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INTRODUCTION  

T h e  i n c i d e n c e  o f 
diverticulosis and diverticular 
disease (DD) of the colon is 
increasing worldwide, and 
its burden on national health 
systems in terms of direct and 
indirect costs is becoming 
significant [1]. Diverticulosis is 
commonly found in developed 
countries; it seems slightly more 
frequent in the USA than in 
Europe. It was believed to be a 
rare condition in the developing 
world [2], but new data indicate 
that the prevalence of colonic 
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ABSTRACT

Background & Aims: Diverticulosis of the colon is the most common anatomic alteration of the human colon, 
and it is characterized by the out-pouching of the colonic mucosa and submucosa through the muscular layer. 
Recurrent abdominal pain is experienced by about 20% of patients with diverticulosis, and inflammation of 
diverticula may lead to acute diverticulitis. In the past few years, several studies have investigated the factors 
predisposing or triggering diverticular disease (DD) occurrence. Moreover, new physiopathological knowledge 
has been acquired. The  aim of this study was to review current knowledge  regarding the pathogenesis of DD.
Methods: A search of PubMed and EMBASE database was performed to identify articles relevant to the 
pathogenesis of DD. 
Results: Several papers have shown that genetic predisposition, environmental factors, and colonic dysmotility 
are implicated in the pathogenesis of DD. More recent studies have associated specific host immune responses, 
gut microbiota imbalance and therefore low-grade inflammation as contributors to symptom occurrence in 
DD and diverticulitis. 
Conclusions: Current and evolving evidence highlighted the role of genetic susceptibility, environment, colonic 
motility, visceral sensitivity, immune response, and microbiota in the pathogenesis of this disease. Further 
studies are required to identify potential targets for medical or surgical decision-making.  

Key words: diverticular disease − genetic susceptibility − dysmotilility − inflammation − microbiota −
pathophysiology.    

Abbreviations: CT: computer tomography; DD: diverticular disease; DICA: diverticula inflammation 
and complications assessment; ENS: enteric nervous system; GWAS: Genome wide association study; 
ICC: interstitial cells of Cajal; SNP: single nucleotide polymorphism; SUDD: symptomatic uncomplicated 
diverticular disease. 

diverticulosis is generally increasing worldwide, probably 
because of changes in lifestyle in several populations [2].  

Although intrinsic changes of the aged colon wall may 
clearly predispose to the occurrence of diverticulosis, several 
pathogenetic factors make the colon susceptible to diverticular 
disease (DD). Colonic diverticulosis remains asymptomatic in 
the majority of people, about 20-25% will develop symptoms, 
the so-called “diverticular disease” (DD), 20% of them will 
develop symptoms without complications, experiencing the 
so-called “Symptomatic Uncomplicated Diverticular Disease” 
(SUDD), while about 5% of them will develop diverticulitis, 
with or without complications [3-6].   

Despite the significant burden of the disease, the 
pathogenesis is poorly understood and several etiological 
factors may play a role in its onset. This paper focuses on the 
current and evolving concepts related to the pathophysiology 
of DD, which are summarized in Fig. 1.    
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GENETIC SUSCEPTIBILITY

Two European studies investigated the role of heritability 
in DD occurrence [7, 8]. The heritability of DD was estimated 
at 53% in a Danish twin cohort comprising twins with (923 
people) and without (29,399 people) DD [7]. A  comparable 
result was  evidenced by a Swedish study, which estimated the 
heritability as 40% in a cohort of twins with (2,296 people) or 
without (102,156 people) DD [8].

More recently, new data on the role of genetic susceptibility  
have become available. The first single nucleotide polymorphism 
(SNP) associated with diverticulitis was rs7848647, a genetic 
variant mapping upstream of tumor necrosis factor superfamily 
15 (TNFSF15) [9]. This SNP was associated with a surgical 
risk for diverticulitis [9, 10]. Moreover, a rare laminin beta 
4 (LAMB4) single-nucleotide variant encoding a D435N 
substitution was identified within a familial cluster of people 
suffering from diverticulitis [11]. This protein plays a role in the 
embryonic development of the enteric nervous system (ENS) 
and enhanced role of motility impairment in the pathogenesis 
of DD. More recently, a SNP (rs3134646) in collagen type III 
alpha 1 chain (COL3A1) was associated with diverticulosis in 
white men [12]: this result supports the historical hypothesis 
that an altered collagen vascular system may play a significant 
role in DD pathogenesis.

The first genome-wide association study (GWAS) in DD 
and diverticulitis was performed in 2017 in Iceland and the 
Netherlands [13]. A  significant association with DD was 
found analyzing intronic variants rs4662344 and rs7609897,  
established within DNase hypersensitivity sites located in 
Rho-GTPase-activating protein 15 (ARHGAP15) and collagen-
like tail subunit of asymmetric acetylcholinesterase (COLQ) 
[13]. rs67153654 within an intron of FAM155A (family with 
sequence similarity 155A) was also significantly linked to 
diverticulitis occurrence. Significantly, no differences were 
found when analyzing these SNPs on RNA expression in blood 
and adipocytes [13]. 

Finally, two large GWAS studies in DD were recently 
completed. The first was conducted in the United States 
and analyzed 27,444 cases and 382,284 controls from the 
UK Biobank and tested for replication in the Michigan 
Genomics Initiative (2,572 cases; 28,649 controls). Authors 
identified 42 loci associated with DD (39 of them identified 
for the first time), genes that are significantly enriched for 
expression in the mesenchymal stem cells and multiple 

connective tissue cell types and are co-expressed with 
genes that have a role in vascular and mesenchymal biology 
[14]. It is noteworthy that these genes in these associated 
loci have roles in immunity, extracellular matrix biology, 
cell adhesion, membrane transport and intestinal motility. 
The second large study was recently conducted in Europe, 
and reported 48 loci with GWAS. The study identified 
25 previously unknown susceptibility loci for DD, 12 of 
which were novel: the most significant novel risk variant 
rs9960286 was located near CTAGE1 (cutaneous T-cell 
lymphoma-associated antigen 1), and the most significant 
novel replicated risk variant rs60869342 was located in NOV 
(nephroblastoma overexpressed). Based on 95% Confidence 
Intervals (CIs), the authors found four loci having stronger 
effects for diverticulitis, namely variants at PHGR1 (proline, 
histidine and glycine rich 1), FAM155A-2, calcitonin-related 
polypeptide beta (CALCB), and the S100A10 locus [15].

Results of the latter study are particularly intriguing. These 
genes seem to confirm that DD is primarily a disorder of the 
intestinal neuromuscular function, with impaired mesenteric 
vascular smooth muscle function and impaired connective 
fiber support, whereby the risk of diverticulitis might be 
triggered by epithelial dysfunction. However, the impact 
of these genetic variants on the mechanisms of the disease 
remains unknown. 

Table I summarizes the genetic factors associated with 
DD. 

COLONIC MOTILITY AND THE ENTERIC 
NERVOUS SYSTEM

Elastosis and thickening of the colonic wall cause 
segmentation with non-propulsive segments, enhancing 
intraluminal pressure with straining of the bowel wall. This 
causes herniation in areas weakened by penetrating vasa recta, 
leading to diverticulosis [16]. Patients with diverticulosis show 
dysregulation of peristaltic activity, and a reduced ability of the 
longitudinal muscle to reach relaxation following contraction 
[17-19].

The sigmoid colon of DD patients shows, under basal 
conditions, an impaired motility (increased motility index and/
or increased contractile force) compared to healthy controls 
[18, 19]. It is generally thought that dietary fiber may regulate 
colonic motility, but the role of fiber on this specific regulatory 
mechanism still requires further evidence [20].

Fig. 1. Factors having a pathogenetic role in diverticular disease.
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The impairment of ENS also plays a significant role in 
the pathogenesis of DD. Enteric nervous system is part of the 
autonomous nervous system that mediates gastrointestinal 
control independently from the brain and spinal cord [21]. 
It comprises mainly two subdivisions. One is the myenteric 
plexus, which is located between the circular and longitudinal 
muscles of the colon, and comprises mostly primary afferent 
neurons [22]. A specific sub-population of cells, called 
“interstitial cells of Cajal” (ICC), represents the pacemaker 
cells of the gastrointestinal tract, since they mediate the input 
from the enteric motor nerves to the smooth muscle [23]. In the 
colonic ENS, we can find three subtypes of ICCs: submucosal 
ICCs (ICSM), located in the submucosal surface of the circular 
muscle layer; myenteric ICCs (IC-MY), located between the 
longitudinal and circular myenteric plexus; and intramuscular 
ICCs (IC-IM), located within the longitudinal and circular 
muscle layers. IC-SM and IC-MY cells generate slow wave 
activity, while IC-IM cells mediate input from the ENS [24]. 
Bassotti et al. [25] have  demonstrated that a reduced number 
of all subtypes of ICCs, together with morphological changes 
and alteration of glial cells, can be found in DD patients. 
Enteric glial cells are important regulators of enteric neuron 
homeostasis, maintain intestinal epithelial barrier integrity, 
and may also regulate colonic motility [26, 27]. In particular, 

Table I. Pathogenetic factors for diverticular disease occurrence  

Genetic susceptibility 

Homozygous twins 

rs7848647 (a genetic variant of TNFSF15) 

COLQ rs7609897 

ARHGAP15 rs4662344 

FAM155A rs67153654 

LAMB4 D435N 

CTAGE1 rs9960286 

NOV rs60869342

PHGR1

CALCB

S100A 10 locus 

Colonic motility and enteric nervous system changes  

Colonic structure 

Longitudinal and circular muscle thickening 

Elastosis 

Segmentation 

Alterations in the enteric nervous system (reduction of Cajal cells, S100 
cells and 5HT-4R)

Visceral hypersensitivity 

Low NK1 

Low CGRP 

High CRLR 

Low GDNF, RET, and GFRA1 

Rectal hypersensitivity 

Brain gray matter abnormalities

Host immune system and pro-inflammatory findings 

CD68+CD163+ macrophages 

Immune transcriptome deregulation (RASAL3, PTPRC, INPP5D, SASH3) 

Increased IL-6 and TNF-α 

Increased IL-10

Low PGE2

Gut microbiota changes  

a. Colonic microbiota 

Increased: 

Akkermansia muciniphila 

Proteobacteria 

Enterobacteriaceae  

Microrobacteriaceae 

Roseburia hominis  

b. Colonic mycobiome 

Increased Exophiala and Agaricales 

c. Colonic virome 

Increased human cytomegalovirus in diverticulitis

Increased expression of anti-viral response genes in earlier-onset 
diverticulitis

Abbreviations: 5HT-4R: 5-Hydroxytryptamine receptor 4; ARHGAP15: 
Rho-GTPase-activating protein 15; CALCB: calcitonin-related polypeptide 
beta; CGRP: galanin 1 receptor; GFRA1: GDNF family receptor alpha 1; 
COLQ: collagen-like tail subunit of asymmetric acetylcholinesterase; CRLR: 
calcitonin gene-related peptide; CTAGE1: cutaneous T-cell lymphoma-
associated antigen 1; FAM155A: family with sequence similarity 155A; 
GDNF: glial cell-line-derived neurotrophic factor; IL: Interleukin; INPP5D: 
inositol polyphosphate-5-phophatase D; LAMB4: laminin beta 4; NK1: 
neurokinin 1; NOV: nephroblastoma overexpressed; PGE: prostaglandin 
E; PHGR1: proline, histidine and glycine rich 1; PTPRC: protein tyrosine 
phosphatase, receptor type C; RASAL3: RAS protein activator-like 3; RET: 
Rearranged during transfection; SASH3: Src homology-3 (SH3) domain 
and a sterile alpha motif (SAM) domain-containing 3; TNF: tumor necrosis 
factor; TNFSF15: tumor necrosis factor superfamily 15.

glial cells express the glial cell-line-derived neurotrophic factor 
(GDNF) that signals through the Ret Proto-oncogene (RET) to 
regulate colonic motility [28]. Glial cells are generally identified 
by S100, a small extension factor (EF)-hand protein  containing 
a wide range of activity, including transmitting an extracellular 
neurotrophic signal to stimulate neurite outgrowth (29). A 
lower number of S100-positive cells has been found in the 
myenteric plexus in DD patients [25, 29-31]. As a consequence, 
GDNF, RET, and GDNF family receptor alpha 1 (GFRA1) 
transcripts were down-regulated in the muscular layers and 
myenteric ganglia of DD patients [32].

The second main mechanism of the impairment of ENS is 
linked to serotonin expression. We know that approximately 
95% of serotonin in the body is found in the gastrointestinal 
tract [33], and that serotonin receptors 2 (5HT-2R), 3 (5HT-
3R) and 4 (5HT-4R) play a crucial role in initiating the 
peristaltic reflex and in mediating gut motility [34]. Böttner 
et al. [35] found recently that 5HT-4R is downregulated in 
the tunica muscularis of DD patients, which corresponds 
to the colonic wall compartment that mediates intestinal 
peristalsis. Moreover, authors found that 5HT-4R is less densely 
distributed in the circular muscle and myenteric plexus of 
DD patients [35]. This means disturbed serotonin colonic 
system plays an important role in causing DD occurrence. 
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5HT-3R may also be a significant target for further therapeutic 
approaches, as confirmed by a recent pilot study [36].

Table I summarizes colonic motility and enteric nervous 
system factors associated with diverticular disease. 

VISCERAL HYPERSENSITIVITY

Visceral hypersensitivity is another possible mechanism 
involved in causing symptoms in these patients. A recent work 
has shown that SUDD patients have visceral hypersensitivity to 
rectal barostat distension [37, 38], which also occurs in irritable 
bowel syndrome (IBS). In another study using rectal barostat 
distension, Humes et al. [39] found that SUDD patients had 
greater expression of neurokinin 1 (NK1) (p=0.01), as well as a 
higher, though not significant, expression of galanin 1 receptor 
(GALR1) than asymptomatic patients with diverticulosis. 
The increased expression of the inflammatory cytokines 
interleukin (IL)-6 and Tumor Necrosis Factor (TNF)-α, and 
an up-regulation of the neuropeptide receptor NK1, suggest 
that SUDD patients may exhibit visceral hypersensitivity due 
to peripheral sensitization where both inflammatory and 
neurochemical factors play a role.

Calcitonin gene-related peptide (CGRP) is another target 
in the study of the role of visceral hypersensitivity in DD. 
CGRP is a potent smooth muscle relaxant involved in multiple 
physiological processes. It acts through a heteromeric receptor 
constituted by a G-protein coupled receptor called calcitonin 
receptor-like receptor (CRLR) and a receptor activity-
modifying protein 1 (RAMP1). CGRP fibers innervate  many 
targets through the digestive system (epithelia, muscle cells, 
neuronal elements). Looking at the alimentary tract, CGRP 
exerts multidirectional action and plays a role in sensory and 
pain conduction, vasodilation, immune response, absorption 
and secretory activity [40]. Major targets of CGRP innervation 
are the intrinsic plexuses inducing peristaltic reflexes, 
increasing the peristaltic threshold, relaxing intestinal smooth 
muscle cells, inducing phasic contractile activity and exciting 
myenteric neurons [40]. Pauza et al. [37] found recently that 
CGRP levels within the enteric ganglia were reduced by up 
to 52% in symptomatic DD patients, while CRLR within the 
enteric ganglia were enhanced by 41% in symptomatic DD. 
Longitudinal smooth muscle showed an elevated (+10.5%) 
relaxant effect to the exogenous application of CGRP in colonic 
strips from symptomatic DD patients [41]. Significantly, no 
consistent changes were found in patients having asymptomatic 
diverticulosis. This study confirms therefore, that significant 
alterations of nerve fiber activity may lead to a hyper-
sensitization mechanism, that gradually takes place during 
DD progression. 

Patients with DD have also been shown to report higher 
levels of somatization as measured by the Patient Health 
Questionnaire 12 Somatic Symptom scale (PHQ12-SS) 
compared to those with asymptomatic DD (ADD) [42]. This 
suggests that both central (psychological) and peripheral 
factors such as prior inflammation and changes in the enteric 
nervous system play a role in symptom reporting in this 
group [43]. Subdividing SUDD patients according to the 
level of somatization as assessed by the PHQ12-SS into low 
somatization diverticular disease (LSDD) with PHQ12-SS <7 

and high somatization diverticular disease (HSDD) patients 
with PHQ12-SS > 6, Pitiot et al. [44] performed a brain analysis 
with a 1-mm isotropic structural brain Magnetic Resonance 
Imaging (MRI) scan, assessing also somatization, hospital 
anxiety, depression, and pain catastrophizing. Authors found a 
decrease in gray matter density in the left and right dorsolateral 
prefrontal cortex (dlPFC), and in the mid-cingulate and motor 
cortex, but an increase of such density in the left [45, 46] and 
right [45, 47] Brodmann Areas. The average cortical thickness 
differed overall across groups (p=0.002) and regionally: HSDD 
> ADD in the posterior cingulate cortex (p=0.03), HSDD > 
LSDD in the dlPFC (p=0.03) and in the ventrolateral PFC 
(p<0.001). The thickness of the anterior cingulate cortex and 
the mid-prefrontal cortex were also found to correlate with 
pain catastrophizing (p=0.03) [44]. This study shows for the 
first time that structural gray matter abnormalities may occur 
in SUDD patients, and that brain differences may play a 
significant role in the pain network of those patients.

Table I summarizes alteration of visceral sensitivity 
associated with DD. 

ENVIRONMENTAL FACTORS

a. Diet
The keystone paper from Painter and Burkitt described 

the role of reduced dietary fiber in the development of DD 
[48]. In particular, they found the diverticulosis prevalence to 
be higher in Westernized people where dietary fiber intake is 
lower compared to African people with higher levels of dietary 
fiber intake [48]. Further reports confirmed this association, 
demonstrating that insoluble fiber intake decreased the risk 
of DD [49, 50]. Similarly, Crowe et al. found that a high-fiber 
diet reduced the risk of hospital admissions and mortality 
due to DD [51, 52]. Moreover, a vegetarian lifestyle and nuts 
and popcorn consumption reduced the risk for diverticulitis 
[51, 53]. Finally, an increased risk of diverticulitis was found 
in individuals with low levels of vitamin D and in men with a 
high consumption of red meat [54, 55] . 

However, these findings have been recently challenged, 
since an association between low dietary fiber intake and 
increased risk of diverticulosis occurrence was not found 
[56, 57]. The evidence regarding the role of dietary fiber in 
DD pathogenesis remains therefore inconsistent [58], even 
if literature data suggest that dietary fiber supplementation 
may have a beneficial impact on the intestinal microbiota [59].

b. Ultraviolet exposure and lifestyle 
People living in areas with low exposure to ultraviolet light 

or in rural areas had a higher risk of diverticulitis-associated 
hospitalizations than people living in areas with high ultraviolet 
light exposure [60, 61]. Smoking was found to be a risk factor 
for complicated diverticulitis and hospitalizations [61-64]. Also 
obesity was associated with DD complications (diverticulitis, 
diverticular bleeding, hospitalization) [60, 65], while physical 
activity reduces the risk of diverticulitis and diverticular 
bleeding [66].  

Two recent case-control studies assessed the role of alcohol 
and smoking in the pathogenesis of DD. Assessing these 
associations in a prospective cohort of 47,678 men living in 
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United States, Aldoori et al. [67] found that alcohol intake 
(comparing those who drink > 30 g of alcohol/day to non-
drinkers) was only weakly and non-significantly associated 
with the risk of symptomatic DD (relative risk RR = 1.36; 
95% CI 0.94 to 1.97; p for trend = 0.37). They observed no 
association between caffeine, specific caffeinated beverages, 
and decaffeinated coffee and the risk of symptomatic DD. 
Current smoking was not appreciably associated with the risk 
of symptomatic DD compared to non-smokers (RR = 1.25; 
95% CI, 0.75 to 2.09) [67]. 

More recently, Nagata et al. [68] found that age, male sex, 
smoking index, alcohol consumption, aspirin, anticoagulants, 
corticosteroids, hypertension, and atherosclerotic disease 
were factors significantly associated with diverticulosis, and 
that increasing age (p<0.01), increased alcohol consumption 
(p<0.01), smoking (p<0.01), and atherosclerotic disease 
(p<0.01) were significantly associated factors at multivariate 
analysis. Alcohol and smoking were also associated with right-
sided and bilateral diverticula [68]. 

c. Medical treatments
Medical therapy can also play a role as a risk factor for DD 

occurrence. Use of oral corticosteroids, opiate analgesics, and 
non-steroidal anti-inflammatory drugs (NSAIDs) has been 
associated with complicated diverticulitis [64, 69–71]. It is 
thought that NSAIDs induce mucosal damage through the 
reduction of prostaglandin synthesis [70], while the mechanism 
by which steroids and opioids cause complicated diverticulitis 
is less understood. Furthermore, the use of statin and calcium 
channel blockers may reduce the risk for diverticular bleeding 
[64, 72].

Table II  lists environmental factors, voluptuary habits and 
drugs associated with diverticular disease. 

and promotes early activation of the inflammatory response 
in the intestinal tract [74]. The primary function of the innate 
immune system is to discriminate between pathogenic and 
non-pathogenic foreign antigens and maintain intestinal 
homeostasis by activation of phagocytic cells [75]. The 
second is the adaptive immune response, which is involved 
in developing immunological memory against pathogens, 
promoting an adequate response, and consequently eliminate 
pathogens following subsequent encounters [75]. These 
processes are mainly mediated by T and B cells.

a. Changes in immune cells expression
Although current thinking regarding the pathogenesis 

of diverticulitis is that bacterial overgrowth activates the 
immune system leading to mucosal inflammation, the role of 
the immune system in DD remains understudied. 

Diverticulosis does not show changes in the immune 
system. Peery et al. [76] analysed recently several immune 
cells and cytokines by colonic mucosal biopsy specimens from 
people with diverticulosis. Assessing levels of interleukin-6 
(IL-6), interleukin-10 (IL-10), tumor necrosis factor-alpha 
(TNF-α), and several immune cells (CD4+, CD8+, CD27+, and 
mast cell tryptase), they observed no significant changes in the 
expression of such immune cells/cytokines in these people [76]. 

On the contrary, significant changes were detected in DD/
diverticulitis. Von Rahden et al. [77] found an association 
between activated CD68+CD163+ macrophages in the sigmoid 
colon of patients with complicated diverticulitis relative to 
those with chronic, recurrent diverticulitis. Furthermore, the 
high expression of CD68+CD163+ macrophages correlated 
with steroid intake [77]. More recently, an increased number 
of CD68+ macrophages was observed in SUDD patients, with 
no differences in mast cells or CD3+ T cells expression [78]. 

Patients with SUDD show also a significant microscopic 
inflammatory infiltrate. More than ten years ago, Narayan and 
Floch [79] found a significant inflammatory infiltrate in SUDD 
patients compared with healthy controls. We assessed both 
neutrophilic and lymphocytic infiltrate in SUDD, AUD and 
healthy controls. While neutrophilic inflammatory infiltrate 
was found only in AUD, the mean lymphocytic cell density 
was significantly higher in SUDD than in asymptomatic 
diverticulosis and in controls (p<0.02) [80].  

b. Changes in inflammatory mediators
Mucosal inflammatory mediators are also deregulated in 

SUDD patients. TNF-α, a 17-kDa polypeptide produced by 
macrophages, lymphocytes and natural killer cells, has been 
shown to play a major role in the inflammatory processes, 
with high levels being found both in Inflammatory Bowel 
Diseases (IBD) patients and in rheumatoid arthritis [81-83]. 
Hypothesizing a possible role of low-grade inflammation 
in the occurrence of SUDD, TNFα was assessed in those 
patients. Patients with SUDD had a significant overexpression 
of TNF-α and IL-6 [84, 85], while mucosal TNF-α decreased 
during remission [86]. Similar trends were also found for basic 
fibroblast growth factor (b-FGF) and syndecan-1 (SD1) [86]. 

IL-10 is an important anti-inflammatory mediator that 
suppresses the production of pro-inflammatory cytokines 
[87]. Surprisingly, IL-10 expression in SUDD seems to 

Table II. Environmental factors, drugs and lifestyles associated with 
diverticular disease

Obesity

Smoking

Vitamin D deficiency

Red meat consumption

UV light lower exposure

NSAIDs

Corticosteroids

Opioids

NSAIDs: non-steroidal anti-inflammatory drugs; UV: ultraviolet

HOST IMMUNE RESPONSE AND ROLE 
OF INFLAMMATION

A fundamental role in the growth and modulation of the 
host immune response is played by the commensal human 
gut microbiome, which is a dynamic ecosystem composed of 
bacteria, fungi, viruses, and other microorganisms. All of them 
live in symbiosis with the host, and modulate and promote 
immune tolerance [73]. Two main mechanisms are involved in 
maintaining host homeostasis. The first is the innate immune 
system, which is the first line mechanism against pathogens 
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have an opposite  effect than the one expected. Turco et al. 
[88] found a slight increase of IL-10 release in SUDD and a 
significant IL-10 release in SUDD following acute diverticulitis 
(SUDD-AD) compared to healthy controls (HC) (p<0.05). 
We recently confirmed these results. Using an Enzyme-linked 
immunosorbent assay (ELISA) analysis on fecal samples, we 
found an increased release of IL-10 in SUDD patients compared 
to asymptomatic diverticulosis and HC, although no significant 
difference was found [89].

Thus, we can speculate that IL-10 expression in SUDD may 
be an attempt by the immune system to control a low-grade 
inflammation. This hypothesis seems to be supported by Dai 
et al. [90], who found an inverse expression of prostaglandin 
E2 in colonic mucosa between acute diverticulitis and IBD. We 
know that prostaglandin E2 is the dominant prostaglandin in 
the colon and is associated with colonic inflammation, but we 
also know that it has a protective mechanism in the mucosa 
of the gastrointestinal tract. Lower prostaglandin E2 level may 
reduce the normal protection of the mucosa, which becomes 
more susceptible to luminal insults, thus creating a permissive 
environment for the development of acute diverticulitis.

Schieffer et al. [91] found recently that both innate 
and adaptive immune system pathways were deregulated 
in diverticulitis patients compared to non-diverticulosis 
controls. They identified four immuno-regulatory hub 
genes [RAS protein activator-like 3 (RASAL3), protein 
tyrosine phosphatase, receptor type C (PTPRC), inositol 
polyphosphate-5-phophatase D (INPP5D), and SAM and 
SH3 domain-containing 3 (SASH3)] that were associated 
with diverticulitis. Overall, these findings suggest that DD is 
associated with deregulation of the immune system. 

c. Relationship between host immune response, low-
grade inflammation and other mechanisms leading to 
symptoms’ occurrence  

Low-grade inflammation may also interact with other 
pathogenetic mechanisms to trigger the symptoms.  

For example, visceral hypersensitivity has been suggested as 
a possible mechanism involved in causing symptoms in these 
patients. Humes et al. [85] found that SUDD patients had a 
greater expression of neurokinin 1 (NK1) than asymptomatic 
patients with diverticulosis (p=0.01), as well as a higher but 
not significant expression of GALR1 receptor. The increased 
expression of the inflammatory cytokines IL-6 and TNFα, and 
an up-regulation of the neuropeptide receptor NK1, suggests 
that SUDD patients may exhibit visceral hypersensitivity 
due to peripheral sensitization with both inflammatory and 
neurochemical factors playing a role. 

Diverticular disease is associated with peculiar alterations of 
the ENS (myenteric oligoneuronal hypoganglionosis, decreased 
intramuscular nerve fibers, and altered neurochemical coding) 
[2].  Analyzing the expression of the glial markers S100β, 
Cossais et al. [92] found very recently that S100β expression 
was increased in the submucosal and myenteric plexus of 
patients with DD compared to controls, while expression of 
other glial factors remained unchanged. Moreover, this S100β 
overexpression was correlated to CD3+ lymphocytic infiltrates in 
patients with DD, while no correlation was observed in controls.   

Table I summarizes the host immune factors associated 
with diverticular disease. 

GUT MICROBIOME 

Despite the large use of empiric antibiotics in these patients, 
the role of commensal intestinal microbiome in DD is still 
poorly understood. A dual layer of mucus composed of large 
and highly glycosylated proteins called mucins covers the 
intestinal epithelial cells. Mucin 2 (MUC2) is the primary 
mucin secreted by the intestinal goblet cells [93]. This barrier 
is vital to protect the underlying tissues from invasion by 
commensal bacteria [94]. Additionally, the colonic epithelium 
expresses specific antimicrobial peptides protecting against 
microbial invasion [95].

a. Colonic microbiota
The human gut microbiota is a variable ecosystem, 

mainly represented by two distinct phyla, Bacteroidetes and 
Firmicutes [96]. Although it is relatively stable within an 
individual [97], a higher diversity is found among subjects: 
this indicates that the human gut microbiota is probably linked 
to the single individual rather than the same in the overall 
population [98].

Microbial imbalance, which is known as dysbiosis, has been 
associated with many gastrointestinal diseases, including IBD 
[99]. Alterations in the gut microbiota have been hypothesized 
as a potential etiological factor involved in the pathogenesis 
of DD and diverticulitis [100]. However, until now the role of 
the microbiota in DD has remained elusive, and results appear 
still controversial, particularly when compared with other well-
known diseases. For example, Roseburia hominis is decreased in 
UC [101] but increased in DD [102]. Moreover, Akkermansia 
muciniphila (A. muciniphila) was found decreased in IBD [103] 
and increased in SUDD [104]. However, a more recent study 
on patient-matched samples found an increased abundance of 
A. muciniphila in the unaffected descending colon in SUDD 
patients [78]. Finally, a recent pilot-study found that the 
amount of A. muciniphila species was significantly reduced 
after 30 (p=0.017) and 60 (p=0.026) days after the end of the 
treatment, while after 90 days the reduction was not significant 
in comparison to the enrollment (p=0.090) [105]. Moreover, 
these changes in A. muciniphila colonization were significantly 
linked to the symptoms’ expression [105].

Why this occurs is still unknown. A. muciniphila is a 
mucolytic bacteria living in the mucus barrier that degrades 
mucin for utilization as a carbon and nitrogen energy source 
[106]. However, this bacterium is beneficial to the host, 
producing short-chain fatty acids to maintain intestinal 
homeostasis [107]. Depletion of A. muciniphila has been 
associated with IBD occurrence [103], while increased levels 
of A. muciniphila were observed in elderly people, the very 
population in which generally DD occurs [108]. The role of A. 
muciniphila in DD remains therefore controversial.

Several studies evaluated the gut microbiota of diverticulitis 
patients compared to controls. Daniels et al. [109] found that 
the fecal microbiome differs significantly between patients at 
the first episode of acute diverticulitis compared to controls, 
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with the largest difference defined by a higher diversity of 
Proteobacteria [109]. More recently, Schieffer et al. [110] 
compared chronically diseased full-thickness sigmoid colon 
tissue to adjacent tissue and found Microbacteriaceae as 
the bacteria most significantly associated with the diseased 
segment of the sigmoid colon [110]. According to previous 
data, Proteobacteria were overexpressed in both tissue sections 
and comprised the core microbiota of these patients [110]. 
The association of Proteobacteria and diverticulitis could be 
a consequence of the inflammatory process, since an increase 
in Enterobacteriaceae has been associated with nonspecific 
experimental colonic inflammation [111]. 

Also, patients with prior diverticulitis seem to have specific 
microbial changes. Kvasnovsky et al. [112] found recently that 
patients with a previous episode of acute diverticulitis did not 
show a microbiota alpha or beta diversity, but had a higher 
relative abundance of Pseudobutyrivibrio, Bifidobacterium, 
Christensenellaceae family, and Mollicutes RF9 order. Also, 
persistence of symptoms seems to have a significant relationship 
with microbial imbalance (higher relative abundance of 
Ruminococcus, Roseburia, and Cyanobacterium) [112].  

These studies show differences in bacterial identification 
methods, sample site collection, prior and concurrent 
therapeutic courses and utilization of control groups, all of 
them potentially able to confound results. Moreover, many 
of these studies were performed with small sample sizes, 
without an adequate statistical power. Thus, a specific dysbiotic 
microbial composition that influences DD or diverticulitis has 
not been identified yet. 

b. Colonic mycobiome
In comparison to the gut microbiota, the human gut 

mycobiome, comprising the fungal communities, is still 
understudied [113]. Fungi are found within the gastrointestinal 
tract of the majority of adult population [114], and Candida 
is the dominating species [115]. A core mycobiome has not 
been established yet, but we know that the mycobiome is 
not stable over time [116]. Dollive et al. [116] analyzed a 
mice population, and found that a longitudinal variation 
in fungal composition could be found while the bacterial 
population remained stable during the observational period, 
suggesting that the mycobiome may be more influenced by the 
environment. More recently, Schieffer et al. [110] evaluated the 
mycobiome of diverticulitis patients by internal transcribed 
spacer (ITS) sequencing. Assessing matched full-thickness 
chronically diseased and adjacent sigmoid colon tissue, they 
found that an abundance of Exophiala correlated with diseased 
tissues, whereas an abundance of the order Agaricales was 
found in the adjacent tissues [110]. These are interesting but 
only preliminary results, and further studies are  required to 
investigate the role of these organisms in the pathogenesis of 
DD.

c. Colonic virome
The human gut virome seems to play a significant role 

in controlling immune response and tolerance to intestinal 
microbiota [117]. Unfavorable alteration of gut virome 
composition has been implicated in chronic immune disorders, 
such as in the pathogenesis of IBD [118].

Analyzing serum samples for the presence of human 
cytomegalovirus (HCMV)-IgG and HCMV-IgM, and 
the intestinal paraffin tissue sections obtained from the 
diverticulitis patients by immunohistochemistry, Hollink et al. 
[119] found that HCMV-early proteins could be detected in 
intestinal cells in 16/23 (69.6%) patients with diverticulitis, and 
that all of them with serum samples were HCMV-IgG positive. 
Very recently, Schieffer et al. [120] conducted a deep RNA 
sequencing (RNA-seq) analysis on colonic segments surgically 
resected from earlier-onset (<42 years old) and later-onset (>65 
years old) diverticulitis patients. Authors found that the earlier-
onset patients displayed an increased expression of anti-viral 
response genes, confirmed by using an independent weighted 
co-expression network analysis (WGCNA) of differentially 
expressed genes [120]. This preliminary report may mean that 
a differential host response to viral infection could define a 
subset of earlier-onset diverticulitis patients. 

Table I summarizes gut microbiome changes associated 
with diverticular disease. 

CONCLUSIONS  

Diverticulosis is a common condition that sometimes 
becomes symptomatic and may lead to severe complications. 

The pathophysiologic hypothesis behind diverticulosis 
and subsequent symptoms’ occurrence in patients with 
diverticulosis has changed in the last years. Firstly, the already 
known pathogenetic role of environmental factors, colonic 
motility and visceral hypersensitivity has been enriched by 
new evidence. Secondly, novel immunologic pathways and 
genetic associations, as well as new data on gut microbiota 
are becoming available. However, most of these data are too 
preliminary to draw any conclusive indication for clinical 
practice. All these recent advances have to be therefore 
considered as  a pathway for future research to identify possible 
targets for medical or surgical options.  
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