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Abstract
Background: The renin-angiotensin system (RAS) has been associated
with inflammatory bowel disease (IBD), supporting translational relevance
of RAS blockers. Comparability of study design/outcomes is fundamental
for data analysis/discussion.
Objectives: We aimed at evaluating the heterogeneity among protocols
and outcomes to study the effect of angiotensin-converting enzyme inhibi-
tors or angiotensin receptor blockers in IBD.
Methods: This study was performed and reported in accordance with the
Cochrane recommendations and PRISMA (PROSPERO-CRD42022
323853). Systematic searches were performed in PubMed, Scopus and
Web of Science. Studies that met the inclusion criteria were selected. Qual-
ity assessment of the studies was done with the SYRCLES’s risk of bias
tools for animal studies.
Results: Thirty-five pre-clinical studies and six clinical studies were
included. Chemical induction of colitis was the most used model, but vari-
able doses of the induction agent were reported. All studies reported at least
a disease activity index, a macroscopic score, or a histologic assessment,
but these scores were methodologically heterogeneous and reported for dif-
ferent characteristics. Great heterogeneity was also found in drug interven-
tions. Inflammatory markers assessed as outcomes were different across
studies.
Conclusion: Lack of standardization of protocols and outcomes among
studies threatens the evidence on how RAS blockers influence IBD
outcomes.
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1 | INTRODUCTION

The renin-angiotensin system (RAS) is a complex net-
work of peptides, enzymes and receptors that are
tightly regulated and have relevant physiological and
pathophysiological effects [1]. Angiotensin-converting
enzyme (ACE) converts angiotensin (Ang) I into Ang II,
which is the main effector peptide of this system, medi-
ating effects such as vasoconstriction or pro-
inflammatory and pro-fibrotic effects via angiotensin
type 1 (AT1) receptors [1], while activation of angioten-
sin type 2 (AT2) receptors usually counterbalances
those effects [2]. Besides its classic view as an endo-
crine system with renal and cardiovascular relevance,
the RAS has been found locally in several tissues such
as the gastrointestinal (GI) tract [3–5], where Ang II
mediates glucose absorption [4] and intestinal smooth
muscle contraction [6], while ACE takes part in peptide
digestion [3]. The RAS also plays a role in GI inflamma-
tion [7] and has been associated with GI diseases like
inflammatory bowel disease (IBD).

IBD includes Crohn’s disease (CD) and ulcerative
colitis (UC), both conditions being characterized by a
chronic inflammation of the intestine [8]. IBD is a sys-
temic chronic condition that has several extraintestinal
manifestations such as psoriasis, uveitis and arthri-
tis [9]. IBD is also associated with several comorbidities
such as osteoporosis, Parkinson’s disease, atheroscle-
rosis and cardiovascular disease [10]. In fact, it has
been reported that IBD patients have an increased car-
diovascular risk [11, 12], possibly because chronic sys-
temic inflammation promotes atherosclerotic
events [13]. Given the systemic inflammatory nature of
IBD and the increased cardiovascular risk, many IBD
patients are under concomitant anti-hypertensive ther-
apy with ACE inhibitors (ACEi) or angiotensin receptor
blockers (ARBs).

Alterations in the levels of RAS-related peptides and
receptors during colonic inflammation have been
reported in experimental and clinical studies by our
group [6] and others [14]. Further, in a pilot study with
patients with CD and UC, no differences were found in
the levels of ACE and Ang II between groups, neither
between patients and healthy individuals, but levels of
ACE2 and Ang 1–7, peptides of the counterregulatory
RAS, were upregulated [15]. Additionally, Ang-II medi-
ated colonic contraction is decreased in rats with
2,4,6-trinitrobenzenesulfonic acid (TNBS)-induced [6]
and dextran sulphate sodium (DSS)-induced [16] colitis.

Given the emerging data on RAS contribution to
colonic inflammation, several studies using experi-
mental models of IBD assessed whether manipulation
of this system could improve experimental disease
outcomes. Also, a few clinical retrospective studies
investigated the possible effect of antihypertensive

medications on the course of IBD and its clinical con-
sequences. However, there are many different animal
models of IBD [17] that report a wide range of dis-
ease severities based on different induction methods,
and retrospective clinical studies suffer from limita-
tions when analysing data [18], making it hard to com-
pare IBD outcomes between studies. Consequently,
there is a lack of standardized disease reporting that
could improve the quality of these studies and assure
replicability between experiments and analysis. As so,
the aim of this systematic review was to ascertain the
heterogeneity in published experimental and clinical
data about the use of ACEi or ARBs in IBD
outcomes.

2 | MATERIALS AND METHODS

This study was performed and reported in accordance
with the Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA) guidelines [19]
and Cochrane Collaboration recommendations [20].
The full protocol is available at PROSPERO registration
number CRD42022323853. One author performed all
steps of the studies’ selection and data extraction. The
process was independently reviewed by a second
author. When necessary, a third referee was consulted
in case of discrepancies.

2.1 | Search strategy and eligibility
criteria

The following electronic databases were systematically
searched: PubMed, Scopus and Web of Science, with
no data or language restrictions (search updated in
April 2022). The complete search strategy is available
in supplementary material S1. Titles and abstracts of
the retrieved articles were screened for eligibility. Rele-
vant records were then read in full, and studies that met
the following inclusion criteria were included for data
extraction and analyses: studies evaluating the use of
pharmacological agents acting on ACE or AT1 recep-
tors, with or without comparator, on patients with IBD
as classified by the International Classification of
Diseases–version 11 (DD70 and DD71, regardless of
the region of the intestine affected) or experimental ani-
mal models of related diseases (i.e., colitis or ileitis).
Studies were excluded if (a) they did not report original
results, (b) they were written in non-Roman characters,
or (c) the full-text pdf file was unavailable. References
of the included papers were scrutinized for potentially
additional studies. The comprehensive assessment of
the eligibility criteria is described in supplementary
material S2.
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2.2 | Data extraction and
methodological quality assessment

A standardized form (Microsoft Excel, Redmond, WA;
supplementary material S3) was used to extract infor-
mation about type of study (human vs. experimental
studies), type of IBD (IBD, UC or CD), active
vs. quiescent IBD, strain, sex, type of experimental ani-
mal condition (colitis vs. ileitis), induction method, time
of induction, which ACEi or ARBs and dosages, route
of administration, disease activity index (DAI), histo-
logic scores, macroscopic scores (MaS), inflammatory
markers (myeloperoxidase, MPO; C-reactive protein,
CRP; calprotectin and cytokines), AT1 receptor expres-
sion, ACE levels and ACE activity levels.

Quality assessment of the included studies
was assured by following the SYRCLE’s risk of bias
tools for animal studies (supplementary material
S4) [21].

2.3 | Data synthesis

A narrative synthesis of the findings from the
included studies, structured around the type of
intervention, target population characteristics, experi-
mental model used, method for evaluation of the dam-
age induced, and type of outcome, is provided in tables
and figures.

Methods to evaluate the damage induced in experi-
mental models of IBD were classified as DAI, MaS or
histologic assessment. The duration of each study pro-
tocol was calculated considering the initiation of dam-
age induction as the time zero.

3 | RESULTS

3.1 | Literature search results

After the application of the search strategy, 282 different
articles were retrieved. After title and abstract analysis,
204 articles were excluded for being out of the scope of
this review. Application of the exclusion criteria led to a
final number of 40 articles that were included in this
review. Manual searches of references provided one
additional article, leading to a final of 41 articles: 33 arti-
cles used experimental models of colitis, and one arti-
cle used an experimental model of ileitis; six articles
reported results in patients with IBD, but two of them
were considered to be the same study. Finally, one arti-
cle reported results from both patients with IBD and ani-
mals with experimental colitis (Figure 1). As the results
of the two branches of the latter article (clinical and
experimental) were so different, we decided to consider
it as two independent studies (one clinical and one
experimental).

3.2 | Quality of animal studies

The results of the quality assessment using SYRCLE’s
tool for assessing risk of bias in animal studies are pre-
sented in Figure 2. Our analysis showed that all studies
failed to house the animals blindly and randomly during
the experiments, as well as to select animals to assess
the different outcomes (Figure 2). Regarding the alloca-
tion of animals to an experimental group, most of the
studies did not randomize them or state that the ani-
mals were randomly assigned to an experimental group
but do not describe the randomization procedure. How-
ever, although all studies presented flaws in describing
several parameters, all of them reported the initially pro-
posed outcomes.

3.3 | Experimental studies
characteristics

All 35 experimental studies reported the condition stud-
ied, the induction methods and the species of rodent
used, although only 23/35 reported the sex of the ani-
mals used, which were mostly males (Table 1). Regard-
ing the experimental model, chemically induced colitis
was the most widely used strategy: TNBS-induced
model of colitis was used in 9/35 studies, the DSS-
induced model of colitis was used in 16/35 studies and
the acetic acid-induced colitis was reported in 6/35
studies. The TNBS-induced model of colitis was used
more often in rats and the DSS model of colitis in mice
(Table 1). Our search retrieved 1/35 study on ileitis,
using the SAMP1/YitFc mice, a spontaneous model of
CD-like ileitis (Table 1).

The three most reported chemical models for colitis
induction presented an enormous variability in the
induction protocol (Table 1). In the TNBS-induced
model, TNBS dose ranged from 10 mg/rat to 30 mg/rat,
with the percentage of ethanol varying from 40% to
50% (Table 1). One of the nine studies did not report
sufficient information on the TNBS dose used. In the
DSS-induced model, the DSS dose ranged from 4% to
5% in studies using rats and between 1% and 5% in
studies using mice (Table 1).

3.4 | Evaluation of the experimental
model

When using experimental models of colitis, it is essen-
tial to ensure that the clinical condition is mimicked,
while maintaining animals’ welfare. Only 23/35 experi-
mental studies reported data on body weight changes
throughout the protocol [14, 22–43], with 1/35 studies
reporting body weight after animals’ sacrifice [44]. Addi-
tionally, 2/35 studies reported both food and fluid intake
[28, 44], while 1/35 reported only fluid intake [41]. Colon
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weight and length were reported in 7/35 [28, 32, 42,
44–47] and 14/35 studies [14, 28, 31–33, 35, 38–40,
42–45, 48, 49], respectively, and colon weight/length
ratio was reported in 8/35 studies [30, 32, 45, 48–52].
Stool characteristics were often included in disease
scoring systems, but only 7/35 studies [14, 22, 24,
27, 41, 44, 53] gave information on stool characteristics
(including the presence of diarrhoea or blood in the fae-
ces or the rectum) independently from those scores.
Only 4/35 studies reported the animals’ survival [22,
26, 29] or mortality rate [22, 26, 28, 29].

All studies reported at least one of the following
scoring systems to evaluate disease activity: DAI, MaS
or histologic assessment. Seventeen out of 35 studies
used DAI to evaluate the experimental model [14,
22, 23, 26–28, 30, 31, 38, 39, 42, 47–52], 17/35 studies
used MaS [28, 30, 32, 34, 36, 37, 40, 41, 44–47, 50–54]
and 34/35 studies used a histologic score [14, 22–26,
28–54]. Six out of the 35 studies used the three scoring
systems [28, 30, 47, 50–52], 11/35 used MaS and histo-
logic assessment [22, 32, 34, 36, 37, 40, 41, 44–46, 54]
and 10/35 used DAI and histologic assessment [14,
22, 23, 26, 31, 38, 39, 42, 48, 49]. Interestingly, 7/35

studies used only histologic score [24, 25, 29, 33, 35,
43, 55], 1/35 used only DAI [27], but no study reported
only MaS.

Regarding DAI, 14/17 studies based their DAIs in
previously published studies without any modifications
[14, 22, 26, 28, 30, 31, 38, 39, 47–52]. From those,
5/14 studies [14, 26, 30, 51, 52] used a DAI described
by Cooper et al. [56], while the rest of the studies used
DAIs referencing different authors. Also, 1/17 studies
used a new DAI [23], but even though the authors
explain which characteristics were assessed, they
failed to report how to calculate it. Moreover, 2/17 stud-
ies only reported the final DAI [27, 42] but failed to
describe the characteristics that determined it. For the
studies that provided information on the characteristics
assessed, 15/15 studies evaluated stool consistency
[14, 22, 26, 28, 30, 31, 38, 39, 47–52], 13/15 studies
considered body weight changes [14, 22, 26, 28, 30,
31, 38, 39, 47, 50–52], 12/15 studies assessed blood in
the faeces [14, 22, 26, 28, 31, 47–52] and 4/15 rectal
blood [30, 38, 39, 47], 2/15 studies report rectal pro-
lapse [38, 48] and 1/15 studies reported changes in the
animals’ fur [48].

F I GURE 1 PRISMA flow-chart for literature selection.
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Fourteen out of 17 studies used an already published
MaS [30, 34, 37, 40, 41, 44–47, 50–54] and, from those,
4/14 studies [34, 37, 41, 53] used a MaS presented by
Appleyard CB et al. [57], while the others cited different
authors. Slight modifications were introduced to previ-
ously published MaS in 2/14 studies [30, 40], whereas
3/17 studies reported the use of a new MaS [28, 32, 36].
All studies provided the characteristics included in the
correspondent MaS: ulceration (12/17 studies [28,
30, 32, 34, 37, 41, 44–46, 50, 53, 54]), wall thickness
(6/17 studies [34, 37, 41, 44, 46, 53]), diarrhoea (6/17
studies [34, 37, 41, 51–53]), edema (5/17 studies [28,
36, 40, 44, 50]), hyperaemia (5/17 studies [30, 44–47]),
presence of blood (5/17 studies [36, 40, 50–52]),
adhesions (5/17 studies [30, 34, 37, 41, 53]), degree of
inflammation (4/17 studies [28, 32, 45, 54]), extent of
damage (4/17 studies [30, 44–46]), necrosis (3/17 stud-
ies [32, 50, 54]) and cell depletion, mucosal atrophy, cell
infiltration and vascular dilation (1/17 study [28]).
Although several studies reported a MaS that evaluated
at least two of the same characteristics, the quantitative
scale was highly variable.

Globally, histologic assessment included a quantita-
tive score and/or a qualitative description of the micro-
scopic alterations observed, often associated with
representative images of the colon. Twenty-three out of
35 studies [14, 23–26, 30, 33–37, 39–41, 44–48,
50, 51, 53, 54] used a histologic score that was
previously reported by other authors, but two of them
added minor alterations [26, 40]. The most frequently

cited histologic scores were Cooper et al. [56] (3/23
studies [25, 37, 47]), Appleyard et al. [57] (3/23 stud-
ies [34, 41, 53]) and Spencer et al. [25] (3/23 studies
[22, 24, 35]), although Spencer et al. [25] used the
score defined by Cooper and colleagues [56]. Five
out of 35 studies presented only a quantitative score
of histologic alterations [26, 32, 33, 42, 55], while
28/35 studies presented a quantitative score associ-
ated with a qualitative description and representative
images of the damaged colon [14, 23–26, 30, 31,
33–41, 44–54]. Also, 4/35 studies failed to describe
the microscopic characteristics assessed in those
scores [14, 27, 31, 49]. In the 27/35 studies that
describe those characteristics [22–26, 28, 30, 32–41,
44–48, 50–54], the most prevalent were related to
alterations in the (i) intestinal wall architecture—crypt
damage (14/27 studies [22–25, 33–35, 37, 38,
40, 41, 47, 52, 53]), ulceration (7/27 studies [26,
28, 30, 32, 44, 45, 54]), thickening of different intesti-
nal layers (5/27 studies [28, 34, 41, 51, 53]), edema
(4/27 studies [28, 46, 47, 52]), goblet cells depletion
(4/27 studies [34, 41, 47, 53]) and necrosis (2/27
studies [46, 52])—and (ii) inflammatory status—
inflammatory cell infiltration (17/27 studies [22, 24–26,
32, 34–37, 40, 41, 46, 47, 51–54]) and degree of
inflammation (10/27 studies [23, 30, 33, 38, 39,
44, 45, 48, 50, 51]). The histologic score was highly
variable among studies, albeit being the most
reported score to evaluate the induction of this exper-
imental model.

F I GURE 2 Assessment of the risk of bias (%) in the animal studies included in this review. Red, green and yellow lines indicate high, low or
unclear risk of bias, respectively.
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3.5 | ARBs and ACEi in experimental
models of IBD

Among the 35 studies using experimental models of
IBD, 21 reported the effect of ARBs [22–24, 27, 30–32,
34, 35, 37, 38, 40, 41, 44, 49–52, 54, 55] and
12 reported the effect of ACEi in experimental disease
outcomes [22, 25, 26, 28, 29, 33, 36, 40, 42,
43, 46, 47]. Additionally, two studies used AT1 receptor
knock-out models induced with colitis [14, 23], to
assess the same effects.

A great heterogeneity in the drug intervention was
found among these studies, namely concerning the var-
iability of the drug tested (six different ARBs and six dif-
ferent ACEi), the dose used of each drug and the route
of administration (Table 2).

The duration of the experimental protocols was also
greatly variable (Figure 3). Most studies started

administrating the drug prior to or on the day of colitis
induction, assuming a preventive strategy, while only
3/35 studies reported that drugs were administered 3 or
7 days after colitis induction, adopting a therapeutic
approach (Figure 3). For the sake of ensuring compara-
bility, studies using SAMP1/YitFc mice with spontane-
ous ileitis [55], IL-10 knock-out mice with spontaneous
colitis [48] and mice induced with AOM/DSS [39] were
not included in Figure 3. The study using SAMP1/YitFc
mice [55] had a therapeutic approach, since animals
were treated with dexamethasone (to induce remission)
for 7 days, after which they were then treated with
losartan for 2 or 5 weeks. In the study using IL-10
knockout mice with colitis [48], telmisartan was admin-
istered on the day of induction and for 12 weeks,
assuming a preventive approach. Finally, in mice trea-
ted with AOM followed by DSS treatment for three
cycles, Hachiya et al. [39] used a mixed approach, with

TAB LE 1 General characteristics of the 35 experimental studies included in this review.

Rat, n Mouse, n

Species 14 21

Sex 14 11

Male 12 8

Female 1 2

Both 1 1

Experimental model

Chemical TNBS 7 2

2.5 mg/animal; 50% ethanol 0 1

10 mg/animal; 50% ethanol 1 0

15 mg/animal; 50% ethanol 2 0

25 mg/animal; 50% ethanol 1 0

30 mg/animal; 40% ethanol 1 0

30 mg/animal; 50% ethanol 2 0

DSS 4 12

1% 0 1

2% 0 1

2.5% 0 4

3% 0 4

4% 1 1

5% 3 1

AOM/DSS 0 1

Acetic Acid 5 1

1.05 mL 4% (v/v) 1 0

0.5 mL 10% v/v in saline 0.9% 1 0

2 mL 3% v/v in saline 0.9% 2 0

2 mL 4% v/v in saline 0.9% 1 0

Spontaneous SAMP1/YitFc 0 1

Genetic IL-10 knock-out 0 1

Mixed Piroxicam in IL-10�/� mice 0 5

1144 FERREIRA-DUARTE ET AL.
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a subgroup of animals to whom irbesartan was admin-
istered from the beginning of the induction protocol
(preventive approach) and another subgroup of animals
that started treatment with irbesartan 10 weeks after
induction of colitis (therapeutic approach).

3.6 | Experimental outcomes

From the 35 experimental studies, 11 assessed the
levels of myeloperoxidase (MPO) [14, 27, 30,
41, 45–50, 53] and two of them assessed both MPO

TAB LE 2 Description of the ARBs and ACEi (drug, dose and administration route) and type of genetic manipulation used in experimental
studies, and outcomes assessed.

Experimental studies

n Dose range
Administration
route

Outcomes

Cytokines Unspecific

ARBs

Candesartan 3 0.4 mg/kg/day IPa TNF-α [23] MPO, AT1R [27]

10 mg/kg/day Transanal IL-1β, IL-6, IL-10, TNF-α [24] None [24]

Valsartan 3 160 mg/kg/day Oral None [38] None [38]

160 mg/L/day Oral IL-10, IL-18, TNF-α, TGF-β [41, 53] MPO [41, 53]

Losartan 7 7 or 10 mg/kg/day Oral IL-1β [34, 40]; IL-6, IL-23, IL-17, IL-
12, IL-2 [34]; TNF-α [34, 40];
TGF-β [44]; INF-γ [34]

ACE levels [40]

100 mg/kg/day Transanal IL-1β, IL-6; IL-10, TNF-α [24, 35];
INF-γ [35]

AT1R [35]

0.6-10 mg/mL/day Oral IL-33, TGF-β [55] AT1R [37]

Irbesartan 1 30 mg/kg/day Oral IL-6, IL-10, TNF-α, TGF-β [39] None [39]

Telmisartan 5 1–10 mg/kg/day Oral IL-1β [51]; IL-6 [48, 51]; IL-10 [30,
45, 51]; IL-17 [48]; TNF-α [30,
45, 48, 51]; IFN-γ [51]

MPO [30, 45, 48,
51]; PCR [51]

0.01 and 5 mg/kg/day Transanal IL-1β, IL-6; TNF-α [31] None [31]

Olmesartan 5 1–10 mg/kg/day Oral IL-1β [52]; IL-6 [50, 52]; IL-10 [52];
TNF-α [49, 50, 52]; TGF-β [52];
None [32, 54]

MP [49, 50, 52];
PCR [52];
None [32, 54]

ACEi

Enalapril 6 1–5 mg/kg/day Oral IL-1β [40]; IL-6 [43]; IL-12 [33, 43];
TNF-α [33, 40, 43]

ACE levels [40];
None [33, 43]

6.25–25 mg/kg/day Transanal IL-1β, IL-6, IL-8, INF-γ [26]; TNF-α
[26, 29]

None [26, 29]

0.03 mg/mL/day IPa TNF-α [25] ACE levels [25]

Enalaprilat
suspended in
PEG-1500

1 14.5–145 μg/250 μL PEG Transanal IL-1β, TNF-α, TGF-β [22] None [22]

Captopril 4 30 or 50 mg/kg/day Oral IL-6, TNF-α [47]; TGF-β [28] MPO [47]; Ang II
levels [28]

0.1 mg/kg/day IPa TNF-α [46] MPO [46]

0.11 mg/day Oral IL-1β, IL-6, TNF-α [36] ACE levels [36]

Lisinopril 1 1 mg/kg/day IPa TNF-α [46] MPO [46]

Zofenopril 1 1.5 mg/kg Not stated None [42] None [42]

ILE-PRO-PRO 1 5 mg/day Oral IL-1β, IL-6, TNF-α [36] ACE levels [36]

Genetic manipulation

AT1 receptor knock-out 2 N/Ab N/Ab TNF-α [14, 23] MPO, AT1e [14];
None [23]

aIP, intraperitoneal.
bN/A, not applicable.
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and C-reactive protein (CRP) [51, 52], as unspecific
biomarkers of inflammation (Table 2). None of the ani-
mal studies reported for faecal calprotectin quantifica-
tion. Additionally, several different cytokines were
quantified (Table 2). In 16 out of 35 studies, pro-
inflammatory interleukins (ILs) were measured: IL-1β
[22, 24, 26, 31, 35, 36, 40, 51, 52], IL-12 [33, 43],
IL-17 [48], IL-8 [26] and IL-18 [41, 53], and one study
quantified IL-1β, IL-12, IL-17 and IL-23 [34]. Also, 9/35
studies quantified IL-10 [24, 30, 35, 39, 41, 45, 51–53],
an anti-inflammatory IL. Finally, 13/35 studies assessed
ILs that can mediate pro- or anti-inflammatory effects:
IL-6 [24, 26, 31, 35, 36, 43, 47, 48, 50–52] and
IL-33 [55], and one study measured both IL-6
and IL-2 [34]. Most studies (26/35 in total [14, 22–26,
29, 30, 33–36, 39–41, 43, 45–53]) also quantified
tumour necrosis factor-α (TNF-α), while 8/35 studies
measured transforming growth factor beta (TGF-β) [22,
28, 39, 41, 44, 52, 53, 55] and 4/35 studies measured
interferon gamma (IFN-γ) [26, 34, 35, 48].

Only 2/35 studies quantified Ang II [14, 28], and
4/35 studies assessed the expression of the AT1 recep-
tor in the intestine [14, 27, 35, 37] (Table 2). Just 3/35
studies reported for the ACE level [25, 36, 40], and all
failed to report ACE activity levels (Table 2).

Other parameters were assessed throughout the
different studies, like apoptosis, lipid peroxidation bio-
markers, oxidative stress markers or other proteins that
were specific to the aim of each study, but irrelevant for
an overall analysis of disease outcomes.

4 | CLINICAL STUDIES

The clinical studies included in this systematic review
comprised a total of 1841 IBD patients, from which
539 patients were exposed to RAS blockers. Addition-
ally, Efsen et al. [58] used fistula specimens from
22 CD patients to assess the in vitro effect of ramipri-
late on the activity of matrix metalloproteinases
(MMPs). Only three out of the six studies reported the
sex of the IBD patients, and these three included both
male and female patients [58–60]. All human studies
reported the disease diagnosis [37, 58–63]. Although
3/6 studies reported outcomes within a population of
IBD patients [37, 61, 62], other 3/6 studies reported out-
comes within a population of IBD patients plus a sub-
analysis on UC or CD patients [59, 60, 63]; 1/6 studies
only included CD patients [58]. Only 1/6 studies differ-
entiated between active and quiescent disease [37].

Five out of six were retrospective studies, meaning
that they reported data on ARBs or ACEi usage in IBD
patients that were under that medication prior to being
recruited for the study [37, 59–63]. Also, because these
were retrospective studies, none of them reported the
dose of the ARB or ACEi used. Five out of six studies
assessed the effect of ARBs on disease outcomes [37,
59–63], while 5/6 studies reported results on ACEi
[58–60, 62, 63]. Only one study described in more
detail which ARBs (candesartan, irbesartan and telmi-
sartan) or ACEi (perindopril and ramipril) were
assessed [63]. Another study conducted a sub-analysis

F I GURE 3 Variability of the experimental protocols using TNBS, DSS, acetic acid, piroxam and the AT1 receptor knock-out (KO) model
induced with DSS. Light green and light yellow refer to the timepoint where animals stopped receiving DSS or piroxam, respectively, but
continued to receive the ARB or ACEi; n refers to the number of studies that used that experimental protocol.
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on the effect of olmesartan in disease outcomes in a
subset of IBD patients under therapy with ARBs [60].

No differences were found between the demo-
graphics of IBD patients included in studies using and
not using antihypertensive drugs. All the human studies

evaluated some type of outcomes, whether they were
IBD-related characteristics, severity or clinical activity,
or inflammatory biomarkers. Clinical outcomes reported
are summarized in Table 3. Only one study evaluated
the inflammatory biomarkers profile between IBD

TAB LE 3 ARBs or ACEi treatment effect on inflammatory bowel disease outcomes.

Study Study design Effect of ARBs or ACEi treatment on disease outcomes

Shi Y et al. [37] Retrospective study;
11 quiescent and 7 active UC and CD patients who were

on ARB vs. 24 quiescent and 14 active UC and CD
patients who were not on ARB.

Reduced pro-inflammatory cytokines and chemokines (IL-
1β, IL-6, IL-17A, IL-17F, IL-23, TNF-α) in IBD patients
on ARB therapy, especially for the active patients.

Mantaka A et al.
[60]

Retrospective study;
150 IBD patients who were on antihypertensive drugs vs.

150 IBD patients who were not on antihypertensive
drugs.

IBD patients on ARBs were less frequently on steroid
(58.6% vs. 71.7% non-ARBs, p = 0.041) and
immunomodulators (31.4% vs. 45.7% non-ARBs,
p = 0.039);

Rates of lifetime steroid use were statistically significantly
lower among patients with ACEi or ARBs use (61.4%
vs. 73.1%, p = 0.035, OR = 1.191, 95% CI, 1.005–
1.411);

Fewer hospitalizations for flare in olmesartan users (47.4%
vs. 63.7%, p = 0.025);

IBD patients that use ARBs associated with milder disease
course (aOR (95% CI) = 3.913 (1.084–14.119),
p = 0.037), lower rates of immunomodulators use (aOR
(95% CI) = 0.369 (0.145–0.944), p = 0.038), lower
rates of ileocolonic CD location (aOR (95% CI) 0.098
(0.015–0.658), p = 0.017), lower rates of penetrating
CD behaviour (aOR (95% CI) = 0.113 (0.013–1.006),
p = 0.051).

Fairbrass KM
et al. [61, 62]

Retrospective study; 104 IBD patients on RAS blockers
(out of 764 IBD patients (UC = 321, CD = 443).

Decreased likelihood of intestinal resection (1.9% vs. 7.6%
non-ACEi or ARBs, p = 0.03);

A trend towards fewer flares (25.6% vs. 35.7% non-ACEi or
ARBs, p = 0.06) and hospitalizations (9.6% vs. 16.5%
non-ACEi or ARBs, p = 0.07).

Garg M
et al. [63]

Retrospective study; 26 IBD patients on RAS blockers
(out of a total of 296 IBD patients)

Lower disease activity scores (0:1:2:3:4 [%]) in IBD patients
using RAS blockers (50:23:12:12:4 vs. 24:32:15:21:7
non-RAS blockers use, p = 0.016);

Lower requirement for hospitalization not requiring surgery
in IBD patients using RAS blockers (0% vs. 15% non-
RAS blockers; p = 0.033);

Lower concentration of faecal calprotectin in 8 IBD patients
using RAS blockers (log faecal calprotectin (mean, CI)
= 1.66(1.37–1.95) vs. 2.09(1.96–2.21 non-RAS blocker
use, p = 0.046);

First nested case–control study; 39 IBD patients that
required surgery vs. 75 IBD controls

Lower requirements for surgery in patients (all with CD)
using RAS blockers (16% vs. 3% IBD patients not
requiring surgery, p = 0.034).

Second nested case–control study; 34 IBD patients that
were hospitalized vs. 68 IBD controls

Patients not requiring hospitalization were more likely to be
treated with RAS blockers (12% vs. 0% IBD patients
hospitalized, p = 0.049).

Jacobs JD
et al. [59]

Retrospective study; 111 IBD patients using ACEi or
ARBs vs. 111 IBD controls

Fewer hospitalizations (OR 0.26, p < 0.01), fewer
operations (OR 0.08, p = 0.02), and fewer corticosteroid
prescriptions (OR 0.5, p = 0.01) in patients with ACEI or
ARB exposure.

Retrospective study; 76 IBD patients using ACEi + 54
IBD patients using ARBs—before and during use

Fewer hospitalizations (OR 0.08 vs. 0.16, p = 0.03) and
more corticosteroid use (OR 0.24 vs. 0.12, p < 0.01)
prior to than during ACEI/ARB use, respectively, in UC
patients.
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patients in the presence and absence of antihyperten-
sive drugs (Table 3), while Efsen et al. [58] assessed
differences in MMP activity, as it was the main aim of
their work. Only one study assessed the levels of faecal
calprotectin between IBD patients using and not using
antihypertensive drugs (Table 3).

5 | DISCUSSION

To our knowledge, this is the first study to synthesize
published data on the use of ACEi or ARBs in IBD out-
comes. Furthermore, our results demonstrate that there
is a lack of standardization in the experimental models
of colitis, as well as in the disease severity scores and
experimental outcomes used for assessing the effi-
ciency of disease induction, compromising replicability
and comparability across studies.

There are several animal models used for inducing
experimental colitis [64], but the chemically induced
models are the most used because they are easy and
cost-effective procedures that mimic immunological and
histological features of human IBD [65]. Our results
showed that in studies aiming to assess the role of
ARBs and ACEi in IBD outcomes, the TNBS- and the
DSS-induced models of colitis were the most frequently
used. This is in accordance with the literature that
reports both models as the most widely used, regardless
of the specific aim being studied [66]. However, differ-
ences between both models may resemble subgroups
of IBD patients. While the TNBS-induced model pro-
motes a Th1-mediated inflammatory response resem-
bling CD in humans, the DSS-induced model promotes
a Th2-mediated inflammatory response resembling
human UC [66]. Despite this difference, we found that in
studies using chemical models of IBD, authors do not
discriminate whether they are aiming to study CD or UC,
use the term ‘colitis’ as a generic description of the
experimental disease and focus mainly on the colon.

Literature demonstrated that the report of the
methods in studies using these animal models of colitis
presented low quality, compromising the translational
value to clinical research of human IBD [67]. In addition
to the generic guidelines to report animal studies [68],
Bramhall et al. [67] even created a checklist to ensure
quality when reporting experiments with animal models
of colitis. Good reporting practice is a crucial require-
ment, especially when models present the enormous
variability as identified in our study. The three most
commonly used models to induce colitis (TNBS-, DSS-
and acetic acid-induced colitis) varied in the dosage of
the damage-inducing agent, the time the animals
remain induced, the method to assess colitis severity/
extent, the evaluation of animal welfare and the out-
comes measured to assess the intervention.

Frequent monitoring of animals (i.e., body weight
and food/fluid intake assessment or implementation of

disease activity scores) is essential to maintain animal
welfare during the experimental protocol. A decrease of
20% of the initial body weight of the animal is a strong
indicator of decreased animal welfare and a humane
endpoint to consider the removal of that animal from the
study [69]. Only half of the studies included in this sys-
tematic review reported body weight along the protocol,
while one reported the animals’ body weight just after
sacrifice. Since these are experimental models of colitis,
all studies should report stool consistency, as well as
the presence of diarrhoea or obstipation. However,
although all studies include stool consistency in their
DAIs, they fail to report stool characteristics, hiding rele-
vant information such as the presence of diarrhoea or
constipation. Colonic weight, length and weight/length
ratio are important indicators of colonic damage,
because they correlate with intestinal inflammation [70].
Our analysis revealed that only a few studies specifically
reported these characteristics, with most studies using
DAI to monitor disease activity after animals’ sacrifice.

The severity of the damage induced in the animals
depends on many different factors: the species strain
[65, 71], the dose and the characteristics of the chemi-
cal agent used [72], the environment [73] and the time
course of the experiment. Since these factors contrib-
ute to the variability of the studies, assessing the sever-
ity of induced colitis is crucial to ensure the
comparability of the outcomes obtained. DAI, MaS and
histologic assessment were almost ubiquitous among
the included studies. Although DAIs assessed similar
characteristics, the quantitative value associated with
each qualitative assessment was highly variable
between studies. Besides DAIs, macroscopic and
microscopic scoring systems are useful tools to assess
disease induction. Only half of the studies reported his-
tologic evaluation, which included several different
intestinal inflammation characteristics, such as ulcera-
tion, edema, hyperaemia, crypt damage, wall thickness
or inflammatory cell infiltration [74–76]. As with DAIs,
there was high variability in the constitution of the differ-
ent MaS, which weakens the comparability of results
between studies. Most studies that were included
reported the use of a microscopic score for histologic
assessment, often associated with images or a qualita-
tive description. Histopathology analysis provides a
more accurate and comprehensive description of the
disease since it preserves the tissue architecture [77].
As in previous tools, albeit characteristics evaluated
were common between scoring systems, reported
scores were highly variable across studies. The vari-
ability identified in the components and the weight of
each component among the different DAI, MaS and
microscopic scores raises doubts about the similarity of
the colitis induction between two animals with identical
scores.

The beginning of pharmacological intervention after
colitis induction is another variable to be considered as

1148 FERREIRA-DUARTE ET AL.

 14728206, 2023, 6, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/fcp.12935 by Ist Politecnico D

e L
isboa, W

iley O
nline L

ibrary on [26/01/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



a factor that produces experimental heterogeneity. In
models with lower inductive strength, induced colitis
tends to spontaneously disappear after some days [78].
In our study, the time that animals remain induced var-
ied from 1 to 21 days. In addition, some studies admin-
istered the ARB or ACEi before induction (varying from
30 to 2 days before induction), while others adminis-
tered the drugs after induction with different delays.

While all the studies aimed at evaluating the use of
ARBs or ACEi on IBD, similar outcomes could be
expected bearing in mind the differences between the
different conditions included under IBD. The
Th1-mediated inflammatory response produced in CD
is usually associated with an increase in IL-2, IL-12,
TNF-α and IFN-γ, while the Th2-mediated inflammatory
response of UCs is associated with an increase in IL-4,
IL-5, IL-10 and IL-13 [79–83]. Subsequently, depending
on the induction method, primarily mimicking of UC or
CD should be monitored. We found that these inflam-
matory mediators were not always assessed, and some
studies did not assess any of these cytokines. Surpris-
ingly, no evaluation of ACE activity was reported to
prove that the ACEi used was effective, and only two
studies quantified Ang II.

The few clinical studies were retrospective and
designed to study the effect of antihypertensive medica-
tion on IBD outcomes, and not particularly the effect of
ACEi or ARBs on disease outcomes. Although retro-
spective studies can provide valuable information on the
effect of RAS blockers in disease outcomes, they lack
detailed information that would be crucial for a robust
evaluation; in this review, they did not discriminate nei-
ther the drug that the patients were taking nor its dose.
Only one of these studies reported the inflammatory pro-
file of IBD patients included, and no study evaluated
ACE activity levels or faecal calprotectin (a standard fae-
cal biomarker of IBD in clinical practice [84].

6 | CONCLUSION

Current research using animal models to assess the
effects of RAS-acting agents (i.e., ACEi or ARBs) on
IBD lacks standardization, preventing comparisons
between studies and drugs. Researchers, but also jour-
nal editors and peer reviewers, should commit to reduc-
ing variability in the induction protocol, disease activity
scores, macro- and microscopic evaluation, time that
animals remain induced, drug initiation time, mediators
involved and outcomes.
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