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ABSTRACT

Background: Alpha-1 antitrypsin deficiency (AATD) is the most common genetic risk
factor for early-onset emphysema. However, AATD continues to be underrecognized
and underdiagnosed. Provider awareness about AATD, concerns with testing costs,
and limited understanding about therapeutic options contribute to its underdiagnosis.
We hypothesized that provider education would improve awareness of AATD and
improve screening.

Objective: To evaluate the impact of a targeted provider education module on AATD
screening.

Methods: We developed a web-based education module to address barriers to screen-
ing for AATD, deployed the education module using the Medscape Education plat-
form, assessed perceived healthcare provider confidence in AATD screening, and
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conducted a prospective pre and postintervention study of AATD testing practices
at a high-volume academic outpatient subspecialty pulmonary clinic.

Results: A total of 11,385 healthcare providers, including eight pulmonologists at our
institution, completed the web-based education module. Confidence in identifying
patients at high risk for AATD improved after completing the module (“not confident”
in AATD screening was 7.7% postintervention compared with 19.4% preintervention).
The rate of screening patients at high risk for AATD improved more than twofold
(AATD screening rate 9.7% preintervention vs. 20.4% postintervention; P=0.004).
Among patients screened for AATD in our cohort, 27.2% had a genotype/phenotype
or low alpha-1 antitrypsin concentration consistent with AATD.

Conclusion: Targeted healthcare provider education can improve the confidence
in testing for AATD. Improvements in provider confidence corresponded to
improvements in AATD screening in a subspecialty pulmonary clinic. More than
one-fourth of screening tests suggested AATD, underpinning the value of testing in
high-risk individuals.
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Although the prevalence of alpha-1 anti-
trypsin deficiency (AATD) is estimated to
be at least 1 in 5,000 Americans, and
although AATD affects up to 5–10% of
persons with chronic obstructive pulmo-
nary disease (COPD), AATD remains
underdiagnosed (1–5). Screening for
AATD is inconsistent for many reasons,
including limited knowledge of testing
procedures, lack of healthcare provider
awareness of screening modalities, and
lack of familiarity with treatments (6).
Undertesting and underdiagnosis of
AATD lead to delays in the identification
and care of patients with AATD (7).
Although electronic medical record–level
alerts have been trialed in the past (with
some efficacy in increasing appropriate
screening) (3), there remains a need to

further increase appropriate AATD
screening in applicable patients.

It is currently the recommendation of
multiple professional societies to screen all
patients with COPD or incompletely
reversible asthma for AATD at least once
(8, 9). This recommendation applies to a
large portion of patients who present to
a general pulmonary clinic. The current
rate of screening for AATD in a real-
world pulmonary practice is not known,
but it has been shown that education
interventions in screening for other disease
types have been successful in increasing
the number of appropriate screens (10).
In the present study, we developed an
education module targeting healthcare
providers and measured perceptions about
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AATD testing; deployed the module in a
single-center, high-volume pulmonary
practice; and measured the impact of the
intervention on AATD testing.

METHODS
Study Setting, Design, and Data Sources

We performed a prospective pre- and
postintervention study of AATD testing at
an academic outpatient pulmonary clinic.
We considered patients as eligible for
AATD testing if they fulfilled the criteria
of having both 1) a new-patient visit and
2) a diagnosis of COPD or asthma. The
preintervention period was defined as the
6months before deployment of the educa-
tion module, and the postintervention
period was the 6-month time frame after
the education module was released. The
education intervention was aimed at
increasing awareness of AATD, detailing
typical screening procedures, addressing
barriers to testing, and providing a frame-
work for test interpretation and next steps
when encountering an eligible patient.

The outpatient pulmonary clinic (Kirklin
Clinic at the University of Alabama at
Birmingham) is a quaternary referral
center for the state of Alabama and areas
of Georgia, Mississippi, Louisiana, and
Tennessee and sees more than 700,000
unique patient visits annually (11). The
pulmonary clinic is staffed by attending
pulmonologists, trainees in pulmonary
medicine, and advanced practice
providers. To identify patients eligible
for AATD screening, we used a two-step
approach to case identification with
Informatics for Integrating Biology at the
Bedside (i2b2) screening followed by
second-level physician review (12). The
i2b2 platform is designed primarily for
cohort identification, allowing users to
perform an enterprise-wide search of
health information to determine the

existence of a set of patients meeting cer-
tain inclusion or exclusion criteria for this
study (12). We used the following groups
of search terms within i2b2 to identify
cohorts from the electronic data ware-
house: Group 1 comprised International
Statistical Classification of Diseases and
Related Health Problems, Tenth Revision,
codes for COPD and asthma (J44, J44.9,
J45.3, J45.30, J45.4, J45.40, J45.5, and
J45.50); group 2 comprised medical ser-
vice encounters to the pulmonary service
within 6months of the query date; group
3 comprised visit type of one-time or
recurring outpatient visits; group 4 com-
prised those aged 18 years of age or older;
and group 5 comprised those presumed to
be living. This i2b2 query was repeated
for the postintervention time frame.

After the i2b2 collection, a board-certified
pulmonologist conducted a manual review
of the identified patient charts in the elec-
tronic health record. This review encom-
passed all clinical encounter notes,
laboratory test values, and outside facility
records that were present in the record.
We used the following rubric for classifica-
tion as “high-suspicion patients”: a new
patient encounter in the pulmonary
service, the encounter occurred in the
outpatient setting, the encounter occurred
during the time window for the pre- or
postintervention period, and there must be
a physician diagnosis of either adult-onset
asthma or COPD. Patients were excluded
from the cohort if any of the following
conditions were met: not seen as a new-
patient visit by the pulmonary service
during the window of time, encounters for
follow-up visits, encounters for procedures
(e.g., bronchoscopy, pulmonary function
testing) without an outpatient clinic visit,
or encounters for inpatient visits. The
same method was used for the postinter-
vention period.
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Once a patient was deemed eligible for
inclusion in the curated cohort, a
structured review and abstraction by
a pulmonologist reviewer (R.C.S.)
ascertained the following information:
confirmed clinical diagnosis of COPD or
adult-onset asthma; collection of demo-
graphic data, including biological sex, age,
and race; and presence of comorbid con-
ditions. Comorbid conditions included
emphysema, bronchiectasis, asthma, liver
test abnormalities (defined either by a
diagnosis code or by review of liver func-
tion laboratory test values that were above
the upper limit of normal at our hospital
laboratory), cirrhosis, panniculitis, vasculi-
tis, and smoking status. Additional infor-
mation related to screening included
location where the AATD diagnosis took
place (our institution or elsewhere), type of
screening test used (genotype/phenotype
vs. alpha-1 antitrypsin [AAT] concentra-
tion), and screening test results.

Education Intervention

In conjunction with Medscape Education,
an online education tool was created and
used as our education intervention. Before

developing the education tool, Medscape
Education conducted a survey of its users
from September 22, 2021, to September
29, 2021. This preintervention survey
showed that 100% of pulmonologists
surveyed considered themselves “very
familiar” with the symptoms of AATD
and 90% were “very familiar” with the
screening guidelines for identifying
patients with AATD (Figure 1). This tool,
A Provider’s Guide to Detecting Alpha-1
Antitrypsin Deficiency, was eligible for
completion starting January 6, 2022 (13).
The tool focused on pathophysiology,
prevalence, and therapeutics available for
AATD, as well as helping providers iden-
tify patients who are eligible for AATD
screening (Figure 2). This tool was an
online video-based activity with concomi-
tant and downloadable slides featuring
multiple faculty voices and perspectives.
It was shared with the pulmonary faculty
at our institution and was also available
for completion by Medscape Education
members as a continuing medical educa-
tion activity certified for 0.75 American
Medical Association Physician’s Recogni-
tion Award Category 1 Credit and 0.75

Figure 1. Medscape Education preintervention provider survey. Medscape Education conducted an online poll of existing users that posed
questions about familiarity with alpha-1 antitrypsin deficiency. Answers were graded as “familiar/very familiar” (blue), “somewhat familiar”
(orange), or “not familiar” (red). Gastro =Gastroenterologist; PA=physician assistant; Ped=Pediatrician; PCP=primary care provider;
Pulm=pulmonologist.
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American Nurses Credentialing
Center Contact Hours. A pre– and
post–continuing medical education ques-
tion, with a simple 5-point Likert scale
(not confident to very confident), was used
to gauge physician confidence in identify-
ing patients who should be tested
for AATD.

Statistical Analyses

We used descriptive statistics to ascertain
the rate of AATD screening among
eligible patients, as well as to compare
screening rates before and after the
intervention. We used either Kruskal-
Wallis or chi-square tests to evaluate

the relationship between appropriately
screened patients in the pre- and postin-
tervention periods, to measure the differ-
ences in screening rates before and after
intervention, and to measure associations
between specific demographic factors and
AATD screening.

RESULTS
Education Intervention

The education intervention, A Provider’s
Guide to Detecting Alpha-1 Antitrypsin
Deficiency, was eligible for completion
starting January 6, 2022. More than
11,000 learners nationwide opened the

Figure 2. Module content overview.
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education module, and more than one-
third of participants completed the entire
module. Our survey, within the education
intervention, showed that nearly one-fifth
(19.4%) of all pulmonologists surveyed
did not feel confident in identifying who
should be screened for AATD before
completing the module, and this amount
decreased to 7.7% of pulmonologists after
the education intervention (Figure 3).
Relevant to our pilot study, eight
participants who completed the education
intervention self-reported as being
pulmonologists from our institution.
Of the education module participants who
completed the postmodule survey, 97%
reported that the module modified or
reinforced a portion of their screening
practice, with the highest proportion
(73%) reporting that the module changed

their approach to patients with COPD
whom they see as being at high risk for
AATD. However, 21% of module-
completing participants reported that con-
tinued lack of familiarity with guidelines
could be a barrier to appropriate
screening.

Cohort Characteristics

Between May 29, 2021, and November 29,
2021 (preintervention), and between
January 28, 2022, and July 28, 2022
(postintervention), 5,295 and 4,560
patients, respectively, were identified using
i2b2 software and system electronic
medical records. After a second-level
review using the criteria outlined above,
these lists were filtered down to 229 and
113 new patients eligible for AATD testing
during each respective cohort phase (see
the figures in the data supplement).

Figure 3. Pre and posteducation intervention provider confidence in assessing alpha-1 antitrypsin deficiency (AATD). Medscape Education users
who participated in the AATD provider education module completed surveys before and after completing the course. Questions about provider
confidence and awareness of AATD were scored on the basis of a Likert scale (not confident through very confident). Results from
pulmonologists (dark blue), allergists (light blue), and gastroenterologists (orange) are shown.
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Combining pre- and postintervention
cohorts, the mean age was 62.9±12.6 years,
with 49.7% male and 50.3% female. In the
sample, 84.5% of patients were White,
14.9% were African American, and 0.6%
were of Hispanic ethnicity. The majority
(76.6%) of patients had emphysema,
whereas 29.5% had asthma, 2.6% had
bronchiectasis, 2.6% had liver function

abnormalities, and 0.9% had cirrhosis. No
patients had comorbid panniculitis or
vasculitis. The majority (54.4%) of our
patients were former smokers, whereas
21.3% were current smokers and 24.3%
were never smokers (Table 1).

Comparing the pre- and postintervention
cohorts, there was a higher percentage of
males in the postintervention cohort

Table 1. Pre and postintervention cohort characteristics (of patients eligible for
screening)

Preintervention Postintervention Total P Value

No. of subjects 229 113 342 —

Age, yr

Mean 62.6 63.4 62.9 0.712

SD 11.69 12.58 12.55

Median (range) 64 (25–92) 64 (20–85) 64 (20–92)

Sex

Male 103 (45.0%) 67 (59.3%) 170 (49.7%) 0.013

Female 126 (55.0%) 46 (40.7%) 172 (50.3%)

Race/ethnicity

White 197 (86.0%) 92 (81.4%) 289 (84.5%) 0.515

Black 31 (13.5%) 20 (17.7%) 51 (14.9%)

Hispanic 1 (0.4%) 1 (0.9%) 2 (0.6%)

Comorbid conditions

Emphysema 160 (69.9%) 102 (90.3%) 262 (76.6%) ,0.001

Asthma 80 (34.9%) 21 (18.6%) 101 (29.5%) 0.002

Bronchiectasis 6 (2.6%) 3 (2.7%) 9 (2.6%) 0.985

Liver test abnormalities* 4 (1.7%) 5 (4.4%) 9 (2.6%) 0.146

Cirrhosis 3 (1.3%) 0 (0.0%) 3 (0.9%) 0.222

Smoking status

Current 46 (20.1%) 27 (23.9%) 73 (21.3%) 0.041

Former 118 (51.5%) 68 (60.2%) 186 (54.4%)

Never 65 (28.4%) 18 (15.9%) 83 (24.3%)

Definition of abbreviations: SD= standard deviation.
*Defined either by a diagnosis code or by review of liver function laboratory test values that were above
the upper limit of normal at our hospital laboratory.
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(45.0% vs. 59.3%; P=0.013), but the
mean age and racial demographics were
similar. The most common comorbidity
for both groups was emphysema (69.9%
vs. 90.3%; P, 0.001), with asthma (34.9%
vs. 18.6%; P=0.002) and bronchiectasis
(2.6% vs. 2.7%; P=0.98) being less
common. The majority of patients in both
groups were former smokers (51.5% vs.
60.2%; P=0.041) (Table 1).

Screening Practices before and after
Intervention

AATD testing was performed in 44
(12.9%) patients in the combined pre- and

postintervention cohort. We observed a
greater than 120% increase in AATD
testing in the cohort after the intervention
(9.17% preintervention vs. 20.4%
postintervention; P=0.004). This increase
in testing was driven by both an increase
in AATD testing within our institution
(7.9% preintervention vs. 15.0%
postintervention; P=0.039) and through
an increase in reporting of AATD testing
performed at outside institutions (1.4%
preintervention vs. 6.3% postintervention;
P=0.020) (Table 2).

Factors associated with providers sending
AATD testing included younger age

Table 2. Pre and postintervention screening practices

Preintervention Postintervention Combined P Value

No. of subjects 229 113 342 —

Patients screened for
AATD (any screen)

21 (9.2%) 23 (20.4%) 44 (12.8%) 0.004

Screen type*

AAT concentration 5 (2.2%) 14 (12.4%) 19 (5.6%) ,0.001

Average concentration,
mg/dl (range)

130.2 (75.0–115.0) 140.4(52.0–184.0) 137.7 (52.0–184.0) 0.354

.80mg/dl 4 13 17

,80mg/dl 1 1 2

Phenotype/genotype 17 (7.4%) 11 (9.7%) 28 (8.2%) 0.046

M/M 11 5 16

M/S 3 1 4

M/Z 1 2 3

S/Z 0 1 1

Z/Z 2 2 4

Location of screen*

At UAB 18 (7.9%) 17 (15.0%) 35 (10.2%) 0.039

Outside UAB† 3 (1.3%) 6 (5.3%) 9 (2.6%) 0.020

Definition of abbreviations: AAT=alpha-1 antitrypsin; AATD=alpha-1 antitrypsin deficiency; UAB=University of
Alabama at Birmingham.
*Patients could have multiple types of screens performed.
†Reported by our documentation/outside record gathering.
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(58.8 ± 11.69 vs. 63.4± 12.58; P=0.011),
comorbid liver function abnormalities
(9.1% vs. 1.7%; P=0.004), or cirrhosis
(4.5% vs. 0.3%; P=0.005). Variables
including COPD versus asthma status,
tobacco history, sex, or race did not
influence the odds of screening for
AATD in our cohorts.

Results of AATD Screening

Of the 44 patients screened for AATD,
phenotype/genotype testing was per-
formed in 28 and AAT concentrations
were measured in 19 (some patients had
both screens performed). Of screened
patients, 12 (27.2%) of the 44 had abnor-
mal phenotyping, including 4 with Pi*ZZ,
4 with Pi*MS, 3 with Pi*MZ, and 1 with
Pi*SZ (Table 2). Two patients had low
AAT concentrations, and both of these
patients had abnormal genotypes (MZ
and SZ, respectively).

DISCUSSION

We found that the rate of AATD
screening in high-risk patients more than
doubled at a high-volume quaternary
subspecialty referral center after deploying
a provider-focused education intervention.
This change in AATD screening was
statistically significant and correlated with
an increase in provider confidence in iden-
tifying patients at high risk for AATD.
Even though AATD can cause excess
morbidity, a population-based study in
Denmark suggested that only �25% of
individuals with AATD are aware that
they have the disease (14). The rise in
direct-to-consumer genetic testing among
the public has led to a new wave of
AATD identification, with a prevalence
higher than previously hypothesized (15).
Although screening high-risk individuals
can happen in a variety of ways, we
believe that medical providers should take

ownership for screening and diagnos-
ing AATD.

Medscape Education survey data confirm
that there are ongoing education gaps
among pulmonologists regarding AATD
screening. Although a majority of
pulmonologists report knowing which
patients to screen, providers in real-world
practice are not screening the majority of
high-risk patients. Some of the reluctance
by providers is due in part to lack of
awareness of existing therapies for AATD
(7). Although interventions such as aug-
mentation have efficacy, multiple pipeline
products that are currently in phase 2/3
clinical trials show promise for additional
therapeutic approaches. Even in the
absence of a pharmacologic intervention
for AATD, early diagnosis of AATD posi-
tively affects lung function and quality of
life and influences patient-initiated behav-
ior. For example, previous studies have
shown that for each year of diagnostic
delay, forced expiratory volume in
1 second percentage predicted decreases
by 0.3%, St. George’s Respiratory Ques-
tionnaire score increases by 1.6 points,
and the COPD Assessment Test score
increases by 0.7 points per year (15–17).
Putting these findings into context and
knowing that the average diagnostic delay
for AATD is approximately 5 years, each
of these metrics will surpass the minimal
clinically important difference for a
decline in status during this time. In addi-
tion, smokers with AATD are more likely
than their non-AATD counterparts to stop
smoking after a diagnosis (17). Similarly,
in a study of direct-to-consumer AATD
testing, there was a 70% increased odds of
reporting smoking reduction efforts and a
400% increased odds for reducing alcohol
consumption (15).

We found that emphysema was the most
common pulmonary condition in our
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pre- and postintervention cohorts. Although
this finding is not surprising on the basis
of our study design, it supports findings
from population-based studies suggesting
that emphysema is the most common
respiratory diagnosis among individuals
with AATD (18). To our knowledge, there
is no algorithm to identify patients with a
high likelihood of having AATD, although
investigators have developed electronic
health record–based classifiers for other
rare conditions (19). If similar algorithms
are developed to identify patients at risk
for AATD, we anticipate that emphysema
will be heavily weighted in modeling. It is
also worth pointing out that our study
demographics closely mirrored our local
population, with a significant proportion
of individuals of Black race and few with
Hispanic ethnicity. Because of the increas-
ing diversity of the U.S. population, it is
important to consider AATD testing in
patients other than those with northern
European genetic ancestry.

We observed that a patient presenting for
care in the postintervention cohort had a
twofold higher chance than a patient
presenting for care in the preintervention
period of having an AATD screening test
sent. The overall rate of testing for AATD
remained abysmally low at approximately
20% of high-risk patients in the postinter-
vention period. As seen in our interven-
tion survey, although this module
reinforced many participants’ screening
practices, there still was some lingering
concern that complexity of guidelines
could be a barrier to appropriate
screening.

There were a variety of lessons learned
throughout the conduct of this study
and implementation of the education
intervention. We had a large discrepancy
between the i2b2-generated list of patients
and the curated list of patents after

clinician review. There are several possi-
bilities for this discrepancy, including an
ineffective algorithm, the inability of the
i2b2 program to discern inpatient and
outpatient encounters with the pulmonary
service line, or something else entirely.
However, we erred on the side of having
an overly sensitive screening tool to ensure
that all potentially eligible patients were
captured in our data abstraction, despite
an increased workload for the pulmonolo-
gist reviewer. Future studies should
explore refining the i2b2 sensitivity to
decrease the amount of time spent in
manual second-line review.

The findings from this study have
uncovered additional unmet education
needs among healthcare providers.
Importantly, we observed that much of
the improvement in screening was driven
by increased testing using only alpha-1
antitrypsin concentrations, not by geno-
type or phenotype testing, and this was in
contrast to the recommendations by the
American Thoracic Society and the Euro-
pean Respiratory Society. Our education
module focused primarily on increasing
awareness of AATD and providing a
rationale for testing to an audience with
some awareness of the condition. We
attempted to use the message that “every
patient with COPD needs an AATD
screening at least once in their life,” but it
is possible that some of the nuance in our
education module was overwhelming to
the providers taking the module or that
the portions which discussed testing algo-
rithms lacked clarity. Our education mod-
ule did warn against using solely alpha-1
concentrations as a screening tool for
AATD. The variability in selecting the
appropriate test, not just “any” test,
needs to be explored in future studies.

Given that tests across the entire cohort
identified an abnormal allele in nearly
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one-third of the cases, one could theorize
that up to 93 patients in the combined
preintervention and postintervention
cohort could have abnormal AATD
screening results. Put another way, the
overwhelming majority of patients with
undiagnosed AATD who presented for
care during the study window remained
undiagnosed. Of note, our screening posi-
tivity rate correlates with rates in previous
international studies of similar high-risk
patients that were conducted using a simi-
lar methodology (4, 5).

Limitations

Our study has certain limitations. Because
of the anonymous nature of the education
module, we were able to confirm provider
participation in the module only by
self-report. Furthermore, some of the
providers could have participated in the
module outside the time windows we
selected for the pre- and postintervention
periods. Cohort studies by nature have
unaccounted-for confounding, and we
cannot say with certainty that our
increased screening rates were not influ-
enced by some factor outside of our
education intervention. Our strict inclu-
sion and exclusion criteria were used in

an attempt to ensure that the same types
of patients, presenting in the same stage of
their diagnostic evaluation, were being
evaluated in both phases of this study.

Conclusion

In conclusion, we found that the rate of
AATD screening for high-risk patients
more than doubled after an education
intervention. A rollout of education inter-
ventions to other centers could increase
the number of AATD screenings and
thereby directly increase the identification
of patients with AATD and improve the
generalizability of our findings. The over-
all rates of screening high-risk patients for
AATD remain low at our center. Given
the rate of detecting abnormal alleles in
our small study, it is likely that a substan-
tial number of patients with AATD have
yet to be identified. However, improving
provider awareness about screening for
AATD is an important first step in
addressing the unmet need for diagnosing
AATD in high-volume quaternary
medical centers in both future studies and
clinical practice.

Author disclosures are available with the
text of this article at www.atsjournals.org.
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