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ABSTRACT
Objectives: To determine if chronic pulmonary
diseases adversely impact selected outcomes in
hospitalised patients who have various allergic
conditions including anaphylaxis.
Design: A population-based cohort study.
Participants: A statewide hospital inpatient discharge
database from Texas, USA, covering the years 2004–
2007 was analysed. Patients with anaphylaxis and
other allergic conditions were identified using the
International Classification of Diseases, Ninth Revision,
Clinical Modification codes. Within each group of
patients (the overall group with various selected
allergic conditions and the subgroup with anaphylaxis),
the exposure variables were 11 chronic pulmonary
diseases including asthma, chronic obstructive
pulmonary disease (COPD) and cystic fibrosis.
Primary outcome measures: Admission to an
intensive care unit, a prolonged (>3 days) hospital stay,
receipt of mechanical ventilation and death in hospital.
Logistic regression was used to calculate adjusted OR
and 95% CI for these four outcomes.
Results: 30 390 patients with allergic conditions were
identified, of whom 2410 had anaphylaxis. The
following results pertain to the subcohort of patients
with anaphylaxis. Median age was 50 years
(range 0–95 years) and 1470 (61%) were female. The
hospital mortality was 2.7%. Although asthma was not
associated with hospital mortality (OR=1.27, 95% CI
0.55 to 2.90), asthmatics had more than twice the odds
of non-asthmatics of receiving mechanical ventilation
(OR=2.45, 95% CI 1.81 to 3.33). Chronic bronchitis,
COPD, emphysema and interstitial lung diseases (ILDs)
were also associated with an increased risk of requiring
mechanical ventilation. Chronic bronchitis and COPD
were associated with a prolonged length of stay:
OR=2.69 (95% CI 1.45 to 4.98) and OR=1.86 (95%
CI 1.30 to 2.66), respectively. ILD was the only chronic
pulmonary disease associated with an elevated risk of
hospital mortality: OR=8.71 (95% CI 1.48 to 51.20).
Conclusions: In this unique analysis of a large
database, we found that asthma, COPD and other chronic
pulmonary diseases increased the risk of adverse
outcomes among hospitalised patients with anaphylaxis.

INTRODUCTION
Anaphylaxis is a serious allergic reaction that
is rapid in onset and potentially fatal.1 It is
usually triggered through an IgE-dependent
immunological mechanism by exposure to a
food, medication, stinging insect venom,
natural rubber latex or other allergen to
which the patient is sensitised.1 2 Diagnosis of
an anaphylactic episode involves validated
and defined clinical criteria1 3 4 and is based
on a sudden onset of symptoms, typically in
two or more body systems, within minutes to
hours after exposure to a trigger.1 There is no
rapid laboratory test to confirm the diagnosis
at the time of presentation.2 5 The symptoms
and signs of anaphylaxis are under-
recognised by patients and/or caregivers, and
are underdiagnosed by healthcare profes-
sionals.6 The lifetime prevalence of anaphyl-
axis has been estimated to be 0.05–2%.7
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Some patients are potentially at increased risk of severe
or fatal anaphylaxis because of age (eg, the elderly),8 or
concomitant diseases such as mastocytosis/clonal mast
cell disorders9–14 and asthma.15–23 They might also be at
increased risk if they are concurrently taking medications
such as a β-adrenergic blocker, an ACE inhibitor or
indeed any antihypertensive medication,24 or if they have
elevated baseline levels of mediators involved in the ana-
phylaxis pathogenesis, for example, histamine, tryptase,
bradykinin or platelet-activating factor.2 8

For asthma, the association with an increased risk of
severe or fatal anaphylaxis is strongly supported by death
and autopsy studies published at intervals during the past
24 years,15–23 and by two epidemiology studies published
in 2010 that examined the association between asthma
and the risk of anaphylaxis in large populations.25 26 Using
a general practitioner database from the UK,
Gonzalez-Perez et al25 identified a sample of 177 000 asth-
matics and 200 000 non-asthmatics, ranging in age from
10 to 79 years, and reported that the patients with asthma
had a greater risk of anaphylaxis than those without
asthma, and that the risk was greater in severe asthma than
in non-severe asthma. Iribarren et al26 assembled a cohort
of 1 052 812 members of Kaiser Permanente of Northern
California, half (n=526 406) of whom had asthma. These
investigators found that asthmatics had an increased risk
of anaphylactic shock and other allergy diagnoses com-
pared with members who did not have asthma.
For chronic obstructive pulmonary disease (COPD),

the relationship with an increased risk of severe or fatal
anaphylaxis is until now based primarily on two autopsy
studies. In one of these studies, 5/25 adults aged 58–
71 years dying from anaphylaxis had comorbid COPD,
and in the other study, 2/28 adults dying from anaphyl-
axis had comorbid COPD.22 23

For other chronic pulmonary diseases such as bronchi-
ectasis, chronic bronchitis, cystic fibrosis, emphysema,
hypersensitivity pneumonitis, interstitial lung diseases
and pulmonary eosinophilia disorders, including allergic
bronchopulmonary aspergillosis and Churg-Strauss
disease, the association, if any, with an increased risk of
severe or fatal anaphylaxis remains to be defined.
Additional population-based epidemiological studies

are therefore needed to explore the relationship of
asthma severity with anaphylaxis and to investigate the
epidemiology of comorbid COPD and other respiratory
disorders with anaphylaxis.
We hypothesised that among hospitalised patients with

allergic conditions including anaphylaxis, chronic
comorbid respiratory disease might affect the severity of
the allergic condition adversely, as reflected in various
outcomes, including the length of hospital inpatient
stay. We tested this hypothesis using a large state-wide
hospital database.

METHODS
The study protocol was reviewed by the Institutional
Review Board (IRB) for the Protection of Human

Subjects of Texas Tech University Health Sciences
Center, El Paso, Texas, and was deemed to be exempt
from formal IRB review. The protocol was approved by
the Texas Department of State Health Services IRB #1,
Austin, Texas.

Source population and inclusion criteria
A retrospective cohort study was performed using hos-
pital inpatient discharge data that are being leased by
the Department of Obstetrics and Gynecology from the
Texas Department of State Health Services (Austin,
Texas). Public use as well as research data were used in
this study. These data are from all state licensed hospitals
except those that are exempt from reporting to the
Texas Health Care Information Council. According to
the data user manual, “Exempt hospitals include those
located in a county with a population of less than
35 000, or those located in a county with a population
more than 35 000 and with fewer than 100 licensed hos-
pital beds and not located in an area that is delineated
as an urbanized area by the United States Bureau of the
Census...” Hospitals that do not seek insurance payment
or government reimbursement are also exempt from the
reporting requirement. In 2007, quarterly figures indi-
cated that, on average, 80% of the state licensed hospi-
tals in Texas were required to report their data to the
Texas Health Care Information Collection, and of this
group, 99% did do so (Personal communication, Texas
Health Care Information Collection staff).
A unique patient identifier was available in the

research portion of the database. This variable can iden-
tify patients who had repeated hospitalisations at report-
ing facilities during the study period or were transferred
to another facility. If multiple discharge records existed
for a single individual, then only the first medical record
was used in our analyses.
The electronic hospital discharge dataset contains clin-

ical and demographic information for millions of indivi-
duals who were discharged from reporting hospitals
throughout Texas during the calendar-years 2004, 2005,
2006 and 2007. The principal discharge diagnosis and up
to 24 secondary diagnoses were evaluated. Each record
also contained up to a maximum of 25 procedures (a
principal procedure and up to 24 secondary procedures)
that were performed during that particular hospital stay.
The discharge diagnosis and procedure variables were
coded using the International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM).
Cases were included in our study if any of the follow-

ing ICD-9-CM codes were found in any of the discharge
diagnosis fields: 995 (other anaphylactic shock—allergic
shock/anaphylactic reaction/anaphylaxis which was not
otherwise specified or due to the adverse effect of a
correct medicinal substance that was administered prop-
erly), codes 995.60 through 995.69 (anaphylactic shock
due to an adverse food reaction such as peanuts or crus-
taceans), 995.4 (shock caused by anaesthesia) or 999.4
(anaphylactic shock caused by the serum).
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In addition to the above codes, which are specific for
anaphylaxis, we also included the records of patients
whose discharge diagnosis fields contained codes that
are not specific for anaphylaxis, including 989.5 (toxic
effect of venom), 708 (allergic urticaria), 708.9 (urti-
caria unspecified), 995.1 (angioneurotic oedema) and
995.3 (allergy unspecified). ICD-9-CM code 989.5 is fre-
quently used to indicate allergic reactions to insect
stings from Hymenoptera species,27 and was used in our
previous epidemiological investigation of hospitalisations
for anaphylaxis.28 Additional codes used by other investi-
gators including 693.1 (dermatitis due to food), 988
(toxic effect of noxious substances eaten as food), 999.5
(other serum reaction) and 995.2 (adverse effect to
correct medicinal substance properly administered/aller-
gic reaction to correct medicinal substance properly
administered/hypersensitivity to correct medicinal sub-
stance properly administered) were also included in our
search strategy.29

Patients who had any of the allergic conditions listed
above comprised the entire cohort. Patients who had a
principal or secondary discharge diagnosis of anaphyl-
axis (defined as ICD-9-CM codes 995.0, 995.4, 995.60–
995.69 or 999.4) formed a subgroup of the overall
cohort.

Definition of exposure variables
The pulmonary diseases listed in table 1, for example,
asthma, COPD and emphysema, were the main inde-
pendent variables of interest.30 For each electronic
patient record, all the diagnosis fields were searched for
the ICD-9-CM codes listed in table 1. For example, if a
code beginning with the numbers ‘493’ was found in
any of the discharge diagnosis fields, then the patient
was considered to be an asthmatic.

Definition of outcomes
Four binary (dichotomous) outcomes were assessed in
separate regression models: intensive/critical care unit
(ICU) admission (yes/no), receipt of mechanical venti-
lation (yes/no), hospital mortality and a prolonged
length of stay (defined as a stay longer than 3 days).
Patients who were admitted to an ICU were identified
using the ICU charges variable. Mechanical ventilation
was defined as the presence of ICD-9-CM codes 96.70
(continuous mechanical ventilation of unspecified dur-
ation), 96.71 (continuous mechanical ventilation for less
than 96 consecutive hours) or 96.72 (continuous mech-
anical ventilation for 96 consecutive hours or more) in
any of the 25 procedure fields.

Statistical analysis
Data were managed and analysed using the SAS software
V.9.2 (SAS Institute, Inc, Cary, North Carolina, USA).
Initially, the GENMOD procedure was used to calculate
risk ratios for the outcomes using log-binomial regres-
sion models.31 However, several of these models failed to
converge, and hence the LOGISTIC procedure was used
to calculate OR.
The following variables were considered confounders

of the associations under study: patient age, race and
Hispanic ethnicity, sex, health insurance status, ischae-
mic heart disease, chronic kidney disease and diabetes.
Age in years was entered as a categorical variable using
five indicator (dummy) variables to represent the follow-
ing six age groups: 0–19, 20–49, 50–64, 65–74, 75–84
and ≥85 (referent). A combined race-ethnicity variable
was created using the separate race and Hispanic ethni-
city variables found in the hospital discharge dataset:
White Hispanic, Black Non-Hispanic, Asian, Other and
White Non-Hispanic (referent). Four indicator variables
were entered into the regression models for race and
ethnicity. The original health insurance variable had 23
possible responses. It was converted to a four-level vari-
able: Uninsured, Medicaid, Medicare and Other (which
includes Blue Cross/Blue Shield). The Uninsured cat-
egory was created by combining the response ‘self-pay’
with the response ‘charity, indigent or unknown’. The
Other group served as the referent (comparison) group.
Three indicator variables representing the new health
insurance variable were entered in our models.
Ischaemic heart disease was defined as the presence of
ICD-9-CM codes 410 through 414 in any of the dis-
charge diagnosis fields while chronic kidney disease and
diabetes were defined as codes 585 and 250, respectively.
The number of in-hospital deaths in the subcohort of

patients with anaphylaxis was small relative to the
number of independent variables entered in each logis-
tic regression model; specifically, there were fewer than
10 events per independent variable.32 33 All our models
included 27 independent variables: the 11 concomitant
chronic pulmonary diseases, 5 indicator variables for
age, 4 indicator variables for race, 3 indicator variables
for health insurance, patient sex and 3 dichotomous

Table 1 Definition of comorbidities

Comorbidity ICD-9-CM code(s)

Allergic bronchopulmonary

aspergillosis

518.6

Asthma (includes extrinsic

asthma, intrinsic asthma and

asthma with COPD)

493

Bronchiectasis 494

Chronic bronchitis 491

Churg-Strauss disease

(Wegener’s granulomatosis)

446.4

COPD 496

Cystic fibrosis 277.0

Emphysema 492

Hypersensitivity pneumonitis 495.9

Interstitial lung diseases 506.4, 508.1, 515,

516.3, 714.81, 770.7

Pulmonary eosinophilia 518.3

COPD, chronic obstructive pulmonary disease; ICD-9-CM,
International Classification of Diseases, Ninth Revision, Clinical
Modification.
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(present vs absent) chronic disease variables (one each
for ischaemic heart disease, chronic kidney disease and
diabetes). We attempted to use Firth’s penalised
maximum likelihood estimation to address this situation
of too few events (deaths) relative to the number of
independent variables.34 Two logistic regression models
were created. One was a traditional model while the
other used Firth’s likelihood penalty to account for any
bias caused by sparse data; however, the convergence of
the model where Firth’s bias correction was applied was
questionable, and hence adjusted ORs for hospital mor-
tality were reported from the traditional logistic model.
Adjusted ORs are reported along with 95% CI. The

OR was considered to be statistically significant if the CI
excluded the null value one.

RESULTS
Overall, the cohort contained 30 390 patients, of whom
2410 (7.9%) had a principal or secondary discharge
diagnosis of anaphylaxis (table 2). The median ages of
the entire cohort and the subcohort of patients with
anaphylaxis were 52 and 50 years, respectively. Sixty-one
per cent of the patients who experienced anaphylaxis
were female. Asthma and COPD were the most common
chronic pulmonary conditions in both the full cohort
and the subcohort of patients with anaphylaxis.
Admission into the ICU and receipt of mechanical venti-
lation were more frequent in the anaphylaxis subcohort
than in the full cohort.
ORs for four hospital outcomes in the whole cohort

are shown in table 3. The risk factor of interest was a
concomitant chronic pulmonary disease. Patients with
pulmonary eosinophilia were almost four times as likely
as patients without this condition to be admitted to the
ICU (OR=3.89). This result was statistically significant at
the 0.05 level: 1.86–8.14. Significant positive relation-
ships were found between hospital mortality and chronic
bronchitis, emphysema and interstitial lung diseases. An
inverse association appeared to be present between
asthma and hospital mortality, with asthmatics experien-
cing a 38% reduction in the odds of dying in the hos-
pital compared with non-asthmatics; however, this result
was not statistically significant because the 95% CI
encompassed the null value of 1 (OR=0.62, 95% CI 0.38
to 1.00, p=0.051). Seven pulmonary conditions were
associated with elevated odds of a prolonged length of
stay. Asthmatics were 67% more likely than non-
asthmatics to receive mechanical ventilation (OR=1.67,
95% CI 1.40 to 2.01). Several ORs could not be esti-
mated due to the small number of patients with those
specific pulmonary diseases. No associations were
detected between seven of the pulmonary diseases,
including asthma, and the outcome of admission to the
ICU.
Adjusted ORs for four hospital outcomes in the subco-

hort of patients who had anaphylaxis are reported in
table 4. Asthmatics did not have an elevated risk of

being admitted to the ICU, yet they had more than a
doubling of their odds of receiving mechanical ventila-
tion compared with non-asthmatics (OR=2.45). In the
anaphylaxis subcohort, the presence of COPD influ-
enced the risk of a prolonged length of stay (OR=1.86,
95% CI 1.30 to 2.66) but did not impact the odds of
being admitted to an ICU or hospital mortality. In the
anaphylaxis cohort, statistically significant associations
were noted between interstitial lung diseases and two
outcomes: hospital mortality (OR=8.71), and receipt of
mechanical ventilation (OR=5.16). ORs could not be
estimated for allergic bronchopulmonary aspergillosis,
Churg-Strauss disease and hypersensitivity pneumonitis
due to the rarity of these diseases (only one patient in
the anaphylaxis cohort had allergic bronchopulmonary
aspergillosis and none in this cohort had Churg-Strauss
disease or hypersensitivity pneumonitis). Mastocytosis
(ICD-9-CM code 202.6) was not included in any of our
models because only 5 of the 30 390 patients in the full
cohort had this discharge diagnosis, 3 of whom also had
anaphylaxis (data not shown).

DISCUSSION
Large population-based studies of the effect of chronic
pulmonary diseases on the outcomes of hospitalised
patients with anaphylaxis are lacking. We report the asso-
ciation between several concomitant pulmonary diseases
and four indicators of anaphylaxis severity in hospita-
lised patients with anaphylaxis in Texas, a state with a
large population (estimated at 22 778 123 in 2005).35

We found that asthmatics were 28% less likely to have
a prolonged length of stay (OR=0.72, 95% CI 0.55 to
0.95) and more than twice as likely to be placed on a
ventilator (OR=2.16, 95% CI 1.60 to 2.91) than non-
asthmatics. Similar findings were reported from a
smaller study that we conducted previously using data
from Florida.28 In the latter study, investigators analysed
the records of 464 hospitalised patients with anaphylaxis
and found that asthmatics had a length of stay that was,
on average, 2.15 days shorter than that of non-asthmatics
(p=0.04). This reduction could possibly be due to hospi-
tals adopting asthma care maps or clinical pathways in
the past decade. Asthmatics in the Florida study were
also at a higher risk of receiving mechanical ventilation
compared with non-asthmatics: adjusted relative
risk=2.72, 95% CI 1.07 to 6.91, p=0.04).
Limitations of this state-wide administrative hospital

discharge database include 80% rather than 100% cover-
age of state licensed hospitals, lack of access to emer-
gency department data, and lack of detailed information
about diagnosis and treatment as documented in the
complete medical records of these patients. Our data
use agreement with the Texas Department of State
Health Services stipulates, “The licensee will not attempt
to link nor permit others to attempt to link the hospital
stay records of patients in this data set with personally
identifiable records from any other source.”
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Table 2 Demographic and clinical characteristics of 30 390 patients with selected allergic conditions who were hospitalised

throughout Texas and discharged between 2004 and 2007

Entire cohort

N=30 390

Patients with anaphylaxis

N=2410

Characteristic Number (%) Number (%)

Age (years)*

0–19 4176 (13.7) 311 (12.9)

20–49 9640 (31.7) 886 (36.8)

50–64 6415 (21.1) 654 (27.1)

65–74 4025 (13.2) 298 (12.4)

75–84 4072 (13.4) 196 (8.1)

≥85 2062 (6.8) 65 (2.7)

Race and ethnicity

Asian or Pacific Islander 461 (1.5) 43 (1.8)

Black non-Hispanic 4254 (14.0) 312 (13.0)

Other 5217 (17.2) 425 (17.6)

White Hispanic 2588 (8.5) 242 (10.0)

White non-Hispanic 17 870 (58.8) 1388 (57.6)

Female sex 17 324 (57.0) 1470 (61.0)

Health insurance status

Medicaid 3725 (12.3) 253 (10.5)

Medicare 10 993 (36.2) 621 (25.8)

Uninsured, self-pay, charity 3622 (11.9) 332 (13.8)

Other (including commercial insurance) 12 050 (39.7) 1204 (50.0)

Allergic conditions

Allergy unspecified 4435 (14.6) 10 (0.4)

Anaphylaxis 2410 (7.9) 2410 (100)

Angioneurotic oedema 4482 (14.8) 174 (7.2)

Dermatitis due to food taken internally 297 (1.0) 14 (0.6)

Other and unspecified adverse effect of drug, medicinal and biological

substance

7138 (23.5) 3 (0.1)

Other serum reaction not elsewhere classified 320 (1.1) 1 (0.04)

Toxic effect of noxious substances eaten as food 172 (0.6) 1 (0.04)

Toxic effect of venom 6430 (21.2) 19 (0.8)

Urticaria

Allergic urticaria 3091 (10.2) 115 (4.8)

Unspecified urticaria 2455 (8.1) 38 (1.6)

Pulmonary conditions

Allergic bronchopulmonary aspergillosis 3 (0.0) 1 (0.04)

Asthma (includes extrinsic asthma, intrinsic asthma and asthma with

chronic obstructive pulmonary disease)

2772 (9.1) 334 (13.9)

Bronchiectasis 61 (0.2) 4 (0.2)

Chronic bronchitis 845 (2.8) 49 (2.0)

Churg-Strauss disease (Wegener’s granulomatosis) 3 (0.0) 0 (0)

Chronic obstructive pulmonary disease 1818 (6.0) 149 (6.2)

Cystic fibrosis 21 (0.1) 4 (0.2)

Emphysema 159 (0.5) 9 (0.4)

Hypersensitivity pneumonitis 3 (0.0) 0 (0.0)

Interstitial lung diseases 200 (0.7) 10 (0.4)

Pulmonary eosinophilia 32 (0.1) 6 (0.3)

Other selected comorbidities

Chronic kidney disease 1280 (4.2) 95 (3.9)

Diabetes 5539 (18.2) 426 (17.7)

Ischaemic heart disease 7108 (23.4) 447 (18.6)

Hospital outcomes

Admitted to an intensive care unit 9343 (30.7) 1401 (58.1)

Died 452 (1.5) 64 (2.7)

Prolonged length of stay (defined as a stay>3 days†) 13 511 (44.5) 797 (33.1)

Received mechanical ventilation 1181 (3.9) 365 (15.2)

*Age ranged from 0 to 106 years (median=52 years) for the entire cohort and 0–95 years for the subcohort of anaphylactics
(median=50 years).
†Length of stay ranged from 1 to 350 days (median=3 days) for the entire cohort and 1–106 days for the subcohort of anaphylactics
(median=2 days).
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Table 3 Association between pulmonary diseases and four hospital outcomes in 30 390 patients with allergic conditions*

Admitted to intensive

care unit Hospital mortality

Prolonged length of

stay†

Receipt of

mechanical

ventilation

Pulmonary disease (present vs absent) OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Allergic bronchopulmonary aspergillosis 4.53 0.41 to 50.47 ‡ ‡ ‡ ‡ ‡ ‡

Asthma 1.08 0.99 to 1.18 0.62 0.38 to 1.00 1.03 0.95 to 1.12 1.67 1.40 to 2.01

Bronchiectasis 1.02 0.58 to 1.79 1.22 0.28 to 5.40 3.90 1.98 to 7.68 0.89 0.21 to 3.73

Chronic bronchitis 1.11 0.96 to 1.29 1.90 1.35 to 2.68 1.95 1.67 to 2.27 1.79 1.34 to 2.37

Churg-Strauss disease (Wegener’s granulomatosis) 1.10 0.10 to 12.28 ‡ ‡ 0.71 0.06 to 8.36 ‡ ‡

Chronic obstructive pulmonary disease 1.35 1.22 to 1.50 1.12 0.83 to 1.50 1.41 1.28 to 1.57 1.98 1.62 to 2.41

Cystic fibrosis 0.59 0.17 to 2.07 ‡ ‡ 5.74 1.85 to 17.84 ‡ ‡

Emphysema 1.49 1.08 to 2.05 3.04 1.56 to 5.93 1.42 1.03 to 1.97 2.14 1.20 to 3.81

Hypersensitivity pneumonitis 0.67 0.06 to 7.55 ‡ ‡ 2.00 0.17 to 23.53 ‡ ‡

Interstitial lung diseases 1.61 1.21 to 2.14 2.69 1.53 to 4.73 1.93 1.40 to 2.65 1.22 0.67 to 2.21

Pulmonary eosinophilia 3.89 1.86 to 8.14 1.70 0.22 to 12.98 3.97 1.68 to 9.37 2.73 0.94 to 7.91

Adjusted OR and CI were calculated from logistic regression models.
*Each OR was adjusted for the remaining pulmonary conditions, age, race-ethnicity, sex, health insurance status, chronic kidney disease, diabetes, and ischaemic heart disease.
†Defined as a length of stay longer than 3 days.
‡Could not be estimated.

Table 4 Association between pulmonary diseases and four hospital outcomes in 2410 patients with anaphylaxis*

Admitted to intensive

care unit Hospital mortality

Prolonged length of

stay†

Receipt of mechanical

ventilation

Pulmonary disease (present vs absent) OR 95% CI OR 95% CI OR 95% CI OR 95% CI

Asthma 1.04 0.82 to 1.33 1.27 0.55 to 2.90 0.78 0.59 to 1.03 2.45 1.81 to 3.33

Bronchiectasis 0.20 0.02 to 2.21 ‡ ‡ 4.06 0.38 to 43.48 ‡ ‡

Chronic bronchitis 1.63 0.84 to 3.17 1.38 0.40 to 4.83 2.69 1.45 to 4.98 2.22 1.14 to 4.34

Chronic obstructive pulmonary disease 0.85 0.60 to 1.22 0.66 0.26 to 1.70 1.86 1.30 to 2.66 1.61 1.06 to 2.46

Cystic fibrosis 0.34 0.03 to 3.73 ‡ ‡ 4.20 0.37 to 47.46 ‡ ‡

Emphysema 4.46 0.55 to 36.02 2.56 0.27 to 24.03 0.91 0.21 to 3.91 4.06 1.03 to 15.97

Interstitial lung diseases 1.20 0.30 to 4.80 8.71 1.48 to 51.20 2.87 0.70 to 11.86 5.16 1.35 to 19.74

Pulmonary eosinophilia 2.67 0.30 to 23.63 ‡ ‡ 1.50 0.27 to 8.28 0.50 0.05 to 4.53

Adjusted OR and CI were calculated from logistic regression models.
*Each OR was adjusted for the remaining pulmonary conditions, age, race-ethnicity, sex, health insurance status, chronic kidney disease, diabetes, and ischaemic heart disease. ORs could not
be estimated for the following outcomes: allergic bronchopulmonary aspergillosis, Churg-Strauss disease and hypersensitivity pneumonitis.
†Defined as a length of stay longer than 3 days.
‡Could not be estimated.
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A general limitation of using state and federal admin-
istrative hospital discharge databases is the potential mis-
classification of both diagnoses and procedures which
are typically coded using ICD-9-CM. While the accuracy
of the ICD-9-CM coding of various diseases and syn-
dromes, such as breast cancer, acute myocardial infarc-
tion and preeclampsia, in hospital claims data has been
reported,36 37 to our knowledge there are no published
findings which summarise both the sensitivity and posi-
tive predictive value of the ICD-9-CM coding of all-cause
anaphylaxis in the records of children and adults found
in hospital inpatient databases.38 Clark et al27 investi-
gated the ICD-9-CM coding of emergency department
visits for food and insect sting allergy. Similar investiga-
tions of anaphylaxis coding found in hospital inpatient
discharge datasets would be welcome.
In summary, in this unique exploratory analysis of a

large database, we examined the association between
chronic pulmonary diseases and four indicators of ana-
phylaxis severity in hospitalised patients. We found that
asthma, COPD and other chronic pulmonary diseases
increased the risk of adverse outcomes among hospita-
lised patients with anaphylaxis.
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