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I. INTRODUCTION 

Renin is secreted by the kidneys and cleaves angiotensinogen to form angiotensin I. Angiotensin I is 
converted to angiotensin II through the angiotensin-converting enzyme and non-angiotensin-converting 
enzyme pathways. Angiotensin II leads to the release of catecholamines and promotes aldosterone 
secretion and sodium reabsorption. Together, these effects increase blood pressure. Angiotensin II also 
inhibits renin release, thus providing a negative feedback to the system. This cycle, from renin through 
angiotensin to aldosterone and its associated negative feedback loop, is known as the renin-angiotensin-
aldosterone system (RAAS).  

Antihypertensive medications that act on RAAS include angiotensin-converting enzyme inhibitors 
(ACEIs), angiotensin receptor blockers (ARBs), and aliskiren.1 ACEIs inhibit the production of angiotensin 
II by blocking the angiotensin-converting enzyme pathway, whereas ARBs inhibit the vasoconstricting 
and aldosterone-secreting effects of angiotensin II by selectively blocking the binding of angiotensin II to 
the AT1 receptor. Aliskiren, approved for marketing by the U.S. Food and Drug Administration (FDA) in 
2007 for the treatment of hypertension, is a direct renin inhibitor and acts by decreasing plasma renin 
activity and inhibiting the conversion of angiotensinogen to angiotensin I. Whether aliskiren affects 
other RAAS components is not fully known. 

Angioedema is the rapid, localized swelling of the dermis and subcutis caused by vascular leakage.2-5 This 
response is mediated by vasoactive mediators, such as histamine, serotonin, and kinins (e.g., 
bradykinins), which cause the arterioles to dilate while inducing a brief episode of vascular leakage in 
the venules. Angioedema can be hereditary or acquired. It usually presents as swelling of the lips, 
tongue, mouth, larynx, pharynx, or periorbital region, but can also occur in hands or intestines. 
Angioedema of the upper respiratory tract can lead to airway obstruction, which can be life-threatening.  

ACEIs, of which there are ten marketed in the U.S. (benazepril, captopril, enalapril, fosinopril, lisinopril, 
moexipril, quinapril, perindopril, ramipril, and trandolapril), are known to increase the risk of 
angioedema.4-7 It is generally believed that ACEIs precipitate angioedema by directly interfering with the 
degradation of bradykinin, thereby potentiating its biological effect.4,5 The incidence rate of angioedema 
in ACEI users is estimated to be about 2 per 1,000 person-years,8,9 compared with 0.4-0.8 per 1,000 
person-years in users of non-ACEI, non-ARB antihypertensive medications.9 Overall, 1-2 per 1,000 ACEI 
users may develop angioedema while being treated.4-6,9 The risk is the greatest immediately following 
treatment initiation and gradually diminishes over time but remains higher than no use.5,8-10 Some cases 
may become manifest only after a prolonged duration of therapy, sometimes after one year of 
treatment initiation.8,9  

There are eight ARBs marketed in U.S. (azilsartan, candesartan, eprosartan, irbesartan, losartan, 
olmesartan, telmisartan, and valsartan). Data on the incidence of ARB-induced angioedema are limited, 
especially for individual ARBs.11 The Ongoing Telmisartan Alone and in Combination with Ramipril Global 
Endpoint Trial (ONTARGET) found a lower incidence of angioedema in telmisartan users compared with 
ramipril users (1 vs. 3 per 1,000 persons).12 One study found an incidence rate of 1 per 1,000 person-
years of angioedema in the U.S. veterans who received ARBs.9 Several ARBs list angioedema in the 
adverse event section of labeling.  

Little information is available for the association between aliskiren and angioedema. In the pre-market 
development program, there were reports of angioedema associated with aliskiren, therefore its label 
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contains a warning about angioedema and is similar to ACEI class labeling. As of January 6, 2009, there 
were 54 reports of aliskiren-associated angioedema in the FDA’s Adverse Event Reporting System. Some 
of the angioedema cases involved airway obstruction and required intubation. The aliskiren labeling was 
updated with this additional safety information in November 2009. Pooled analyses of randomized trials 
suggested that the risk of angioedema and urticaria as a combined outcome was similar or lower for 
aliskiren compared with ACEIs and ARBs.13,14 

This Mini-Sentinel project addressed the following question:  What is the risk of angioedema with ACEIs, 
ARBs or aliskiren compared with β-blockers? To address this question we examined ACEIs as a class, 
ARBs both as a class and as individual molecular entities, aliskiren, and β-blockers as a class (including 
acebutolol, atenolol, bisoprolol, carvedilol, labetalol, metoprolol, nebivolol, pindolol, propranolol, and 
timolol). A protocol that describes the analysis plan has been posted on the Mini-Sentinel website 
(www.mini-sentinel.org).15  

II. METHODS 

A. DATA SOURCE 

The Mini-Sentinel program is part of the Sentinel Initiative, a multi-faceted effort by the FDA to develop 
a national system for monitoring the safety of medical products as mandated by the FDA Amendments 
Act of 2007.16,17 The current assessment included 17 Data Partners contributing data to the Mini-
Sentinel Distributed Database (MSDD), which was comprised of administrative and claims data 
formatted into a common data model at the time of the assessment.18 

B. COHORT 

The protocol called for the use of a “new-user” cohort design19 to identify individuals aged 18 years or 
older with a first prescription of an oral formulation of a marketed ACEI, ARB, aliskiren, or β-blocker – as 
either single ingredient or combination products, except in combination with another study drug – 
between January 1, 2001 and December 31, 2010. Azilsartan, an ARB approved on February 25, 2011, 
was not included in this assessment. We refer to the dispensing date of the first prescription as the 
index date. To be eligible for the analyses, these individuals must also meet the following criteria during 
the 183-day period preceding the index date 1) continuous health plan enrollment with pharmacy and 
medical benefits; 2) no prescription of any other  study drug; and 3) no diagnosis of angioedema. We 
further excluded individuals who initiated more than one study drug on the index date (e.g., a 
combination product that contains more than one study drug). Gaps of 45 days or less in enrollment, 
pharmacy or medical benefit were not considered to be disenrollment because they usually represent 
administrative gaps rather than actual disenrollment. If there were more than one eligible new-use 
episode for a given individual, only the first episode was included.  

An alternate definition of new user, which allowed patients who were otherwise eligible to have prior 
use of another study drug, was considered in the posted protocol but not implemented because: 1) 
feasibility analysis suggested that the sample size would be sufficient using the primary new-use 
definition, and 2) patients who switched treatment might be very different from those who did not.  

http://www.mini-sentinel.org/
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C. OUTCOME 

The primary outcome of interest was angioedema, which was identified by an International 
Classification of Diseases, 9th Revision, Clinical Modification (ICD-9-CM) code 995.1 recorded in any 
position during an outpatient, inpatient, or emergency department encounter. The positive predictive 
value of this algorithm to identify angioedema in claims data is high, ranging from 90%8,20 to 95%.9 The 
secondary outcome of interest was serious angioedema, defined as angioedema with airway obstruction 
requiring inpatient care. We identified possible serious angioedema events by an inpatient ICD-9-CM 
code 995.1 recorded at any position plus a code indicating intensive care unit admission, intubation, 
tracheostomy, or laryngoscopy occurring within two days of the date of hospital admission.9,21,22 The 
codes used to identify these procedures can be found in Appendix C of the protocol.15  

D. POTENTIAL CONFOUNDERS 

We identified a priori a list of potential confounders that would be adjusted for in the analyses based on 
literature review8-10,23-25 and subject-matter knowledge of the workgroup members (Table 1). Previous 
studies have suggested that African-American race may be a risk factor for angioedema,8-10,23-25 but race 
was not included in the list as the information is sparse in the MSDD. Time trends in occurrence of 
angioedema were also considered but not included, as preliminary results did not indicate a clear trend 
(Appendix 1). Other covariates that are commonly used in pharmacoepidemiologic studies, such as the 
number of outpatient visits or unique medications dispensed (as proxies for general health status), were 
discussed but not included because there is no strong evidence to suggest an association between these 
measures and the risk of angioedema. 

Table 1. Potential confounders ascertained during the 183-day period preceding the index date 

Confounder Categorization Identified by 

Age as of the index date 18-44, 45-54, 55-64, ≥65 yrs  

Sex Male/Female  

Diagnosis of  Recorded at least once in an outpatient, 
inpatient, or emergency department setting 

      Allergic reactions10 Yes/No ICD-9-CM codes 477.x, 518.6, 558.3, 691.x, 
692.xx (excluding 692.75-692.77), 693.x, 708.x, 
995.0, 995.27, 995.3, 995.6x, 995.7, V07.1, 
V13.81, V14.x, V15.0x, V72.7  

      Diabetes9,26 Yes/No ICD-9-CM code 250 

      Heart failure9 Yes/No ICD-9-CM codes 402.x1, 404.x1, 404.x3, 428.xx 

      Ischemic heart disease9 Yes/No ICD-9-CM codes 410-414 

Use of prescription non-
steroidal anti-inflammatory 
drugs (NSAIDs)2 

Yes/No National Drug Codes obtained from the First 
DataBank 
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E. FOLLOW UP 

We followed eligible patients from the index date until the earliest occurrence of the first angioedema 
diagnosis, 365 days of follow-up, initiation of another study drug, cessation of use of study drug, death, 
disenrollment from the health plan, end of medical benefit, or December 31, 2010. Cessation of use 
occurred when an individual’s days supplied appeared to have been exhausted for at least 14 days. We 
chose a maximal follow-up of 365 days because we were interested in the immediate and intermediate 
risk of angioedema associated with these drugs.  

We performed two parallel analyses based on the FDA approval date of aliskiren (March 5, 2007). The 
first analysis included all new users of study ARBs, ACEIs, and β-blockers from January 1, 2001 to 
December 31, 2010. The second analysis involved all new users of study ACEIs, ARBs, aliskiren, and β-
blockers identified between March 5, 2007 and December 31, 2010.  

F. STATISTICAL ANALYSIS 

1. Overview 

Analyses were first done at individual Data Partner sites using the distributed SAS programs developed 
centrally by the Mini-Sentinel Operations Center (MSOC). Each program was tested by the MSOC and 
one to two Data Partners prior to full distribution. Summary-level outputs were transferred to the 
MSOC, who then analyzed data from all participating Data Partners to obtain overall estimates (“MS-
wide estimates”). As described in greater detail below, none of the analyses required the Data Partners 
to transfer individual-level data. Whenever the sample size allowed, we further stratified the analyses by 
age group (18-44, 45-54, 55-64, and ≥65 years), sex, and follow-up period (0-30, 31-60, 61-90, 91-180, 
181-270, and 271-365 days, as well as 0-30, 0-60, 0-90, 0-180, and 0-270 days following the index date).  

2. Comparison of baseline characteristics 

We compared the baseline characteristics of initiators of ARBs, ACEIs, and aliskiren separately with 
initiators of β-blockers. This was done both at individual sites and across Data Partners, by requesting 
summary-level counts from each Data Partner (to obtain the site-specific results), and by combining the 
summary-level counts (to obtain the MS-wide results). We examined the between-group imbalances 
using standardized differences, calculated as the difference in means or proportions between two 
groups divided by the pooled estimate of the standard deviation of the two groups.27 We chose 
standardized difference because it is less sensitive to sample size and reflects the magnitude of relative 
differences. A standardized difference of greater than 0.1 is generally considered meaningful. 

3. Calculation of cumulative incidence and incidence rate of angioedema and serious 
angioedema 

We calculated the cumulative incidence per 1,000 persons and incidence rate per 1,000 person-years of 
angioedema and the 95% confidence intervals (CIs) separately for ACEIs (as a class), ARBs (individually 
and as a class), aliskiren, and β-blockers (as a class). Each Data Partner sent its site-specific summary 
results to the MSOC, who then summed up the number of angioedema cases and the persons or 
persons-times from all sites to obtain the MS-wide estimates. 
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4. Site-adjusted analysis 

Site-specific estimates. Using a distributed SAS program developed by the MSOC, each site fit a Cox 
model separately for the ACEI–β-blocker pair, the ARB–β-blocker pair, the individual ARB–β-blocker 
pairs, and the aliskiren–β-blocker pair to estimate the crude HR and 95% CI of angioedema. The Cox 
model included an indicator variable for drug exposure (e.g., 1 for ACEIs and 0 for β-blockers) as the only 
independent variable. The time scale for the Cox model was time since the index date. Data Partners ran 
the distributed program, and sent the SAS output and log files, along with a pre-specified aggregate-
level dataset, to the MSOC for further analyses. The aggregate-level dataset included one record per risk 
set, each was anchored by an angioedema case. The dataset was used in both the crude and adjusted 
analyses described below. The two SAS files and the analytic dataset did not contain any individual-level 
information. 

MS-wide estimates. We used two methods to obtain the site-adjusted MS-wide estimates. In the first 
method, we used the aggregate-level dataset described above to fit a logistic model separately for each 
drug pair of interest. In the ACEI–ß-blocker pair analysis, for example, the outcome variable in the 
logistic model was whether the angioedema case was exposed to an ACEI, the independent variable – 
specified as an offset in the model – was the log odds of the site-specific proportion of individuals in the 
risk set who were ACEI users. The model also included Data Partner site as a stratification variable. The 
method was based on the case-centered logistic regression approach developed by Fireman et al, who 
have shown that such a model maximizes the same likelihood as a stratified Cox model, and both yield 
the same parameter estimates.28    

In the second method, we performed a meta-analysis using both fixed-effect and random-effects 
models to pool the crude site-specific estimates obtained from the SAS output files. The MS-wide HR 
was calculated as a weighted average of the site-specific HRs using the inverse of the site-specific 
variance as the weight.29-31 As a secondary analysis, we used the site-specific sample size as the weight.  

5. Propensity score-adjusted analysis 

Site-specific estimates. We used a propensity score (PS)-stratified approach and a multivariable-adjusted 
approach to obtain the adjusted site-specific estimates. The PS32,33 was the probability of initiating a β-
blocker, which was estimated by a logistic model fit separately for each drug pair at each site. The PS 
model included the variables listed in Table 1 and was common across all sites. This approach let each 
site fit the same PS model but allowed the coefficients to vary by site. Using a distributed program 
developed by the MSOC, each site fit 1) the PS model; 2) a PS-stratified Cox model that included an 
indicator variable for drug exposure as an independent variable and the estimated PS (in quintiles) as a 
stratification variable;32,33 3) a case-centered logistic model with the risk set identified from individuals 
with the same PS quintile as the case; and 4) a multivariable-adjusted Cox model that included as 
independent variables an indicator variable for drug exposure plus the variables listed in Table 1. In 
theory, models 2 and 3 should yield identical results if the same time unit was used. We compared the 
results from the case-centered approach and the two Cox models to verify the validity of the case-
centered approach. 

The adjusted analyses of individual ARBs used PSs estimated from the entire drug class because they 
were more stable. All pre-specified subgroup analyses used PSs estimated from the entire study cohort 
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for the same reason. The Data Partners ran the distributed program, and then sent the SAS output and 
log files free of any individual-level information to the MSOC.  

MS-wide estimates. We used two methods to obtain the adjusted MS-wide estimates. In the first 
method, we used the pre-specified aggregate-level dataset sent by the Data Partners to fit a case-
centered logistic model separately for each drug pair of interest. The model was identical to the one 
described in the site-adjusted MS-wide analysis, except that the log odds were calculated at each site 
among at-risk individuals in the same PS quintile as the case.  

In the second method, we performed a meta-analysis using both fixed-effect and random-effects 
models to pool the site-specific estimates from the multivariable-adjusted analysis obtained from the 
SAS output files. The MS-wide HR was calculated as a weighted average of the site-specific HRs with the 
inverse of the site-specific variance as the weight.29-31 As a secondary analysis, we used the site-specific 
sample size as the weight. In these PS-adjusted analyses, site was adjusted for either explicitly (as a 
stratification variable in the case-centered logistic model) or implicitly (in meta-analyses that pooled 
site-specific estimates). 

6. Comparison of methods 

To examine the relative performance of each approach, we compared 1) the site-specific estimates from 
the PS-stratified Cox model, the case-centered approach, and the multivariable-adjusted Cox model 
performed locally at each site; and 2) the MS-wide estimates from the case-centered approach and the 
meta-analyses performed centrally at the MSOC. 

7. Sensitivity analysis 

As a sensitivity analysis, we used a 365-day look-back period to define new use and to exclude prior 
angioedema. We also performed a separate analysis restricting to angioedema cases identified from an 
inpatient or emergency department encounter. 

III. RESULTS 

Although the protocol called for two co-primary assessments based on the availability of the study 
drugs, results from the two assessments were very similar. Thus, in the main text of this report we only 
present results that used data from 2001 to 2010; results that were based on data available after 
aliskiren approval are presented in Appendix 2. Note that in the aliskiren analyses shown below, ß-
blocker initiators identified over the period of 2001-2010 were used as the referent group to be 
consistent with the analyses of ACEIs and ARBs. 

A. BASELINE PATIENT CHARACTERISTICS 

Between January 1, 2001 and December 31, 2010, there were 65,006,161 individuals aged 18 years or 
older from the 17 participating Data Partners. After applying the eligibility criteria, we identified 
1,845,138 ACEI initiators, 467,313 ARB initiators, 4,867 aliskiren initiators, and 1,592,278 ß-blocker 
initiators (Figure 1). In a parallel analysis restricted to data between March 5, 2007 and December 31, 
2010, there were 1,083,869 ACEI initiators, 269,549 ARB initiators, 811,257 ß-blocker initiators, and 
4,867 aliskiren initiators who met the eligibility criteria for the assessment (Appendix 2). 
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Figure 1.  Flowchart to create the study cohort, 2001-2010 

 

ACEI, ARB, and aliskiren initiators differed from ß-blocker initiators in a number of baseline 
characteristics, as indicated by a standardized difference of greater than 0.1 (Table 2). For example, they 
were more likely to be male and previously diagnosed with diabetes, but were less likely to have a prior 
diagnosis of ischemic heart disease. As expected, race information was missing in the majority of 
patients. 

Health plan members aged ≥18 years from 17 Mini-Sentinel Data Partners between 1/1/2001 and 
12/31/2010 

n=65,006,161 

Restricting to individuals with a dispensing of any of ACEIs, ARBs, aliskiren, or ß-blockers taken by 
oral route 

n=11,952,726 

 

Further restricting to individuals with ≥183 days of continuous health plan enrollment with 
pharmacy and medical benefits before the first dispensing of any of the study drugs (index date) 

n=5,322,438 

Further restricting to individuals with no diagnosis of angioedema in any healthcare setting during 
the 183-day period preceding the index date 

n=4,094,909 

 

Further restricting to individuals with no dispensing of any of the study drugs during the 183-day 
period preceding the index date 

n=4,098,337 

Excluding individuals dispensed with more than one study drug on the index date 

n=3,909,596 
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Table 2. Baseline patient characteristics by drug class, 2001-2010 

Characteristics 
ACEIs 

(n=1,845,138) 
ARBs 

(n=467,313) 
Aliskiren 
(n=4,867) 

ß-blockers 
(n=1,592,278) 

 N (%) 
Std. 

diff.* 
N (%) 

Std. 
diff.* 

N (%) 
Std. 

diff.* 
N (%) 

Age (years)        

18-44 452,058 (24.5) 0.15 106,413 (22.8) 0.19 1,093 (22.5) 0.19 497,043 (31.2) 

45-54 529,986 (28.7) 0.11 137,402 (29.4) 0.13 1,449 (29.8) 0.14 378,090 (23.7) 

55-64 465,406 (25.2) 0.10 126,259 (27.0) 0.14 1,321 (27.1) 0.15 336,843 (21.2) 

≥65 397,688 (21.6) 0.06 97,239 (20.8) 0.07 1,004 (20.6) 0.08 380,303 (23.9) 

Female sex 863,222 (46.8) 0.20 237,066 (50.7) 0.12 2,275 (46.7) 0.20 901,539 (56.6) 

Diagnosis of        

Allergic reactions 147,611 (8.0) 0.04 45,329 (9.7) 0.02 569 (11.7) 0.09 144,897 (9.1) 

Diabetes 346,155 (18.8) 0.33 74,801 (16.0) 0.30 861 (17.7) 0.39 117,449 (7.4) 

Heart failure 40,650 (2.2) 0.07 10,168 (2.2) 0.07 123 (2.5) 0.05 53,738 (3.4) 

Ischemic heart 
disease 

87,236 (4.7) 0.24 27,333 (5.8) 0.18 403 (8.3) 0.09 178,590 (11.2) 

Use of prescription 
NSAIDs 

281,333 (15.2) 0.01 68,386 (14.6) 0.03 683 (14.0) 0.04 248,850 (15.6) 

Race †        

African American 94,928 (5.1) 0.05 19,787 (4.2) 0.00 219 (4.5) 0.02 66,842 (4.2) 

American Indian 
or Alaska Native 

3,967 (0.2) 0.00 472 (0.1) 0.03 8 (0.2) 0.01 3,318 (0.2) 

Asian American 45,771 (2.5) 0.00 5,625 (1.2) 0.09 29 (0.6) 0.12 40,030 (2.5) 

Native Hawaiian 
or other Islander 

8,025 (0.4) 0.02 924 (0.2) 0.02 10 (0.2) 0.02 4,706 (0.3) 

White 492,268 (26.7) 0.08 75,566 (16.2) 0.32 791 (16.3) 0.31 484,557 (30.4) 

Unknown 1,200,179 (65.0) 0.06 364,939 (78.1) 0.33 3,810 (78.3) 0.33 992,826 (62.4) 

* Standardized difference, compared with β-blockers. 
† Race was not adjusted for in the analyses. It is included in the table to characterize the high percentage of unknown values 
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B. CUMULATIVE INCIDENCE AND INCIDENCE RATE OF ANGIOEDEMA AND SERIOUS 
ANGIOEDEMA 

The average length of follow-up over a maximum of 365 days was 149 days for ACEI initiators, 136 days 
for ARB initiators, 112 days for aliskiren initiators, and 126 days for β-blocker initiators. During the 
follow-up period, we observed 3,301 cases of angioedema among ACEI initiators, 288 cases among ARB 
initiators, 7 cases among aliskiren initiators, and 915 cases among β-blocker initiators.  

The risk of angioedema – as measured by cumulative incidence and incidence rate – was the highest for 
ACEIs, and similar between ARBs and β-blockers (Table 3). The risk in aliskiren initiators appeared to be 
similar to the risk in ACEI initiators, but it was based only on seven exposed cases. There was a moderate 
variation in the risk of angioedema across individual ARBs, with losartan appearing to have a higher risk 
than other ARBs. Information was sparse for a number of ARBs, especially candesartan and eprosartan. 

The risk of serious angioedema was low across all drug classes. Consistent with what was observed with 
angioedema, the risk was higher among ACEI initiators. There was limited information on the risk of 
serious angioedema for initiators of individual ARBs and aliskiren; only one case of serious angioedema 
was observed among aliskiren initiators. 

Table 3. Cumulative incidence and incidence rate of angioedema and serious angioedema, 2001-2010 

Drug 
Number 
of events 

Persons 
Person-

years 

Cumulative 
incidence per 1,000 

persons (95% CI) 

Incidence rate per 
1,000 person-years 

(95% CI) 

Angioedema      

ACEIs 3,301 1,845,138 753,105.4 1.79 (1.73, 1.85) 4.38 (4.24, 4.54) 

ARBs 288 467,313 173,437.9 0.62 (0.55, 0.69) 1.66 (1.47, 1.86) 

    Candesartan 4 12,286 4,177.0 0.33 (0.09, 0.83) 0.96 (0.26, 2.45) 

    Eprosartan 0 1,165 392.3 -- -- 

    Irbesartan 24 44,094 15,997.7 0.54 (0.35, 0.81) 1.50 (0.96, 2.23) 

    Losartan 94 106,522 41,230.2 0.88 (0.71, 1.08) 2.28 (1.84, 2.79) 

    Olmesartan 39 92,973 30,170.1 0.42 (0.30, 0.57) 1.29 (0.92, 1.77) 

    Telmisartan 11 26,530 8,177.9 0.42 (0.21, 0.74) 1.35 (0.67, 2.41) 

    Valsartan 110 183,743 69,397.0 0.60 (0.49, 0.72) 1.59 (1.30, 1.91) 

Aliskiren 7 4,867 1,498.1 1.44 (0.58, 2.96) 4.67 (1.88, 9.63) 

β-blockers 915 1,592,278 548,684.3 0.58 (0.54, 0.61) 1.67 (1.56, 1.78) 

      

Serious angioedema      

ACEIs 326 1,845,138 753,581.4 0.18 (0.16, 0.20) 0.43 (0.39, 0.48) 
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Drug 
Number 
of events 

Persons 
Person-

years 

Cumulative 
incidence per 1,000 

persons (95% CI) 

Incidence rate per 
1,000 person-years 

(95% CI) 

ARBs 10 467,313 173,511.8 0.02 (0.01, 0.04) 0.06 (0.03, 0.11) 

    Candesartan 0 12,286 4,178.5 -- -- 

    Eprosartan 0 1,165 392.3 -- -- 

    Irbesartan 0 44,094 16,002.4 -- -- 

    Losartan 3 106,522 41,255.2 0.03 (0.01, 0.08) 0.07 (0.02, 0.21) 

    Olmesartan 1 92,973 30,179.7 0.01 (0.00, 0.06) 0.03 (0.00, 0.19) 

    Telmisartan 0 26,530 8,180.2 -- -- 

    Valsartan 6 183,743 69,425.1 0.03 (0.01, 0.07) 0.09 (0.03, 0.19) 

Aliskiren 1 4,867 1,499.4 0.21 (0.01, 1.14) 0.67 (0.03, 3.72) 

β-blockers 51 1,592,278 548,953.6 0.03 (0.02, 0.04) 0.09 (0.07, 0.12) 

C. SITE-ADJUSTED AND PROPENSITY-SCORE ADJUSTED ANALYSES 

Table 4 shows the MS-wide results from analyses that adjusted only for Data Partner site. ACEIs were 
associated with an approximately 2.7-fold increased risk of angioedema compared with β-blockers. 
Across different approaches, the risk was 11% to 36% higher among ARB initiators when compared with 
the same referent group. The site-adjusted HR for aliskiren ranged from 2.8 to 3.2. Overall, results from 
the case-centered approach and the meta-analyses were very similar, although the effect estimates 
varied moderately when the sample size was smaller, as in the analyses of individual ARBs, aliskiren and 
serious angioedema. At the site-level, the case-centered approach and two Cox models produced highly 
comparable results (not shown). 

Table 4. Site-adjusted MS-wide HRs of angioedema and serious angioedema using β-blockers as the 
referent group, 2001-2010 

Drug 
The case-centered 

approach 

Inverse variance-
weighted fixed-

effect meta-
analysis 

Random-effects 
meta-analysis 

N-weighted fixed-
effect meta-

analysis 

Angioedema     

ACEIs  2.77 (2.57, 2.98) 2.70 (2.50, 2.90) 2.74 (2.39, 3.14) 2.71 (2.51, 2.92) 

ARBs  1.11 (0.97, 1.28) 1.15 (1.00, 1.32) 1.36 (1.03, 1.79) 1.17 (1.01, 1.36) 

     Candesartan  0.91 (0.34, 2.43) 1.03 (0.39, 2.77) 1.16 (0.31, 4.31) 0.90 (0.33, 2.48) 

     Eprosartan  -- -- --  -- 

     Irbesartan  1.05 (0.70, 1.58) 1.17 (0.77, 1.75) 1.44 (0.69, 3.01) 1.96 (1.16, 3.32) 

     Losartan  1.48 (1.20, 1.84) 1.56 (1.26, 1.93) 1.60 (1.23, 2.09) 1.43 (1.14, 1.80) 
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Drug 
The case-centered 

approach 

Inverse variance-
weighted fixed-

effect meta-
analysis 

Random-effects 
meta-analysis 

N-weighted fixed-
effect meta-

analysis 

     Olmesartan  0.84 (0.60, 1.16) 0.82 (0.59, 1.14) 0.82 (0.59, 1.14) 0.83 (0.60, 1.17) 

     Telmisartan  0.83 (0.45, 1.50) 0.99 (0.54, 1.80) 1.10 (0.53, 2.30) 0.81 (0.41, 1.58) 

     Valsartan  1.04 (0.85, 1.28) 1.07 (0.87, 1.32) 1.14 (0.81, 1.60) 1.09 (0.87, 1.37) 

Aliskiren 2.75 (1.30, 5.81) 2.83 (1.34, 5.98) 2.83 (1.34, 5.98) 3.18 (1.41, 7.15) 

     

Serious angioedema     

ACEIs  4.42 (3.29, 5.96) 4.04 (2.99, 5.46) 4.04 (2.99, 5.46) 5.45 (3.50, 8.50) 

ARBs  0.52 (0.26, 1.05) 0.56 (0.28, 1.14) 0.57 (0.25, 1.31) 0.39 (0.17, 0.91) 

     Candesartan  -- -- --  -- 

     Eprosartan  -- -- --  -- 

     Irbesartan  -- -- --  -- 

     Losartan  0.97 (0.30, 3.18) 1.08 (0.33, 3.54) 1.08 (0.33, 3.54) 0.75 (0.17, 3.20) 

     Olmesartan  0.80 (0.10, 6.20) 0.67 (0.09, 5.13) 0.67 (0.09, 5.13) 0.67 (0.09, 5.13) 

     Telmisartan  -- --  --  -- 

     Valsartan  1.05 (0.43, 2.56) 1.23 (0.50, 3.03) 1.26 (0.43, 3.70) 0.70 (0.22, 2.190) 

Aliskiren 8.67 (1.11, 67.62) 7.04 (0.92, 54.20) 7.04 (0.92, 54.02) 7.04 (0.92, 54.20) 

In general, further adjusting for all pre-specified potential confounders did not change the HR estimates 
substantially (Table 5). Compared with β-blockers, the PS-adjusted risk was 3 times greater for ACEIs, 2.9 
times greater for aliskiren, and 15-31% higher for ARBs. The HR for aliskiren is based on a small number 
of cases. The PS-adjusted HR was higher for losartan than for other ARBs, but still lower than ACEIs.  

Table 5. Propensity score-adjusted MS-wide HRs of angioedema and serious angioedema using β-
blockers as the referent group, 2001-2010 * 

Drug 
The case-centered 

approach 

Inverse variance-
weighted fixed-

effect meta-
analysis 

Random-effects 
meta-analysis 

N-weighted fixed-
effect meta-

analysis 

Angioedema     

ACEIs  3.04 (2.81, 3.27) 2.98 (2.76, 3.21) 2.99 (2.63, 3.40) 2.97 (2.75, 3.22) 

ARBs  1.16 (1.00, 1.34) 1.15 (1.00, 1.33) 1.31 (1.00, 1.70) 1.17 (1.01, 1.37) 
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Drug 
The case-centered 

approach 

Inverse variance-
weighted fixed-

effect meta-
analysis 

Random-effects 
meta-analysis 

N-weighted fixed-
effect meta-

analysis 

     Candesartan  0.95 (0.35, 2.55) 1.08 (0.40, 2.89) 1.20 (0.33, 4.31) 0.94 (0.34, 2.59) 

     Eprosartan  -- -- --  -- 

     Irbesartan  1.11 (0.73, 1.67) 1.18 (0.78, 1.78) 1.42 (0.66, 3.06) 2.00 (1.18, 3.38) 

     Losartan  1.53 (1.23, 1.90) 1.52 (1.22, 1.89) 1.53 (1.21, 1.93) 1.42 (1.12, 1.80) 

     Olmesartan  0.88 (0.63, 1.22) 0.86 (0.62, 1.19) 0.86 (0.62, 1.19) 0.87 (0.62, 1.22) 

     Telmisartan  0.86 (0.47, 1.56) 0.98 (0.54, 1.79) 1.00 (0.53, 1.89) 0.81 (0.41, 1.60) 

     Valsartan  1.08 (0.88, 1.34) 1.09 (0.89, 1.35) 1.16 (0.82, 1.65) 1.11 (0.88, 1.40) 

Aliskiren 2.85 (1.34, 6.04) 2.86 (1.35, 6.04) 2.86 (1.35, 6.04) 3.19 (1.42, 7.18) 

     

Serious angioedema     

ACEIs  4.91 (3.62, 6.65) 4.20 (3.08, 5.71) 4.20 (3.08, 5.71) 5.57 (3.55, 8.73) 

ARBs  0.56 (0.28, 1.14) 0.59 (0.28, 1.22) 0.60 (0.26, 1.41) 0.40 (0.17, 0.94) 

     Candesartan  -- -- --  -- 

     Eprosartan  -- -- --  -- 

     Irbesartan  -- -- --  -- 

     Losartan  1.01 (0.31, 3.34) 0.94 (0.28, 3.16) 0.94 (0.28, 3.16) 0.62 (0.14, 2.69) 

     Olmesartan  0.83 (0.11, 6.57) 0.80 (0.10, 6.36) 0.80 (0.10, 6.36) 0.80 (0.10, 6.36) 

     Telmisartan  -- --   -- --  

     Valsartan  1.14 (0.46, 2.82) 1.31 (0.52, 3.31) 1.35 (0.44, 4.19) 0.72 (0.22, 2.31) 

Aliskiren 8.84 (1.13, 69.41) 8.53 (1.08, 67.41) 8.53 (1.08, 67.41) 8.53 (1.08, 67.41) 

* Adjusted for age, sex, diagnosis of allergic reactions, diabetes, heart failure, and ischemic heart disease, use of prescription non-steroidal anti-
inflammatory drugs, and Data Partner site. 

Figure 2 shows the PS-adjusted HRs of angioedema for ACEIs, ARBs, and aliskiren obtained from the 
case-centered approach by site. Consistent with the MS-wide estimates, the site-specific point estimates 
for ACEIs and aliskiren were all greater than 1. Nine out of the 13 sites that contributed information to 
the ARB analysis had a point estimate that was in the same direction as the MS-wide estimate. 
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Figure 2. Propensity score-adjusted HR of angioedema from the case-centered approach by site 
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For serious angioedema, the risk among ACEIs initiators was 4-5 times the risk among β-blocker 
initiators. There was no indication that ARBs were associated with a higher risk of serious angioedema 
when compared with the same referent group. As there was only one case of serious angioedema 
among aliskiren initiators, the ability to compare its risk to β-blockers was limited.   

D. PRE-SPECIFIED SUBGROUP ANALYSES 

Table 6 shows the results from the pre-specified stratified analyses by age group, sex, and follow-up 
period. We only present the findings from the case-centered approach; results (not shown) from meta-
analyses were similar. Analyses for aliskiren were not performed because of the small number of cases. 

The risk of angioedema – as measured by cumulative incidence and incidence rate – among ACEI 
initiators was relatively similar across different age groups, although it seemed to be higher in patients 
aged ≥65 years. The risk among ARB and ß-blocker initiators was similar across age groups. When 
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compared with ß-blockers, the risk of angioedema associated with ACEIs appeared to vary by age (p-
value for Wald test of homogeneity=0.047), with those aged ≥65 years having the highest PS-adjusted 
HR. There was no indication that age modified the effect of ARBs on angioedema.  

The risk of angioedema was greater in female initiators of all three classes of drugs than their male 
counterparts. Although the difference in the PS-adjusted HR for ACEIs between female and male was 
statistically significant (p-value for Wald test of homogeneity=0.002), the difference in magnitude was 
not great (3.3 vs. 2.6). On the other hand, the association between ARBs and angioedema was similar 
between male and female. 

The risk of angioedema was elevated immediately following treatment initiation across all three drug 
classes. The PS-adjusted HR for ACEIs was the greatest during the first 30 days of use, and remained 
significantly higher than β-blockers throughout the 1-year follow-up period. The PS-adjusted HR for 
ARBs was also the highest during the first 30 days following treatment initiation, but attenuated when 
we extended the follow-up period to the first 60, 90, 180, and 270 days of use. Sixty-six percent 
(2,173/3,301) of all angioedema cases among ACEI initiators occurred during the first 90 days of follow-
up, compared with 65% (187/288) for ARBs, and 66% (602/915) for ß-blockers. By way of comparison, 
five out of the seven (71%) angioedema cases occurred during the first 90 days among aliskiren 
initiators.  

Table 6. Pre-specified subgroup analysis of angioedema, 2001-2010 

Subgroup 
Number 

of 
events 

Cumulative 
incidence per 1,000 

persons  

(95% CI) 

Incidence rate per 
1,000 person-years  

(95% CI) 

Site-adjusted HR * 
(95% CI) 

Propensity score-
adjusted HR * 

(95% CI) 

Aged 18-44 yrs      

ACEIs 668 1.48 (1.37, 1.59) 4.23 (3.91, 4.56) 2.45 (2.12, 2.83) 2.91 (2.51, 3.38) 

ARBs 61 0.57 (0.44, 0.74) 1.81 (1.38, 2.32) 1.19 (0.88, 1.60) 1.25 (0.93, 1.70) 

β-blockers 260 0.52 (0.46, 0.59) 1.90 (1.68, 2.15) Referent Referent 

      

Aged 45-54 yrs      

ACEIs 972 1.83 (1.72, 1.95) 4.47 (4.20, 4.76) 2.76 (2.39, 3.19) 3.05 (2.63, 3.52) 

ARBs 86 0.63 (0.50, 0.77) 1.67 (1.34, 2.07) 1.12 (0.85, 1.47) 1.14 (0.87, 1.50) 

β-blockers 233 0.62 (0.54, 0.70) 1.73 (1.51, 1.97) Referent Referent 

      

Aged 55-64 yrs      

ACEIs 800 1.72 (1.60, 1.84) 3.94 (3.68, 4.23) 2.51 (2.15, 2.92) 2.65 (2.27, 3.09) 

ARBs 82 0.65 (0.52, 0.81) 1.62 (1.29, 2.01) 1.18 (0.89, 1.55) 1.20 (0.90, 1.59) 

β-blockers 208 0.62 (0.54, 0.71) 1.63 (1.42, 1.87) Referent Referent 
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Subgroup 
Number 

of 
events 

Cumulative 
incidence per 1,000 

persons  

(95% CI) 

Incidence rate per 
1,000 person-years  

(95% CI) 

Site-adjusted HR * 
(95% CI) 

Propensity score-
adjusted HR * 

(95% CI) 

      

Aged ≥65 yrs      

ACEIs 861 2.17 (2.02, 2.31) 4.92 (4.60, 5.26) 3.51 (3.02, 4.09) 3.69 (3.17, 4.31) 

ARBs 59 0.61 (0.46, 0.78) 1.57 (1.19, 2.02) 1.14 (0.84, 1.55) 1.17 (0.86, 1.59) 

β-blockers 214 0.56 (0.49, 0.64) 1.43 (1.25, 1.64) Referent Referent 

      

Male      

ACEIs 1,337 1.36 (1.29, 1.44) 3.30 (3.13, 3.48) 2.56 (2.27, 2.90) 2.59 (2.29, 2.93) 

ARBs 126 0.55 (0.46, 0.65) 1.49 (1.24, 1.78) 1.22 (0.98, 1.53) 1.29 (1.03, 1.63) 

β-blockers 328 0.48 (0.43, 0.53) 1.37 (1.23, 1.53) Referent Referent 

      

Female      

ACEIs 1,962 2.27 (2.17, 2.38) 5.64 (5.40, 5.90) 3.09 (2.82, 3.40) 3.29 (2.99, 3.61) 

ARBs 162 0.68 (0.58, 0.80) 1.82 (1.55, 2.13) 1.10 (0.91, 1.32) 1.13 (0.94, 1.37) 

β-blockers 586 0.65 (0.60, 0.71) 1.89 (1.74, 2.05) Referent Referent 

      

0-30 days      

ACEIs 1,420 0.77 (0.73, 0.81) 9.68 (9.19, 10.20) 3.25 (3.00, 3.52) 3.57 (3.28, 3.88) 

ARBs 128 0.27 (0.23, 0.33) 3.45 (2.88, 4.10) 1.37 (1.17, 1.59) 1.46 (1.25, 1.71) 

β-blockers 373 0.23 (0.21, 0.26) 2.98 (2.69, 3.30) Referent Referent 

      

31-60 days      

ACEIs 453 0.27 (0.24, 0.29) 3.81 (3.47, 4.18) 2.47 (2.05, 2.98) 2.62 (2.16, 3.17) 

ARBs 41 0.10 (0.07, 0.13) 1.44 (1.03, 1.96) 1.12 (0.77, 1.63) 1.11 (0.76, 1.64) 

β-blockers 149 0.11 (0.09, 0.12) 1.62 (1.37, 1.90) Referent Referent 

      

61-90 days      

ACEIs 300 0.25 (0.22, 0.28) 3.27 (2.91, 3.66) 2.52 (1.97, 3.24) 2.79 (2.16, 3.60) 
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Subgroup 
Number 

of 
events 

Cumulative 
incidence per 1,000 

persons  

(95% CI) 

Incidence rate per 
1,000 person-years  

(95% CI) 

Site-adjusted HR * 
(95% CI) 

Propensity score-
adjusted HR * 

(95% CI) 

ARBs 18 0.07 (0.04, 0.11) 0.88 (0.52, 1.39) 0.64 (0.37, 1.11) 0.70 (0.40, 1.23) 

β-blockers 80 0.09 (0.07, 0.11) 1.25 (0.99, 1.56) Referent Referent 

      

91-180 days      

ACEIs 571 0.57 (0.52, 0.62) 3.13 (2.88, 3.39) 2.51 (2.10, 3.01) 2.77 (2.31, 3.34) 

ARBs 48 0.22 (0.16, 0.29) 1.18 (0.87, 1.57) 1.05 (0.74, 1.49) 1.02 (0.71, 1.46) 

β-blockers 151 0.22 (0.19, 0.26) 1.23 (1.04, 1.44) Referent Referent 

      

181-270 days      

ACEIs 316 0.54 (0.49, 0.61) 2.63 (2.35, 2.94) 2.39 (1.89, 3.03) 2.60 (2.04, 3.31) 

ARBs 27 0.21 (0.14, 0.30) 1.02 (0.67, 1.48) 1.09 (0.67, 1.78) 1.07 (0.65, 1.78) 

β-blockers 89 0.23 (0.18, 0.28) 1.10 (0.88, 1.35) Referent Referent 

      

271-365 days      

ACEIs 241 0.58 (0.51, 0.66) 2.59 (2.27, 2.94) 2.00 (1.53, 2.61) 2.10 (1.60, 2.76) 

ARBs 26 0.29 (0.19, 0.42) 1.28 (0.84, 1.88) 1.65 (0.98, 2.78) 1.61 (0.95, 2.72) 

β-blockers 73 0.26 (0.21, 0.33) 1.15 (0.90, 1.45) Referent Referent 

      

0-60 days      

ACEIs 1,873 1.02 (0.97, 1.06) 7.05 (6.74, 7.38) 3.03 (2.75, 3.34) 3.30 (2.98, 3.64) 

ARBs 169 0.36 (0.31, 0.42) 2.58 (2.20, 3.00) 1.23 (1.02, 1.47) 1.29 (1.06, 1.55) 

β-blockers 522 0.33 (0.30, 0.36) 2.40 (2.20, 2.62) Referent Referent 

      

0-90 days      

ACEIs 2,173 1.18 (1.13, 1.23) 6.08 (5.83, 6.34) 2.98 (2.72, 3.26) 3.25 (2.96, 3.57) 

ARBs 187 0.40 (0.35, 0.46) 2.18 (1.87, 2.51) 1.13 (0.95, 1.35) 1.20 (1.00, 1.43) 

β-blockers 602 0.38 (0.35, 0.41) 2.14 (1.97, 2.32) Referent Referent 
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Subgroup 
Number 

of 
events 

Cumulative 
incidence per 1,000 

persons  

(95% CI) 

Incidence rate per 
1,000 person-years  

(95% CI) 

Site-adjusted HR * 
(95% CI) 

Propensity score-
adjusted HR * 

(95% CI) 

0-180 days      

ACEIs 2,744 1.49 (1.43, 1.54) 5.08 (4.89, 5.28) 2.88 (2.66, 3.12) 3.16 (2.91, 3.43) 

ARBs 235 0.50 (0.44, 0.57) 1.86 (1.63, 2.11) 1.10 (0.95, 1.29) 1.16 (0.99, 1.36) 

β-blockers 753 0.47 (0.44, 0.51) 1.86 (1.73, 2.00) Referent Referent 

      

0-270 days      

ACEIs 3,060 1.66 (1.60, 1.72) 4.64 (4.47, 4.80) 2.82 (2.61, 3.05) 3.10 (2.87, 3.35) 

ARBs 262 0.56 (0.50, 0.63) 1.71 (1.51, 1.93) 1.09 (0.94, 1.26) 1.14 (0.98, 1.32) 

β-blockers 842 0.53 (0.49, 0.57) 1.74 (1.62, 1.86) Referent Referent 

* From the case-centered logistic regression approach. 

E. SENSITIVITY ANALYSIS 

When we extended the look-back period from 183 days to 365 days preceding the index date, the 
number of eligible initiators (and angioedema cases) was 1,392,602 (2,623) for ACEIs, 312,826 (181) for 
ARBs, 3,260 (3) for aliskiren, and 1,185,727 (655) for β-blockers. Compared with β-blockers, the PS-
adjusted HR from the case-centered approach was 3.36 (95% CI: 3.07, 3.67) for ACEIs, 1.21 (1.01, 1.45) 
for ARBs, and 4.01 (1.28, 12.57) for aliskiren. Results (not shown) from the meta-analyses were also 
similar to the analyses with a 183-day look-back period. 

Fifty-four percent (1,782/3,301) of the angioedema cases among ACEI initiators were identified from an 
inpatient or emergency department encounter; this proportion was 29% (83/288) for ARBs, 29% (2/7) 
for aliskiren, and 31% (282/915) for β-blockers. In an analysis restricted to these angioedema cases, the 
adjust HR from the case-centered approach was 5.34 (4.69, 6.07) for ACEIs, 1.09 (0.83, 1.42) for ARBs, 
and 2.72 (0.67, 11.07) for aliskiren.  

IV. DISCUSSION 

A. SUMMARY OF FINDINGS 

In this Mini-Sentinel project, we found that ACEIs were associated with a 3-fold increased risk of 
angioedema compared with β-blockers, a drug class not thought to be linked to angioedema. This 
finding demonstrates Mini-Sentinel’s ability to reproduce known associations.4-7 There was indication 
that the risk might be greater for ARBs when compared with β-blockers – ranging from 15% to 31% 
higher from various methods – although the lower bound of the 95% CIs were all very close to one. 
Aliskiren was associated with a nearly 3-fold higher risk of angioedema when compared with the same 
referent group. However, this was based on only seven exposed cases. There was a suggestion that 
losartan had a greater risk of angioedema compared with other individual ARBs. 
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In keeping with the current goal that Mini-Sentinel be useful for signal refinement (in the continuum of 
signal generation, signal refinement, signal evaluation), the results summarized in this report are not 
expected to provide definitive evidence of a causal association between these drugs and angioedema, 
elucidate the association with regard to factors such as dose-response and duration-response relations, 
or identify subgroups at the highest risk. Findings should be interpreted in the larger context of all that is 
known about these drugs from various sources, such as randomized controlled trials and post-market 
reports, and other observational studies.  

B. COMPARISON WITH PRIOR STUDIES 

1. ACEIs 

Table 7 includes a list of selected studies that have examined the associations between the study drugs 
and angioedema. The largest study on this topic to date was done using data from the Veteran Affairs 
Health Care System.9 In that study, Miller et al found that the incidence rate per 1,000 person-years was 
about 2 among 195,192 ACEI initiators and 0.5 among 94,020 β-blocker initiators.9 In our study, the 
incidence rates in these two cohorts were both higher, but the cumulative incidence – calculated using 
exposed persons as the denominator – among ACEI initiators was similar in both studies (1.8 vs. 1.8 per 
1,000 ACEI-exposed persons; cumulative incidence information was not available for β-blockers in the 
Miller study). In addition, the cumulative incidence of serious angioedema associated with ACEIs was 
comparable between the Miller study and ours (0.14 vs. 0.18 per 1,000 ACEI-exposed persons). 
Consistent with previous studies,5,8-10 we observed that the risk was the greatest immediately following 
ACEI initiation. In the Miller study, 55% of the angioedema cases occurred within 90 days following ACEI 
initiation, compared with 66% in our study.   

Differences in the study population might have led to higher incidence rates in our study. For example, 
the proportion of female users, who seemed to have a higher risk of angioedema, was more than 50% in 
our study compared with 3% in the Miller study. However, it is unlikely that differences in the study 
population only impacted incidence rate, and not cumulative incidence.  

A more plausible explanation might be differences in the study design, more specifically, in how person-
time was counted. In our study, we calculated exposed person-times from treatment initiation until the 
earliest occurrence of angioedema diagnosis, 365 days of follow-up, initiation of another study drug, 
cessation of use of study drug, death, disenrollment from the health plan, end of medical benefit, or 
December 31, 2010. Cessation of use occurred when an individual’s days supplied appeared to have 
been exhausted for at least 14 days. That is, even if patients subsequently resumed their initial 
treatment, we would not count the person-times if the resumption occurred more than 14 days later. 
The description of Miller et al paper suggested that the authors estimated the incidence rate using all 
exposed person-times (including person-times that accumulated after resumption) over a maximal 
follow-up of 21 months, or allowed a more generous gap between dispensings when creating the 
exposure period. This could explain why the average length of follow-up was 0.4 year in our study and 
0.9 year in the Miller study. As the risk of angioedema gradually diminished over time, the Miller study 
might have included more person-times with a lower risk of angioedema. A study done by Brown et al 
using Tennessee Medicaid study used a similar follow-up approach to the Miller study, and found a 
similar incidence rate.8  
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Despite these potential differences, our adjusted HR of 3.04 (95% CI: 2.81, 3.27) for ACEIs (from the 
case-centered approach) was similar to the relative risk of 3.56 (2.82, 4.44) in the Miller study obtained 
from a Poisson regression analysis using all other anti-hypertensive medications as the referent group. 

Randomized trials generally observed a higher cumulative incidence of angioedema associated with 
ACEIs than observational studies (Table 7). This may be due to differences in the study population, or a 
more careful ascertainment of milder cases in the trials, especially those that resolve quickly and did not 
require medical attention. 

2. ARBs 

Compared with what is known about ACEIs, the relation between ARBs and angioedema is not as well-
understood. Miller et al found that the incidence rate of angioedema was 1 per 1,000 person-years 
among 9,816 ARB initiators.9 Our incidence rate was higher, which could be attributed to the differences 
in study design or study population as described above. In the Miller study, the crude incidence rate in 
ARB users was twice as high as the rate in β-blocker users, but it is unclear how similar or different our 
adjusted HR would be compared with Miller’s, as this information was not available. The Ongoing 
Telmisartan Alone and in Combination with Ramipril Global Endpoint Trial (ONTARGET) found a lower 
cumulative incidence of angioedema in telmisartan users compared with ramipril users (1 vs. 3 per 1,000 
persons).12 The cumulative incidence of angioedema for telmisartan was lower in our study, possibly due 
to differences in the study population and the ability to capture milder cases. 

3. Aliskiren 

Little is known about the association between aliskiren and angioedema. Pooled analyses of randomized 
trials with 4,578 patients who received aliskiren monotherapy suggests that the risk of angioedema and 
urticaria as a combined outcome was similar or lower for aliskiren compared with ACEIs and ARBs.13,14 
Unfortunately, the analyses did not examine angioedema separately and individual trials were too small 
to provide reliable estimates. With seven exposed cases, we observed that the risk of angioedema 
among aliskiren initiators is similar to ACEIs. Further investigations are warranted to better understand 
the relation between aliskiren and angioedema. 

Table 7. Selected published studies on the associations of ACEIs, ARBs, and aliskiren with angioedema 

Study Design Drug 
Exposed 
persons 

Exposed 
person-

years 

Number 
of 

events 

Cumulative 
incidence 
per 1,000 
persons 
(95% CI) 

Incidence 
rate per 

1,000 
person-years 

(95% CI) 

ACEIs        

Kostis et al10 Trial Enalapril 12,557 -- * 86 6.8 (5.5, 8.4) -- 

Pfeffer et al34 Trial Captopril 4,879 -- 35 7.2 (5.2, 10.0) -- 

Piller et al26 Trial Lisinopril 9,054 -- 37 4.1 (3.0, 5.2) -- 

Yusuf et al12 Trial Ramipril 8,576 -- 25 2.9 (2.0, 4.3) -- 

Brown et al8 Observational All 27,834 52,734 82 2.9 (2.4, 3.7) 1.6 (1.2, 1.9) 
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Study Design Drug 
Exposed 
persons 

Exposed 
person-

years 

Number 
of 

events 

Cumulative 
incidence 
per 1,000 
persons 
(95% CI) 

Incidence 
rate per 

1,000 
person-years 

(95% CI) 

Miller et al9 Observational All 195,192 179,088 352 1.8 (1.6, 2.0) 2.0 (1.8, 2.2) 

        

ARBs        

Pfeffer et al34 Trial Valsartan 4,885 -- 21 4.3 (2.8, 6.6) -- 

Yusuf et al12 Trial Telmisartan 8,542 -- 10 1.2 (0.6, 2.2) -- 

Miller et al9 Observational All 9,816 -- -- -- 1.0† 

        

Aliskiren        

White et al13 Pooled 
analysis of 
trials 

Aliskiren 4,203 -- 13§ 3.1 (1.8, 5.3) -- 

White et al14 Pooled 
analysis of 
trials 

Aliskiren 4,578 -- 15§ 3.3 (2.0, 5.4) -- 

* Information not provided. 
† Only point estimate was provided, information needed to estimate the 95% CI was not available in the paper. 
§ Angioedema and urticaria as a combined outcome. 

C. METHODS CONSIDERATION 

1. Discussion of analytic approaches 

We used two methods that do not require sharing of individual-level information to combine data from 
17 Data Partners. The first method, which is based on the Fireman’s case-centered logistic regression 
approach, needs only aggregate-level data to obtain the same effect estimates that would have been 
observed through a stratified Cox model fit using individual-level information.28 The second method 
combines site-specific effect estimates via meta-analysis, obviating the need to transfer either 
individual-level or aggregate-level dataset across sites. Both methods allow investigators to adjust for a 
large number of potential confounders without the need to share individual-level information. They can 
also accommodate pre-specified subgroup analyses by generating subgroup-specific aggregate-level 
dataset (for the case-centered approach) or subgroup-specific effect estimates at each site (for the 
meta-analyses). In this project, the MS-wide point estimates and 95% CIs from the two methods were 
similar, especially in analyses with large sample size, suggesting that both methods achieved similar level 
of confounding adjustment, and can both be considered in future Mini-Sentinel signal refinement 
activities.  

We performed three meta-analyses, two done with a fixed-effect model, one done with a random-
effects model. The fixed-effect model assumes that all “studies” (i.e., analyses done at Data Partner 
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sites) share a common true effect estimate, and all observed differences are due to sampling error. The 
random-effects model assumes that all studies are randomly drawn from a population of effect 
estimates, i.e., each study can have its own effect estimates. The choice of appropriate model depends 
on what investigators know or hypothesize about the variation across sites. It is not uncommon to use 
both models in studies. Within the fixed-effect model, the inverse-variance weighted method is among 
the most commonly used approaches.30 We observed that using the total sample size as the weight 
produced results similar to the inverse-variance weighted approach, but the two approaches could yield 
different results when the sample size was small. A major difference between the two approaches is 
that the inverse variance approach incorporates information on the number of outcomes, which is a 
major driving force of statistical efficiency. Although total sample size is correlated with the number of 
outcomes, using the former as the weight does not fully reflect the precision of a site-specific effect 
estimates. 

2. Estimation of PSs 

There were at least two possible ways to estimate PSs in this study. The first approach would have each 
Data Partner fit the same PS model. The advantage of this approach is consistency. Operationally, having 
one model allows for a single, centralized development of the analytic program, which reduces the 
programming burden and chance for errors across sites. On the other hand, the approach does not fully 
utilize the information available at each site. In Mini-Sentinel, certain Data Partners have access to 
clinical data like vital signs and laboratory results, but such information would not be used when one 
uses a common PS model across all Data Partners. We chose to use this approach because there was no 
evidence to suggest that measured variables other than the ones considered would be strong 
confounders. 

An alternative would be to have each Data Partner fit its own PS model, which could include additional 
confounders available only at certain sites. One could also combine the two approaches, i.e., have each 
site fit a common PS model, and allow sites with richer data to fit a separate model with additional 
variables.35,36 This will introduce additional operational complexities but may be preferred for certain 
assessments in the future. A variant to the site-specific PS method is the high-dimensional PS approach, 
which allows investigators to pre-specify a set of confounders and use an automated approach to 
identify additional potential confounders.37-39 The approach will more fully utilize the information 
available at each site. A freely available SAS macro (http://www.drugepi.org/dope-downloads/) 
facilitates implementation of the approach. A challenge will be to understand the PS model created by 
the approach, as hundreds of additional variables, presented in coding systems like ICD-9-CM, NDC, or 
CPT-4, may not be immediately interpretable to the investigators.     

3. Alternative approaches considered 

One of the objectives of this activity was to build general strategies in Mini-Sentinel for signal 
refinement regarding medical products for which substantial post-market experience has accrued. We 
discussed several alternative approaches but determined that these approaches were not ideal for the 
project. However, these approaches may be appropriate for certain Mini-Sentinel signal refinement 
activities in the future. 

Centralized analysis of individual-level data with individual confounders. Using this approach, we would 
request the Data Partners to send an individual-level dataset with individual confounder information for 

http://www.drugepi.org/dope-downloads/


  

 

Medical Product Assessment - 22 - RAAS Drugs and Angioedema  

centralized analyses. Of all available approaches, this would provide the workgroup with the most 
analytic flexibility,36 but it would require transferring of potentially identifiable individual-level 
information.  

Centralized analysis of individual-level data with confounder summary scores. An alternative approach to 
the centralized analysis above would be to have each site estimate PSs, and then send an individual-
level dataset with information on the exposure, outcome, time-to-event, PSs, and pre-specified 
subgroup status.36 Methods that use confounder summary scores (e.g., PSs, disease risk scores) are 
appealing in distributed data systems like Mini-Sentinel because they obscure individual-level 
characteristics into non-identifiable measures while achieving a similar degree of confounding control.36 
Another advantage of these confounder summary scores is the reduction of data dimensionality. For 
rare outcomes like angioedema, conventional multivariable-adjusted analysis may lead to unstable 
effect estimates. A PS analysis may minimize such risk because it models the relation between the 
confounders and the exposure, which is often more common than the outcome of interest, especially 
when the medical products being studied have been approved for a number of years. In principle, all 
information would be considered de-identified. However, the possibility of re-identification could not be 
fully ruled out through unique combinations of exposure, outcome, and pre-specified subgroup status, 
especially at smaller Data Partner sites.  

Instead of using PSs, we could use disease risk scores, which offer a number of advantages when there 
are multiple exposure categories and one outcome of interest.40 A single score is sufficient to examine 
multiple comparators, as opposed to a need for multiple PSs. However, as the number of angioedema 
events was expected to be low in many Data Partner sites, constructing disease risk scores would be a 
challenge.  

PS matching. This approach has several advantages when the exposure is binary.36,41 For example, both 
absolute and relative risk estimates can be computed easily in the matched cohort if balance is achieved 
for all baseline covariates. The matching process can also serve as an important step to identify patients 
who may have contraindications or other characteristics that preclude them from being “eligible” to 
receive both treatments. Removing these patients, for whom the PS is usually extremely low or high, 
creates clinical equipoise and may improve the internal validity of the study. A similar aggregate-data 
structure used in the case-centered approach can be used for a PS-matched analysis, obviating the need 
to transfer individual-level data.42 However, when there are multiple exposures, as in this project, a 
pairwise PS matching using a common referent group may result in different subsets of matched 
referent population in each pair, making direct comparisons difficult. Using a 1:1:1:1 matching scheme 
would ensure the same referent population is used for all analyses, but it might substantially reduce the 
number of patients in our analyses given the expected low number of aliskiren initiators. 

Distributed regression analysis.43-45 Distributed regression analysis fits regression models on distributed 
databases, and produces identical results to those from centralized conventional multivariable-adjusted 
regression analysis. In distributed regression analysis, Data Partners transfer only summary or 
intermediate statistics to a centralized location for model fitting. For instance, in distributed linear 
regression with horizontally partitioned database, the required summary statistics include the sums of 
the covariates, the sums of covariate squares, and the sum of products between covariates. Currently, 
there are a number of technical requirements that need to be overcome to perform such analysis in a 
distributed data system. In addition, the approach has not been extended to time-to-event outcomes. 
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D. LIMITATIONS 

The results of this assessment should be interpreted in the context of the following limitations. Residual 
confounding may be a threat to the validity of our findings. Most notably, previous studies have 
suggested that African-American race may be a risk factor for angioedema and a potential effect 
modifier for the effect of ACEIs on angioedema.8-10,23-25 Race information is sparse across the vast 
majority of Data Partners and was therefore not adjusted for in this assessment. However, our results 
are consistent with previous studies that adjusted for race.8,9 Smoking was another covariate not 
available to us that has also been suggested to be a confounder for the effect of ACEIs on angioedema.24-

26 

A 183-day baseline look-back period might not be sufficient to identify all previous angioedema, which 
may predict both the risk of subsequent angioedema and the choice of antihypertensive treatment. It 
might also not be long enough to identify prior use of the study drugs. We chose 183 days because it 
was considered sufficient to identify a majority of recently occurred angioedema that were mostly likely 
to affect prescribing, while ensuring that not too many otherwise eligible individuals would be excluded 
as a result of longer enrollment requirement. The number of eligible patients was lower in a sensitivity 
analysis that used a 365-day look-back period, but the results remained similar.  

Although the positive predictive value of the diagnosis code for angioedema is high, some cases, 
especially those that are milder and resolved quickly – therefore do not require medical attention – 
might not have been captured in electronic healthcare databases. This might lead to an underestimation 
of the true cumulative incidence and incidence rate of angioedema. As the association between ACEIs 
and angioedema is well-recognized, underestimation of risk may be less severe for these drugs as 
patients and physicians may be more attentive to any clinical manifestation of angioedema. On the 
other hand, this could potentially lead to an overestimation of the relative risk of angioedema when 
comparing ACEIs with ß-blockers because there would be a differential case ascertainment and 
diagnosis. The proportion of angioedema cases diagnosed during an outpatient visit was much lower in 
ACEI initiators compared with initiators of other study drugs, which suggests that milder cases were no 
more likely to be captured among ACEI initiators, or that ACEIs might be associated with more severe 
cases. 

E. STRENGTHS 

With more than 1,845,000 ACEI initiators, 467,000 ARB initiators, and 4,800 aliskiren initiators, this 
study, to our knowledge, is the largest assessment of the relations between these medications and 
angioedema. The validity of the findings is strengthened by the consistent results from various analyses. 
Validity is further improved by the high positive predictive value of the diagnosis code of angioedema. 
The large sample size and the demographic and geographic diversity of our population increase the 
generalizability of our findings. A distributed approach, with programs developed and tested centrally 
and executed concurrently by all 17 Data Partners, coupled with methods that do not require individual-
level data to leave Data Partners’ firewalls, ensure that all analyses were done efficiently and securely.     

V. CONCLUSION 

In conclusion, this Mini-Sentinel assessment replicated the known association between ACEIs and 
angioedema. The assessment also provided new information on the risk of angioedema for ARBs (both 
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as a class and as individual molecular entities) and the direct renin inhibitor, aliskiren. There was no 
strong evidence to suggest that ARBs as a group substantially increased the risk of angioedema; an 
elevated risk, if any, would be much lower for ARBs than for ACEIs. The risk of angioedema varied 
moderately across individual ARBs, with losartan appearing to be associated with a higher risk than 
others. Based on seven exposed cases our analyses suggested that aliskiren might be associated with an 
approximately 2.9-fold higher risk of angioedema compared with ß-blockers. 
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VIII. APPENDIX 1: INCIDENCE RATE OF ANGIOEDEMA BY YEAR, 2001-2010 

Table A1.  Incidence Rate of Angioedema by Year, 2001-2010 

Year ACEIs ARBs Aliskiren β-blockers 

2001 4.02 (3.20, 4.99) 0.46 (0.01, 2.55) -- 1.58 (1.11, 2.19) 

2002 5.08 (4.41, 5.83) 2.67 (1.46, 4.47) -- 1.12 (0.83, 1.48) 

2003 4.22 (3.57, 4.94) 2.12 (1.06, 3.80) -- 1.55 (1.19, 1.99) 

2004 3.90 (3.42, 4.42) 1.03 (0.60, 1.65) -- 1.62 (1.31, 1.99) 

2005 3.37 (2.98, 3.80) 1.36 (0.92, 1.93) -- 1.45 (1.17, 1.77) 

2006 3.59 (3.21, 3.99) 1.19 (0.80, 1.70) -- 1.55 (1.26, 1.89) 

2007 3.93 (3.54, 4.35) 1.36 (0.93, 1.92) 13.72 (2.83, 40.09) 1.53 (1.23, 1.87) 

2008 4.71 (4.33, 5.12) 1.63 (1.20, 2.16) 6.57 (1.36, 19.20) 1.71 (1.42, 2.03) 

2009 4.78 (4.41, 5.17) 2.24 (1.71, 2.88) -- 2.23 (1.90, 2.59) 

2010 5.92 (5.39, 6.49) 2.69 (1.95, 3.61) 3.78 (0.10, 21.06) 2.07 (1.68, 2.52) 

A 183-day look-back period was used. In 2001 there was 1 ARB event among 4,802 persons and 2,188.98 person years.  These data include 
cases diagnosed in all settings. Not all Data Partners contributed data in each year. 
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IX. APPENDIX 2: RESULTS THAT ANALYZED DATA FOLLOWING FDA APPROVAL 
DATE OF ALISKIREN 

Table A2.  Baseline patient characteristics by drug class, 3/5/2001–12/31/2010  

Characteristics 
ACEIs 

(n=1,083,869) 
ARBs 

(n=269,549) 
Aliskiren 
(n=4,867) 

ß-blockers 
(n=811,257) 

 N (%) Std.  

diff.* 

N (%) Std.  

diff.* 

N (%) Std. 

 diff.* 

N (%) 

Age (years)        

18-44 271,667 (25.1) 0.16 58,190 (21.6) 0.24 1,093 (22.5) 0.21 262,618 (32.4) 

45-54 316,827 (29.2) 0.14 79,834 (29.6) 0.15 1,449 (29.8) 0.16 187,624 (23.1) 

55-64 273,145 (25.2) 0.10 74,504 (27.6) 0.15 1,321 (27.1) 0.15 171,670 (21.2) 

≥65 222,230 (20.5) 0.07 57,021 (21.2) 0.05 1,004 (20.6) 0.06 189,345 (23.3) 

Female sex 497,331 (45.9) 0.21 133,777 (49.6) 0.14 2,275 (46.7) 0.19 457,415 (56.4) 

Race †        

African American 46,942 (4.3) 0.03 10,960 (4.1) 0.02 219 (4.5) 0.04 29,746 (3.7) 

American Indian 
or Alaska Native 

2,143 (0.2) 0.00 326 (0.1) 0.02 8 (0.2) 0.00 1,465 (0.2) 

Asian American 19,801 (1.8) 0.00 3,334 (1.2) 0.04 29 (0.6) 0.09 14,284 (1.8) 

Native Hawaiian 
or other Islander 

4,279 (0.4) 0.02 731 (0.3) 0.00 10 (0.2) 0.02 2,387 (0.3) 

White 268,298 (24.8) 0.05 47,887 (17.8) 0.21 791 (16.3) 0.24 219,149 (27.0) 

Unknown 742,406 (68.5) 0.03 206,311 (76.5) 0.21 3,810 (78.3) 0.24 544,226 (67.1) 

Diagnosis of        

Allergic reactions 91,045 (8.4) 0.06 28,033 (10.4) 0.01 569 (11.7) 0.06 81,126 (10.0) 

Diabetes 193,435 (17.8) 0.27 45,195 (16.8) 0.27 861 (17.7) 0.33 69,001 (8.5) 

Heart failure 18,206 (1.7) 0.13 5,343 (2.0) 0.10 123 (2.5) 0.07 30,619 (3.8) 

Ischemic heart 
disease 

47,738 (4.4) 0.29 16,061 (6.0) 0.20 403 (8.3) 0.12 98,338 (12.1) 

Use of prescription 
NSAIDs 

146,413 (13.5) 0.00 34,677 (12.9) 0.02 683 (14.0) 0.01 110,707 (13.6) 

* Standardized difference, compared with β-blockers. 
† Race was not adjusted for in the analyses. It is included in the table to characterize the high percentage of unknown values. 
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Table A3.  Cumulative incidence and incidence rate of angioedema and serious angioedema, 
3/5/2001–12/31/2010  

Drug 
Number 
of events 

Persons 
Person-

years 

Cumulative 
incidence per 1,000 

persons  
(95% CI) 

Incidence rate per 
1,000 person-years 

(95% CI) 

Angioedema      

ACEIs 1,951 1,083,869 406,277.5 1.80 (1.72, 1.88) 4.80 (4.59, 5.02) 

ARBs 175 269,549 91,542.0 0.65 (0.56, 0.75) 1.91 (1.64, 2.23) 

    Candesartan 2 5,178 1,693.0 0.39 (0.05, 1.40) 1.18 (0.14, 4.27) 

    Eprosartan 0 135 47.8 -- -- 

    Irbesartan 11 22,228 7,445.7 0.50 (0.25, 0.89) 1.48 (0.74, 2.64) 

    Losartan 61 57,130 19,760.5 1.07 (0.82, 1.37) 3.09 (2.36, 3.97) 

    Olmesartan 28 63,351 19,420.3 0.44 (0.29, 0.64) 1.44 (0.96, 2.08) 

    Telmisartan 6 17,643 5,179.8 0.34 (0.13, 0.74) 1.16 (0.43, 2.52) 

    Valsartan 65 103,884 36,441.7 0.63 (0.48, 0.80) 1.78 (1.38, 2.27) 

Aliskiren 7 4,867 1,498.1 1.44 (0.58, 2.96) 4.67 (1.88, 9.63) 

β-blockers 467 811,257 245,173.7 0.58 (0.53, 0.63) 1.91 (1.74, 2.09) 

      

Serious angioedema      

ACEIs 224 1,083,869 406,539.2 0.21 (0.18, 0.24) 0.55 (0.48, 0.63) 

ARBs 7 269,549 91,583.7 0.03 (0.01, 0.05) 0.08 (0.03, 0.16) 

    Candesartan 0 5,178 1,694.0 -- -- 

    Eprosartan 0 135 47.8 -- -- 

    Irbesartan 0 22,228 7,447.5 -- -- 

    Losartan 3 57,130 19,776.0 0.05 (0.01, 0.15) 0.15 (0.03, 0.44) 

    Olmesartan 1 63,351 19,426.6 0.03 (0.00, 0.09) 0.05 (0.00, 0.29) 

    Telmisartan 0 17,643 5,180.5 -- -- 

    Valsartan 3 103,884 36,456.5 0.03 (0.01, 0.08) 0.08 (0.03, 0.24) 

Aliskiren 1 4,867 1,499.4 0.21 (0.01, 1.14) 0.67 (0.03, 3.72) 

β-blockers 35 811,257 245,297.4 0.04 (0.03, 0.06) 0.14 (0.20, 0.20) 
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Table A4. Site-adjusted MS-wide HRs of angioedema and serious angioedema using β-blockers as the 
referent group, 3/5/2001–12/31/2010 

Drug 
The case-centered 

approach 

Inverse variance-
weighted fixed-

effect meta-
analysis 

N-weighted fixed-
effect meta-

analysis 

Random-effects 
meta-analysis 

Angioedema     

ACEIs  2.70 (2.44, 2.98) 2.58 (2.33, 2.86) 2.68 (2.41, 2.98) 2.58 (2.13, 3.12) 

ARBs  1.09 (0.91, 1.31) 1.12 (0.94, 1.34) 1.15 (0.95, 1.39) 1.21 (0.95, 1.55) 

     Candesartan  1.14 (0.28, 4.60) 1.44 (0.36, 5.82) 1.01 (0.22, 4.77) 1.44 (0.35, 6.02) 

     Eprosartan  -- --  -- -- 

     Irbesartan  0.92 (0.50, 1.67) 0.93 (0.51, 1.70) 0.86 (0.45, 1.62) 0.93 (0.51, 1.70) 

     Losartan  1.66 (1.27, 2.18) 1.70 (1.30, 2.22) 1.67 (1.25, 2.22) 1.70 (1.30, 2.22) 

     Olmesartan  0.82 (0.56, 1.20) 0.81 (0.55, 1.19) 0.82 (0.55, 1.22) 0.81 (0.55, 1.19) 

     Telmisartan  0.64 (0.29, 1.44) 0.77 (0.34, 1.72) 0.46 (0.15, 1.46) 0.77 (0.34, 1.72) 

     Valsartan  1.00 (0.76, 1.31) 1.07 (0.82, 1.40) 1.12 (0.85, 1.48) 1.39 (0.77, 2.49) 

Aliskiren 2.68 (1.26, 5.68) 2.74 (1.30, 5.81) 2.87 (1.34, 6.14) 2.74 (1.30, 5.81) 

     

Serious angioedema     

ACEIs  3.93 (2.74, 5.63) 3.69 (2.56, 5.30) 3.87 (2.64, 5.69) 3.69 (2.56, 5.30) 

ARBs  0.55 (0.24, 1.28) 0.59 (0.26, 1.38) 0.46 (0.18, 1.19) 0.58 (0.21, 1.60) 

     Candesartan  -- --  -- -- 

     Eprosartan  -- --  -- -- 

     Irbesartan  -- --  -- -- 

     Losartan  1.37 (0.41, 4.55) 1.36 (0.41, 4.50) 1.21 (0.33, 4.42) 1.36 (0.41, 4.50) 

     Olmesartan  0.80 (0.10, 6.20) 0.67 (0.09, 5.13) 0.67 (0.09, 5.13) 0.67 (0.09, 5.13) 

     Telmisartan  -- --  -- -- 

     Valsartan  1.15 (0.33, 4.00) 1.49 (0.42, 5.27) 0.75 (0.15, 3.69) 1.34 (0.22, 8.03) 

Aliskiren 8.67 (1.11, 67.62) 7.04 (0.92, 54.20) 7.04 (0.92, 54.20) 7.04 (0.92, 54.20) 
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Table A5. Propensity score-adjusted MS-wide HRs of angioedema and serious angioedema using β-
blockers as the referent group, 3/5/2001–12/31/2010 * 

Drug 
The case-centered 

approach 

Inverse variance-
weighted fixed-

effect meta-
analysis 

N-weighted fixed-
effect meta-

analysis 

Random-effects 
meta-analysis 

Angioedema     

ACEIs  2.94 (2.65, 3.27) 2.84 (2.55, 3.15) 2.92 (2.62, 3.263) 2.81 (2.33, 3.38) 

ARBs  1.17 (0.97, 1.41) 1.17 (0.97, 1.41) 1.21 (1.00, 1.472) 1.26 (0.98, 1.63) 

     Candesartan  1.24 (0.31, 4.99) 1.51 (0.37, 6.09) 1.07 (0.23, 5.045) 1.51 (0.37, 6.09) 

     Eprosartan  -- --  -- -- 

     Irbesartan  0.97 (0.53, 1.78) 0.96 (0.52, 1.76) 0.90 (0.47, 1.70) 0.96 (0.52, 1.76) 

     Losartan  1.76 (1.33, 2.32) 1.78 (1.35, 2.35) 1.77 (1.32, 2.37) 1.78 (1.35, 2.35) 

     Olmesartan  0.87 (0.59, 1.29) 0.86 (0.58, 1.27) 0.88 (0.59, 1.31) 0.86 (0.58, 1.27) 

     Telmisartan  0.68 (0.30, 1.52) 0.80 (0.35, 1.80) 0.49 (0.16, 1.55) 0.80 (0.35, 1.80) 

     Valsartan  1.07 (0.81, 1.41) 1.12 (0.85, 1.47) 1.17 (0.89, 1.55) 1.42 (0.77, 2.61) 

Aliskiren 2.83 (1.33, 6.00) 2.83 (1.33, 6.01) 2.96 (1.38, 6.37) 2.83 (1.33, 6.01) 

     

Serious angioedema     

ACEIs  4.40 (2.74, 5.63) 3.93 (2.70, 5.71) 4.21 (2.84, 6.25) 3.93 (2.70, 5.71) 

ARBs  0.55 (0.24, 1.28) 0.60 (0.25, 1.43) 0.46 (0.17, 1.21) 0.59 (0.22, 1.60) 

     Candesartan  -- --  -- -- 

     Eprosartan  -- --  -- -- 

     Irbesartan  -- --  -- -- 

     Losartan  1.37 (0.41, 4.55) 1.17 (0.34, 3.97) 0.99 (0.26, 3.75) 1.17 (0.34, 3.97) 

     Olmesartan  0.80 (0.10, 6.20) 0.80 (0.10, 6.36) 0.80 (0.10, 6.36) 0.80 (0.10, 6.36) 

     Telmisartan  -- --  -- -- 

     Valsartan  1.15 (0.33, 4.00) 1.50 (0.41, 5.48) 0.75 (0.15, 3.79) 1.35 (0.21, 8.54) 

Aliskiren 8.67 (1.11, 67.62) 8.53 (1.08, 67.41) 4.21 (2.84, 6.25) 8.53 (1.08, 67.41) 

* Adjusted for age, sex, diagnosis of allergic reactions, diabetes, heart failure, and ischemic heart disease, use of prescription non-steroidal anti-
inflammatory drugs, and Data Partner site. 

 


