27.9 (3.9) 72.1 (3.9) 23.0 (4.2) 77.0 (4.2) 30.4 (5.5) 69.6 (5.5) .29

Self-efficacy Very confident Other Very confident Other Very confident Other

Confidence using spirometry 232 92.8 (2.1) 7.2 (2.1) 91.7 (2.9) 8.3 (2.9) 93.4 (2.8) 6.6 (2.8) .68

Confidence assessing severity 233 81.3 (3.5) 18.7 (3.5) 81.4 (3.8) 18.6 (3.8) 81.3 (4.8) 18.7 (4.8) .92

Confidence prescribing
inhaled corticosteroids

233 91.1 (2.2) 8.9 (2.2) 93.7 (2.1) 6.3 (2.1) 89.7 (3.1) 10.3 (3.1) .30

Confidence step-up treatment 233 89.5 (2.4) 10.6 (2.4) 90.8 (3.0) 9.2 (3.0) 88.8 (3.2) 11.2 (3.2) .65

Confidence step-down
treatment

232 87.0 (2.6) 13.0 (2.6) 91.3 (2.8) 8.7 (2.8) 84.9 (3.6) 15.2 (3.6) .15

Overall self-efficacy index 233 72.3 (3.9) 27.7 (3.9) 76.6 (4.2) 23.4 (4.2) 70.2 (5.4) 29.9 (5.4) .33

EPR-3, Expert Panel Report-3.
Source: 2012 National Asthma Survey of Physicians: National Ambulatory Medical Care Survey.
*Overall strong agreement was defined as strong agreement with all 5 EPR-3 recommendations shown in the table. Overall high self-efficacy was defined as high confidence in
performing all 5 EPR-3 recommendations shown in the table.
†c2 test significant for the difference between allergists and pulmonologists (P < .05).
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6.5). In adjusted analyses, a significant difference between
allergists and pulmonologists remained only for allergy testing.
High self-efficacy was significantly associated only with
performing spirometry (adjusted odds ratio [AOR], 5.0; 95%
confidence interval [CI], 2.1, 11.9). Although practice location
in the Northeast and practice ownership were associated with
allergy testing, controlling for these and other factors did not
negate the observed association between specialty and allergy
testing. Physicians practicing outside of large metropolitan areas
were more likely to report almost always documenting asthma
control and asking about nighttime awakening.

Two covariates appeared to confound the association between
specialty and adherence outcomes: practice ownership and
payment source (see Table E3, available in this article’s Online
Repository at www.jaci-inpractice.org, for the impact of the
sequential addition of covariates to the models). Physicians
practicing in a Health Maintenance Organization or academic
center compared with private practice had lower odds of asking
about ED visits, assessing triggers at home, and performing al-
lergy testing compared with the referent category of private
practice. Physicians in practices with <25% of revenue from
Medicare were more likely to ask about nighttime awakening
(AOR, 6.8; 95% CI, 1.3, 34.7). These practice-related factors,
even when not statistically significantly related to high adherence,
appeared to confound the association between specialty and
adherence more than other factors (agreement and self-efficacy,
physician characteristics, and practice location).
Pharmacologic treatment: similarities and

differences
Pharmacologic management differed between allergists and

pulmonologists in several ways. Both specialty groups highly
endorsed use of SABA for symptomatic relief and use of ICS for
long-term asthma control (overall, 97.5% and 95.5%, respectively)
(Figure 1). Allergists reported that they were more likely to use a
long-acting b-agonist (LABA)/ICS combination for difficult-to-
control asthma compared with pulmonologists (70.0% vs 48.7%,
respectively, P¼ .008) andmore likely to use a leukotriene receptor
antagonist (LTRA) for long-term asthma control (69.0% vs 48.9%,
P ¼ .006). Allergists were also more likely to use omalizumab for
difficult-to-control asthma (86.4% vs 74.0%, P ¼ .04). Twenty-
seven percent of allergists never used long courses of oral steroids
compared with 11.2% of pulmonologists (P ¼ .004).
DISCUSSION

This study demonstrates that specialists agree with most EPR-
3 guidelines (except for the effectiveness of AAP) and adhere to
most guideline recommendations, and that similarities and
differences exist between allergists and pulmonologists. Similar-
ities include high adherence with assessment of asthma control
(albeit by different methods), use of short-acting bronchodilators
for quick relief, and use of ICS for long-term asthma control. In
both specialty groups, however, adherence to other guideline
recommendations (eg, AAP use, frequent use of spirometry,

http://www.jaci-inpractice.org


TABLE III. Reported use of guideline recommendations, components 1-3, by specialty (weighted percentages, SE), 2012 National Asthma Survey of Physicians

n

Total Allergy Pulmonology

Almost

always Often Some-times/never

Almost

always Often Some-times/never

Almost

always Often Some-times/never P value*

Component 1: assess asthma control/severity

Assessment of impairment frequency

Document asthma control 226 76.8 (3.8) 20.5 (3.7) 2.7† (1.2) 85.1 (3.1) 11.0 (2.9) 3.9† (2.0) 72.5 (5.5) 25.5 (5.4) 2.0† (1.5) .04

Ask about normal activities 232 84.5 (3.3) 14.9 (3.2) 0.6 (0.6) 90.2 (2.7) 9.8 (2.7) 0.0† 81.6 (4.6) 17.4 (4.5) 1.0† (1.0) .21

Ask about daytime
symptoms

233 91.1 (2.5) 8.5 (2.5) 0.4 (0.4) 93.7 (2.0) 6.3† (2.0) 0.0† 89.7 (3.6) 9.6† (3.6) 0.7 (0.7) .44

Ask about nighttime
awakening

233 81.7 (3.6) 14.9 (3.3) 3.4† (1.9) 91.9 (2.2) 8.1 (2.2) 0.0† 76.5 (5.2) 18.4 (4.7) 5.2† (2.8) .03

Use control assessment tool 233 28.6 (3.5) 20.4 (3.4) 51.0 (4.2) 37.0 (4.9) 21.8 (4.3) 41.2 (5.4) 24.3 (4.8) 19.7 (4.7) 56.0 (5.7) .13

Ask about perception of
control

233 70.7 (4.2) 26.0 (4.0) 3.3† (1.9) 78.3 (4.2) 21.5 (4.2) 0.2 (0.2) 66.8 (5.8) 28.4 (5.6) 4.8† (2.9) .13

Ask about frequency rescue
inhaler use

233 90.6 (2.8) 6.5† (2.2) 2.9† (1.7) 94.7 (2.3) 2.7† (1.2) 2.7† (2.0) 88.6 (4.0) 8.5† (3.3) 3.0† (2.4) .29

Assessment of risk frequency

Ask about oral steroid
frequency

232 86.8 (3.1) 11.6 (3.1) 1.6 (0.8) 87.5 (3.7) 9.2† (3.2) 3.3† (2.1) 86.5 (4.3) 12.8† (4.3) 0.7 (0.7) .43

Ask about ED visit
frequency

232 81.9 (3.8) 12.6 (3.2) 5.6† (2.2) 92.2 (2.5) 4.6† (1.5) 3.2† (2.0) 76.5 (5.5) 16.6 (4.7) 6.8† (3.2) .03

Objective assessment and monitoring

Ask about peak flow results 231 12.8 (2.5) 27.9 (3.7) 59.3 (4.1) 16.1 (3.8) 20.7 (4.2) 63.2 (4.6) 11.1 (3.3) 31.6 (5.3) 57.3 (5.7) .21

Perform spirometry 232 44.7 (4.1) 35.0 (4.0) 20.3 (4.0) 56.6 (5.2) 31.0 (4.8) 12.4 (3.4) 38.6 (5.5) 37.1 (5.7) 24.3 (5.7) .06

Ongoing monitoring frequency

Assess daily controller use 232 91.7 (2.4) 8.2 (2.4) 0.2 (0.1) 93.6 (2.6) 6.0† (2.6) 0.4 (0.4) 90.7 (3.4) 9.3† (3.4) 0.1 (0.1) .48

Repeated assessment inhaler
technique

233 39.7 (4.0) 44.9 (4.3) 15.5 (3.0) 44.5 (5.0) 38.4 (5.1) 17.1 (4.0) 37.2 (5.6) 48.2 (6.0) 14.6† (4.1) .45

Component 2: patient education

Provide asthma action plan 233 30.6 (3.6) 32.7 (4.1) 36.7 (4.4) 37.5 (4.9) 32.8 (4.9) 29.7 (4.6) 27.1 (4.8) 32.7 (5.7) 40.3 (6.0) .25

Component 3: control of environmental factors

Assess home triggers 233 58.7 (4.2) 35.2 (4.2) 6.1† (2.2) 70.6 (4.7) 26.8 (4.5) 2.6† (1.9) 52.6 (5.8) 39.5 (5.8) 8.0† (3.2) .06

Assess school or workplace
triggers

230 71.3 (3.9) 24.2 (3.6) 4.2† (2.0) 70.0 (4.4) 25.4 (4.2) 4.6† (2.1) 72.0 (5.5) 23.6 (5.1) 4.4† (2.8) .96

Test for allergic sensitivity 233 35.0 (3.6) 32.3 (4.1) 32.8 (4.0) 61.8 (4.8) 26.9 (4.6) 11.3 (2.7) 21.3 (4.6) 35.0 (5.7) 43.7 (5.8) <.001

ED, Emergency department; NCHS, National Center for Health Statistics.
Source: 2012 National Asthma Survey of Physicians: National Ambulatory Medical Care Survey.
*c2 test for the difference between allergists and pulmonologists.
†Estimate does not meet NCHS standards of reliability.
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TABLE IV. Percentage of specialists with high adherence to asthma control assessment, by specialty (weighted percentages, SE), 2012
National Asthma Survey of Physicians

Means to assess control Total (n [ 224) Allergy Pulmonology P value*

Control index† 66.2 (4.3) 71.7 (4.7) 63.3 (5.9) .26

Means used to assess asthma control (among those with high adherence) .02

Questions and tool 35.3 (4.3) 49.6 (6.0) 27.0 (5.8)

Questions only 56.8 (4.8) 48.4 (6.0) 61.6 (6.8)

Tools only 7.9 (3.1) 2.0 (1.3) 11.4 (4.9)

Source: 2012 National Asthma Survey of Physicians: National Ambulatory Medical Care Survey.
*c2 test for the difference between allergists and pulmonologists across all categories.
†Control index defined as almost always assessing asthma control using either or both the following:
� Questions: ability to engage in normal activities, daytime and nighttime symptoms, short-acting b-agonist use, patient perception of control
� Tool: use of an asthma control assessment tool
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asking about peak flow results, and repeated assessment of
inhaler technique) was below 50%. Although most specialists
endorsed the assessment of asthma control, use of allergy testing
differed by specialty, with allergists being nearly 3 times more
likely to perform testing for allergic sensitization than pulmo-
nologists. Patterns of medication use also differed by specialty
with allergists using more ICS/LABA combinations and more
omalizumab for difficult-to-control asthma and more LTRA for
long-term asthma control than pulmonologists, and pulmonol-
ogists using more oral corticosteroids than allergists.

Use of the guidelines by both specialty groups for all
recommendations, however, was higher than published studies of
guideline use by generalists.12Ourfindings are consistentwith the few
studies that have compared guideline adherence between allergists and
pulmonologists. In the multicenter The Epidemiology and Natural
History of Asthma: Outcomes and Treatment Regimens (TENOR)
studyofpatientswitheithersevereordifficult-to-treatasthmawhowere
cared for by pulmonologists or allergists, allergists reported usingmore
leukotriene modifiers whereas pulmonologists prescribed more oral
corticosteroids for long-term therapy.8 In other studies, pulmonolo-
gists were more likely to use high-dose ICS than allergists.5,6

Guidelines are designed to standardize patient care using an
evidence-based approach. Our findings and others, however,
suggest significant differences in practice characteristics between
pulmonologists and allergists.5,6,8 Many of the differences in
guideline use observed in this study are consistent with differ-
ences in asthma populations seen by the 2 specialties. Patients
with suspected underlying allergic disease are more likely to be
referred to an allergist for an allergy evaluation, whereas patients
with fixed airway disease or worse lung function are often
referred to pulmonologists.9 Patient demographics are also likely
to be different. In TENOR, it was suggested that the higher
proportion of patients without private insurance who were
receiving care from pulmonologists could be explained by the
affiliation of more pulmonary practices with large, urban medical
centers.8 This does not appear to be the case in our study, in that
there were no differences in practice locations in urban centers or
in practice ownership. Pulmonologists, however, reported
receiving a higher proportion of practice revenue from Medicare
compared with allergists, and some pulmonary practices may
experience limitations in medication choices, older patient age
groups, and a higher prevalence of comorbidities (including
chronic obstructive pulmonary disease [COPD] and severe
asthma). This COPD/asthma overlap and the severity of disease
may be reflected in the greater use of long-term oral
corticosteroids by pulmonologists. Older age, patient comor-
bidities, and lower socioeconomic status associated with limited
reimbursement and cultural disparity in terms of affordability
and acceptability are factors in what has been called “clinical
inertia,” defined as “failure to treat to target, or prescription that
is not concordant with guidelines.”15

Less than half of specialists reported almost always performing
spirometry testing. This is much lower than the approximately 95%
reported in the Asthma Insight and Management Survey.7 In that
study, the type of lung function test (spirometry, peak flow) was not
specified in the physician questionnaire and could have been per-
formed either in the physician’s own clinic or via referral. However,
72% of physicians in that study reported conducting an annual lung
function test for each patient. This measure still differs from the
assessment in the current study that asked about the percentage of
visits for which spirometry was performed, and questionnaire dif-
ferences could explain the different results between studies.
Although not statistically different, a higher percentage of allergists
reported almost always performing spirometry than pulmonologists.
Differences in frequency of use of spirometry have been observed by
others with allergists performing more spirometry than pulmonol-
ogists.16 The guidelines recommend spirometry testing at the initial
assessment, after treatment is initiated and symptoms have stabi-
lized, during periods of progressive or prolonged loss of asthma
control, every 1 to 2 years or more frequently as well as to assess
“step down” therapy.1 It is possible that specialists interpreted this
question differently; pulmonologists see a greater number of older
patients with Medicare who in general have greater disease severity
and more appointments than younger patients and may have more
difficulty performing spirometry testing.8 Thus, the frequency of
testing could be less for the Medicare population and patient
populations seen by pulmonologists. Guideline ambiguity is likely
an additional factor in differences in practice patterns. A more
nuanced question (or set of questions) may have been able to better
explore the reasons for the differences in spirometry testing than
those included in the survey.

The guidelines recommend a written AAP for all patients with
asthma. Similar to 2 other studies of specialists in which 51%
and 33% reported preparing a written AAP for all or most of
their patients,17,18 we found that only 30.6% of specialists
almost always either provided patients with a new written plan or
reviewed an existing plan. Recent reports suggest that specialists
question the value of written treatment plans despite the strength
of evidence demonstrating their benefit to individuals with
asthma (grade B in the guidelines).19



TABLE V. Crude and adjusted odds ratios for physician specialty, adjusted odds ratios of covariates for 6 guideline recommendations that
differ between allergists and pulmonologists, 2012 National Asthma Survey of Physicians

Document

control

Ask about night

awakening

Ask about

ED/urgent visits

Perform

spirometry

Assess triggers

at home

Perform allergy

testing

Crude odds ratios (95% confidence interval)

Specialty (referent: pulmonology)

Allergy 2.1 (1.0, 4.6) 3.7 (1.6, 8.5) 3.5 (1.4, 8.7) 2.0 (1.0, 3.8) 2.3 (1.2, 4.4) 6.5 (3.3, 13.0)

Adjusted odds ratios (95% confidence interval)

Specialty (referent: pulmonology)

Allergy 1.0 (0.4, 2.9) 2.6 (0.8, 8.2) 3.1 (0.7, 13.8) 1.5 (0.5, 4.0) 1.5 (0.7, 3.6) 5.8 (2.2, 15.4)

Index of agreement (referent: less
than strong)

Strongly agree 0.5 (0.2, 1.5) 0.5 (0.2, 1.1) 0.7 (0.2, 2.5) 1.0 (0.5, 2.3) 0.7 (0.3, 1.6) 1.2 (0.5, 3.3)

Index of self-efficacy (referent:
less than high)

Very confident 1.5 (0.5, 4.4) 2.6 (0.7, 9.1) 2.8 (0.9, 8.9) 5.0 (2.1, 11.9) 2.0 (0.8, 4.7) 1.8 (0.7, 4.4)

Age group (referent: <40 y)

40-59 y 1.6 (0.4, 5.8) 0.5 (0.1, 3.9) 2.4 (0.5, 11.4) 0.6 (0.2, 1.9) 0.7 (0.2, 2.3) 0.9 (0.3, 3.0)

60þ y 2.8 (0.7, 11.5) 0.2 (0.0, 1.7) 0.6 (0.1, 2.5) 0.4 (0.1, 1.3) 0.8 (0.2, 2.8) 1.0 (0.3, 3.6)

Physician sex (referent: male)

Female 2.3 (0.7, 8.0) 0.2 (0.1, 0.8) 0.7 (0.1, 3.9) 1.1 (0.4, 2.7) 1.9 (0.7, 5.7) 1.9 (0.7, 5.3)

Physician race/ethnicity (referent:
non-Hispanic white)

All other 0.4 (0.1, 1.0) 1.4 (0.5, 4.1) 1.5 (0.5, 4.5) 0.4 (0.2, 1.0) 0.6 (0.2, 1.4) 1.7 (0.6, 4.6)

Region (referent: West)

Northeast 0.2 (0.0, 0.6) 1.5 (0.2, 9.3) 2.5 (0.5, 12.9) 1.3 (0.5, 3.3) 1.3 (0.4, 3.9) 4.9 (1.5, 16.3)

Midwest 0.5 (0.1, 2.2) 2.0 (0.3, 11.6) 2.1 (0.4, 11.6) 2.4 (0.8, 6.7) 1.7 (0.6, 5.0) 3.2 (0.9, 11.3)

South 0.3 (0.1, 1.5) 0.2 (0.0, 1.1) 0.2 (0.1, 1.2) 0.7 (0.3, 1.7) 0.7 (0.3, 2.1) 1.5 (0.5, 4.9)

Urbanization (referent: large
metro)

All other 3.0 (1.1, 8.1) 6.1 (1.6, 24.0) 2.1 (0.6, 7.5) 0.9 (0.4, 2.0) 1.9 (0.8, 4.3) 2.0 (0.7, 5.3)

Practice ownership (referent:
private)

HMO, academic center, and/
or other hospital

0.6 (0.2, 2.1) 0.3 (0.1, 1.6) 0.1 (0.0, 0.5) 0.4 (0.1, 1.1) 0.3 (0.1, 1.0) 0.2 (0.1, 0.8)

Medicare revenue (referent
>25%)

<25% 2.4 (0.7, 8.1) 6.8 (1.3, 34.7) 2.3 (0.4, 15.0) 1.5 (0.6, 4.0) 1.1 (0.4, 2.8) 0.9 (0.4, 2.6)

Missing 2.0 (0.5, 7.4) 0.5 (0.1, 1.8) 2.7 (0.8, 9.2) 0.3 (0.1, 0.8) 0.7 (0.2, 2.4) 0.6 (0.2, 2.0)

ED, Emergency department; HMO, Health Maintenance Organization.
Note: Bolded odds ratios have 95% confidence intervals that exclude 1.0 (note that some values above or below 1.0 may be rounded to 1.0).
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The frequency of almost always teaching/reviewing inhaler
technique was lower than expected. Improper inhaler technique
is known to contribute to unintentional medication non-
adherence, and the results from this study suggest that adher-
ence to the guidelines could be improved. It is a rarely assessed
element of asthma care for both generalists and specialists,17

and proper inhaler technique is associated with improved
control.18

This study has limitations. Although new literature/evidence
has accumulated since 2007, the results reflect clinical practice
after the latest guideline update. Revised guidelines in 2020 are
designed to update EPR-3 in targeted areas, but the basic com-
ponents of the EPR-3 guidelines evaluated in this study will
remain current. Thus, these findings are relevant to continued
efforts to understand and increase guideline adherence. Self-
reported behaviors are subject to social and recall bias.7
Furthermore, past studies have shown that physician-reported
behavior and clinical decision making differ from that
documented in the medical record and/or actual behavior and
practice.20,21 Relatively low response rates in physician surveys
are also known limitations.22 The NAS did not report response
rates for specialists separately from the entire group. Sample
weights accounted for the probability of selection and nonre-
sponse and were used to calculate national estimates. Finally,
although the NAS was not specifically designed to be represen-
tative of specialists, the characteristics of NAS asthma specialists
were comparable with allergists in a 2014 workforce survey,23

suggesting a representative sample. The questions were
developed for all practicing clinicians and may not have been
sufficiently nuanced for the types of patients cared for by
specialists, who may have comorbidities that alter assessment and
treatment in different ways.
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FIGURE 1. Reported use of pharmacologic therapy for asthma, by indication of the guideline recommendation component, by specialty,
2012 National Asthma Survey of Physicians. ac2 test significant for the difference between allergists and pulmonologists (P < .05). Note:
Estimates that did not meet the NCHS standards of reliability are not separately indicated in the figure. These estimates were all below
10%, indicating an appropriately low percentage of clinicians reporting a nonindicated usage. All estimates for which a significant dif-
ferencewas observed between specialties were reliable. ICS, Inhaled corticosteroid; LABA, long-acting b-agonist; NCHS, National Center
for Health Statistics. Source: 2012 National Asthma Survey of Physicians: National Ambulatory Medical Care Survey.
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The major strengths of this study are the nationally
representative sample of both allergists and pulmonologists and
the broad range of questions that included multiple key recom-
mendations within the current guidelines. In addition, both
adult and pediatric specialists were included.

Previous studies have shown that patients cared for by
specialists experience improved outcomes.2,3,5,24 Whether
these improved outcomes are due to guideline adherence or to
specialists’ additional training and experience is not clear.25

Schatz et al5 found no difference in outcomes between pa-
tients of allergists and those of pulmonologists, suggesting that
it is training and experience that are most important. Patient
outcomes were also not assessed in the NAS data. There may
be factors that influence specific elements of care by pulmo-
nologists and allergists, and understanding the factors and
clinical decision making underlying variations in guideline
adherence and differences between specialist groups could
better inform guideline recommendations with respect to
specialist practice characteristics and patient populations.
Inherent in the EPR-3 guidelines is the assumption that both
specialists and generalists should adhere to evidence-supported
recommendations to improve patient outcomes. This study
informs efforts to further improve asthma outcomes by
improving specialist practice, especially in the area of assess-
ment of inhaler technique.
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TABLE E1. (Continued)

3. For what percentage of asthma visits do you test allergic sensitivity
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TABLE E1. Categorization of questionnaire items about adher-
ence with 4 key components of the EPR-3 guidelines

1. Assessment and monitoring of asthma severity and control

Assessment of impairment frequency

1. For what percentage of asthma visits do you document overall
asthma control?

2. For what percentage of asthma visits do you ask about the patient’s
ability to engage in daily activities?

3. For what percentage of asthma visits do you ask about frequency
of daytime symptoms?

4. For what percentage of asthma visits do you ask about frequency
of nighttime awakening?

5. For what percentage of asthma visits do you ask about the patient’s
perception of symptom control?

6. For what percentage of asthma visits do you use a control
assessment tool (eg, Asthma Control Test, Asthma Control
Questionnaire,
Asthma Therapy Assessment Questionnaire, etc.)

7. For what percentage of asthma visits do you ask about frequency
of rescue inhaler use (eg, Albuterol)?

Assessment of risk frequency

1. For what percentage of asthma visits do you ask about frequency
of emergency department visits or urgent care visits for asthma?

2. For what percentage of asthma visits do you ask about frequency
of exacerbations requiring oral steroids?

Objective assessment and monitoring

1. For what percentage of asthma visits do you ask about the patient’s
peak flow results from home?

2. For what percentage of asthma visits do you perform spirometry
(among those who can perform spirometry)?

Ongoing monitoring frequency

1. For what percentage of asthma visits do you assess daily use of
controller medication (eg, ICS) for patients with severe asthma?

2. For what percentage of asthma visits do you perform repeated
assessment of inhaler technique?

2. Patient education

Asthma action plans

1. For what percentage of asthma visits do you provide a new or
review an existing written asthma action plan outlining medications,
triggers, and when to seek emergency care?

Asthma therapies

1. How often do you encounter patient misunderstandings about
medication risks or side effects or belief in myths (eg, muscle
development, addiction)?

2. How often do you encounter patient concerns about short-term side
effects of inhaled corticosteroids (eg, thrush)?

3. How often do you encounter patient concerns about long-term side
effects of inhaled corticosteroids (eg, delayed growth in children)?

4. How often do you encounter confusion between symptom relief
medications and daily controller medications?

3. Control of environmental factors

1. For what percentage of asthma visits do you assess triggers at home
(eg, pets, mold, tobacco smoke)?

2. For what percentage of asthma visits do you assess triggers at school
or workplace (eg, mold, dust, exhaust, fumes, chemicals)?

(continued)

via skin or allergen-specific IgE (eg, RAST) testing?

4. For the following 7 questions, do you make recommendations for (1)
most patients with asthma, (2) only patients with sensitivity to this
trigger, or (3) rarely or never recommend

5. Do you recommend using dust mite control measures (eg, mattress
covers)?

6. Do you recommend controlling household mold and pests (eg,
cockroaches)?

7. Do you recommend removing pets from home?

8. Do you recommend avoiding pollen (eg, limit outdoor time, close
windows)?

9. Do you recommend avoiding air pollution (eg, ozone warnings)?

10. Do you recommend making changes to cooking appliances (eg,
exhaust vents)?

11. Do you recommend avoiding second-hand smoke?

4. Pharmacologic treatment

Do you use the following medications (short-acting b-agonists,
inhaled corticosteroids [ICS], long-acting b-agonists [LABA],
combination medication that includes both LABA and ICS,
leukotriene modifiers, anticholinergics, methylxanthines,
omalizumab, short course of oral/injectable corticosteroids, and long
course of oral corticosteroids [>10 days]) for (choose all that apply
for each medication):

(1) Symptom relief/acute exacerbation?

(2) Daily long-term control?

(3) Add on daily control therapy?

(4) Difficult to control asthma?

(5) Never use this medication?

EPR-3, Expert Panel Report-3; ICS, inhaled corticosteroid; RAST, radioallergosor-
bent test.
Note: Adherence categories: almost always (75%-100%), often (25%-75%), some-
times (1%-24%), never (0%). The 2012 Asthma Supplement Questionnaire is
available from: https://www.cdc.gov/nchs/data/ahcd/2012_NAMCS_Asthma_
Supplement.pdf.

https://www.cdc.gov/nchs/data/ahcd/2012_NAMCS_Asthma_Supplement.pdf
https://www.cdc.gov/nchs/data/ahcd/2012_NAMCS_Asthma_Supplement.pdf


TABLE E2. Agreement and self-efficacy with the Expert Panel Report-3 guidelines

A. Assessment of agreement with selected guideline recommendation

1. Spirometry is an essential component of a clinical evaluation for asthma diagnosis in patients able to perform it (please do not include peak flow
monitoring as spirometry)

2. Inhaled corticosteroids are the most effective medications to control persistent asthma

3. Asthma action plans are an effective tool to guide patient self-management efforts

4. Patients with persistent asthma should have follow-up visits at least every 6 months to assess control

5. Assessing asthma severity is necessary to determine initial therapy

B. Assessment of self-efficacy with implementing selected guideline recommendations

1. Using spirometry data as a component of a clinical evaluation for an asthma diagnosis in patients

2. Assessing underlying asthma severity using standard criteria

3. Prescribing the appropriate dose of inhaled corticosteroids

4. Evaluating the need to step up controller therapy

5. Evaluating the need to step down controller therapy

Note: Agreement categories: strongly agree, agree, neutral, disagree, strongly disagree. Competency categories: very confident, somewhat confident, not at all confident, do not
perform. The 2012 Asthma Supplement Questionnaire is available from: https://www.cdc.gov/nchs/data/ahcd/2012_NAMCS_Asthma_Supplement.pdf.

TABLE E3. Crude and adjusted odds ratio for association between allergy specialty vs pulmonology (reference) and “almost always”
using selected guideline recommendations, odds ratio (95% confidence interval), 2012 National Asthma Survey of Physicians

Document

asthma

control

Ask about

nighttime

awakening

Ask about

ED/urgent

care visits

Perform

spirometry

Assess triggers

at home

and/or school

Perform

allergy

testing

Model 1: crude 2.1 (1.0, 4.6) 3.7 (1.6, 8.5) 3.5 (1.4, 8.7) 2.0 (1.1, 5.9) 2.3 (1.2, 4.4) 6.3 (3.2, 12.2)

Model 2: model 1 þ agreement, self-efficacy 2.1 (1.0, 4.5) 3.4 (1.5, 7.8) 3.3 (1.3. 8.3) 1.9 (1.0, 3.8) 2.2 (1.2, 4.2) 6.5 (3.3, 12.8)

Model 3: model 2 þ physician characteristics* 1.9 (1.7, 0.7) 5.1 (1.9, 14.1) 4.2 (1.3, 13.4) 2.0 (1.0, 4.2) 1.9 (1.0, 3.8) 5.8 (2.9, 11.8)

Model 4: model 3 þ practice location† 1.7 (0.7, 4.0) 5.2 (1.9, 14.1) 4.4 (1.3, 14.6) 2.1 (1.0, 4.4) 1.8 (0.9, 3.6) 5.9 (2.8, 12.4)

Model 5: model 4 þ practice characteristicsz 1.0 (0.4, 2.9) 2.6 (0.8, 8.2) 3.2 (0.7, 13.9) 1.4 (0.5, 3.9) 1.5 (0.7, 3.6) 5.9 (2.3, 15.4)

AOR, Adjusted odds ratio; CI, confidence interval; ED, emergency department.
Note: Bold text denotes odds ratio for which 95% CI excludes the value of 1.0 (note that some values above or below 1.0 may be rounded to 1.0). AOR for all covariates for
model 5 are shown in the main text.
*Physician characteristics: age group, sex.
†Practice location: census region, urbanicity.
zPractice characteristics: practice ownership, percent revenue from Medicare.
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