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Background: Angioedema may occur in patients taking angiotensin-converting enzyme inhibitors. With the more prevalent
use of this class of medications in the United States, it is not known whether angioedema hospitalizations have increased
nationally in recent years.

Objectives: To profile the trends in angioedema hospitalizations and to examine associated demographic factors and comorbid
diseases in the United States.

Methods: A national database of hospitalizations in the United States was queried for hospitalizations with a principal
diagnosis of angioedema and other major acute allergic disorders (anaphylaxis, urticaria, and allergy unspecified). Subsequent
analysis was performed to determine the current angioedema hospitalization trends (1998–2005) and to examine clinical and
demographic variables that distinguished angioedema from the other allergic disease admissions.

Results: The angioedema hospitalization rate was 3.3 in 100,000 in 1998 and rose to 4.0 in 100,000 in 2005. In contrast, the
combined hospitalization rate for nonangioedema allergic disorders showed an overall decline and was exceeded by angioedema
hospitalization rates after 2000. African American patients had consistently higher hospitalization rates (�2 times) for
angioedema compared with non–African American patients. Hypertension, increasing age, and African American ethnicity were
associated with angioedema hospitalizations. Twenty-four percent of hospitalizations for angioedema were coded for an adverse
effect due to cardiovascular or antihypertensive agents.

Conclusions: Angioedema has become the dominant allergic disorder that results in hospitalization in the United States.
Angioedema hospitalizations have a distinct epidemiologic pattern that differs from that observed in other atopic disease
hospitalizations.

Ann Allergy Asthma Immunol. 2008;101:185–192.

INTRODUCTION
Angioedema manifests as a deep swelling of the tissues just
below the skin and mucous membranes. It is characterized by
nonpitting, asymmetrical swelling that is generally nonpru-
ritic and forms mostly around the perioral area, periorbital
area, tongue, genitals, and extremities.1 Angioedema can be
life threatening and even fatal, with respiratory involvement
leading to asphyxiation.

Because angiotensin-converting enzyme (ACE) inhibitors
are indicated in the management of several chronic condi-
tions,2 including hypertension, heart failure, post–myocardial
infarction, diabetes mellitus, and chronic kidney disease, the
use of this class of drugs is quite prevalent.3,4 Angioedema is
a frequent adverse effect noted in patients taking ACE inhib-
itors.5 Therefore, one might expect that the incidence of
angioedema, and in severe cases, angioedema hospitaliza-
tions, has also become prevalent along with the increased use
of ACE inhibitors. Indeed, in other parts of the world, such as
South Australia, researchers have found an increase in angio-

edema admissions attributable to the increased use of ACE
inhibitors.6

The incidence of certain types of allergic disorders in the
United States has been described. Neugut et al7 determined
that 1.21% to 15.04% of the US population may be affected
by anaphylaxis. In 2005, Lin et al8 reported that angioedema
has become the most common nonasthmatic acute allergic
disorder resulting in hospitalization in New York State. How-
ever, the incidence of angioedema hospitalizations in the
entire United States has not, to our knowledge, been previ-
ously reported. In this article, the national incidences of,
trends in, and characteristics of angioedema-related hospital-
izations are, thus, described for recent years in the United
States. We hypothesized that patients with angioedema would
be different from patients with other allergic diseases. Thus,
we also compared characteristics of patients admitted with
angioedema with those of patients admitted with other aller-
gic diseases using analytical models.

METHODS

Data Sources
The Nationwide Inpatient Sample (NIS) of the Healthcare
Cost and Utilization Project, funded by the US government’s
Agency for Healthcare Research and Quality, contains annual
hospital discharge data from a stratified, random sample of
hospitals across the United States.9 Each NIS hospital dis-
charge record includes data fields consisting of demographic,
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clinical, and financial information. These fields include pri-
mary and secondary diagnostic fields, procedure codes, age,
sex, race, total charges, length of stay, and disposition status.
Each hospital discharge record also includes a discharge
weight to allow for national estimates.10 The study years of
1998 through 2005 were chosen for analysis based on im-
proved national representation and more thorough database
field listings for these years. Each year’s database contains
hospital discharges from approximately 1,000 hospitals that,
when weighted, ranged from 34,874,001 (in 1998) to
39,163,834 (in 2005).

The US Census Bureau data were accessed to obtain na-
tional resident population estimates for 1998 to 2005.11 For
calculations related to race after 1999, the population esti-
mates used were based on 5 race categories (white alone or in
combination, African American alone or in combination,
American Indian or Alaskan native alone or in combination,
Asian alone or in combination, and Hawaiian native/other
Pacific Islander alone or in combination).12 For the years after
1999, the African American alone or in combination popu-
lation estimate was increased by 3.5% to adjust for the
anticipated underreporting of this group13 due to differences
in the 2000 census. This study was given exemption from
institutional review board approval by the Saint Vincent
Catholic Medical Centers Integrated Scientific and Ethical
Review Board.

Case Selection and Data Elements
The NIS databases for 1998 to 2005 were queried for Inter-
national Classification of Diseases, Ninth Revision, Clinical
Modification, codes relating to various acute allergic disease
categories present in the principal diagnosis. These codes
included 4 major principal allergy diagnoses: angioedema
(code 995.1); allergy unspecified (code 995.3); anaphylaxis
due to food (code 995.6*), nonfood (code 995.0), or serum
(code 999.4); and urticaria (code 708.*). These hospitaliza-
tions were, thus, considered to be the cohort of all patients
admitted for an acute, nonasthmatic allergic disease.

For this selected cohort, cases were examined for second-
ary diagnoses, including asthma (code 493.*), and several
comorbid conditions with the potential for being associated
with ACE inhibitor treatment, including hypertension (code
401.*), ischemic heart disease (codes 410.*–414.*), chronic
kidney disease (code 585.*), congestive heart failure (code
428.*), and diabetes mellitus (code 250.*). External injury
codes were examined for adverse effects due to drug therapy,
including antihypertensive agents (code E942.6); other, un-
specified cardiovascular agents (code E942.9); aspirin and
aspirin derivatives (code E953.3); antirheumatic agents (code
E953.6); and unspecified antipyretics and analgesics (code
E953.9). Finally, procedure fields were examined for Current
Procedural Terminology codes pertaining to respiratory in-
terventions that may be performed in acute allergic hospital-
izations, including laryngoscopy and tracheoscopy (code
31.42), endotracheal intubation (code 96.04), and mechanical
ventilation (code 96.71).

Race was first determined by the hospital providing the
data and was then adjusted by the Healthcare Cost and
Utilization Project, which formed 1 element for race and
ethnicity. If the source provided both race and ethnicity,
ethnicity took precedence over race in the final reported race.7

Statistical Analysis
Data analysis was performed using a software package (JMP
version 5.1; SAS Institute Inc, Cary, North Carolina). Na-
tional estimates of angioedema hospitalization rates were
derived by summing each patient record’s discharge weight
and dividing by the population estimate for the relevant
years.14 Estimates of angioedema hospitalizations were com-
pared with estimates of the other acute allergic disorders, and
the general characteristics of the admissions for each of these
disorders were tabulated.

Univariate and multivariate logistic regression models
were used to examine for distinct angioedema associations of
variables in the entire allergic disease cohort. The dependent
binomial outcome was defined using angioedema hospital-
izations vs nonangioedema allergic disease hospitalizations in
the cohort. Clinical predictor variables analyzed included
secondary diagnoses of urticaria, asthma, hypertension,
chronic kidney disease, ischemic heart disease, diabetes mel-
litus, and congestive heart failure. Other predictor variables
included age, sex, race, year of discharge, month of admis-
sion, weekend admission, region of the country, hospital
characteristics, and expected payer being Medicare or Med-
icaid. Discharge weights were used for adjustment in all
regression models. Significant predictors of angioedema be-
ing the principal diagnosis in the cohort of all allergic disease
hospitalizations were identified by means of stepwise logistic
regression. The probability required for a covariant to enter
the model was .25, and the probability at which a covariant
was removed from the model was .10. All significant variable
factors were held constant in adjusted models examining for
the independent predictor effects of specific variables of
interest. Hospital charges and length of stay were also char-
acterized for the different allergic disease admission groups.

RESULTS

General Characteristics
The 1998 to 2005 NIS databases include 35,444 hospital
admissions for patients with a primary diagnosis of angio-
edema, anaphylaxis, urticaria, or allergy unspecified. The
applications of the appropriate sampling weights for the NIS
resulted in an estimate of 86,738 hospitalizations in the
United States for a primary diagnosis of angioedema during
the study period (Table 1). There were consistently more
angioedema admissions each year than admissions for any of
the other acute allergic nonasthmatic disorders. The median
age of patients with angioedema was approximately 60 years
compared with younger than 50 years for the other allergic
disease hospitalization groups. African Americans consti-
tuted 27% of angioedema admissions but only 8% to 11% of
the other allergic disease admission groups. Whereas 58% of
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angioedema hospitalizations had a diagnosis of hypertension,
the proportion of other allergic disease hospitalizations with
hypertension was less than 25%. An adverse effect due to a
cardiovascular or antihypertensive agent was observed in
24% of patients with angioedema but in less than 2% of each
of the other allergic disease admission groups. Adverse ef-
fects due to aspirin, antirheumatics, and unspecified antipy-
retics and analgesics were most frequently observed in ana-
phylaxis hospitalizations. Anaphylaxis hospitalizations also
had a higher proportion of asthma than the other allergic
disease admission groups. Laryngoscopy, tracheoscopy, en-

dotracheal intubation, and mechanical ventilation were more
common in the angioedema and anaphylaxis cases.

Overall Trends
There was an overall increase in the angioedema hospitaliza-
tion rate during the study period. In 1998, the hospitalization
rate for angioedema was 3.3 per 100,000. In 2005, the an-
gioedema hospitalization rate rose to 4.0 per 100,000 (Fig 1).
By 2001, the angioedema hospitalization rate exceeded the
combined hospitalization rates for all other allergic diseases.
After 2001, angioedema continued to dominate allergic dis-

Table 1. Cohort Characteristics

Characteristics Angioedema Anaphylaxis Urticaria Allergy unspecified

1998 hospitalizations
No. 8,839 5,583 4,238 912
Costs, $ 48,099,043 32,395,350 16,461,638 3,529,356

1999 hospitalizations
No. 9,336 5,863 3,700 980
Costs, $ 49,637,654 31,906,641 14,169,379 3,981,988

2000 hospitalizations
No. 9,724 5,938 3,960 1,169
Costs, $ 61,305,246 44,294,000 16,553,775 4,042,900

2001 hospitalizations
No. 11,311 5,681 4,057 952
Costs, $ 76,571,723 45,281,919 20,552,804 4,569,845

2002 hospitalizations
No. 11,808 5,907 3,805 1,056
Costs, $ 97,146,947 52,528,244 25,065,432 6,741,386

2003 hospitalizations
No. 11,531 5,807 4,062 966
Costs, $ 108,246,835 63,373,821 30,531,254 5,957,006

2004 hospitalizations
No. 12,265 6,365 3,796 1,122
Costs, $ 117,523,704 67,740,423 25,977,943 5,895,815

2005 hospitalizations
No. 11,925 6,670 3,718 898
Costs, $ 123,390,211 76,201,286 29,099,577 5,412,552

Total hospitalizations (1998–2005)
No. 86,738 47,813 31,336 8,055
Costs, $ 681,921,363 413,721,684 178,411,802 40,130,849

Age, median, y 60.46 45.93 42.14 45.01
Length of stay, median, d 1.57 1.1 1.93 1.13
African American race, % 26.49 9.94 7.59 10.79
Laryngoscopy/tracheoscopy, endotracheal

intubation, mechanical ventilation, %
9.84 8.81 0.3 1.0

Hypertension, % 57.97 23.64 20.63 24.35
Urticaria in any secondary diagnosis, % 2.88 8.22 0.61 10.32
Asthma, % 8.54 16.22 8.85 8.91
Medicare, % 45.61 23.81 21.72 25.04
Medicaid, % 10.45 11.13 15.07 14.24
Adverse effects due to

cardiovascular/antihypertensive agent, %
24.23 1.6 1.36 0.62

Adverse effects due to aspirin, antirheumatic, or
unspecified antipyretic/analgesic, %

2.7 6.0 2.3 0.5

Death, % 0.33 0.93 0.08 0.11
Female sex, % 63.39 59.11 64.39 63.61
Total charge, median, US $ 4,228.12 4,562.65 3,658.95 3,386.66
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ease admissions. The combined hospitalizations rates for
other allergic diseases showed a slight decline with time. The
yearly angioedema hospitalization rates were consistently
higher for African American patients than for patients not
coded as African American (Fig 2). The 1998 angioedema
hospitalization rate for African American patients was 6.7 per
100,000 compared with the 2004 rate of 8.9 per 100,000 and
the 2005 rate of 7.0 per 100,000 (Fig 2).

Multivariate Factors Associated With
Angioedema Admission
In a univariate analysis, having a diagnosis of hypertension or
being of African American ethnicity was associated with
angioedema admission in the cohort of allergic disease ad-
missions (Table 2). Stepwise selection showed that hyperten-
sion, increasing age, and African American race had the
strongest associations with angioedema admission in logistic
regression modeling. Factors also entering the prediction
model for angioedema admission included urban location of
the hospital, region of the hospital, month of admission, not
having asthma, weekend admission, female sex, not having
Medicaid, diabetes mellitus, not having urticaria (as a sec-
ondary diagnosis), increased year of discharge, teaching sta-
tus of the hospital, type of ownership of the hospital, con-
gestive heart failure, largest hospital bed size, chronic kidney
disease, and Medicare. Ischemic heart disease had positive

predictor effects only if time-related factors were not in-
cluded in the model. Even after adjusting for all the signifi-
cant variables in multivariate analysis, acute allergic disease
admissions had an increased likelihood of having angioedema
as the principal diagnosis if there was African American
ethnicity (adjusted odds ratio, 3.3; 95% confidence interval,
3.1–3.5) or hypertension (adjusted odds ratio, 2.4; 95% con-
fidence interval, 2.3–2.5) (P � .001 for both variables) (Table
2). The adjusted odds ratios for other categorical factors,
including comorbidities and temporal factors, hospital as-
pects, and demographic features, ranged from 0.7 (urticaria in
nonprincipal diagnosis) to 1.3 (chronic kidney disease).

DISCUSSION
This study demonstrates that hospitalizations for angioedema
in the United States have increased in recent years, with a
concomitant increase in health care expenditures. The small
decreases in other acute allergic disease hospitalizations,
which do not seem to offset the much larger increase in
angioedema hospitalizations, and the lack of new allergy
disease International Classification of Diseases, Ninth Revi-
sion, Clinical Modification, codes, which might promote al-
ternative diagnostic categorization during the study period,
speak against simple coding shifts among the major allergic
diseases as an explanation for the angioedema hospitalization

Figure 1. Hospitalization rates for angioedema and other allergic disorders.
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Table 2. Logistic Regression Models: Univariate and Multivariate Associations Between Hypertension and African American Race as Related
to Angioedema Hospitalizations

Dependent Variable Independent Variable Adjusting Variables Odds Ratio (95% CI)

Angioedema African American None 3.6 (3.5–3.7)
Angioedema Hypertension None 4.3 (4.2–4.4)
Angioedema African American Hypertension 2.9 (2.8–3.0)
Angioedema Hypertension African American 3.9 (3.8–4.0)
Angioedema African American Hospital characteristics,a region,b Medicare, Medicaid,

demographics,c time variables,d and comorbiditiese

3.3 (3.1–3.5)

Angioedema Hypertension Hospital characteristics,a region,b Medicare, Medicaid,
demographics,c time variables,d and comorbiditiese

2.4 (2.3–2.5)

Angioedema African American Demographics,c time variables,d and comorbiditiese 3.3 (3.2–3.4)
Angioedema Hypertension Demographics,c time variables,d and comorbiditiese 2.4 (2.3–2.5)
Angioedema African American Demographicsc and comorbiditiese 3.3 (3.2–3.4)
Angioedema Hypertension Demographicsc and comorbiditiese 2.3 (2.3–2.4)

Abbreviation: CI, confidence interval.
a Hospital characteristics include hospital bed size, teaching status of the hospital, hospital location (rural or urban), and type of ownership of the
hospital.
b Region refers to the 4 US Census–defined regions.
c Demographics include sex, age, and African American ethnicity (for models examining hypertension as the independent variable of interest).
d Time variables include year of discharge, month of admission, and whether admission was on the weekend.
e Comorbidities include chronic kidney disease, asthma, urticaria (in secondary diagnosis), congestive heart failure, ischemic heart disease, and
diabetes mellitus. Ischemic heart disease was not included as a comorbidity in the fullest model. African American ethnicity was included in models
examining hypertension as the independent variable of interest.

Figure 2. Angioedema hospitalization rates in African American vs non–African American patients.
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increases. Angioedema hospitalizations were infrequently as-
sociated with additional diagnoses of urticaria, which sug-
gests that these were, by and large, not chronic urticaria
cases, which often can also manifest angioedema.15 Because
patients with angioedema had differing associated disease
comorbidities and were older, this suggests a distinct group of
patients with allergic disease, not the same patients with
nonangioedema allergic disease who were coded differently.
The presence of a significant year effect in multivariate
analyses with adjustment for age and factors more typically
characterizing atopic disease (asthma and urticaria) also
points toward angioedema truly being more predominant in
more recent years. This national trend contrasts with that
observed in Australia, where anaphylaxis hospitalizations
have recently surpassed angioedema hospitalizations.16

With a reported prevalence of hypertension in the United
States of close to 30%17 and with more than 30% of antihy-
pertensive drug prescriptions being written for ACE inhibi-
tors,4 it is reasonable to assume that ACE inhibitor therapy is
prevalent in the American population. The presence of hy-
pertension in most angioedema admissions also suggests a
possible role of ACE inhibitor use. Angioedema related to
ACE inhibitor use rarely presents with urticaria,18,19 and the
small proportion of patients with angioedema in the present
study who also manifested urticaria is similar to that reported
in ACE inhibitor–associated angioedema series.18,19

Older patients may be at risk for adverse reactions to
medications as a result of polypharmacy.20 Nonsteroidal anti-
inflammatory drugs are another potential cause of allergic
reactions in older patients.21 However, possible codes for
adverse reactions to nonsteroidal anti-inflammatory drugs,
including adverse reactions to aspirin, antirheumatics, and
unspecified antipyretics and analgesics, were not more com-
mon in angioedema hospitalizations but instead were ob-
served more often in anaphylaxis admissions. In contrast,
many angioedema hospitalizations had additional codes for
an adverse effect due to a cardiovascular or antihypertensive
agent, which suggests that the angioedema was recognized as
a complication of drug therapy, possibly an ACE inhibitor.

The ethnic disparity in the burden of disease related to
angioedema hospitalizations is apparent in this study. Even
after controlling for other factors, including hypertension,
African American race was still a strong predictor of hospital
admission due to angioedema in the allergic disease hospi-
talizations cohort. Investigators have postulated a role of
increased sensitivity to bradykinin in African American pa-
tients who develop angioedema while taking ACE inhibi-
tors.22 These findings underscore the need to develop alter-
native, effective treatments that do not carry a significant risk
of angioedema, especially in high-risk patients, such as Af-
rican Americans, who also have a higher prevalence of hy-
pertension.23 Compared with the New York State study by
Lin et al,8 this national study showed a stronger effect (higher
odds ratio) of race on angioedema hospitalizations. This may
be due to different racial coding in the national database
compared with the SPARCS (Statewide Planning and Re-

search Cooperative System) database used in the New York
State study.

It is possible that some dampening in the increase in
angioedema-related hospitalizations for more recent years
may have been due to an increased awareness of angioedema
as a complication of antihypertensive drug treatment and the
resulting shift in preferences for alternative treatments that do
not pose as great a risk of angioedema in high-risk patients.
One alternative treatment that could potentially be considered
is the angiotensin II receptor blocker (ARB) class of antihy-
pertensive drugs, which is increasingly being used to treat
hypertension.4 In a clinical trial by Granger et al24 of patients
with congestive heart failure, candesartan was studied as an
alternative treatment in patients who had previously experi-
enced ACE inhibitor–induced angioedema. Three of 39 pa-
tients (8%) who had been intolerant of ACE inhibitors due to
angioedema also experienced non–life-threatening angio-
edema from the ARB, but only 1 patient discontinued ARB
use as a result. This was in contrast to the complete lack of
angioedema developing in the 40 patients in the placebo
group who previously experienced ACE inhibitor–related
angioedema. However, several case reports25,26 have noted
recurrence of angioedema (including angioedema of the phar-
ynx) after treatment with an ARB in patients who have had
previous ACE inhibitor–induced angioedema. Because ARBs
have no effect on bradykinin activity, it is unclear how
angioedema is promoted in this setting. It has been theorized
that angiotensin II receptor stimulation may increase kinin
production or may reduce non-ACE kinin-degrading en-
zymes.27 The key role of the kinin class of mediators in
angioedema is evidenced by the recent therapeutic develop-
ments of a kallikrein inhibitor28 and a bradykinin receptor 2
antagonist29 for hereditary C1 esterase inhibitor deficiency
(hereditary angioedema).

Angioedema, as related to kinin metabolism, can be a
significant factor in drug development. The vasopeptidase
inhibitor omapatrilat was tested in large clinical trials for
congestive hypertension and congestive heart failure.30,31

However, this potent inhibitor of ACE was associated with a
3-fold higher incidence of angioedema compared with ena-
lapril (the comparator drug). Omapatrilat was subsequently
abandoned for clinical development despite superior treat-
ment effects in hypertension and congestive heart failure.30,31

Other medications can affect enzymes, such as dipeptidyl-
peptidase IV, which have effects on kinin metabolism. Be-
cause dipeptidyl-peptidase IV activity decreases have been
noted in patients who had ACE inhibitor–associated angio-
edema compared with controls,32 it raises the possibility of
angioedema developing in patients treated with sitagliptin,
which inhibits dipeptidyl-peptidase IV.33 Sitagliptin, a drug in
a new class of antidiabetic medications,33 was recently ap-
proved for use in the United States.

There have been reports of anaphylaxis and other serious
allergic reactions associated with venom immunotherapy in
patients taking ACE inhibitors.34 To our knowledge, the risk
of more severe allergic reactions to any form of immunother-
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apy in patients taking ACE inhibitors has not been system-
atically quantified or established in case-control studies de-
spite published concerns.35 In the present study, the
proportion of patients with anaphylaxis who were coded as
having an adverse reaction to a cardiovascular or antihyper-
tensive agent was less than one-tenth of the proportion of
patients with angioedema. This finding suggests that anaphy-
laxis is a much less common adverse effect than is angio-
edema.

One limitation of this study relates to the use of an admin-
istrative database, where factors such as incomplete records,
variability in coding, miscoding, and differences in verifica-
tion procedures may contribute to decreased accuracy of
findings.36 Clinical details, such as the actual time sequence
of clinical events, the actual listing of all administered med-
ications, and the precise manifestations of the angioedema,
also were not available. Because the earlier years of the NIS
data include fewer participating states, there may be some
variability in these national data. However, the NIS is de-
signed to achieve a representative sample of patients from the
entire country, making it a valuable source of information
despite some inconsistencies, and it has been used in numer-
ous publications during the past decade to define specific
important clinical patterns and outcomes.37,38 In this study, the
NIS database allowed for examination of a large sample of
patients admitted to the hospital for allergic diseases to esti-
mate the incidence and characterize the epidemiologic pat-
terns of angioedema hospitalizations in the United States.
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