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Important questions concerning the comparative effective-
ness of angiotensin-converting enzyme (ACE) inhibitors
and angiotensin II receptor blockers (ARBs) remain unan-
swered, including whether they are equally effective in
reducing clinical end points and in which populations. An
incident cohort of adult patients 18 years and older pre-
scribed an ACE inhibitor or ARB between 2001 and 2008
was identified from Geisinger Clinic, a large community-
based set of medical practices that uses a common elec-
tronic health record. Propensity score matching was used
to balance the groups on baseline factors. The authors
examined differences in mortality and new-onset coronary
disease, chronic kidney disease, stroke, and diabetes for
different patient subgroups based on sex and age. A total

of 25,035 hypertensive patients newly prescribed an ACE
inhibitor or ARB were identified. No differences were found
in risk of death, coronary disease, chronic kidney disease,
or stroke between those prescribed ACE inhibitors and
those prescribed ARBs. Patients prescribed ARBs had a
greater rate of new-onset diabetes (hazard ratio [HR], 1.28;
confidence interval [CI], 1.08–1.52), and this was especially
true for women (HR, 1.93; CI, 1.22–3.07). Within a large
medical-practice based population, there was no evidence
of differential effectiveness between ACE inhibitors and
ARBs for most outcomes, with diabetes being the notable
exception. J Clin Hypertens (Greenwich). 2012; 14:407–
414. �2012 Wiley Periodicals, Inc.

Hypertension is the most common primary diagnosis
from office visits in the United States and affects
one-third of adults older than 20 years.1,2 Randomized
trials have shown that both angiotensin-converting
enzyme (ACE) inhibitors and angiotensin II receptor
blockers (ARBs) are effective in reducing blood pres-
sure (BP) in patients with hypertension. Three recent
meta-analyses have compared ACE inhibitors and
ARBs, one before3 and two after4,5 publication of The
Ongoing Telmisartan Alone and in Combination with
Ramipril Global Endpoint Trial (ONTARGET).6 The
earlier meta-analysis found no differences in biochemi-
cal parameters (including glucose control) but
acknowledged that there were too few cardiovascular
(CV) outcomes to allow specific comment. The first of
the latter meta-analyses, which included 31,632
patients treated with an ARB compared with 18,292
patients treated with an ACE inhibitor found an 8%
reduction in stroke favoring ARBs and no differences
in myocardial infarction (MI), CV death, or death
from any cause.4 ACE inhibitors and ARBs are some-
times prescribed to control the progression of chronic
kidney disease (CKD) or diabetes and have been
shown to reduce the risk of new-onset diabetes.6

The most recent meta-analysis found that both ACE

inhibitors and ARBs reduced the risk of new-onset
diabetes compared with placebo, but the size of the
effect was similar.5 ACE inhibitors and ARBs are very
similar in their magnitude of proteinuria reduction,
but recent trials such as ONTARGET6 and Telmisar-
tan Randomized Assessment Study in ACE Intolerant
Subjects with Cardiovascular Disease (TRANSCEND)7

have failed to link antiproteinuric effects to CV bene-
fit. Matchar and colleagues3 noted that evidence for
the comparative effectiveness of ACE inhibitors and
ARBs is lacking for patient subgroups and longer-term
effects.

We sought to examine the comparative effectiveness
of ACE inhibitors vs ARBs in reducing rates of death,
new-onset diabetes, stroke, CKD, and coronary artery
disease (CAD), both overall and among subgroups of
patients defined by age and sex. While randomized tri-
als have provided evidence about the comparative
effectiveness of ACE inhibitors and ARBs, our obser-
vational study reflects the use of these agents in
routine clinical practice, and the large sample size
allows for looking at longer-term effects and subgroup
analyses.

METHODS
We conducted a propensity score–matched inception
cohort study of adult hypertensive patients receiving
an ACE inhibitor or ARB using data from the elec-
tronic health record (EHR) of Geisinger Clinic. Gei-
singer Clinic provides care to patients in a 31-county
region of Central and Northeastern Pennsylvania. The
base population in the Geisinger Clinic service area is
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stable, with an out-migration rate of only 4% over
5 years. Forty-six percent of the patient population is
older than 45 years and 21% are older than 65. The
population is 41% male and 95% Caucasian. Geising-
er uses the EPICare EHR (Epic, Verona, WI) in all
inpatient and outpatient practice sites. Geisinger’s EPI-
Care system requires that each medication prescription
be linked to an International Statistical Classification
of Diseases and Related Health Problems–Ninth Revi-
sion (ICD-9) coded diagnosis.

Adult (18 years and older) patients were considered
hypertensive if they met at least one of the following
study inclusion criteria between January 1, 2001, and
December 31, 2008: (1) Ever had �2 outpatient
encounters with a hypertension diagnosis (ICD-9
401.*)404.*); (2) ever had �2 serial elevated BPs (sys-
tolic �140 mm Hg or diastolic �90 mm Hg); (3) ever
had �1 medication ordered with an associated ICD-9
code 401.*)404.*; or (4) ever had a hypertension
diagnosis appear on the problem list. The medication
orders for these patients were queried to identify the
subset ever prescribed an ACE inhibitor (benazepril,
captopril, enalapril, fosinopril, lisinopril, moexipril,
perindopril, quinapril, ramipril, trandolapril) or ARB
(candesartan, eprosartan, irbesartan, losartan, olmesar-
tan, telmisartan, valsartan). We then excluded patients
in whom the definition of hypertension was met more
than 1 week after the first outpatient prescription for
ACE inhibitor and ⁄ or ARB. In order to create an inci-
dent cohort of new users of ACE inhibitors or ARBs,
the study sample was limited to patients who were
active in the Geisinger Health System for at least
6 months prior to the first ACE inhibitor or ARB
order (ie, the ‘‘index order’’ and ‘‘index date’’).
Patients with both an ACE inhibitor and ARB pre-
scription on the index date were excluded.

Baseline variables are listed in Table I. For disease
variables, we required either 2 outpatient encounter
diagnoses or 1 medication order with the ICD-9
code(s) of interest or where the disease appeared on
the problem list for that visit. We counted the patients
as having the disease if it was observed at any time
prior to the index date. Whenever 2 encounter diagno-
ses were used, the earliest of the 2 dates were assigned
as the date of diagnosis. For BP, body mass index,
pulse, and laboratory values, we used the most recent
value prior to (or on) the index date. Laboratory val-
ues are frequently unobserved in EHR data, simply
because they were never ordered during the observa-
tion period. However, whether a laboratory report
was ordered might itself be informative. We, therefore,
created an indicator variable that a given laboratory
was observed (eg, ‘‘low-density lipoprotein observed’’
in Table I) and a variable that is the value of the labo-
ratory test itself, if observed, and equal to 0 otherwise
(eg, ‘‘low-density lipoprotein value’’ in Table I). This
results in no variables with missing values, and is valid
if the values from laboratory reports that would have
occurred if, contrary to fact, they had been ordered,

do not affect the treatment decision or the outcome.
We emphasize that the indicator of a laboratory pro-
file being ordered and the resulting laboratory value,
but not the result of any laboratory that was not
ordered, is the same information that the patient and
physician would have at the time of a treatment
decision.

Glomerular filtration rate (GFR) was estimated
using the Modification of Diet in Renal Disease for-
mula.8 We also created a variable that was a count
of the number of encounters in the year prior to the
index date, which is intended to capture recent utili-
zation. To account for variations in the index date,
we created a variable that was the time (in years)
between the index date and the final date of obser-
vation (December 31, 2008). In addition to variables
identified a priori, we also rank-ordered lists of all
diagnoses and all drugs in the ACE inhibitor and
ARB groups to identify additional potential con-
founding factors.

To estimate the propensity score (ie, the predicted
probability of new ARB vs ACE inhibitor given base-
line variables),9 we fitted a logistic regression model
using the baseline variables listed in Table I. Unob-
served laboratory data were handled using the
approach described above. The propensity score was
estimated using PROC GAM in SAS (SAS Institute
Inc, Cary, NC), which allows for nonlinear relation-
ships in the regression model. We attempted to match
each patient taking an ARB to a patient taking an
ACE inhibitor using 1:1 matching based on logit of
the propensity score, using a greedy match algorithm
(gmatch macro for SAS, Mayo Clinic College of Medi-
cine http://ndc.mayo.edu/mayo/research/biostat/upload/
gmatch.sas; last assessed July 14, 2010). A maximum
caliper of 0.2 times the standard deviation of logit of
the propensity score was used, to ensure similarity of
matched patients.10

To assess balance before and after matching, we cal-
culated a standardized difference between ACE inhibi-
tor and ARB groups for each covariate. The
standardized difference is the absolute difference in
sample means divided by the square root of the
average standard deviation in the two groups. Unlike
P values, the standardized difference does not depend
on the sample size and has been advocated as a pre-
ferred measure of balance.10 Standardized differences
of <0.1 have been suggested as suggesting possible
nontrivial imbalance.11 For continuous covariates, we
also calculated a variance ratio,12 with values close to
1, suggesting similar variability in the variable between
groups.

Similar to an intention-to-treat analysis, we chose to
focus on the initial decision and ramifications of
choosing an ACE inhibitor or ARB. Thus, patients
remained in their index class group regardless of
whether they later switched treatments.

We studied the following events of interest: all-
cause mortality, stroke, CAD, diabetes, and CKD.
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TABLE I. Propensity Score Matching

Before Matching After Matching

ARB (n=3207)

ACE Inhibitor

(n=19,337) SD VR ARB (n=3207)

ACE Inhibitor

(n=3207) SD VR

Female 38.2% 50.2% .24 38.2% 38.2% .00

Race, white 98.3% 97.9% .03 98.3% 98.4% .00

Race, black 0.9% 1.0% .01 0.9% 1.0% .01

Race, other 0.7% 1.0% .03 0.7% 0.6% .02

Age 67.8 (13.3) 65.4 (13.7) .18 0.94 67.8 (13.3) 67.7 (13.2) .01 0.99

BMI 32.1 (7.0) 31.9 (7.0) 0.04 1.02 32.1 (7.0) 32.3 (7.4) .02 1.10

Encounters in the past year, No. 5.7 (5.5) 5.7 (5.5) 0.00 0.98 5.7 (5.5) 5.7 (5.5) .00 1.00

Years between ACE-ARB date

and data pull

5.3 (1.8) 4.8 (1.9) 0.24 0.91 5.3 (1.8) 5.2 (1.8) .01 1.02

Systolic BP 143.7 (20.6) 144.2 (20.2) 0.03 1.05 143.7 (20.6) 143.8 (21.0) .00 1.04

Diastolic BP 80.9 (12.0) 81.9 (12.5) 0.09 0.93 80.9 (12.0) 80.7 (12.4) .01 1.05

Pulse 74.2 (11.7) 74.2 (12.2) 0.00 0.92 74.2 (11.7) 74.0 (11.9) .02 1.04

BUN observed 86.0% 88.5% 0.08 86.0% 85.3% .02

BUN value 18.7 (9.0) 17.5 (7.2) 0.16 1.55 18.7 (9.0) 18.4 (8.3) .04 0.85

LDL observed 72.2% 78.5% 0.15 72.2% 70.4% .04

LDL value 110.4 (34.7) 110.7 (34.1) 0.01 1.03 110.4 (34.7) 110.2 (34.0) .01 0.96

HDL observed 72.2% 78.4% 0.14 72.2% 71.0% .03

HDL value 51.3 (14.8) 50.4 (14.7) 0.06 1.01 51.3 (14.8) 51.2 (14.9) .01 1.02

Cholesterol observed 73.7% 80.1% 0.15 73.7% 72.4% .03

Cholesterol value 196.5 (41.7) 195.1 (41.1) 0.03 1.02 196.5 (41.7) 197.1 (42.0) .02 1.02

GFR observed 38.3% 47.3% 0.18 38.3% 38.4% .00

GFR <15 0.7% 0.5% 0.03 0.7% 0.7% .00

GFR 15–30 2.0% 0.7% 0.12 2.0% 1.2% .06

GFR 30–60 20.5% 13.3% 0.19 20.5% 20.8% .01

GFR >60 76.7% 85.5% 0.23 76.7% 77.2% .01

HbA1c observed 0.32 0.35 0.08 31.6% 32.1% .01

HbA1c value 7.0 (1.4) 7.1 (1.5) 0.07 0.84 7.0 (1.4) 7.0 (1.4) .02 1.04

Triglycerides observed 71.4% 77.6% 0.14 71.4% 70.2% .03

Triglycerides value 184.2 (112.0) 180.7 (130.2) 0.03 0.74 184.2 (112.0) 187.2 (111.8) .03 1.00

Potassium observed 86.2% 89.0% 0.08 86.2% 85.7% .01

Potassium value 4.3 (0.45) 4.3 (0.43) 0.04 1.09 4.3 (0.45) 4.3 (0.43) .01 0.92

Prior use of b-blockers 26.8% 26.7% 0.00 26.8% 26.6% .00

Prior use of calcium channel blockers 17.4% 12.4% 0.14 17.4% 17.7% .01

Prior use of thiazides 16.5% 21.2% 0.12 16.5% 15.9% .02

Comorbidity history

Hyperlipidemia 53.6% 54.3% 0.01 53.6% 52.4% .02

Ischemic HD 19.0% 18.5% 0.01 19.0% 18.9% .00

Asthma 9.3% 8.0% 0.04 9.3% 8.4% .03

COPD 6.7% 6.1% 0.03 6.7% 6.3% .02

CKD 3.4% 1.9% 0.09 3.4% 3.4% .00

MI 1.2% 1.7% 0.04 1.2% 1.2% .00

CHF 5.9% 5.2% 0.03 5.9% 5.8% .01

PVD 3.9% 4.0% 0.00 3.9% 3.6% .01

CVD 8.6% 7.7% 0.03 8.6% 9.1% .02

Chronic pulmonary disease 15.6% 14.5% 0.03 15.6% 14.4% .03

Connective tissue disease-rheumatic

disease

3.3% 2.6% 0.05 3.3% 3.2% .01

Diabetes 24.9% 28.1% 0.07 24.9% 26.2% .03

Cancer 9.6% 10.9% 0.04 9.6% 9.5% .00

CAD 17.6% 17.0% 0.01 17.6% 17.6% .00

Cardiomyopathy 0.7% 0.8% 0.02 0.7% 0.7% .01

Atrial fibrillation 5.0% 4.6% 0.02 5.0% 5.1% .01

Hypertensive heart disease with

heart failure

2.4% 1.6% 0.06 2.4% 2.1% .02
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Deaths were identified using the Social Security
Administration Death Master File. Stroke, CAD,
diabetes, and CKD were each examined only in
those free of that condition at the index date and
were identified using the following diagnoses appear-
ing on an outpatient encounter: stroke: 433.*1,
434.*1, 435, 436, 437.1*, or 437.9*; CAD: 414.*;
diabetes: 250.*; CKD: 585.*. To be classified as an
outcome, we required either two outpatient encoun-
ter diagnoses (and used earliest date as diagnosis
date) or one medication order with the ICD-9
code(s) of interest or where the disease appeared on
the problem list. Birman-Deych13 has reported posi-
tive predictive values �0.95 based on inpatient
ICD-9 codes for hypertension, stroke, CAD, and
diabetes. We relied on outpatient diagnoses because
all of the primary care patients used Geisinger out-
patient care but not all used Geisinger inpatient
care.

Cox proportional hazards models14 were used to
calculate hazard ratios (HRs) and 95% confidence
intervals (CIs), using ACE inhibitor users as the refer-
ence group. Patients were censored at the date of the
data pull or at 4 years (whichever came first). As a
sensitivity analysis, we also artificially censored
patients at 1 year of follow-up. For nonfatal outcomes,
patients were censored at their mortality date. To
account for matching, the model was stratified on the
matching identification variable. An overall model was
fitted for each outcome. We then fitted models strati-
fied by age categories and sex to investigate whether
there was treatment effect heterogeneity by demo-
graphic subgroups.

RESULTS
Data were acquired from 115,064 adult patients who
met criteria for hypertension during an outpatient
encounter or as an associated diagnosis on a medica-
tion order during a 7-year period (January 1, 2001,
through December 31, 2008; Figure 1). After exclud-

ing patients who did not meet �1 of the previously
described inclusion criteria, we were left with 113,281
(98.5%) patients. The medication orders for these
patients were queried, and 67,326 had an order for an
ACE inhibitor and ⁄ or an ARB. Sixty patients were
excluded because the first medication order occurred
at least 1 week prior to any signal for hypertension,
leaving 67,266 for further evaluation.

To create a new user cohort, the study sample was
limited to those who had been active Geisinger
patients for at least 6 months prior to the first ACE
inhibitor or ARB prescription. This resulted in 33,819
patients being considered in further analysis.

We excluded 11,275 patients because the first day
of an ACE inhibitor ⁄ ARB order occurred before the
first observed BP, the first diagnosis of hypertension,
or included orders for both an ACE inhibitor and an
ARB. Of the remaining 22,544 patients, 3207 were
ARB users.

The first 4 columns of Table I display summary sta-
tistics of the key covariates, stratified by ACE inhibitor
or ARB group, prior to matching. ARB users were
more likely to be men, older, have higher estimated
GFR, and to have prior calcium channel blocker
orders and less likely to have prior orders for thiaz-
ides. In addition, there were differences in the preva-
lence of orders for particular laboratory tests. ACE
inhibitor users were more likely to have cholesterol
measured. The ARB group was 38% female, compared
with 50% female in the ACE inhibitor group. The
probability of ARB use (with ACE inhibitor as refer-
ence) was modeled using logistic regression (Table I).
The odds of an ARB order was 1.57 times as high for
men compared with women (95% CI, 1.44–1.71) and
was the strongest predictor of ARB use. The only
other clinically significant effect size observed was for
prior use of thiazides, which had an OR of 0.70 (95%
CI, 0.63–0.78). The C statistic from the propensity
score model was 0.64, suggesting that the predictors
capture some of the variation in treatment assignment,

TABLE I. Propensity Score Matching (Continued)

Before Matching After Matching

ARB (n=3207)

ACE Inhibitor

(n=19,337) SD VR ARB (n=3207)

ACE Inhibitor

(n=3207) SD VR

Chronic pulmonary heart disease 0.4% 0.3% 0.02 0.4% 0.5% .00

Dysrhythmias 7.3% 6.6% 0.03 7.3% 7.1% .01

Respiratory symptoms 22.3% 22.9% 0.01 22.3% 22.9% .01

Stroke (hemorrhagic or ischemic) 4.3% 3.8% 0.03 4.3% 4.9% .03

Angina 2.0% 2.1% 0.01 2.0% 2.5% .04

Charlson score: 0 48.1% 46.9% 0.02 48.1% 48.2% .00

Charlson score: 1–3 48.8% 49.8% 0.02 48.8% 48.6% .00

Charlson score: 4+ 3.2% 3.4% 0.01 3.2% 3.2% .00

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BMI, body mass index; BP, blood pressure; BUN, serum
urea nitrogen; CAD, coronary artery disease; CHF, congestive heart failure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary
disease; CVD, cardiovascular disease; GFR, glomerular filtration rate; HbA1c, glycated hemoglobin; HD, heart disease; HDL, high-density lipoprotein;
LDL, low-density lipoprotein; MI, myocardial infarction; PVD, peripheral vascular disease; SD, standardized difference; VR, variance ratio.
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but much of the variation was determined by other
factors.

Logit of the propensity score, stratified by treatment
group, is displayed in Figure S1. There is a great deal
of overlap in the propensity score between the two
groups. As a result, we were able to propensity score–
match all of the ARB patients to an ACE inhibitor
patient, resulting in 3207 matched pairs. Summary
statistics for important covariates for the two groups
after matching are displayed in the last 4 columns of
Table I, which shows that matching resulted in large
increases in group similarities. In particular, the stan-
dardized differences are close to 0 and the variance
ratios are close to 1.

The person-time at risk and the number of events
for each outcome, stratified by treatment group, age,
and sex, are presented in Table II. Kaplan-Meier
survival curves were plotted for each outcome of inter-
est, stratified by ACE inhibitor–ARB group for each

outcome (Figure 2). The curves look very similar
between the two groups, with the exception that the
ARB group appeared to have shorter time-to-event
values for new-onset diabetes.

Table III displays HRs and 95% CIs. HRs >1 favor
ACE inhibitors and HRs <1 favor ARBs. For mortal-
ity, stroke, CAD, and CKD, the HR was close to 1
and the 95% CIs included 1, suggesting that ACE
inhibitor and ARB were associated with similar out-
come rates. For diabetes, the overall estimated HR
was 1.28 (95% CI, 1.08–1.52), suggesting that the
ARB group was at greater risk for diabetes. The esti-
mated HR for diabetes was 1.39 (95% CI, 1.09–1.77)
in men and 1.93 (95% CI, 1.22–3.07) in women,
although the evidence for a sex difference was not
strong (P=.32).

We repeated the analyses but with artificial censor-
ing at 12 months (thus, ensuring short-term follow-up
after the initial treatment decision). The results of this

FIGURE 1. Patient selection diagram. ACEI indicates angiotensin-converting enzyme inhibitor; ARB, angiotensin receptor blocker; OR, odds ratio.
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sensitivity analysis are displayed in Table SII. As in the
primary analysis, the HRs are not significantly differ-
ent from 0, except for diabetes (HR, 1.56; 95% CI,
1.18–2.06).

DISCUSSION
In a population of adults with hypertension from a
large health system in Pennsylvania, we compared
important clinical outcomes for patients taking ACE
inhibitors or ARBs. We found no evidence of differ-
ences in rates of death, stroke, CAD, or CKD among
users of these medications. A higher likelihood of
new-onset diabetes was observed for users of ARBs
relative to ACE inhibitors (HR, 1.28; 95% CI, 1.08–
1.52), especially among women (HR, 1.93; 95% CI,
1.22–3.07).

The finding of no differences between ARBs and
ACE inhibitors for mortality, CAD, CKD, and
stroke is consistent with ONTARGET6 and other
studies.15,16

Our finding of a differential effect of ACE inhibitor
vs ARB on diabetes incidence should be interpreted
with caution. One reason is that we investigated 5 dif-
ferent outcomes, both overall and for 4 different sub-
groups (all planned). Thus, even if ACE inhibitors and

ARBs were equally effective for all outcomes, we
would expect to find about 1 statistically significant
result (due to multiple comparisons). In addition, this
finding has not been consistently observed in other
studies. In a meta-analysis of placebo-controlled trials,
Tocci and colleagues5 found that both ACE inhibitors
and ARBs reduce the risk of new-onset diabetes,
although the size of the effect (OR, 0.8) was about
the same in the two groups. The ONTARGET trial,6

which followed 25,620 patients for a median of
56 months, found that the ARB alone group had
slightly higher incidence of new-onset diabetes than
the ACE inhibitor alone group, but the difference was
not statistically significant (relative risk, 1.12; 95% CI,
0.97–1.29). A potential explanation for fewer diabetes
occurrences in the ACE inhibitor users may be that
ACE inhibitors (but not ARBs) potentiate bradykinin
through blockade of kininase II (ie, ACE),17, 18 which
may improve insulin sensitivity.19

As stated previously, the majority of clinical trials of
ACE inhibitors and ARBs had follow-up times of
�4 months. For rare outcomes such as those studied
here, we would expect longer follow-up times to be
necessary in order to see a difference between groups.
For example, clinical experience suggests that the

TABLE II. Number of Events and Person-Time at Risk for Each Outcome, Stratified by Treatment Group and Age
and Sex Subgroups

Outcome

ARB ACE Inhibitor

Events, No. Person-Years at Risk Incidence Ratea Events, No. Person-Years at Risk Incidence Rate

Mortality 220 11,530 1.9 219 11,439 1.9

Age 50–65 29 3283 0.9 26 3402 0.8

Age 65+ 182 7065 2.6 189 6884 2.8

Male 116 7140 1.6 116 7340 1.6

Female 104 4390 2.4 103 4099 2.5

CAD 141 9289 1.5 150 9309 1.6

Age 50–65 35 2939 1.2 26 3033 0.9

Age 65+ 106 5330 2.0 119 5164 2.3

Male 81 5986 1.4 84 6348 1.3

Female 60 3303 1.8 66 2961 2.2

CKD 150 10,485 1.4 132 10,534 1.3

Age 50–65 20 3094 0.6 8 3279 0.2

Age 65+ 127 6270 2.0 120 6152 2.0

Male 89 6420 1.4 81 6728 1.2

Female 61 4065 1.5 51 3806 1.3

Diabetes 220 8223 2.7 182 8044 2.3

Age 50–65 57 2445 2.3 61 2384 2.6

Age 65+ 136 4826 2.8 102 4735 2.2

Male 136 5184 2.6 115 5265 2.2

Female 84 3039 2.8 67 2779 2.4

Stroke 94 11,066 0.8 87 11,047 0.8

Age 50–65 10 3226 0.3 9 3368 0.3

Age 65+ 83 6652 1.2 77 6527 1.2

Male 61 6839 0.9 52 7090 0.7

Female 33 4227 0.8 35 3957 0.9

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CAD, coronary artery disease; CKD, chronic kidney disease.
aIncidence rate is number of events per 100 person-years.
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onset of type 2 diabetes occurs slowly over many
months, and, in fact, our Kaplan-Meier curves
diverged only after 6 months.

STUDY STRENGTHS
This study had a number of strengths, including use
of a new-user cohort design,20, 21 propensity score
matching, and a stable study population. Finally, we
employed statistical methods (eg, first treatment car-
ried forward) similar to those of randomized trials.

STUDY LIMITATIONS
Despite the strengths of the study design described
above, there are potential limitations as well. First, we

examined only associations between what was
prescribed (medication orders) and relevant clinical
outcomes, as nonadherence and nonpersistence are not
accurately reflected by EHR data. We cannot, for
example, determine whether ACE inhibitors and ARBs
are equally effective among persistent users or if the
apparent similarity in outcomes is due to some combi-
nation of differential exposure and differential effec-
tiveness. Our intention-to-treat effect focuses instead
on the downstream effect of the initial decision to
treat with an ACE inhibitor or ARB, but not on mech-
anisms. Another limitation is that there could be vari-
ables that affect the treatment decision and the
outcomes that are not captured in the medical record

FIGURE 2. Cumulative distribution functions (1-Kaplan-Meier) for all outcomes, stratified by angiotensin-converting enzyme inhibitor (ACEI) or
angiotensin receptor blocker (ARB) group. OR indicates odds ratio; CAD, coronary artery disease; CKD, chronic kidney disease; ICD-9, International
Statistical Classification of Diseases and Related Health Problems–Ninth Revision.

TABLE III. Hazard Ratios (95% Confidence Interval) for ARB vs ACE Inhibitor for Study Outcomes, Stratified by
Subgroup

Mortality Stroke CAD Diabetes CKD

All 0.95 (0.82–1.09) 1.09 (0.87–1.35) 1.01 (0.84–1.22) 1.28 (1.08–1.52) 1.10 (0.92–1.32)

Age 50–65 1.60 (0.71–3.60) 2.00 (0.71–5.62) 1.14 (0.56–2.35) 0.73 (0.38–1.40) 3.00 (0.85–10.63)

Age 65+ 0.85 (0.70–1.02) 1.00 (0.75–1.34) 1.15 (0.87–1.52) 1.35 (1.03–1.77) 1.03 (0.81–1.32)

Male 1.02 (0.83–1.27) 1.13 (0.83–1.54) 1.19 (0.90–1.56) 1.39 (1.09–1.77) 1.19 (0.92–1.55)

Female 0.88 (0.63–1.21) 1.09 (0.61–1.95) 0.73 (0.46–1.15) 1.93 (1.22–3.07) 0.77 (0.53–1.13)

Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CAD, coronary artery disease; CKD, chronic kidney disease.
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(ie, unmeasured confounding). While we attempted to
minimize the risk of bias by including dozens of care-
fully selected potential confounders in the propensity
score model, there is still the possibility that important
variables were excluded. Similarly, while we controlled
for recent past medication use in the propensity score
model, we cannot capture the full history strictly from
medical records. Finally, the ascertainment of out-
comes was from outpatient medical records, which
may lead to some misclassification. However, we did
use standard and ⁄ or validated definitions for each
measure as published in peer-reviewed literature.13

Naturally, this disadvantage does not apply to the
analysis of all-cause death.

CONCLUSIONS
Results from this study can help guide clinician deci-
sion-making, as we compared ACE inhibitors and
ARBs on several key outcomes, with long follow-up
times, for patient subgroups defined by sex and age.
Our finding of a greater risk of new-onset diabetes
among ARB users relative to ACE inhibitor users, espe-
cially among women, warrants further investigation.
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