
Observational Study Medicine®

OPEN
Patients with end-stage renal disease were at
an increased risk of hospitalization for acute
diverticulitis
Shen-Shong Chang, MD, MPHa,b,c, Nicole Huang, PhDd, Hsiao-Yun Hu, PhDc,e,∗

Abstract
Patients with end-stage renal disease (ESRD) show a high incidence of bacterial translocation and impaired gastrointestinal motility.
The intestinal tract is believed to be the most crucial source of translocated bacteria. To evaluate the risk of colonic diverticulitis in
patients with ESRD, we conducted a nationwide population-based cohort study. Patients who met the following 3 criteria were
defined as patients with ESRD: patients diagnosed with ESRD who received regular hemodialysis between 2000 and 2005, patients
who received hemodialysis for more than 90% of the time during the observation period (2000–2011), and patients with no prior
history of hemodialysis between 1997 and 1999. We matched every patient with ESRD with 1 matched control on the basis of
propensity scores. The first diagnosis of diverticulitis (ICD-9-CM codes 562.11 and 562.13) within the follow-up period was defined
as the primary endpoint. Hazard ratios (HRs) and their 95% confidence intervals (CIs) were calculated using the patients in the
control group as the reference. We included 32,547 and 32,547 patients in the ESRD andmatched control cohorts, respectively. The
12-year cumulative incidence of acute colonic diverticulitis for patients with ESRD was significantly higher than that for the controls
(P<0.001). After adjustment for age, sex, comorbidities, andmedication use, the HR of acute colonic diverticulitis in the ESRD cohort
was 11.20 times greater than that in the control cohort (95% CI: 8.14–15.42). The results indicated that patients with ESRD are at an
increased risk for acute colonic diverticulitis.

Abbreviations: BT = Bacterial translocation, CAD = coronary artery disease, CHF = congestive heart failure, CI = confidence
interval, CKD= chronic kidney disease, COPD= chronic obstructive pulmonary disease, CRF= chronic renal failure, CT= computed
tomography, CVD = cerebral vascular disease, DM = diabetes mellitus, ESRD = End-stage renal disease, HR = hazard ratio, IBD =
inflammatory bowel disease, ICD-9-CM = International Classifications of Diseases, Revision 9, and Clinical Modification, IRB =
Institutional Review Board, MRI = magnetic resonance imaging, NHIRD = National Health Insurance Database, NHRI = National
Health Research Institute, NSAIDs = nonsteroidal anti-inflammatory drugs, PCKD = polycystic kidney disease.
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1. Introduction

Mucosal and submucosal herniations via the circular muscular
layer cause diverticulosis.[1,2] Both asymptomatic and symptom-
atic presentations increase in diverticulosis.[2] However, few
diverticulosis patients develop diverticulitis in Western and Asian
populations.[3,4] The risk factors for diverticulitis include physical
inactivity, constipation, obesity, smoking, and nonsteroidal anti-
inflammatory drug (NSAID) use.[5]

Obstruction at the neck of the diverticulum, low-grade
inflammation, and bacterial translocation (BT) result in divertic-
ulitis. Bacterial overgrowth is due to stasis or obstruction in the
narrow-necked diverticulum.[6] Recent findings suggest that
diverticulitis may be related to long-term alterations in the
patient’s diet andmicroecology.[7] BT occurs in patients with end-
stage renal disease (ESRD).[8] In 1 study, gastrointestinal motility
was impaired in patients with ESRD.[9] Certain studies have
revealed that the guts of patients with ESRD and uremic animals
exhibit similar damage to the mechanical barriers, such as
conspicuous mucosal edema and erosion.[10,11] The intestinal
tract is considered the most crucial source of translocated
bacteria.[12]

No large population-based studies have evaluated the occur-
rence of colonic diverticulitis on the basis of the presence of
comorbidities and medication administered in patients with
ESRD and their respective controls. We conducted a nationwide
population-based cohort study to investigate the association
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between ESRD and diverticulitis by using data obtained from the
Taiwan National Health Insurance Research Database (NHIRD).
2. Materials and methods

2.1. Ethical considerations

The NHIRD is a secondary database. The identities of patients in
the database were scrambled before the data were released for
research purposes. Patient records and information were
anonymized and deidentified before analysis. This study was
approved by the NHRI and the Institutional Review Board (IRB)
of Taipei City Hospital (IRBNo.: TCHIRB-1021102-E). The IRB
waived the requirement of written consent.
2.2. Data source

This nationwide cohort study was based on patient data obtained
from the NHIRD, which is managed by the Taiwan National
Health Research Institute (NHRI). The NHIRD contains health
care data on 99% of the Taiwanese population (approximately
23 million people). We used the International Classifications of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM)
codes to define the diseases. The NHIRD contains comprehensive
information, including demographic data, dates of clinical visits,
diagnostic codes, and details of prescriptions.
2.3. Study population

In Taiwan, patients with ESRD requiring dialysis can apply for a
catastrophic illness card. Patients in the NHIRD meeting the
following 3 criteria were defined as patients with newly diagnosed
ESRD: patients diagnosed with ESRD receiving regular hemodial-
ysis between 2000 and 2005 (half the whole 12-year observation
period) and excluding emergent hemodialysis without ESRD,
patients receiving hemodialysis (excluding peritoneal dialysis) for
more than 90% of the time during the observation period
(2000–2011), and patients with no prior history of hemodialysis
between 1997 and 1999. Patients with no chronic kidney disease
(CKD) in their inpatient records or in the ambulatory care claims
between 1997 and 2011 were defined as the cohort members
group. The following ICD-9-CMcodes denotedCKD: 580 to 589,
250.4, 274.1, 283.11, 403.x1, 404.x2, 404.x3, 440.1, 442.1,
447.3, 572.4, 642.1x, 646.2x, and 794.4.
2.4. Study cohorts

Among the eligible patients, patients younger than 20 years and
patients diagnosed with colonic diverticulitis before 2000 were
excluded from the study. Patients diagnosed with colon cancer,
celiac disease, or inflammatory bowel disease (IBD), and
patients who underwent kidney transplantation during the
observation period (1997–2011) were also excluded. In
addition, patients who underwent colectomy before the event
were excluded. The demographic data of patients in the ESRD
and control cohorts were first compared. Subsequently, each
patient with ESRD was matched with 1 control on the basis of
propensity scores. Figure 1 illustrates a flow chart of the patient
selection process.

2.5. Assessing cofounders and covariates

The propensity score was calculated using logistic regression as
described by Rosenbaum and Rubin.[13] The mean and median
2

propensity scores were compared between the 2 cohorts. All
diseases included in the Charlson comorbidity index were
analyzed.[14] Age, gender, comorbidities, and Charlson score
were included in the propensity score. Conditions that required
inpatient care between January 1, 1997, and December 31, 2011,
were defined as comorbidities in our study. The comorbidities
identified in our cohort and their corresponding ICD-9-CM
diagnosis codes are listed as follows: diabetes mellitus (DM; ICD-
9-CM code 250), coronary artery disease (CAD; ICD-9-CM
codes 410–414), congestive heart failure (CHF; ICD-9-CM code
428), cerebral vascular disease (CVD; ICD-9-CM codes
430–438), dyslipidemia (ICD-9-CM code 272.xx), liver cirrhosis
(ICD-9-CM codes 571.2, 571.5, and 571.6), and chronic
obstructive pulmonary disease (COPD; ICD-9-CM codes
490–492, 494, and 496). Certain drugs that may alter the risk
of diverticulitis, such as aspirin, NSAIDs, cyclooxygenase-2-
specific inhibitors, steroids, and laxative drugs, were analyzed.
Exposure to these drugs was defined as the frequency of exposure
for more than 10% of the observation period (1997–2011).
2.6. End point

All inpatient records for each patient in the propensity score
matched ESRD and control cohorts were followed up until the
occurrence of acute colonic diverticulitis (the top 3 diagnoses),
death, or the end of 2011. The colonic diverticulitis was
diagnosed after undergoing computed tomography (CT),
magnetic resonance imaging (MRI), colonoscopy, or barium
radiological examination. The date of the first diagnosis of
colonic diverticulitis (ICD-9-CM codes 562.11 and 562.13)
within the follow-up period was defined as the primary
endpoint.
2.7. Statistical analysis

The Chi-square test and Student t test were used to examine the
differences in the demographic variables, comorbidities, and
propensity scores between the ESRD and control cohorts.
Stratified Cox proportional hazard regression analysis on age,
gender, comorbidities, Charlson score, and medications was used
to estimate the effect of ESRD on the occurrence of acute colonic
diverticulitis. An alpha level of 0.05 was considered statistically
significant for all analyses. Cumulative incidence analyses were
performed using the Kaplan–Meier method, and the differences
between the curves were calculated using the 2-tailed log rank
test. Hazard ratios (HRs) and their 95% confidence intervals
(CIs) were calculated using patients in the control cohort as the
reference. Models with adjusted variables are presented. All
statistical analyses were performed using the SAS System for
Windows, Version 9.2 (SAS Institute, Cary, NC).

3. Results

3.1. Demographic characteristics

We first selected 41,739 patients diagnosed with ESRD and
607,914 cohort members from 2000 to 2005. Table 1 lists the
demographic data, including age, sex, comorbidities, and
medications. The original propensity scores of the controls
(mean, 0.07) were significantly lower than those of patients with
ESRD (mean, 0.39) (P<0.001). We used propensity scores to
match 1 patient in the ESRD cohort with 1 patient in the matched
control cohort. The 2 groups had comparable distributions of
propensity scores after the patients were matched. We included a



Figure 1. Flow chart depicting the selection of the participants.
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Table 1

Demographic characteristics of ESRD and control cohort before propensity score matching.

ESRD cohort Control members

Variables N=41,739 % N=607,914 % P

Age, y <0.001
20–49 9532 22.84 458,150 75.36
50–69 20,255 48.53 112,176 18.45
≥70 11,952 28.64 37,588 6.18

Gender <0.001
Male 19,890 47.65 305,654 50.28
Female 21,848 52.34 302,260 49.72

Comorbidities
DM 22,559 54.05 29,622 4.87 <0.001
CAD 14,728 35.29 20,739 3.41 <0.001
CHF 13,712 32.85 9379 1.54 <0.001
CVD 13,240 31.72 25,643 4.22 <0.001
Dyslipidemia 8740 20.94 15,277 2.51 <0.001
Liver cirrhosis 3870 9.27 7333 1.21 <0.001
COPD 5549 13.29 15,760 2.59 <0.001

Charlson score <0.001
Mean±SD 3.78±2.05 0.47±1.49
Median (IQR) 3 (2.00–5.00) 0 (0–0)

Propensity score <0.001
Mean±SD 0.39±0.31 0.07±0.14
Median (IQR) 0.32 (0.10–0.67) 0.02 (0.02–0.06)

Medications
Aspirin 10,579 25.35 32,790 5.39 <0.001
NSAIDs 4661 11.17 34,641 5.70 <0.001
COX-2 inhibitors 3168 7.59 9467 1.56 <0.001
Steroids 2719 6.51 6151 1.01 <0.001
Laxatives 20,913 50.10 52,496 8.64 <0.001

Diverticulitis <0.001
No 41,427 99.25 606,766 99.81
Yes 170 0.41 267 0.04

Follow-up year (mean±SD) 5.83±3.19 11.30±2.40

Exposure to these medications was defined as the frequency of use of more than 10% duration during the observation period.
CAD= coronary artery disease, CHF= congestive heart failure, COPD= chronic obstructive pulmonary disease, COX-2 inhibitors= cyclooxygenase-2 specific inhibitors, CVD= cerebral vascular disease, ESRD=
end-stage renal disease, IQR= interquartile range, N=number, NSAIDs=nonsteroidal anti-inflammatory drugs, SD= standard deviation.
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total of 32,547 patients in the ESRD cohort and 32,547 patients
in the matched control cohort (Table 2). The mean follow-up
durations for the ESRD and matched control cohorts were 6.08
and 9.57 years, respectively. The incidence of acute colonic
diverticulitis was significantly higher in the ESRD cohort [n=134
(0.41%)] than in the control cohort [n=27 (0.08%)] (Table 2). In
addition, the overall all-cause 3-month mortality cumulative
incidence in the ESRD cohort (n=13) was significantly higher
than that in the control cohort (n=3). The number of patients
who underwent surgery for acute colonic diverticulitis was higher
in the ESRD cohort than in the control cohort (8 vs 0,
respectively). Drainage therapy for acute colonic diverticulitis
was performed for 7 patients in the ESRD cohort and 1 patient in
the control cohort (data not shown).
3.2. Acute colonic diverticulitis (12-year cumulative
incidence)

The 1-year and 5-year cumulative incidences of acute colonic
diverticulitis were significantly higher in the ESRD cohort than in
the control cohort (1 year: 0.065% vs 0.006%, P<0.001; 5
years: 0.522% vs 0.055%, P<0.001) (data not shown). In
addition, the 12-year cumulative incidence of acute colonic
diverticulitis was higher in the ESRD cohort than in the control
cohort (P<0.001) (Fig. 2).
4

3.3. Risk factors of symptomatic colonic diverticulitis in
the study population

After adjustment for age, sex, the presence of comorbidities, and
medication use, the HR of acute colonic diverticulitis in the ESRD
cohortwas 11.20 times greater (95%CI: 8.14–15.42) (Table3) than
that in the control cohort. Moreover, we also analyzed the HR of
acute colonic diverticulitis without following CT, MRI, colonosco-
py, or barium radiological examination in the ESRD cohort, which
was 4.84 times greater [95%CI: 3.76–6.22 (data not shown)] than
that in the control cohort. In addition, factors such as old age (50–69
vs20–49years:HR=1.72,95%CI:1.26–2.36;≥70vs20–49years:
HR=3.80, 95% CI: 2.70–5.33), CAD (HR=1.74, 95% CI:
1.37–2.21), liver cirrhosis (HR=1.89, 95% CI: 1.35–2.64),
Charlson score more than 3 (HR=1.34, 95% CI=1.04–1.72),
and steroid use (HR=1.79, 95% CI: 1.23–2.60) were associated
with an increased risk of acute colonic diverticulitis (Table 3).

3.4. Multivariate stratified analysis

The results of a multivariate analysis stratified by age, gender,
comorbidities, Charlson score, and medications are illustrated in
Fig. 3. In each stratum, ESRD was significantly associated with
high risks of acute colonic diverticulitis, regardless of age, sex, the
presence or absence of comorbidities, the Charlson comorbidity
index score, and medications.



Table 2

Demographic characteristics of ESRD and matched control cohort after propensity score matching.

ESRD cohort Matched control

Variables N=32,547 % N=32,547 % P

Age, y <0.001
20–49 8102 24.89 7686 23.62
50–69 14,785 45.43 14,380 44.18
≥70 9660 29.68 10,481 32.20

Gender 0.002
Male 15,943 48.98 16,335 50.19
Female 16,604 51.02 16,212 49.81

Comorbidities
DM 14,251 43.79 13,241 40.68 <0.001
CAD 8941 27.47 8757 26.91 0.105
CHF 7078 21.75 6455 19.83 <0.001
CVD 9323 28.64 10,101 31.04 <0.001
Dyslipidemia 5129 15.76 5169 15.88 0.668
Liver cirrhosis 2795 8.59 2956 9.08 0.026
COPD 4508 13.85 5408 16.62 <0.001

Charlson score <0.001
Mean±SD 3.34±1.88 3.63±2.61
Median (IQR) 3 (2.00–4.00) 3 (2.00–4.00)

Propensity score 0.919
Mean±SD 0.33±0.24 0.33±0.24
Median (IQR) 0.29 (0.11–0.50) 0.29 (0.11–0.49)

Medications
Aspirin 7945 24.41 8299 25.50 0.001
NSAIDs 4094 12.58 4808 14.77 <0.001
COX-2 inhibitors 2435 7.48 2646 8.13 0.002
Steroids 2119 6.51 1968 6.05 0.015
Laxatives 15,718 48.29 15,753 48.40 0.784

Diverticulitis <0.001
No 32,305 99.26 32,447 99.69
Yes 134 0.41 27 0.08

Follow-up year (mean±SD) 6.08±3.2 9.57±3.67

CAD= coronary artery disease, CHF= congestive heart failure, COPD= chronic obstructive pulmonary disease, COX-2 inhibitors= cyclooxygenase-2 specific inhibitors, DM=diabetes mellitus, ESRD= end-
stage renal disease, IQR= interquartile range, NSAIDs=nonsteroidal anti-inflammatory drugs, SD= standard deviation.
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4. Discussion

The results of this population-based cohort study show that
patients with ESRD are associated with an increased risk of acute
colonic diverticulitis. After adjusting for multiple confounding
factors, we observed that patients in the ESRD cohort were
associated with an adjusted HR of 11.20 for acute colonic
diverticulitis compared with those in the matched control cohort.
In the stratified analysis, we found that ESRDwas associatedwith
a significantly increased risk of acute colonic diverticulitis
regardless of comorbidities and medications. The association
between ESRD and an increased risk of diverticulitis was
observed in all subgroups of patients with ESRD.
This current study shows that ESRD, old age, CAD, liver

cirrhosis, Charlson score more than 3, and steroid use are crucial
risk factors of acute colonic diverticulitis. The impact of ESRDwas
higher than that of the other factors. Scheff et al[15] reported that
patients with chronic renal failure (CRF) caused by polycystic
kidney disease (PCKD) had a high incidence of diverticulosis and
diverticulitis, but no such association was observed for diverticuli-
tis in patients with non-PCKD CRF. Therefore, Scheff et al[15]

recommended that diverticulitis be an initial consideration in the
differential diagnosis of abdominal pain in patients with PCKD.
The previous study enrolled a low number of patients receiving
hemodialysis (n=151). By contrast, the current study was a
5

nationwide 12-year longitudinal study that enrolled a high number
(n=32,547) of patients receiving hemodialysis and focused on
acute colonic diverticulitis in patients with ESRD.
Wang et al[16] proposed that immune defense system

suppression occurs in ESRD and that the mechanisms of BT
are gastrointestinal microflora alteration, gut mucosal barrier
disruption, and host defense impairment. Our current study
confirmed the high risk of acute colonic diverticulitis in patients
with ESRD. These results are of clinical value and significance.
Previous studies have reported that in clinical practice, probiotics
use and digestive tract decontamination with antibiotics may
alleviate BT in inflammatory diseases.[17,18] Therefore, conduct-
ing a prospective randomized controlled study to elucidate
whether microinflammation mitigation through antibiotics or
probiotics can reduce acute colonic diverticulitis in patients with
ESRD is warranted.
Our observations are consistent with those of previous

reports regarding the role of old age and steroid use in
diverticulitis. Comparato et al[19] reported that people younger
than 40 years seldom suffer from diverticulitis, and the
incidence increases to 65% in people older than 65 years.
Chapman et al[20] determined that steroid use increased
perforation rates and mortality in complicated diverticulitis
patients. A low-fiber diet and high-fat food, which are risk
factors of colonic diverticulitis, were associated with an

http://www.md-journal.com


Figure 2. Twelve-year cumulative incidences of acute colonic diverticulitis. (Log rank: P<0.001).
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increased risk of CAD. Gut flora and BT play crucial roles in the
pathogenesis of cirrhosis-related complications. Alteration of
intestinal flora and mucosal barrier function cause BT in
cirrhosis.[21] Therefore, a prospective randomized controlled
study must be performed to evaluate whether CAD and liver
Table 3

Multivariate Cox regression analysis for prediction acute colonic div

Variables HR

ESRD versus matched control 11.20
Age
50–69 versus 20–49 y 1.72
≥70 versus 20–49 y 3.80

Gender
Male versus female 0.88

Comorbidities
DM 0.81
CAD 1.74
CHF 1.02
CVD 0.96
Dyslipidemia 1.14
Liver cirrhosis 1.89
COPD 0.97
Charlson score ≥3 versus <3 1.34

Medications
Aspirin 0.89
NSAIDs 1.07
COX-2 inhibitors 1.22
Steroids 1.79
Laxatives 1.21

95% CI=95% confidence interval, CAD= coronary artery disease, CHF= congestive heart failure, COPD=
diabetes mellitus, ESRD=end-stage renal disease, HR=hazard ratio, NSAIDs=nonsteroidal anti-inflam

6

cirrhosis increase the risk of acute colonic diverticulitis, with or
without the presence of obesity and comorbidities.
Diverticulitis is an acute illness and generally does not progress

but rather resolves; therefore, we analyzed only hospitalization
cases for acute colonic diverticulitis by using inpatient databases.
erticulitis in the overall study group.

95% CI P

8.14–15.42 <0.001

1.26–2.36 <0.001
2.70–5.33 <0.001

0.71–1.09 0.241

0.64–1.03 0.088
1.37–2.21 <0.001
0.78–1.32 0.915
0.75–1.23 0.745
0.87–1.51 0.345
1.35–2.64 <0.001
0.71–1.31 0.819

1.04–1.72 0.022

0.69–1.15 0.373
0.79–1.44 0.659
0.87–1.71 0.243

1.23–2.60 0.002
0.96–1.53 0.103

chronic obstructive pulmonary disease, COX-2 inhibitors= cyclooxygenase-2 specific inhibitors, DM=
matory drugs.



Figure 3. Multivariate stratified analysis for prediction acute colonic diverticulitis: HR for ESRD in subgroups of patients adjusting for other factors.
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Not only symptomatic uncomplicated diverticular disease but
also complicated diverticulitis, patients contracting with diver-
ticulitis, and failing in outpatient therapy or unable to tolerate
oral intake are our endpoint. The cases diagnosed in emergency
7

department without admission is not our endpoint. Although
imaging results are not available in the NHIRD, ICD-9-CM
coding was strictly audited to verify diagnosis for the
reimbursement purpose by the Bureau of NHI.
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In the present study, unmeasurable bias may have existed. We
analyzed the propensity scores for comparing the 2 cohorts.
Propensity score matching was applied to select comparable
controls to imitate a randomized clinical trial. Although we used
all potential confounders in the model to create a propensity
score, there were some significant differences in the distributions,
such as those of age, sex, DM, CHF, CVD, COPD, and
medications. The large sample size in the present studymay be the
reason for the statistical significance. For example, the difference
in the number of male patients in the ESRD and control cohorts
(48.98% vs 50.19%) and the difference in steroid use in the
ESRD and control cohorts (6.51% vs 6.05%) were statistically
significant, but may not be clinically significant.
This study had several limitations. First, some factors, such as

the patients’ lifestyle, dietary habits (particularly, fiber in-
take),[22] body mass index,[23] and smoking[24] could not be
adjusted. However, we performed a multivariate analysis to
adjust for potential confounders and to examine the risk of acute
colonic diverticulitis in different strata. Although unmeasured
confounders may still have existed, we believe that the
methodology used in the present study is robust. Second, in
addition, the locations of diverticulitis are unavailable in the
NHIRD. Left-sided diverticular disease is most commonly
observed in western populations. Diverticulosis in Asia is
predominantly a right-sided phenomenon and that right-sided
diverticulitis differs from left-sided disease (less severe presenta-
tion, rarely complicated). Therefore, these results may not be
generalizable to western populations where right-sided divertic-
ulitis is uncommon. Third, we did not have data regarding the
severity of diverticulitis graded according to Hinchey criteria.
Finally, patients contracting with colonic diverticulitis may
admit for elective surgery followed multiple attacks. Such cases
should have been excluded. Only 8 cases underwent surgery in
the ESRD cohort; therefore, sensitivity analysis with worst case
scenario will not bias our result.
In conclusion, our results provide evidence to support the view

that patients with ESRD are at an increased risk of acute colonic
diverticulitis. Close attention should be paid to patients with
ESRD who contract diverticulitis to prevent life-threatening
events. We recommend that physicians be highly vigilant for
acute colonic diverticulitis and initiate early intervention to
reduce morbidity and mortality in patients with ESRD
experiencing abdominal pain or discomfort.
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