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Abstract: Background: Although angiotensin-converting enzyme (ACE) inhibitors are among the
most-prescribed medications in the world, the extent to which they increase the risk of adverse
effects remains uncertain. This study aimed to systematically determine the adverse effects of
ACE inhibitors versus placebo across a wide range of therapeutic settings. Methods: Systematic
searches were conducted on PubMed, Web of Science, and Cochrane Library databases. Randomized
controlled trials (RCTs) comparing an ACE inhibitor to a placebo were retrieved. The relative risk
(RR) and its 95% confidence interval (95% CI) were utilized as a summary effect measure. A random-
effects model was used to calculate pooled-effect estimates. Results: A total of 378 RCTs fulfilled
the eligibility criteria, with 257 RCTs included in the meta-analysis. Compared with a placebo, ACE
inhibitors were associated with an significantly increased risk of dry cough (RR = 2.66, 95% CI = 2.20
to 3.20, p < 0.001), hypotension (RR = 1.98, 95% CI = 1.66 to 2.35, p < 0.001), dizziness (RR = 1.46,
95% CI =1.26 to 1.70, p < 0.001), and hyperkalemia (RR = 1.24, 95% CI = 1.01 to 1.52, p = 0.037). The
risk difference was quantified to be 0.037, 0.030, 0.017, and 0.009, respectively. Conclusions: We
quantified the relative risk of numerous adverse events associated with the use of ACE inhibitors in a
variety of demographics. This information can help healthcare providers be fully informed about any
potential adverse consequences and make appropriate suggestions for their patients requiring ACE
inhibitor therapy.

Keywords: angiotensin-converting enzyme inhibitors; ACE inhibitors; adverse effects; adverse drug
reactions; safety information

1. Introduction

Angiotensin-converting enzyme (ACE) inhibitors are among the most widely pre-
scribed drugs in the world, with hundreds of thousands of patients exposed to this drug
class every year [1,2]. Ever since captopril became available in the 1980s [3], this drug class
has been commonly used to treat cardiovascular disease, including hypertension, coronary
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artery disease, and heart failure, as well as other comorbid conditions, such as diabetic
nephropathy [4-7]. ACE inhibitors act by inhibiting the activity of ACE, a key compo-
nent of the renin—angiotensin—aldosterone system, thereby preventing the conversion of
angiotensin I to angiotensin II [8,9]. Angiotensin II suppression leads to several physiologic
consequences, such as relaxation of arteriolar vascular smooth muscle, decreased aldos-
terone secretion, and neurohormonal modulation, resulting in clinical benefits in a variety
of cardiovascular diseases [10].

ACE inhibitors can cause adverse drug reactions, such as dry cough [11,12], and
sometimes such reactions may result in the discontinuation of the drug [13,14]. Despite
the remarkable growth in the use of ACE inhibitors worldwide, the degree to which ACE
inhibitors increase the risk of adverse consequences remains uncertain. Most systematic
reviews and meta-analyses have mainly focused on the efficacy of ACE inhibitors against
certain conditions [15-20], whereas systematic analyses of adverse outcomes of ACE in-
hibitors are limited. Given the common use of ACE inhibitors worldwide, a systematic
and quantitative assessment of the safety and tolerability of this drug class across a broad
range of indications would be worthwhile, as it would give healthcare providers a compre-
hensive and precise awareness of all possible adverse drug reactions and enable them to
appropriately advise their patients [21]. For this reason, we undertook a systematic review
and meta-analysis of multiple randomized controlled trials (RCTs) of ACE inhibitors versus
placebo, intending to provide greater insights into the safety of ACE inhibitors, irrespective
of the specific diseases being studied.

2. Materials and Methods

In this study, we followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) 2020 guidelines [22] and the PRISMA harms checklist [23]. The
review protocol was developed in accordance with the PRISMA protocol (PRISMA-P) [24]
and was prospectively registered at the PROSPERO international prospective register of
systematic reviews in health and social care (CRD42021224281).

2.1. Search Strategy and Eligibility Criteria

An initial literature search was performed in three medical databases, namely PubMed,
Web of Science, and Cochrane Library (last search: 15 November 2020), supplemented by
a review of the reference lists of relevant articles for potentially eligible studies. Search
strategies were conducted with the terms related to ACE inhibitors (i.e., angiotensin-
converting enzyme inhibitors OR benazepril OR captopril OR cilazapril OR enalapril OR
enalaprilat OR fosinopril OR lisinopril OR moexipril OR perindopril OR quinapril OR
ramipril OR trandolapril) AND placebo, with no language restriction. All articles that were
deemed relevant based on the title and abstract screening were retrieved and assessed with
respect to eligibility criteria: (1) a study involving human subjects, (2) a study investigating
the effect of an ACE inhibitor, (3) a study having a placebo-control group, and (4) a study
having a report of adverse outcomes. Included articles were limited to an RCT (either a
parallel or crossover) design. Observational studies, review articles, nonhuman studies
(e.g., animal experiments), and other types of articles (e.g., case reports or expert opinion)
were excluded. Studies were independently selected by at least two review authors, and
the decision to include or exclude was arbitrarily based on consensus.

2.2. Data Extraction

We applied a hybrid approach consisting of prespecified adverse outcomes of interest
(confirmatory approach) and additional common adverse outcomes being later identified
(exploratory approach). Prespecified adverse outcomes of interest included four well-
known adverse outcomes of ACE inhibitors, i.e., dry cough, hypotension, hyperkalemia,
and angioedema. Additional adverse outcomes (either self-reported or actively sought) that
were identified in more than three studies while conducting the systematic review were
also included in the meta-analysis. The review authors did not group adverse outcome
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data in a composite measure. The data were not extracted as “0” unless reported as such
in the original publication. A general statement indicating the absence of the event (for
example, “no adverse events were identified”) was not extracted as a “0” event and such a
statement was not included in further analysis. In the case that there were multiple reports
from the same trial, the most complete and relevant dataset was used for analysis. For
any unclear data, we made several attempts to e-mail the corresponding authors to ask
for clarification.

2.3. Risk of Bias Assessment

Five domains of bias (i.e., bias arising from the randomization process, bias owing
to deviations from intended interventions, bias caused by missing outcome data, bias in
measurement of the outcome, and bias in selection of the reported result) were assessed
following the most updated tool for assessing the risk of bias in RCTs (RoB2) [25]. Each
RCT was judged to be at low or high risk of bias, or some concerns were raised based on the
RoB2 algorithm. An R package and Shiny web app for visualizing risk of bias assessment
(robvis) were applied to illustrate the results of the RoB2 assessment [26].

2.4. Statistical Analysis

For each adverse outcome, the extracted data were tabulated in a 2 x 2 contingency
table. The relative risk (RR) and its corresponding 95% confidence interval (95% CI) were
used as a summary effect measure. Pooled-effect estimates were calculated by means
of a random-effects model, which reflected the systematic variation in estimates among
studies. A funnel plot was applied to explore the potential of small-study effects, including
publication bias, followed by the application of a linear regression test when there were 10
or more RCTs in a meta-analysis [27]. Statistical heterogeneity among studies was assessed
using the Cochran’s Q test and the I? statistic; I > 75% suggests high heterogeneity, whereas
I? < 40% indicates that statistical heterogeneity might not be important [28,29]. Substantial
heterogeneity (defined as I> > 50%) was explored using subgroup analyses and /or meta-
regression, as appropriate, based on prespecified factors, i.e., drug name, drug dosage, and
treatment duration. Sensitivity analyses were performed, with respect to the risk of bias,
by excluding studies with a high risk of bias.

All statistical tests were performed in RStudio version 1.3.1093 (R Foundation, Vienna,
Austria) for meta-analyses and data visualization, and a p value of < 0.05 was regarded
to indicate statistical significance. A package ‘meta’ version 4.20-1 was executed to ana-
lyze meta-analyses. The package ‘ggplot2’ version 3.3.5 was used to construct heatmap
visualization, and package ‘circlize’ version 0.4.13 was used to generate a chord diagram.

3. Results

Of the 9716 records that were retrieved from the three databases, a total of 378 RCTs
fulfilled the eligibility criteria, with 257 RCTs included in the meta-analysis (Figure 1).
Nineteen ACE inhibitors had been investigated in an RCT from 1979 to 2020 (Figure 2).
The most widely studied ACE inhibitors included captopril (n = 41,263, from 65 studies),
perindopril (n = 36,598, from 47 studies), ramipril (n = 18,615, from 39 studies), and
enalapril (n = 10,357, from 107 studies) (Figures 2 and 3). The efficacy and effectiveness
of ACE inhibitors were investigated for several diseases, among which cardiovascular
disease was the most widely studied condition (n = 97,872, from 246 studies), followed by
cerebrovascular disease (n = 9,589, from 18 studies) and endocrine disorders (n = 7177, from
37 studies) (Figure 3). The median follow-up duration in the trials was 12 weeks (ranging
from one-quarter of an hour to 10 years). The other general characteristics of the included
studies are described in Table S1 in the Supplementary Materials. Most of the included
RCTs had a low risk of bias, except for 21 trials that showed a high risk of bias (Figure S1 in
the Supplementary Materials). Qualitative syntheses of the included studies are presented
in Table S2 in the Supplementary Materials.
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Figure 2. Heatmap analysis showing the number of randomized controlled trials of ACE inhibitors
vs. placebo, published between 1979 and 2020.
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Figure 3. Chord diagram showing underlying conditions of research participants and ACE in-
hibitor administration.

Compared with a placebo, ACE inhibitors were significantly associated with an
increased risk of dry cough (RR = 2.66, 95% CI =2.20 to 3.20, p < 0.001), hypotension
(RR =1.98,95% CI = 1.66 to 2.35, p < 0.001), and hyperkalemia (RR = 1.24, 95% CI =1.01
to 1.52, p = 0.037). However, we found no statistically significant association between
ACE inhibitor exposure and the incidence of angioedema (RR = 1.32, 95% CI = 0.90 to
1.95, p = 0.160). Among the prespecified adverse outcomes of interest, the heterogeneity
was low for all the outcomes, except for dry cough (I = 81.5%) (Table 1). Substantial
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heterogeneity for the dry cough outcome was resolved through subgroup analysis based on
drug name (Table S3 in the Supplementary Materials). Meta-regression did not suggest an
ACE inhibitor dose dependent trend, or a treatment duration associated with the incidence
of dry cough (B = 0.14, 95% CI = —0.11-0.39, p = 0.286; B = 0.00, 95% CI = —0.01-0.01,
p = 0.631, respectively) (Figure S2 in the Supplementary Materials). The funnel plots fol-
lowed by the linear regression test did not suggest the influence of small-study effects,
including publication bias, for any of the outcomes except for hypotension (linear regression
test, p = 0.005) (Figure 4). Sensitivity analyses did not suggest any significant changes in the
summary effect estimates when studies with a high risk of bias were excluded (Table 54 in the
Supplementary Materials). The risk difference was quantified to be 0.037 (95% CI = 0.030-0.043,
p <0.001), 0.030 (95% CI = 0.021-0.039, p < 0.001), and 0.009 (95% CI = —0.001-0.019, p = 0.070)
for dry cough, hypotension, and hyperkalemia, respectively.

Table 1. Meta-analysis of 257 randomized controlled trials of ACE inhibitors vs. placebo on ad-
verse outcomes.

Intervention Heterogeneity Effect Estimates
Adverse Outcome N;:Eg:s()f ACE Inhibitor Placebo hi 2 o o 1
(Events/Total)  (Events/Total) Chi = C%) RR 95% CI p-Value
Confirmatory approach
Cough 99 4352/54,518 2112/53,220 <0.001 81.5 2.66 2.20-3.20 <0.001
Hypotension 40 780/16,634 341/14,944 0.172 174 1.98 1.66-2.35 <0.001
Hyperkalemia 18 140/6331 96/6140 0.571 0.0 1.24 1.01-1.52 0.037
Angioedema 12 143/16,695 122/16,642 0.164 28.7 1.32 0.90-1.95 0.160
Exploratory approach
Cardiovascular problems
Cardiac arrhythmia 8 99/3562 96/3311 0.498 0.0 0.99 0.75-1.29 0.915
Chest pain 29 289/8522 294 /8360 0.606 0.0 0.96 0.82-1.11 0.559
Congestive heart 11 184/3767 209/3788 0793 00 088 074105  0.169
failure
Flushing 5 21/444 11/425 0.017 66.6 3.18 0.49-20.48 0.223
Hypertension 14 316/16,701 523/16,615 0.232 20.4 0.60 0.50-0.73 <0.001
Myocardial infarction 21 68/6398 57/5491 0.906 0.0 0.87 0.60-1.26 0.463
Palpitation or 7 40/666 4/438 0352 1001 214  072-634  0.169
tachycardia
Reinfarction 4 15/472 15/473 0.271 23.4 0.87 0.27-2.81 0.820
Revascularization 258/4702 130/4006 0.061 55.7 0.82 0.55-1.25 0.358
Worsening heart failure 5 28/346 87/355 0.348 10.2 0.36 0.23-0.56 <0.001
Gastrointestinal problems
Abdominal pain 10 37/507 7/334 0.480 0.0 1.65 0.74-3.67 0.220
Constipation 5 5/484 3/184 0.730 0.0 0.96 0.26-3.51 0.952
Diarrhea 9 70/3440 60/31 0.276 18.8 1.10 0.68-1.78 0.708
Flatulence 3 2/80 2/83 0.364 1.1 0.89 0.15-5.38 0.903
Gastroenteritis 4 4/301 6/182 0.316 15.3 0.61 0.16-2.33 0.467
Indigestion 3 5/233 2/148 0.106 55.4 1.29 0.09-17.68 0.847
Nausea & vomiting 22 102/2118 94/1437 0.744 0.0 0.82 0.63-1.07 0.139
Nonspecific
gastrointestinal 5 19/370 18/360 0.792 0.0 0.98 0.54-1.78 0.955

symptom
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Table 1. Cont.

Intervention Heterogeneity Effect Estimates
Adverse Outcome Numbfer of ACE Inhibitor Placebo
Studies (Events/Total)  (Events/Total) Chi I*(%) RR 95% CI  p-Value
Integumentary problems
Allergy 6 9/511 5/493 0.944 0.0 1.47 0.56-3.89 0.432
Cramp 4 3/369 2/158 0.298 18.5 0.91 0.17-4.87 0.910
Joint & muscle pain 6 33/457 10/255 0.254 24.0 1.87 0.79-4.45 0.154
Skin infection 4 23/267 26/256 0.248 27.3 1.04 0.32-3.37 0.947
Skin rash 23 52/2264 34/1734 0.970 0.0 1.20 0.79-1.83 0.394
Neuropsychiatry problems
Anxiety 3 6/242 10/250 0.285 20.4 0.80 0.20-3.18 0.753
Dizziness 59 566/37,879 267/35,753 0.481 0.0 1.46 1.26-1.70 <0.001
Headache 66 857/383,551 726/35,699 0.293 8.1 0.95 0.82-1.09 0.460
Sleep disturbance 5 19/134 8/132 0.432 0.0 1.77 0.80-3.91 0.159
Stroke 6 7/1391 9/1282 0.772 0.0 0.73 0.27-1.93 0.522
Syncope 10 40/1630 21/1371 0.608 0.0 1.49 0.89-2.49 0.134
Respiratory problems
Dyspnea 4 2/342 17/285 0.358 7.0 0.28 0.06-1.25 0.095
Respiratory infection 9 100/1366 58/949 0.306 15.3 1.27 0.89-1.81 0.194
Respiratory problems 10 46/1158 20/671 0.563 0.0 1.33 0.77-2.29 0.303
Renal problems & electrolyte imbalance
Edema 11 67/4104 77/3978 0.348 10.1 0.81 0.54-1.19 0.281
Hypokalemia 5 7/309 24/307 0.106 47.5 0.47 0.11-2.00 0.307
Proteinuria 7 75/11,824 88/11,818 0.302 16.8 0.76 0.48-1.20 0.243
Renal impairment 19 432/43,013 314/42,851 <0.001 63.3 1.13 0.72-1.75 0.598
Urination 4 5/482 3/270 0.162 41.61 0.92 0.14-6.11 0.933
Miscellaneous
Cancer 11 76/4833 68/4707 0.468 0.0 1.09 0.79-1.52 0.588
Erectile dysfunction or 4 3/776 5/322 0485 00 036  0.09-145  0.51
impotence

Fatigue 36 194/3542 105/2307 0.430 2.3 1.18 0.94-1.49 0.162
Flu symptoms 3 11/119 3/93 0.165 44.5 0.81 0.08-8.16 0.861
Inflammation 5 24/250 13/219 0.816 0.0 1.68 0.94-3.01 0.082
Malaise 4 9/149 4/118 0.780 0.0 1.64 0.54-4.92 0.381
Neutropenia 4 17/761 21/754 0.834 0.0 0.80 0.44-1.46 0.464
Stress 3 8/127 5/116 0.539 0.0 131 0.43-3.97 0.629
Sweating 3 1/223 4/110 0.428 0.0 0.31 0.06-1.68 0.172
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Figure 4. Funnel plots of the prespecified adverse outcomes of interest: (a) dry cough, (b) hypotension,
(c) hyperkalemia, and (d) angioedema.

An exploratory approach identified one more adverse outcome associated with ACE
inhibitor exposure, i.e., dizziness (RR = 1.46, 95% CI = 1.26-1.70, p < 0.001). The het-
erogeneity was low (Table 1), and there was no evidence of small-study effects, includ-
ing publication bias, for this outcome (linear regression test, p = 0.106). No significant
changes in the summary effect estimates were found when sensitivity analyses were ap-
plied (Table S4 in the Supplementary Materials). The risk difference was quantified to
be 0.017 (95% CI = 0.009-0.025, p < 0.001). Overall, drug discontinuation probably due
to adverse drug reactions did not statistically significantly differ between the ACE in-
hibitor group and the placebo group (4917/32,803 vs. 4361/30,661; Cochran’s Q test,
p <0.001, 12 =60.2; RR = 1.09, 95% CI = 0.97-1.21, p = 0.143). Meta-regression did not find
a dose-dependent relationship between ACE-inhibitor-dose levels and drug discontinua-
tion (B = 0.02, 95% CI = —0.09-0.12, p = 0.758). Additionally, drug discontinuation was not
significantly associated with treatment duration (B = 0.00, 95% CI = —0.00-0.01, p = 0.236).
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4. Discussion

This meta-analysis of 257 RCTs allowed the precise estimation of the relative risk
of ACE inhibitor-associated adverse outcomes. Analyzing all available safety data in
multiple RCTs involving patients with a variety of diseases and conditions helped to
characterize and quantify the prospect of ACE inhibitor-associated adverse outcomes.
Overall, ACE inhibitor usage was significantly associated with an increased risk of dry
cough, hypotension, dizziness, and hyperkalemia, with the number needed to harm of
about 28, 33, 59, and 111, respectively. Although these ACE inhibitor-associated adverse
outcomes have been well-recognized for decades, we provided overall safety profiles of
ACE inhibitors across a wide range of clinical indications that can be useful to advise
patients who are required to take ACE inhibitors.

As expected, dry cough is the most common adverse effect of ACE inhibitors and our
meta-analysis found that ACE inhibitors significantly increased the risk of dry cough by
about 2.6 times. Following ACE inhibitor treatment, the absolute excess risk of dry cough
was 0.037 (95% CI = 0.030-0.043), that is, with approximately 28 patients (95% CI = 23-34)
treated with ACE inhibitors, 1 patient would present with dry cough attributable to an
ACE inhibitor. Based on meta-regression and subgroup analysis, ACE-inhibitor-related dry
cough was not dose- or duration-dependent; perindopril and ramipril yielded the highest
significant risk of dry cough (RR = 4.19 and RR = 4.13, respectively), while enalapril yielded
the lowest risk of dry cough (RR = 1.23). The mechanism of ACE-inhibitor-induced dry
cough is perceived to be related to a bradykinin-induced sensitization of airway sensory
nerves and an accumulation of substance P in the respiratory tracts [30]. Although the dry
cough may be considered merely a nuisance, it may necessitate additional hospital visits or
drug discontinuation in more severe cases [31].

We observed increased risks of hypotension (RR = 1.98) and hyperkalemia (RR = 1.24)
among individuals taking ACE inhibitors. The absolute risk increase was 0.030 and 0.009,
respectively; that is, with approximately 33 and 111 patients who are treated with ACE
inhibitors, 1 individual patient would present with hypotension and hyperkalemia, respec-
tively, attributable to ACE inhibitor usage. These adverse drug reactions are attributable
to the mechanism of action of ACE inhibitors related to reduced angiotensin II forma-
tion [32,33]. It was observed that hyperkalemia due to ACE inhibitor treatment was
uncommon (with the number needed to harm of 111). Previous evidence suggested that
such an adverse event often occurs when ACE inhibitors are concomitantly prescribed
with potentially interacting drugs, such as spironolactone or chlorothiazide [34], or when
patients have certain comorbidities, such as chronic kidney disease [35].

In our meta-analysis, ACE inhibitors were found to be statistically significantly asso-
ciated with dizziness. Of every 59 patients (95% CI = 41-109) who are treated with ACE
inhibitors, there will be approximately 1 individual complaining of dizziness attributable
to ACE inhibitor treatment. Our finding is consistent with a reverse association study in
which the authors reported ACE inhibitors to be one of the most common drug classes
that were associated with dizziness among patients who presented with dizziness with
an unknown cause [36]. Although the mechanisms underpinning ACE inhibitor-related
dizziness remain uncertain, dizziness is likely a symptom of orthostatic hypotension [37].

In contrast with previous evidence [38,39], our meta-analysis does not suggest a
significant increased risk of angioedema when individuals are exposed to ACE inhibitors
(RR = 1.32, 95% CI = 0.90-1.95, p = 0.160). The discrepancy between our findings and
previous evidence may be owing to angioedema occurring more commonly among certain
populations (e.g., African Americans or heart failure patients) [40-42], while the RCTs
included in our meta-analysis involved study populations with diverse ethnicities and
underlying conditions. Furthermore, it is possible that the trials did not have a follow-
up period long enough to detect the incidence of angioedema, because more than half
of the cases showing this adverse consequence may occur after one year (or longer) of
ACE inhibitor treatment [43,44]. As documented earlier, angioedema is rare but life-
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threatening [45—47], so healthcare professionals should still be aware of this possible
adverse consequence when ACE inhibitors are prescribed to their patients [48].

There is a possibility that our findings based solely on published RCTs may misesti-
mate the risk estimates of ACE-inhibitor-related adverse outcomes [49,50]. The inclusion of
only published RCTs in a systematic review may suffer from reporting bias. Some articles
provided only a brief description of adverse events or reported only statistically significant
adverse event findings [51-54]. Nevertheless, the impact and significance of unpublished
data beyond those reported in corresponding publications remain to be determined [55].
Furthermore, the inclusion of only RCTs in a systematic review and meta-analysis has
certain limitations. For example, it is well-acknowledged that the RCT population usually
differs from the real-world population [56,57]. Exclusion of certain groups of patients
at imminent risk of serious harm in RCTs would potentially lead to a misestimation of
actual drug risks. Lastly, we acknowledge that most of the included studies had relatively
short durations of follow-up, so the adverse events presented in this study may not be
representative of the long-term adverse consequences of ACE inhibitors [58-60].

5. Conclusions

In conclusion, in the present systematic review and meta-analysis, we characterized
and quantifies the relative risk of several adverse outcomes due to ACE inhibitors across a
diverse range of populations. Treatment with ACE inhibitors puts individuals at increased
risk of dry cough, hypotension, dizziness, and hyperkalemia by 2.66, 1.98, 1.46, and
1.24 times, respectively. The overall findings of the present study help in guiding informed
decisions about the management of diseases requiring ACE inhibitor therapy. These
findings can also be used to advise patients requiring ACE inhibitor therapy.
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Table S2: Qualitative synthesis of 378 randomized-controlled trials of ACE inhibitors vs. placebo
on adverse outcomes; Table S3: Subgroup analysis of dry cough outcome based on the drug name;
Table S4: Sensitivity analyses of low risk of bias or some concerns randomized-controlled trials
of ACE inhibitors vs. placebo on adverse outcomes; Figure S1: Risk-of-bias assessments of the
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Author Contributions: Conceptualization, N.K. (Nut Koonrungsesomboon) and M.N.T.; method-
ology, N.K. (Nut Koonrungsesomboon), M.N.T. and W.S.; software, W.S.,, M.N.T. and N.K. (Nut
Koonrungsesomboon); validation, W.S., M.N.T. and N.K. (Nut Koonrungsesomboon); formal analy-
sis, W.S., M.N.T. and N.K. (Nut Koonrungsesomboon); investigation, N.K. (Nut Koonrungsesomboon)
and M.N.T.; resources, N.K. (Nut Koonrungsesomboon) and M.N.T.; data curation, W.S., M.N.T.,, N.K,,
R.K, N.D.,, N.K. (Napatsorn Kraivisitkuland), B.A., CM., KW, J.O., S.S. and N.B.; writing—original
draft preparation, N.K. (Nut Koonrungsesomboon) and M.N.T.; writing—review and editing, W.S.,
R.K.,, N.D,, N.K. (Napatsorn Kraivisitkuland), B.A., CM., KW, J.O,, S.S. and N.B.; visualization,
WS, M.NL.T. and N.K. (Nut Koonrungsesomboon); supervision, N.K. (Nut Koonrungsesomboon) and
M.N.T.; project administration, N.K. (Nut Koonrungsesomboon) and M.N.T.; funding acquisition,
M.N.T. All authors have read and agreed to the published version of the manuscript.

Funding: This research was funded by the Doctor Kasem Pangsrivongse Foundation (007 /2565).

Institutional Review Board Statement: The Research Ethics Committee of the Faculty of Medicine,
Chiang Mai University, granted an exempt research determination of this study (No. EXEMPTION
736/2563).

Informed Consent Statement: Not applicable because the review did not involve humans.

Data Availability Statement: All data used to support the findings of this study are available from
the corresponding author upon reasonable request.


https://www.mdpi.com/article/10.3390/ijerph19148373/s1
https://www.mdpi.com/article/10.3390/ijerph19148373/s1
USER
Highlight


Int. |. Environ. Res. Public Health 2022, 19, 8373 11 of 13

Acknowledgments: This research was partially supported by Chiang Mai University.

Conflicts of Interest: The authors declare no conflict of interest. The funders had no role in the design
of the study; in the collection, analyses, or interpretation of data; in the writing of the manuscript; or
in the decision to publish the results.

Abbreviations

ACE: angiotensin-converting enzyme; CI: confidence interval; PRISMA: Preferred Reporting
Items for Systematic Reviews and Meta-Analyses; RCT: randomized controlled trial; RoB2: revised
Cochrane risk-of-bias tool for randomized trials; RR: relative risk.

References

1.

i

10.

11.

12.

13.

14.

15.

16.

17.

18.

Boboia, A.; Grigorescu, M.R.; Turcu-Stiolica, A. Marketing research on the angiotensin-converting enzyme inhibitors antihyper-
tensive medicines. Clujul Med. 2017, 90, 86-92. [CrossRef] [PubMed]

Mahmoudpour, S.H.; Asselbergs, EW.; Souverein, P.C.; De Boer, A.; Maitland-van der Zee, A.H. Prescription patterns of
angiotensin-converting enzyme inhibitors for various indications: A UK population-based study. Br. J. Clin. Pharmacol. 2018, 84,
2365-2372. [CrossRef] [PubMed]

Hoorntje, S.J.; Donker, A J. Clinical use of captopril. Hypertension 1981, 3, 507-508. [CrossRef] [PubMed]

Knuuti, J.; Wijns, W,; Saraste, A.; Capodanno, D.; Barbato, E.; Funck-Brentano, C.; Prescott, E.; Storey, R.F.; Deaton, C.; Cuisset, T.;
et al. 2019 ESC Guidelines for the diagnosis and management of chronic coronary syndromes. Eur. Heart J. 2020, 41, 407-477.
[CrossRef] [PubMed]

Lim, A. Diabetic nephropathy—complications and treatment. Int. ]. Nephrol. Renov. Dis. 2014, 7, 361-381. [CrossRef] [PubMed]
McDonagh, T.A.; Metra, M.; Adamo, M.; Gardner, R.S.; Baumbach, A.; Bohm, M.; Burri, H.; Butler, J.; Celutkieng, J.; Chioncel, O.;
et al. 2021 ESC Guidelines for the diagnosis and treatment of acute and chronic heart failure. Eur. Heart J. 2021, 42, 3599-3726.
[CrossRef] [PubMed]

Unger, T.; Borghi, C.; Charchar, F; Khan, N.A.; Poulter, N.R.; Prabhakaran, D.; Ramirez, A.; Schlaich, M.; Stergiou, G.S,;
Tomaszewski, M.; et al. 2020 International Society of Hypertension Global Hypertension Practice Guidelines. Hypertension 2020,
75,1334-1357. [CrossRef] [PubMed]

Ferrario, C.M.; Mullick, A.E. Renin angiotensin aldosterone inhibition in the treatment of cardiovascular disease. Pharmacol. Res.
2017, 125, 57-71. [CrossRef]

Ma, TK.W,; Kam, KK.H.; Yan, B.P,; Lam, Y.-Y. Renin-angiotensin-aldosterone system blockade for cardiovascular diseases:
Current status. Br. J. Pharmacol. 2010, 160, 1273-1292. [CrossRef]

Forrester, S.J.; Booz, G.W.; Sigmund, C.D.; Coffman, T.M.; Kawai, T.; Rizzo, V.; Scalia, R.; Eguchi, S. Angiotensin II Signal
Transduction: An Update on Mechanisms of Physiology and Pathophysiology. Physiol. Rev. 2018, 98, 1627-1738. [CrossRef]
Alderman, C.P. Adverse Effects of the Angiotensin-Converting Enzyme Inhibitors. Ann. Pharmacother. 1996, 30, 55-61. [CrossRef]
[PubMed]

Sun, W.; Zhang, H.; Guo, J.; Zhang, X.; Zhang, L.; Li, C.; Zhang, L. Comparison of the Efficacy and Safety of Different ACE
Inhibitors in Patients with Chronic Heart Failure: A PRISMA-Compliant Network Meta-Analysis. Medicine 2016, 95, e2554.
[CrossRef] [PubMed]

Elliott, W.]J. Higher incidence of discontinuation of angiotensin converting enzyme inhibitors due to cough in black subjects. Clin.
Pharmacol. Ther. 1996, 60, 582-588. [CrossRef]

Qiao, Y,; Shin, J.-I; Sang, Y.; Inker, L.A.; Secora, A.; Luo, S.; Coresh, J.; Alexander, G.C.; Jackson, ] W.; Chang, A.R,; et al.
Discontinuation of Angiotensin Converting Enzyme Inhibitors and Angiotensin Receptor Blockers in Chronic Kidney Disease.
Mayo Clin. Proc. 2019, 94, 2220-2229. [CrossRef]

Beeuf-Gibot, S.; Pereira, B.; Imbert, J.; Kerroum, H.; Menini, T.; Lafarge, E.; De Carvalho, M.; Vorilhon, P.; Boussageon, R,;
Vaillant-Roussel, H. Benefits and adverse effects of ACE inhibitors in patients with heart failure with reduced ejection fraction:
A systematic review and meta-analysis. Eur. ]. Clin. Pharmacol. 2020, 77, 321-329. [CrossRef]

Kunimura, A.; Himuro, N.; Fujiyoshi, A.; Segawa, H.; Ohnishi, H.; Saitoh, S. The effects of renin-angiotensin system inhibitors on
mortality, cardiovascular events, and renal events in hypertensive patients with diabetes: A systematic review and meta-analysis
of randomized controlled trials. Hypertens. Res. 2019, 42, 669-680. [CrossRef]

Lv, X.; Zhang, Y.; Niu, Y.; Song, Q.; Zhao, Q. Comparison of angiotensin-converting enzyme inhibitors and angiotensin II receptor
blockers on cardiovascular outcomes in hypertensive patients with type 2 diabetes mellitus: A PRISMA-compliant systematic
review and meta-analysis. Medicine 2018, 97, e0256. [CrossRef]

Ohtsubo, T.; Shibata, R.; Kai, H.; Okamoto, R.; Kumagai, E.; Kawano, H.; Fujiwara, A.; Kitazono, T.; Murohara, T.; Arima,
H. Angiotensin-converting enzyme inhibitors versus angiotensin receptor blockers in hypertensive patients with myocardial
infarction or heart failure: A systematic review and meta-analysis. Hypertens. Res. 2019, 42, 641-649. [CrossRef]


http://doi.org/10.15386/cjmed-665
http://www.ncbi.nlm.nih.gov/pubmed/28246502
http://doi.org/10.1111/bcp.13692
http://www.ncbi.nlm.nih.gov/pubmed/29943849
http://doi.org/10.1161/01.HYP.3.4.507
http://www.ncbi.nlm.nih.gov/pubmed/7030953
http://doi.org/10.1093/eurheartj/ehz425
http://www.ncbi.nlm.nih.gov/pubmed/31504439
http://doi.org/10.2147/IJNRD.S40172
http://www.ncbi.nlm.nih.gov/pubmed/25342915
http://doi.org/10.1093/eurheartj/ehab368
http://www.ncbi.nlm.nih.gov/pubmed/34447992
http://doi.org/10.1161/HYPERTENSIONAHA.120.15026
http://www.ncbi.nlm.nih.gov/pubmed/32370572
http://doi.org/10.1016/j.phrs.2017.05.020
http://doi.org/10.1111/j.1476-5381.2010.00750.x
http://doi.org/10.1152/physrev.00038.2017
http://doi.org/10.1177/106002809603000110
http://www.ncbi.nlm.nih.gov/pubmed/8773167
http://doi.org/10.1097/MD.0000000000002554
http://www.ncbi.nlm.nih.gov/pubmed/26871774
http://doi.org/10.1016/S0009-9236(96)90155-1
http://doi.org/10.1016/j.mayocp.2019.05.031
http://doi.org/10.1007/s00228-020-03018-4
http://doi.org/10.1038/s41440-019-0234-6
http://doi.org/10.1097/MD.0000000000010256
http://doi.org/10.1038/s41440-018-0167-5

Int. |. Environ. Res. Public Health 2022, 19, 8373 12 of 13

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

Pisano, A.; Bolignano, D.; Mallamaci, F.; D’Arrigo, G.; Halimi, ].-M.; Persu, A.; Wuerzner, G.; Sarafidis, P.; Watschinger, B.; Burnier,
M.; et al. Comparative effectiveness of different antihypertensive agents in kidney transplantation: A systematic review and
meta-analysis. Nephrol. Dial. Transplant. 2019, 35, 878-887. [CrossRef]

Wang, K.; Hu, J.; Luo, T.; Wang, Y.; Yang, S.; Qing, H.; Cheng, Q.; Li, Q. Effects of Angiotensin-Converting Enzyme Inhibitors
and Angiotensin II Receptor Blockers on All-Cause Mortality and Renal Outcomes in Patients with Diabetes and Albuminuria:
A Systematic Review and Meta-Analysis. Kidney Blood Press. Res. 2018, 43, 768-779. [CrossRef]

Bae, ].-M. Shared decision making: Relevant concepts and facilitating strategies. Epidemiol. Health 2017, 39, €2017048. [CrossRef]
[PubMed]

Page, M.].; Moher, D.; Bossuyt, PM.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, ] M.; Akl, E.A.; Brennan,
S.E.; et al. PRISMA 2020 explanation and elaboration: Updated guidance and exemplars for reporting systematic reviews. BMJ
2021, 372, n160. [CrossRef]

Zorzela, L.; Loke, Y.K; Ioannidis, J.P.; Golder, S.; Santaguida, P.; Altman, D.G.; Moher, D.; Vohra, S. PRISMA harms checklist:
Improving harms reporting in systematic reviews. BMJ 2016, 352, i157. [CrossRef] [PubMed]

Mobher, D.; Shamseer, L.; Clarke, M.; Ghersi, D.; Liberati, A.; Petticrew, M.; Shekelle, P; Stewart, L.A. Preferred reporting items for
systematic review and meta-analysis protocols (prisma-p) 2015 statement. Syst. Rev. 2015, 4, 1. [CrossRef] [PubMed]

Sterne, J.A.C.; Savovi¢, J.; Page, M.].; Elbers, R.G.; Blencowe, N.S.; Boutron, I.; Cates, C.J.; Cheng, H.Y.; Corbett, M.S.; Eldridge,
S.M,; et al. RoB 2: A revised tool for assessing risk of bias in randomised trials. BMJ 2019, 366, 14898. [CrossRef]

McGuinness, L.A.; Higgins, ].P.T. Risk-of-bias VISualization (robvis): An R package and Shiny web app for visualizing risk-of-bias
assessments. Res. Synth. Methods 2021, 12, 55-61. [CrossRef]

Sterne, ].A.C.; Egger, M..; Smith, G.D. Systematic reviews in health care: Investigating and dealing with publication and other
biases in meta-analysis. BM]J 2001, 323, 101-105. [CrossRef]

Higgins, J.P.T.; Thompson, S.G. Quantifying heterogeneity in a meta-analysis. Stat. Med. 2002, 21, 1539-1558. [CrossRef]
Higgins, ].P.T.; Thompson, S.G.; Deeks, ].J.; Altman, D.G. Measuring inconsistency in meta-analyses. BMJ 2003, 327, 557-560.
[CrossRef]

Pinto, B.; Jadhav, U.; Singhai, P.; Sadhanandham, S.; Shah, N. ACEI-induced cough: A review of current evidence and its practical
implications for optimal CV risk reduction. Indian Heart ]. 2020, 72, 345-350. [CrossRef]

Ng, L.P; Goh, PS.C. Incidence of discontinuation of angiotensin-converting enzyme inhibitors due to cough, in a primary
healthcare centre in Singapore. Singap. Med. |. 2014, 55, 146-149. [CrossRef]

Arnold, A.C.; Shibao, C. Current Concepts in Orthostatic Hypotension Management. Curr. Hypertens. Rep. 2013, 15, 304-312.
[CrossRef] [PubMed]

Raebel, M.A. Hyperkalemia Associated with Use of Angiotensin-Converting Enzyme Inhibitors and Angiotensin Receptor
Blockers. Cardiovasc. Ther. 2011, 30, e156—e166. [CrossRef] [PubMed]

Amir, O.; Hassan, Y.; Sarriff, A.; Awaisu, A.; Aziz, N.A.; Ismail, O. Incidence of risk factors for developing hyperkalemia when
using ACE inhibitors in cardiovascular diseases. Pharm. World Sci. 2009, 31, 387-393. [CrossRef] [PubMed]

Oktaviono, Y.H.; Kusumawardhani, N. Hyperkalemia Associated with Angiotensin Converting Enzyme Inhibitor or Angiotensin
Receptor Blockers in Chronic Kidney Disease. Acta Med. Indones. 2020, 52, 74-79.

Blakley, B.W.; Gulati, H. Identifying drugs that cause dizziness. J. Otolaryngol.-Head Neck Surg. 2008, 37, 11-15.

Juraschek, S.P.; Daya, N.; Rawlings, A.M.; Appel, L.J.; Miller, E.R., 3rd; Windham, B.G.; Griswold, M.E.; Heiss, G.; Selvin, E.
Association of History of Dizziness and Long-term Adverse Outcomes with Early vs Later Orthostatic Hypotension Assessment
Times in Middle-aged Adults. JAMA Intern. Med. 2017, 177, 1316-1323. [CrossRef]

Bavishi, C.; Ahmed, M.; Trivedi, V.; Khan, A.R.; Gongora, C.; Bangalore, S.; Messerli, FH. Meta-Analysis of Randomized Trials on
the Efficacy and Safety of Angiotensin-Converting Enzyme Inhibitors in Patients >65 Years of Age. Am. J. Cardiol. 2016, 118,
1427-1436. [CrossRef]

Makani, H.; Messerli, EH.; Romero, J.; Wever-Pinzon, O.; Korniyenko, A.; Berrios, R.S.; Bangalore, S. Meta-Analysis of Ran-
domized Trials of Angioedema as an Adverse Event of Renin—Angiotensin System Inhibitors. Am. J. Cardiol. 2012, 110, 383-391.
[CrossRef]

Gibbs, C.R; Lip, G.Y.H.; Beevers, D.G. Angioedema due to ACE inhibitors: Increased risk in patients of African origin. Br. J. Clin.
Pharmacol. 1999, 48, 861-865. [CrossRef]

Sica, D.A.; Black, H.R. Angioedema in heart failure: Occurrence with ACE inhibitors and safety of angiotensin receptor blocker
therapy. Congest. Heart Fail. 2002, 8, 334-345. [CrossRef] [PubMed]

Brown, T.; Gonzalez, J.; Monteleone, C. Angiotensin-converting enzyme inhibitor-induced angioedema: A review of the literature.
J. Clin. Hypertens. 2017, 19, 1377-1382. [CrossRef] [PubMed]

Banerji, A.; Blumenthal, K.G.; Lai, K.H.; Zhou, L. Epidemiology of ACE Inhibitor Angioedema Utilizing a Large Electronic Health
Record. J. Allergy Clin. Immunol. Pract. 2017, 5, 744-749. [CrossRef] [PubMed]

Weisman, D.S.; Arnouk, N.; Asghar, M.B.; Qureshi, M.R.; Kumar, A.; Desale, S.; Camire, L.; Pineda, S. ACE inhibitor angioedema:
Characterization and treatment versus non-ACE angioedema in acute hospitalized patients. J. Community Hosp. Intern. Med.
Perspect. 2020, 10, 16-18. [CrossRef] [PubMed]

Jackeviciute, J.; Pilvinis, V.; Pilviniene, R. Fatal outcome of late-onset angiotensin-converting enzyme inhibitor induced an-
gioedema: A case report. Medicine 2018, 97, €11695. [CrossRef]


http://doi.org/10.1093/ndt/gfz092
http://doi.org/10.1159/000489913
http://doi.org/10.4178/epih.e2017048
http://www.ncbi.nlm.nih.gov/pubmed/29092391
http://doi.org/10.1136/bmj.n160
http://doi.org/10.1136/bmj.i157
http://www.ncbi.nlm.nih.gov/pubmed/26830668
http://doi.org/10.1186/2046-4053-4-1
http://www.ncbi.nlm.nih.gov/pubmed/25554246
http://doi.org/10.1136/bmj.l4898
http://doi.org/10.1002/jrsm.1411
http://doi.org/10.1136/bmj.323.7304.101
http://doi.org/10.1002/sim.1186
http://doi.org/10.1136/bmj.327.7414.557
http://doi.org/10.1016/j.ihj.2020.08.007
http://doi.org/10.11622/smedj.2014034
http://doi.org/10.1007/s11906-013-0362-3
http://www.ncbi.nlm.nih.gov/pubmed/23832761
http://doi.org/10.1111/j.1755-5922.2010.00258.x
http://www.ncbi.nlm.nih.gov/pubmed/21883995
http://doi.org/10.1007/s11096-009-9288-x
http://www.ncbi.nlm.nih.gov/pubmed/19255869
http://doi.org/10.1001/jamainternmed.2017.2937
http://doi.org/10.1016/j.amjcard.2016.07.074
http://doi.org/10.1016/j.amjcard.2012.03.034
http://doi.org/10.1046/j.1365-2125.1999.00093.x
http://doi.org/10.1111/j.1527-5299.2002.01529.x
http://www.ncbi.nlm.nih.gov/pubmed/12461324
http://doi.org/10.1111/jch.13097
http://www.ncbi.nlm.nih.gov/pubmed/28994183
http://doi.org/10.1016/j.jaip.2017.02.018
http://www.ncbi.nlm.nih.gov/pubmed/28377081
http://doi.org/10.1080/20009666.2020.1711641
http://www.ncbi.nlm.nih.gov/pubmed/32128053
http://doi.org/10.1097/MD.0000000000011695

Int. |. Environ. Res. Public Health 2022, 19, 8373 13 of 13

46.

47.
48.

49.

50.
51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Kostis, W.].; Shetty, M.; Chowdhury, Y.S.; Kostis, ].B. ACE Inhibitor-Induced Angioedema: A Review. Curr. Hypertens. Rep. 2018,
20, 55. [CrossRef]

Montinaro, V.; Cicardi, M. ACE inhibitor-mediated angioedema. Int. Immunopharmacol. 2019, 78, 106081. [CrossRef]

Leru, PM.; Anton, V.E; Bocsan, C.; Muntean, A.; Boda, D. Acquired angioedema induced by angiotensin-converting enzyme
inhibitors—experience of a hospital-based allergy center. Exp. Ther. Med. 2020, 20, 68-72. [CrossRef]

Golder, S.; Loke, Y.K,; Bland, M. Meta-analyses of Adverse Effects Data Derived from Randomised Controlled Trials as Compared
to Observational Studies: Methodological Overview. PLoS Med. 2011, 8, €1001026. [CrossRef]

Stoto, M.A. Drug Safety Meta-Analysis: Promises and Pitfalls. Drug Saf. 2015, 38, 233-243. [CrossRef]

Kicinski, M.; Springate, D.A.; Kontopantelis, E. Publication bias in meta-analyses from the Cochrane Database of Systematic
Reviews. Stat. Med. 2015, 34, 2781-2793. [CrossRef] [PubMed]

Phillips, R.; Hazell, L.; Sauzet, O.; Cornelius, V. Analysis and reporting of adverse events in randomised controlled trials:
A review. BM]J Open 2019, 9, €024537. [CrossRef] [PubMed]

Saini, P; Loke, Y.K.; Gamble, C.; Altman, D.G.; Williamson, P.R.; Kirkham, J.J. Selective reporting bias of harm outcomes within
studies: Findings from a cohort of systematic reviews. BM] 2014, 349, g6501. [CrossRef] [PubMed]

Tang, E.; Ravaud, P; Riveros, C.; Perrodeau, E.; Dechartres, A. Comparison of serious adverse events posted at ClinicalTrials.gov
and published in corresponding journal articles. BMC Med. 2015, 13, 189. [CrossRef] [PubMed]

Mahmoudpour, S.H.; Asselbergs, EW.; de Keyser, C.E.; Souverein, P.C.; Hofman, A.; Stricker, B.H.; de Boer, A.; Maitland-van der
Zee, A.-H. Change in prescription pattern as a potential marker for adverse drug reactions of angiotensin converting enzyme
inhibitors. Int. J. Clin. Pharm. 2015, 37, 1095-1103. [CrossRef]

Averitt, A.J.; Weng, C.; Ryan, P; Perotte, A. Translating evidence into practice: Eligibility criteria fail to eliminate clinically
significant differences between real-world and study populations. NPJ Digit. Med. 2020, 3, 67. [CrossRef]

Monti, S.; Grosso, V.; Todoerti, M.; Caporali, R.F. Randomized controlled trials and real-world data: Differences and similarities to
untangle literature data. Rheumatology 2018, 57, vii54-vii58. [CrossRef]

Oussalah, A.; Gleye, S.; Urmes, 1.C.; Laugel, E.; Callet, J.; Barbé, E; Orlowski, S.; Malaplate, C.; Aimone-Gastin, I.; Caillierez, B.M.;
et al. Long-term ACE Inhibitor/ARB Use Is Associated with Severe Renal Dysfunction and Acute Kidney Injury in Patients
With Severe COVID-19: Results From a Referral Center Cohort in the Northeast of France. Clin. Infect. Dis. 2020, 71, 2447-2456.
[CrossRef]

Suissa, S.; Hutchinson, T.; Brophy, J.; Kezouh, A. ACE-inhibitor use and the long-term risk of renal failure in diabetes. Kidney Int.
2006, 69, 913-919. [CrossRef]

Wynckel, A.; Ebikili, B.; Melin, J.-P.; Randoux, C.; Lavaud, S.; Chanard, J. Long-term follow-up of acute renal failure caused by
angiotensin converting enzyme inhibitors. Am. J. Hypertens. 1998, 11, 1080-1086. [CrossRef]


http://doi.org/10.1007/s11906-018-0859-x
http://doi.org/10.1016/j.intimp.2019.106081
http://doi.org/10.3892/etm.2020.8474
http://doi.org/10.1371/journal.pmed.1001026
http://doi.org/10.1007/s40264-015-0268-x
http://doi.org/10.1002/sim.6525
http://www.ncbi.nlm.nih.gov/pubmed/25988604
http://doi.org/10.1136/bmjopen-2018-024537
http://www.ncbi.nlm.nih.gov/pubmed/30826796
http://doi.org/10.1136/bmj.g6501
http://www.ncbi.nlm.nih.gov/pubmed/25416499
http://doi.org/10.1186/s12916-015-0430-4
http://www.ncbi.nlm.nih.gov/pubmed/26269118
http://doi.org/10.1007/s11096-015-0159-3
http://doi.org/10.1038/s41746-020-0277-8
http://doi.org/10.1093/rheumatology/key109
http://doi.org/10.1093/cid/ciaa677
http://doi.org/10.1038/sj.ki.5000159
http://doi.org/10.1016/S0895-7061(98)00117-4

	Introduction 
	Materials and Methods 
	Search Strategy and Eligibility Criteria 
	Data Extraction 
	Risk of Bias Assessment 
	Statistical Analysis 

	Results 
	Discussion 
	Conclusions 
	References



