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ABSTRACT

Background & Aims: Diverticulitis is the chronic inflammation of diverticula. Whether the pathophysiology
of earlier-onset patients differs from later-onset patients is unknown. We profiled the colonic transcriptomes
of these two patient populations to gain insight into the molecular underpinnings of diverticulitis.
Methods: We conducted deep RNA sequencing (RNA-seq) on colonic segments surgically resected from
earlier-onset (<42 years old, n=13) and later-onset (>65 years old, n=13) diverticulitis patients. We used
bioinformatic approaches to cluster the patients based on the relationship of differentially expressed genes
and to inform on the molecular pathways that segregated the clusters.

Results: Principal component analysis identified three patient clusters; diverticulitis later-onset (DVT-LO),
diverticulitis mixed-onset (DVT-MO), and diverticulitis earlier-onset (DVT-EO). The patients comprising
DVT-EO, which was the majority of earlier-onset patients, displayed increased expression of anti-viral response
genes. This finding was confirmed using an independent weighted co-expression network analysis (WGCNA)
of differentially expressed genes.

Conclusions: We found that the majority of patients with earlier-onset disease contained elevated expression of
host genes involved in the anti-viral response. Thus, susceptibility to a viral pathogen may offer one explanation
why some individuals develop diverticulitis at an earlier age.

Key words: diverticulitis — earlier-onset — RNA-seq - viral response.

Abbreviations: DVT-EO: diverticulitis earlier-onset; DVT-MO: diverticulitis mixed-onset; DVT-LO:
diverticulitis later-onset; GO: gene ontology; GTEx: Genotype-Tissue Expression; IBD: inflammatory bowel
disease; IFIT: interferon-induced protein with tetratricopeptide; ISG15: interferon-stimulated gene fifteen; ME:
module eigengene; OASL: 2°-5 oligoadenylate synthetase-like; PCA: principal component analysis; RNA-seq:
RNA deep sequencing; WGCNA: weighted gene co-expression network analysis.

INTRODUCTION inpatient and outpatient healthcare visits than inflammatory
bowel disease (IBD) [3]. Diverticulosis is associated with the

Diverticulosis is an aging population, affecting approximately 50% of individuals

asymptomatic condition defined
by the development of diverticula
or outpouchings of the colonic
mucosa and submucosa through
the muscularis [1]. It is estimated
that about 4% of individuals
with diverticulosis develop
diverticular inflammation,
known as diverticulitis
[2]. Diverticular disease,
encompassing both diverticulosis
and diverticulitis, is a significant
healthcare burden in the United
States, contributing to more

aged 60 [4]. However, adults can be afflicted with diverticulitis
at an earlier age and in this population, there is a higher risk of
disease recurrence [5]. Whether the pathophysiology of earlier-
onset disease is distinct from later-onset disease is unknown.

Although diverticular disease is highly prevalent in the
adult population, the disease etiology is poorly understood.
As antibiotics are used for the medical management of acute,
uncomplicated diverticulitis, the disease is thought to be
caused by an infectious process [6]. Thus, studies evaluating
the role of the intestinal microbiome have recently become
of interest and potential microbial populations contributing
to diverticulitis have been identified [7, 8]. As randomized
clinical trials found no differences in outcomes for acute
diverticulitis patients treated with or without antibiotics, the
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precise role of bacteria in disease pathogenesis is uncertain [9,
10]. It is currently unknown whether viruses contribute to the
pathogenesis of diverticulitis.

Due to the lack of a reliable animal model [11, 12],
studying diverticulitis requires access to human colonic
tissues. Obtaining inflamed diverticulum is a challenge
as colonoscopy and biopsies are contraindicated during
diverticulitis and recruiting patients for surgical tissue during
an emergent surgery is often not feasible. The availability of
resected tissue samples obtained at the time of surgery during
disease quiescence is a valuable resource to gain insight into
novel mechanisms contributing disease. In a recent study,
we used RNA deep sequencing (RNA-seq) to define the
colonic transcriptomes in diverticulitis patients versus non-
diverticulosis controls [13]. Although the tissue analyzed
lacked gross evidence of inflammation, molecular pathways
associated with the immune response were enriched in
diverticulitis patients [13]. The aim of this study was to use
RNA-seq to investigate molecular signatures that distinguish
patients who develop diverticulitis at an earlier versus later age.

METHODS

Specimen collection

The Pennsylvania State University College of Medicine
Institutional Review Board approved this study. Patients that
underwent elective sigmoid resection for multiple previous
episodes of diverticulitis were identified and consented
to have their tissue collected into the Penn State Hershey
Colorectal Diseases Biobank following sigmoid resection.
Previous episodes of diverticulitis were confirmed by computed
tomography scans and surgical pathology. Surgical specimens
were immediately transferred from the operating room to
the surgical pathology laboratory. Full thickness sections of
sigmoid colon were obtained away from any evident sites
of active disease and stored in either RNAlater (Invitrogen,
Carlsbad, CA) or formalin-fixed and paraffin-embedded.
Diverticulitis patients were excluded if they had a history of
IBD, cancer, or dysplasia.

RNA-sequencing

We subjected resected colonic tissues from an independent
cohort of diverticulitis patients (n=26) to RNA-seq using
protocols previously described, with the exception that
NEXTflex qRNA-Seq unique molecular indices (Bioo
Scientific, Austin, TX) were incorporated into the libraries
[13]. Quality of the sequenced reads was assessed using
FastQC v0.11.5 (http://www.bioinformatics.babraham.ac.uk/
projects.fastqc). FASTQ files were uploaded to the Galaxy web
platform at usegalaxy.org and the public server was used for
pre-processing steps [14]. Trimmomatic (Galaxy v0.36.3) was
used to remove the molecular indices from the sequencing
reads, resulting in a final read length of 51 bp [15]. Filtered
reads maintained a mean per base quality score >37. Reads
were aligned to GRCh37.p13 (GENCODE release 19) using
RNA STAR (Galaxy v2.5.2b-0) set to default parameters
[16, 17]. Reads were counted using HTSeq-Count (Galaxy
v0.6.1galaxy3) set to union mode with a minimum alignment
quality of 10 [18]. The datasets generated and analyzed are
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available in the Gene Expression Omnibus (GEO) repository
under the following accession number GSE111819 (https://
www.ncbi.nlm.nih.gov/geo/).

Differential gene expression analysis

As controls, gene read counts (v7) generated from the RNA-
seq analysis of sigmoid colon tissue from healthy individuals
were downloaded from the Genotype-Tissue Expression
project (GTEx) portal [19, 20]. In total, RNA-seq data was
available from the sigmoid colon tissue of 233 GTEx subjects.
GTEx subjects (n=52) were age- and sex-matched 2:1 to our
diverticulitis cohort. Reads were evaluated for differential
expression using DESeq2 in R v3.4.3 (R Software for Statistical
Computing, Vienna, Austria) [21]. Genes were excluded
if expression was not detected in at least 10% of the entire
study cohort. Differentially expressed genes were visualized
by volcano plot using the R package plotly [22]. Gene set
enrichment analysis of Gene Ontology Biological Processes was
performed using Enrichr from a candidate gene list comprised
of differentially expressed genes (|log2 fold change| >0.60 and
g-value <0.05) and top ontologies reported by g-value [23, 24].

Hierarchical clustering on principal components

Mean absolute deviation (MAD) was calculated from
normalized expression values using the variance stabilizing
transformation (VST) method in DESeq2 and the genes with
the highest variability were identified or those falling below
the mean three times were removed, accounting for about
4% of the total genes analyzed. Hierarchical Clustering on
Principal Components (HCPC) was performed on the genes
with the highest MAD using the R packages FactoMineR and
factoextra [25, 26]. Three-dimensional principal component
analysis (PCA) plots were constructed using the R package
pca3d [27]. Gene expression was compared between HCPC
clusters using one-way analysis of variance (ANOVA) followed
by Tukey’s honest significance difference (HSD) multiple
comparison test. Results are presented by boxplot using the R
package ggplot2 [28].

Weighted Gene Co-Expression Network Analysis

Following VST, normalized read counts were used from
12,488 protein coding genes for signed network analysis
using the weighted gene co-expression network analysis
(WGCNA) package in R [29]. Using a soft thresholding power
of 7, clustering was performed as previously described using
topological overlap matrix (TOM)-based dissimilarity followed
by a clustering of consensus module eigengenes (MEs) [13].
Pearson correlation was used to evaluate the relationship
between MEs and clinical traits, including age at diagnosis, age
at surgery, sex, smoking status, history of fistula, and history
of perforation/abscess.

RESULTS

A unique gene signature distinguishes earlier-onset from
later-onset diverticulitis patients

RNA-seq profiles the transcriptome at a genome-wide
level and captures the effect of both host genetics and the
environment on gene expression [30]. We deep-sequenced
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Table I. Patient demographics

Parameter Early onset Later onset P-value
diverticulitis diverticulitis
Patients (n) 13 13 n.a.
Sex, male, n (%), female, n (%) 8 (61.5), 5 (38.5) 4(30.8),9 (69.2) 0.238
*Smoking status, positive, n (%), negative, n (%) 8 (61.5), 5 (38.5) 7 (53.8), 6 (46.2) 1
Age of first diverticulitis episode, yrs, mean, SD 37.1+4.7 732+4.7 3.14 x 10°7°
Type of surgery, elective, n (%), urgent/emergent, n (%) 11 (84.6),2 (15.4) 15 (100), 0 (0) 0.206
Age of sigmoid resection, years, mean, SD 426+73 74.6 £ 5.0 1.29 x 10"
Body mass index, kg/m2, mean, SD 30.5£8.0 31.1£49 0.817
Familial diverticular disease, yes, n (%), no, n (%) 4(30.8),9 (69.2) 4(30.8),9 (69.2) 1
History of perforation/abscess, yes, n (%), no, n (%) 6 (46.2),7 (53.8) 8 (61.5), 5 (35.8) 0.695
History of fistula, yes, n (%), no, n (%) 3(23.1),10(76.9) 6(46.2),7 (53.8) 0411

*Positive smoking status includes both current and former smokers at the time of surgery.
Continuous variables analyzed by two-tailed t-test, categorical variables analyzed by two-tailed Fisher‘s Exact Test.

SD: standard deviation.

colonic mRNAs from an independent cohort of patients who
underwent sigmoid colon resection for diverticulitis (n=26)
(Table I). Most patients (57.5%) required a surgical resection
for complicated (perforation or abscess) diverticulitis, but
were done electively subsequent to acute presentation.
However, two individuals received an urgent or semi-elective
procedure. Patients were selected to represent two distinct age
classes of diverticulitis, those diagnosed with earlier-onset
disease (<42 years old, n=13) and those diagnosed with later-
onset disease (>65 years old, n=13). Groups were matched
for sex, smoking status, history of familial diverticular
disease, and history of complicated diverticulitis (Table I).
Of the 12,488 protein coding genes evaluated, a total of 2,627
(21.0%) were differentially expressed with a |log2 fold change|
>0.60 and q <0.05, of which 1,326 and 1,301 were up- and
down-regulated, respectively (Fig. 1A). We performed a
gene set enrichment analysis to identify molecular pathways
associated with the differentially expressed genes. In earlier-
onset patients, we found an enrichment of gene ontologies
associated with viral response (Suppl. Table I) and a down-
regulation of those involved in the nervous system (Suppl.
Table II).

To determine whether the differences between earlier-
onset and later-onset diverticulitis patients were related to
aging, we identified a cohort of age- and sex-matched healthy
sigmoid colon tissues that was generated by the GTEx project
[19, 20]. RNA-seq datasets generated from GTEx controls
and our diverticulitis patients were found to occupy distinct
spaces in three-dimensional principal component analysis
(PCA) (Fig. 1B). Although the GTEx controls showed tight
clustering of all individuals, a wide spread was seen amongst
our diverticulitis cohort that segregated by age. Thus, distinct
disease mechanisms rather than the aging process likely drove
gene expression differences in earlier-onset and later-onset
diverticulitis patients.

As PCA identified an age-associated distribution of
diverticulitis patients, we used Hierarchical Clustering on
Principal Components (HCPC) to identify distinct disease
phenotypes. Three clusters or phenotypes were distinguished
within our diverticulitis cohort (Fig. 1C). The first cluster,

DVT-LO, contained primarily patients that developed disease
at a later age. The second cluster, DVT-MO, contained both
earlier-onset and later-onset patients. The third cluster,
designated DVT-EO, contained only those patients with
earlier-onset diverticulitis. Importantly, the DVT-EO cluster
contained the majority of earlier-onset diverticulitis patients
(8 out of 12) analyzed in our study.

A viral response signature distinguishes DCT-EO from
DVT-MO and DVT-LO

Based upon gene expression profiles resulting in patient
clustering, the main physiological feature segregating DVT-
MO and DVT-LO were genes and pathways associated with
muscle contraction (Suppl. Table III). In particular, down-
regulation of muscle contraction pathways, including smooth
muscle, was found in DVT-MO whereas up-regulation of
these pathways was found in DVT-LO. Notably, gene set
enrichment analysis of those transcripts defining the DVT-EO
cluster identified viral response pathways (Fig. 2A). We found
enrichment of the OAS family member 2’-5’-oligoadenylate
synthetase-like (OASL) in DVT-EO (Fig. 2B). Furthermore,
genes induced by interferons were also up-regulated in DVT-
EOQ, including interferon-stimulated gene 15 (ISG15) and IFIT1
(Fig. 2 Cand D). Aside from age of diagnosis and surgery, no
overt clinical differences were noted amongst the three clusters
(Suppl. Table IV).

Earlier-onset diverticulitis is associated with a host
response to virus

To assess whether differences in the transcriptome
correlate with clinical traits, we performed a signed WGCNA
[29]. WGCNA was conducted on 12,488 protein coding
genes that were differentially-expressed between earlier-onset
and later-onset patients and the following patient clinical
metadata: age at diagnosis, age at surgery, sex, smoking
status, history of fistula, or history of perforation/abscess.
Ten modules were established and the genes assigned to
each module were subjected to gene set enrichment analysis
to identify the biological mechanisms contributing to these
correlations (Fig. 3). We found that genes associated with the
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Fig. 1. A unique gene signature distinguishes earlier-onset from later-onset diverticulitis patients. (A) Volcano plot
of differentially expressed genes in earlier-onset (<42 years old at diagnosis, n=13) versus later-onset diverticulitis
patients (>65 years old at diagnosis, n=13). Each gene is represented by a point with colors indicating significance of
differential expression, where green are genes with a |log2 fold change| >0.60, purple is significant at a q <0.05, and
pink are significant with a |log2 fold change| >0.60 and q <0.05. Genes shown in orange are non-significant and do
not meet any of the aforementioned criteria. (B) Three-dimensional principal component analysis plot of diverticulitis
patients (n=26) and age- and sex-matched controls (n=52). Diverticulitis patients are delineated into earlier-onset
(green) and later-onset (yellow). GTEx controls were age-matched to diverticulitis patients: earlier-onset (blue) and
later-onset (orange). (C) Hierarchical Clustering on Principal Components of diverticulitis patients (n=26) using
the genes with the highest mean absolute deviation (n=374). Three clusters were identified and designated DVT-MO

(blue), DVT-LO (yellow), DVT-EO (gray).

host response to the virus comprised the turquoise module
corresponding to pathways such as viral transcription
(GO:0019083, q=1.77x107?) and viral entry into the host cell
(GO:0046718, q=0.0004). Importantly, we found a negative
correlation between the turquoise ME and age of surgery
(r=-0.68, P=1x10") and age of diagnosis (r=-0.73, P=2x10"),
confirming our previous finding of an increased viral response
in the earlier-onset diverticulitis cohort (Fig. 2). These findings
further substantiate that the host defense response to virus is
associated with earlier-onset diverticulitis.

DISCUSSION

In our analysis of transcripts derived from intestinal
tissues of a distinct cohort of earlier-onset and later-onset
diverticulitis patients, we evaluated gene expression profiles
and did not see a distinct clustering of patients solely by age.
Rather, diverticulitis patients segregated in a separate three-
dimensional space from GTEx control colon tissues and were
delineated into three phenotypes. Unexpectedly, the cluster
comprised solely of DVT-EO patients was segregated, in part,
due to genes involved in host viral response, suggesting that a
different pathological mechanism may contribute to disease in
these individuals. This association of the host response to virus
was confirmed through WGCNA. Given that earlier-onset
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individuals are more likely to develop recurrent diverticulitis,
a model for intestinal viral infection in these individuals is
reasonable [5]. While some viruses are highly infectious and
depend on rapid transmission of virions for primary infections,
others establish persistence due to life-long latency in the host
and undergo periodic reactivation [31].

A prior study in Sweden uncovered a high prevalence of
human cytomegalovirus (HCMV) early proteins in resected
tissues from diverticulitis patients [32]. Moreover, anti-
HCMYV antibodies were detected in serum from all patients
tested [32]. The authors speculated that the inflammatory
microenvironment could contribute to reactivation of latent
HCMYV in diverticulitis and that an active virus could potentiate
expression of pro-inflammatory cytokines. While our efforts
to identify HCMV were unsuccessful, it is possible that the
differences in patient populations between the aforementioned
study and ours could account for this discrepancy. Perhaps a
more thorough and longitudinal study of biopsies collected
from diverticulitis patients during periods of acute and
quiescent disease would shed light on the role of HCMV, or
other viruses, in the pathogenesis of diverticulitis.

Using hierarchical clustering, we found that viral response
genes were one component that segregated the DVT-EO
cluster from DVT-MO and DVT-LO. However, differences in
expression of genes involved in smooth muscle contraction
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Fig. 2. A viral response signature distinguishes DVT-EO from DVT-MO and DVT-LO. (A) Gene set
enrichment analysis of enriched genes contributing to DVT-EO (n=151). Only those associated with the
host viral response and are significant at a discovery threshold q <0.25 are presented. (B) OASL read counts
from RNA-seq (n=26) were normalized by variance stabilizing transformation and delineated according to
patient clustering profiles; DVT-LO, DVT-MO, and DVT-EO. Data is presented as a boxplot and displays
the median values for each cluster. Groups were compared using one-way ANOVA followed by Tukey HSD
multiple comparison test. (C) and (D) Analysis of ISG15 and IFIT1 gene expression levels, respectively.

were also a contributor to the clustering patterns. Both DVT-
EO and DVT-LO demonstrated an up-regulation of smooth
muscle contraction pathways compared to DVT-MO. That
deregulated muscle contraction is associated with diverticulitis
is not surprising as prior evidence suggested hypermotility in
the pathogenesis of disease [33]. However, as these pathways
are distinguishing DVT-EO and DVT-LO from DVT-MO,
perhaps this is not a universal effect on the colon and more
work is required to appreciate how muscle contraction
processes contribute to diverticular disease.

In patients with Crohn’s disease, the formation of a fistula
stems from impairment of wound healing [34]. In our analysis
of gene expression and clinical metadata, we identified three
ME:s that correlated with a history of fistula, which comprised
genes involved in RNA processing and transcription as well as
synaptic assembly and transcription (Fig. 3). Additional work is
required to dissect the contribution of genes comprising these
modules to the formation of fistulas. Conversely, the similarity
between the fistula and age-related modules is intriguing
as the prevalence of fistulas in our younger diverticulitis
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Fig. 3. Earlier-onset diverticulitis is associated with a host response to virus. Signed weighted gene
co-expression network analysis of RNA-seq transcripts from diverticulitis patients (n=26). Genes
were segregated into ten modules designated by color. Gene set enrichment analysis was performed
on each module and the representative molecular pathways are presented. The heat map represents
the Pearson correlation coeflicient where red indicates a positive correlation and green indicates a
negative correlation. P-values associated with the correlation analysis are presented in parenthesis

with the Pearson correlation coefficient.
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group is lower (23.1%) than those in the older group (46.2%)
(Table I). However, as this correlation did not reach statistical
significance, we cannot exclude the possibility that this finding
reflects a difference in age rather than a disease process. We
also failed to identify gene expression patterns that correlated
with a history of perforation or abscess. The tissue utilized
in this study was not acutely inflamed which may offer one
explanation why we did not identify a gene signature that
correlated with these phenotypes.

We found that expression of the type I interferon-
stimulated genes IFITI and ISGI5 were up-regulated in
early-onset diverticulitis patients [35]. Expression of OASL,
that potentiates a type I response, was also elevated in this
patient population [36]. As type I interferon signaling is a
well established anti-viral host defense, it is likely that the
colonic mucosa is responding to a viral pathogen. However, as
bacteria and fungi can induce interferon expression, potential
involvement of these microbial pathogens must be considered
[37]. It is possible that viruses initiate disease in complicated
diverticulitis cases requiring surgery and that colonic bacteria
superimpose a second layer of insult following perforation
of the bowel wall. As recent clinical trial data demonstrated
similar outcomes for acute, uncomplicated diverticulitis
patients treated with and without antibiotic management, their
use should be reserved for complicated cases [9, 10].

CONCLUSION

Using RNA-seq analysis to define the colonic transcriptomes
of diverticulitis patients, we found that the majority of
those with early-onset disease displayed an enhanced
antiviral response. Although the intestinal virome is poorly
characterized in humans, studies are required that evaluate the
viral contribution to the human intestinal microbiome and how
this changes during the inflammatory processes associated with
diverticulitis. As earlier-onset patients are typically afflicted
with recurring disease [5], identifying a causal viral agent may
lead to better therapeutic management which could delay or
prevent the need for surgical intervention.
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Supplemental Table 1. Up-regulated differentially expressed viral response gene sets in
earlier-onset diverticulitis patients.

Gene Set calialnee P-value g-value
Score

G0:0039696 RNA-Templated
Viral Transcription
G0:0019084 Middle Viral
Transcription

G0:0039695 DNA-Templated
Viral Transcription
G0:0019085 Early Viral 2198  398E-32  1.18E-29
Transcription

GO0:0075527 Viral RNA Editing 210.9 5.02E-30  1.30E-27
G0:0019083 Viral Transcription 210.7 5.02E-30  1.30E-27
G0:0019062 Virion Attachment 26.5 360E-05 2.40E-03
to Host Cell

GO0:0046718 Viral Entry into
Host Cell

G0:0039702 Viral Budding via
Host ESCRT Complex 17.2 5.30E-03  2.20E-02

G0:0019068 Virion Assembly 10.3 1.10E-02  2.40E-01

220.9 1.25E-32  3.88E-30

220.7 1.25E-32  3.88E-30

220.5 1.25E-32  3.88E-30

24.5 6.40E-05  3.90E-03



Supplemental Table Il. Down-regulated differentially expressed nervous system gene sets in
earlier-onset diverticulitis patients.

Gene Set CloiloIlse P-value g-value
Score
G0:0007416 Synapse 107.1 3.15E-12  2.16E-08

Assembly

G0:0035545 Determination of
Left/Right Asymmetry in 92.9 5.13E-11 1.76E-07
Nervous System

G0:0022008 Neurogenesis 88.7 2.19E-10 2.15E-07

GO0:0007417 Central Nervous

System Development 83.3 3.51E-09 2.41E-06
G0:0007399 Nervous System 833 1.82E-10 2 15E-07
Development

(0:0061548 Ganglion 83.2 1.82E-10  2.15E-07
Development

G0:0007421 Stomatogastric 832 1 82E-10 2 15E-07
Nervous System Development

G0:0048483 Autonomic 796 2 09E-10 2 15E-07
Nervous System Development

GO:0007422 Peripheral 78.1 8.01E-10 6.88E-07
Nervous System

G0:0021915 Neural Tube 85.9 1 34E-09 1 02E-06

Development



Supplemental Table I1l. Smooth muscle pathways associated with DVT-MO, DVT-LO, and

DVT-EO.

DVT-MO down-requlated

regulation of smooth muscle
contraction (GO:0006940)

muscle contraction
(G0O:0006936)

smooth muscle contraction
(G0O:0006939)

DVT-LO up-requlated

regulation of smooth muscle
contraction (GO:0006940)

muscle contraction
(G0O:0006936)

smooth muscle contraction
(G0:0006939)

DVT-EO Up-requlated

regulation of smooth muscle
contraction (GO:0006940)

muscle contraction
(G0:0006936)

smooth muscle contraction
(G0:0006939)

p value

0.00001157

0.000001159

0.000002708

p value

0.000008468

0.000008009

0.0000167

p value

0.0002198

0.0004633

0.0007706

adjusted p value

0.00672

0.001682

0.00262

adjusted p value

0.005904

0.005904

0.009315

adjusted p value

0.03422

0.06011

0.08996

Z score

-2.85

-2.75

-2.93

Z score

-2.85

-2.75

-2.93

Z score

-2.77

-2.72

-2.89

combined score

32.36

37.62

37.6

combined score

33.33

32.28

32.22

combined score

23.33

20.85

20.74



Supplemental Table IV. Patient demographics by cluster.

| DVT-MO | DVT-LO | DVT-EO | P-value
Total n 12 6 8
Sex
Male 4 (33.3%) 3 (50.0%) 5 (62.5%) 0.471
Female 8 (66.7%) 3 (50.0%) 3 (37.5%)
Smoking Status at the Time of
Surgery
Positive 6(50.0%)  4(66.7%) 4 (50.0%) 0.778
Negative 6 (50.0%) 2 (33.3%) 4 (50.0%)
Age of First Diverticulitis
Episode, yrs 0.0008
(meantSD) 62.3+18.9 66.0+£11.7 36.315.2
Age of Sigmoid Resection, yrs 0.0008
(meanSD) 66.2+16.3 66.6+£12.6 41.3+7.3
Body Mass Index, kg/m? 0117
(meanSD) 33.446.9 30.1+4.3 27.446.0
Familial Diverticular Disease
Yes 4 (33.3%) 1 (16.7%) 3 (37.5%) 0.749
No 8 (66.7%) 5 (83.3%) 5 (62.5%)
History of Perforation/Abscess
Yes 7 (58.3%) 4 (66.7%) 4 (33.3%) 0.445
No 5 (41.7%) 2 (33.3%) 8 (66.7%)
History of Fistula
Yes 4 (33.3%) 4 (66.7%) 1 (12.5%) 0.159
No 8 (66.7%) 2 (33.3%) 7 (87.5%)

Positive smoking status includes current and former smokers at the time of surgery.
Continuous variables were analyzed by two-tailed one-way ANOVA.
Categorical variables were analyzed by two-tailed Fisher’s Exact test.



