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Abstract
Purpose of Review  This review describes the discovery and development of ACE inhibitors as antihypertensive agents, compares 
their efficacy, tolerability, and safety to ARBs, and highlights the contemporary issues surrounding ACE inhibitor use for HTN.
Recent Findings  Angiotensin-converting enzyme (ACE) inhibitors are commonly prescribed medications for the manage-
ment of hypertension (HTN) and other chronic conditions including heart failure and chronic kidney disease. These agents 
inhibit ACE, the enzyme that is responsible for converting angiotensin (AT) I to AT II. Inhibiting the synthesis of AT II 
causes arterial and venous vasodilation, natriuresis, and a decrease in sympathetic activity, resulting in the reduction of blood 
pressure. ACE inhibitors are first-line therapy in HTN management along with thiazide diuretics, calcium channel blockers, 
and angiotensin receptor blockers (ARB). Along with inhibiting AT II synthesis, inhibition of ACE causes accumulation of 
bradykinin, increasing the risk of bradykinin-mediated side effects like angioedema and cough. Since ARBs do not work 
on ACE in the renin-angiotensin system, the risk of angioedema and cough are lower with ARBs. Recent evidence has also 
suggested ARBs may have neuroprotective effects compared to other antihypertensives, including ACE inhibitors; however, 
this warrants further study.
Summary   Currently, ACE inhibitors and ARBs have an equal class of recommendation for first-line treatment for the manage-
ment of HTN. Recent evidence has shown ARBs to be just as effective as ACE inhibitors for HTN but with improved tolerability.

Keywords  Angiotensin-converting enzyme inhibitors · Angiotensin II · Renin-angiotensin · Hypertension · Angiotensin II 
receptor blockers

Introduction

Angiotensin converting enzyme (ACE) inhibitors have been 
commercially available since 1981 and are one of the most 
frequently prescribed classes of medications in the United 
States [1]. The ACE inhibitor, lisinopril, was the fourth 

most frequently prescribed drug in 2020 [2]. This is likely 
because ACE inhibitors are generically available, affordable, 
and recommended as a first-line option for the management 
of highly prevalent chronic conditions, such as hypertension 
(HTN), heart failure with reduced ejection fraction (HFrEF), 
and chronic kidney disease (CKD) [3–5]. ACE inhibitors 
are, however, associated with a modest, but significant, risk 
of bradykinin-mediated angioedema, acute kidney injury 
(AKI), hyperkalemia, and chronic cough.

The angiotensin (AT) II receptor blockers (ARBs) were 
developed as an alternative to ACE inhibitors that work down-
stream from ACE in the renin-angiotensin system (RAS) and 
block the binding of AT II to the AT I receptor (Fig. 1) [6]. This 
results in a reduced risk of bradykinin-mediated angioedema 
and cough, although similar risks remain for AKI and hyper-
kalemia. Although ARBs were initially more expensive than 
ACE inhibitors, both classes of medications are now generically 
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available and similarly affordable. This has raised questions 
about whether ARBs should preferentially be used instead of 
ACE inhibitors for HTN given their more favorable safety pro-
file and similar antihypertensive effectiveness.

In this review, we aim to describe the discovery and devel-
opment of ACE inhibitors as antihypertensive agents, compare 
their efficacy, tolerability, and safety to ARBs, and highlight the 
contemporary issues surrounding ACE inhibitor use for HTN.

Discovery and Development of ACE 
Inhibitors

In the early 1960s, banana plantation workers in southwestern 
Brazil were discovered to collapse and die after being bitten by 
the pit viper Bothrops jaraca. The cause of death was attributed 
to severe hypotension from the snake venom. From this discov-
ery, researcher Maurio Rocha e Silva and his student, Sergio 
Ferreira, at the University of Sao Paulo, began to study the 
snake venom and identified a peptide in the venom, bradykinin 
potentiating factor (BPF), that caused the blood pressure (BP) 
lowering effects [7]. Ferreria then took the peptide to Sir John 
Vane at the Royal College of Surgeons in London, where the 
inhibitory effects of BPF on the ACE was determined. Based 
on this finding, Vane proposed a research program in collabora-
tion with Squibb Institute for Medical Research to develop the 
first orally active synthetic ACE inhibitor [8, 9•]. After years  
of research and development, captopril, the first ACE inhibitor, 
was commercially released in 1981. Over the next 15 years, 
other competitor ACE inhibitors entered the market and today 
10 agents are commercially available (Table 1) [1].

Antihypertensive Effects and Clinical 
Indications for ACE Inhibitors

ACE inhibitors are considered first-line therapy in the  
management of HTN along with ARBs, thiazide diuretics, 
and calcium channel blockers (CCBs) [3]. ACE inhibitors 
work in the RAS by inhibiting ACE, which is an enzyme 

that converts AT I to AT II [6]. Decrease in AT II synthesis  
results in arterial and venous vasodilation, natriuresis, and  
a decrease in sympathetic activity. A systematic review ana-
lyzed 92 randomized clinical trials that randomly assigned  
participants to an ACE inhibitor or placebo and evalu-
ated the BP lowering effects of different ACE inhibitors 
in almost 13,000 participants [10]. Results demonstrated 
ACE inhibitors reduce systolic BP ~ 8 mm Hg and diastolic 
BP ~ 5 mm Hg. Importantly, 60–70% of the antihyperten-
sive effects associated with ACE inhibitors was found to 
be achievable with the lowest dose, which may minimize 
the risk of adverse effects [10]. Systematic reviews analyz-
ing alternative first-line therapies have shown similar BP 
lowering effects with ACE inhibitors, thiazide diuretics 
(~ 9/4 mmHg), and ARBs (~ 8/5 mmHg) [11, 12].

The ALLHAT trial remains the largest head-to-head com-
parison of first-line therapies in patients with HTN [13]. It 
was designed to determine whether treatment with a CCB 
or an ACE inhibitor lowered the incidence of coronary heart 
disease (CHD) or cardiovascular disease (CVD) events 
versus treatment with a thiazide diuretic. The results dem-
onstrated no significant difference between lisinopril and 
chlorthalidone for the primary outcome (Hazard Ratio, 0.99; 
95% confidence interval, 0.91–1.08) or for the secondary 
outcomes of all-cause mortality, combined CHD, peripheral 
arterial disease, cancer, or end stage kidney disease [13]. 
Since thiazide diuretics, CCBs, ACE inhibitors, and ARBs 
share a similar class of recommendation for initial manage-
ment in HTN, compelling indications should be a primary 
consideration when selecting first-line antihypertensive 
therapy. ACE inhibitors and ARBs, for example, are also 
indicated for the management of HFrEF, CKD, and diabetes 
mellitus (DM) with presence of albuminuria, and should be 
prioritized in these patient populations [3–5].

Tolerability and Safety of ACE Inhibitors

ACE inhibitors are generally well tolerated by most patients, 
but there are well established adverse effects attributed to 
ACE inhibitor use. Chronic cough, hyperkalemia, acute kid-
ney injury, and angioedema are expected potential adverse 
effects with ACE inhibitor use. Additionally, hypotension 
and dizziness can occur with this drug class, as is the case 
with all antihypertensive therapies. Safety concerns related 
to a purported increased risk of cancer, particularly lung 
cancer, has also been reported in the literature.

Chronic cough is a well-documented class effect of ACE 
inhibitors with a reported incidence of 5% to 35% [14, 15]. 
Since ACE degrades bradykinin, inhibition of ACE results in 
increases in bradykinin levels, which is problematic because 
the lungs are a major site of ACE expression. The accumula-
tion of bradykinin in the upper respiratory tract and lungs 

Fig. 1   Mechanism of Action for Inhibitors of the Renin-Angiotensin 
System (RAS). The renin-angiotensin system regulates blood pres-
sure by balancing sodium and water absorption and vascular tone. 
Angiotensinogen is hepatically synthesized, a renin substrate, and the 
precursor for angiotensin I, which is converted by ACE to angioten-
sin II. ACE inhibition, therefore, reduces the available angiotensin II 
and subsequent binding to ATR1. Alternatively, angiotensin receptor 
blockers prevent angiotensin II from binding to the ATR1 receptor 
and promoting deleterious effects on blood pressure. Parts of this fig-
ure were drawn by using images from Servier Medical Art. Servier 
Medical Art by Servier is licensed under a Creative Commons Attri-
bution 3.0 Unported License (https://​creat​iveco​mmons.​org/​licen​ses/​
by/3.​0/)

◂

https://creativecommons.org/licenses/by/3.0/
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results in bronchial irritation and cough [15, 16]. The cough 
is often described as dry and persistent and can interfere 
with daily activities and even disrupt sleep. The cough can 
occur within hours of the first dose or may have a delayed 
onset of weeks to months after initiation [15, 17]. It usually 
resolves within a couple days of discontinuation of the ACE 
inhibitor but can take weeks in some cases [15, 17]. Chronic 
cough often recurs with rechallenge either with the same or a 
different ACE inhibitor [15]. Since ARBs do not play a role 
in inhibition of ACE and have a lower incidence of cough, it 
is appropriate to switch therapy to an ARB after discontinu-
ation of the ACE inhibitor [17].

Angioedema is a rare but potentially lethal side effect of 
ACE inhibitor use [18]. The reported overall incidence is 0.1 
to 0.7% with higher rates in African Americans compared 
to Caucasians [19–22]. Similar to the cough associated with 
ACE inhibitors, the mechanism of ACE inhibitor-induced 
angioedema is primarily mediated by bradykinin. Inhibition 
of bradykinin degradation by ACE inhibitors results in promi-
nent vasodilation and plasma extravasation into the submu-
cosal tissue leading to angioedema [18]. Clinical manifesta-
tions consist of swelling of face, lips, tongue, uvula, and upper 
airways. In cases of airway compromise, tracheal intubation 
is necessary until swelling resolves. Antihistamines, steroids, 
and epinephrine are often used but have shown minimal effi-
cacy [18]. Additionally, therapies used for the treatment of 
hereditary angioedema have shown some benefit in ACE 
inhibitor-induced angioedema, but evidence is conflicting 
[23–25]. Angioedema usually resolves within 24 to 72 h [18]. 
Future use of ACE inhibitors is contraindicated in patients 
with a history of angioedema, but ARBs may be considered 
when RAS inhibition is necessary [18]. However, the risk 

versus benefit must be considered, especially given there are 
multiple other antihypertensives available.

A related concern with ACE inhibitor (and ARB) use is 
the potential risk of lung cancer. The RAS is well known to be 
involved in cancer biology and tumor development [26]. Numer-
ous observational studies and meta-analyses of ACE inhibitors, 
ARBs, and other antihypertensives and risk of cancer and/or 
lung cancer have shown conflicting results [27–32]. In studies 
showing an increased risk of lung cancer with ACE inhibitors, 
the absolute risk is quite small; however, this could be problem-
atic given the millions of individuals around the world who use 
ACE inhibitors. Some studies have also suggested that this risk 
may be dose and duration dependent [27, 29]. One of the most 
robust analyses was a network meta-analysis and trial sequential 
analysis of over 320,000 participants from 70 RCTs [33]. The 
authors found no relative increase in risk of cancer or cancer-
related mortality with ACE inhibitors, ARBs, beta-blockers, diu-
retics, and calcium channel blockers. Even if a small risk does 
exist, the benefit of ACE inhibitors in reducing BP appears to 
outweigh the hypothetical risk of lung cancer for most patients.

ACE inhibitors along with other antihypertensives that 
affect the RAS can cause AKI and hyperkalemia [34]. It is 
important to monitor serum creatinine, glomerular filtration 
rate (GFR), and potassium levels within 10–14 days after 
ACE inhibitor initiation or dose escalation, and when clini-
cally indicated thereafter [35]. The initial reduction in GFR 
is typically modest but acute decreases in GFR can occur, 
although this may not necessitate withholding therapy [34]. 
The decline in GFR appears to be caused by a decrease in 
intraglomerular pressure due to vasodilation of the efferent 
arteriole in the kidney [36]. A creatinine rise > 30% or drop 
in GFR > 25% warrants further investigation to identify other 

Table 1   Comparison of Dosing and Pharmacokinetic Properties of ACE Inhibitors

Reference: White CM. Pharmacologic, pharmacokinetic, and therapeutic differences among ACE inhibitors. Pharmacotherapy. 1998;18(3):588–
599

ACE Inhibitor Dose Range 
(mg/day)

Daily Frequency Duration of 
Action (hours)

Site of Elimination Lipid Solubility Prodrug

Dicarboxylate-containing agents
Benazepril 10 to 40 1 or 2 24 Kidney  +  Yes
Enalapril 5 to 40 1 or 2 18 to 30 Kidney  +  +  Yes
Lisinopril 10 to 40 1 18 to 30 Kidney 0 No
Moexipril 7.5 to 40 1 or 2 24 Kidney  +  +  Yes
Perindopril 4 to 16 1 24 Kidney  +  +  Yes
Quinapril 10 to 80 1 or 2 24 Kidney  +  +  Yes
Ramipril 2.5 to 10 1 or 2 24 Kidney  +  Yes
Trandolapril 1 to 4 1 24 Liver > Kidney  +  +  Yes
Sulfhydryl-containing agents
Captopril 12.5 to 50 2 or 3 6 to 10 Kidney  +  No
Phosphonate-containing agents
Fosinopril 10 to 40 1 24 Kidney = Liver  +  +  +  Yes
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potential causes (e.g., other medications, diet, renal artery 
stenosis) and may require a 50% dose reduction followed by 
repeat laboratory tests in 10–14 days. Patients with bilateral 
renal artery stenosis, CKD, HFrEF, dehydration are at the 
highest risk of AKI [34, 35]. In most instances, AKI in asso-
ciation with ACE inhibitor use can often be reversed with 
discontinuation of the agent or fluid repletion. ACE inhibi-
tors may be retried after resolution of AKI if RAS inhibition 
is clinically indicated [35]. There does not appear to be any 
clinically appreciable difference in the rates of AKI between 
ACE inhibitors and ARBs.

Another effect of AT II is the release of aldosterone from 
the adrenal glands, causing increased reabsorption of sodium 
and water and excretion of potassium. ACE inhibitor inhi-
bition of AT II synthesis (or ARB blockade of the AT II 
receptor) interferes with the secretion of aldosterone from 
the adrenal gland [37]. This leads to the reduction of potas-
sium excretion, thereby increasing serum levels of potas-
sium. Overall incidence of hyperkalemia varies depending 
on contributing comorbidities and medications [37]. Risk 
of hyperkalemia increases with renal insufficiency, HFrEF, 
DM, and concurrent use of medications that increase potas-
sium retention, such as aldosterone antagonists [34, 37]. 
Management of hyperkalemia depends on potassium lev-
els, changes in electrocardiogram, and kidney function. 
For comorbidities such as CKD and HFrEF where RAS 
inhibition is most beneficial, it may be helpful to add on 
potassium-wasting diuretics or cation exchanging agents that 
reduce RAS inhibitor-associated hyperkalemia [37]. Simi-
larly to AKI, the incidence of hyperkalemia appears to be 
similar between ACE inhibitors and ARBs.

Contemporary Considerations

ACE inhibitors and ARBs effectively lower BP by a similar 
degree through RAS inhibition [10, 11]. Current clinical 
practice guidelines consider both drug classes to have an 
equivalent class of recommendation as first-line therapy for 
the management of HTN [3]. However, for decades, ACE 
inhibitors have been more commonly prescribed than ARBs. 
Early trials of ACE inhibitors demonstrated a clear benefit 
of morbidity and mortality compared with placebo while 
ARBs did not consistently demonstrate a mortality benefit 
compared with placebo [38–40]. This led to the conclusion 
that ACE inhibitors possess cardioprotective properties that 
ARBs do not. It is important to note that ARB trials were 
conducted over a decade after ACE inhibitor trials. In that 
time period, strategies for cardiovascular prevention had 
greatly improved, including increased use of concomitant 
statin therapy in ARB trials compared to ACE inhibitor tri-
als. As a result, cardiovascular risk is considerably lower 
in the ARB trials, which may be affecting overall results 

[41]. Additionally, since the first ACE inhibitors were 
approved over a decade before ARBs, generically available 
ACE inhibitors became available earlier, leading to greater 
utilization over ARBs. However, both ACE inhibitors and 
ARBs are generically available today and a recent system-
atic review of cost-effectiveness analyses favored ARBs over 
other first-line antihypertensives [42].

Head-to-head trials comparing the antihypertensive 
effectiveness of ACE inhibitors and ARBs remain limited 
[43–46]. The ONTARGET trial was one of the first large 
head-to-head comparison studies of ACE inhibitors and 
ARBs [43]. It was designed to show whether telmisartan is 
noninferior to ramipril to prevent vascular events in high-
risk patients who had CVD or DM but did not have HFrEF. 
The study results demonstrated that telmisartan was equiva-
lent to ramipril in patients with vascular disease or high-risk 
DM and was associated with less angioedema and cough 
[43]. Overall, systematic reviews and meta-analyses have 
concluded that ARBs are an equally effective alternative to 
ACE inhibitors with a better safety profile [47–49].

Most of the evidence comparing ACE inhibitors and 
ARBs has come from high-risk populations, which may 
limit application to the majority patients initiating antihy-
pertensives [43–46]. As a result, a large-scale observational 
study of over 3 millions patients worldwide was designed to 
compare the effectiveness and safety of ACE inhibitors and 
ARBs when initiated as first-line treatment for HTN [50••]. 
Consistent with previous evidence, the study results showed 
no statistically significant difference in the effectiveness of 
ACE inhibitors versus ARBs on acute myocardial infarction, 
HFrEF, stroke, or composite cardiovascular events. How-
ever, ARBs demonstrated a better safety profile with lower 
risk of pancreatitis, angioedema, cough, and gastrointestinal 
bleeding. The study authors concluded that based on these 
results, ARBs should be selected over ACE inhibitors as 
first-line therapy for the management of HTN [50••].

Hypertension is also associated with increased risk of cog-
nitive decline and dementia [51]. This association has sparked 
research investigating the role of antihypertensives and their 
effects on brain health. Contemporary evidence suggests that 
ARBs may be superior to other antihypertensives (including 
ACE inhibitors) at reducing the progression of cognitive decline 
and dementia. An observational study has shown a small reduc-
tion in dementia risk for ARBs compared with ACE inhibi-
tors within the first 12 months of follow-up [52]. Other studies 
have demonstrated that ARBs cause slower cognitive decline 
compared to ACE inhibitors [53, 54•, 55]. The mechanism is 
still not fully understood, but some studies have suggested that 
ARBs propensity to cross the blood–brain barrier may possess 
more cognitive benefit [53, 56••]. Overall, large prospective, 
randomized, controlled studies are needed to further investigate 
the role of ARBs in reducing progression of cognitive decline 
and dementia compared to other antihypertensives.
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Conclusion

ACE inhibitors are effective antihypertensives for the man-
agement of HTN and provide important clinical benefits 
for patients with compelling chronic conditions (e.g., DM, 
HFrEF). Since the class discovery in the 1980s, ACE inhibi-
tors have been among the most prescribed medications in the 
United States. However, ACE inhibitors are associated with 
dry cough, angioedema, hyperkalemia, GFR reduction, and 
hypotension. Chronic cough and angioedema occur at higher 
rates with ACE inhibitors than other antihypertensive agents, 
specifically ARBs. Currently, ACE inhibitors and ARBs are 
equally guideline-recommended first-line therapy in the man-
agement of HTN; however, recent evidence suggests ARBs to 
be just as effective as ACE inhibitors but with improved toler-
ability. Clinicians may consider ARBs over ACE inhibitors in 
patients newly starting on RAS inhibitor therapy.
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