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Rationale: Mortality rates from rheumatoid arthritis–associated in-
terstitial lung disease (RA-ILD) are largely unknown.
Objectives: We sought to determine mortality rates from rheumatoid
arthritis–associated interstitial lung disease in theUnitedStates from
1988 through 2004.
Methods: Using data from the National Center for Health Statistics,
we calculated age-adjusted mortality rates from the deaths of
persons with rheumatoid arthritis–associated interstitial lung dis-
ease, determined the prevalence of interstitial lung disease in all
decedents with rheumatoid arthritis, and compared the age and
underlying cause of death in these two cohorts of decedents.
Measurements and Main Results: From 1988 to 2004, there were 39,
138,394 deaths in U.S. residents and 162,032 rheumatoid arthritis–
associated deaths. Of these deaths, 10,725 (6.6%) met criteria for
rheumatoidarthritis–associatedinterstitial lung.Mortality rates from
rheumatoid arthritis fell over the course of this study in both women
and men. However, mortality rates from rheumatoid arthritis–
associated interstitial lung disease increased 28.3% in women (to
3.1 per million persons in 2004) and declined 12.5% in men (to
1.5 per million persons in 2004). Because the rate of decline in
rheumatoid arthritis outpaced rheumatoid arthritis–associated in-
terstitial lungdisease inmen, theprevalenceof rheumatoidarthritis–
associated interstitial lung disease increased in both sexes over
time.
Conclusions: Clinically significant RA-ILD occurs in nearly 10% of the
RA population, and is associated with shortened survival and more
severe underlying disease. Whereas overall mortality rates for RA
have fallen, those associated with RA-ILD have increased signifi-
cantly in older age groups.
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Rheumatoid arthritis (RA) is a systemic inflammatory disorder
that classically involves the diarthrodial joints (1). This autoim-
mune disease is common, afflicting approximately 1% of the
population, or 3 million people, in the United States (2). Extra-
articular manifestations of disease are frequent, with an esti-
mated prevalence of 40% (3), and account for a significant
proportion of the excess mortality reported for RA (4). In small
cohort studies, pulmonary complications of RA (including in-
fections, RA treatment–induced lung diseases, and RA-associated
interstitial lung disease [RA-ILD]) account for the death of as
many as 20% of subjects. Few studies, however, have focused on
the epidemiology of RA-ILD, and none have investigated RA-
ILD on a large, population-based scale (3, 5).

Although available data suggest that RA-ILD results in
significant morbidity when present (6), there has been wide-
spread belief that the extraarticular manifestations of RA
(including RA-ILD) are becoming less common in the era of
biological agents (i.e., tumor necrosis factor [TNF]-a antagonist
therapy), although no available data support this assertion (3).
At the same time, concerns have been raised that the use of
anti–TNF-a agents in those with concurrent fibrotic ILD may
hasten the pulmonary disease process (7, 8).

In this study, we used death certificate data to examine RA-
ILD on a large, population-based scale in an attempt to advance
understanding of its epidemiology and to help clarify certain
controversial issues related to RA-ILD. The four specific aims
of this study were as follows: (1) to assess changes in mortality
rates of RA-ILD over time; (2) to determine the prevalence of
ILD in decedents with RA; (3) to compare age and underlying
cause of death (UCD) in RA decedents with and without ILD;
and (4) to examine the influence of biological agents on the
prevalence of ILD among patients with RA.

METHODS

Database

We analyzed data from 1988 to 2004 stored in the U.S. Multiple Cause-
of-Death (MCOD) mortality database (9). The National Center for
Health Statistics (NCHS) compiles data from all death certificates in
the United States and releases the figures in yearly public use files. An
annual file contains more than 2 million decedent records, and each
record contains decedent demographics, MCOD codes (which identify
up to 20 conditions related to death within a section of the record the
NCHS calls the ‘‘record axis’’), and a UCD—defined by the World
Health Organization as ‘‘the disease or injury which initiated the train
of events leading to death’’ (10, 11).

In this database, from 1988 to 1998, the NCHS coded conditions
related to death with the Ninth Revision of the International Classi-
fication of Diseases (ICD-9) (12). After 1998, the NCHS coded
conditions related to death with the Tenth Revision of the ICD
(ICD-10) (10). Additional specifics of this database related to coding,
data maintenance, data quality, and accessibility have previously been
described (13). All data contained in these database files have been
deidentified and are on public record; therefore, Institutional Review
Board (IRB) approval for this study was not required.

AT A GLANCE COMMENTARY

Scientific Knowledge on the Subject

Rheumatoid arthritis–associated interstitial lung disease
mortality rates and prevalence are largely unknown.

What This Study Adds to the Field

We found that the burden of rheumatoid arthritis–associated
interstitial lung disease is increasing and occurs in approx-
imately 10% of the rheumatoid arthritis population.
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Case Definitions

We included files from any decedent with ‘‘rheumatoid arthritis’’ (RA) in
the record axis or from the UCD. From 1988 to 1998, we captured all
decedents with ICD-9 codes 714.0–714.9 (excluding codes 714.3 for juvenile
RA and 714.4 for chronic postrheumatic arthropathy [Jaccoud’s syndrome]).
After 1998, we captured all decedents with RA defined by ICD-10 codes
M05.0–M06.9. Under the ICD-10 coding system, juvenile arthritis and
postrheumatic arthropathy were not included within this range of codes.

To capture those with RA-ILD, we identified decedents with axis
codes for both ‘‘rheumatoid arthritis’’ and ‘‘interstitial lung disease’’
(ILD). From 1988 to 1998, ILD was defined by ICD-9 codes 714.8
(rheumatoid lung disease), 515 (postinflammatory pulmonary fibrosis),
and 516.3 (idiopathic pulmonary fibrosis). From 1999 to 2004, interstitial
lung disease was defined by similar, corresponding ICD-10 codes M05.1
and/or J99.0 (rheumatoid lung disease), and J84.1 (a code that combined
both postinflammatory pulmonary fibrosis and idiopathic pulmonary
fibrosis). ICD codes for the UCD are reported in the APPENDIX.

Methods for Mortality Rate Calculations

We used July 1 intercensal population estimates (from 1988 to 1999)
and July 1 population projections (from 2000 to 2004), obtained from
the U.S. Census Bureau to determine denominators for corresponding
yearly mortality rates. We used the 2000 U.S. Census population to
standardize mortality rates (14). Mortality rates were calculated with
Microsoft Office Excel 2003 SP2 (Microsoft Corporation, Redmond,
WA). For age-adjusted mortality rate 95% confidence intervals, the
method by Keyfitz was used (15).

Statistical Analysis

Poisson multivariable regression analysis was used to evaluate differ-
ences in mortality rates by age group and year of death for each sex.
When comparing the ultimate UCD between those decedents with RA
and those with RA-ILD, the Fisher exact test was used. A two-sample t
test was used to compare the mean age of death (a continuous variable)
between those with RA and RA-ILD. A P value less than 0.05 was
considered to represent statistical significance. All data were analyzed
with SAS version 9.1 (SAS Institute, Cary, NC). The SAS ‘‘GENMOD
procedure’’ was used to perform the Poisson regression analysis.

RESULTS

Mortality Rates from RA-associated Deaths

From 1988 to 2004, there were 39,138,394 deaths in U.S. resi-
dents. Of these deaths, a total of 162,032 records (or 0.41%)

contained a diagnostic code for RA. For this subset, the average
age-adjusted mortality rate from RA over this time period was
51.1 per 1,000,000 population in women and 20.4 per 1,000,000
population in men. From 1988 to 2004, age-adjusted mortality
from RA fell 13.6% (from 52.4 per 1,000,000 in 1988 to 45.3
per 1,000,000 in 2004) in women and declined 34.2% (from 23.3
per 1,000,000 in 1988 to 15.3 per 1,000,000 in 2004) in men
(Figure 1).

When we stratified the data set by sex and age grouping,
mortality rates on average were higher in women than in men
for any given age group (Table 1) and RA-associated mortality
increased with increasing age group in both men and women
(see Figure E1 in the online supplement). However, over the
course of this study, for both men and women, mortality rates
decreased in each age grouping, with the largest decline (as
measured by percent change from 1988) occurring in those 55 to
64 years of age (Table 1). For any given age group, mortality
rates declined to a greater degree in men than women with each
passing year of the study (Table 1); thus, the mortality rate sex
ratio of women to men increased from 2.2 in 1988 to 3.0 in 2004.

For men or women, by using Poisson regression models, we
found that mortality rates from RA significantly increased with
increasing age strata. Although the year was not significant in
these models, all second-order interactions between age group
and year (as a continuous variable) in either women or men
were significant, indicating that the declining mortality rates
over time resulted from significantly different rates of decline
within any given age group over time (Figures E2 and E3).

Mortality Rates from RA-ILD

Of the total 162,032 records that contained a diagnostic code for
RA, 10,725 (6.6%) met our definition of RA-ILD. Over the
course of the study, the average age-adjusted mortality from
RA-ILD was 2.9 per 1,000,000 population in women and 1.8 per
1,000,000 population in men. From 1988 to 2004, age-adjusted
RA-ILD–associated mortality rates increased 28.3% (from 2.4
per 1,000,000 in 1988 to 3.1 per 1,000,000 in 2004) in women and
fell 12.5% (from 1.7 per 1,000,000 in 1988 to 1.5 per 1,000,000 in
2004) in men. Overall, age-adjusted mortality rates in decedents
with RA-ILD were higher in women than in men (Figure 2).

When we stratified decedents with RA-ILD by sex and age,
mortality rates on average were higher in women than in men for

Figure 1. Age-adjusted mortality rates

(per 1,000,000 population) and actual
number of deaths per year among de-

cedents with rheumatoid arthritis (RA),

1988 through 2004 (error bars, 95%

confidence intervals).

Olson, Swigris, Sprunger, et al.: Rheumatoid Arthritis–Interstitial Lung Disease 373



any given age group. For men or women, by using Poisson
regression, we found that RA-ILD–associated mortality signif-
icantly increased with increasing age strata until the 74- to 85-
year age group and then declined in those greater than 85 years
of age, regardless of sex (Table 2) (Figures E4–E7). Whereas the
year as a continuous variable was not significant in women (and
thus taken out of the model), second-order interactions between
the year and age grouping were significant for those in the 65–74,
75–84, and greater than 85-year age groups, indicating that for
those age groups, RA-ILD–associated mortality rates increased
significantly over time (Figures E4–E6). In men, mortality rates
from RA-ILD fell significantly over time, whereas significant
second-order interactions between year and age grouping in-
dicate that, similar to women, mortality rates from RA-ILD did
increase in two groups: those 75–84 years old and those greater
than 85 years of age (Table 2) (Figures E4 and E7).

Comparison of Decedents with RA Alone

with Those with RA-ILD

Prevalence of RA-ILD in the RA cohort. As mortality rates from
RA-associated death fell for both sexes in all groups and
mortality rates from RA-ILD increased in women greater than
65 years old and men greater than 75 years old over time, the
prevalence of RA-ILD increased over time (the ratio of RA
cases with ILD to cases without ILD) (Figure 3).

Average age at death. Over the duration of the study, the
mean age at death in the RA subgroup with ILD (for any
decedent older than 45 yr) was significantly less than that for the
RA subgroup without ILD (P , 0.05) (Figure 4); on average,
the mean age at death of women with ILD was 3.52 years
(standard deviation, 0.51 yr) less than that of women without
ILD, and the mean age at death of men with ILD was 2.62 years
(standard deviation, 0.51 yr) less than that of men without ILD.

Underlying cause of death. Significant differences were noted
in the UCD between decedents with ILD and those without
ILD (Table 3). Overall, either RA-ILD or RA itself was coded
as the UCD in more than 70% of decedents in the RA-ILD
subgroup, whereas RA itself was coded as the UCD in
approximately 20% of decedents without ILD. A smaller
percentage of decedents with ILD had as the UCD other
pulmonary conditions, cardiac diseases, cerebrovascular acci-
dent (CVA)/stroke, infectious diseases, and other miscellaneous
causes of death (P , 0.0001 for the comparison of each UCD
between groups). The risk of dying from tuberculosis was
similar in both groups (P 5 0.7).

DISCUSSION

Our results provide comprehensive data on mortality in de-
cedents with RA and RA-ILD in the United States between

TABLE 1. AGE-STRATIFIED MORTALITY RATES (IN 2004) AND PERCENT DECREASE IN MORTALITY RATES (FROM 1988) AMONG
DECEDENTS WITH RHEUMATOID ARTHRITIS–ASSOCIATED DEATH

Age Stratum (yr)

Women Men

Mortality Rate, Deaths per

1,000,000 Persons (2004)

Percent Change

(from 1988)

Mortality Rate, Deaths per

1,000,000 Persons (2004)

Percent Change

(from 1988)

45–54 9.0 6 1.3 219.5 4.8 6 1.0 235.4

55–64 38.6 6 3.1 234.4 20.5 6 2.4 251.9

65–74 136.9 6 7.2 226.7 71.6 6 5.7 241.9

75–84 365.2 6 13.5 27.0 176.3 6 11.4 227.9

.85 549.8 6 25.3 21.9 248.2 6 25.4 26.5

Mortality rates are reported with the 95% confidence interval.

Figure 2. Age-adjusted mortality rates

(per 1,000,000 population) and actual

number of deaths per year among
decedents with rheumatoid arthritis–

interstitial lung disease (RA-ILD), 1988

through 2004 (error bars, 95% confi-

dence intervals).
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1988 and 2004. We analyzed nearly 40,000,000 death files,
identified more than 160,000 decedents with RA, and found
10,725 that met our definition of RA-ILD. Over the course of
the study, RA-associated mortality rates declined 20.8% in men
and women combined, and the average age-adjusted mortality
rate from RA was 36.2 per 1,000,000 people in the general
population.

However, we found that RA-ILD–associated mortality rates
increased over time in older women and older men, and the
overall, average, age-adjusted mortality rate for women was 3.2
per 1,000,000 population and for men was 2.0 per 1,000,000
population. For men, declines in non–ILD-RA–associated
mortality outpaced the decline in RA-ILD–associated mortal-
ity; thus, the prevalence of RA-ILD in RA-associated deaths
rose over the course of the study (from 7.5 to 9.8%). In women,
overall mortality rates from RA-ILD increased over time, and
the prevalence of RA-ILD in RA-associated deaths also rose
over time (from 4.7 to 6.8%).

Previously reported data regarding the prevalence of RA-
ILD in patients with RA vary depending on the method used to
diagnose disease and the population under study. Studies in
which investigators used high-resolution computed tomography
(HRCT) to detect lung disease in subjects with RA have re-
vealed that the majority have interstitial abnormalities (16, 17);
however, available limited data suggest that far fewer have

clinically significant disease. Using a community-based cohort
of 609 patients from Olmsted County, Minnesota, diagnosed
with RA between 1955 and 1994 and monitored for a median of
11.8 years, Turesson and colleagues reported clinically signifi-
cant lung fibrosis in 6.8% of patients (standard error, 1.9%) (3).
In 1997, Gabbay and colleagues observed that among 36
patients with RA and joint manifestations of less than 2 years’
duration, despite HRCT findings consistent with ILD in 33% of
patients, only 14% of patients had clinically significant disease
(5). In an examination of 582 patients with RA monitored for
a mean of 16.4 years, Bongartz and colleagues reported
a lifetime risk of 7.7% for developing ILD (18). Similar to
these results, our data suggest that the prevalence of clinically
significant RA-ILD, defined as such because it was recorded on
a death certificate as a contributor to the death process, is at
least 6.8% in women and 9.8% in men (as of 2004) at the time
of death. The development and universal use of HRCT scans
(19), along with the conduct of several, large multicenter trials
of agents for idiopathic pulmonary fibrosis (20), have both likely
contributed to the increased clinical awareness of underlying
lung disease in RA.

Not only did we find the prevalence of clinically significant
RA-ILD on the rise over the course of the study, we found that
this was partly the result of increasing RA-ILD mortality rates
in older age groups and of declining mortality rates in RA that

TABLE 2. AGE-STRATIFIED MORTALITY RATES (IN 2004) AND PERCENT DECREASE IN MORTALITY RATES (FROM 1988) AMONG
DECEDENTS WITH RHEUMATOID ARTHRITIS–INTERSTITIAL LUNG DISEASE

Age Stratum (yr)

Women Men

Mortality Rate, Deaths per

1,000,000 Persons (2004)

Percent Change

(from 1988)

Mortality Rate, Deaths per

1,000,000 Persons (2004)

Percent Change

(from 1988)

45–54 0.9 6 0.4 28.1 0.6 6 0.3 242.6

55–64 3.3 6 0.9 235.8 2.1 6 0.8 250.8

65–74 12.5 6 2.2 26.8 8.8 6 2.0 26.7

75–84 26.6 6 3.6 54.4 16.9 6 3.5 6.4

.85 18.4 6 4.6 32.1 12.2 6 5.6 64.4

Mortality rates are reported with the 95% confidence interval.

Figure 3. Prevalence of rheumatoid

arthritis–interstitial lung disease (RA-ILD)
in women and men in the RA cohort,

from 1988 to 2004.
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outpaced any decreases noted for RA-ILD in men. Several
factors may account for these findings. As more effective
therapies have become available for the treatment of RA joint
disease (e.g., disease-modifying agents and TNF-a antagonists)
and its associated comorbid conditions (i.e., heart disease), the
relative burden of RA-ILD—a condition that, at least when
fibrosis is present, has no reliably effective therapy—has in-
creased (21). The time frame of our study extends beyond the
period that saw widespread implementation of biological agents
for RA; the absence of a decline in the prevalence of RA-ILD
over these years suggests that biologic agents do not prevent

the development of (or death from) ILD among patients with
RA (22).

Regardless of the contributing factors, our findings do not
suggest that RA-ILD is becoming less common. In fact,
mortality rates from RA-ILD appear to be increasing in those
who are older. Further, we found that the mean age of death in
RA decedents with ILD was less than in those without ILD,
suggesting that clinically significant RA-ILD is associated with
early mortality. We also found that decedents with RA-ILD
were more likely to die of RA itself or ILD progression than of
non-ILD pulmonary conditions, cardiac disease, stroke, or in-

Figure 4. Mean age at death of those

with rheumatoid arthritis (RA) compared

with rheumatoid arthritis–interstitial lung

disease (RA-ILD), by year. (For each year,
a comparison between RA and RA-ILD by

sex was performed using the Student t

test; all P values , 0.05.)

TABLE 3. AVERAGE ANNUAL UNDERLYING CAUSE OF DEATH FOR DECEDENTS WITH RHEUMATOID ARTHRITIS–INTERSTITIAL
LUNG DISEASE AND RHEUMATOID ARTHRITIS ALONE OVER THE ENTIRE STUDY PERIOD

RA-ILD: % (SD, %) RA (no ILD): % (SD, %)

Underlying Cause of Death (n 5 10,725) (n 5 151,322) OR (95% CI) P Value

Rheumatoid arthritis complications 35.0 (4.1) 20.4 (3.9) 2.1 (2.0–2.2) ,0.0001

Pulmonary diseases

Interstitial lung disease 35.3 (6.4) — — —

Pulmonary embolism 0.3 (0.4) 0.5 (0.1) 0.66 (0.47–0.93) 0.0168

Chronic obstructive lung disease 1.6 (1.3) 2.5 (2.3) 0.68 (0.59–0.79) ,0.0001

Lung cancer 2.1 (0.5) 3.5 (0.3) 0.58 (0.50–0.66) ,0.0001

Cardiac diseases

Acute MI 2.6 (0.9) 7.8 (1.3) 0.31 (0.27–0.34) ,0.0001

Chronic ischemic heart disease 4.0 (0.9) 11.7 (0.7) 0.32 (0.29–0.35) ,0.0001

Congestive heart failure/cardiomyopathy 1.3 (0.5) 3.1 (0.2) 0.43 (0.37–0.51) ,0.0001

Total cardiac diseases 7.9 (1.6) 22.6 (1.7) 0.29 (0.27–0.31) ,0.0001

CVA/stroke 0.9 (0.4) 5.4 (0.4) 0.16 (0.13–0.20) ,0.0001

Infectious diseases

Pneumonia 2.1 (1.2) 4.4 (2.8) 0.44 (0.39–0.51) ,0.0001

Sepsis 0.6 (0.3) 1.8 (0.2) 0.33 (0.26–0.42) ,0.0001

TB 0.08 (0.10) 0.09 (0.04) 0.89 (0.45–1.74) 0.7293

Total infectious diseases 2.7 (1.0) 6.3 (2.7) 0.41 (0.37–0.46) ,0.0001

Other 14.0 (2.4) 38.8 (2.2) 0.25 (0.24–0.28) ,0.0001

Definition of abbreviations: CI 5 confidence interval; CVA 5 cerebrovascular accident; ICD 5 International Classification of Diseases; ILD 5 interstitial lung disease;

MI 5 myocardial infarction; OR 5 odds ratio; RA 5 rheumatoid arthritis; TB 5 tuberculosis.

ICD-9 and ICD-10 codes used for each of the categories are presented in the APPENDIX.
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fectious disease. Thus, although the data would suggest that
improvements in therapies for RA (e.g., biological agents) have
contributed to a decline in death from RA, for certain subgroups
with ILD this has not held true. It remains unclear whether such
drugs (i.e., TNF-a antagonists) are detrimental in patients with
RA-ILD and this issue requires additional investigation.

For context, the average age- and sex-adjusted mortality rate
from RA over the course of this study was 36.2 per 1,000,000
and this figure is on the same order as mortality rates from
pulmonary fibrosis (50.8 per 1,000,000) over a similar time
course (13), lung cancer (526 per 1,000,000), and chronic
obstructive pulmonary disease (424 per 1,000,000) (23). Further,
the age- and sex-adjusted mortality rates from RA-ILD over the
course of this study are similar to mortality rates from influenza
(1 per 1,000,000) (23).

This study has several limitations. The accuracy of the data
depends entirely on death certifiers to identify RA and RA-
ILD, and on the accurate coding of these conditions on the
death certificate. We were unable to identify any peer-reviewed
studies regarding the accuracy of rheumatological disease
coding; however, previous investigations have found that ‘‘pul-
monary fibrosis’’ (defined by ICD-9 codes 516.3 [IFP] and 515
[postinflammatory pulmonary fibrosis, PIPF] and ICD-10 code
J84.1 [a combination of IPF and PIPF]) is underreported on
death certificates (24, 25). We do not know whether under-
reporting occurs in other diagnostic codes for ILD, but it
probably does. However, if underreporting occurred for RA-
ILD, then the prevalence of RA-ILD and mortality rates from
RA-ILD would be higher than we report and our results
describe the minimal value for the scope of this problem. The
database used ICD-9 codes to identify patients with RA and
RA-ILD from 1988 to 1998 and ICD-10 codes after 1999. The
ICD-10 codes used to define this cohort may or may not reflect
a cohort of patients similar to the one defined by ICD-9 codes.
One French study found good comparability between ICD-9
and ICD10 codes for all musculoskeletal diseases (26). We
did not observe any significant discontinuity in the RA- or RA-
ILD–associated mortality around the time of the coding change.

Although other, population-based, epidemiological studies
investigating RA-ILD are not available for comparison, large-
scale studies from France and Sweden have reported RA-
associated mortality trends similar to those we found (27, 28).
Ziadé and colleagues examined all French death certificates
(n 5 17,806,923) from 1970 to 2002 and found an 18% decline
(27), and data from Sweden also indicate a decrease in RA-
associated mortality over the past 20 years (28). These results,
taken together, further support our overall findings and suggest
that therapies for RA have impacted survival in some patients
with RA, and that RA-ILD may be a growing complication
of disease.

CONCLUSIONS

In the United States from 1988 to 2004, although mortality rates
from RA declined, there was an increasing prevalence of RA.
Patients with RA-ILD die at a younger age than those with RA
and they more often die of either lung disease or RA itself than
from other causes, suggesting that this extraarticular manifes-
tation of disease is more severe than RA alone. Although
therapy for RA may be resulting in declining mortality from
certain RA-related manifestations, the same trend does not
appear to be holding true for RA-ILD. Further investigation is
required to examine these findings.
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mortalité en France, à partir de l’année 2000 [in French]. Bull
Epidemiol Hebdomadaire 2005;4:13–16.
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APPENDIX

From 1988 through 1998, ‘‘acute myocardial infarction’’ (AMI) was defined by ICD-9 codes 410.0 through 411.8, ‘‘chronic ischemic
heart disease’’ (CIHD) was defined by ICD-9 codes 414.0 through 414.9, ‘‘congestive heart failure’’ (CHF) was defined by ICD-9
codes 428.0 through 428.9, cardiomyopathy (CM) was defined by ICD-9 codes 425.0 through 425.9, ‘‘chronic obstructive pulmonary
disease’’ (COPD) was defined by ICD-9 codes 490 through 492.8, including 493.2 (asthma associated with COPD), ‘‘pulmonary
embolism’’ (PE) was defined by ICD-9 code 415.1, ‘‘lung cancer’’ was defined by ICD-9 codes 162.2 through 162.9, ‘‘pneumonia’’ was
defined by ICD-9 codes 480.0 through 487.8, ‘‘sepsis’’ was defined by ICD-9 codes 038.0 through 038.9, ‘‘tuberculosis’’ (TB) was
defined by ICD-9 codes 010.0 through 018.9, and ‘‘cerebrovascular disease’’ (CVD) was defined by ICD-9 codes 430.0 through 438.0.

After 1998, AMI was defined by ICD-10 codes I21.0 through I24.9, CIHD was defined by ICD-10 codes I25.0 through I25.9, CHF
was defined by ICD-10 codes I50.0 thought I50.9, CM was defined by ICD-10 codes I42.0 through I42.9, COPD was defined by ICD-
10 codes J40 through J44.9, PE was defined by ICD-10 codes I26.0 through I26.9, lung cancer was defined by ICD-10 codes C34.0
through C34.9, pneumonia was defined by ICD-10 codes J09 through J18.9, sepsis was defined by ICD-10 codes A40.0 through A41.9,
TB was defined by ICD-10 codes A15.0 through A19.9, and CVD was defined by ICD-10 codes I60.0 through I69.8.

378 AMERICAN JOURNAL OF RESPIRATORY AND CRITICAL CARE MEDICINE VOL 183 2011


