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Objective: To examine the association of genotype with smoking and other key health behaviors among individuals with alpha-1 antitrypsin deﬁciency (AATD) associated lung disease.
Methods: Self-reported data were analyzed from 3506 individuals with AATD-associated lung disease. All data
were collected upon enrollment in a disease management program designed for individuals who have been
prescribed augmentation therapy. Multivariate logistic regression was utilized to examine the extent to which
genotype was associated with smoking and other key health behaviors (i.e., getting a pneumonia vaccine, getting
a ﬂu vaccine, exercising, and maintaining a healthy weight). We hypothesized that MZs and SZs are more likely
than ZZs to be current smokers, and that genotype is associated with additional health behaviors.
Results: MZs and SZs had higher odds of being a current smoker than ZZs (MZ versus ZZ OR = 2.73, p < .001;
SZ versus ZZ OR = 4.34, p < .001). For every additional health behavior examined, MZs had higher odds of
unhealthy behavior than ZZs (ORs ranged from 1.35 to 1.98, p < .05). SZs had higher odds of unhealthy
behavior than ZZs with regard to lack of exercise (OR = 1.52, p = .003) and failure to maintain a healthy weight
(underweight OR = 1.93, p = .028; overweight OR = 1.43, p = .015).
Conclusions: Among individuals who have been prescribed augmentation therapy for lung disease due to AATD,
genotype is associated with smoking and additional health behaviors that are central to managing lung disease.

1. Introduction
Alpha-1 antitrypsin deﬁciency (AATD) is a genetic condition that
increases the risk of developing lung disease [1]. The emphysema
subtype of chronic obstructive pulmonary disease (COPD) is the most
common health problem caused by AATD [2,3]. Various environmental
exposures inﬂuence the risk of developing lung disease, but the primary
factors that inﬂuence this risk are cigarette smoking and the severity of
AATD [4–6].
The two most common deﬁcient alleles are S and Z, with Z being
more severely deﬁcient [7]. The majority of identiﬁed patients with
AATD-associated lung disease have the ZZ genotype [8]. The M allele is
not deﬁcient, and individuals with the MZ genotype are typically referred to as “carriers.” Whether individuals with the MZ genotype are at
increased risk of developing lung disease has been a controversy for
decades [9]. Mounting evidence suggests that individuals with the MZ
genotype are at an increased risk of developing lung disease, especially
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those who smoke [6,10–13]. However, the biological mechanisms that
underlie the increased risk among individuals with the MZ genotype
remain unknown, given that serum levels of alpha-1 antitrypsin are
above the putative protective threshold in these individuals [14].
AATD-associated lung disease is currently incurable and typically
has a gradually progressive course. The only speciﬁc drug therapy
available for individuals with AATD-associated lung disease is augmentation therapy. Augmentation therapy involves infusions of plasmaderived alpha-1 antitrypsin, usually on a weekly basis, with the goal of
slowing the rate of decline in lung function [15–21]. Guidelines for the
management of AATD-associated lung disease provide speciﬁc recommendations regarding augmentation therapy, emphasize the importance of smoking cessation, and discuss additional behavioral recommendations such as vaccinations against pneumococcus and
inﬂuenza, engagement in regular physical activity, and maintaining a
healthy weight [18,22–24]. Disease management is an important
component of treatment for AATD-associated lung disease [25,26]. A
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genotype may indicate a low level of engagement in managing one's
health condition, which would be demonstrated via limited participation in recommended health behaviors among these individuals. Data
were collected by AlphaNet, a not-for-proﬁt organization that provides
a telephone-based disease self-management program designed for individuals with AATD-associated lung disease who are prescribed augmentation therapy [25]. AlphaNet follows the majority of individuals in
the United States who are prescribed augmentation therapy for lung
disease due to AATD. As such, these data provide an opportunity to
examine correlates of health behaviors in a large sample of geographically diverse patients.

Abbreviation list
AATD
BMI
CCI
CI
COPD
OR

alpha-1 antitrypsin deﬁciency
body mass index
Charlson Comorbidity Index
conﬁdence interval
chronic obstructive pulmonary disease
odds ratio

major focus of disease management is the promotion of behavioral recommendations for optimal management of AATD-associated lung
disease (e.g., smoking cessation, engagement in regular physical activity).
No research to date has systematically examined, among a sample of
individuals with AATD-associated lung disease, the extent to which
individuals with the MZ genotype (hereinafter MZs) and individuals
with the SZ genotype (hereinafter SZs) diﬀer from individuals with the
ZZ genotype (hereinafter ZZs) with regard to health behaviors that are
critical in managing lung disease. The aim of the current study was to
examine the association of genotype with smoking and other key health
behaviors among individuals with AATD-associated lung disease. We
hypothesized that MZs and SZs are more likely than ZZs to be current
smokers. We also hypothesized that genotype is associated more
broadly with health behaviors that are recommended for individuals
with AATD-associated lung disease (i.e., getting recommended vaccines, exercising, and maintaining a healthy weight). Individuals who
did not know their genotype also were compared to ZZs. We hypothesized that these individuals have worse health behaviors than ZZs. The
assumption underlying this hypothesis is that not knowing one's own

2. Methods
2.1. Sample and procedures
Analyses were conducted under a protocol that was approved by the
Western Institutional Review Board (WIRB). This report utilizes crosssectional data collected at baseline from patients who enrolled in
AlphaNet between 1/1/08 and 12/31/15. The vast majority of patients
enrolled in AlphaNet's disease management program have been prescribed augmentation therapy for lung disease due to AATD. A small
percentage of the patients in this program are prescribed augmentation
therapy for other health conditions due to AATD, such as panniculitis.
All data were collected via structured interviews that were administered via telephone.
Between 1/1/08 and 12/31/15, 5522 adults enrolled in the disease
management program. To improve our ability to assess the extent to
which genotype is associated with health behaviors, we limited our
sample to individuals with the most frequently-reported genotypes in
AlphaNet's dataset. As such, we included individuals with an MZ, SZ, or

Fig. 1. Study ﬂow diagram.
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Individuals who indicated that they had never smoked or were not
currently smoking were categorized as not a current smoker.
Recommended Vaccines: Individuals were asked whether they had
received a pneumonia vaccine in the last 6 years. Individuals were also
asked whether they had received a ﬂu vaccine in the last year.
Exercise: Individuals were asked whether they exercised regularly,
irregularly, or not at all. Individuals who indicated that they did not
exercise at all were categorized as “does not exercise.” Those who exercised irregularly or regularly were grouped together into a single
category that captured engaging in some degree of exercise.
Maintaining a Healthy Weight: Individuals were asked to report their
weight and height. This information was used to calculate body mass
index (BMI). The standard weight status categories established by the
Centers for Disease Control and Prevention were utilized to designate
each participant as underweight (BMI < 18.5), at a healthy weight
(BMI ≥ 18.5 and < 25.0), or overweight/obese (BMI ≥ 25.0) [33].

ZZ genotype, and patients who did not know their genotype. This resulted in excluding 648 individuals who reported other genotypes (e.g.,
ZNull, NullNull, MS, SS). We also excluded 327 individuals who did not
self-report that they had lung disease. To be included in our ﬁnal
sample, individuals had to provide a valid response for all predictors
that were used in the regression models and at least one of the health
behaviors that were used as dependent variables in the regression
models. This resulted in a ﬁnal sample of 3506 (see Fig. 1).
2.2. Measures
2.2.1. Genotype
Each patient was asked what variant of alpha-1 they had. Response
options in the structured interview were: ZZ, SZ, MZ, “I don't know,”
ZNull, NullNull, and “Other.” The current analyses include the most
frequently-reported responses, which were MZ, SZ, ZZ, and “I don't
know.”

2.3. Analyses
2.2.2. Additional patient characteristics
The structured interview included questions regarding age, sex, and
relationship status. We created three categories for age: 52 or younger,
53 to 64, and 65 or older. Age 53 was selected as a cut point because
early-onset COPD has been deﬁned as COPD that is diagnosed prior to
age 53 [27]. Age 65 was selected as a cut point because this is the age at
which individuals become eligible for Medicare.
Smoking status was assessed via a question that asked whether the
individual had smoked more than one pack of cigarettes in their lifetime. Individuals who reported that they had smoked more than one
pack of cigarettes in their lifetime were asked a follow-up question
regarding whether they were currently smoking. Responses to these two
questions were used to categorize each individual as a never smoker, an
ex-smoker, or a current smoker.
The Charlson Comorbidity Index (CCI) was used to capture information regarding comorbid medical conditions [28]. The CCI uses
categories of comorbidities that are assigned a weighted value based on
the risk of mortality. A higher score indicates a higher mortality risk.
The CCI has been used in prior COPD research [26,29–32]. Lung disease
is assigned a value of 1, and therefore all individuals in this sample had
a CCI score of 1 or higher. We treated the CCI score as a categorical
variable with 4 categories: 1, 2, 3, and 4 or higher. Individuals with a
CCI score of 1 were the reference group in our analyses, which allowed
us to examine the extent to which additional health conditions—beyond AATD-associated lung disease—are associated with
the health behaviors of interest.
Participants reported whether they regularly use oxygen, with yes/
no response options. Oxygen use was considered to be a proxy for the
severity of lung disease in our analyses. Participants also reported
whether they had ever been evaluated at an organ transplant center,
with yes/no response options. An evaluation at an organ transplant
center indicates that the patient has experienced health problems associated with AATD that are severe enough to warrant consideration for
a lung or liver transplant.
Comfort with knowledge regarding alpha-1 was assessed via the
following question: “Do you feel comfortable with your current
knowledge about alpha-1?” Response options were: “no; ” “somewhat
comfortable,” and “yes, very comfortable.” Reponses of “no” and
“somewhat comfortable” were categorized as having low comfort with
knowledge regarding alpha-1. A response of “yes, very comfortable”
was categorized as having high comfort with knowledge regarding
alpha-1.

Data were analyzed using SPSS Statistics Version 24. For all analyses, signiﬁcance tests were two-sided with a signiﬁcance level of 0.05.
2.3.1. Preliminary analyses to examine characteristics of participants
Characteristics of participants were summarized using number and
percentage of participants. Given our focus on genotype, characteristics
were summarized by genotype as well as for the full sample. Chi-square
tests were used to examine whether characteristics of participants diﬀer
by genotype.
2.3.2. Analyses to examine the association of genotype with health
behaviors
Multivariate logistic regression was used to examine the association
of genotype with health behaviors while controlling for demographic
and health characteristics. The same set of predictors was examined in
each multivariate logistic regression model, and all variables were entered simultaneously. The primary predictor of interest was genotype.
Covariates were selected to capture demographic and health characteristics that have been associated with health outcomes in prior research (i.e., age [31,34,35], sex [30,31,36], relationship status
[29,34,37], smoking status [36,38–40], CCI score [28,29,41], and
oxygen use [39,42]) and also to capture aspects of AATD-associated
lung disease that are likely to be associated with health behaviors (i.e.,
evaluation at an organ transplant center, comfort with knowledge regarding alpha-1).
A binary multivariate logistic regression model was ﬁt for each of
the following health behaviors: current smoking, pneumonia vaccine,
ﬂu vaccine, and exercise. In each model, the dependent variable was
coded such that a score of 0 indicated healthy behavior (e.g., not a
current smoker), and a score of 1 indicated unhealthy behavior (e.g., is
a current smoker). As such, in each model an odds ratio greater than 1
indicates increased odds of unhealthy behavior.
Binary logistic regression was not an appropriate method to examine correlates of maintaining a healthy weight due to the existence of
three categories for this health behavior: underweight, healthy weight,
and overweight/obese. Thus, a multinomial multivariate logistic regression model was ﬁt. Worse health outcomes are associated with both
extremes of BMI among patients with COPD (e.g., low BMI is associated
with mortality [43–45] and worse quality of life [46,47] while high
BMI is associated with healthcare utilization [48] and worse quality of
life [47]). As such, the comparison group in this model was healthy
weight (BMI ≥ 18 and < 25). A single model was utilized to estimate
the association of each predictor with being underweight (as compared
to a healthy weight) as well as the association of each predictor with
being overweight/obese (as compared to a healthy weight). As with the
binary models, an odds ratio greater than 1 indicates increased odds of
unhealthy behavior (i.e., being underweight or overweight).

2.2.3. Health behaviors
Current Smoking: Individuals who reported that they had smoked
more than one pack of cigarettes in their lifetime were asked a followup question regarding whether they were currently smoking.
Individuals who responded “yes” were categorized as current smokers.
50
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signiﬁcant association with all of the health behaviors.

2.3.3. Analyses to examine missing data
Individuals who were removed from the sample due to missing data
were compared to individuals who were included in analyses via Chisquare tests. These analyses provide information regarding bias that
may be introduced due to missing data.

3.2. The association of genotype with health behaviors
Tables 2 and 3 present results of the regression models. All regression models had adequate ﬁt, as indicated by nonsigniﬁcant goodnessof-ﬁt tests. The Hosmer-Lemeshow goodness-of-ﬁt test was as follows
for each binary logistic regression model: current smoker χ2 (df
2
=8) = 5.68, p = .683; pneumonia vaccine χ (df =8) = 4.84, p = .774;
2
ﬂu vaccine χ (df =8) = 5.42, p = .712; and exercise χ2 (df =8) = 8.24,
p = .411. The Pearson Goodness-of-Fit test for the multinomial logistic
regression model for healthy weight was χ2 (df =2444) = 2523.37,
p = .129.
As shown in Table 2, genotype was associated with current smoking
while controlling for age, sex, relationship status, CCI score, oxygen
use, organ transplant center evaluation, and comfort with knowledge
regarding alpha-1. MZs had higher odds of being a current smoker than
ZZs (OR = 2.73, 95% CI = 1.70–4.39, p < .001), as did SZs
(OR = 4.34, 95% CI = 2.60–7.24, p < .001) and individuals who did
not know their genotype (OR = 1.97, 95% CI = 1.25–3.09, p = .003).

3. Results
3.1. Characteristics of participants
Characteristics of the sample are in Table 1. Nearly one-third of the
sample was under the age of 53 (32.3%). Less than a quarter of the
sample had never smoked (24.1%). Genotype had a statistically signiﬁcant association with every demographic and health characteristic
examined. With regard to health behaviors, very few individuals were
current smokers (4.2%) and only a minority of the sample had not
gotten a pneumonia vaccine (12.1%) or a ﬂu vaccine (13.6%). Nearly a
third of the sample reported that they did not exercise (30.2%). Very
few individuals were underweight (4.9%) and more than half of the
sample was overweight/obese (56.1%). Genotype had a statistically
Table 1
Characteristics of the sample.

Demographic and Health Characteristics

Full Sample (n = 3506)

Genotype Not Known by Patient (n = 662)

MZ (n = 464)

SZ (n = 266)

ZZ (n = 2114)

N (%)

N (%)

N (%)

N (%)

N (%)

207 (31.3%)
264 (39.9%)
191 (28.9%)

117 (25.2%)
203 (43.8%)
144 (31.0%)

63 (23.7%)
115 (43.2%)
88 (33.1%)

745 (35.2%)
858 (40.6%)
511 (24.2%)

< .001

367 (55.4%)
295 (44.6%)

270 (58.2%)
194 (41.8%)

140 (52.6%)
126 (47.4%)

1088 (51.5%)
1026 (48.5%)

.036

290 (43.8%)
372 (56.2%)

192 (41.4%)
272 (58.6%)

97 (36.5%)
169 (63.5%)

688 (32.5%)
1426 (67.5%)

< .001

133 (20.1%)
493 (74.5%)
36 (5.4%)

92 (19.8%)
339 (73.1%)
33 (7.1%)

41 (15.4%)
198 (74.4%)
27 (10.2%)

578 (27.3%)
1485 (70.2%)
51 (2.4%)

< .001

352 (53.2%)
124 (18.7%)
85 (12.8%)
101 (15.3%)

223 (48.1%)
106 (22.8%)
77 (16.6%)
58 (12.5%)

126 (47.4%)
57 (21.4%)
43 (16.2%)
40 (15.0%)

1292 (61.1%)
371 (17.5%)
267 (12.6%)
184 (8.7%)

< .001

271 (40.9%)
391 (59.1%)

230 (49.6%)
234 (50.4%)

137 (51.5%)
129 (48.5%)

984 (46.5%)
1130 (53.5%)

.006

565 (85.3%)
97 (14.7%)

430 (92.7%)
34 (7.3%)

252 (94.7%)
14 (5.3%)

1711 (80.9%)
403 (19.1%)

< .001

418 (63.1%)
244 (36.9%)

311 (67.0%)
153 (33.0%)

170 (63.9%)
96 (36.1%)

905 (42.8%)
1209 (57.2%)

< .001

N (%)

N (%)

N (%)

N (%)

N (%)

3359 (95.8%)
147 (4.2%)

626 (94.6%)
36 (5.4%)

431 (92.9%)
33 (7.1%)

239 (89.8%)
27 (10.2%)

2063 (97.6%)
51 (2.4%)

< .001

3009 (87.9%)
414 (12.1%)

571 (88.3%)
76 (11.7%)

365 (80.6%)
88 (19.4%)

221 (86.0%)
36 (14.0%)

1852 (89.6%)
214 (10.4%)

< .001

2994 (86.4%)
470 (13.6%)

564 (86.1%)
91 (13.9%)

362 (79.0%)
96 (21.0%)

223 (85.4%)
38 (14.6%)

1845 (88.3%)
245 (11.7%)

< .001

2432 (69.8%)
1054 (30.2%)

403 (61.6%)
251 (38.4%)

296 (64.3%)
164 (35.7%)

162 (61.1%)
103 (38.9%)

1571 (74.6%)
536 (25.4%)

< .001

171 (4.9%)
1367 (39.0%)
1963 (56.1%)

38 (5.7%)
256 (38.7%)
367 (55.5%)

25 (5.4%)
124 (26.7%)
315 (67.9%)

17 (6.4%)
87 (32.7%)
162 (60.9%)

91 (4.3%)
900 (42.7%)
1119 (53.0%)

< .001

Age
52 or Younger
1132 (32.3%)
53 to 64
1440 (41.1%)
65 or Older
934 (26.6%)
Sex
Male
1865 (53.2%)
Female
1641 (46.8%)
Relationship Status
Single
1267 (36.1%)
Married/Civil Union
2239 (63.9%)
Smoking Status
Never Smoker
844 (24.1%)
Ex-Smoker
2515 (71.7%)
Current Smoker
147 (4.2%)
Charlson Comorbidity Index (CCI) Score
1
1993 (56.8%)
2
658 (18.8%)
3
472 (13.5%)
4 or higher
383 (10.9%)
Oxygen Use
No
1622 (46.3%)
Yes
1884 (53.7%)
Organ Transplant Center Evaluation
No
2958 (84.4%)
Yes
548 (15.6%)
Comfort with Knowledge Regarding Alpha-1
Low
1804 (51.5%)
High
1702 (48.5%)
Health Behaviors
Current Smoker
No
Yes
Has Not Had Pneumonia Vaccine
No
Yes
Has Not Had Flu Vaccine
No
Yes
Does Not Exercise
No
Yes
Maintain a Healthy Weight
Underweight (BMI < 18.5)
Healthy (BMI ≥ 18.5 and < 25)
Overweight/Obese (BMI ≥ 25)

51

p

Respiratory Medicine 143 (2018) 48–55

K.E. Holm et al.

Table 2
Results of binary multivariate logistic regression models for smoking, vaccines, and exercise.
Model 1 (n = 3506)
Current Smoker

Model 2 (n = 3423)
Has Not Had
Pneumonia Vaccine

Model 3 (n = 3464)
Has Not Had
Flu Vaccine

Model 4 (n = 3486)
Does Not Exercise

OR (95% CI), p

OR (95% CI), p

OR (95% CI), p

OR (95% CI), p

2.74 (2.02–3.73), < .001
1.44 (1.06–1.95), .021
Ref

2.41 (1.81–3.20), < .001
1.40 (1.06–1.86), .018
Ref

1.21 (0.98–1.49), .074
1.17 (0.92–1.35), .253
Ref

.890

Ref
1.004 (0.81–1.24), .969

Ref
1.09 (0.89–1.33), .393

Ref
1.09 (0.94–1.26), .277

< .001

Ref
0.89 (0.71–1.11), .295

Ref
0.79 (0.64–0.97), .024

Ref
0.78 (0.67–0.91), .002

Ref
0.72 (0.56–0.93), .012
1.20 (0.75–1.92), .454

Ref
0.84 (0.66–1.08), .169
1.53 (0.99–2.36), .058

Ref
1.17 (0.97–1.41), .110
3.10 (2.11–4.54), < .001

.071
.415
.115

Ref
1.16 (0.88–1.52), .285
0.80 (0.56–1.15), .226
0.95 (0.66–1.36), .756

Ref
1.45 (1.13–1.87), .003
0.88 (0.63–1.23), .445
1.24 (0.89–1.72), .201

Ref
1.20 (0.99–1.46), .071
1.24 (0.99–1.56), .061
1.70 (1.35–2.16), < .001

.040

Ref
0.57 (0.45–0.72), < .001

Ref
0.78 (0.63–0.97), .023

Ref
1.34 (1.14–1.57), < .001

< .001

Ref
0.58 (0.40–0.85), .006

Ref
0.43 (0.30–0.63), < .001

Ref
0.74 (0.59–0.92), .007

.003

Ref
0.57 (0.46–0.72), < .001

Ref
0.69 (0.56–0.85), < .001

Ref
0.75 (0.65–0.88), < .001

1.11 (0.83–1.49), .478
1.91 (1.43–2.56), < .001
1.27 (0.85–1.90), .239
Ref

1.11 (0.85–1.46), .443
1.76 (1.33–2.32), < .001
1.10 (0.75–1.62), .632
Ref

1.55 (1.28–1.88), < .001
1.35 (1.08–1.69), .009
1.52 (1.15–2.01), .003
Ref

Age
52 or Younger
4.78 (2.81–8.13),
53 to 64
1.98 (1.14–3.42),
65 or Older
Ref
Sex
Male
Ref
Female
0.98 (0.69–1.38),
Relationship Status
Single
Ref
Married/Civil Union
0.48 (0.34–0.68),
Smoking Status
Never Smoker
Ex-Smoker
Current Smoker
Not in Modela
Charlson Comorbidity Index (CCI) Score
1
Ref
2
1.47 (0.97–2.22),
3
0.77 (0.42–1.44),
4 or higher
1.51 (0.91–2.50),
Oxygen Use
No
Ref
Yes
1.45 (1.02–2.07),
Organ Transplant Center Evaluation
No
Ref
Yes
0.22 (0.09–0.50),
Comfort with Knowledge Re: Alpha-1
Low
Ref
High
0.56 (0.38–0.82),
Genotype
Not Known by Patient
1.97 (1.25–3.09),
MZ
2.73 (1.70–4.39),
SZ
4.34 (2.60–7.24),
ZZ
Ref
a

< .001
.015

.003
< .001
< .001

By deﬁnition, all current smokers are included in the “current smoker” group and therefore smoking status cannot be used as a predictor in this model.

CI = 0.41–0.82, p = .002), no ﬂu vaccine (OR = 0.63, 95%
CI = 0.46–0.88, p = .006), and being overweight (OR = 0.57, 95%
CI = 0.44–0.74, p < .001).

MZs reported worse health behavior than ZZs for every additional
health behavior examined, while controlling for age, sex, relationship
status, smoking status, CCI score, oxygen use, organ transplant center
evaluation, and comfort with knowledge regarding alpha-1 (see Tables
2 and 3). Odds ratios ranged from 1.35 (95% CI = 1.08 to 1.69,
p = .009) for not exercising to 1.98 (95% CI = 1.20 to 3.26, p = .007)
for being underweight. SZs reported worse health behavior than ZZs
with regard to lack of exercise (OR = 1.52, 95% CI = 1.15–2.01,
p = .003) and failure to maintain a healthy weight (underweight
OR = 1.93, 95% CI = 1.07–3.45, p = .028; overweight OR = 1.43,
95% CI = 1.07–1.90, p = .015). Individuals who did not know their
genotype reported worse health behavior than ZZs with regard to lack
of exercise (OR = 1.55, 95% CI = 1.28–1.88, p < .001).
Post-Hoc Regression Models: Regression models were ﬁt in which MZs
were treated as the reference group. The only diﬀerence between the
original models and the post-hoc models is that the reference group for
genotype was changed from ZZ to MZ. These models allow us to compare SZs to MZs, and also to compare individuals who do not know their
genotype to MZs. In the model for smoking, the odds of being a current
smoker did not diﬀer for SZs as compared to MZs (p = .100), or for
individuals who did not know their genotype as compared to MZs
(p = .205). In the remaining models, SZs diﬀered from MZs only with
regard to the ﬂu vaccine. SZs had lower odds than MZs of reporting that
they had not gotten the ﬂu vaccine (OR = 0.63, 95% CI = 0.41–0.96,
p = .030). Individuals who did not know their genotype diﬀered from
MZs with regard to three health behaviors. In all three instances, individuals who did not know their genotype had lower odds than MZs of
reporting unhealthy behavior: no pneumonia vaccine (OR = 0.58, 95%

3.3. Missing data analysis
Table 4 presents results of analyses that compare individuals who
were included in analyses to individuals who were excluded from the
sample due to missing data. The two groups did not diﬀer with regard
to sex or CCI score (p > .05). However, they diﬀered with regard to
every additional demographic and health characteristic examined.
When the two groups were compared on each health behavior outcome,
they did not diﬀer with regard to BMI (p > .05). For all of the other
health behavior outcomes, a higher percentage of the individuals who
were removed from the sample reported unhealthy behavior.
4. Discussion
This is the ﬁrst study to examine the extent to which MZs and SZs
diﬀer from ZZs with regard to health behaviors that are critical in
managing lung disease. As hypothesized, MZs, SZs, and individuals who
did not know their genotype were more likely than ZZs to be current
smokers. SZs were also more likely than ZZs to exhibit unhealthy behavior with regard to exercise and maintaining a healthy weight. The
most striking ﬁnding is that MZs reported worse health behavior than
ZZs for every behavior examined.
Several diﬀerent explanations could account for worse health behaviors among MZs who have developed lung disease. First, MZs may
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Table 3
Results of multinomial multivariate logistic regression model for maintaining a
healthy weighta.

Table 4
Comparison of patients included in analyses to patients excluded due to missing
data.

Model 5 (n = 3501)
Underweight

Overweight

OR (95% CI), p

OR (95% CI), p

Age
52 or Younger
2.13 (1.37–3.32),
53 to 64
1.29 (0.84–1.99),
65 or Older
Ref
Sex
Male
Ref
Female
1.60 (1.15–2.21),
Relationship Status
Single
Ref
Married/Civil Union
0.65 (0.47–0.91),
Smoking Status
Never Smoker
Ref
Ex-Smoker
0.99 (0.65–1.52),
Current Smoker
1.28 (0.62–2.65),
Charlson Comorbidity Index (CCI) Score
1
Ref
2
0.75 (0.46–1.21),
3
1.27 (0.80–2.01),
4 or higher
0.96 (0.54–1.70),
Oxygen Use
No
Ref
Yes
2.04 (1.42–2.92),
Organ Transplant Center Evaluation
No
Ref
Yes
0.71 (0.44–1.13),
Comfort with Knowledge Re: Alpha-1
Low
Ref
High
0.75 (0.54–1.06),
Genotype
Not Known by Patient
1.33 (0.87–2.01),
MZ
1.98 (1.20–3.26),
SZ
1.93 (1.07–3.45),
ZZ
Ref

.001
.244

Age
52 or Younger
53 to 64
65 or Older
Sex
Male
Female
Relationship Status
Single
Married/Civil Union
Smoking Status
Never Smoker
Ex-Smoker
Current Smoker
Charlson Comorbidity Index
(CCI) Score
1
2
3
4 or higher
Oxygen Use
No
Yes
Organ Transplant Center
Evaluation
No
Yes
Comfort with Knowledge
Regarding Alpha-1
Low
High
Genotype
Not Known by Patient
MZ
SZ
ZZ
Health Behaviors
Current Smoker
No
Yes
Has Not Had Pneumonia Vaccine
No
Yes
Has Not Had Flu Vaccine
No
Yes
Does Not Exercise
No
Yes
Maintain a Healthy Weight
Underweight (BMI < 18.5)
Healthy Weight (BMI ≥ 18.5
and < 25)
Overweight/Obese
(BMI ≥ 25)

1.72 (1.41–2.09), < .001
1.55 (1.30–1.85), < .001
Ref

.005

Ref
0.94 (0.82–1.08), .401

.012

Ref
1.08 (0.93–1.26), .319

.960
.507

Ref
1.03 (0.87–1.23), .708
0.69 (0.47–1.02), .064

.239
.304
.880

Ref
1.49 (1.23–1.81), < .001
1.20 (0.97–1.49), .098
1.68 (1.32–2.13), < .001

< .001

Ref
1.03 (0.88–1.19), .723

.147

Ref
0.70 (0.57–0.85), < .001

.100

Ref
0.85 (0.73–0.98), .026

.186
.007
.028

Demographic and Health
Characteristics

1.10 (0.91–1.33), .321
1.94 (1.53–2.45), < .001
1.43 (1.07–1.90), .015
Ref

a
Healthy weight (BMI ≥ 18 and < 25) is the comparison group in this
model.

have worse health behavior prior to developing lung disease. MZs
would be expected to have more smoking exposure than ZZs prior to
developing lung disease, given that MZs have a less severe genetic
component of their lung disease. MZs may have a broader pattern of
unhealthy behavior prior to the development of lung disease, for example—poor exercise habits in addition to smoking. This pattern of
unhealthy behavior may persist after lung disease is diagnosed and
thereby account for our ﬁndings.
A second explanation is that an individual's knowledge of their
genotype may inﬂuence their health behavior. This explanation is
consistent with research among individuals with AATD who are at risk
for, but have not yet developed, lung disease [49,50]. One study that
focused exclusively on ZZs found that individuals who were identiﬁed
as ZZ at birth have a lower rate of smoking as adolescents than demographically matched controls who did not have AATD [50]. Another
study focused on changes in smoking behavior among adult smokers
after they learned results of genetic testing for AATD. This study found
that MZs were less likely than SZs and ZZs to engage in a range of
cessation-related behaviors, including seeking information on smoking
cessation, using pharmacotherapy for smoking cessation, reducing the
amount of cigarettes smoked per day, and making a 24-h quit attempt
[49]. In our sample of individuals with lung disease, knowledge of
genotype may similarly inﬂuence health behavior. If so, this could account for our ﬁnding that MZs reported worse health behaviors than
ZZs.
A third explanation is that MZs exhibit worse health behavior as a
result of inconsistent messages about the extent to which information

Included
(n = 3506

Excluded
(n = 1041

N (%)

N (%)

1132 (32.3%)
1440 (41.1%)
934 (26.6%)

406 (39.0%)
400 (38.4%)
235 (22.6%)

1865 (53.2%)
1641 (46.8%)

542 (52.1%)
499 (47.9%)

1267 (36.1%)
2239 (63.9%)

380 (41.8%)
529 (58.2%)

844 (24.1%)
2515 (71.7%)
147 (4.2%)

154 (26.5%)
389 (67.0%)
38 (6.5%)

p

< .001

.522

.002

.012

.106
1993 (56.8%)
658 (18.8%)
472 (13.5%)
383 (10.9%)

296 (54.0%)
93 (17.0%)
83 (15.1%)
76 (13.9%)

1622 (46.3%)
1884 (53.7%)

297 (56.4%)
230 (43.6%)

< .001

< .001
2958 (84.4%)
548 (15.6%)

549 (91.7%)
50 (8.3%)
< .001

1804 (51.5%)
1702 (48.5%)

610 (62.6%)
365 (37.4%)

662 (18.9%)
464 (13.2%)
266 (7.6%)
2114 (60.3%)
N (%)

172 (16.5%)
238 (22.9%)
104 (10.0%)
527 (50.6%)
N (%)

3359 (95.8%)
147 (4.2%)

543 (93.5%)
38 (6.5%)

3009 (87.9%)
414 (12.1%)

435 (80.7%)
104 (19.3%)

2994 (86.4%)
470 (13.6%)

461 (80.2%)
114 (19.8%)

2432 (69.8%)
1054 (30.2%)

382 (62.7%)
227 (37.3%)

171 (4.9%)
1367 (39.0%)

52 (5.1%)
385 (37.9%)

1963 (56.1%)

579 (57.0%)

< .001

.012

< .001

< .001

.001

.789

regarding AATD is applicable to them. A concrete example of an inconsistency is the fact that all of the MZs in the current analyses have
been prescribed augmentation therapy, despite the fact that current
guidelines do not recommend the use of augmentation therapy for individuals with the MZ genotype due to lack of evidence of beneﬁt [18].
There is ongoing debate regarding whether MZs are at increased risk of
developing lung disease [6,9], and the biological mechanisms that
underlie increased risk among MZs remain unknown [14]. This lack of
clarity may make it diﬃcult for MZs to know which information regarding the treatment of AATD-associated lung disease is applicable to
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that are associated with current smoking and being underweight, and it
will be especially important to replicate our ﬁndings with regard to
correlates of these health behaviors.
One should exercise caution when extrapolating these ﬁndings to
the broader population of individuals with AATD-associated lung disease, as ﬁndings may not generalize to patients for whom augmentation
therapy has not been prescribed. The extent to which our sample diﬀers
from this broader population can be examined by comparing characteristics of our sample (e.g., age, sex, smoking status) to samples
described in other studies. Two studies were utilized for this comparison: 1) a study that included 1619 individuals with AATD-associated
lung disease from the WebMD Lung Health Check Database [55], and 2)
a study that included 578 individuals with AATD-associated lung disease who were recruited from the Alpha-1 Foundation Research Registry [37]. With regard to sex, our sample was 46.8% female as compared to 54.7% in the WebMD Database [55] and 50.2% in the Alpha-1
Registry [37]. The percentage of our sample that was 65 or older was
similar to the WebMD Database (26.6% as compared to 26.7%) [55].
With regard to relationship status, 36.1% of our sample was single as
compared to 22.8% in the Alpha-1 Registry [37]. Oxygen use was
53.7% in our sample as compared to 51.4% in the Alpha-1 Registry
[37]. Among our sample, 24.1% had never smoked, as compared to
21.3% in the WebMD Database [55] and 31.7% in the Alpha-1 Registry
[37]. The percentage of current smokers in our sample was notably
lower than in the WebMD Database: 4.2% as compared to 21.6% [55].
We would expect the percentage of current smokers in our sample to be
lower than in the broader population of individuals with AATD-associated lung disease, given that our sample is comprised exclusively of
individuals who are prescribed augmentation therapy.
The current study also has several strengths. It is the ﬁrst to examine
whether health behaviors diﬀer systematically by genotype among individuals with AATD-associated lung disease. Multiple health behaviors
were examined, making it possible to assess consistency of ﬁndings
across health behaviors. The use of data collected by AlphaNet provided
access to a large, geographically diverse sample. The ﬁndings are novel,
and suggest that individuals with a less severe genetic predisposition to
develop disease may have additional needs with regard to education
and intervention to promote optimal health behavior following the
diagnosis of lung disease.

them. Of note, our analyses adjusted for the patient's level of comfort
with their knowledge regarding alpha-1, which was associated with all
of the health behaviors except being underweight. MZs reported worse
health behavior even after adjusting for comfort with knowledge regarding alpha-1. While our question regarding comfort with knowledge
likely does not fully capture the patient experience of inconsistent
messages, our results suggest that unclear/inconsistent messages may
not completely account for worse health behaviors among MZs.
These three explanations are not mutually exclusive. All three explanations may account, to some degree, for our ﬁndings. Additional
research is needed to replicate our ﬁndings, especially among individuals with AATD-associated lung disease for whom augmentation
therapy is not prescribed. Additional research also is needed to better
understand why genotype, and the MZ genotype in particular, is associated with health behaviors among individuals with AATD-associated
lung disease. If these ﬁndings are replicated, results would suggest that
MZs (and also SZs) may need targeted educational materials and additional interventions that are tailored to their unique needs.
The 4.2% smoking rate in our sample is low in comparison to estimated rates for the general United States population (which range from
15.1% to 31.4% [51–54]) and for individuals with non-AATD COPD
(which range from 27.2% to 38.0% [55,56]). In addition, the percentage of individuals in our sample who had not gotten a pneumonia or
ﬂu vaccine (12.1% and 13.6%, respectively) also is low in comparison
to estimated rates for the general population (which range from 32.2%
to 57.8% [57–59]) and for individuals with non-AATD COPD (which
range from 47.0% to 51.5% [60,61]). Fifty-six percent of our sample
had a BMI ≥25, in comparison to 66.4% in the general population [53]
and rates of 70% or higher among individuals with non-AATD COPD
[62,63]. Thirty percent of our sample indicated that they do not exercise at all, as compared to 26.3% in the general population [51].
While it may be surprising that our sample contains current smokers
and individuals with the MZ genotype, it is worth noting that the
Clinical Practice Guidelines published in 2016 [18] were the ﬁrst
guidelines in the United States to explicitly state that augmentation
therapy is not recommended for individuals who continue to smoke or
for individuals with the MZ genotype.
Findings of this study should be interpreted in light of a few limitations. The primary limitation is that our sample only included individuals who are prescribed augmentation therapy. Among individuals
with lung disease, MZs and SZs are less likely than ZZs to be identiﬁed.
Once identiﬁed, they are less likely than ZZs to be prescribed augmentation therapy. Thus, the individuals who are included in our
sample likely reﬂect some degree of bias due to the method of ascertainment. This bias may diﬀer by genotype. MZs who are prescribed
augmentation therapy may diﬀer from other MZs with regard to their
health behavior, or may diﬀer from other genotypes with regard to the
validity of their self-reported health behavior. Missing data are a second
source of bias. The individuals who were removed from our sample due
to missing data diﬀered from those who were included with regard to
several demographic and health characteristics, and were more likely to
report unhealthy behavior. An additional limitation is that objective
measures of the severity of lung disease were not included because all
data were collected via self-report. Oxygen use was included in all
models as a proxy for severity of lung disease, but use of oxygen provides only a rough approximation of the severity of lung disease. As a
second means of measuring severity, analyses also included a variable
that captures whether the patient had ever been evaluated at an organ
transplant center. This variable captures health problems due to AATD
that are severe enough to warrant consideration for a lung or liver
transplant. We acknowledge that these two variables are not accepted
measures for the severity of lung disease. A further limitation is that
analyses are based on cross-sectional data. Finally, it must be acknowledged that only a small number of individuals in this sample
reported being current smokers (n = 147) or being underweight
(n = 171). This may inﬂuence our statistical power to detect factors
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