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BACKGROUND: Alpha-1 antitrypsin deficiency is under-recognized. We hypothesized that respi-
ratory therapists (RTs) could help improve the detection rate of individuals with alpha-1 antitrypsin
deficiency. The American Association for Respiratory Care (AARC) and Alpha-1 Foundation
recently collaborated to create an online alpha-1 antitrypsin deficiency training program for RTs.
This study aimed to determine (1) the rate of RT enrollment in the training program, (2) the rates
of detecting individuals with alpha-1 antitrypsin deficiency referred for testing by RTs who took the
online course (“trained RTs”), and (3) the genotype distribution of referred individuals found to
have alpha-1 antitrypsin deficiency. METHODS: Patients referred by trained RTs submitted blood
samples for alpha-1 antitrypsin deficiency testing through the existing Alpha-1 Coded Testing
(ACT) Study. The AARC sent the first 3 digits of trained RTs’ zip codes to the study data center.
Investigators there matched those zip codes with those of patients in the ACT Study who reported
being referred to the study by an RT. The data center determined the number of these patients with
alpha-1 antitrypsin deficiency and their genotypes. Investigators then aggregated the data and
calculated the RT enrollment rate, the rate of detecting individuals with alpha-1 antitrypsin defi-
ciency, and the distribution of genotype results. RESULTS: Between July 1, 2012, and June 30,
2013, 378 RTs took the online program (mean 21/mo), and 326 patients reported that they were
referred for testing by an RT. Thirty-four percent (111/326) of these referrals were by trained RTs
(6.2/mo). Sixty-two test blood kits were returned by these 111 referred patients and analyzed (4/mo).
Two of these specimens (3.2%) were from patients identified as having severe alpha-1 antitrypsin
deficiency (PI*ZZ) and one from a patient with PI*SZ (serum level 14 �M). Twenty-four percent
were from PI*MZ heterozygotes. CONCLUSIONS: A program to educate RTs about alpha-1
antitrypsin deficiency was associated with referral of patients for alpha-1 antitrypsin deficiency
testing and high rates of detecting individuals with severe alpha-1 antitrypsin deficiency. Key words:
alpha-1 antitrypsin deficiency; respiratory therapists; detection. [Respir Care 2014;59(5):667–672.
© 2014 Daedalus Enterprises]

Introduction

Alpha-1 antitrypsin deficiency is a genetic condition
that predisposes to COPD and to liver disease (ie, cirrhosis

and hepatocellular carcinoma). Alpha-1 antitrypsin defi-
ciency is common but under-recognized, with long diag-
nostic delays between the first symptom and initial diag-
nosis and the frequent need for affected individuals to see
multiple healthcare providers before initial recognition.1-6
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Recent studies of the diagnostic delay interval over the
years 1995–2010 indicated that under-recognition persists
despite various strategies to enhance recognition.5-7 Fur-
thermore, current estimates suggest that fewer than 10,000
of the estimated 100,000 Americans with severe alpha-1
antitrypsin deficiency have been clinically recognized.1

The autosomal co-dominant inheritance of alpha-1 an-
titrypsin deficiency exacerbates the problem of under-rec-
ognition because family members of affected individuals
may also be at risk. Given that specific therapy that seems
to slow the rate of emphysema progression is available,1,8-10

strategies to enhance detection are justified and have been
proposed.3,7 Optimal recognition of alpha-1 antitrypsin de-
ficiency will require enhanced surveillance by all commu-
nities of clinicians who see at-risk patients, including pul-
monologists; hepatologists; primary care physicians (eg,
family physicians and general internists); nurses; and, given
their frequent interaction with COPD patients, perhaps es-
pecially respiratory therapists (RTs).11-13 Indeed, RTs have
been shown to effectively participate in the detection of
alpha-1 antitrypsin-deficient.14 In an earlier Alpha-1 Foun-
dation-sponsored multi-center study, RTs were invited to
suggest and arrange alpha-1 antitrypsin deficiency testing
for all patients found to have fixed air-flow obstruction in
pulmonary function laboratories. Among the 3,152 patients
in this study with fixed air-flow obstruction who were
tested for alpha-1 antitrypsin deficiency, 0.63% were found
to be severely alpha-1 antitrypsin-deficient (eg, PI*ZZ and
PI*SZ), and �11% were found to be heterozygotes, thereby
establishing that RTs could be effective participants in a
targeted detection program.

To extend these findings and to explore more fully the
potential impact of RTs in identifying at-risk individuals,
we hypothesized that trained RTs could promote alpha-1
antitrypsin testing and thereby improve detection of af-
fected individuals in the course of their routine practices.
Specifically, we reasoned that because (1) many patients
with COPD see healthcare providers other than pulmonolo-
gists (eg, primary care physicians, nurses, and RTs); (2)
RTs have been shown to effectively participate in the di-
agnosis of patients with alpha-1 antitrypsin deficiency14;
and (3) RTs can be at the front line of care for such
patients in pulmonary function laboratories, in pulmonary
rehabilitation, in post-acute settings (eg, long-term acute
care and skilled nursing facilities and home care), and in
ambulatory care settings, where they are in a position to
see and recommend testing for at-risk patients,

RTs could help identify previously unrecognized indi-
viduals with COPD related to alpha-1 antitrypsin defi-
ciency. A recent collaboration between the Alpha-1 Foun-
dation and the American Association for Respiratory Care
(AARC)15 produced an online training program called
“Emerging Roles for the Respiratory Therapist in Alpha-1
Antitrypsin Deficiency,”16 which provides a curriculum to
enhance RTs’ knowledge of alpha-1 antitrypsin deficiency.
Coupled with the availability of free, confidential, at-home
testing for alpha-1 antitrypsin deficiency through the Al-
pha-1 Coded Testing (ACT) Study,17 there was an oppor-
tunity to assess whether trained RTs referred COPD pa-
tients for alpha-1 antitrypsin testing and to determine the
yield of identification by RTs of severely alpha-1 antit-
rypsin-deficient individuals. Outcome measures included
the number of trained RTs and the rate at which trained
RTs recommended alpha-1 antitrypsin deficiency testing
to their patients, as well as the rate at which such tested
patients were found to have alpha-1 antitrypsin deficiency.
The purpose of this study was to assess the effectiveness
of this strategy for targeted detection of individuals with
alpha-1 antitrypsin deficiency.

Methods

This study was approved by the institutional review
board of the Cleveland Clinic. Data-sharing agreements
were developed with other collaborating institutions: The
Medical University of South Carolina (MUSC) and the
AARC.

The online program entitled “Emerging Roles for the
Respiratory Therapist in Alpha-1 Antitrypsin Deficiency”
consisted of 3 h of lectures regarding alpha-1 antitrypsin
deficiency by 3 pulmonologists (including JKS and CS),
followed by an opportunity for the participating RT to take
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QUICK LOOK

Current knowledge

Alpha-1 antitrypsin deficiency is a genetic condition
that predisposes to COPD and liver disease. Alpha-1
antitrypsin deficiency is common but under-recognized,
with long diagnostic delays between the first symptom
and initial diagnosis.

What this paper contributes to our knowledge

A program to educate respiratory therapists about al-
pha-1 antitrypsin deficiency was associated with in-
creased referral of patients for testing and high rates of
detecting individuals with severe alpha-1 antitrypsin
deficiency.
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an online examination. Successful passage of the online
examination (ie, � 67% correct) resulted in issuance to the
RT of a certificate of competence from the AARC and the
Alpha-1 Foundation, which were the sponsoring organi-
zations. A nominal fee of $25 for AARC members was
assessed to defray administrative expenses.

The ACT Study17 provides consenting individuals the
opportunity to be tested for alpha-1 antitrypsin deficiency
in a confidential manner at home. Specifically, online in-
formed consent sent to the MUSC, the sponsoring institu-
tion of the ACT Study, is followed by a demographic
questionnaire including zip code. Participants then receive
a mailed information form and a coded blood test kit on
which a dried blood specimen is collected and sent to the
University of Florida Alpha-1 Antitrypsin Genetics Lab-
oratory, which is the testing laboratory.7 Specimens are eluted
to determine a serum level of alpha-1 antitrypsin (by neph-
elometry) and a genotype (by polymerase-chain-reaction test-
ing for the Z and S alleles). A confidential report is then
sent to the patient’s home containing the results and an
explanation of the results written in lay language.

RTs began enrolling in the “Emerging Roles for the
Respiratory Therapist in Alpha-1 Antitrypsin Deficiency”
online program after January 1, 2012, and the study inter-
val was defined a priori to be the 1-year interval between
July 1, 2012, and June 30, 2013. As part of the curriculum
of the online program, RTs who took the online course
(hereafter called “trained RTs”) were made aware of the
ACT Study and invited to refer any patients they deemed
likely candidates (ie, with established COPD) to partici-
pate in the ACT Study to learn whether they had alpha-1
antitrypsin deficiency.

Under a stipulation of the ACT Study,17 the data anal-
ysis required preserving the confidentiality of ACT Study
participants, thereby requiring that results of the ACT test-
ing could be provided only to investigators at the Cleve-
land Clinic (JKS and RC) in an aggregated de-identified
format. To do so, a data-sharing agreement was required
between the three participating institutions: Cleveland
Clinic, MUSC, and AARC. The AARC housed and co-
sponsored the online course and sent zip codes of partic-

ipating RTs to the MUSC, where the principal investigator
of the ACT Study (CS) works. Reasoning that RTs seeing
and referring COPD patients to the ACT Study would
reside in the same geographic area, zip codes were used to
link the RT recommending alpha-1 antitrypsin testing with
the patient who underwent testing. Specifically, when pa-
tients seeking ACT testing indicated on the ACT Study
information form that they were referred for testing by an
RT and when a trained RT’s zip code corresponded with
the patient’s (ie, agreement in the first 3 digits of the zip
code), that specimen was considered to be one that was
referred by a trained RT. Aggregated de-identified data on
the results of ACT Study participants, especially the num-
ber of such patients and the alpha-1 antitrypsin genotypes
of submitted specimens, were sent to the Cleveland Clinic,
where the data were analyzed.

Statistical analysis was conducted using chi-square tests.
The statistical software used was SigmaPlot for Win-
dows 11.0 (Systat Software, San Jose, California). Values
of P � .05 were deemed statistically significant.

Results

As presented in Table 1, 378 RTs completed the online
program (ie, were trained RTs) between July 1, 2012, and
June 30, 2013 (mean 21 RTs/mo). Three-hundred twenty-
six patients reported that they were referred for alpha-1
antitrypsin testing by an RT. Thirty-four percent (111/326)
of these referrals were from trained RTs (mean 6.2 pa-
tients/mo).Table 2 shows the results of blood test kit anal-
yses for patients who were referred by trained RTs. Of the
111 referred patients who requested test kits through the
ACT Study, blood test kit specimens were submitted by 62
(55.8% at a mean rate of 4 specimens received per mo).
Among these 62 (Table 3), two (3.2%) were found to have
severe alpha-1 antitrypsin deficiency, which was defined
as having a serum alpha-1 antitrypsin level below the “pro-
tective threshold” value of 11 �M.1,2 Both of these pa-
tients were PI*ZZ. A third PI*SZ patient had a serum
alpha-1 antitrypsin level slightly exceeding the protective
threshold (ie, 14 �M). Thirty-two percent of patients re-

Table 1. Results of Online Course Training

2012 2013
Total Rate (No./mo)

Q1 and Q2 Q3 Q4 Q1 Q2

RTs trained 271 32 12 35 28 378 21
Patients who completed testing 1204 552 408 705 735 3604 200.2
Patients referred by RT 117 45 36 60 68 326 18.1
Patients referred by trained RT* 22 20 8 32 29 111 6.2

* Zip code of patient matches zip code of RT supplied by the American Association for Respiratory Care.
Q � quarter (ie, 3-month period)
RTs � respiratory therapists
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ferred by trained RTs carried at least one abnormal alpha-1
antitrypsin allele; 24.2% were PI*MZ.

Of the 215 patients who requested ACT Study test kits
and who were referred by RTs who had not participated in
the online program, blood specimens were submitted by
109 (50.7%). Of these 109, 4 (3.7%) indicated severe al-

pha-1 antitrypsin deficiency: 3 individuals were PI*ZZ,
and one was PI*Z null. A fifth PI*SZ individual was not
severely deficient (serum alpha-1 antitrypsin level of 12.2
�M). Forty-seven percent of patients carried at least one
abnormal alpha-1 antitrypsin allele (ie, anything other than
PI*MM); 24.8% were PI*MZ.

Discussion

The main findings of this proof-of-concept study are
that an online program to instruct RTs regarding diagnosis
and management of alpha-1 antitrypsin deficiency was
widely used in the first year of implementation (n � 378
participants); that RTs who took the online course did
suggest alpha-1 antitrypsin testing to their patients; and
that, despite only a small number of submitted specimens
over the year of study, the yield of detecting individuals
with severe alpha-1 antitrypsin deficiency was higher
(3.2%) than in many previously reported targeted detec-
tion studies.7 In addition, the yield of detecting PI*MZ
individuals was very high (24.2%).

As a comparison regarding the impact of the online
course, RTs who did not take the online course also re-
ferred their COPD patients to the ACT Study over the
study interval, and the rate of detecting severely alpha-1
antitrypsin-deficient individuals was similar to that in the
trained RT group (3.7%). In this group, the rate of detect-
ing PI*MZ individuals was similarly high (24.8%).

In the context of the hypothesis that persisting under-
recognition of alpha-1 antitrypsin deficiency can be ad-
dressed by novel strategies (eg, encouraging RTs to advise
patients to undergo testing using free, confidential, at-home
blood test kits), our findings reinforce the important role
that RTs may play in helping to detect patients with al-
pha-1 antitrypsin deficiency. The finding that the rates of
detecting severely alpha-1 antitrypsin-deficient individu-
als among the trained RTs and those RTs who did not take
the online course were similarly high (3.2% and 3.7%,
respectively) suggests that the key element in driving de-
tection of affected individuals was RT involvement in tar-
geted detection rather than course completion. Although
taking the online course likely enhanced RTs’ knowledge
of alpha-1 antitrypsin deficiency, RTs’ awareness of the
option for their patients to be tested using the ACT Study
alone seemed to account for the high rate of detecting
severely deficient individuals in this study.

In demonstrating a novel and efficient strategy for de-
tecting individuals with severe alpha-1 antitrypsin defi-
ciency, this study extends experience with targeted alpha-1
antitrypsin deficiency detection strategies. As reviewed
previously,3 many such strategies have been undertaken to
date, including attempts to raise awareness of alpha-1 an-
titrypsin deficiency among primary care physicians and
RTs using various instructional methods (eg, continuing

Table 2. Results of Blood Test Kit Analyses for Patients Who Were
Referred by Trained Respiratory Therapists

Genotype
2012 2013 Total

(%)
Rate

(No./mo)Q1 and Q2 Q3 Q4 Q1 Q2

PI*MM 11 9 4 8 10 67.7 2.3
PI*MS 1 0 0 0 0 1.6 0.2
PI*MZ 5 0 0 6 4 24.2 1.3
PI*M null 0 0 0 0 0 0.0 0.0
PI*SS 0 1 0 0 0 1.6 0.2
PI*SZ 0 0 0 1 0 1.6 0.2
PI*ZZ 1 0 0 1 0 3.2 0.2
Total per quarter 18 10 4 16 14 100
Total all 62

Q � quarter (ie, 3-month period)

Table 3. Activity and Results of Alpha-1 Antitrypsin Deficiency
Testing in the Trained Respiratory Therapist Group Versus
Those Respiratory Therapists Who Did Not Take the
Online Course

RT Online Course Status
P

Trained Untrained

Patients referred (n) 111 215 N/A
Patients not referred (n) 215 N/A
Referred (%) 34.0
Total referred (n) 326
Specimens received (n) 62 109 0.70
Patients referred (n) 111 215
Specimens received (%) 55.9 50.7
Total specimens received (n) 171
Severe AAT deficiency (n) 2 4 0.78
Specimens received (n) 62 109
Severe AAT deficiency (%) 3.2 3.7
Patients with � 1 abnormal AAT

allele (n)*
20 52 0.26

Patients with 0 abnormal AAT
alleles (n)

62 109

Abnormal AAT allele (%) 32.3 47.7
Patients with PI*MZ genotype (n) 15 27 0.91
Patients without PI*MZ genotype (n) 62 109
PI*MZ genotype (%) 24.2 24.8

* Included alleles: S, Z, and null
RT � respiratory therapist
N/A � data not available
AAT � alpha-1 antitrypsin
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medical education lectures, targeted publications); making
free test kits available for use in physician offices as well
as confidential in-home testing17; and interest in develop-
ing a point-of-care laboratory test for alpha-1 antitrypsin,
including writing recommendations to test for alpha-1 an-
titrypsin deficiency on the pulmonary function test reports
of patients with fixed air-flow obstruction on spirometry,18

issuing prompts within the electronic medical record for
alpha-1 antitrypsin testing of patients with fixed air-flow
obstruction,19,20 and reconsidering screening of newborns
for alpha-1 antitrypsin deficiency.21,22 The prevalence of
PI*ZZ individuals detected in 9 prior targeted detection
reports has been variable (range 0–12%), with 6 of the 9
studies reporting rates of PI*ZZ detected individuals less
than the 3.2% rate detected by trained RTs in the present
study. One of the earlier 9 studies23 reported an identical
rate of 3.2%.

The present study also extends earlier efforts by linking
the role of RTs as caregivers who encounter COPD pa-
tients in many settings with a strategy by which alpha-1
antitrypsin testing can be done free and confidentially and
that does not require specific physician intervention to
perform testing. In this regard, the testing strategy here
amplifies the benefits that RTs have conferred in other
clinical interventions (eg, administering respiratory care
protocols for liberation from mechanical ventilation or for
allocating in-patient respiratory care)24-26 and demonstrates
the potential benefits of having allied health providers func-
tion at the “top of their licenses” in the new model of
value-based healthcare.

Several limitations of the study merit discussion. First,
the requirement to preserve patient anonymity in the ACT
Study and the need for data-sharing agreements to conduct
the study called for a novel strategy to link the referring
trained RT with the received specimens by concordant zip
codes (rather than actual names or specific identifiers).
Hence, misclassification is possible. Although it seems
highly likely that a referring trained RT was the same RT
who recommended testing for a patient whose specimen
was submitted from a matching zip code, it is possible that
specimens could be misattributed. For example, if the re-
ferring trained RT happened to live and practice in differ-
ent states when referring the patient to the ACT Study, the
specimen would not be linked to the RT. In this circum-
stance, the analysis would underestimate the prevalence of
testing recommended by trained RTs, and the frequency of
detecting severely alpha-1 antitrypsin-deficient individu-
als could also be underestimated. Conversely, if a trained
RT happened to live in the same state as a patient submit-
ting a specimen but was not the actual RT who saw the
patient and recommended alpha-1 antitrypsin testing, the
specimen could be mistakenly attributed to the RT, thereby
potentially inflating the rates. That said, the latter scenario
seems unlikely.

A second limitation is that with only 62 submitted spec-
imens from referred patients over the 1-year study interval,
the study size was small, lessening the robustness of the
prevalence estimates. That said, the observed rates of de-
tecting 3.2% severely alpha-1 antitrypsin-deficient sub-
jects and 32.3% of patients with at least one abnormal
alpha-1 antitrypsin allele (including 24.2% PI*MZ indi-
viduals) far exceed the usual observed frequencies in tar-
geted detection studies7 or the estimated population prev-
alence rates for these alpha-1 antitrypsin variants.

The significance of this study is that it offers support for
broader efforts to train RTs to help detect individuals with
alpha-1 antitrypsin deficiency, thereby potentially helping
to address the persisting under-recognition of alpha-1 an-
titrypsin deficiency. Because many patients with COPD
are not seen by pulmonologists but may see RTs (eg, in
pulmonary function laboratories or during pulmonary re-
habilitation), the strategy of encouraging RTs to recom-
mend testing holds special promise. Of course, replication
of these results in a larger series will be important.

In conclusion, this study has shown that a program that
informs RTs about alpha-1 antitrypsin deficiency was as-
sociated with referral of patients for alpha-1 antitrypsin
deficiency testing and a high rate of detecting individuals
with severe alpha-1 antitrypsin deficiency. To the extent
that the rate of detecting severely alpha-1 antitrypsin-de-
ficient patients here exceeds that in most prior reports of
targeted testing, these findings support the ideas that RTs
can play important roles in enhancing detection of indi-
viduals with alpha-1 antitrypsin deficiency and that train-
ing RTs is an effective measure to enhance alpha-1 anti-
trypsin deficiency detection.
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