
J Gastrointestin Liver Dis, September 2019 Vol. 28 No 3: 327-337

1) Geriatric Rehabilitation 
Department, University-
Hospital of Parma, Parma
2) Microbiome Research Hub, 
University of Parma, Parma
3) Department of Medicine 
and Surgery,  University of 
Parma, 
Parma, Italy 

Address for correspondence: 
Andrea Ticinesi, MD, PhD
Geriatric-Rehabilitation 
Department, Parma 
University-Hospital (Azienda 
Ospedaliero-Universitaria di 
Parma), via Antonio Gramsci 
14, 43126 Parma, Italy. 
aticinesi@ao.pr.it 

  

Received: 13.05.2019   
Accepted: 23.07.2019 

Diverticular Disease: a Gut Microbiota Perspective

Andrea Ticinesi1,2, Antonio Nouvenne1,2, Vincenzo Corrente1, Claudio Tana1, Francesco Di Mario1,3, Tiziana Meschi1,2,3

INTRODUCTION

Diverticulosis is a chronic 
c o n d i t i o n  i m p l y i n g  t h e 
herniation of colonic mucosa and 
submucosa through the muscle 
layer at points of weakness of 
the intestinal wall, forming a 
protrusion of the gut lumen [1]. 
This asymptomatic condition 
may evolve into a clinically 
significant diverticular disease, 
with manifestations ranging from 
persistent abdominal symptoms 
without evidence of colonic 
inflammation (Symptomatic 
Uncomplicated Diverticular 
Disease, SUDD) to diverticulitis 
or Segmental Colitis Associated 
with Diverticulosis (SCAD) 
[1, 2]. 

REVIEW DOI: http://dx.doi.org/10.15403/jgld-277

ABSTRACT

Gut microbiota composition and functionality are involved in the pathophysiology of several intestinal and 
extraintestinal diseases, and are increasingly considered a modulator of local and systemic inflammation. 
However, the involvement of gut microbiota in diverticulosis and in diverticular disease is still poorly 
investigated. In this review, we critically analyze the existing evidence on the fecal and mucosa-associated 
microbiota composition and functionality across different stages of diverticular disease. We also explore 
the influence of risk factors for diverticulosis on gut microbiota composition, and speculate on the possible 
relevance of these associations for the pathogenesis of diverticula. We overview the current treatments of 
diverticular disease targeting the intestinal microbiome, highlighting the current areas of uncertainty and 
the need for future studies. Although no conclusive remarks on the relationship between microbiota and 
diverticular disease can be made, preliminary data suggest that abdominal symptoms are associated with 
reduced representation of taxa with a possible anti-inflammatory effect, such as Clostridium cluster IV, and 
overgrowth of Enterobacteriaceae, Bifidobacteria and Akkermansia. The role of the microbiota in the early 
stages of the disease is still very uncertain. Future studies should help to disentangle the role of the microbiome 
in the pathogenesis of diverticular disease and its progression towards more severe forms.
 
Key words: diverticulosis – microbiome  – mucosa-associated microbiome – fecal microbiota – metagenomics 
- acute diverticulitis – dysbiosis – diet – constipation.

Abbreviations: IBD: inflammatory bowel disease; SCAD: segmental colitis associated with diverticulosis; 
SUDD: symptomatic uncomplicated diverticular disease.  

While in the early stages the pathogenesis of diverticula 
is mainly conditioned by mechanical factors, later the 
inflammation and ischemia of the intestinal mucosa play a 
pivotal role in the development of diverticular disease and 
diverticulitis [1]. Several risk factors, ranging from diet to 
altered colonic motility, have been identified, but the precise 
pathophysiological cascade leading to a clinically relevant 
disease remains still uncertain [2]. 

Recent studies have focused on the possible role of the gut 
microbiota. The emergence of culture-independent methods 
of microbial profiling has in fact improved the understanding 
of the extreme complexity of both fecal and mucosa-associated 
microbiota [3, 4], highlighting its fundamental role in the onset 
and regulation of inflammation [5]. The pathophysiological 
role of the intestinal microbiota has been extensively studied 
for other gastrointestinal diseases, such as inflammatory 
bowel disease (IBD) [6] and colon cancer [7, 8], and even 
for extraintestinal diseases, including metabolic syndrome 
[9], neurodegenerative diseases [10], kidney stones [11] and 
muscle-wasting disorders [12, 13]. Dysbiosis, defined as a 
reduced microbiome biodiversity possibly associated with 
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imbalances between symbionts and pathobionts, is rapidly 
emerging as a fundamental biomarker of health status and 
an active modulator of complex pathophysiological processes 
[14], including a two-way interaction with the immune system 
[15]. Dysbiosis represents a generic alteration of the healthy gut 
microbiota homeostasis, and implies different characteristics 
and microbiome compositions in different diseases.  

The role of the intestinal microbiome in diverticular 
disease, one of the most common gastroenterological disorders 
with prevalence up to 20% in subjects undergoing colonoscopy 
[2], is still uncertain. The characteristics of the microbiota 
dysbiosis, detected in other gastrointestinal diseases, such 
as IBD, cannot be transferred to diverticular disease. The 
interaction between environmental risk factors and the 
microbiome in determining the progression from diverticulosis 
to SUDD, SCAD or diverticulitis, though hypothesized by 
several authors [16-21], is also debated. Thus, the aim of the 
present review is to critically summarize the current literature 
state-of-art on the association between microbiota and 
diverticular disease, providing suggestions of possible areas 
of development for research and clinical practice in the future. 

PROFILING THE MICROBIOTA IN 
DIVERTICULAR DISEASE

Studies on fecal microbiota
At the current state-of-art, the fecal microbiota in patients 

with diverticulosis or diverticular disease has been profiled in 
only seven studies, with conflicting results (Table I). 

Kvasnovsky et al. [22] analyzed stool samples from 28 
patients with SUDD by means of 16S rRNA microbial profiling. 
They found that a higher bloating severity score was associated 
with the relative abundance of Ruminococcus (in a positive 
way) and Roseburia (in a negative way), while the intensity of 
pain was significantly correlated with the relative abundance 
of Cyanobacterium [22]. An individual history of episodes 
of acute diverticulitis was associated with an overgrowth of 
Pseudobutyrivibrio, Bifidobacterium and Christensenellaceae 
family, and the overall microbiome biodiversity was positively 
correlated with fecal calprotectin, an index of gut mucosa 
inflammation [22]. Although limited by the absence of a 
healthy control group and low sample size, these results suggest 
that specific fecal microbiome changes mirror the severity of 
symptoms and the level of inflammation, but do not allow to 
draw conclusions on the active involvement of microbiota in 
the pathophysiological process. 

In a small series of four patients with diverticular disease, 
Ponziani et al. detected an increased abundance of Roseburia, 
Veillonella, Haemophilus and Streptococcus prior to treatment 
[23]. These dysbiotic landmarks are different from those 
typically seen in IBD, where reduced abundance of Roseburia 
is strongly associated with disease activity scores [24]. 

In another study, Barbara et al. [25] analyzed fecal samples 
from 16 subjects with asymptomatic diverticulosis, 8 patients 
with SUDD and 14 controls without diverticulosis. The overall 
fecal microbiota composition consistently overlapped among 
the three groups, but subjects with diverticula had a significantly 
lower abundance of Clostridium cluster IV than controls, 

Table I. Studies profiling the fecal microbiome in diverticular disease.

Author [ref] (year 
and study type)

Participants Type of  analyses 
performed

Core findings

Kvasnovsky [22] 
(2017, cross-
sectional)

28 patients with SUDD Metagenomics (16S rRNA 
microbial profiling)

Bloating severity score and previous diverticulitis correlated with the 
abundance of some taxa
Alpha diversity correlated with fecal calprotectin

Ponziani 
[23] (2016, 
intervention)

4 patients with SUDD Metagenomics (16S rRNA 
microbial profiling)

The presence of SUDD is associated with increased representation of 
Roseburia, Veillonella, Haemophilus and Streptococcus
These alterations are attenuated by rifaximin treatment

Barbara [25] 
(2017, case-
control)

8 patients with SUDD 
16 patients with 
diverticulosis 
14 controls

Metagenomics (16S rRNA 
microbial profiling) 
Metabolomics (1H NMR)

Patients with SUDD and, to lower extent, diverticulosis showed depletion of 
taxa with anti-inflammatory properties
Metabolomic analyses showed a different microbiome functionality in 
patients with DD

Daniels [29] 
(2014, case-
control)

31 patients with 
uncomplicated AD 
25 controls

PCR-based profiling Higher abundance of Proteobacteria, and particularly Enterobacteriaceae, in 
patients than in controls
No differences in the Bacteroidetes/Firmicutes ratio

Tursi [30] (2016 
case-control)

15 patients with SUDD 
13 patients with 
diverticulosis 
16 controls

RT-PCR on targeted 
microorganisms 
Metabolomics (1H NMR)

Little differences in microbiome composition across groups
Akkermansia more represented in patients than controls                                                    
Lower N-acetyl compound fecal levels in patients than controls

Laghi [31] (2018, 
intervention)

13 female patients with 
SUDD

RT-PCR on targeted 
microorganisms 
Metabolomics (1H NMR)

Little differences in microbiome composition across groups                          
Akkermansia more represented in patients than controls

Lopetuso [34] 
(2017, case-
control)

4 patients with DD                 
8 controls

Metagenomics (16S rRNA 
microbial profiling)  

Similar fecal microbiota composition between patients and controls, except 
for a Bacteroides fragilis depletion in patients

SUDD: Symptomatic Uncomplicated Diverticular Disease; AD: Acute Diverticulitis; DD: Diverticular Disease; PCR: Polymerase-Chain Reaction; NMR: 
Nuclear Magnetic Resonance; RT-PCR: Real-Time Polymerase-Chain Reaction.
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while patients with SUDD had also a reduced abundance 
of Fusobacterium and Lactobacillaceae [25]. Interestingly, 
both Clostridium cluster IV and Lactobacillaceae have been 
associated with marked anti-inflammatory and immune-
regulatory effects in experimental models of colitis [26-28]. 
This circumstance suggests that selective depletion of such taxa 
in the fecal microbiota may be involved in the development of 
SUDD, although the cross-sectional design of the Barbara et al. 
study [25] does not allow to draw such conclusions. 

Increasing severity of inflammation in SUDD may also 
be associated with a higher fecal microbiota biodiversity. 
This concept is supported by the findings of a cross-sectional 
study where fecal samples from 31 patients suffering from 
acute diverticulitis and 25 healthy controls were compared 
by a polymerase-chain reaction (PCR) [29]. Although 
limited by the absence of a comprehensive metagenomics 
profiling of fecal microbial communities, this study showed 
a significant overgrowth of Enterobacteriaceae in stools of 
patients with diverticulitis, suggesting that the inflammatory 
process and its complications may be associated with a specific 
imbalance between symbionts and pathobionts [29]. The 
physiopathological cascade from asymptomatic diverticulosis 
to acute diverticulitis seems to be accompanied by increasing 
degrees of microbiota homeostasis disruption. 

However, there are also studies showing little, if no, 
modification in the fecal microbiota composition of patients 
with diverticular disease. Tursi et al. [30] analyzed stool samples 
from 15 patients with SUDD, 13 subjects with asymptomatic 
diverticulosis and 16 controls using a PCR-based approach. 
They identified no differences in the abundance of the main 
microbiome components across the three groups, except 
for Akkermansia muciniphila, which showed an increasing 
abundance trend in SUDD [30]. This trend was associated with 
a different fecal metabolomics profile, including lower N-acetyl 
compound and isovalerate levels in SUDD [30]. The increased 
abundance of Akkermansia in the fecal samples of patients with 
SUDD was also confirmed in another pilot study testing the 
impact of pharmacologic and probiotic treatment in a small 
group of patients [31]. Interestingly, these characteristics of gut 
microbiota dysbiosis in SUDD are different than those detected 
in IBD, where the presence of Akkermansia is generally 
reduced, and not increased [32]. 

These circumstances suggest a different functionality 
of the intestinal microbiome in SUDD, while the SUDD-
associated Akkermansia overgrowth may either be the result 
of an increased mucin production or a homeostatic response 
against inflammation. Akkermansia has been associated with 
anti-inflammatory properties, but its growth is also stimulated 
by colonic inflammation itself, using mucin as a metabolic 
substrate [33]. 

Diverticular disease has been associated with the 
depletion of Bacteroides fragilis, Collinsella aerofaciens and 
Collinsella stercoris in another small study comparing the fecal 
microbiome of 4 patients and 8 controls, but no significant 
differences in the abundance of the main bacterial species could 
be detected [34]. However, Bacteroides fragilis could play a role 
in the modulation of inflammation [35], and this finding could 
have a pathophysiological relevance in spite of the very small 
sample size of the study. 

Studies on the mucosa-associated microbiota
Since the emergence of high-throughput metagenomics 

sequencing techniques in the 2000s, the composition of fecal 
microbiota has been considered as a valid proxy of the complex 
microbial communities harbored in the intestinal lumen [3]. 
However, recent studies have raised several doubts on this 
assumption. 

First, the fecal microbiota composition is highly dependent 
on stool consistency and number of bowel movements even in 
subjects without constipation [36]. The fecal microbial load is 
inversely associated with stool moisture, so that the differences 
in absolute bacterial counts between patients with constipation 
and patients with diarrhea may not be adequately captured 
by fecal metagenomics [37]. Second, studies comparing fecal 
microbiota with mucosa-associated microbiota, determined 
on biopsy samples collected during colonoscopy in the same 
individuals have shown that the overlap is only partial [37, 38]. 
In other terms, mucosa-associated microbiota may be different 
from fecal microbiota, and represent a more reliable picture of 
the microbial communities involved in the pathophysiology 
of gastrointestinal diseases [38, 39]. 

In diverticular disease, the analysis of mucosa-associated 
microbiota may thus have much more relevance than fecal 
microbiota [40]. Diverticular disease generally affects only 
limited segments of the colon, which may harbor different 
microbial communities than segments spared by the disease. 
Moreover, the diverticular pockets may represent unique 
niches selectively promoting the development of specific 
microbial communities which can play a role in the progression 
of diverticulosis towards symptomatic disease [40]. 

In fact, PCR analyses of colonic mucosal biopsies from 
16 patients with diverticular disease showed a significant 
overrepresentation of Enterobacteriaceae than biopsies 
of 35 controls without diverticula [41]. Blooming of 
Enterobacteriaceae is one of the main distinctive features of 
severe dysbiosis, and generally represents the consequence of 
mucosal inflammation [42, 43]. These results were confirmed 
in 9 patients with SCAD, who were subdued to multiple colonic 
biopsies from diseased tissue and adjacent colonic mucosa 
[44]. Bacterial 16S rRNA microbial profiling revealed that 
the mucosal microbiota was significantly different between 
diseased and adjacent tissue, but also that Enterobacteriaceae, 
such as Pseudomonas, were overrepresented in all samples 
[44]. Another small study revealed that acute diverticulitis 
was associated with the overrepresentation of Bifidobacteria, 
namely Bifidobacterium longum [45]. This finding confirms 
the presence of a deep disruption of the mucosa-associated 
microbial communities, even though Bifidobacterium longum 
has been associated with anti-inflammatory properties for 
animal models of colitis [46] and human enterocytes [47]. 
Thus, the bifidobacterial expansion might be interpreted 
as a homeostatic mechanism, but should be confirmed in 
larger studies with a comprehensive profiling of the mucosal 
microbiota. 

In the above referenced Barbara et al. study [25], 
metagenomics profiling of mucosa-associated microbiota 
was also performed. No significant differences could be 
detected between controls and subjects with asymptomatic 
diverticulosis, except for a reduced Enterobacteriaceae 
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abundance in cases [25]. Biopsies of patients with SUDD 
taken in the diverticular region showed significantly reduced 
representation of Akkermansia, while the mucosal macrophage 
count was negatively correlated with Clostridium cluster IV 
abundance and positively correlated with the abundance of 
Fusobacterium [25]. Although conflicting with the results of 
previous studies, these findings support the involvement of gut 
microbiota in the transition from asymptomatic diverticulosis 
to diverticular disease, and suggest an interplay between 
mucosa-associated microbial communities and the local 
immune system. 

However, in the largest study to date, comparing mucosa-
associated microbiota from 226 subjects with diverticulosis 
and 309 healthy controls, the results were substantially negative 
[48]. Apart from a mild increase in bacterial biodiversity 
and abundance of the phylum Proteobacteria and the family 
Comamonadaceae, the mucosa-associated microbiota 
composition substantially overlapped between cases and 
controls, irrespective of the number of diverticula detected 
by colonoscopy [48]. It is noteworthy that only subjects with 
asymptomatic diverticulosis were enrolled in this study, and 
comparison with patients with SUDD or diverticulitis was 
lacking. 

An overview of the existing studies where profiling of 
the mucosa-associated microbiota in diverticular disease or 
diverticulosis was performed is presented in Table II. 

THE MICROBIOTA IN DIVERTICULAR 
DISEASE: BYSTANDER OR ACTIVE 
PLAYER? 

The existing studies profiling fecal and mucosa-associated 
microbiota in diverticular disease do not permit the drawing 

of conclusions on the precise alterations associated with 
the disease (if any). The studies suffered in many cases 
from limitations due to a reduced sample size, laboratory 
techniques (PCR instead of metagenomics), insufficient clinical 
characterization of symptoms and disease burden, and a mixed 
setting of enrolment. The results were also conflicting and 
incoherent across different studies. However, some points of 
interest, which could be useful for designing future studies, 
emerged. First, asymptomatic diverticulosis does not seem to 
be associated with significant intestinal microbiome alterations. 
Thus, the involvement of the microbiome in the early phases 
of diverticulum pathogenesis seems reduced. However, some 
significant changes do occur in the microbiome composition 
when diverticulosis evolves into SCAD or acute diverticulitis: 
depletion of taxa with purported anti-inflammatory activity, 
such as Clostridium cluster IV, Lactobacilli and Bacteroides, 
Conversely, overgrowth of Bifidobacteria, Enterobacteriaceae 
and Akkermansia seem to occur in diverticular disease, but 
its significance is uncertain. In fact, these taxa may exhibit 
both anti-inflammatory (Bifidobacteria, Akkermansia) or 
pro-inflammatory (Enterobacteriaceae) activity, or may 
represent “bystanders” growing in response to changes in the 
gut microenvironment, without any direct pathophysiological 
involvement. 

These findings support the concept that microbiota could 
be involved in the progression of diverticulosis to diverticular 
disease and diverticulitis, but not in the pathogenesis of 
diverticula, as implicitly hypothesized by Daniels et al. [17] and 
Søreide et al. [49]. Thus, the microbiota may have relevance 
particularly in SUDD and diverticulitis, and represents also a 
specific therapeutical target in these stages [50]. 

SUDD is in fact associated with a different fecal [25, 30] 
and urinary [51] metabolomics profile than asymptomatic 

Table II. Studies profiling the mucosa-associated microbiome in diverticular disease.

Author [ref] (year and study 
type)

Participants Type of analyses performed Core findings

Linninge [41] (2018, case-
control)

16 patients with DD
35 controls

PCR-based profiling of 
Enterobacteriaceae

Mucosa-associated microbiota of patients 
with DD exhibits higher amounts of 
Enterobacteriaceae than controls

Schieffer [44] (2017, cross-
sectional)

9 patients with chronic recurrent 
diverticulitis

Metagenomics (16S rRNA 
microbial profiling)               
Fungal ribosomal ITS profiling

The microbiota associated with diseased 
mucosa exhibits different composition 
(overrepresented Microbacteriaceae and 
Basidiomycota) than microbiota associated 
with adjacent tissue

Gueimonde [45] (2007, 
cross-sectional)

9 patients with AD
23 patients with other GI 
conditions

Qualitative and quantitative PCR Overexpression of Bifidobacterium longum in 
the mucosa of patients with AD

Barbara [25] (2017, case-
control)

8 patients with SUDD
16 patients with diverticulosis  
14 controls

Metagenomics (16S rRNA 
microbial profiling) 

No differences in the microbiome 
composition between patients with 
diverticulosis and controls
Lower abundance of Akkermansia in SUDD
Higher abundance of Enterobacteriaceae in 
biopsies taken in diverticula than in distant 
sites

Jones [48] (2018, case-
control)

226 patients with diverticulosis 
309 controls

PCR plus metagenomics No substantial differences between patients 
with diverticulosis and controls, except 
for Proteobacteria and Comamonadaceae, 
underrepresented in cases

DD: Diverticular Disease; SUDD: Symptomatic Uncomplicated Diverticular Disease; AD: Acute Diverticulitis; PCR: Polymerase-Chain Reaction; ITS: 
Internal Transcribed Spacer.
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diverticular disease, suggesting different microbiome 
functionality in this condition. Acute alterations of intestinal 
microbial communities, such as those induced by surgery, may 
play a role in the complications of diverticular disease [52]. 
Interestingly, in rare cases fecal microbiota transplantation for 
Clostridium difficile infection may induce diverticulitis [53], 
supporting a central role for microbiota in the development 
of the acute condition. 

Recent studies also suggest that gastrointestinal diseases 
known to be associated with deep gut microbiota dysbiosis, 
such as ulcerative colitis and Helicobacter pylori infection 
may protect against the onset of diverticular disease [54, 55]. 
Conversely, diverticular disease could represent a risk factor for 
autoimmune diseases, such as polymyalgia rheumatica, with 
gut-microbiota-induced immune dysfunction as a cross-road 
between the two conditions [56]. 

In this scenario, the role of gut microbiota in the 
pathophysiology of diverticular disease may be far from that 
of a simple bystander, engaging in a complex interplay between 
the intestinal mucosa and the whole organism. However, our 
understanding is only at the beginning, and future studies 
should help to disentangle these complex relationships. 

THE MICROBIOTA AND RISK FACTORS 
FOR DIVERTICULOSIS

Conceptual framework
Although the current literature state-of-art does not 

support an active role of the intestinal microbiota in the 
pathogenesis of diverticula, the role of environmental risk 
factors for diverticulosis also deserves a discussion from a 
gut microbiota perspective. In fact, almost all the factors 
associated with an increased risk of diverticulosis represent 
active modulators of the microbiome composition [57]. Despite 
a consistent inter-individual variability, the intestinal microbial 
ecosystem is shaped by several environmental influences [58]. 
Acute stressors, such as antibiotic administration, generally 
induce transient perturbations that disappear after the 
exposure to stressors is over [14]. This resilience is, however, 
not absolute, and long-term signatures may persist, so that 
long-term exposure to environmental factors may induce 
persistent modifications in the microbiome composition [14]. 

Age, low fiber intake, excessive meat intake, alcohol, 
smoking, and exercise represent risk factors for both 
diverticulosis and gut microbiota dysbiosis [2, 57]. Similarly, 
medical conditions such as obesity, multimorbidity and 
polypharmacy may also be associated with gut microbiota 
dysbiosis, and have at the same time a significant association 
with diverticula [2, 57]. 

In this regard, a role of the gut microbiota as a mediator 
of the pathophysiological link between risk factors and 
development of diverticulosis can be hypothesized. Prospective 
population-based studies with complete profiling of the 
microbiota should be performed in the future to clarify these 
aspects. 

The role of age
Aging is associated with reduced biodiversity of the 

intestinal microbiome and increased inter-individual 

variability [58]. Resilience to stressors, such as antibiotic 
administration, is also reduced, leading to depletion of 
taxa with anti-inflammatory and purported metabolic 
beneficial activities, and overgrowth of pathobionts [58, 
59]. These changes are emphasized in those subjects living 
in nursing homes, experiencing reduced mobility and with 
cognitive dysfunction [60-62]. In elderly subjects, prolonged 
hospitalization is also a consistent promotor of microbiota 
dysbiosis [63]. Conversely, aging in good health is generally 
associated with a gut microbiota profile resembling to that of 
younger persons [64]. 

The association between aging and diverticulosis is well 
known, and the incidence peak is after the age of 70 [1, 2]. 
Although aging per se is not sufficient to determine the onset 
of diverticulosis, a role of age-related changes of gut microbiota 
in the pathogenesis of diverticula cannot be excluded, and 
should be investigated in the future. In fact, older age makes 
patients with diverticulosis more prone to symptomatic 
diverticular disease and clinically relevant complications, and 
the intestinal microbiome could play an important role in this 
circumstance [65]. 

Moreover, in recent years a specific subpopulation of 
patients with early-onset diverticular disease has emerged [66]. 
The incidence of acute diverticulitis in persons aged 40-49 
years old has increased by 132% in the United States from 1980 
to 2007 [66]. The causes of this epidemiologic phenomenon 
are still uncertain, but the presence of specific imbalances in 
the gut microbiota has been hypothesized [67]. The interplay 
between gut microbiota, genetic predisposition and other risk 
factors, such as diet, may also be involved [67].

Dietary factors
The main dietary imbalances associated with the risk of 

developing diverticulosis are low fiber intake and excessive red 
meat consumption. Both dietary regimens are associated with 
specific modifications of the intestinal microbiota. 

In animal models, low-fiber diets are more often associated 
with overrepresentation of Enterobacteriaceae and Bacteroides 
than high-fiber diets [68]. In human beings, the habitual 
consumption of a low amount of fibers is associated with 
depletion of Clostridia, Actinobacteria [69] and all butyrate-
producing taxa [70]. 

Fiber intake is positively correlated with fecal short-chain 
fatty acid concentrations, representing active metabolic 
mediators involved in the regulation of immune system and 
insulin sensitivity [71]. Insufficient fiber intake may predispose 
to alterations of the barrier function of the intestinal mucosa, 
promoting local and systemic inflammation and susceptibility 
to infection [72]. Conversely, a high-fiber diet is associated with 
increased microbiome biodiversity and stability [73], increased 
representation of taxa with purported beneficial metabolic 
activities [74], and modulation of inflammation [75]. 

High-protein diets generally trigger the overexpression of 
bacteria with protein-fermenting capacities, including many 
Enterobacteriaceae, Streptococcus and Bacteroides, at the 
expense of saccharolitic bacteria, such as Bifidobacteria and 
Lactobacilli [76]. These changes are independent of calorie 
content, but may be influenced by protein source [77]. Proteins 
from red meat are those associated with the maximal expansion 
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of pathobionts, possibly altering the inflammatory balance in 
the gut [78]. 

Similar changes in gut microbiota composition are 
also triggered by alcohol consumption. In alcoholics, a 
marked dysbiosis, characterized by overrepresentation of 
Enterobacteriaceae, Prevotellaceae and Streptococcaceae, can 
be detected, with promotion of inflammation [78]. These effects 
may be partly counterbalanced by the polyphenol-induced 
changes of the microbiota in red wine consumers [79]. 

In summary, diet may play a pivotal role in shaping 
intestinal microbiota composition, and at the same time dietary 
imbalances increase the risk of diverticulosis. The role of the 
microbiota in this interplay is largely unknown, and should be 
investigated by future studies. 

Exercise and body composition
Physical exercise is a powerful modulator of intestinal 

microbiota composition [80]. Regular exercise is associated 
with increased microbiome biodiversity, and optimal balance 
between taxa with anti-inflammatory activity and pathobionts 
[81]. These favorable changes seem to be independent of diet 
and body composition [82], and professional athletes generally 
exhibit a different microbiome functionality than sedentary 
individuals [83]. 

Conversely, obesity is associated with significant alterations 
in gut microbiota composition [84], and microbiota 
composition itself can influence body composition and 
therapeutical responses to dietary interventions [85]. 

Interestingly, habitual exercise is associated with a reduced 
risk of developing diverticular disease [86], while obesity is a 
well-established risk factor for it [87]. These epidemiological 
associations may be mediated by the effects of exercise on the 
gut microbiota, but this hypothesis has never been verified 
to date. 

Comorbidities and polypharmacy 
Functional constipation is a well-known risk factor for 

the development of diverticula [1, 2], being associated with 
relevant alterations of the intestinal microbiome. In adults, 
these alterations include depletion of Bacteroides, Roseburia 
and Coprococcus and overexpression of microbial functional 
metabolic pathways involved in methanogenesis and glycerol 
degradation [88]. In children, overgrowth of Bacteroides 
and Bifidobacteria has been demonstrated [89]. These 
modifications of microbial communities may trigger colonic 
dysmotility, by regulation of serotonin neurotransmitter 
transporters [90]. Additionally, increased consistency of feces 
is associated with different intestinal microbiota composition 
even when the diagnostic criteria for functional constipation 
are not satisfied [36]. 

In this scenario, the formation of diverticula may not be 
simply due to mechanical factors, but the changes of intestinal 
microbiota associated with constipation may also play a role, 
that should be investigated in future studies. 

Moreover, some epidemiologic studies have established an 
association between other extra-intestinal comorbidities, such 
as diabetes and hypertension, and the risk of diverticulosis 
[91, 92]. The risk of complications of diverticular disease is 
also increased in multimorbid patients [93]. Interestingly, 

multimorbidity, i.e., the presence of two or more chronic 
diseases, has been recently associated with fecal microbiota 
dysbiosis in two separate studies, performed in hospitalized 
older patients [94] and a cohort of community-dwelling twins 
[95], respectively. 

Multimorbidity is frequently associated with polypharmacy, 
i.e. the prescription of five or more drugs that patients 
should take chronically. Polypharmacy has been associated 
with increased gut microbiota dysbiosis, and this effect is 
emphasized when patients take drugs that may alter colon 
motility, such as opioids, non-steroidal inflammatory drugs 
and neuroleptics [94, 95]. Since the prescription of some of 
these drugs has been epidemiologically associated with an 
increased risk of diverticulosis [96], the interconnections 
between drugs, microbiota and diverticulosis may deserve 
further investigation in the future. 

MICROBIOTA AND THE MANAGEMENT 
OF DIVERTICULAR DISEASE

Probiotics
Although the involvement of the intestinal microbiome 

in the pathophysiology of diverticular disease still shows 
several areas of uncertainty, microbiome-targeted strategies 
have been investigated in the treatment of acute episodes of 
diverticulitis or in their prevention [97]. The use of probiotics 
in diverticular disease has been reviewed by different authors 
without conclusive evidence on their capacity to modify the 
disease course, due to the poor quality and heterogeneity of the 
studies [98-100]. Thus, the current clinical recommendations 
for the management of diverticular disease do not include the 
use of probiotics [18]. 

In fact, most of the randomized clinical trials have 
employed preparations with a single probiotic strain, usually 
Lactobacilli, administered for a limited period of time and 
with variable follow-up length [98-100]. These preparations 
were in some cases administered alone, while in other cases in 
association with rifaximin, anti-inflammatory drugs or even 
antibiotics that could have significantly limited their capacity 
to interact and modify the existing microbiome [98-100]. 
Furthermore, clinical outcomes were highly heterogeneous 
[98-100]. But most importantly, almost all the studies did not 
investigate the composition of the fecal or mucosa-associated 
microbiota, neither before nor after the intervention [98-100]. 
The only exception was the study by Lamiki et al. [101], who 
demonstrated a significant survival of the two components 
of the blend they studied, Bifidobacterium and Lactobacillus 
acidophilus, showing a possible protective effect against the 
recurrence of SUDD. 

In summary, despite these relevant limitations, probiotic 
administration may be an effective adjuvant treatment for 
relieving symptom severity in SUDD, particularly bloating 
and, in some cases, abdominal pain [100]. The use of probiotic 
blends containing Lactobacilli with anti-inflammatory 
drugs (such as mesalazine or balsalazide) may be effective in 
maintaining symptom remission in SUDD [96]. Conversely, 
the role of probiotics or symbiotics in acute diverticulitis 
is even less defined, although a recent pilot study has given 
promising results with the administration of a blend composed 
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of Lactobacillus salivarius, Lactobacillus acidophilus and 
Bifidobacterium lactis [100]. 

Rifaximin
Rifaximin has recently gained popularity for its possible 

positive influence on the intestinal microbiome. In fact, its 
efficacy in the treatment of SUDD and prevention of recurrent 
episodes of acute diverticulitis may at least partly depend on the 
microbiome [102]. In addition to its known effects of reducing 
bacterial overgrowth and improving the fecal mass, rifaximin 
may also exhibit an “eubiotic” effect, that is, the capacity of 
selectively promoting the growth of taxa with anti-inflammatory 
activity at the expense of pathobionts [103]. This capacity has 
been demonstrated in the context of Crohn’s disease or cirrhosis 
with hepatic encephalopathy [19, 21], but studies in patients 
with diverticular disease are limited to very small case series.

In a group of patients with mixed diagnoses, including 
four subjects with SUDD, Ponziani et al. [23] were able to 
demonstrate that a 10-day trial with 400 mg rifaximin tid 
was associated with significant, and potentially beneficial, 
changes in fecal microbiota composition, consisting of reduced 
representation of Roseburia, Veillonella, Streptococcus and 
Haemophilus. In another pilot study, the administration of 
different doses of rifaximin (800 mg/day or 1.6 g/day) for two 
weeks to seven female patients with SUDD resulted in the 
reduction of abundance of Akkermansia and different fecal 
metabolomics profiles, suggesting an active modulation of 
microbiome functionality [31].    

The possible modifications in the intestinal microbiome 
induced by rifaximin are thus mostly subtle, but of great clinical 
interest. In fact, it does not affect the overall microbiome 
biodiversity [104], inducing selective depletion of a few taxa 
(Streptococcus and Veillonella) that may play a key role in the 
regulation of inflammation and mucosal barrier functionality 
[105]. These microbiome alterations do not affect systemic 
inflammation, but have relevance only for the gastrointestinal 
district [106]. Thus, the beneficial effects of rifaximin 
administration in SUDD and recurrent acute diverticulitis 
may depend on targeted antibiotic effects on the intestinal 
microbial communities, probably also inducing shifts in the 
functionality of bacteria [19, 21, 107]. Rifaximin also exhibits 
anti-inflammatory properties that are independent of the gut 
microbiota composition, making it a “pleiotropic” drug of great 
interest for the clinical management of diverticular disease and 
all other gastrointestinal disorders associated with dysbiosis 
[107]. These aspects deserve more attention in future studies 
enrolling patients with diverticular disease. 

CONCLUSIONS AND PERSPECTIVES

The current scientific literature state-of-art suggests that 
the intestinal microbiome may be implied in several aspects 
of diverticulosis, ranging from risk factors, to progression 
into symptomatic diverticular disease, to treatment. The level 
of knowledge is anyway too incomplete to make microbiome 
science significantly modify the current clinical approach to 
patients with diverticula, with the only possible exception of 
rifaximin, which is considered in guidelines due to its eubiotic 
effect [18, 102]. 

However, in the foreseeable future, the management of many 
aspects of diverticular disease will take into consideration the 
intestinal microbiome. First, metagenomics is rapidly entering 
clinical practice, and many ongoing studies will contribute to 
define the reference standards for gut microbiota composition 
and the clinical significance of dysbiosis [4]. From this 
perspective, clinical profiling of the gut microbiota will allow 
a personalized management of several intestinal and extra-
intestinal diseases, including diverticulosis. A better knowledge 
of the effects of probiotics and pharmacological treatments on 
the gut microbiota composition and functionality will allow 
appropriate prescriptions, maximizing the benefits for patients. 

Moreover, future studies should also focus on the role 
of the microbiota in patients with specific risk factors for 
diverticulosis, and on the correlation between the stage of 
diverticular disease and the composition/functionality of 
the microbiota. Recently, a novel endoscopic classification of 
diverticular disease, called DICA (Diverticular Inflammation 
and Complication Assessment), has entered clinical practice 
[108, 109]. This exhibits an excellent correlation with patient 
outcomes, in terms of the risk of episodes of acute diverticulitis, 
and may be associated with specific intestinal microbiota 
alterations [110, 111]. However, the correlation between 
diverticular disease staging and microbiota has been only 
marginally investigated to date, despite its potential relevance 
for the prescription of targeted personalized treatments. 

In conclusion, the involvement of gut microbiota in the 
clinical course of diverticular disease is highly plausible, 
and clinically-oriented studies are needed to translate the 
microbiological concepts into clinical practice.  
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