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Study objective: To clarify the mortality rate and causes of death of individuals with �1-antitrypsin
(AAT) deficiency, the Death Review Committee (DRC) of the National Heart, Lung, and Blood
Institute Registry of Individuals with Severe AAT Deficiency reviewed all available medical
records regarding the deaths of study subjects during Registry follow-up (up to 7.2 years).
Methods: Individual determinations by each member of the three-person DRC led to consensus
judgments regarding the underlying cause and the immediate and contributing causes of death.
Results: Of the 1,129 Registry subjects, 204 died (18.1%) [approximately 3%/yr]. Record
availability permitted detailed review in 120 decedents, and death certificates were available in
56 of the remaining 84 subjects (67%). Emphysema and cirrhosis were the most common
underlying causes of death (72% and 10%, respectively), with malignancy and diverticulitis
accounting for 3% of deaths each. To assess attributable mortality, standardized mortality ratio
analysis was performed and indicated that excess mortality was ascribable entirely to lung and
liver disease.
Conclusions: We conclude that severe AAT deficiency poses a significant threat to health, that
severe airflow obstruction is a major determinant of mortality, and that liver and lung disease
account for the excess mortality in affected individuals. These findings support current efforts to
enhance diagnostic recognition and treatment of AAT-deficient individuals.
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S evere deficiency of �1-antitrypsin (AAT) confers
risk of early onset emphysema and, in the case of

AAT-deficient variants with the Z or several other
alleles, the risk of liver disease.1,2 To address gaps in

existing knowledge about the natural history of AAT
deficiency, the National Heart, Lung, and Blood
Institute (NHLBI) Registry of Individuals with Se-
vere Deficiency of AAT was launched in 1989 and
conducted a long-term follow-up of the largest avail-
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(n � 1,129) at 37 participating clinical centers
throughout North America.3,4 To date, the Registry
has provided insights into the clinical features of
affected individuals, the rate of progression of ob-
structive lung disease, the efficacy of IV augmenta-
tion therapy, and adverse experiences and patterns
of prescribing augmentation therapy.3–6

As part of the activities of the Data Coordinating
Center in the Registry, a Death Review Committee
(DRC) reviewed all available records on individuals
who died over the course of Registry follow-up in
order to determine the specific causes of death. The
current report extends available findings from the
Registry by presenting the results of the DRC
analysis regarding the mortality rate and the specific
causes of death for these decedents.

Materials and Methods

As described previously,3–5 eligibility criteria for Registry en-
rollment included the following: age � 18 years; severe AAT
deficiency, defined as a serum level � 11 �mol/L (as confirmed
by the Central Phenotype Laboratory of the Registry); and
written informed consent. Altogether, 1,129 eligible participants
enrolled between March 1989 and October 31, 1992. Registry
participants were followed up for a mean of 4.4 years (range, 0
[for subjects who died before the first follow-up visit at 6 to 12
months] to 7.2 years).

Participant deaths were ascertained in reports from the 37
clinical centers (where follow-up visits were conducted every 6 to
12 months throughout the Registry) or by inquiries to death
review services, the National Death Index (National Center for
Health Statistics, Hyattsville, MD) and Equifax (McLean, VA).
For each death, medical records were sought that would best
describe the events surrounding the death; these records in-
cluded medical charts from the terminal hospitalization, final
outpatient visits (especially if the subject died at home), and the
death certificate. Importantly, determinations of the cause of
death reported in this series were based on independent review
of records and not causes stated on the death certificate.

Using these available records, the cause of each subject’s death
was determined by a DRC comprised by three of the study
investigators (H.P.W. [Chair], J.K.S., and J.T.). Definitions of
causes of death were decided a priori, were distributed to each
DRC member, and were based on coding definitions for death
certificate completion. Specifically, for each evaluable decedent,
the DRC was asked to determine the following: (1) a single
underlying cause of death (defined as “the single disease or injury
that influenced the events resulting in death”); (2) a single
immediate cause of death (defined as the “single final disease,
injury, or complication directly causing the death”); (3) other
causes deemed contributing to death; (4) all conditions being
present but not contributing to death; and (5) whether or not the
death was deemed attributable to a complication of augmentation
therapy.

To assign the cause of death, each DRC member indepen-
dently reviewed all available records and assigned the aforemen-
tioned death-related categories. Consensus ratings by the three
DRC members were achieved in a series of face-to-face meet-
ings, and consensus ratings were used for all analyses in this
study.

Reports of postmortem examinations were available for 58
decedents. In another 126 decedents, postmortem examinations

were known not to have been performed, and postmortem
examination status was uncertain in 20 decedents. Pathology
findings in these postmortem examinations are the subject of a
separate report.7

Statistical Analysis

Univariate comparisons of two groups were made using the
two-sample t test for continuous outcomes and the �2 test for
categorical outcomes. Cumulative mortality curves since enroll-
ment in the Registry were estimated using the Kaplan-Meier
method using data from all 1,129 subjects in the Registry in
which surviving patients were censored at the time of last
Registry contact. Survival curves were compared using the
log-rank test. The Cox proportional hazards model was used to
examine the independent effects of baseline and time-varying
predictors on survival. In this model, baseline factors examined
included gender, education, age, and level of postbronchodilator
FEV1 percentage of predicted at enrollment. Lung transplant
status and whether the subject was currently receiving IV
augmentation therapy were treated as binary, time-varying co-
variates. Following our previously reported approach,5 when
fitting the Cox regression models, we used a landmark analysis
approach in which only patients who had been contacted � 6
since enrollment (1,048 subjects, 147 deaths) were included. This
approach reduced the possibly biasing effects of those patients
who were very ill when enrolled and who died before they could
begin augmentation therapy or return for an additional follow-up
visit. Because we previously reported on the relationship of
augmentation therapy to survival using a more detailed analysis
and model,5 we do report risk ratios for augmentation therapy in
this article. To compare death rates in the Registry to the general
population, standardized mortality ratios (SMRs) were computed
as the ratio of observed to expected deaths, in which expected
numbers of deaths were obtained using age/gender-specific death
rates published in the 1992 Statistical Abstract of the United
States,8 which was concurrent with the Registry. Confidence
intervals for SMRs were computed from the exact Poisson
distribution.9

Results

Of the 1,129 Registry enrollees, 204 subjects
(18.1%) died over the course of follow-up, at a
relatively linear rate of approximately 3%/yr (Fig 1).
Univariate comparison of baseline features of 204
decedents with those of the 925 survivors (Table 1)
showed that subjects who died over the course of
Registry follow-up were older (51 � 11 years vs
45 � 10 years, p � 0.0001) [mean � SD], had a
slightly higher serum AAT level (6.2 � 1.3 �mol/L vs
5.7 � 1.4 �mol/L, p � 0.0001), had a lower post-
bronchodilator FEV1 percentage of predicted
(29.4 � 18.8% vs 50.5 � 30.4%, p � 0.0001), were
more frequently ex-smokers or current smokers
(p � 0.02), and had a lower educational level
(p � 0.0001). Also, receipt of any kind of a transplant
or of a lung transplant was more common among
decedents than survivors (p � 0.0001 for both com-
parisons).

As an example of the longitudinal effect of base-
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line categories on the crude mortality rate over
Registry follow-up, Figure 2 presents cumulative
mortality rates in subgroups of Registry subjects
categorized according to initial postbronchodilator
FEV1 percentage of predicted. Participants whose
initial FEV1 was � 15% predicted had a significantly
higher mortality rate (eg, 36.2% at 36 months) than
subjects with FEV1 percentage of predicted � 50%

(2.6%, p � 0.0001). As shown in Table 2, multivari-
ate Cox proportional hazards analysis of features
associated with mortality (in which gender, age [in
five categories], initial postbronchodilator FEV1 per-
centage of predicted [in five categories as in Fig 2]
and education [in four categories] were included
[and in which transplant and augmentation therapy
status were included as time-varying covariates])

Table 1—Univariate Analysis of Features of Decedents vs Survivors in the Registry*

Variables Decedents (n � 204) Survivors (n � 925) p Value

Male gender 59.8 54.6 NS
Age at death, yr 54 � 11
Age at enrollment, yr 51 � 11 45 � 10 � 0.001
Serum AAT level, �mol/L 6.2 � 1.3 (n � 183) 5.7 � 1.4 (n � 843) � 0.001
Baseline postbronchodilator
FEV1 % predicted 29.4 � 18.8 (n � 201) 50.5 � 30.4 (n � 922) � 0.001
Smoking status

Never smoked 13.7 21.5 0.02
Ex-smoker 79.4 69.8 NS
Current smoker 6.9 8.7 NS

Education
� High school 19.3 7.4 � 0.001
� High school 37.6 34.1 NS
1–4 yr college 30.2 43.3 NS
� 4 yr college 12.9 15.3 NS

Any kind of transplant 21.1 8.2 � 0.001
Lung transplant 20.1 7.7 � 0.001

*Data are presented as % or mean � SD. NS � not significant.

Figure 1. Kaplan-Meier estimate of the overall cumulative mortality rate in the Registry.
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showed that increased age, lower initial postbron-
chodilator FEV1 percentage of predicted, receipt of
a lung transplant, and lower education level were
significantly associated with mortality (all p � 0.001).

Regarding specific causes of death, records were
available for DRC review in 120 of the 204 subjects
who died (60%) over the course of Registry follow-
up. For the remaining 84 decedents lacking records,
death certificates were available in 56 cases (67%).
Comparison of the gender, smoking status, and
ascertainment method (ie, how the subject came to
be considered for recruitment to the Registry) of the
120 decedents for whom records were available for
DRC review with the 84 others showed no differ-
ences (Table 3), suggesting that the 120 decedents
reviewed in detail by the DRC were representative
of the entire group of 204.

Underlying causes of death were ascertained in
118 of the 120 decedents (98%) for whom records
were available. In two instances, the DRC could not
ascertain the specific underlying cause despite the
availability of records. The most common underlying
causes of death (Table 4) were emphysema (72%)
and cirrhosis (10%), with malignancy and diverticu-
litis accounting for 3% of deaths each. Sepsis/infec-
tion, trauma, and other causes accounted for the
remainder. Notably, hepatocellular carcinoma was
not found to be the underlying malignant cause of

death in any of these instances. Rather, the under-
lying cancers were malignant glioma, leiomyosar-
coma of the duodenum, and renal cell carcinoma in
one subject each.

To assess the potential impact of bias by smoking
status, underlying causes of death were evaluated in
the subset of never-smokers. Of the 204 decedents,
7.8% (n � 16) were never-smokers, in whom emphy-
sema was still deemed the underlying cause of death
in the majority (56%, n � 9). Cirrhosis accounted for
25% (n � 4) of the deaths among never-smokers,
and portal fibrosis, trauma, and renal cell carcinoma
in one instance each.

Immediate causes of death (Table 5) were most
commonly infectious, including pulmonary bacterial
infection (14%), sepsis of nonpulmonary cause
(13%), and pulmonary fungal infection (5%). Respi-
ratory failure accounted for 33% of the immediate
causes of death, liver failure for 4%, and other causes
for four or fewer deaths each. Notably, in no instance
was receipt of augmentation therapy deemed to be
an underlying, immediate, or contributing cause of
death.

To further evaluate causes of death in the context
of an illness predisposing to end-stage lung and/or
liver disease, a specific analysis was undertaken of
causes of death in the lung and liver transplant
recipients who died. Overall, of the 1,129 Registry

Figure 2. Kaplan-Meier analysis of mortality, stratified by baseline value of FEV1 percentage of
predicted.
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enrollees, 112 underwent lung transplantation
(10%), 6 of whom underwent transplantation before
Registry enrollment. Seven subjects underwent liver
transplantation. Of the 106 recipients of a lung
transplant during Registry follow-up, 38 patients
died (36%). Records were available for DRC review
in 25 of these decedents. Two of the seven liver
transplant recipients died (28.5%), and records were
available for both. Of the 25 lung transplant dece-
dents reviewed by the DRC, emphysema was
deemed the underlying cause of death in 24 patients
(96%) and hepatitis in 1 patient (4%). For the two
liver transplant recipients who died, cirrhosis was
deemed the underlying cause in one patient and
portal fibrosis in the other.

Immediate causes of death in lung and liver
transplant recipients included nonpulmonary sepsis
in both liver transplant recipients and in 24% of lung
transplant recipients. Pulmonary infection was
deemed the immediate cause of death in 32% of lung
transplant recipients, most commonly due to bacte-
rial (16%) and fungal (12%) infection. Taken to-
gether, transplant recipients for whom infection was
deemed the immediate cause of death accounted for
21.1% of all such deaths.

Finally, to assess attributable mortality in Registry

subjects who died, SMRs were calculated. For the
Registry cohort overall, the SMR was 6.3 (95%
confidence interval [CI], 5.5 to 7.3). Gender-specific
SMRs were, respectively, 5.8 for male subjects (95%
CI, 4.8 to 6.9) and 7.4 for female subjects (95% CI,
5.9 to 9.2). Stratifying SMR by quintiles of initial
postbronchodilator FEV1 percentage of predicted
showed that the SMR was � 1 for subgroups with

Table 2—Multivariate Cox Proportional Hazards
Analysis of Features Associated With Death Among

Registry Subjects*

Variables Risk Ratio 95% CI p Value

Gender 0.78
Male 0.95 0.7, 1.3 0.78
Female 1.0

Age, yr � 0.001
� 30 1.0
30–44 2.4 0.3, 17.7
45–54 3.4 0.5, 24.8
55–64 8.3 1.1, 61.2
� 65 19.3 2.5, 147.2

Initial postbronchodilator
FEV1 % of predicted

� 0.001

� 15 15.2 6.5, 35.3
15–19 11.8 5.7, 24.5
20–34 5.7 2.9, 11.0
35–49 3.0 1.4, 6.4
� 50 1.0

Lung transplant 0.001
No 1.0
Yes 2.5 1.5, 4.2

Education � 0.001
� High school 3.5 1.8, 6.5
High school 1.6 0.9, 2.8
1–4 college 1.2 0.7, 2.1
� 4 college 1.0

*Lung transplant (yes/no) is a time-varying covariate. The model also
adjusts for augmentation therapy (on vs. not on) as a time-varying
covariate.

Table 3—Comparison of Features of Decedents in
Whom Records Were Available for Review by the DRC

vs. Those for Whom Records Were Unavailable*

Variables

Had DRC
Review

(n � 120)

Not Reviewed
by DRC
(n � 84)

Male gender 62.5 56.0
Smoking

Never smoked 13.3 14.3
Ex-smoker 81.7 76.2
Current smoker 5.0 9.5

Ascertainment
Pulmonary symptoms 80.8 90.5
Family screening 11.7 6.0
Other 7.5 3.6

FEV1 % predicted
(postbronchodilator)

� 35% 77.5 79.0
35–49% 13.2 13.6
50–79% 4.2 3.7
� 80% 5.0 3.7

Age at enrollment, yr 51 � 10 51 � 12
FEV1 % predicted 29.8 � 19.8 28.8 � 17.3
FEV1, mL 1,060 � 827 994 � 748
Serum AAT, �mol/L (No.) 6.2 � 1.4 (106) 6.1 � 1.2 (77)
Self-reported liver disease 20.0 13.1
Self-reported lung disease 95.0 97.6

*Data are presented as % or mean � SD. None of the comparisons
between groups achieved statistical significance.

Table 4—Underlying Causes of Death Among the 118
Evaluable Decedents*

Variables No. (%)†

Emphysema 85 (72)
Cirrhosis 12 (10)
Malignancy 3 (3)
Diverticulitis 3 (3)
Sepsis/infection 2 (2)
Trauma/accident 2 (2)
Other‡ 12 (10)
Total 118 (100)

*Medical records were available for review in 120 subjects; underly-
ing cause of death could not be determined for two cases reviewed.

†Data are rounded to the nearest percentage.
‡Other cases include coronary artery disease, myocardial infarction,
drug reaction/toxicity (unrelated to augmentation therapy), venous
stasis, hepatitis, septal fibrosis of liver, perforated abdominal viscus,
biliary tract obstruction, bronchiectasis, idiopathic thrombocytope-
nic purpura, monoclonal gammopathy, depression.
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FEV1 values � 20% predicted (SMR, 21.8; 95% CI,
17.1 to 27.5), FEV1 20 to 34% predicted (SMR, 7.6;
95% CI, 6.1 to 9.4), and FEV1 35 to 49% predicted
(SMR, 3.3; 95% CI, 2.1 to 4.7), with decreasing SMR
values for lesser degrees of airflow obstruction.
Notably, the SMR for subjects with FEV1 � 80%
predicted also was significantly � 1, with nine deaths
observed vs 3.2 deaths expected (SMR, 2.8; 95% CI,
1.3 to 5.3). However, when the SMR for subjects
with FEV1 � 80% predicted was recalculated after
removing five of the nine decedents deemed to have
died from liver-related causes, the residual SMR for
subjects with FEV1 � 80% predicted did not differ
significantly from unity (SMR, 1.3). This observation
suggests that excess mortality in Registry subjects
was ascribable entirely to lung and liver disease.

Discussion

In this analysis of the rates and causes of death
among decedents in the NHLBI Registry of Individ-
uals with Severe Deficiency of Alpha 1-antitrypsin,3–5

the main findings are as follows: (1) The over-
all mortality rate over approximately 5 years of
follow-up was approximately 3%/yr. (2) Features that
were significantly associated with a higher mortality
rate included increased age, lower initial postbron-
chodilator FEV1 percentage of predicted, receipt of
a lung transplant, and lower education level. In
particular, the 3-year mortality rate among individu-
als with baseline FEV1 � 15% predicted was 36%.
Notably, an earlier report5 from the NHLBI Registry
showed that receipt of augmentation therapy was
associated with enhanced survival among Registry
participants. Specifically, the odds ratio for death
among augmentation therapy recipients was 0.79
compared with nonrecipients (p � 0.02). (3) In this
detailed analysis of the immediate and underlying
causes of death in evaluable patients, the most
common underlying causes of death were emphy-
sema (72%) and cirrhosis (10%), and the most
common underlying causes were infection (32%),

respiratory failure (33%), and liver failure (4%). (4)
SMR analysis to assess whether observed deaths
exceeded expected rates for an age- and gender-
matched population suggests that the excess mortal-
ity in patients with severe AAT deficiency is entirely
attributable to lung and liver disease.

The current report extends available experience
regarding mortality in AAT by providing detailed
analyses by a review committee of immediate and
underlying causes of death in a large group of
severely AAT-deficient decedents. Indeed, as re-
flected by the sparse number of series describing
long-term survival and/or cause-specific mortality in
individuals with severe AAT deficiency,10–12 these
issues have received relatively little attention, likely
due to the difficulty of assembling a large cohort of
individuals with this underrecognized condition.13,14

Importantly, because Registry eligibility required
severe deficiency of AAT (ie, measured serum levels
� 11 �mol/L), our results apply only to severely
deficient individuals and not to PI*MZ heterozy-
gotes.

In the earliest available analysis of long-term
survival, Larsson10 described the long-term out-
comes in a cohort of 246 PI*Z individuals followed
up for up to 14 years (from 1963 to 1977). The crude
mortality rate in this series was 37% (91 of 246
patients), with causes of death ascertained on the
basis of review of hospital records, postmortem
examination results, or death certificates. Respira-
tory failure from COPD accounted for 59% of the
deaths (54 of 91 deaths), with complications of liver
disease deemed responsible for 13% (12 of 91
deaths). Miscellaneous causes of death included
pulmonary embolism (n � 4), pneumonia (n � 3),
and pneumothorax, congestive heart failure, sub-
arachnoid hemorrhage, intracerebral bleeding, sub-
dural hematoma, and peritonitis in two patients each.

Few other series11,12 have addressed long-term
survival and cause-specific mortality in individuals
with severe AAT deficiency. For example, in the
Danish registry of AAT-deficient individuals, Seer-
sholm et al11 reported a 2-year crude mortality rate
of 34% among 282 PI*ZZ individuals. Cause-specific
mortality was not reported and, as in the current
series, decreased FEV1 correlated significantly with
the mortality rate. Specifically, the rate of survival
was high in individuals whose FEV1 was � 35%
predicted but then fell exponentially as FEV1 de-
clined to � 35% predicted. In follow-up of a larger
subset of Danish registry participants (n � 397),
Seersholm et al12 reported that 112 patients with
severe AAT deficiency died over the follow-up inter-
val (for up to 14 years). As in the earlier 2-year
analysis from the smaller cohort, specific causes of
death were not reported and smoking correlated

Table 5—Immediate Causes Of Death Among 120
Evaluable Decedents*

Variables No. (%)

Respiratory failure 39 (33)
Pulmonary bacterial infection 17 (14)
Sepsis/infection of nonrespiratory cause 15 (13)
Pulmonary fungal infection 6 (5)
Liver failure 5 (4)
Other (� n � 4 deaths/cause) 38 (31)
Total 120 (100)

*Medical records were available for review in 120 subjects.
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importantly with mortality; the median survival age
of smokers was 51.8 years, vs 66.8 years for never-
smokers (p � 0.05).

The finding that excess mortality in AAT defi-
ciency is completely attributable to lung and liver
disease accords with the observation that emphy-
sema and chronic liver disease are the main clinical
manifestations of PI*Z AAT deficiency,1,2 that PI*ZZ
AAT-deficient individuals comprised 97% of Regis-
try participants,4 and that deficiency associated with
the Z allele likely accounts for most clinically signif-
icant disease. Indeed, while other illnesses have been
clearly associated with AAT deficiency, including
classic-pattern antineutrophil cytoplasmic antibody-
positive vasculitis15,16 and panniculitis,17,18 these are
very uncommon, even in the context of a relatively
uncommon entity like AAT deficiency.

Our finding that cirrhosis was deemed the cause of
death in 10% of the analyzed decedents invites
comparison with other studies in which the fre-
quency of cirrhosis among PI*ZZ individuals has
been evaluated.10,19 Our findings agree closely with
those of Larsson,10 who described cirrhosis in 11.8%
of 246 PI*Z individuals and who reported that
cirrhosis was the cause of death among 13.1% of the
91 individuals who died over the 14 years of follow-
up. More recent insights suggest that the frequency
of cirrhosis among PI*ZZ individuals may be under-
estimated during life and that, among nonsmokers
with longer survival, cirrhosis may occur more com-
monly. Specifically, Eriksson19 reported that cirrho-
sis occurred in 34% (n � 14) of 41 PI*ZZ decedents
in Malmo, Sweden (of the 58 expected PI*ZZ indi-
viduals in that city), and that cirrhosis was suspected
in life in 9 of the 14 individuals (64%). Notably,
cirrhosis was significantly more common at postmor-
tem examination among nonsmokers (71%) than
among smokers (9%, p � 0.001). In the context that
the nonsmokers lived longer (mean age at death, 73
years vs. 56 years [smokers], p � 0.01), the results
suggest that cirrhosis will ultimately affect a large
proportion of older PI*ZZ individuals. Our finding
that cirrhosis was more frequent as the underlying
cause of death among never-smokers (25%) is con-
sistent with this idea. To the extent that 91% of the
204 decedents in this Registry series had severe
emphysema (ie, FEV1 � 50% predicted) and the
mean age of death was 54 � 11 years, it is conceiv-
able that the frequency of cirrhosis is lower than
would have been observed in a series of never-
smokers.

Overall, this report of long-term follow-up from
the NHLBI Registry with detailed review of cause-
specific mortality confirms that severe deficiency of
AAT poses a significant threat to health, that severe
airflow obstruction is a major determinant of mor-

tality, and that emphysema and cirrhosis account for
the excess mortality rate in affected individuals. In
the context of recommended current interventions
for AAT-deficient individuals (including smoking
cessation, avoidance of dusty occupational set-
tings20,21 and, for individuals with established em-
physema, augmentation therapy with pooled human
plasma antiprotease1,5,22–25 and promising new treat-
ments), these observations provide further support
for enhanced diagnostic recognition and optimal
management of affected individuals.

Appendix 1: Alpha 1-Antitrypsin Deficiency
Registry Participants

The following institutions and individuals were participants in
the Registry of Patients with Severe Deficiency of Alpha 1-Anti-
trypsin for a period of �6 months.

NHLBI

Carol E. Vreim, PhD (Program Director), and Margaret Wu,
PhD.

Steering Committee

Members: Ronald G. Crystal, MD FCCP(Hon) [Chairman],
The New York Hospital/Cornell University, New York, NY; A.
Sonia Buist, MD, Oregon Health Sciences University, Portland
OR; Benjamin Burrows, MD, University of Arizona, Tucson, AZ
(through December 1995); Allen B. Cohen, MD (deceased),
University of Texas Health Center, Tyler, TX; Robert J. Fallat,
MD, California Pacific Medical Center, San Francisco, CA;
James E. Gadek, MD, Ohio State University, Columbus, OH;
Ralph H. Rousell, MD, Bayer Corporation, Berkeley, CA; Mark
D. Schluchter, PhD, The Cleveland Clinic Foundation, Cleve-
land OH; Richard S. Schwartz, MD, Cutter Biological/Miles, Inc,
Berkeley, CA (through September 1992), Gerard M. Turino,
MD, St. Luke’s/Roosevelt Hospital, New York, NY; and Carol E.
Vreim, PhD, National Heart, Lung, and Blood Institute, Be-
thesda, MD.

Nonvoting Members: Mark L. Brantly, MD, National Institutes
of Child Health and Human Development, Human Genetics
Branch, Bethesda, MD; James K. Stoller, MD, FCCP, The
Cleveland Clinic Foundation, Cleveland, OH; and Margaret Wu,
PhD, National Heart, Lung, and Blood Institute, Bethesda, MD.

Clinical Coordinating Center

The Cleveland Clinic Foundation, Cleveland, OH.

Biostatistics Section: Mark D. Schluchter, PhD (through April
1998, Co-director); Ralph O’Brien, PhD (after January 1999,
Co-director); George W. Williams, PhD (through June 1991,
Co-director); Raghid Ajamoughli, BS; DeAnn M. Barrett; Gerald
J. Beck, PhD; Richard Connelly, MS; Janet Doak; Beth Dobish;
Lucy Giaimo; Marlene Goormastic, MPH; William Grasser, BS;
Jeffrey Hammel, MS; Judith Leatherman, BS; June McMahan;
Edward Mascha, MS; Venita Midcalf, MBA; Betty Moore; Paul
Sartori, AD; Susan Sherer, BS; Michael J. Tuason, BS; Rebecca
Zhang, MS; Sharayu Shanbhag, BSc; and Ronald Stewart, MS.

Pulmonary Section: James K. Stoller, MD, FCCP (Co-direc-
tor); Herbert P. Wiedemann, MD, FCCP; and Kevin McCarthy,
RCPT.
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Consultants: Thomas L. Petty, MD, University of Colorado,
Denver, CO; Joseph F. Tomashefski, Jr., MD, MetroHealth
Medical Center, Cleveland, OH.

Database Preparation: E. Shannon Neeley, Ben Neibaur, Jana
Shepherd, Alvin Van Orden, and Aimee Wahle.

Central Phenotyping Laboratory

National Institutes of Health, National Institute of Child
Health and Human Development, Bethesda, MD: Mark L.
Brantly, MD; Jeffrey Hildesheim, BA; and Barbara Rundquist,
BS.

Clinical Centers

Arapahoe Pulmonary Consultants, Denver, CO: Robert A.
Sandhaus, MD, PhD; C. William Bell, PhD; Janis Berend, MSN,
CNP; C. Allen Burry, CRTT; Kathleen Irvine, BS; Dixie Krantz,
RRT, CPFT; and Susan Lewis.

William Beaumont Hospital, Royal Oak, MI: K. P. Ravikrish-
nan, MD; Robert Begle, MD; David Erb, MD; Karen Burgess,
MA; Barbara Cameron, RN; Shirley Cotton, CPFT; David Erb,
MD; Chet Jaworsky, RRT, CPFT; Joel Seidman, MD; Stanley
Sherman, MD; and Mercedes True, BS, RPFT.

Beth Israel Hospital, Boston, MA: Steven Weinberger, MD;
Kristen Armstrong, BA; Richard Johnston, CPFT; Mitchell
Rosenberg, MD; Jeanne B. La Rock, BS; and Alison Vargas.

California Pacific Medical Center, San Francisco, CA: Robert
J. Fallat, MD; Leonard Moriyama, RRT, RCPT; Michael Snow,
RCPT, RPFT; and Keith Willard, RCPT.

The Cleveland Clinic Foundation, Cleveland, OH: Alejandro
C. Arroliga, MD, FCCP; David P. Meeker, MD (through June
1994); Eugene Cassidy, CPFT; Joseph A. Golish, MD; Linda
Hutchins, MS, CNP; Daniel Laskowski, PPFT; Atul Mehta, MD;
Lynn Pagliaccio, PA-C; Richard Pillar, RCPT; Gloria Rhodes,
RCPT; Jenera Scott, RCPT; and Linda Soentjen, RPFT, RRT.

Dallas Pulmonary Associates, Dallas, TX: W. John Ryan, MD,
FCCP; Kathy Johnson, PA-C; and James P. Loftin, MD.

Danbury Hospital, Danbury, CT: Arthur Kotch, MD; and
Trudy Clark, RN, RCPT.

Graduate Hospital, Philadelphia, PA: Paul E. Epstein, MD;
and Pam Del Buono, RCPT.

Group Health Cooperative Puget Sound, Redmond, WA: Rob-
ert E. Sandblom, MD; Loretta Collar, BSN, RN; Mary Curtis,
MD; James B. DeMaine, MD; Richard C. Hert, MD; and Brenda
Melson, CRTT, CPFT.

Henry Ford Hospital, Detroit, MI: Michael S. Eichenhorn,
MD; Richard Beauchamp, RCPT, RPFT; Susan Hupfer, CCPT;
Charisse Lukaszek; Richard Mackewich; RPFT, RCPT, CRTT;
and Christine Wilson, CPT.

Indiana University Medical Center, Indianapolis, IN: Joseph
P. McMahan, MD; W. Mark Breite, MD (through December
1993); Robert DeAtley, MS; Deb Mylet, RN; and Tina Williams.

Lahey Hitchcock Medical Center, Burlington, MA: David
Webb-Johnson, MD; Joyce Corbett, CRTT; Lissa Judd, CRTT;
Deborah McManus, RN; Cheryl Morrison; and Judith Pierce,
CRTT.

Mayo Clinic Jacksonville, Jacksonville, FL: Michael J. Krowka,
MD; Zafar Awan, RRT; Rebecca Fehrenkamp, RRT; Madeleine
Madden, RRT, CPFT; Kathy Schultz, RRT; Nancy Wheatley,
RRT, RPFT; and Tonya Zeiger, RRT, CPFT.

Mayo Clinic Rochester, Rochester, MN: Udaya B. S. Prakash,
MD; Deb Nesler, CPFT; Paul Scanlon, MD; Lin Scott, CPFT;
Bruce Staats, MD; and Robert Viggiano, MD.

Medical University of South Carolina, Charleston, SC: Charlie
Strange, MD, FCCP; Michael Baumann, MD; Barbara Burns,
PFT; Marc Judson, MD; Ruth Oser, RN, MS; and Margaret
Youmans, BS, RPFT.

Memphis Tennessee Clinical Center, Memphis, TN: Norman T.
Soskel, MD; Cheryl Grisham, CRTT; Carol Jones, RN, BSN;
Tosha Patrick; and Vicki Smith.

Mercy Hospital, Portland, ME: Dermot N. Killian, MD,
FCCP; Terry Clark, RCPT; William Demicco, MD; Lewis
Golden, MD; Steven A. Hess, MD; Rebecca Hitchcock, RN,
CRNP; and Gilman Raymond, CPFT.

NHLBI, Bethesda, MD: Joel Moss, MD, PhD; Ronald G.
Crystal, MD, FCCP(Hon) (through May 1993); Pauline Barnes,
RN; Mark Brantly, MD; Shyan C. Chu, MD; Dotty Czerski, RN,
RCP; Kateri Gabriele, RN; Jane Healy, RN; Clara Jolley; N.
Gerard McElvaney, MD; Woodrow Robinson, III, BS, CPFT;
and Gregory Taylor, CRTT, RCP.

National Naval Medical Center, Bethesda, MD: Kevin O’Neil,
MD; David Holden, MD (August 1992 to December 1995);
Bruce M. Meth, MD (through August 1992); Richard W. Ash-
burn, MD; Gil Crowder, CRTT; Robert Dolensky, RCT; Joseph
Forrester, MD; Carol Harkness, CRTT; Sheila Jones, RN; Chris-
tel Richards, CRTT; Robert F. Sarlin, MD; Ronald P. Sen, MD;
Bruce Shelton, CRTT; Barbara Schuler, RN; Mona Tyler, CRTT;
Thomas E. Walsh, MD; and Julio Zarate, CRTT.

Ohio State University, Columbus, OH: Mark Wewers, MD;
Janice Drake, RRT; James E. Gadek, MD; Betsy James, RRT;
and Brenda Swank.

Oregon Health Sciences University, Portland, OR: Alan F.
Barker, MD; A. Sonia Buist, MD; Ray D’Silva, RPFT; Lynn
Oveson, RN, MN, ANP; and Laura Winther, RN.

Pulmonary Care, P.C., Fall River, MA: William C. Sheehan,
MD; Robert M. Aisenberg, MD; Len Chadbourne, RRT, BA;
Patricia Demers, RN; Perry Little, RRT, RN; Tom Lynch, RRT;
Nick Mucciardi, MD; Patricia Murphy, RRT, CPFT; Doreen
Olivera-Williams, CPFT, RRT; and Ann Sheehan, BS.

St. Luke’s/Roosevelt Hospital, New York, NY: Gerard M.
Turino, MD; Edward Eden, MD; Thomas Klugh, RPFT, RRT;
and Sharad I. Parmar, BS, CPT; M. Lynn Middleton, LPN; and
David Montague, BS.

University of Arizona, Tucson, AZ: Russell R. Dodge, MD;
Benjamin Burrows, MD (September 1991 to December 12,
1995); Mary Klink, MD (through September 1991); E. P. Beeler,
BA, CPT; Barbara Boyer, RN; Martha Cline, MS; Darlene
Gordon, RN; and Nancy Poirier, RN.

University of California, Davis Medical Center, Sacramento,
CA: Carroll E. Cross, MD; Jo Ann Booth, RN, MA; Andrew
Chan, MD; Richard Fekete, RPFT; Heino Kemnitz, RPFT; and
William Volz, RN, RPFT.

University of California, Los Angeles, Los Angeles, CA: Donald
F. Tierney, MD; Kathleen Ellstrom, RN, MS, CS; Linda Ezell,
RCP; John Haugh, RCP; and Bertrand Shapiro, MD.

University of California, San Diego Medical Center, San
Diego, CA: Jack L. Clausen, MD; JoAnna Borders, MS; Charlene
Dent, RCPT; Catherine Fonzi, RPFT, RCP; Robert Ford, RPFT,
BS; Angela Kimbrough, MS; Sheila J. King, RPFT; and Carlos
Lopez, RCPT.

University of Iowa, Iowa City, IA: Jeff Wilson, MD; Jan
Buchmayer, RN; and Marsha Anderson, RRT, RPFT.

University of Minnesota Hospital and Clinic, Minneapolis, MN:
Peter Bitterman, MD; Beth Dosland, RN; Cheryl Edin, RN;
Keith Harmon, MD; Marshall Hertz, MD; Shelly Krause, BS; Pat
Lindquist, MT; Marnie Loven-Bell, MT; and Kathy Plooster, RN.

University of Nebraska Medical Center, Omaha, NE: Stephen
I. Rennard, MD; Richard A. Robbins, MD (through April 1996);
Ron Cheney, PA-C; Deb Cirian, RRP; Jane Diamond, RRT;
Kevin Epperson, RRT; Richard Fogelman, RRT; John Houchins,
RRT; Karen Jones, RN, MSN; Sandy McGranaghan, CPFT;
Theresa Pignotti, RRT; and Tom Pursel, RCPT.

University of North Carolina, Chapel Hill, NC: James F.
Donohue, MD; Lyn Davis, RN; Katherine Hohneker, RN; Betty
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Hornaday, CPT; Jeanine Mascrella, MS, RN; Lynne Sobol, BS,
RN; Steven Turpin, MD; and John Winders, BS.

University of Rochester Medical Center, Rochester, NY: Richard
W. Hyde, MD; Richard Lynch, CRTT; and Barbara Spohn, RN.

University of Texas Health Center, Tyler, TX: James M. Stocks,
MD; Willie J. Blevins, BS, RPFT; Allen B. Cohen, MD; Sam
Fields, RPFT; Janet Hinojosa, CRTT; Cynthia M. Soto-Azghani,
BSN, RNC, CCRC; Debbie Waldrop, RN, CCRC; and Edith
Wilson, CRTT.

University of Utah Health Sciences Center, Salt Lake City, UT:
Edward J. Campbell, MD; Richard E. Kanner, MD (through
June 1990); James Behnke, MS, RPFT; Steven Blaine, CPFT;
Brad Gwyher, BS; Linn Hyer, CPFT; Phaedra McPherson, BS;
Cynthia Moore, BS, RPFT; Cathy Pope, RN; Darin Ryujin, MS,
RPFT; Kathy Sherwood, BS, CPFT; Connie Thelander, MA; and
Mark Weight, BS, RFT.

Veterans Administration Hospital, Hines, IL: Nicholas Gross,
MD, PhD; and Frank King, BS.

Victoria General Hospital, Victoria, BC, Canada: Ian Waters,
MD; and Les MacNeill, RRT.

Washington University Medical Center, St. Louis, MO: Mitch-
ell Horowitz, MD, PhD; Patricia Nelson, MD (through Decem-
ber 1993); Beverly Franklin, RN, BSN, RRT, RPFT; Jim Gual-
doni, RRT; Michelle Jenkerson, RRT, CPFT; Jack A. Pierce,
MD; Edward Silverman, MD; Nichola Story, RPFT, RRT;
Margie Wade, RPFT; and Pamela Wilson.

Data And Safety Monitoring Board

Gordon L. Snider, MD (Chairman), Boston VA Medical
Center, Boston, MA; Katherine Detre, MD, DrPH, University of
Pittsburgh, Pittsburgh, PA; Herbert Y. Reynolds, MD, The
Milton S. Hershey Medical Center, Hershey, PA; Melvyn S.
Tockman, MD, PhD, Johns Hopkins University, Baltimore, MD;
and Janet Wittes, PhD, Statistics Collaborative, Washington, DC.
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