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Abstract

All national guidelines for the management of hypertension recommend angiotensin receptor
blockers (ARBSs) as an initial or add-on antihypertensive therapy. The 8 available ARBs have
variable clinical efficacy when used for control of hypertension. Additive blood pressure (BP)
lowering effects have been demonstrated when ARBs are combined with thiazide diuretics or
dihydropyridine calcium channel blockers, augmenting hypertension control. Furthermore,
therapeutic use of ARBs goes beyond their antihypertensive effects with evidence-based benefits
in heart failure and diabetic renal disease particularly among ACE inhibitor intolerant patients. On
the other hand, combining renin-angiotensin system blocking agents, a formerly common practice
among medical subspecialists focusing on the management of hypertension, have ceased to do so
as there is not only evidence of cardiovascular benefit, but modest evidence of harm, particularly
with regard to renal dysfunction. The ARBs are very well tolerated as monotherapy as well as in
combination with other anti-hypertensive medications that improve adherence to therapy and have
become a mainstay in the treatment of stage 1 and 2 hypertension.
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I. INTRODUCTION

Hypertension is a common disorder in adults around the globe and is among the most
common attributable causes of mortality (1). The goal of antihypertensive therapy is to
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maintain blood pressures of < 140/90 mmHg for most people (2—-7). Recent hypertension
guidelines recommend that diuretics, calcium channel blockers (CCBs), angiotensin receptor
blockers (ARBs) and ACE inhibitors are all appropriate initial antihypertensive therapies for
most people. In the USA, it is suggested that African-Americans with hypertension should
be started on diuretics or calcium channels blockers due to evidence-based clinical efficacy
results. In addition, the ACE inhibitors or ARBs are advocated for people with stage 1-I1
hypertension and type 1 or 2 diabetes (3).

The ARBs have been in clinical use since 1995 and are known to be effective
antihypertensive agent with excellent tolerability profiles. The ARBs have additive BP
lowering effects when combined with thiazide diuretics and dihydropyridine calcium
channel blockers without increasing adverse event rates. Furthermore, the ARBs have
proven mortality and morbidity effects in heart failure and chronic renal disease, particularly
when associated with type 2 diabetes. Concerns were raised surrounding the association of
ARBs with the development of solid cancers and coronary artery disease. These issues have
largely been dismissed by both clinicians and Food and Drug Administration (FDA)
regulators (8-10). Herein, we will review the pharmacology and pharmacokinetics of the
ARBs. We will also present pertinent research trials comparing the antihypertensive effects
and cardiovascular benefits of ARBs including the safety and tolerability issues
encountered.

IIl. PHARMACOLOGY OF THE ARBs

The renin-angiotensin-aldosterone system (RAAS) has been a major target pathway for the
development of antihypertensive medications. The four classes of medications that are
involved in this pathway include angiotensin converting enzyme (ACE) inhibitors,
angiotensin 11 receptor blockers (ARBS), aldosterone antagonists, and direct renin inhibitors.
The interest in this pathway is due to the action of angiotensin 11 on the vascular system,
renal sodium and water handling, and cellular proliferation (11). Inhibition of angiotensin
converting enzyme only partially inhibits the formation of angiotensin 1. Angiotensin 11
activates two types of angiotensin Il receptors (ATR) — ATR; and ATR,. The ATRy
receptors are abundant in the vessels, brain, heart, kidney, adrenal gland, and nerves while
ATR; are prominently expressed in the fetus but decrease in number during the postnatal
period where they are only available in small amounts in the adult kidney, adrenal gland,
heart, brain, uterus, and ovary (12). Activation of ATR; increases inositol triphosphate and
various arachidonic acid metabolites and decreases cyclic adenosine monophosphate. This
causes generalized vasoconstriction from contraction of vascular smooth muscle, increases
in aldosterone resulting in increased sodium reabsorption in the proximal tubule and cell
growth in the arteries and heart (11). Angiotensin Il also facilitates catecholamine release
from the adrenal medulla and nerve endings inducing sympathetic nervous system
hyperactivity (13). Thus, antagonizing ATR1 causes a reduction in both cardiac afterload
and preload (11). The antihypertensive property of ARBs is mainly due to a reduction of
peripheral vascular resistance (14). Angiotensin Il is believed to have an important
mechanistic role in promoting cardiovascular diseases unrelated to its effect in blood
pressure. Several animal studies showed that it causes cardiac hypertrophy even in the
absence of elevated blood pressure (15). Alderman et al found that individuals with high
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renin-sodium profile have greater risk of myocardial infarction than those with a normal or
low profile (16).

ATR; function remains unclear but its stimulation may inhibit cell growth, cell
differentiation, apoptosis and cause vasodilation (17). Animal studies show that AT,
receptor stimulation improves cardiac function and prevents cardiac remodeling post-
myocardial infarction (18).

The 8 ARBs approved for use in the USA and Europe are non-peptide compounds
characterized by having biphenyl, tetrazole, benzimidazole, or nonbiphenyl nontetrazole
groups (Table 1). Candesartan, olmesartan, irbesartan, losartan, and valsartan have a
common tetrazolo-biphenyl structure, candesartan and telmisartan have a common
benzimidazole group, and eprosartan has a non-biphenyl, nontetrazole chemical structure
(19). With the exception of irbesartan, all active ARBs have a free carboxylic acid group.
On the other hand, azilsartan medoxomil is structurally similar to candesartan except it has
5-0x0-1, 2, 4-oxadiazole in place of the tetrazole ring.

The ARBs have more affinity for ATR; than ATR, and can block the activities of
angiotensin Il on ATR; regardless of whether it was created from angiotensin converting
enzyme or other enzymes such as cardiac chymase. ATR; binding affinity is not directly
correlated with the anti-hypertensive effect of ARBs. All ARBs are insurmountable
antagonists except for losartan (14, 20). Higher concentrations of angiotensin Il cannot
overcome the effect of an insurmountable ARB but the impact of surmountability of ATy
blockade on final health outcomes has not been established (17).

lll. PHARMACOKINETIC CONSIDERATIONS

Table 1 lists the pharmacokinetic characteristics of the 8 available ARBs including half-life,
Tmax (time to maximum plasma concentration), bioavailability, elimination route, drug
interaction and cytochrome P450 metabolism (21-29). All ARBs increase renal reabsorption
of lithium so concomitant use with lithium should be avoided. Their maximum BP effects
occur in about 3-6 hours after administration (14, 19).

Losartan undergoes first pass metabolism in the liver via the cytochrome P450 (CYP)
system to form its active metabolite EXP3174, which is 10-40 times more potent than
losartan when given intravenously (14). Its dose must be decreased by half in patients with
severe hepatic impairment (30). Although food delays its absorption and reduces its peak
plasma concentration (Cmax), this is not clinically significant (14). Fluconazole, a CYP2C9
inhibitor, increases the half-life of EXP-3174 but reduces its biological creation from
losartan to a greater extent decreasing its area under the curve (AUC) and Cmax by 47% and
30%, respectively. Rifampin, a Uridine 5’-diphospho-glucuronosyltransferase (UDP)
glucuronosyl transferase and pan-CYP enzyme inducer, decreases the AUCs of losartan and
EXP-3174 by 35% and 40%, respectively. As such, any CYP2C9 enzyme inhibitors or
inducers may reduce the effectiveness of losartan and must be considered during drug
selection (30).
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Three of the ARBs (candesartan cilexetil, olmesartan medoxomil, azilsartan medoxomil) are
prodrugs and require activation in the gastrointestinal tract and liver to their active forms
(candesartan, olmesartan, and azilsartan, respectively) (31-33). The Cmax of olmesartan is
increased among elderly patients by 14% but this is not clinically significant. The mean area
under the curve (AUC) for olmesartan is also significantly increased among patients with
severe renal impairment (CrCl <20 mL/min) and while caution is advised, dose adjustment
is not recommended (32).

Eprosartan, irbesartan, telmisartan, and valsartan are not prodrugs and do not require
metabolic activation. Irbesartan has one of the highest bioavailabilities among the ARBs.
Irbesartan also exhibits nearly linear dose response with a plateau at 300mg (14, 17, 34).
Telmisartan is the longest acting angiotensin Il receptor blocker in the market with a mean
half-life of 24 hours. It has rapid onset of action of about 0.5 — 1.0 hour (14, 35).
Telmisartan co-administration with digoxin increases plasma digoxin level that may lead to
toxicity secondary to P-glycoprotein blockade (36). The bioavailability of valsartan is higher
in its solution formulation than in capsule form (37).

IV. EFFICACY OF ARBs

A. Blood Pressure Reductions with ARB Monotherapy

Table 2 provides a summary of the initial and maximum doses as well as the dosing
intervals for the ARBs (22-29). Antihypertensive efficacy is assessed by determining mean
BP reductions from baseline derived from the trough (end-of-dosing period) clinic BP
readings or from ambulatory BP measurements. Table 3 lists randomized controlled trials
directly assessing inter-agent antihypertensive effectiveness (38-55). The key findings
regarding comparative efficacy for ARB monotherapy trials are highlighted below.

In the CLAIM studies, candesartan cilexetil at doses of 16 and 32 mg/day were found to be
more potent than losartan at doses of 50 and 100 mg/day, respectively (38-39). Candesartan
16mg/day also reduced clinic BP to a greater extent than losartan 100 mg/day (39). In a trial
of olmesartan medoxomil 20 mg/day, ambulatory systolic BPs were lowered more than with
valsartan 80 mg/day and losartan 50 mg/day and similarly to irbesartan 150 mg/day (44).

Forced titration of telmisartan from 40 mg and 80 mg/day has been observed to be more
efficacious in reducing BP than losartan 50 mg and 100 mg/day (48). In a small study
evaluating telmisartan 80 mg/day, less BP reduction was observed compared with valsartan
160 mg/day following 12 weeks of therapy (49). Much larger controlled trials have found
that telmisartan 80 mg/day was superior to valsartan 160 mg/day (56). Furthermore, during
the last 6 hours of the once daily dosing periods, telmisartan 80 mg/day lowered both
systolic and diastolic BP to a greater extent than valsartan 160 mg/day (50).

Irbesartan 300 mg/day but not 150 mg/day has been found to have superior antihypertensive
effects to losartan 100 mg/day (51). Irbesartan 150 mg/day did demonstrate greater BP
reductions than valsartan 80 mg/day (52). Azilsartan medoxomil 40 mg/day was found to be
equivalent to olmesartan 40 mg/day but superior to valsartan 320 mg/day while the
antihypertensive effect of azilsartan 80 mg/day was superior to both valsartan 320 mg/day
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and olmesartan 40 mg/day using ambulatory systolic BP as the primary efficacy endpoint
(53). Eprosartan at 600 and 1200 mg/day significantly reduces BP compared to placebo but
has not been studied in comparison with other ARBs (57).

B. Blood pressure Reductions with Combination Therapies

Most hypertension guidelines recommend that combination therapy should be used as initial
therapy in stage 2 hypertension or in those patients for whom a single agent does not result
in hypertension control. Fixed-dose combination (FDC) pills containing ARBs/diuretics and
ARBs/amlodipine are increasingly used in the United States. Diuretic administration leads to
activation of the renin-angiotensin system and ARBs blunt this effect allowing for the
maximum benefit from diuretic-induced sodium depletion. This complementary action
improves tolerability since the dose of the components may be lowered (58). The addition of
ARBs also mitigates the negative metabolic effects associated with diuretics including
hypokalemia, hyperuricemia, and glucose intolerance (59).

Similarly, the combination of ARBs with amlodipine has been shown to be highly effective
and well-tolerated as FDCs. The dihydropyridine calcium antagonists can cause peripheral
edema secondary to arterial vasodilatation induced increases in capillary hydrostatic
pressure. The ARBs normalize capillary hydrostatic pressure by improving venous return to
the heart and hence counteract the effect of amlodipine in a large proportion of individuals
with edema. Fogari et al showed that amlodipine alone causes increase in ankle-foot volume
and pretibial subcutaneous tissue pressure and the addition of an ARB significantly
attenuated these effects (60).

Tables 4 and 5 list the randomized controlled trials assessing the efficacy of combination
therapies of the ARBs with diuretics and the ARBs with amlodipine versus their component
single therapies (61-77). The key findings regarding comparative efficacy for ARB
combination therapy trials are highlighted below.

In the 9 trials assessing the impact of adding a thiazide diuretic to an ARB versus the
diuretic alone, combination therapy reduced the systolic and diastolic BPs significantly
greater than diuretic monotherapy (at equivalent doses) after 6 to 12 weeks (62—69, 77). In
one trial the addition of 12.5 mg/day of hydrochlorothiazide (HCTZ) to candesartan 16
mg/day resulted in similar BP reductions as candesartan at 32 mg/day (61).

There are 3 approved ARB/amlodipine FDCs including olmesartan/amlodipine, telmisartan/
amlodipine and valsartan/amlodipine. Trials showed that the addition of amlodipine to an
ARB resulted in greater BP reductions compared to each component at similar doses. More
patients in the combination therapy groups responded to achieve the target BP compared
with component monotherapies and with comparable adverse events (72-75). Trials
performed in South Korea and Japan have also shown beneficial effects of adding
amlodipine to losartan and candesartan but these combinations of losartan/amlodipine and
candesartan/amlodipine are not approved in the U.S. (76-77).

Management of hypertension in African-Americans, those with chronic kidney disease, and
isolated systolic hypertension in older people are often challenging (78). In ALLHAT, about
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31.5% of black men vs 27.2% of non-black men, and 27.2% of black women vs 24.5% of
non-black women are taking 3 or more antihypertensive medications (79). These more
complicated patient populations have led to the development of FDCs with 3 classes of
antihypertensives comprised of a thiazide diuretic, ARB, and dihydropyridine calcium
antagonist. The randomized controlled trials assessing the efficacy of these ‘triple’ FDCs
versus their monotherapeutic components are shown in Table 6 (80-81).

Calhoun and colleagues published the first large-scale randomized, controlled trial involving
patients with stage I-11 hypertension (entry BPs = 145/100 mmHg) assessing the efficacy of
triple therapy with valsartan, amlodipine and hydrochlorothiazide versus dual therapy with
its components. The valsartan/amlodipine/HCTZ combination resulted in mean changes
from baseline in BP of 39.7/24.7 mmHg, at maximum doses of each component. The triple
therapy was statistically superior to dual therapies (p<0.0001 for triple therapy vs.
amlodipine/HCTZ, amlodipine/valsartan, and valsartan/HCTZ). At 8 weeks of therapy,
70.8% of patients in the triple therapy achieved control, 48.3% for valstartan/HCTZ, 54.1%
for amlodipine/valsartan, and 44.8% for amlodipine/HCTZ (all p<0.0001) (80).

The TRINITY trial involved 2,492 randomized patients and showed that triple therapy with
olmesartan/amlodipine/HCTZ at 40/10/25 mg/day resulted in a 37/22 mmHg reduction in
mean BP compared to 27.5/15 mmHg, 30/17 mmHg, 30/18 mmHg blood pressure
reductions in amlodipine/HCTZ 10/25mg/day, olmesartan/HCTZ 40/25mg/day, olmesartan/
amlodipine 40/10mg/day dual therapies, respectively (all p<0.001). After week 12, 69.9% in
the triple therapy achieved goals of BP <140/90 mmHg or <130/80 mmHg for patients with
diabetes or chronic kidney disease compared with 41.1%, 53.4%, and 52.9% of the
amlodipine/HCTZ, olmesartan/HCTZ, olmesartan/amlodipine combinations, respectively
(all p<0.001) (81). This more effective reduction in BP with triple therapy was not affected
by race/ethnicity, body weight, or presence of type 2 diabetes mellitus (82—-84).

V. USE OF MULTIPLE RENIN-ANGIOTENSIN BLOCKERS

A meta-analysis comprising 38 randomized controlled trials showed no mortality benefit
associated with dual ARB and ACE inhibitor therapy and did reveal an increase in non-fatal
adverse events including hyperkalemia [potassium level =6.0 mmol/L; RR 1.66 [95% ClI,
1.38 to 1.98), p<0.001], hypotension [RR 1.66; (95% CI, 1.38 to 1.98), p<0.001] and
increased risk of decline in renal function [creatinine >2.0 mg/dL; RR 1.41 (95% CI 1.09 to
1.84), p=0.01] versus ARB or ACE inhibitor therapy alone (85).

ONTARGET (Ongoing Telmisartan Alone and in Combination With Ramipril Global End
Point Trial) showed that although telmisartan/ramipril combination reduced progression of
proteinuria in patients with vascular disease [HR 0.76 (95% CI 0.60 to 0.96), p=0.019
combination vs ramipril], the composite primary renal outcome [dialysis, doubling of
creatinine, and death; hazard ratio (HR) 1.09, (95% CI 1.01 to 1.18); p=0.037] was actually
increased with the combination therapy versus ramipril alone (86).

Similarly, in the ALTITUDE (Aliskiren Trial in Type 2 Diabetes Using Cardio-Renal
Endpoints) trial, the direct renin inhibitor aliskiren or placebo was added to either a
background therapy of ACE inhibitor or ARB was terminated prematurely due to lack of
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benefit and increase in hyperkalemia (potassium level = 6.0mm/L, 11.2% for aliskerin arm,
7.2% for placebo arm, p<0.001) and reported hypotension (12.1% for aliskerin arm vs. 8.3%
placebo arm, p<0.001) (87).

VI. ARBs AND CARDIOVASCULAR OUTCOMES IN PATIENTS WITH
HYPERTENSION

Data from the INTERHEART trial (Effect of potentially modifiable risk factors associated
with myocardial infarction) showed that hypertension is one of the top risk factors for acute
myocardial infarction with an odds ratio of 2.48 (99% ClI, 2.30-2.68). Other risk factors
identified in this population study included current smoking, raised ApoB/ApoAl, history of
diabetes and psychosocial factors (88).

In the LIFE (Losartan Intervention for Endpoint Reduction in Hypertension) trial, losartan
was found to reduce cardiovascular morbidity and death by 13% compared to the beta-
blocker atenolol (p=0.021) despite similar reductions in BP among hypertensive patients
with left ventricular hypertrophy (17). Losartan also reduced the incidence of fatal and
nonfatal stroke by 25% compared to atenolol (p=0.002). If contrast, losartan did not reduce
cardiovascular mortality or myocardial infarction compared to atenolol (89). In the VALUE
(Valsartan Antihypertensive Long-term Use Evaluation) trial, valsartan did not show an
advantage over amlodipine in reducing cardiac mortality and morbidity. However, in
VALUE there was an unexpected difference in BP control, particularly during the first year
of the study with the amlodipine arm resulting in a 17.3/9.9 mmHg versus 15.2/8.2 mmHg in
those randomized to valsartan, respectively, p<0.0001). These differences likely contributed
to the finding that cardiac events were significantly higher in the valsartan arm (90).

In the SCOPE (Study on Cognition and Prognosis in the Elderly) trial involving 4964
participants aged 70-89 years old with hypertension, candesartan (versus placebo) did not
result in significant risk reduction in major cardiovascular event including myocardial
infarction and cardiovascular mortality but nonfatal stroke was reduced by 27.8% (95% ClI,
1.3t0 47.2, p=0.04) (91).

TRANSCEND (Telmisartan Randomised Assessment Study in ACE Intolerant Subjects
with Cardiovascular Disease) evaluated high-risk patients intolerant to ACE inhibitors with
prior history of cardiovascular disease or diabetes mellitus without heart failure, with about
70% of the participants being hypertensive. Patients were randomized to telmisartan or
placebo added to standard of care therapy (excluding a renin-angiotensin blocking therapy).
After 56 months of follow-up, telmisartan resulted to fewer major cardiovascular events
compared with placebo (15.7% versus 17.0%, respectively) but the result was not
statistically significant [HR 0.92 (95% Cl, 0.81 t01.05), p=0.216] (92).

VII. ANGIOTENSIN RECEPTOR BLOCKERS IN DIABETES AND KIDNEY
DISEASE

The ARBs have been used to reduce intraglomerular hypertension in patients with diabetic
nephropathy. By reducing the gradient within the glomerulus, the hypothesis is that fibrosis
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of the nephron will be averted. The IRMA 2 (Irbesartan in Patients with Type 2 Diabetes
and Microalbuminuria) trial showed that over 1 year in patients with hypertension, type 2
diabetes mellitus and microalbuminuria, fewer participants progressed to macroalbuminuria
in patients treated with irbesartan compared to placebo with hazard ratios (HR) of 0.30 in
the irbesartan 300 mg/day (95% CI, 0.14 to 0.61; P< 0.001) and 0.61 in the irbesartan 150
mg/day (95% ClI, 0.34 to 1.08; p=0.08) (93).

The MARVAL trial (Microalbuminuria Reduction With Valsartan in Patients With Type 2
Diabetes Mellitus) compared the anti-proteinuric effects of valsartan and amlodipine in
patients with type 2 diabetes and microalbuminuria. Both arms targeted a blood pressure of
135/85 mmHg. The urine albumin excretion rate at 24 weeks with valsartan 80 mg/day was
56% of baseline compared to 92% of baseline with amlodipine 5 mg/day (p<0.001).
Additionally, more patients reversed to normoalbuminuria with valsartan compared with
amlodipine (29.9% versus 14.5%, respectively; p<0.001) (94).

The RENAAL (Reduction of Endpoints in NIDDM with the Angiotensin Il Antagonist
Losartan) trial included patients with Type 2 diabetes mellitus with nephropathy. Losartan
reduced the incidence of doubling of serum creatinine (risk reduction, 25%; p=0.006) with
35% reduction in proteinuria and reduced incidence of end-stage renal disease (risk
reduction 28%; p=0.002) versus placebo but without mortality benefit. Except for lowering
the rate of first hospitalization from heart failure (risk reduction of 32%; p=0.005), the
composite of morbidity and mortality from cardiovascular causes was similar between
losartan therapy and placebo after 3.4 years of therapy (95).

In the IDNT (Irbesartan Diabetic Nephropathy Trial) involving hypertensive patients with
diabetic nephropathy, the irbesartan arm had a 37% lower risk of doubling the serum
creatinine versus the amlodipine arm (p<0.001) and 33% lower than the placebo group
(p=0.003). Development of end stage renal disease was nominally lower with irbesartan use
compared with amlodipine use and placebo but it did not reach statistical significance
(p=0.07) (96).

VIIl. ANGIOTENSIN RECEPTOR BLOCKERS IN POST-MYOCARDIAL
INFARCTION AND HEART FAILURE

Angiotensin blockade is a major therapeutic strategy in patients with heart failure by
providing a balanced reduction in preload and afterload when reduced systolic function
occurs post-ischemic event or due to non-ischemic cardiomyopathy. The ARBs have been
compared in a number of trials to the ACE inhibitors in patients with systolic heart failure.
In ELITE Il (Losartan Heart Failure Survival Study), losartan 50 mg/day was not found to
be superior to captopril 150 mg/day (given in 3 doses) in reducing all-cause mortality in
heart failure patients with NYHA classes I1-1V and an LVEF < 40%. Of note,
approximately 80% of the patients in ELITE Il had ischemic causes of heart failure and 50%
were classified as NYHA class Il (mild-moderate). There was an average annual mortality
of 11.7% in the losartan arm versus 10.4% in the captopril arm [HR 1.13, (95% CI, 0.95 to
1.35), p=0.16]. In addition, 142 and 115 sudden deaths or resuscitated cardiac arrests were
recorded in the losartan and captopril groups, respectively [HR 1.24, (95% CI 0.97-1.59),
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p=0.08]. Not surprisingly, fewer patients discontinued treatment prematurely in the losartan
group compared to captopril due to adverse effects (9.7% compared with 14.7%
respectively, p=0.001) (97).

The VALIANT (Valsartan in Acute Myocardial Infarction) Study showed that valsartan was
as effective as captopril in reducing all-cause mortality among patients with history of acute
myocardial infarction [valsartan group versus captopril, HR 1.00 (97.5% CI, 0.90 to 1.11);
p=0.98] but the combination of captopril plus valsartan did not prove to be superior to the
monotherapy regimens (98). The OPTIMAAL (Optimal Trial in Myocardial Infarction with
the Angiotensin Il Antagonist Losartan) Study demonstrated that another ARB, losartan,
was comparable to captopril in reducing overall mortality in patients with history of
myocardial infarction and heart failure with left ventricular dysfunction (LVEF <35%) [RR
1.13 (95% Cl, 0.99 to 1.28), p=0.07] (99).

The CHARM (Candesartan in Heart failure Assessment of Reduction in Mortality and
Morbidity) study was actually composed of 3 trials —- CHARM Alternative (LVEF < 40%
and ACE intolerant) versus placebo, CHARM Added (LVEF < 40% to patients already on
ACE inhibitors) and CHARM Preserved (LVEF > 40%) and are also placebo controlled
(100). In the CHARM Alternative study, candesartan was associated with significant 23%
relative risk reduction in CV death or hospitalization for CHF with a number needed to treat
of about 14 patients (101). In CHARM Added, candesartan was associated with a significant
15% relative risk reduction of CV death or hospital admission with absolute risk reduction
of about 4% after 41 months of median follow-up. There was higher permanent
discontinuation rate in the candesartan group compared with placebo group (24% versus
18%, p=0.0003) due to adverse events including hyperkalemia and doubling of serum
creatinine. (102). In CHARM Preserved trial, there was no significant reduction in
cardiovascular mortality and morbidity in patients with preserved left ventricular function
receiving candesartan versus placebo after 36.6 months of follow-up (103).

Val-HeFT (Valsartan Heart Failure Trial), demonstrated beneficial effects of ARBs in heart
failure patients, particularly through those participants unable to tolerate ACE inhibitors.
Patients with chronic heart failure with New York Heart Association (NYHA) functional
classes of 11-1V were randomized to receive valsartan (target dose of 160 mg twice a day) or
placebo. The valsartan group had fewer combined end point of mortality and morbidity
defined by cardiac arrest with resuscitation, hospitalization for heart failure, or
administration of intravenous inotropic or vasodilator drugs [RR 0.87 (97.5% CI, 0.77 to
0.97); p=0.009]. There was also significant improvement in NYHA class, ejection fraction,
and quality of life in the valsartan arm compared to placebo (p<0.01). In contrast to
CHARM-added (102), the addition of valsartan to an ACE-inhibitor adversely affected
mortality (p=0.009) and had a trend toward increases in combined mortality and morbidity
(p=0.10) (104).

To date, there is no established specific therapy for heart failure associated with preserved
ejection fraction (HFpEF) other than maintaining good BP control and managing volume
status. As noted above in the CHARM-Preserved trial, there was no improvement in the
primary outcome for candesartan relative to placebo (103). A second and larger trial - I-
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PRESERVE - involved patients at least 60 years of age with NYHA class I1-1V and LVEF
of at least 45%. Irbesartan 300mg/day did not reduce mortality or hospitalization for any
cardiovascular cause compared to the control group. Rates of hospitalization due to
cardiovascular causes were 70.6 and 74.3 per 1000 patient-years in the irbesartan and
placebo groups, respectively [HR 0.95 (95% CI, 0.85 to 1.08), p=0.44] (105).

IX. SAFETY AND TOLERABILITY OF ARBs IN HYPERTENSION
A. Safety of the ARB Monotherapies

The ARBs have demonstrated excellent safety profiles alone and in combination with other
antihypertensive therapies during the past 20 years. The tolerability profiles of ARBs are
similar to placebo and superior to the ACE inhibitors. For example, the ACE inhibitors
increase the risk of cough two- to three-fold over placebo and may cause up to 0.1% — 0.2%
rates of angioedema which can be life threatening in a minority of the cases (106). Cough
and angioedema most likely result from the accumulation of bradykinin and substance P,
which are both degraded by ACE, and they recur with the reintroduction of the ACE
inhibitor or use of another ACE inhibitor (107). In a meta-analysis involving 11 randomized
controlled trials comparing the tolerability of ARBs versus ACE inhibitors, diuretics and
placebo, the cough risk of the ARBs was comparable to placebo [RR 1.01 (95% CI, 0.74 to
1.39) (108). Among patients intolerant to ACE inhibitors, angioedema was a rare event
among ARB users with an incidence of 0.12% versus 0.07% in the placebo arm [RR 1.62
(95% CI, 0.17 to 15.79)]. Compared to placebo, ARB use was associated with higher risk of
renal dysfunction, hypotension and hyperkalemia (107). Despite these findings,
discontinuation events were similar in patients treated with ARBs, diuretics [RR 1.50 (95%
Cl, 0.26 to 8.52)], or placebo [RR 0.99 (95%Cl, 0.84 to 1.17)] (108). Hence, the ARBs have
been demonstrated to be one of the better tolerated antihypertensive class with improved
persistence in the management of hypertension or other co-morbidities and the class that is
an appropriate option for patients who are intolerant to ACE inhibitors.

The most commonly reported adverse events in randomized controlled trials comparing
angiotensin receptor blockers to placebo include headache, respiratory infection, dizziness,
and fatigue. In these analyses, the rates of adverse events on ARBs were comparable to that
of placebo. Reported discontinuation rates in major ARB trials are low. For example,
Anderson and colleagues reported just 1.5% patients withdrew from their clinical study due
to adverse events (38). In a study comparing losartan and candesartan performed by Bakris
et al, 4 of the 654 patients (0.6%) on either candesartan or losartan required hospitalization
but none was considered treatment-related. Withdrawal from the study was rare and
comparable between treatment arms (55). Oparil et al reported 7 out of 588 (1.2%) patients
discontinuing from her study evaluating comparative efficacy and safety of olmesartan,
valsartan, and irbesartan due to adverse events including fatigue, malaise and cough (44). In
a similar trial, Giles et al reported 16.9%, 13.5%, 10.3% and 17.9% total discontinuations
for olmesartan, losartan, valsartan and placebo, respectively. Less than 1% of the
randomized patients reported serious adverse events and all were considered unrelated to the
medication (45).
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In 2012, a gastroenterology group at the Mayo Clinic published a case series involving 22
patients suggesting an association of olmesartan medoxomil with the development of sprue-
like enteropathy based on clinical presentation, histopathology and temporal relationship to
the drug (109). In July 2013, FDA issued a warning that olmesartan may cause sprue-like
enteropathy but this warning was later removed from the label of the drug (110). A case
control study published recently (111) showed no statistically significant association
between olmesartan and diarrhea among patients undergoing upper endoscopy (OR 1.99;
95% ClI, 0.79-5.00) and colonoscopy (OR 0.63; 95% CI 0.23-1.74).

In a trial that compared the efficacy and safety of telmisartan, valsartan and placebo, seven
patients out of 207 withdrew from the study due to adverse events. Treatment related
adverse events were reported as 2.1% on telmisartan 40mg, 4.5% on telmisartan 80mg, 2.8%
on valsartan 80mg and 3.5% on valsartan 160mg (47).

Discontinuation rate for irbesartan 300mg (1.4%) have been reported to be comparable to
placebo (3.4%), and the lower dose of irbesartan (150mg) (2.1%). Again, like other ARBs
described above, the overall reported adverse events including headache, musculoskeletal
pain, dizziness and fatigue were comparable between irbesartan and placebo (51). No
serious adverse events have been considered due to irbesartan (0.5%) or valsartan (1.4%)
use (52).

B. Safety of ARBs in Combination with Thiazide Diuretics

A number of large safety and efficacy randomized controlled trials of ARB/thiazide diuretic
combination therapies have reported adverse events that were mild to moderate in intensity,
transient and generally unrelated to the study drug. The safety and tolerability of the
different ARB-diuretic combinations are similar to each other.

Candesartan-hydrochlorothiazide—Reported adverse events on trials with ARB in
combination with thiazide diuretics (HCTZ) are mild to moderate, transient and/or unrelated
to treatment. Evaluation of the safety of candesartan/HCTZ 16/12.5 mg/day have not shown
serious adverse events and other than one case of hypokalemia with the combination therapy
none were considered treatment-related (61). In a 24-week study of the lower doses of this
combination (candesartan/HCTZ 8/6.25 mg/day), there were no significant changes in
plasma glucose, hemoglobin Alc, LDL, HDL creatinine, potassium and uric acid. No
serious adverse events and discontinuations due to adverse events were reported (112).
Higher doses of fixed-dose combination with candesartan/HCTZ 32/12.5 mg/day or 32/25
mg/day has also found to be safe and well tolerated. In a large pooled analysis of safety,
Mengden et al reported 49 out of 4098 patients (1.2%) having adverse events, 7 of which
were considered serious (0.2%) (113).

Eprosartan-HCTZ—The ARB eprosartan was studied by Sachse et al who reported 65 out
of 157 (41.4%) patients having an adverse event of which 19 were probably treatment-
related in the eprosartan monotherapy group (600 mg/day) compared to 69 out of 152
(45.4%) patients of which 25 were probably treatment related in the eprosartan/HCTZ
combination group (600/12.5 mg/day) (62).
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Olmesartan-HCTZ—In a trial involving olmesartan/HCTZ combinations of 40/25 mg/
day, 20/25 mg/day, 40/12.5 mg/day, and 20/12.5mg/day, no differences in adverse events by
treatment group thought to be related to drug were reported. About 0.19% patients had
serious adverse events and none were reported due to study drug (63). Fogari et al reported
3.9% of patients in an olmesartan/HCTZ 40/12.5 mg/day group had drug related adverse
events compared to 0.7% in the olmesartan 40 mg/day monotherapy treatment arm. About
2.3% patients and 1.4% patients discontinued from the study due to adverse events in the
combination group and monotherapy group, respectively (114).

Losartan-HCTZ—The percentages of adverse events, both laboratory and clinical, in the
trials of losartan/HCTZ combination therapy at different doses were comparable to placebo
except for the incidence of dizziness, which was more common in the combination group
with (64). The combination therapy with losartan/HCTZ 100/25 mg/day had fewer total
clinical adverse events than losartan monotherapy 150 mg/day (43.3% versus 52.6%)
including a rise in creatinine (0.5% versus 1.1%). Reported serious adverse events were also
greater with monotherapy compared with combination therapy (3.6% versus 1.0%,
respectively) but these findings were not statistically significant (65).

Irbesartan-HCTZ—The INCLUSIVE TRIAL (66) had 3% serious adverse events with 3
occurring in the placebo arm, 4 in the HCTZ monotherapy 12.5 mg/day, 8 in the irbesartan/
HCTZ 150/12.5 mg/day, and 7 in the irbesartan/HCTZ 200/25 mg/day. All were judged as
unrelated to the medication except for one event of hypotension in the irbesartan/HCTZ
150/12.5 mg/day which was probably drug related (66). Lapuerta et al (115) actually
reported more adverse events with irbesartan monotherapy than irbesartan/HCTZ
combination therapy 300/25 mg/day (36.1% versus 29.9%). However, hyperkalemia and
hypokalemia was slightly more common with the combination therapy (0.2% and 0.6%,
respectively) than with monotherapy (0% and 0.4%, respectively). Hypotension and
dizziness were rare in both treatment arms. Severe hypokalemia (< 3 mmol/L) was not
observed (115).

Valsartan-HCTZ—With forced-titration, dizziness was more frequent in the combination
of valsartan/HCTZ therapy than with monotherapy (160/320+12.5/25mg) (67). Otherwise,
the safety profile of valsartan/HCTZ combination therapy was comparable to valsartan
monotherapy. Discontinuation rates were greatest with valsartan monotherapy 320 mg/day
(7.1%) compared to 3.0% in the valsartan/HCTZ combination and 2.4% in the placebo
group. During the 54 week extension of the study, treatment related adverse events were
identified in 14.9% of patients receiving valsartan/HCTZ 320/25 mg/day and 10.5% of
patients on valsartan/HCTZ 320/12.5 mg/day (116). In a meta-analysis done by Weir et al,
there was increasing frequency of reported dizziness at increasing component doses of
valsartan/HCTZ therapy (117). Finally, hyperuricemia was reported less often with
valsartan/HCTZ than with HCTZ alone (5.0% versus 8.6% respectively) (118).

Telmisartan-HCTZ—Lacourciere and coworkers have reported that telmisartan/HCTZ
combination therapy had a similar discontinuation rate compared to telmisartan
monotherapy. The incidence of adverse events between these two therapies were also

Drug Saf. Author manuscript; available in PMC 2016 January 01.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyny vd-HIN

Abraham et al.

Page 13

comparable. Although more patients in the combination group complained of dizziness, this
finding did not reach statistical significance (68). Neldam et al reported comparable drug
related adverse events between telmisartan/HCTZ 80/25 mg/day and 80/12.5 mg/day (5.7%
versus 5.0%, respectively) resulting in discontinuation percentages of 1.7% and 3.0%,
respectively. Two of the serious adverse events were reported as drug-related including
atrial flutter in a patient receiving 80/25 mg/day of the combination medication and third
degree atrioventricular block in another patient on 80/12.5 mg/day of the combination
medication. Hypokalemia was rare (70).

Azilsartan-chlorthalidone—In a pivotal study of this newer ARB with the diuretic
chlorthalidone, Sica et al reported higher rates of increases in creatinine and dizziness in the
higher doses of azilsartan/chlorthalidone combination than with chlorthalidone alone.
Hypotension was rare but there were 3 reported episodes of syncope in the combination
group. The reported cases of rise in creatinine were transient and values returned to baseline
after drug discontinuation (71).

C. Safety of ARBS in Combination with Amlodipine

A number of large safety and efficacy randomized controlled trials of ARB/amlodipine
combination therapies report adverse events that were low and mild to moderate in intensity,
transient and typically unrelated to the study drug. The safety and tolerability of the different
ARB-amlodipine combinations are similar to each other.

Olmesartan-amlodipine—Chrysant et al reported comparable treatment related adverse
events between the combination of olmesartan/amlodipine and placebo (19.6 to 33.1%
versus 29.6%, respectively). The frequency of peripheral edema was lower in patients
treated with olmesartan/amlodipine in combination compared to amlodipine monotherapy,
reaching statistical significance with olmesartan/amlodipine 20/10 mg/day and 40/10
mg/day compared to amlodipine 10 mg/day (p=0.032 and 0=0.011, respectively). Two cases
of drug-related hypotension were reported with olmesartan/amlodipine that resulted in
discontinuation from the study. No differences in serum chemistry, hematology, or
urinalysis parameters between treatment groups were observed (72).

Valsartan-amlodipine—Flack et al found that rates of peripheral edema with valsartan/
amlodipine combination (12.6%) were not different from amlodipine monotherapy (9.5%)
(p =ns) (74). In a larger, better powered trial by Philipp et al, there was a significantly
higher frequency of peripheral edema with amlodipine monotherapy than with combination
therapy (73).

Telmisartan-amlodipine—In a double-blind, randomized trial by Neutel et al, drug-
related adverse events were reported in 12.6% of patients with telmisartan/amlodipine 80/10
mg/day, 6.9% with telmisartan 80 mg/day, and 16.4% with amlodipine 10 mg/day. Reported
serious adverse events were low in number (0.7% vs 0.9% and 0.9%, respectively). The
frequency of peripheral edema was more common with amlodipine monotherapy compared
with combination therapy (13.2 versus 9.3%, respectively) (75).
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D. Safety of ARBs in combination with Diuretic and Amlodipine (Triple therapy)

There are 2 combination therapies with 3 antihypertensive agents that include an ARB
(valsartan and olmesartan), thiazide diuretic and amlodipine (known as triple therapies). The
most common reported adverse events with valsartan/amlodipine/HCTZ 320/10/25 mg/day
were dizziness, headache and peripheral edema. Dizziness occurred more commonly with
triple therapy and valsartan/HCTZ (320/25 mg/day) combination than with the component
monotherapies, valsartan/amlodipine (320/10 mg/day) combination, and amlodipine/HCTZ
(10/25 mg/day) combination. Peripheral edema occurred less frequently with triple therapy
(4.5%) and valsartan/HCTZ (0.9%) compared with amlodipine/HCTZ (8.9%) or amlodipine/
valsartan (8.5%) (73).

Olmesartan/amlodipine/HCTZ is another triple combination medication approved for the
treatment of hypertension. Oparil et al reported similar rates of dizziness between
olmesartan/amlodipine/HCTZ 40/10/25 mg/day and olmesartan/HCTZ 40/25 mg/day but
more often than olmesartan/amlodipine and amlodipine/HCTZ at maximum doses (9.9%,
10.0%, 4.9%, and 3.1%, respectively). Again, peripheral edema was more frequent in the
amlodipine-containing regimen compared to other groups. The incidence of drug related
adverse events were comparable between triple therapy and dual therapy. Twenty-three out
of 574 (4.0%) patients in the triple therapy group withdrew from the study due to drug
related adverse events. Hypotension occurred more frequently in the triple therapy than with
olmesartan/HCTZ 40/25 mg/day, amlodipine/HCTZ 10/25 mg/day and olmesartan/
amlodipine 40/10 mg/day (2.1%, 0.7%, 0.2%, 0%, respectively). Dizziness and vertigo
occurred in 11.3%, 10.7, 3.4%, and 5.5% of patients in each study group, respectively.
Syncope was rare (< 1%) but was reported more with triple therapy (81).

X. SAFETY OF ARBs in OUTCOME STUDIES or ANALYSES

A. ARBs and Myocardial Infarction

After the VALUE trial in 2004 showed a statistically significant increased incidence of
myocardial infarction in the valsartan arm, questions had been raised regarding the safety of
ARBs. This unexpected relationship of ARBs with MI was coined the ARB-MI paradox.
Strauss and Hall published a review article regarding this controversy and suggested that
ARBs may be inferior to ACE inhibitors in preventing coronary heart disease. It was
hypothesized that this could be a result of activation of AT, receptor due to AT blockade
resulting in cardiac fibrosis and hypertrophy. Other plausible mechanisms included higher
levels of plasminogen activator inhibitor-1 and lower levels of bradykinin with ARBs use
compared with ACE inhibitor use (119).

Results of two multicenter randomized controlled trials - ROADMAP (Randomized
Olmesartan and Diabetes Microalbuminuria Prevention) and ORIENT (Olmesartan
Reducing Incidence of End Stage Renal Diseae in Diabetic Nephropathy) showed increased
cardiac death with olmesartan use (120-121). ROADMARP trial involving 4,447 diabetic
patients without overt nephropathy but with one additional cardiovascular risk factor
reported 15 cardiovascular deaths out of 2, 232 patients in the olmesartan arm compared to 3
deaths out of 2, 215 patients in the placebo arm (120). The ORIENT trial reported 10
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cardiovascular deaths in the olmesartan group out of 282 patients and 3 deaths out of 284
patients in the placebo arm (121). The FDA initially released a statement indicating that
benefit outweighs the risk with olmesartan use but after extensive safety review, they found
no association between olmesartan and increased cardiovascular risk (122).

A meta-analysis by Cheung et al, which included 3 major trials with 29,375 patients in total
— LIFE, SCOPE and VALUE, showed that ARBs are associated with increased risk of
myocardial infarction [RR 1.12 (95% Cl, 1.01 to 1.26), p=0.041] (123). On the other hand,
another 3 studies showed neutral effect (124-126). However, in the most comprehensive and
well-performed meta-analysis by Bangalore et al involving 37 trials with 147,020 patients in
total, no evidence for increased risk of myocardial infarction (absolute increase of 0.3%
corresponding to a number needed to harm of =333) was determined (127). In fact,
conclusive evidence for relative risk reduction of stroke, heart failure and new onset diabetes
with ARBs compared with controls was the key finding in this large analysis.

Hence, there is no evidence that ARB use increases the risk of myocardial infarction.
Clearly, the benefits of ARBs have been demonstrated over the past 25 years in numerous
clinical outcome trials.

B. ARBs and Cancer

In 2010, substantial controversy regarding the administration of ARBs causing certain solid
cancers occurred following a meta-analysis of 9 trials in approximately 34,000 patients by
Sipahi et al (8). This analysis showed an increased risk of new cancers in the ARB group
[7.2% vs 6.0%, RR 1.08, (95% CI, 1.01 to 1.15), p=0.016] versus control therapy (placebo,
ACE inhibitors, or beta blockers) with an absolute risk of 1.2% over an average of 4 years.
Most of the patients in this study were derived from the OnTarget and Transcend programs
that evaluated the ARB telmisartan. The meta-analysis also showed an increase in relative
risk for the occurrence of new lung cancer in the ARB arms [RR 1.25, (95% Cl, 1.05 to
1.49); p=0.01] driven in part by the losartan arm in the LIFE trial which showed a
significantly higher occurrence of new lung cancer compared to atenolol [RR 2.41 (95% Cl,
1.23t0 4.71), p=0.01].

In a much more comprehensive and well-performed meta-analysis on this topic, Bangalore
and colleagues (9) pooled 70 randomized controlled trials with 324,168 participants with a
mean follow-up of 3.5 years. Risk of developing cancer was not found to be different among
ARBs [proportion with cancer = 2.04%; OR 1.01 (95% ClI, 0.93 to 1.09)], ACE inhibitors
[2.03%; OR 1.00 (95% CI, 0.91 to 1.09)], beta blockers [1.97%; OR 0.97 (95% Cl, 0.88 to
1.07)], calcium channel blockers [2.11%; OR 1.05 (95% CI, 0.96 to 1.13)], or diuretics
(2.02%; OR 1.00 (95% CI, 0.90 to 1.11)]. There were also no differences in cancer related
mortality among the 4 antihypertensive therapy classes compared with placebo (9).

There were two observational studies (10, 128) that support the conclusions of the larger
meta-analysis performed by Bangalore and colleagues (9). Pasternak et al (10) performed a
large cohort study (1998-2006) involving 107,466 new users of ARBs and ACE inhibitors,
at least 35 years of age using Danish registries to compare incidence rates of all cancer,
cancer subgroups by anatomic site, and cancer mortality. Overall, 3954 cancer cases were
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detected among ARBs users versus 6214 among ACE inhibitor users [adjusted rate ratio
0.99 (95% ClI, 0.95 to 1.03)]. Cancer risk was not increased with increasing ARB exposure.
In addition, none of the specific ARBs were associated with higher incidence of cancer
compared with ACE inhibitor therapy. ARB use was not associated with increased risk of
cancer mortality compared with ACE inhibitor use [adjusted RR, 0.77; (95% CI, 0.72 to
0.82)] (10). Another large cohort study involving 377,649 new ARB users of at least 18
years of age from UK General Practice Research Database assessed the association between
ARBs and cancer risk (128). After a mean follow up of 4.6 years, ARB use was not found to
increase the overall risk of cancer [adjusted HR 1.03 (95% Cl, 0.99 to 1.06), p=0.10] versus
ACE inhibitors. On the other hand, there was an increased risk of breast and prostate cancer
which was translated to 0.5 to 1.1 extra cases, respectively, per 1000 person years of follow-
up in those with the highest baseline cancer risk. Longer duration of ARB use was also not
associated with higher overall cancer risk (128).

Xl. CONCLUSIONS

The ARBs have proven to be a highly effective class of agents for the treatment of
hypertension and its comorbidities over the past 2 decades. There are 8 ARBs approved for
use in the USA for the treatment of hypertension (Table 2). As the ARBs were developed
during the 1990s, they were accompanied by longer half-lives and in some cases greater
potency that translated into enhanced BP reductions and/or durations of action. Combination
therapy of ARBs with diuretics, calcium antagonists, and most recently, the beta-blocker
nebivolol (129) showed better BP reduction in clinical trials than the monotherapy
components. While there were theoretical benefits of combining ARBs with ACE inhibitors
(e.g., proteinuria reduction), event-driven trials have not shown a benefit and in fact have
demonstrated increases in adverse renal events. Hence, there is no clinical rationale for
combining ARBs with ACE inhibitors (or direct renin inhibitors) in the management of
hypertension. The excellent safety and tolerability profile of the ARB class has improved the
adherence to antihypertensive therapy and enhanced our ability to manage hypertension in
those patients with sensitivities to other antihypertensive drug classes, including the ACE
inhibitors.
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Key Findings

ARB: are effective initial antihypertensive therapies that both lower blood pressure and
have pleomorphic effects. They have proven benefits in diabetic kidney disease, stroke
prevention, and heart failure. The safety and tolerability profiles of the ARBs are among
the best for antihypertensive drugs and comparisons of agents within the class are similar.

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 25

Abraham et al.

uondiosge N6 sMo|s INg %SG Ag DNV PUB %08 Aq Al[IGe|IeAROIq S8SeaIdUl P00y ey ;m__.:_.

"RaigeItenzoIq Ut UoRINpR %0G-07
"311|0GEISW SANJE S} ‘UELIESIPUED JO XeW L
"pasalfe Apueatjiubls Jou ate ¥/ T€-dX3 PUE I J0 DNV 8 Inq XBW sy siemof pue uondiosqe sAefap pood

'$IN0Y 9—F Jo XeW | pue sINoy 6-9 40 a41|-}[BY [eUILLISY YUM {7/ TE-dXT 0} PLISAUOD SI UBLIESOT]

winiy| Jo uondiosge [euss asesoul 03 anp ANDIX0} WNIYY| S8SLRIoUT WNIYH| YIM SGHY JO uonensIuILIPE-0D

822dAD é_m_%___wuwwwvm_m&ro '602 auoN oN 9 %55 ‘BULIN %Y %09 £S5 zT (IWOXOpBW Ue) fes| 12y
ON aUON ON 9 %S9-05 ‘M%05-GE %92 SZ-11 vt |ILOXOPSL U1 esew|O
(uonnjos) 9605
(eam) 622 3uoN §%9A 2 %E8 'Y %ET (s1nsded) %z vz 9 uelsesfe
ON uxofi@ oN 9 %L6< ‘d %T> %EY 1-50 vz uelfesiwp L
(s19161163u) ¥ve ‘602 ON € %08 ‘Y %02 %608-09 €T GT-TT ue} fesaq J |
ON 8UON 1SeA 9 %06 'd %, %E9 &1 6-G ue) seso Jd3
(s1q16116au) 607 3UoN oN 9 %/9 ‘Y %EE %2y 857C 6 [110X0]10 Ue) Jesapued
vVE ‘602 3]0zeuoanjy ‘uiduresry c0S3A 2 %09 ‘Y %S€ %EE ST-T z LUBHESO
wsljogeW dAD #SuoRRWI6NIA [ yopeseiul pood | () _m:mm_ vc_mmomx\w%ﬁwo anoy | Aujgerenecig | (u) xewl | (y)a-ireH sayv

NIH-PA Author Manuscript

S19)20]g 101d923Y uIsua101buy ay) JO saNnsiialoeIeyD J160jodrWIRYd

T alqel

NIH-PA Author Manuscript NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 26

suosiad Japjo Buipnjour ‘uonounysAp euas yim sjuaied 10y ajqeieAe ate Adeiay [e1iul 10) SISOP J8MO™
*
uoneIpAyap Jo soussqe 8y Ui asop Adelsyiouow Buiiiels papuawLossy "

‘suawiBas Ajrep 801m) Ul (UBLIeS[eA pUE UBLIBSSPURD) 8IN|1Rs 1Ieay O UOIIedIpUI 3y 1oy paleniul A|jeaidAl ale sasop Buiels 18moy ‘UoHEBID0SSY LeaH 3I0A MAN — VYHAN

SUON AKep e 20u0 08 08400y (62) lwoxopaw uey res|izy

3UON Aep e 20UQ oy L0¢ (92) |1woxopaw uelresaw|O

'uonaJeUl [e1pIed0AW Buimo)|oy
uo1oUNYSApP 10 ainjie) Je[ndaLusA Ya| Yyum siuaired ajqess Ajfestuto ul

Aljerow AD Jo uonanpay {(Al-11 S8sse|d YHAN) ainjie} Jeay Jo Justuyeal | Aep e 92UQ 0ze 09T 40 08 (€2) ueriesfep

$101IqIyul 3DV 8el 01 3jqeun sjuaiied Ul UOIdNPal YSII IeJNJaseAolpIeD Aep e 20UQ 08 LOr (22) uerresiwp L
salaqgelp g adA) pue uoisuapadAy yiim syuaired ui Juasaid

elINUIB)oid pue pasesoul i aUIUITeaId Wnias uaym Ayyedoydau onagelq Aep e 92UO 00€ £05T (Gg) ueyresaq |

auoN | Aep e a21m) Jo Aep e 92UQ 008 009 (82) uelresoid3

(AI-11 5985810 YHAN) 24n|1ey Meay jo juswiyessL | Aep e 801m) Jo Aep e 80UQ 43 ) (¥2) 1119310 Uel Jesapue)

(Ajuo xoe|g-uou) AydounadAy JejnotiusA Yaj pue uoisuspadAy yim siuaiyed
Ul uonanpai 8xo041s ‘saleqelp g adAl pue uoisusiadAy yim suaired ui Jussaid
elnuIalosd pue paseasoul i aululleald wnias uaym Ayredosydau onagelq | Aep e ao1my Jo Aep e 80UuQ 00T 05 (22) uerreso

uosue1RdAH Jo8psINO panoiddy suoieaipu| BY1O [eA Ul Busoq (Kep/Pw) ssop wnwixey | «(fep/bw)ssop bunreis sgyv

Abraham et al.

S19)20]g 101d2923y uisuajoIbuy ay) JO suonedIpu| JBYIO pue uolisusliadAH o) sesoq

¢ ?olgel

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 27

Abraham et al.

sgyV eylosnseA (73.1) NV.LHVSINTTL

Z1/5T E0T/YST 181 0z£/08 UellesfeA
zeT £0T/SST 08T 00T/0S ueleso]
Zuvt £0T/SST z81 ov/0z uelessw|O paolo4 4} 200z (5v) [e 18 s919
S1/1C v0T/29T £ze 8 UeES3pURD
9T/TZ v0T/29T zZie 0z uelessw|O 8UON 8 £00z () [e 18 Jauunig
9/6 vOT/LST ovT 05 ueeso]
a8 vOT/SST vt 08 UellesfeA
LITT ¥0T/9ST ST 0ST uepesagJ|
LE/WET YOT/LST SvT 0z uelessw|O 3UoN 8 1002 (v¥) e 38 juedo
sgyV BY10Sns A (INT10) NV LAVSIN 10
6/0T 001/25T £0g 00T/0S Ueleso]
LIT/RET 00T/2ST 6T ze/9T Uelresapue) paalo 8 1002 (56) [e 18 sLfeg
6/0T 00T/25T €0€ 00T/0S ueleso]
BIT/RET 00T/¥ST 90¢g ze/9T uelresapue) pealo 8 1002 (2¥) 1218 1IN
r4vig) 001/5T 6ty 001-0S ueleso]
£1/9T 00T/5T zov 91-8 Uelesapued [euondo 4) 0002 (Tt) [e 18 sljoueiN
«L416 00T/19T 00T 001/0S Ueleso]
«BLUET 101/291 90T 91/8 Uelesapued paolo 8 666T (6E) Jewsy pue 818101n09e ]
6/0T TOTHST 691 00105 ueeso]
T1/21 001/85T 091 ze-91 Uelesapued [euondo 8 666T (Ov) [2 18 UewpelD
6/ST ¥01/89T IZA 0S ueLeso
LOULT €01/89T 08 9T uelresapued
£81,97 Z0T/69T LL 8 UeMesapUED 3UON 8 8667 (8€) UOSSIapUY
sgyV 18410 snsian (NVD) NV LYVSIANYD
(BHWwW)
(BHww) uo1NPa 1 49 uea |\ 9.1nssa ud poo|qaulpseq ues |\ (u)azsa|dwes | (bw)abesoq Bniqg | adAyuoireaiil | (Sdeam) uoireing Jea A pue Apnis

NIH-PA Author Manuscript

€9l|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

s1s1uoBeiuy 1010309y UISUS10IBUY JO S|BLIL P3j]0J1u0D PaZIWOopUERY Ul SUONINPaY 8INssald poolg

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 28

Abraham et al.

BT 26/85T 62¢ 08/0Z uepes|izy
1ST 16/85T 128 ov/0z ueles|izy paolo vz 1102 (v5) [e 10 B2IS

M 26/85T 062 o UeLIESIW|O

£0T £6/.5T 82 0ze UeMES[eA

(INT10 pue VA Uog sA) |, ST 26/85T 587 08 UeLes|IZY
(Aluo TYA SA) | €T €6/.GT 08z o ueles|1zy 3UON 9 TT02Z (€S) 1218 AUUM
sayv BylosnseA (12v) NV LHVS 112V

L/0T 10T/85T 164 08 UenesfeA
LTt T0T/65T 112 05T ueesaq aUON 8 2002 (25) [e 18 e1ouey

KBLTT 001/€ST T€T 00T ueleso]

WAz weld 007/3ST veT 00€g ueLIeSag|
LTt TOT/SST 62T 0sT uepesagl| 8UON 8 8667 (TS) [e 18 gneL ~Ja|ssey|
sgyV Bylosns A (g41) NV .LYvSIad |

UTT 66/€ST 9tz 091/08 UepesfeA
8/¢T 66/75T 474 08/0v uepesIWRL paoiod 8 ¥00¢ (0S) I8 32 3HUM

Be/6t 26/45T %€ 091 Ueles|eA
81T 68/25T ve 08 Uelesiwfe L 8UON 4) 002 (6v) [2 19 OA[ED

6/6 001/59T 991 001-0S ueeso]
BITRET 66/6vT ) 08-0v uelesIWla L [euondo 8 002 (87) Ie 18 NyZ

«V L T6/vvT 6¢ 009 Uelesold3
« 8,8 Z6/EYT ov ov uelesIWfe L 3UON 5 002 (€€) [ 19 BSOJRQ

6/vT Z0T/SST 06 00105 UelesoT]
6/)LT TOT/vST 98 08-0 uelresIw[a L [euondo v 002 (97) 218 837

97,01 00T/29T 1S 05 uepeso

LOT/,8T 20T/v9T v 08 uepesIwe L
LBIVT T0T/29T 15 o =TSN 3UON 9 6667 (L) UOlEN

BHwwW)

(BHww) uoPNPa 1 4g uea |\ 9.1nssa ud poo|q aulpseq ues N (u)azsa|dwes | (bw)abesoqg Bniqg | adAyuoieaiil | (sdeem) uoireing Jea A pue Apnis

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 29

Abraham et al.

sBuipeas uononpal ainssaid poojq AIo1eINGUIE INOY-{Z UBSW 8Je SanjeA paziolfel|

J01esedwod gy snsieA ueoiubis Ajjeonsnels

b
0gaoe|d snsJan Juedaiubis Ajjeansiels
*

4 16/L9T 8¢e 02€/08 uepesjep
(BHww)
(BHww) uoPNPa .l 4g uea |\ 9.1nssa ud poo|q aulpseq ues N (u)azsajdwes | (bw)abesoqg Bniqg | adAyuoieaiil | (sxeem) uoireing Jea A pue Apnis

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 30

Abraham et al.

/9T 86/291 56 52T Z10H
A4 86/191 56 00€/05T gl
(52 ZLOH pue 00€ G4l Y10g SA) |,ST/jLC 86/29T €08 G2/ ZT+00E/0ST Z LOH+axl g 3 (99) 8002 [e 19 JaINeN
Ade joyrouow Jusuodwiod sns A Z LOH/(gY 1) NV LY vS3gy|
It eTT/TLT 261 00T/0S SO
(00T SO 51 ,81/5¢ ETU/TLT £6¢ SZ/SZTHOOT/0S |  ZLOH+SOT 9 3(59) ¥00T [ 1 OUiaES
81zt 00T/5ST 291 k4 Z1OH
6/0T T0T/ST 15T 05 SO
oT/T T0T/SST €51 G2'9+5Z Z1OH+S0T
(G°2T ZLOH sN) ,0T/yST 10T/58T 6sT SZ'9+05 Z1OH+SO1
(§°ZT ZLOH PUe 05 SO L0g SA) €T/ 81 TOT/¥ST ST §'ZT+05 Z1OH+S0T 8 (¥9) £002 e 18 BINIES
Ade Joyjouow weuodwod snseA Z1OH/(SO 1) NVLYVYSO T
zle 16/95T 9z ov W10
(07 W0 SA) 6/, 7T 16/%ST 209 Sz+0v ZLOH+ATO
(07 W0 sn) S/y6 86/45T €9z STT+OY ZLOH+ATO
(07 W0 sN) ,8/2T L6/€ST yLy Gz+02 ZLOH+INTO
(Ov W10 M) v 16/95T 292 2402 ZLOH+NTO 8 «(€9) 102 2 13 Wnequasoy
Ade jayjouow Jueuodwod snsBA Z LOH/(INT10) NV LIVSINTO
8/6 66/95T 15T 009 dd3a
(009 ¥d3 sN) |, TT/2T 00T/5ST st §'2T+009 Z1OH+dd3 8 (29) 200z [e 12 85yoeS
Ade B10UOW UBLOAWOI SNS A Z 1 DH/(HdT) NV 1HVSOYd3
¥T/08 56/291 €921 ze NvO
v1/62 56/09T lgg8 §ZT+9T Z1OH + NVD zt (19) TT0Z [2 12 Jauuog
Ade ly1ouow Jusuodwoo sns oA Z LOH/(NVD) NV LY VYSIANYD
BHwWwW)
aulpseq woJj (BHww) uoipnpal 49 ues N 91nssad poo|qaulpseq ues N (u)azs ajdures (Bw) asog Bnig | (&xem) uoireing Jea A pue Apnis
Adesayiouo|N

jusuodwo) SNSIBA SUOITRUIGWIOD d18INId/SIsIuoBeIUY 101308y UISUS0IBUY JO S|BL L Paj|0J1u0D PaZIWOopUERY Ul SUONINPaY 8INssald poolg

NIH-PA Author Manuscript

v alqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 31

Abraham et al.

auoplfeyuoIyo
= TTHD "3pIZe10I0|yo0IpAH — Z1OH "UBMES|IZY — T2V "UeMesIW[a1 — 31 "UeHes[eA — WA "UeHesaqi| — 8Y| "UeHesoT — SO “UeHesaw|O — INTO “Uedesolds — Yd3 "uenesapued — NvO

elep ainssald poojq 1u1]d aJe 1sa) 8y} pue elep Burionuow ainssaid poojq Alolengquie inoy g
«

uoIe.I Paoioy

3

Adesayrouow Jusuodwiod afeAInba sy snsiaA Juedliubis >__S=m_§m_r
6/L2 96/99T 6T s THD
Lz 96/79T LT Eiras THO
oTe S6/v9T 201 08 1zv
6/€C S6/v9T €sT or zv
1102 S6/€9T saT 0c 1zv
(62 THO pue 08 T2 410 $1) |61/,07 v6/v9T 291 52+08 THO +12v
(G721 THO PUB 08 12V 410G SN) |,/ T/) /€ v6/39T €sT S'ZT+08 THO +12v
(2 THO pue 07 12V Wod sA) | T/0% v6/79T 96T SZ+0r THO +712V
(§21 IHO pue 07 12V Uod sA) 9T/, /€ 96/39T 1 §TT+0y THD +712v
(62 THO pue 02 12 410 $1) |91/, 1€ 96/59T yST 52+02 THO +12v

(§21 IHO pue 52 12 UIoq SA) T/ ve 56/59T 96T §TT+0Z THO+IZV 8 (12) z10Z IR 10 BOIS

Ade jsyiouow jueuodwoo sns BA (THO) INOAITVHLIO THO/(T1ZV) NV LIS 11ZY

(§°2T ZLOH+08 T3L)4/,0T S6/8vT zse 52/08 Z1OH+13L
L 56/8YT 198 $'2T/08 Z1OH+13L 8 (02) 8002 [2 18 Wep|oN

s/L 16/6vT Sve 08 JaL
(0873LsN) |, 8/€T 96/6vT avz S'Z1/08 Z1oH+13L 8 (69) TOOZ [e 18 81912In09e T

vig 96/L1T 291 or JaL
(O 13L ) /Tt 96/6T 6ST STT+OY Z1OH+T3L 8 (89) 2002 UILIE|N PUE 813101n008]

Ade eyiouow yusuodwiod sns A Z1DH/(13L) NV LHEVSINTIL

8T/ve ¢11/891 10€ 0c€/09T VA

(0ze VA SNreee 2TT/69T 108 GZ/STT+0ZE/09T | ZLOH+IVA 9 3 (29) 800Z &3 Unoyred

Ade ey1ouow Jusuodwiod sns oA Z LOH/(TVA) NV LYVS TVA

(BHWW)
aulpseq woJj (BHww) uoipnpal 49 ues N 91nssad poo|qaulpseq ues N (u)azs ajdures (Bw) asog Bnig | (&xem) uoireing Jea A pue Apnis

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 32

Abraham et al.

OT/ET 66/€ST et 08 VA
(1974 66/7ST 2t ov WA
(Ao 52 INY SA) T/ 8T 66/2T 621 §Z+0ZE | TWVHIVA
§(09T YA PUE G'Z TNV 110G SA) €T/ /T 66/25T 1zT G'Z+09T TNY+TIVA
(08 TV PUE G2 TNV RO SA) LT/ T 00T/2ST 0eT §z+08 | TWV+IVA
(O YA PUB SZ TNV 410G SA) TT/,9T 00T/EST 621 gz+0r | TNV+IVA
(0z€ TvA PUe TN U0d S1) 9T/, 66/£5T Jras 5+028 TNV+IVA
(09T IVA PUE TN U10d $1) |vT/},02 66/£5T Jras G+09T TNV+IVA
(08 TV PUE G TNV UI0q SA) ST/ T2 66/€ST 821 5+08 TNVHIVA
(g2) T dnosg Apms
(Ov TVA PUE G TNV 110G $1) |ST/,02 66/€ST set S+07 TNYHIVA 8 200 [2 12 ddinyd
Ade oy Jueuodwiod snseA (TINV) INIAIAO TINV/(TVA) NV LEVS TVA
£T/02 20T/Y9T €91 0T TNV
6/ST 20T/€9T 19T 5 TNV
oT/9T TOT/E9T 91 ov W10
6/ Z0T/Y9T 19T 0z W10
8121 20T/€9T 19T 0T W10
(O NTIO PUE OT TV Uog SA) |,6T/,08 20T/991 291 ot+0r | IWwATO
(v N0 PUE G TNV 110G SA) 9T/ 52 T0T/29T 29T G+0v TNV+ATO
(0Z 0 PUE 0T TNV LAOQ SA) |,/ T/,62 T0T/79T 09T 0T+0z | TWV+ATO
(02 W10 PUe § TNV G SA) T/, 7 20T/v9T 191 5+02 TAV+HATO
(OT W0 PUE OT TNV L0G SA) |,9T/},5Z T0T/£9T 91 0T+0T TNVHNTO
(0T W10 PUE G TNV L0 SA) ¥ T/, 7T Z01/99T €97 G+0T TNV+NTO 8 (22) 8002 [e 18 WeshiyD
Ade oy} Jueuodwod snseA (TINV) INIH IO TINV/(IN10) NV LIVSINTO
BHwwW)
(BHww) aulpseq wo 1}suoipnpa s 49 ues |\ 9.1nssa ud poo|q auleseq ues |\ (u)azsadwes | (Bw)abesoq Bnig | (&xeam) uoireing Jea A pue Apnis
Adesayiouo|N

wauodwod SNSIaA UoIRUIqUIOD Ul auldipojwy pue sisiuoBeiuy 1010808y UISualoIBuy JO S[eli] Pa]joJiuoD paziwopuey Ul suoionpay ainssald poo|g

NIH-PA Author Manuscript

G 9lqel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 33

Abraham et al.

uonelI Pasio

3
Adelayjouow jusuodwiod snsiaA Juediiubis \A__dmo_m_gﬁmF
TT/02 96/€5T 00T g INY
8T L6/SST 00T 8 NVO
0T/9T 96/€5T g€ ST+ TAV+NYO
LT/L2 L6/SST 9 G+ TAV+NVYO
z1/0z 96/25T 9€ Gz+8 TAV+NYO
(8 NVO pue G TNV Woq sh) 9T/y/2 S6/25T 10T G+8 TNV+NYO A (11) z102 138 1B6M>RY
Ade jayy yeuodwoo snsen (TAY) INId IO TNY/(INYD) NV LY YSIANYD
€/e L6/TYT 2L 001 So1
(00T SO sA) 2T/ ET 86/2tT oL G+00T TAV+SO g ¢(92) 2102 [2 18 BuoH
Ade Joy} Jueuodwod sns oA (TAY) INIHIAO TIAV/(SOT) NV LYVSO1
9T/EY €0T/S8T 0z 01 TNV
YT/LE €0T/98T 112 08 7aL
(0873 PUE OT TN 100 SA) 6T/ 87 £07/38T T2y 07/08 TNV+1AL 8 (s1) 2102 238 [31N3N
Ade joyy yeuodwoo snsen (TAV) INID IO TNY/(T13L) NVLEVSIINTIL
TT/L2 86/TLT 987 oT/S ANV
(Aluo OT TV SA) ¥ T/€€ 66/0.T 982 0T/5+0z€/09T | IMv+IVA g (72) 45 3 1DV714) 600 1 30 €14
9TvT 66/95T 10T (1) TNV
€102 66/85T 80T 0z€ IVA
€T/02 66/95T 10T 091 VA
(0z€ IV PUE OT TNV L0G 1) 6T, /82 66/.5T 01z 0T+02€ | TWV+IVA
(09T WA\ PUE OT TNV 100 1) ,8T/,82 66/45T 602 0T+09T | TAV+IVA 8 ﬁmmwmﬁ__mwmw%ﬂw
/ST 66/€ST 82T g TNV
6/2T 00T/¥ST 9zt ST TNV
€T/9T 66/SGT 82T 0z€ VA
TT/ST 66/2ST 8T 091 VA
BHwwW)
(BHww) aulpseq wo 1}suoipnpa s 49 ues |\ 9.1nssa ud poo|q auleseq ues |\ (u)azsadwes | (Bw)abesoq Bnig | (&xeam) uoireing Jea A pue Apnis

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 34

Abraham et al.

auldipojwy - NV "UBLIES|IZY — 17V "UBLESIW[a] — 3L "UBLES[eA — WA "UBLIESaqI| — 9¥| "UeLesoT] — SO "UBMEeSsW|O — NTO "UelesoldT — Yd3 "uepesspue) — ND

sardelaylouow Jusuodwiod yloq 1oy Uononpals 4gq pue suoje Adessyiouow NV SNSI9A UORINPaI S 10§ uedliubls >__co_m_§wm

mucw_uma cmm‘_ov_m

sjuaied cmo__mE<-cmo_t<Q

NIH-PA Author Manuscript NIH-PA Author Manuscript NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 35

Abraham et al.

9PIZEII0JOIYIOIPAH — ZLOH "SUIdIPOJWY — TINY “UeMESeA — TYA

uolesN) paoio-

3
Adelay) [enp snsian Juedaiiubis >__8_Hm:£mF
S1/8¢ TOT/69T €69 0T+5¢ TANV+Z1LOH
8T/0€ T0T/89T ¥29 0T+0v ANV+INTO
LT/0€ TOT/69T 129 S¢+0v Z1JH+W10
(sadessuy [enp e snsian) |,2e/, € TOT/89T ¥19 0T+62+0% TNVHZLOHHATO 4 (18) 0T0Z [ 19 |11edO
0c/ee LOT/TLT ¥SS 0T+G¢/S+9°CT TANV+ZLOH
(44143 L0T/0LT 859 0T+0¢€/S+09T ANV+IVA
0c/ee 90T/0LT €99 G¢+0¢€/S¢T+09T Z1OH+IVA
(sardesaup enp 12 snsian) |52/, O 90T/0LT 15 OT+G2+ 0ZE/G+GTT+09T | TNV+ZLOH+TVA 8 3 (08) 6002 [ 30 Unoyied
(BHwwW) 8nssa ud
(BHww) aulpseq wo 1}suoipnpa .l 49 ues |\ poo|q aulpseq ues |\ (u)azs ajdures (Bw) abesoq Bnig | (sxem) uoireing Jea A pue Apnis

Adelay] [en@ snsian

suoneulquo) ajdui auldipojwy pue anainid yum sistuobeiuy 101daday uisualolbuy JO Sjeldl pPajjoJluo) paziwopuey Ul Suonanpay ainssald poo|g

NIH-PA Author Manuscript

9 9|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 36

Abraham et al.

10 apuadapul
SeM UBLIeSaqI

onagelp
0} uoissalboid

paseq Ayredosydau
anagelp

(¥6T) Aep/Buw 00g UeLESDGI|

jJoayaayl | 4o uononpay 01 uolssaiBoid (102) ,0q80eId /(G6T) Aep/Bwi 0ST uewesaqi| (€6) T00Z Z-VINNI
(2€0-0=d
8T'T
-T0T'60°T
dH) Adesayy
uoIRUIqWIOD
Yum pasealaul
"abeurep Inq (60'T
ueBio-pus yum | —26°0 10 %S6
selaqeIp Yum Jo ‘00'T ¥H)
95easIp Je|NJseA uBlIeSIW|a}
211013950318 uaamIaq Yleap
paysi|qeIss Jejiwis pue ‘auiunessd
Ynm Japjo SeM aWo2N0 wnJas Jo
10 s1eak GG pabe leuas Arewnid Burignop ‘sisAjeip (929°8) Aep/Bwi QT Judiwey
3JaM sjualed ay1sodwo) 10 a)sodwo) (z05'8) Aep/bw OT/08 uoneuIqwod judiwes/uepesiwidl | (TS'e) Aep/Bw o8 ueesIwa L (98) 1I9DUVINO
ssessiq [eusy
"(61°0=d) uonoseyul
(¥0°0=d) %8'/2 0qgade|d pue |e1pJedoAw [eyey}
Aq ax01s [ere} UeBSapUR) -uou pue ayo.s
-uou padnpai IEETNED] [eJe}-uou ‘yyeap
uepesapue) | soussayp oN JTe[naseAolpied (09v2) ,003%Id | (;,177) Aep/Bw 9T uepesapued (16) £002 3dODS
syuaied
st ybiy
ur Buipunojuod
lenuaod
Buisnes
ueLes|eA
0} pasedwod (6v°0=d
uonanpal ‘¥0'T YH)
d9 Jerealb auldipojwe
U1 paynsal pue ueMes[en Aupiglow
JuswIeaI} UsaMIaq pue Ajfenow
auldipojy | 90UBIHIP ON Je|nasenolpled (965'2) Aep/Bwiot suidipojwy (6v9'2) Aep/Bui 09T ueliesfeA (06) £00Z INTIVA
(Teo0=d
AydoiuiadAy /80 ¥Y)
Je|noLuaA Jojouse uey)
19| yum sdnoih alow yyeap
oM] usamiaq | pue Aupigiow
panalyoe | Jeinosenolples ajons
dg ul uononpai paonpal 10 ‘uonoleyul
Tejiwis uepeso | [eIpsedoAw ‘yresq (885'v) [0jousYY (509'v7) Aep/Bwi 0OT UelesO (68) T00Z 3411
s[erJ1awodino Arewiid uosueledAH
sjuswwo) | sinsay ur |\ | awodinQ Arewlid (u) Jore.redwo) (u) gyv Jea A pue Apnis

NIH-PA Author Manuscript

SaW09INQ Jejnasenolpae) uo saidelay ] Jaxo0|g J01daday uisualolbuy Jo 1oedw| ayL

L9|qel

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 37

aun|ed 11eay

(e00°0=d
‘uononpal ysu
%€e) 0gaoeld

pue (100 0>d
‘uononpal
SH 9%.€)
*(£00=d yi0q) autdipojwe
auidipojwe NISENY
pue ogade|d auluIeald
snslan dYsS3 wnJas "asned Aue wouy
J0 92UBpIdUL 10 Burjgnop yreap Jo ‘qys3a
19MO| %EZ 10 d2UBpIoUL 10 Juswdojanap (695) 0gooeld
YIM paleIoosse 3y} paonpal ‘auIUIeaId WNJasS x
Sem uepesag| uepesaq| ayp jo Bugnog (295) Aep/Bw 0T suidipojwy (628) Aep/Bw 00g Uelsesaq] (96) T00Z LNQI
oqgaoe|d
SNSIBA
(z00"0=d

‘uononpai ysu
%82) (Qds3)
aseasIp |eual

abeis-pus
Jo 8auapIoul
pue (900°0=d
‘uononpal
NSH 9%52) asned Aue wouy
auluIeald yreap Jo ‘aseasip
wnJas Jeua abels -pua
JITEED] 10 Burjgnop 10 uawdojanap
Alferow gys3 J0 32uapIoUL ‘auluIyessd
oU pamoys ay} paonpai winJas auljaseq
ue}esO] ue}es0] au3 40 Bulanog (¢92) ,0q80eId (152) Kep/Bui 00T UeLESOT] (6) T00Z TWYNIY
4 (80'0=d 190
d dH Buwost
9 941 11000
d RCITE] >d '0£'0 YH
q anisusuadAynue Bwpog gehujaroad ul sasealoul uo
su Ayredoiydeaunuarold ui sasealoul uo
sjuswwo) | sinsay ur N | awodno Arewlid (u) Jore.redwod (u) gyv Jea A pue Apnis

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Rage 38

(150°0=d
‘980

UH paisnipe)
eaiubis
Alleansnels
10U

g ogaoe|d
SNSIaA
Aupigquow

pue Ayjenow
IejnaseAolpIed
u1 uononpal
SPIeMO} pualL

4HD Jo} uoissiwpe
Jendsoy o yreap
1e|naseAoIpIRd

10 ajsodwo)

(605'T) 0gade|d

(¥15'T) Aep/Bw g€ uepesspue)

(€0T) £00Z panIasald-INYVHO

elWaexIadAy
pue aulUIeaId

Abraham et al

Jo Burgnop
paiy1oadsaud (110°0=d
0} anp ‘58'0 IH
alel [eMeIpyHIM paisnipeun)
Jaybiy pey 0qgaoe|d
10MQIYul IOV+ SNSI9N
a4V ‘udiuel 4HO 0}
uonezijeydsoy
‘|udejeus pue yieap | 4HD Jo} uolssiwpe
‘judoutsi) | JenasenoipJed [endsoy Jo yyeap
10 punoiBxoeq paonpal JejnaseAolpJed )
UO 8JaM Sjusifed uelIeSEpURD 40 ansodwo) (eL2'T) ogs9eld | (g;2T) Aep/Bu zg uenesapuen (ZOT) £00Z PaPPY-WHVHD
(Too00>d
‘0L°0
UH paisnipe)
ogaoe|d
SNSI9A
4HO 1o}
uonezijeydsoy
pue yieap | 4HD Jo} uolssiwpe
siuaned | Jejnasenolpied [endsoy Jo yyesp
JuRIB|0UI paonpal Jejnasenolpsed
Jonquyul 30V uepesapuR) 10 ansodwod (57T0'T) 0g8deld | (£T0'T) Aep/bui zg uenesspued | (TOT) €002 SARRUIRIY-INYYHD
(910
=d '€T'T YH)
wire [Ldoydes
ayl ut

|udoides ueyy
palelajo} Japaq
SeM UepesoT

%1P'0T SNSJan
W ueneso|
UL U %L TT
10 Aifenow

Jenuue
abeJsane

Unm Ajpenow

asneo-||e

Ul S8oUBJBHIP

Juediiubis oN

1S3.1e Parelosnsal
10 Yyeap uappns
pue ‘Aujenow
asned |1

(725'T) Aep/Bwi ogT |1udoyded

(8£5'T) Aep/Buwi QG ueleso]

(26) 0002 11 31173

SjulLwwo)d

S}nssy ure N

awodINQO Arewild

(u) Jore.redwod

(u) guv

Tea A pue Apnis

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

available in PMC 2016 January 01.

Drug Saf. Author manuscript



Rage 39

uepes|w|al
Uusamiaq
30UBIRHIP ON 340113 JUaLINBY 0gadeld | (9¥T'0T) Aep/Buuog uenesiwia L (0eT) SS3404d
"(100-0=d)
[ojouBTe yum
AydouniadAy paJsedwod
Je|naLusA uononpal 3su
Yol yum sdnoib | annejal %62
OM] U9dMIBQ e Buimoys
panalyoe |ojousle
dg ur uonanpal JBA0 UBLIESO| 041S
Teliwis paioAed |  [ele} pue |erejuoN (885'7) 100U}y (509'%) Aep/Buu 00T uepESOT] (68) T00Z 3411
UO USRS Id 90 11S
(L00=d
%G6] €T'T

|uudoydes ueyy
pajess|o} alow
SEM UBLIESOT]

) [1doydes
pue uepes|eA

UsaMiaq
30UBJBLHP ON

Aleriow asned-| |y

(€£2'2) Aep/BwipgT 11dorded

(vv72'2) Aep/Buiog ueiresoT

(66) 2002 TVVINILAO

Adesayy
pauIquiod

UHM 10848
as1anpe JaybiH

(eL0=d

'86°0 Iudoydes
SA [doydeo+
VA UH
'86'0=d ‘'00'T
‘[udoided
SATIVA

dH) sdnoib
99y} UsaMIaQ
30UBJalIp ON

Ajijeriow asneo-||y

(88 ‘%) Aep/3uipgT [Lidojdeny+Aep/SuipgT Ur)IRS[RA

(606 ‘7) £ep/SurpgT pradosde)

(606'v) Aep/Buioze uenesfeA

(86) €002 LNVITVA

UoII0 feju| [e1p 120K N-180d

uonouny
A7 panlasaid

(se'0=d

'G6°0 ‘ogade|d
SA UBLIesagl|
UH)

'sdno.b omy
a1 ussmiag

(1018

10 ‘elwyiAyre
‘euibue

a|geIsun ‘uonoJeyul
le1pJesoAw ‘ain|rey
1eay) asned
Je|naseAolpIed e
loy uonezijendsoy
10 asned

Aue wouy yresp

Abraham et al

unm sialied | @ouassyIp oN J0 ausodwod (£90'2) 0gadeld (190°2) Aep/Bwioog uewesagl| (S0T) 8002 IAYISTYA-I
(600°0=d
'0ga2e|d SnSIaA ‘180
ay1] 40 Anpenb ) ogaoeyd
pue 43A7 SNSIaA
‘ssejd VHAN Aipigiow
urjuswanoidwi | pue Ajjenow Aupigiow pue
YHM pajeloosse paonpai Ajjenow jo uiod .
SeMm uepes|eA uepesfeA pua paulquIod (66v'2) ,009%8Id | (7g'7) Aep/Bu Oze UeLeseA (¥0T) T00Z L43HIBA
sjuswwo) | sinsay ur N | awodno Arewlid (u) Jore.redwod (u) gyv Jea A pue Apnis

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



Page 40

$18%20]q ©18q pUR SI0NGIYUl IOV SN 0] PAMOY[e Slusled
Vv

‘pamoy[e suoneaIpal sAIsusLIadAynue 18YI0
*

s JejnoseA ybiy 1e ajdoad ui ‘y1oq Jo ‘Judiwes ‘ueleSIW|8] UM SBW0JINO [eusy 1 3OHVINO
'S9X011S PU023S PIOAY A]9ANJaYyT 10} UswiBay uonuansid SS340xd “(UeliesoT isiuofeiuy || Uisus1oIBuy syl YIM uonateju] [eIpJedoAA Ul feldl fewndo) TvVINILJO "UonoJeiu| [eIpJedoAN

3IN0Y/ Ul UelesfeA I NVITVA "UOIoeI4 UoRJalg panIasald pue ainjie4 LieaH YlM siusiied Ul uenesaq] JAHISTHd-1 (AIPIGIOIA pue AJI[eLIOIA Ul UOIIONPaY JO JUSWSSISSY ainjie) LeaH Ul ueliesapue)
INYWVHO ‘[elL ainjred WesH uedesfeA 143HTVA “ApMS [eAIAINS ain|ied LesH UenesoT || 31113 "eMnuing|eoIOIN pue salegelq g adAL yim siuaiied U ueressdl] Z WINYI ‘sni|I8IA saleqeld g adAL
YU SIUBITed Ul UeLIes|eA YIAA UONONPaY eLINUIWNGIROIDIN TVAYYIN ‘TeL Ayredoydsn onagel@ uenessgs] 1 NI "Ueneso isiuofeiuy || uisusiolbuy syl yim INAdIN Ul stlulodpu3 4o uononpay
VVN3IY "uonenjeAa asn wJsl-buo] aalsusuadAynuy uenesjeA INTVA ‘Alep|3 a8yl ul sisoubiold pue uoniubod uo Apms 3d0DS uoisuaadAH ul uonanpay julodpul Joj UOHUBAISIU| UelesOT 34|

Abraham et al.

"(€200=d 'S6°0 3
"(€20°0=d '36°0 ¥
(€z00=d '56'0 ¥

H) ‘ogade|d pue
H) ‘ogade|d pue
H) ‘ogade|d pue

SjulLwwo)d

S}nssy ure N

awodINQO Arewild

(u) Jore.redwod

(u) guv

Tea A pue Apnis

NIH-PA Author Manuscript

NIH-PA Author Manuscript

NIH-PA Author Manuscript

Drug Saf. Author manuscript; available in PMC 2016 January 01.



