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Abstract
Purpose To identify the impact of the severity of diverticular disease on long-term quality of life.
Methods Consecutive patients, hospitalized between October 2009 and November 2015 due to uncomplicated (UD) and com-
plicated diverticulitis (CD) of the left colon, were analyzed. Patients undergoing emergent surgery for perforated disease were
excluded. Primary endpoint was health-related quality of life (HrQol), measured by the Short Form 36 questionnaire (SF-36).
Physical (PCS) and mental (MCS) compository scores were calculated from SF-36 subscales. To overcome bias, one-to-one
propensity score matching and multivariable logistic regression analysis were performed.
Results Two hundred eighty of the overall 392 patients (Male 138, Female 142; mean age 60.5 years, range 27–91) answered the
SF-36 questionnaire. The median follow-up period was 37.8 months (range 15–85). After propensity score matching, each group
consisted of 51 patients. Results of the SF-36 questionnaires showed a statistically significant difference, favoring patients with
CD in 5 of 8 domains. Also, PCS (56.3 vs. 52.9, p = 0.13) and MCS (53.3 vs. 46.7, p = 0.005) were higher in patients treated for
CD. By a multivariate analysis, complicated disease was independently associated with a better scoring on 6 out of 8 SF-36
subscales and on MCS. Treatment strategy (surgery or conservative) did not have any impact on SF-36 subscales, MCS, or PCS
on multivariate analysis.
Conclusion In contrast to complicated disease, the uncomplicated diverticular disease is associated with an impaired long-term
quality of life especially in domains composing mental health scores independently of chosen treatment strategy.
Study registration The study is registered with the Research Registry at June 19, 2019.

Research registry UIN: researchregistry4959.

Keywords Quality of life . Diverticular disease . Conservative
treatment . Elective surgery

Introduction

Acute left-sided diverticular disease counts among the
commonest abdominal emergencies in the western world.
US population–based data showed an increasing frequency
within the last 30 years. Bharucha et al. found an incidence
rate for diverticular disease of 115/100.000 person years be-
tween 1980 and 1989, and 188/100.000 during the period
from 2000 to 2007 [1]. Of note, about 70% of US citizens
above 80 years of age are affected by diverticulosis [2]. In
these patients, diverticulitis is the most common indication
for sigmoid colectomy [3]. Thereby, the impact of diverticular
disease on patients’ wellbeing and health care costs is signif-
icant. To date, acute diverticulitis can successfully be treated
by conservative therapy (e.g., by antibiotic treatment) in the
majority of patients. Therefore, international guidelines rec-
ommend a conservative strategy for uncomplicated as well as
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for most patients with complicated disease [4–9]. However,
there is ongoing controversial discussion which patient should
undergo interval sigmoidectomy. Overall, complicated recur-
rences after the first episode of acute diverticulitis are rare
[10–12]. This should be taken into account, if the need for
surgery is assessed. Interestingly there are basic differences
between both main disease phenotypes: complicated and un-
complicated, i.e., perforating and non-perforating. A growing
body of literature suggests that initially non-perforating dis-
ease does not develop into a perforating disease. Furthermore,
the overall incidence of uncomplicated diverticulitis (UD) is
increasing, while the rate of complicated disease (CD) remains
stable [13]. Overall, the term “uncomplicated disease” does
not seem to fit the characterization of the variety of different
disease manifestations. Those patients presenting with an on-
going, chronic disease tend to have a relevantly impaired gen-
eral wellbeing. Unfortunately, assessment of health-related
quality of life (HrQol) in patients, suffering from diverticular
disease, plays only a minor role in clinical routine and guide-
line recommendations.

The aim of the current study was to compare long-term
HrQol in patients suffering from uncomplicated and compli-
cated disease.

Material and methods

Ethical approval

The study protocol was in accordance with the Declaration of
Helsinki and approved by the medical ethics board of the
Bavarian medical council.

Report identification number: 2016-143.

Study cohort

Consecutive patients hospitalized for initial conservative treat-
ment of acute diverticulitis entered the study and were includ-
ed into the analysis. Patients who underwent emergency sur-
gery for perforated disease, complicated by generalized peri-
tonitis, were excluded.

Primary endpoint

The primary endpoint of the study was HrQol as assessed by
the Short Form (SF-36) questionnaire.

Quality of life assessment

Patients were asked to complete the 36-Item Short Form
Health Survey (SF-36) which represents a generic question-
naire for the assessment of health-related quality of life, con-
taining 36 items covering eight different domains: general

health (GH), physical functioning (PF), social functioning
(SF), bodily pain (BP), role physical (RP), mental health
(MH), role emotional (RE), and vitality (VT). The SF-36 sub-
scale scores range from 0 to 100, with a higher score indicat-
ing better health status. A difference of 10 points is considered
to show clinically significant differences, according to the
authors of the questionnaire. The 36 scores were grouped to
give composite measures of physical health, labeled as phys-
ical composite score (PCS) and mental health, labeled as men-
tal composite score (MCS) using German general population
as a reference [14]. These were computed as median score
with range for comparison. The SF-36 questionnaire was ad-
ministered through telephone interview.

Intention

The aim of the present study was to determine whether disease
phenotype at initial presentation (complicated or uncomplicat-
ed diverticular disease) has an impact on individual and com-
posite domains of SF-36.

Classification

“Complicated diverticular disease”was defined as presence of
extraluminal air or abscess at the initial CT-scan.

Statistical analysis

One-to-one propensity score matching was adopted in order to
overcome bias arising from lack of randomization as a conse-
quence of the different co-variable distribution among patients
who were hospitalized for acute complicated or uncomplicat-
ed diverticular disease. The propensity score represents the
probability of each patient to present with either disease phe-
notype. Propensity scores (PS) were generated using the
Statistical Package for the Social Sciences version 20 (IBM,
Chicago, IL, USA). A multivariable logistic regression anal-
ysis was performed, the dependent variable being the diagno-
sis of complicated diverticular disease, and included all rele-
vant independent variables thought to be potential confound-
ing factors, comprising age, sex, intake of steroids, intake of
non-steroidal anti-rheumatic medication (NSAR), intake of
acetylsalicylate, surgery for diverticular disease, previous
flares of diverticular disease, chronic renal disease, presence
of anemia, and history of malignant disease. The “probabili-
ties” option was selected and propensity scores were generat-
ed. The predicted values were then used to obtain 1:1 nearest-
neighbor matching. Nearest-neighbor matching selects by
matching a control subject (patients with uncomplicated dis-
ease) whose propensity score is closest to that of case subjects
(complicated diverticular disease). Thus, patients for whom
the propensity score could not be matched exactly were ex-
cluded from outcome comparisons.
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Comparisons between groups were conducted by a
Mann-Whitney U test and Student t test for continuous
variables. The distribution of continuous variables was
controlled using a Kolmogorov–Smirnov test for single
set of data. The χ2 and the Fisher exact test were used
for analysis of categorical variables. Associations be-
tween disease phenotype and SF-36 subscale scores as
well as physical and mental composite scores were cal-
culated using Mann-Whitney U Test for the univariate
analys is . The inf luence of disease phenotype,
sigmoidectomy, age, and sex on SF-36 subscale scores
was subsequently explored by multivariate Poisson re-
gression model. Variable “Age” was used as dichoto-
mized variable as age increase by only 1 year was ex-
pected to result in almost unmeasurable changes of de-
pendent variable. Robust variance was used in order to
avoid overdispersion. A multivariate linear regression
model was applied to calculate the factors influencing
mental and physical composite scores of SF-36. Since
MCS and PCS were not normally distributed, we used
their logarithmic values Log(MCS) and Log(PCS) for
calculation. The normal distribution of standardized res-
idues was assessed using scatterplot with Loess curve
and a histogram. All statistical tests were performed
two-sided on a significance level of 0.05.

Results

Patient population

Between October 2009 and November 2015, 392 pa-
tients (184 M, 208 F; mean age 61.8 years (27–
93 years)) underwent a total of 429 hospitalizations for
initial conservative treatment of acute diverticular dis-
ease. Thirty-three patients were admitted twice, three
patients three times, and one patient 4 times. Two hun-
dred eighty-eight cases were primarily treated in the
Department of Gastroenterology, 139 in the Department
of Surgery, and two cases in the Department of
Urology.

Twenty patients (5%) died during the follow-up peri-
od. None of the death cases was caused by diverticular
disease. Two hundred eighty patients (M 138, F 142;
mean age 60.5 years, range 27–91 years) completed
the quality of life questionnaire, while 92 patients did
not respond or were lost for follow-up (response rate
75%). Non-responders were significantly older than re-
sponders, had a higher probability to be a resident of a
nursing home or to suffer from dementia, and presented
more often with renal failure and with intake of antico-
agulants. Responders underwent surgery for diverticular
disease significantly more often than non-responders.

The median follow-up period in responders comprised
37.8 months (range 15–85 months) between initial hos-
pitalization and the interview. In patients available for
follow-up information but not responding to SF-36
questionnaire, the median follow-up period was
33.1 months (range 0.2 to 82.4 months).

Altogether, 85 of 280 patients presented with com-
plicated (30%) and 195 with uncomplicated diverticu-
litis at the initial hospitalization. Sixty-two patients
underwent sigmoid resection after their initial conser-
vative treatment. During the follow-up period, 88 pa-
tients (31%) experienced at least one more flare of
diverticular disease—52 of latter patients have been
treated in hospital and 37 patients underwent an intes-
tinal resection. Thus, 99 patients had undergone sur-
gery for diverticular disease between the initial hospital
stay and the time of answering to the SF-36 question-
naire. The overall postoperative complication rate com-
prised 22% and in 11 patients (11%), stoma was for-
matted temporarily. No patient answering the SF-36
questionnaire had a stoma.

For the whole study cohort, the SF-36 mean scores
for general health (GH) were 69.1 ± 24.8, 88.9 ± 19.3
for physical functioning (PF), 92.7 ± 18.2 for social
functioning (SF), 85.0 ± 25.9 for bodily pain (BP),
77.9 ± 35.6 for role physical limitations (RP), 74.5 ±
17.2 for mental health (MH), 86.2 ± 30.0 for role emo-
tional (RE), and 60.3 ± 20.3 for vitality (VT). The
comparison of SF-36 mean scores between patients
with complicated and uncomplicated diverticular dis-
ease in the whole study population is demonstrated in
Table 1. Patients with complicated disease demonstrat-
ed statistically significant superiority in several quality
of life domains (GH, PF, MH, SF, VT). Also, patients
with complicated disease demonstrated significantly
better results in physical (54.7 ± 11.1 vs. 51.9 ± 12.0,
p = 0.050) and mental compository scores (52.8 ± 8.6
vs. 49.8 ± 10.9, p = 0.026).

Results of propensity score analysis

After propensity score matching, each group consisted
of 51 patients. For comparison of baseline characteris-
tics between both groups, see Table 2. Patients with
complicated disease had higher level of C-reactive pro-
tein at initial hospital admission, were taking acetylsa-
licylate more often, and were administered to a surgical
unit more frequently than patients with uncomplicated
disease. Altogether, 52 of 102 patients underwent sur-
gery for diverticular disease: six patients during the ini-
tial hospital admission, 23 patients electively after the
first hospital admission, and 24 patients (one patient has
been operated twice) during the follow-up period. Eight
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out of 29 patients who underwent sigmoid resection
during or immediately after the first admission had suf-
fered from postoperative complications (28%).

Table 3 depicts differences in SF-36 scores between
patients with complicated and uncomplicated disease.
There was a statistically significant difference, favoring
patients with complicated disease in 5 of 8 domains
(GH, PF, MH, SF, VT). Also, PCS (56.3 vs. 52.9,
p = 0.13) and MCS (53.3 vs. 46.7, p = 0.005) were
higher in patients treated for complicated disease, al-
though the difference was statistically significant only
for the mental compository score.

Furthermore, the impact of treatment strategy in patients
with complicated and uncomplicated disease was analyzed
(Table 4). In the sigmoid resection group, patients with com-
plicated disease demonstrated a better quality of life in one of
eight SF-36 domains (physical role function), whereas, in con-
servatively treated patients, complicated disease was associat-
ed with better SF-36 scores in 4 of 8 domains (role emotional,

physical function, social function, and vitality). Also, mental
compository score was significantly higher only in conserva-
tively treated patients with complicated disease but not in
those after sigmoidectomy.

Multivariate analysis

Using the multivariate Poisson regression analysis with robust
variance, impact of disease phenotype, sigmoidectomy, gen-
der, and age on SF-36 subscale scores was analyzed (Table 5).
Complicated diverticular disease as compared with uncompli-
cated disease was associated with a statistically significant
better quality of life in 5 out of 8 subscales whereas
sigmoidectomy had a significant (negative) influence only
on social functioning (SF). There was a statistically significant
association between increasing age and worsening of the
physical functioning (PF) as well between increasing age
and worsening of the general health (GH).

Table 2 Baseline characteristics of patients with complicated and uncomplicated disease at the initial hospitalization after propensity score matching

Variable Complicated disease
N = 51 (%)

Uncomplicated disease
N = 51 (%)

p

Age, years 59.9 62.1 0.38

Male sex 28 (55%) 21 (41%) 0.23

CRP at the time of hospital admission, mg/l 114 76 0.005

GFR at the time of hospital admission (ml/min) 71.7 72.7 0.82

Patients admitted to surgical unit at the initial hospitalization 28 (55%) 11 (26%) 0.001

Steroid intake 1 (2%) 2 (4%) 1.0

Previous flares of diverticular disease 20 (40%) 20 (40%) 1.0

Surgery for diverticular disease* 26 (51%) 26 (51%) 1.0

NSAR intake 11 (22%) 4 (8%) 0.054

Acetylsalicylate intake 11 (22%) 3 (6%) 0.023

Follow-up time, mean 35.1 37.9 0.38

CRP, C-reactive protein level; GFR, glomerular filtration rate; NSAR, non-steroidal anti-rheumatic drugs

*Between the initial hospitalization and answering the SF-36 questionnaire

Table 1 SF-36 subscales of patients complicated and for uncomplicated diverticular disease

SF-36 subscale Complicated disease (n = 85), mean score ± SD Uncomplicated disease (n = 195), mean score ± SD p (Mann-Whitney)

GH 74.04 ± 23.9 66.53 ± 25.2 0.021

RE 89.26 ± 25.9 84.81 ± 31.7 0.39

PF 92.06 ± 18.2 86.88 ± 20.5 0.003

RP 80.06 ± 35.7 77.20 ± 36.2 0.46

MH 77.88 ± 15.2 72.57 ± 17.8 0.022

BP 88.42 ± 24.1 83.69 ± 26.9 0.097

SF 95.15 ± 15.9 91.49 ± 19.1 0.042

VT 68.72 ± 18.6 61.5 ± 21.1 0.01

GH, general health; RE, role emotional; PF, physical functioning; RP, role physical; MH, mental health; BP, bodily pain; SF, social
functioning; VT, vitality
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Linear regression equations (Table 6) were done in-
dependently for PCS and MCS using the same vari-
ables as potentially confounding factors. There was a
statistically significant impact of patients’ age on PCS
whereas complicated diverticular disease was indepen-
dently associated with a better scoring on MCS.
Sigmoidectomy had no influence on both SF-36
compository scores.

Discussion

Quality of life assessment gains increasing importance in the
decision making process in patients both with benign and
malignant disease. However, HrQol studies on patients with
diverticular disease are still scarce. The present study is the
first to compare health-related quality of life between patients,
suffering from UD and CD.

In the presented study, quality of life was superior
in patients with complicated disease. The difference,
favoring complicated disease, could be demonstrated
for all SF-36 domains (statistically significant in 5
domains) as well as in mental compository scores.
Similar results were demonstrated after propensity
score matching and multivariate analysis. Thus, un-
complicated diverticular disease seems to impact
long-term mental quality of life more profoundly than
the physical functionality.

In general perception, diverticulitis of the sigmoid
colon presents a recurrent disease with asymptomatic
intervals between the acute flares. To a certain extent,
one part of patients is well characterized by this de-
scription [2]. However, a relevant subgroup of patients
demonstrate a divergent course of the disease, charac-
terized by chronic abdominal complaints after resolu-
tion of acute inflammation. Especially in the uncompli-
cated group, patients with complete and sustaining

Table 4 Influence of sigmoidectomy on SF-36 scoring in patients with complicated and uncomplicated diverticular disease

Patients undergoing sigmoidectomy Patients undergoing conservative treatment

SF-36
subscale

Complicated disease, mean
score ± SD (N = 26)

Uncomplicated disease,
mean score ± SD (N = 26)

p (Mann-
Whitney)

Complicated disease,
mean score ± SD (N = 25)

Uncomplicated disease,
mean score ± SD (N = 25)

p (Mann-
Whitney)

GH 76.83 ± 21.1 66.38 ± 28.0 0.25 76.33 ± 21.6 66.21 ± 21.4 0.061

RE 87.18 ± 29.9 80.77 ± 37.9 0.66 98.67 ± 6.7 79.16 ± 39.1 0.030

PF 96.54 ± 9.1 89.04 ± 18.8 0.062 93.40 ± 22.3 86.20 ± 21.7 0.003

RP 92.31 ± 23.2 75.96 ± 36.4 0.049 83.00 ± 33.6 77.00 ± 38.1 0.52

MH 80.00 ± 15.8 69.17 ± 21.7 0.11 77.00 ± 14.7 70.91 ± 17.6 0.25

BP 93.73 ± 16.4 87.65 ± 22.5 0.21 85.96 ± 25.0 87.08 ± 27.5 0.49

SF 95.67 ± 14.1 87.98 ± 20.5 0.093 99.50 ± 2.5 89.7 ± 22.5 0.014

VT 70.58 ± 17.5 58.60 ± 25.5 0.092 68.48 ± 21.1 53.8 ± 20.9 0.025

PCS 58.1 ± 12.8 53.1 ± 10.4 0.136 54.5 ± 12.7 52.7 ± 11.5 0.49

MCS 52.1 ± 10.8 46.5 ± 12.8 0.115 54.5 ± 5.4 47.0 ± 11.7 0.016

Table 3 SF-36 scoring of patients with complicated and uncomplicated diverticulitis after propensity score matching

SF-36 subscale Complicated disease, mean score ± SD Uncomplicated disease, mean score ± SD p (Mann-Whitney)

GH 76.58 ± 21.1 66.30 ± 24.8 0.038

RE 92.81 ± 22.4 80.00 ± 38.1 0.082

PF 95.00 ± 16.9 87.65 ± 20.1 0.001

RP 87.75 ± 28.9 76.47 ± 36.9 0.071

MH 78.50 ± 15.2 69.99 ± 19.7 0.049

BP 89.92 ± 21.2 87.38 ± 24.8 0.70

SF 97.55 ± 10.3 88.78 ± 21.2 0.004

VT 69.59 ± 19.1 56.41 ± 23.3 0.005

GH, General health; RE, role emotional; PF, physical functioning; RP, role physical; MH, mental health; BP, bodily pain; SF, social
functioning; VT, vitality
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response to medical treatment can be differentiated
from those who suffer from ongoing and/or atypical
complaints. In this context, Wolff et al. recommended
the terms “smoldering diverticulitis” and “atypical di-
verticulitis” [15]. Patients belonging to latter cohorts
often show an overlap of symptoms to those suffering
from irritable bowel syndrome (IBS). Ongoing micro-
scopic low-grade inflammation is suspected to lead to
chronic alterations of the bowel wall and the mesenter-
ic nervous plexus, resulting in an increasing visceral
hypersensitivity as described in IBS patients [2].
Clemens and coworkers showed that patients with
symptomatic uncomplicated diverticular disease not on-
ly have higher pain perception on luminal distension in
the diseased sigmoid colon but also in the healthy rec-
tum. Thus, similar to IBS, uncomplicated diverticular
disease may lead to the development of a generalized
hyperalgesia [16].

Some authors were able to demonstrate that pa-
tients with diverticular disease experience an impair-
ment of HrQol, as well as higher rates of depression,
anxiety disorders, and somatization [2] [17] [18].
Thus, mental characteristics of the disease show fur-
ther similarities with IBS. The dominance of mental
health impairment in all assessments of our study may
be explained in this context. Those similarities be-
tween patients with IBS and patients with uncompli-
cated diverticular disease as well as the fact that the
uncomplicated disease is not progressing to a compli-
cated one lead to the assumption that UD and CD are
basically two different disease entities. However, in
contrast to IBS, patients with uncomplicated are older
and the predominance of female gender is not as
strong as in IBS [17].

In our study, the difference in quality of life scores
was strongly diminished by surgery. Some impairment
of quality of life after surgery might be attributable to
the so-called post sigmoidectomy syndrome which was
described by Levack et al. About 25% of patients who
previously underwent sigmoidectomy for diverticular
disease suffered after surgery from fecal incontinence
and 20% from fecal urgency and incomplete emptying
[19]. These data seem to be alarming. Damage of the
pelvic and inferior mesenteric plexus might be causa-
tive (20).

According to current knowledge, there is a low
risk of complicated recurrence, emergency surgery,
and unplanned stoma formation in patients with re-
current diverticulitis [3]. Given the fact that the
avoidance of recurrence is the main reason for
sigmoidectomy, it is questionable, whether all pa-
tients are benefiting from surgery, especially those
with uncomplicated disease.Ta
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Limitations

The study is limited by its retrospective character and the lack
of longitudinal data. An unbiased assessment of impact of
treatment strategy (conservative vs. operative) onHQoL could
only be obtained by a randomized study. Also, some 25% of
patients did not respond to quality of life questionnaires which
probably led to more positive assessment. Furthermore, we
did not study the influence of perioperative morbidity (revi-
sion surgeries, stoma etc.) on quality of life potentially ignor-
ing an important confounding factor.

Conclusion

Long-term health-related quality of life was significantly
worse in patients with uncomplicated disease as compared
with those with complicated diverticulitis in our study. The
difference was largest regarding the mental health-related do-
mains. Probably, UD and CD pose as different disease entities.
Patient with uncomplicated disease should be selected care-
fully to undergo sigmoidectomy.
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