British Journal of Clinical Br ) Clin Pharmacol (2018) 84 2502-2521 2502
BICP
Pharmacology

REVIEW

An evidence-based systematic review of the
off-label uses of lisinopril

Correspondence Amir Azarpazhooh, University of Toronto, 710F-481 University Ave, Toronto, ON, M5G2P1, Canada. Tel.: +1 (416) 864
8193; Fax: +1 (416) 586 4745; E-mail: amir.azarpazhooh@utoronto.ca

Received 18 May 2018; Revised 14 June 2018; Accepted 19 June 2018

Seyyed-Reza Sadat-Ebrahimi'?*** (2 Neda Parnianfard!'?*, Nafiseh Vahed!?, Hossein Babaei®*,
Morteza Ghojazadeh®, Sydney Tang® and Amir Azarpazhooh”®°

Research Center for Evidence-Based Medicine, Health Management and Safety Promotion Research Institute, Tabriz University of Medical Sciences,
Tabriz, Iran, *Iranian EBM Center: A Joanna Briggs Institute Affiliated Group, Drug Applied Research Center, Tabriz University of Medical Sciences,
Tabriz, Iran, *Faculty of Pharmacology, Tabriz University of Medical Sciences, Tabriz, Iran, *Research Development & Coordination Centey, Faculty of
Medicine, Tabriz University of Medical Sciences, Tabriz, Iran, °Division of Nephrology, Department of Medicine, University of Hong Kong, Queen Mary
Hospital, Hong Kong, “Mount Sinai Hospital, Sinai Health System, Toronto, Canada, 8Faculty of Dentistry, University of Toronto, Toronto, Canada,
and °Clinical Epidemiology & Health Care Research, Institute of Health Policy, Management and Evaluation, Faculty of Medicine, University of
Toronto, Toronto, Canada

*These authors contributed equally.

Keywords ACE inhibitor, diabetes, diabetic nephropathy, left ventricular hypertrophy, nephropathy

AIMS
Lisinopril is an angiotensin-converting-enzyme inhibitor that is largely administered for off-label uses. This study aims to provide a
comprehensive review of off-label uses of lisinopril to aid physicians to make evidence-based decisions.

METHODS

The following bibliographic databases were searched from inception up to 30 March 2017: PubMed, EMBASE, the Cochrane
Library, Cochrane Central Register of Controlled Trials, Scopus, Ovid and Proquest. This systematic review sought all randomized
trials conducted on adult individuals comparing lisinopril on its off-label uses with alternative drugs or placebos and reported
direct or alternative clinical outcomes. Risk of bias assessment by using the Cochrane Collaboration risk-of-bias tool and quality
evaluation took place.

RESULTS

Included studies demonstrated significant positive effects of lisinopril on proteinuric kidney disease; however, lisinopril caused a
slight reduction of glomerular filtration rate (GFR) especially for patients with GFR < 90 ml min~". Lisinopril offered better
outcomes in comparison to other standard treatments of diabetic nephropathy. Other studies showed positive effects of lisinopril
for migraine, prevention of diabetes, myocardial fibrosis, mitral valve regurgitation, cardiomyopathy in patients with Duchenne
muscular dystrophy, oligospermia and infertility, and diabetic retinopathy. Conversely, the studies reported that lisinopril was
ineffective for five other off-label uses.

CONCLUSIONS

The identified studies showed that lisinopril was highly effective for proteinuric kidney disease with a minor but inconsiderable
decrease in GFR. Positive effects of lisinopril were demonstrated in seven other off-label uses; however, lisinopril cannot be rec-
ommended as the first choice for these until further clinical trials confirm these positive effects.
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WHAT IS ALREADY KNOWN ABOUT THIS SUBJECT

¢ Off-label administration of some drugs, including lisinopril has a remarkable prevalence among physicians. However,
there is still a need for a comprehensive review to aid physicians to base their decision on the strong evidence and make

safe and positive decisions

WHAT THIS STUDY ADDS

* We searched the literature and found related studies for each of lisinopril’s off-label uses, assessed the quality of them,
illustrated the eligibility of prescription, and summarized the supporting evidence

Introduction

Hundreds of new drugs emerge each year. Before they can be
widely used, they need to be approved by regulatory organi-
zations such as the US Food and Drug Administration
(FDA), European Medicines Agency and the Therapeutic
Goods Administration. The FDA was initially established to
regulate the production of food, drugs and cosmetics in the
USA but nowadays it also supervises international drug prod-
ucts [1]. In addition to approved FDA uses of drugs, there are a
variety of unapproved uses that are called off-label. The off-
label administration is not the same as the unlicensed use of
a drug or substance. While the safety of these drugs has been
previously confirmed by the FDA, their efficiency has been
established only for their approved uses. The efficiency for
their off-label uses is yet to be confirmed by taking the com-
plicated procedure of approval. Therefore, clinicians may
consider the off-label uses for these drugs if they find them
useful for their patients. Off-label administration of drugs
has a remarkable prevalence among physicians [2]. Recent
North American surveys show that 11% [3] to 21% [4] of
the administrations of commonly used drugs were off-label;
among these, up to 80.0% lacked strong scientific evidence
of efficacy [3]. It has been shown that the prevalence of
off-label prescriptions was higher in some special groups; al-
most 80% of the children discharged from a paediatric hos-
pitals in the USA received at least one off-label drug [S].
Although these off-label uses are not approved, it does not
necessarily mean that their prescription is unsafe, as some
off-label uses of drugs are recommended by prominent
guidelines (e.g. use of tricyclic antidepressants for neuro-
pathic pain or spironolactone for hirsutism [6-8]). That
said, clinicians and guideline developers require research
syntheses and critical evaluations of available information
to assess the extent and quality of the evidence before
supporting a drug’s off-label uses.

Lisinopril is an angiotensin-converting-enzyme (ACE) in-
hibitor that is largely being used off-label [9]. Lisinopril was
initially approved by the FDA as an oral tablet for the treat-
ment of hypertension in adults and children aged >6 years,
adjunct therapy for heart failure and treatment of acute myo-
cardial infarction (Prinivil and Zestril) [10, 11] and in combi-
nation with hydrochlorothiazide for the treatment of
hypertension (Zestoretic) [12]. Lately, an oral solution form
(Qbrelis), has been approved for the same indications [13].
Lisinopril has been identified as one of the top 10 drugs that
require further evidence for its off-label uses: data from the
USA, July 2005-June 2007 showed that 2374000 of
2601 000 records of administrations in its off-label uses had

inadequate supporting evidence [9]. Through this paper, we
aim to comprehensively review the off-label uses of lisinopril.

Methods

This study was conducted as a systematic review of random-
ized clinical trials (RCTs) conducted on patients aged
>18 years who received lisinopril (on its off-label uses) as com-
pared to other alternative drugs or placebos and reported di-
rect or alternative clinical outcomes.

Data sources and searches

An expert librarian defined individualized search strategies
for the following bibliographic databases, from inception up
to 30 March 2017: PubMed, EMBASE, the Cochrane Library,
Cochrane Central Register of Controlled Trials, Scopus, Ovid
and Proquest. A primary search (Table 1) was conducted by a
librarian for any possible off-label administrations of
lisinopril using any available research design. Two reviewers
(S.R.S.E., N.P.) independently screened the titles and ab-
stracts to identify all off-label uses for lisinopril. A compre-
hensive search was then performed based on the keywords
identified in our primary search. The search terms and strate-
gies are available in our electronic supplementary material. A
librarian expert on grey literature (sources produced by orga-
nizations which are not controlled by commercial pub-
lishers) searched regulatory sites, clinical trial registries,
conference proceedings and grant-funded and federally-
funded research sites. We also contacted experts and then
reviewed bibliographies and files supplied by the manufac-
turers’ website.

Table 1

Search terms and strategy for our primary search

(((((((Lizinopril [Title/Abstract]) OR Lisinopril [Title/Abstract]) OR
Lysinopril [Title/Abstract]) OR “Lisinopril”[Mesh])) NOT ((((“heart
failure”[Title/Abstract]) OR “Heart Failure”[Mesh]) OR “Cardiac
Failure”[Title/Abstract]) OR “myocardial failure”[Title/Abstract])) NOT
(((("High Blood Pressures”[Title/Abstract]) OR “High Blood
Pressure”[Title/Abstract]) OR “Hypertension”[Mesh]) OR hypertension
[Title/Abstract])) NOT (((((((((“Myocardial Infarcts”[Title/Abstract]) OR
“Myocardial Infarct”[Title/Abstract]) OR “Heart Attacks”[Title/
Abstract]) OR “Heart Attack”[Title/Abstract]) OR “Cardiovascular
Strokes”[Title/Abstract]) OR “Cardiovascular Stroke”[Title/Abstract])
OR “Myocardial Infarction”[Mesh]) OR “myocardial infarction”[Title/
Abstract]) OR “myocardial infarctions”[Title/Abstract])
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Inclusion criteria and study selection

We included RCTs on adult patients aged >18 years who
received an off-label use of lisinopril as compared to control
[i.e. other alternative drugs, usual care (e.g. p-blockers, cal-
cium channel blockers, other ACE inhibitors, diuretics) or
placebos]. These RCTs should have reported direct or alterna-
tive clinical outcomes. Full texts of English-language studies
and references of studies in non-English languages published
from inception until November 2017 were reviewed. We ex-
cluded the following studies: nonrandomized clinical trials
or observational studies, studies published only as abstracts,
studies on transplanted patients (due to possible confound-
ing effects of drugs used in these patients [14]), studies based
on lisinopril for approved uses, studies of lisinopril combined
with or adjunct to other drugs (or combination/adjunct arm
of the multiarm studies), studies based on the negative effects
of lisinopril or effects of dose adjustments, studies whose out-
come measures were not relevant to efficacy, effectiveness or
safety (e.g. drug half-life).

Risk of bias assessment

Two authors (S.R.S.E., N.P.) independently assessed the qual-
ity of RCTs using the Cochrane Collaboration Risk-of-Bias
tool [15]. Six domains (i.e. sequence generation, allocation
concealment, blinding, incomplete outcome data, selective
outcome reporting and other issues) were evaluated based
on what was reported in each study. A judgement (such
as high risk, low risk or unclear risk of bias) relating to the
risk of bias for that particular domain was assigned to
these domains. Other coauthors were consulted in case of
absent agreement between the two reviewers. We also took
a very conservative approach when evaluating the risk of
other bias.

Data extraction

Two reviewers (S.R.S.E., N.P.) independently abstracted
study characteristics (study design, population, lisinopril
dosing and administration, outcomes assessed, etc.) by
using specific forms. We contacted field experts to deter-
mine the most important variables. We extracted only the
baseline and the final values of variables (or changes if the
actual number were not reported). If the outcomes were
reported only by means of figures and plots, we used Get
Data Graph Digitizer (version 2.24) to extract the numbers.
Other coauthors were consulted in case the two reviewers
failed to agree.

Results

Our primary search identified 24 off-label uses for lisinopril
(Table 2). Through our complementary search, 9164 articles
were found after removing duplicates, all of which were
screened by title and abstract. Finally, full papers of 259 stud-
ies were assessed for eligibility, 231 studies were excluded
[studies on the combination of lisinopril with other drugs
(n = 166), adverse effects of lisinopril (n = 16) and approved
uses (n = 49)] and the full texts of 28 articles were critically
reviewed (Figure 1). Our final pool of 28 papers presented sup-
port for 12 off-label uses. The characteristics of these studies
are described in Table 3. Assessments of the risk of bias of
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Table 2

Off-label uses of lisinopril

Supported by RCTs Not supported by RCTs

e Proteinuric kidney Fontan circulation [56]
disease [16-28] Peripheral artery diseases [57]

e Atrial fibrillation Neoplasm, cancer

[30, 31] and tumours [58]

Cardiomyopathy in Angioplasty [59]

patients with Aortic aneurysm [60]

Duchenne muscular Prolonged vascular access

dystrophy [32] patency [61]

Diabetic Connective tissue disease [62]

retinopathy [36, 37] Headache caused by nitrates [63]

Myocardial fibrosis [34] Polycystic kidney disease [64]

Inflammatory cystoid Polycystic ovary syndrome [65]

macular oedema [40] Diabetic neuropathy [66]

Left ventricular Dementia and Alzheimer [67]

hypertrophy [33, 34]

Migraine [41]

Mitral valve

regurgitation [35]

Oligospermia and

infertility [42]

Prevention of

diabetes [38, 39]

Prevention of

pneumonia [43]

.

RCT: randomized clinical trial

the studies are described in Figure 2. An 89% agreement was
seen between the authors (S.R.S.E., N.P.) in the evaluation
of risk of bias; discrepancies were resolved by discussion and
consulting other authors. Most of the studies provided appro-
priate details about blinding of participants and personnel;
however, few trials presented clear details of the blinding of
outcome assessment. The most frequent biases were other bias
and selective reporting, as well as ambiguity about random se-
quence generation — the most prevalent problems of included
studies. The most common biases presented as other bias
were: a potential source of bias related to the specific study de-
sign used and lack of a complete elucidation of supporting or-
ganization and funding source.

Proteinuric Kidney disease

Impact of lisinopril on proteinuria and glomerular filtration rate.
We found thirteen studies (Table 4) evaluating lisinopril
among patients with proteinuria [16-28]. These studies were
conducted on diabetic nephropathy patients [20-28], on
patients with proteinuria due to essential hypertension
[17-19], and on patients with other underlying conditions
(e.g. membranous glomerulopathy, chronic pyelonephritis,
membranoproliferative, glomerular nephropathy, IgA
nephropathy, hypertensive glomerulosclerosis, adult
polycystic kidney disease, focal glomerulosclerosis, and
hereditary nephritis) [16]. Overall, these studies except one
[20], reported significant effects of lisinopril on proteinuria.
Most studies showed that lisinopril resulted in statistically,
yet not clinically, significant reduction in glomerular
filtration rate (GFR), but not if patients had estimated
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Databases searched (n)
Cochrane (872)
Embase (10 546)

—_ Medline (1901)

Scopus (10534)
Proquest (208)
Ovid (1071)

8905 records excluded (n)

Studies about approved uses (1707)
Animal studies (683)
Pharmacokinetics, in vivo and in vitro
studies (656)

Combination of lisinopril with other
drugs (298)

Only discussing adverse effects of lis-
inopril (631)

Only discussing financial issues (10)
Other unrelated to our review (4 890)
No full-text was found (30)

) Combination of lisinopril with

) 7 214 records identified through primary search for lisinopril off-label uses
24 off-label uses found within the identified records (represented in Table 1)
c 25132 records identified through our
% complementary search for all 24 off-
P label uses
I5
[
L
ps]
Records after duplicates removed
(n=9164 )
—
—
2o Records screened
o (n=9164)
i
5
%]
—
259 Full-text articles assessed for eligibility
2
3
&
w
28 studies included in qualitative
= synthesis for 12 off-label uses
s
=)
Q
£

Figure 1

231 Full-text articles excluded (n)

other drugs (166)

Only discussing adverse effects of
lisinopril (16)

Studies about approved uses (49)

PRISMA flow diagram summarizing retrieved, included, and excluded randomized controlled trials
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Random sequence
generation (selection bias)
Allocation concealment
(selection bias)
Blinding of participants and
personnel (performance
bias)

Blinding of outcome
assessment (detection bias)
Incomplete outcome data
(attrition bias)
Selective reporting
(reporting bias)
Other bias

Janssen et al. (1998) [16]
Laverman et al. (2002) [17]
Ranieri et al. (1994) [19]
Menne et al. (2008) [18]
Rossing et al. (1997) [26]
Juarez et al. (2013) [20]

. Yes
.No

? Unclear

Crepaldi et al. (1998) [21]
Poulsen et al. (2001) [25]
Nielsen et al. (1997) [24]
Tarnow et al. (2000) [27]
Mitchell et al. (1997) [22]
Mogensen et al. (2000) [23]
Chaturvedi et al. (1997) [28]
Chaturvedi et al. (1998) [37]
Mehlsen et al. (2011) [36]
Ernst et al. (2016) [33]
Brilla et al. (2000) [34]
Chaturvedi ef al. (1998) [37]
Haywood et al. (2009) [31]

Van Den Berg et al. (1995)
[30]
Allen et al. (2013) [32]

Kooij et al. (2006) [40]
Schrader et al. (2001) [41]
Wong et al. (2006) [35]

Mbah et al. (2012) [42]
Fogari et al. (1998) [38]

The ALLHAT Group [39]

03350703~ 0~~000~000~~~00000-~~
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Lee J et al. (2015) [43]

Figure 2

Risk of bias assessment for studies of Lisinopril’s off-label uses
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GFR > 90 ml min™"' [19, 21]. For example, Ranieri et al.
demonstrated that lisinopril significantly increased GFR
(116.94 + 11.11 ml min~' to 127.27 + 18.89 ml min™};
P < 0.01) [19]. This could possibly be due to more
efficient renal compensatory mechanisms in higher levels
of GFR [29].

Lisinopril was compared with different drugs or placebos
regarding their effects on proteinuria and GFR within in-
cluded studies:

e Lisinopril vs. placebo: Studies in normotensive patients
with diabetes [21, 28] highlighted a significant regression
rate from macroalbuminuria to microalbuminuria with ad-
ministration of lisinopril compared to a placebo (15% in
lisinopril vs. 4% in placebo, P < 0.001) and a significant re-
duction of the risk of progression to macroalbuminuria
[mean risk reduction 49.1%; 95% confidence interval (CI):
26.8-63.4, P < 0.03]. The decrease in the albumin exertion
rate was also significantly more in lisinopril than in the pla-
cebo [geometric mean (interquartile range) of the albumin
exertion rate 8 (4.7-14) to 9.4 ug min~" in placebo vs. 8
(4.4-14.8) to 7.3 ng min~! in lisinopril, P = 0.03]. Another
study in nondiabetic normotensive patients showed that
lisinopril significantly reduced exercise-urine albumin
exertion when compared to a placebo [geometric mean
(tolerance factor) 150.1 (3.7) to 213.6 (6.9) ug min~! in pla-
cebo vs. 96.8 (1.8) to 48.3 (3.1) in lisinopril, P = 0.04] [25]
(Tables 3 and 4).

e Lisinopril vs. angiotensin receptor blockers: Lisinopril
in comparison to angiotensin receptor blockers (ARBs; e.g.
irbesartan, valsartan, losartan, candesartan) [17, 18, 20,
23] showed different results. Its effects on proteinuria (or
albuminuria) and GFR were similar to irbesartan and
valsartan [mean rate of reduction of GFR per year;
3.8 ml min~"' (95%CI 1.8-6.3) in lisinopril vs. 3.3 ml min~"
1.73 m™> (1.8-4.7) in irbesartan) but they were significantly
superior when compared to losartan and candesartan [ad-
justed geometric mean reduction of urine albumin to creat-
inine ratio 39 (95%CI 20-54) in lisinopril vs. 24 (0-43) in
candesartan] (Tables 3 and 4).

e Lisinopril vs. calcium channel blockers: Studies on
both diabetic and nondiabetic, hypertensive and normo-
tensive patients (Table 3) demonstrated that although cal-
cium channel blockers (CCBs; e.g. nisoldipine,
amlodipine and nifedipine) [16, 19, 21, 26, 27] conversely
increased albuminuria, lisinopril significantly reduced it
(Table 4). Tarnow et al. showed that nisoldipine increased
albuminuria by 12% (95%CI -10 to 40) but lisinopril de-
creased albuminuria by 52% (14-73) [27]. Similarly, Ranieri
et al. demonstrated that amlodipine significantly increased
albuminuria (44.7 £9.5t0 69.3 £ 6.4 (mg 24-h™); P < 0.01)
but lisinopril significantly decreased albuminuria
(71.7£7.5t0 54.3 £ 3; P < 0.01) [26]. There were controver-
sies about the effect of lisinopril on GFR and creatinine
clearance in comparison with CCBs; however, those studies
with greater sample sizes and longer duration showed sim-
ilar effects (Tables 3 and 4).

e Lisinopril vs. p-blockers: Nielsen et al. [24] conducted a
study on diabetic patients with diabetic nephropathy com-
paring lisinopril with atenolol. They highlighted the fact
that lisinopril significantly decreased albuminuria better
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than atenolol [geometric mean reduction 55% (95%CI
29-72) in lisinopril vs. 15% (-13 to 34) in atenolol,
P < 0.01] [24]. The effects of these drugs on GFR were simi-
lar (decrease in means * antilog standard error of GFR:
0.67 +0.10 ml min™" for lisinopril vs. 0.60 + 0.11 ml min™"
for atenolol, P = 0.63; Tables 3 and 4).

e Lisinopril vs. other ACE inhibitors: One single study
compared lisinopril with another ACE inhibitor fosinopril.
The result demonstrated a similar nonsignificant reduction
in GFR (mean * standard error of the mean of GFR 46 £ 6 to
42+ 6 ml min~" in lisinopril vs. 56 + 5 to 53 + 7 ml min~" in
fosinopril, P > 0.05) [22] (Tables 3 and 4).

Atrial fibrillation

Nonsignificant results were reported for using lisinopril for
atrial fibrillation (AF). Van Den Berg et al. [30] assessed the ef-
fects of daily lisinopril in patients with congestive heart fail-
ure and chronic AF. Monitoring the heart rates for 6 weeks
showed that reduction of the mean heart rate was not signif-
icant in the lisinopril group. However, a minor reduction of
the median number of isolated premature ventricular
beats h™' was demonstrated in the lisinopril group [34
(range = 2-228) to 27 (4-335) beats ht, p (lisinopril vs. pla-
cebo) = 0.04]. Additionally, the effect of lisinopril on the
maintenance of sinus rhythm after an electrical cardioversion
was 71% in the lisinopril group and 36% in the placebo group
(P > 0.05). Haywood et al. evaluated the incidence of new AF
cases in patients who received lisinopril, amlodipine,
doxazosin, or chlorthalidone. The results of this study
showed that treatment with lisinopril as well as other antihy-
pertensive drugs did not affect AF incidence when compared
with usual care (odds ratio 0.987, P = 0.9 in the univariable
logistic model) [31] (Tables 3 and 4).

Cardiomyopathy in patients with Duchenne
muscular dystrophy

A multicenter double-blind prospective study compared the
efficacy and safety of lisinopril versus losartan in the treatment
of cardiomyopathy (CM) on 22 Duchenne muscular dystrophy
(DMD) patients with newly diagnosed CM. Although the ejec-
tion fraction after 1 year was significantly improved in each
treatment group, the difference was not statistically significant
[32] (Tables 3 and 4).

Left ventricular hypertrophy

The effect of lisinopril on left ventricular hypertrophy (LVH)
was assessed using two different diagnostic tools. An Ameri-
can study randomized 26376 subjects into three groups:
lisinopril, amlodipine and chlorthalidone, and used electro-
cardiography to examine LVH and its prevalence (defined as
Cornell voltage >2200 pV in women and > 2800 pV in
men). After 4 years, the mean Cornell voltage was increased
in the lisinopril group; however, LVH prevalence was not
changed [33]. Another study recruited 35 hypertensive pa-
tients with LVH to be treated with either lisinopril or hydro-
chlorothiazide and evaluated the outcome using
echocardiography. Results of this study demonstrated no sig-
nificant treatment effect of lisinopril on the left ventricular
mass index after a 6-month follow-up [34] (Tables 3 and 4).



An evidence-based systematic review of the off-label uses of lisinopril BICP

Mitral valve reguigitation

Wong et al. [35] conducted an RCT on 23 patients with mitral
regurgitation. A significant reduction in mitral regurgitation
fraction occurred during the 1-year follow-up with lisinopril.
Both maximum and minimum left atrium volumes were re-
duced in the lisinopril group (88 + 33 ml reduced to
75 + 23 ml as compared to 46 + 20 ml reduced to 38 + 16 ml
for placebos; P < 0.01; Tables 3 and 4).

Myocardial fibrosis

A double-blind RCT compared the effect of lisinopril and hy-
drochlorothiazide on patients with primary hypertension,
LVH and LV diastolic dysfunction investigating myocardial
fibrosis. After 6 months of treatment, myocardial fibrosis sig-
nificantly regressed with lisinopril [34] (Tables 3 and 4).

Diabetic retinopathy

Mehlsen et al. [36] recruited 25 normotensive diabetic pa-
tients with mild retinopathy and randomized them to receive
lisinopril, placebo or amlodipine. To show the perfusion dis-
turbances that occur in retinopathy, the diameter response of
retinal arterioles during an acute increase in the blood pres-
sure induced by isometric exercise, during flicker stimulation
and stimulus conditions simultaneously were studied before
and through the treatment period. The results revealed that
lisinopril did not significantly change the diameter response
of retinal vessels (P = 0.11). However, the study of Chaturvedi
etal. [37] assessed the effect of lisinopril on retinopathy in pa-
tients with insulin-dependent diabetes mellitus. Retinopathy
was evaluated by retinal photographs. They showed that ret-
inopathy progression was halved in the lisinopril group com-
pared to the placebo group (OR 0.50, P = 0.02) and
progression to proliferative retinopathy was also reduced sig-
nificantly (OR 0.18, P = 0.03; Tables 3 and 4).

Prevention of diabetes

Previous studies using lisinopril raised new hopes for the pre-
vention of diabetes. Fogari et al. [38] compared the effects of
the lisinopril and losartan on insulin sensitivity. They in-
volved 25 nondiabetic patients with mild to moderate hyper-
tension and randomized them to receive lisinopril or losartan
for 12 weeks. They found that the glucose infusion rate — used
as an indicator of insulin sensitivity — was significantly in-
creased by lisinopril but not by losartan (P value for lisinopril
vs. losartan <0.05). Also, total glucose requirement (defined
as the total amount of exogenous glucose required to main-
tain a steady-state blood glucose level in response to a defined
increase in plasma insulin concentration) was increased by
lisinopril, whereas losartan did not significantly modify it.
Another study [39] compared chlorthalidone with lisinopril,
doxazosin and amlodipine in a large sample size. This study,
after a mean S years of follow-up, demonstrated a significant
reduction in the risk of developing diabetes in the lisinopril
group vs. chlorthalidone (P < 0.001; Tables 3 and 4).

Inflammatory cystoid macular oedema

Kooij et al. [40] designed a randomized control trial to analyse
the effect of lisinopril on inflammatory cystoid macular oe-
dema and visual acuity. They included 40 patients with

inflammatory cystoid macular oedema then randomized
them to receive lisinopril or placebo. Lisinopril had no effect
on cystoid macular oedema, visual acuity, papillary leakage,
retinal vasculitis or choroidal leakage [40] (Tables 3 and 4).

Migraine

One RCT randomized 60 patients with migraine to receive
lisinopril or placebo for a treatment period of 12 weeks. The
lisinopril group had a 20% reduction of hours suffering with
a headache, a 21% reduction of days with migraine, and a
20% reduction of the headache severity index as compared
with the placebo group [41]. Side effects were not signifi-
cantly different compared to placebo (P =0.7; Tables 3 and 4).

Oligospermia and infertility

In a crossover RCT, 33 men with idiopathic oligospermia
were randomized to receive either lisinopril or placebo.
Lisinopril was found to cause a normalization of seminal pa-
rameters in 53.6% of the participants. Although the mean
ejaculate volume was unchanged, the total sperm cell count
and the percentage of motile sperm cells increased, whereas
the percentage of sperm cells with abnormal morphology de-
creased [42] (Tables 3 and 4).

Prevention of pneumonia

One RCT randomized 93 patients with dysphagia from cere-
brovascular diseases, who were on tube-feeding, to receive
lisinopril or placebos for 26 weeks. No difference in the inci-
dence of pneumonia or fatal pneumonia was noted between
these groups [43] (Tables 3 and 4).

Discussion

In furtherance of conducting a reliable and comprehensive
review of off-label uses of lisinopril for physicians, an exten-
sive search in seven prominent databases was executed and
28 RCTs were acquired. Twenty-four off-label uses for
lisinopril were identified in our review, but 12 lacked
supporting RCT. The overall risk of bias across the studies
was moderate. Other bias, selective reporting and inadequate de-
tails on random sequence generation were the most prevalent
problems of the included studies. We were not able to per-
form meta-analysis due to: the heterogeneity of inclusion
criteria for patients; dosage of lisinopril, placebos or drugs
being compared; variables reported within different RCTs;
and the differences in the duration of administration and
follow-ups. However, this heterogeneity somehow helped
our review to assess the effects of lisinopril examined in dif-
ferent aspects: for example, the effect of lisinopril on left
ventricular hypertrophy was assessed using both electrocar-
diography and echocardiography in two separate studies.
Among the remaining 12 off-label uses with RCT sup-
port (Table 2), proteinuric kidney disease was the most
prominent use. The renoprotective effect of ACE/ARBs have
been demonstrated in meta-analyses [44, 45] but the spe-
cific effect of lisinopril was not designated. The result of
our systematic review showed a clear benefit from lisinopril
for proteinuria and albuminuria as defined by the albumin
excretion rate, total proteinuria, total albuminuria, urine
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protein/creatinine ratio and urine albumin/creatinine ratio.
This positive effect was noticed in a variety of underlying
diseases such as diabetic nephropathy, essential hyperten-
sion, membranous glomerulopathy, chronic pyelonephritis,
membranoproliferative, glomerular nephropathy, IgA ne-
phropathy, hypertensive glomerulosclerosis, adult polycys-
tic kidney disease, focal glomerulosclerosis and hereditary
nephritis. Lisinopril is approved for hypertension. Treat-
ment of proteinuria in patients with hypertension can be
considered as an off-label use since it has not been specified
in any of the FDA approval letters. That said, lisinopril has
some positive effects on proteinuria, which are beyond its
antihypertensive effects as not all antihypertensive drug
can improve proteinuria (e.g. calcium channel blockers)
[16, 19]. The included studies were primarily aiming at pa-
tients with proteinuria, although some of them were con-
ducted on hypertensive or diabetic patients (see Table 3).
It should be noted that no included studies determined
the proportion of patients with hypertension.

A small yet statistically significant decrease in GFR and
creatinine clearance was demonstrated in patients using
lisinopril; however, increase in serum creatinine of up to
30% (up to about 23% reduction in GFR) is generally consid-
ered not to be clinically significant and is a function, and not
an adverse effect, of its mechanism of action in diminishing
angiotensin II medicated efferent glomerular arteriolar con-
striction, thus reducing glomerular filtration pressure [46].
This slight reduction of GFR was not seen in those studies
which were conducted on patients with GFR > 90 ml min~
!, Furthermore, lisinopril, in comparison to other standard
treatments of diabetic nephropathy including CCB, ARBs
and B-blockers [47], demonstrated better outcomes; however,
its effects on decreasing GFR and creatinine clearance were
similar to the others.

Among other off-label uses of lisinopril, the included
RCTs highlight the positive effects of lisinopril for migraine,
prevention of diabetes, myocardial fibrosis and mitral valve
regurgitation, CM in patients with DMD, and oligospermia
and infertility. However, lisinopril appeared to be ineffective
for atrial fibrillation, LVH, inflammatory macular oedema
and prevention of pneumonia. Moreover, the results of two
studies into the effects of lisinopril on retinopathy were con-
tradictory: different methods were used in these studies [36,
37]; however, Chaturvedi et al. using retinal photographs
(96% sensitivity and 89% specificity [48]), larger sample size
and longer duration of follow-up, reported more reliable pos-
itive results for lisinopril. Moreover, regarding the effect of
lisinopril on LVH, one of the studies had a very short follow
up of only 6 months [34]. As it is not expected to see the effect
of this drug on LVH in such a short period, the result of this
study may not clearly represent lisinopril’s efficacy for LVH.
The ALLHAT (Antihypertensive and Lipid-Lowering Treat-
ment to Prevent Heart Attack Trial) study with 4 years of fol-
low up could put forward more reliable evidence that
lisinopril cannot be considered very effective for LVH [33].
Some other off-label uses (mitral valve regurgitation, CM in
patients with DMD, inflammatory cystoid macular oedema
and oligospermia and infertility) were investigated with RCTs
of small sample sizes, making their results less trustworthy.

One of the studies compared lisinopril with
chlorthalidone in reducing the of risk of diabetes and
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concluded a significant superior effect of lisinopril [39]. Al-
though, chlorthalidone can slightly increase blood glucose,
it cannot make a patient diabetic as it cannot induce an
fasting blood sugar level of >126 mg dI™* (7 mmol 1*). More-
over, the other study comparing lisinopril with losartan con-
firmed the positive effect of lisinopril for diabetes prevention
[38]. Therefore, it is more likely that lisinopril can reduce the
risk of diabetes.

While the exact mechanism of lisinopril for its off-label
uses are yet to be fully determined, some possible mecha-
nisms have been suggested. It is stated that lisinopril can alter
sympathetic activity, inhibit free radical activity, increase
prostacyclin synthesis, and block the degradation of bradyki-
nin, encephalin and substance P, resulting in improvement
of migraine [41]. Moreover, activated angiotensin has been
shown to stimulate fibrosis in both renal and cardiac tissues
and similar findings have been demonstrated for hepatic fi-
brosis through pharmacological inhibition and genetic
knockdown of angiotensin I, evidenced by reduced collagen
deposition, accumulation of myofibroblasts, inflammation
and procollagen o2(I) gene expression. Therefore, lisinopril,
by inhibiting angiotensin II formation, can reduce this
fibrogenesis effect [49]. ACE-inhibitors can modulate the ac-
tions of sex hormones, cytokines, growth factors and leptins,
thereby improving oligospermia and infertility [42]. Studies
show that ACE is produced locally by vascular endothelial
cells, which may have direct detrimental effects on retinal
flow and vascular structure (independent of changes in sys-
temic blood pressure). Therefore, lisinopril, by inhibiting
ACE, may play a role in prevention and improvement of dia-
betic retinopathy [37].

Previous reviews discussing the effects of the class of
ACE inhibitors including lisinopril reported findings similar
to ours for some of the off-label uses [49-54]. ACE inhibi-
tors are reported to have significant effects on diabetic
retinopathy and might even perform better than ARBs
[S0]. We only found one RCT discussing the positive effect
of lisinopril on myocardial fibrosis but previous reviews
showed therapeutic effects of lisinopril on hepatic fibrosis
[49] and fibrosis in the course of chronic pancreatitis [51].
Although we found unsuccessful results about the effect
of lisinopril on atrial fibrillation, previous reviews on ACE
inhibitors demonstrated significant positive effects; how-
ever, they also mentioned that the follow-up and sample
size of the studies were not large enough to recognize AF
episodes properly [52, 55]. ACE inhibitors were recom-
mended as the second- or third-line migraine preventative.
They were not considered as first-line due to the insuffi-
ciency of evidence [53]. Also, similar to our findings, ACE
inhibitors were shown to reduce the incidence of new-
onset diabetes [54].

Conclusion

Among 24 off-label uses obtained in our search, proteinuric
kidney disease constituted the largest number of studies.
We found lisinopril highly effective for proteinuria from a
wide range of underlying pathologies, although it resulted
in a minor and inconsiderable decrease in GFR in those
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patients with GFR < 90 ml min™". Lisinopril, compared to

other standard treatments of diabetic nephropathy includ-
ing ARBs, CCBs and B-blockers, achieved better outcomes.
Our review showed that a few studies reported the effect of
lisinopril in other off-label uses. These studies showed the
positive effects of lisinopril for migraine, prevention of dia-
betes, myocardial fibrosis, mitral valve regurgitation, CM in
patients with DMD, oligospermia and infertility, and dia-
betic retinopathy. Still, we do not recommend considering
lisinopril as the first choice for these off-label uses until more
RCTs confirm these positive effects. Conversely, the studies
reported that lisinopril was ineffective for atrial fibrillation,
LVH, inflammatory macular oedema and prevention of
pneumonia. While we did not find any RCTs for some of
the off-label uses of lisinopril as mentioned in Table 2, we
are monitoring the development of proper RCTs for future
updates to this review.
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