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Abstract: Whether patients with diverticular diseases exhibit a higher

risk of developing pyogenic liver abscess (PLA) remains inconclusive.

From the inpatient claims in Taiwan’s National Health Insurance

Research Database, we identified 54,147 patients diagnosed with diverti-

culosis in the 1998 to 2010 period and 216,588 controls without the

disorder. The 2 cohorts were matched by age, sex, and admission year, and

were followed up until the end of 2010 to estimate the risk of PLA.

Overall, the incidence of PLA was 2.44-fold higher in the diverti-

cular-disease group than in the controls (11.5 vs 4.65 per 10,000 person-

year). The adjusted hazard ratio (aHR) of PLA was 2.11 (95% confidence

interval [CI], 1.81–2.44) for the diverticular-disease group, according to

a multivariate Cox proportional hazards regression model. The age-

specific data showed that the aHR for the diverticular-disease group,

compared with the controls, was the highest inpatients younger than 50
, Ming-Che Hsin, Lin, MSc,
u, MD, and Chia-Hung Kao, MD

The patients with diverticular diseases exhibited a higher risk of

PLA.

(Medicine 94(49):e2210)

Abbreviations: CI = confidence interval, HR = hazard ratio, ICD-

9-CM = International Classification of Diseases, Ninth Revision,

Clinical Modification, NHI = National Health Insurance, NHIRD =

National Health Insurance Research Database, PLA = pyogenic

liver abscess, SD = standard deviation.

INTRODUCTION

P yogenic liver abscess (PLA) is a crucial clinical disease that
can be fatal without prompt recognition and treatment.1 An

increasing number of studies have demonstrated that PLA in
Western and Asian countries differs in many aspects, including
demographic characteristics, etiological factors, and clinical
manifestations. For example, a significant proportion of PLA
in Asia is associated with Klebsiella pneumoniae infection,
whereas Escherichia coli is the predominant pathogen found
in PLA in Western countries.2 Moreover, PLA in Asia is
typically associated with diabetes or a cryptogenic etiol-
ogy,3–6 compared with the biliary etiology observed in Wes-
tern countries.

Colonic diverticular diseases are a relatively common
health care problem and the most frequently reported pathol-
ogy in routine colonoscopy.7 Autopsy studies have estimated
the diverticular-disease prevalence at 5% to 52% in Western
countries, and 1% to 19% in Asia.8 Approximately one-third of
the population older than 45 years is estimated to have diver-
ticular disease.9 Diverticular diseases can lead to disruption
of the colonic mucosal barrier and therefore major
clinical morbidities, including inflammation, obstruction,
infection, hemorrhage, fistula formation, perforation, and
peritonitis.10

Previous studies have demonstrated that the hematogenous
spread of pathogens to the liver is a critical pathogenic factor for
PLA, and colonic mucosal defects might be a route for bacterial
invasion into the portal system.11 In a relatively small cohort
study, colonoscopy revealed a colonic cause in 24.3% of
patients with cryptogenic PLA.11 However, no study has been
conducted in Asia to investigate the epidemiologic association
between diverticular diseases and PLA by using a nationwide
population-based dataset. We therefore hypothesized that
patients with diverticular diseases may have a higher risk of
PLA than patients without diverticular diseases and conducted
this study by analyzing data from Taiwan’s National Health
tabase (NHIRD), which is composed of
laims from 99% of the 23 million resi-
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data processing and statistical analyses were performed using

ease, liver cirrhosis, cholangitis, cholecystitis, pancreatic dis
eases, and percutaneous aspiration of the gallbladder and biliary
tract in diverticular-disease patients were higher than those in

TABLE 1. Characteristics of Patients Between Patients With
Diverticular and Patients Without Diverticular

Diverticular

Yes No
(N¼ 54,147) (N¼ 216,588)

n % n % P-Value

Age, year 0.99
249 20,089 (37.1) 80,356 (37.1)
50–64 12,634 (23.3) 50,536 (23.3)
�65 21,424 (39.6) 85,696 (39.6)
Mean (SD)

�
57.7 (18.1) 57.2 (18.1) 0.001

Gender 0.99
Female 23,953 (44.2) 95,812 (44.2)
Male 30,194 (55.8) 120,776 (55.8)

Comorbidity
Diabetes mellitus <0.001
Hypertension 16,871 (31.2) 35,861 (16.6) <0.001
Hyperlipidemia 4564 (8.43) 9394 (4.34) <0.001
Cancer 2397 (4.43) 7804 (4.43) <0.001
COPD 4267 (7.88) 7904 (3.65) <0.001
Heart failure 3002 (5.54) 5911 (2.73) <0.001
Choledocholithiasis 4759 (8.79) 6413 (2.96) <0.001
Alcoholic liver disease 1167 (2.16) 1074 (0.50) <0.001
Liver cirrhosis 1917 (3.54) 2439 (1.13) <0.001
Cholangitis 836 (1.54) 1113 (0.51) <0.001
Cholecystitis 1614 (2.98) 1718 (0.79) <0.001
Pancreatic diseases 1893 (3.50) 2120 (0.98) <0.001
METHODS

Data Source
The National Health Insurance (NHI) program was imple-

mented in Taiwan on March 1, 1995, and provides insurance
coverage for approximately 99% of the population of Taiwan
(Ref1). The National Health Research Institutes (NHRI) main-
tains the NHIRD, comprising the administrative and health
claims data of the NHI program, and makes it available for
medical research. In this study, we used a subset of the NHIRD
that includes files of inpatient claims from the Registry of
Beneficiaries. The identification numbers of patients were
scrambled before being released to users to protect the privacy
of the insurant. Diseases are coded according to the Inter-
national Classification of Diseases, Ninth Revision, Clinical
Modification (ICD-9-CM). This study was approved to fulfill
the condition for exemption by the Institutional Review Board
(IRB) of China Medical University (CMUH-104-REC2–115).
The IRB also specifically waived the consent requirement.

Sample Patients
We identified patients with newly diagnosed diverticular

diseases, including diverticulosis (ICD-9-CM codes 562.10,
562.12) and diverticulitis (ICD-9-CM codes 562.11, 562.13),
from 2000 to 2011, from inpatient claims data. The initial date
of hospitalization with a diagnosis of diverticular-disease was
defined as the index date. Patients with history of PLA (ICD-9-
CM code 572.0) or amebic liver abscess (ICD-9-CM code
006.3), missing data for sex or date of birth, or aged younger
than 20 years were excluded from our study. NHI beneficiaries
aged 20 years and older without diverticular were randomly
selected for inclusion in a nondiverticulosis cohort and fre-
quency matched with the patients in the diverticular cohort at a
4:1 ratio according to age (in 5-year bands), sex, history of
diabetes mellitus (ICD-9-CM code 250), and index year, and the
same exclusion criteria were applied.

Outcome and Comorbidities
The primary outcome was newly diagnosed PLA, obtained

from hospitalization records. Person-years of follow-up were
calculated for each patient until PLA diagnosis or censoring
because of loss to follow-up, death, withdrawal from the
insurance program, or the end of 2011. The baseline comor-
bidity history for each patient was determined from the inpatient
claims data. The comorbidities comprised well-known risk
factors for PLA, namely, alcoholic liver disease (ICD-9-CM
codes 571.0, 571.1, 571.3), cholecystitis (ICD-9-CM code 575),
cancer (ICD-9-CM codes 140-208), chronic obstructive pul-
monary disease (COPD) (ICD-9-CM codes 491, 492, 496),
choledocholithiasis (ICD-9-CM code 574), cholangitis (ICD-
9-CM code 576.1), diabetes mellitus (ICD-9-CM code 250),
hyperlipidemia (ICD-9-CM code 272), hypertension (ICD-9-
CM codes 401-405), heart failure (ICD-9-CM code 428), liver
cirrhosis (ICD-9-CM codes 571.2, 571.5, 571.6), and pancreatic
diseases (ICD-9-CM code 577).

Statistical Analysis
Student t-tests and Chi-square tests were used to examine

the differences in the demographic characteristics and comor-
bidities between the diverticular-disease and nondiverticular-
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disease cohorts. The incidence density rates (per 10,000 person-
year) of PLA were estimated for both cohorts according to sex,
age, and comorbidities. Univariate and multivariate Cox
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proportional hazards regression analysis was used to assess
the risk of developing PLA associated with diverticular dis-
eases, compared with the nondiverticular-disease cohort. The
hazard ratios (HRs) and 95% confidence intervals (CIs) were
estimated in the Cox model. The multivariate models were
simultaneously adjusted for age, sex, and comorbidities of
diabetes mellitus, hypertension, hyperlipidemia, cancer, COPD,
heart failure, choledocholithiasis, alcoholic liver disease, liver
cirrhosis, cholangitis, cholecystitis, and pancreatic diseases. All
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SAS Version 9.4 (SAS Institute, Inc., Cary, NC); 2-tailed P<.05
was considered statistically significant.

RESULTS
Table 1 shows comparisons of the demographic charac-

teristics and comorbidities of the diverticular-disease and non-
diverticular-disease patients. The mean (�standard deviation
[SD]) age of the diverticular-disease cohort was 57.7(�18.1)
years and that of the nondiverticular-disease cohort was
57.2(�18.1) years, with 37.1% of the patients aged �49 years.
Women were predominant (55.8% vs 44.2%). The principal
diseases including hypertension, hyperlipidemia, cancer,
COPD, heart failure, choledocholithiasis, alcoholic liver dis-
Chi-square test. COPD¼ chronic obstructive pulmonary disease
SD¼ standard deviation.�

t-test.
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TABLE 2. Incidence and Hazard Ratio of Pyogenic Liver Abscess Between Patients With Diverticular and Without Diverticular

Diverticular

Outcome Event
Yes
PY Ratey Event

No
PY Ratey Crude HRz (95% CI) Adjusted HR§

(95% CI)
All 297 259,465 11.5 513 110,2531 4.65 2.44 (2.11, 2.81)

���
2.10 (1.81, 2.44)

���

Gender
Female 105 114,421 9.18 209 485,285 4.31 2.12 (1.68, 2.68)

���
1.83 (1.43, 2.34)

���

Male 192 145,045 13.2 304 617,246 4.93 2.66 (2.22, 3.18)
���

2.27 (1.88, 2.75)
���

Age, year
249 66 108,586 6.08 54 434,847 1.24 4.90 (3.42, 7.03)

���
4.03 (2.77, 5.85)

���

50–64 88 62,338 14.1 136 263,099 5.17 2.71 (2.07, 3.55)
���

2.17 (1.64, 2.88)
���

�65 143 88,542 16.2 323 404,585 7.98 1.99 (1.64, 2.42)
���

1.65 (1.34, 2.03)
���

Comorbidity#

No 100 148,502 6.73 232 843,987 2.75 2.45 (1.94, 3.10)
���

2.94 (2.32, 3.73)
���

Yes 197 110,964 17.8 281 258,544 10.9 1.63 (1.36, 1.96)
���

1.65 (1.37, 1.98)
���

CI¼ confidence interval, COPD¼ chronic obstructive pulmonary disease, HR¼ hazard ratio, PY¼ person-years.
���

P< 0.001.
yRate, incidence rate per 10,000 person-years.
zCrude HR, relative hazard ratio.
§ Adjusted HR, hazard ratio adjusted for age, sex, and comorbidities of diabetes mellitus, hypertension, hyperlipidemia, cancer, COPD, heart failure,

choledocholithiasis, alcoholic liver disease, liver cirrhosis, cholangitis, cholecystitis, and pancreatic diseases.
# Comorbidity: patients with any one of the comorbidities (including diabetes mellitus, hypertension, hyperlipidemia, cancer, COPD, heart failure,

choledocholithiasis, alcoholic liver disease, liver cirrhosis, cholangitis, cholecystitis, and pancreatic diseases) were classified as the comorbidity
group.
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the nondiverticular-disease cohort (Table 1). The mean follow-
up periods were 4.79� 3.12 years for the diverticular cohort and
5.09� 3.06 years for the nondiverticular cohort.

Then, we determined the incidence of PLA in both groups
and found that diverticular diseases were associated with a
significantly elevated risk of PLA (Table 2). The crude inci-
dence of PLA was 2.44-fold higher in the diverticular-disease
cohort than in the nondiverticular-disease cohort (11.5 vs 4.65
per 10,000 person-year) (Table 2). After adjustment for age,
sex, and comorbidities, the adjusted HR (aHR) for developing
PLA during follow-up was 2.10 (95% CI, 1.81–2.44) for the
diverticular-disease cohort, as compared with the nondiverti-
cular-disease cohort.
Stratification analyses were performed to evaluate the risk
of PLA in the subgroups stratified according to their sexes, ages,
and comorbidities (Table 2). Our results showed that the

TABLE 3. Incidence and Hazard Ratio of Pyogenic Liver Abscess

Variable Event PYs Ra

Comparison (N¼ 216,588) 513 1,102,531 4
Diverticular diseases

Diverticulosis (N¼ 18,191) 138 86,676 15
Diverticulitis (N¼ 35,956) 159 172,789 9

CI¼ confidence interval, COPD¼ chronic obstructive pulmonary disease
yRate, incidence rate per 10,000 person-years.
zCrude HR, relative hazard ratio.
§ Adjusted HR, hazard ratio adjusted for age, sex, and comorbidities of diab

choledocholithiasis, alcoholic liver disease, liver cirrhosis, cholangitis, cho

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
elevated risk of PLA in patients with diverticular diseases could
be observed in every stratification analysis. The risk of PLA in
patients with diverticular diseases was significantly higher than
in patients without diverticular disease, after stratification for
sex (aHR, 1.83, 95% CI, 1.43–2.43 for women; aHR, 2.27, 95%
CI, 1.88–2.75 for men), age (aHR, 4.03, 95% CI, 2.77–5.85 for
patients aged �49 years; aHR, 2.17, 95% CI, 1.64–2.28 for
patients aged 50–64 years; aHR, 1.65, 95% CI, 1.34–2.03 for
the group aged �65 years), and comorbidities (aHR, 2.94, 95%
CI, 2.32–3.73 for patients without comorbidities; aHR, 1.65,
95% CI, 1.37–1.98 for patients with comorbidities).

We then explored whether the inflammation of colonic
diverticula was associated with PLA risks. The incidence and

relative risks of PLA in patients with diverticulosis and diverti-
culitis are shown in Table 3. Compared with the nondiverticular-
disease cohort, patients with diverticulosis had a significantly

Between Different Entities Diverticular Diseases

tey Crude HRz (95% CI) Adjusted HR§ (95% CI)

.65 1.00 1.00

.9 3.39 (2.81,4.09)
���

2.26 (1.86,2.75)
���

.20 1.96 (1.64, 2.34)
���

1.98 (1.65, 2.38)
���

, HR¼ hazard ratio, PY¼ person-years.
���

P< 0.001.

etes mellitus, hypertension, hyperlipidemia, cancer, COPD, heart failure,
lecystitis, and pancreatic diseases.
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TABLE 4. Joint Effects for Acute Coronary Syndrome Between Diverticular and Acute Coronary Syndrome-Associated Risk Factor

Variable N No. of Events Ratey Adjusted HRz 95% CI

None 155,461 232 2.75 1 (Reference)

Only diverticular 27,441 100 6.73 2.91 (2.30, 3.69)
���

Only diabetes mellitus 9137 55 12.2 3.35 (2.49, 4.51)
���

Only hypertension 9310 26 6.17 1.22 (0.81, 1.85)

Only hyperlipidemia 973 2 4.00 1.04 (0.26, 4.17)

Only cancer 3146 7 5.08 1.23 (0.58, 2.61)

Only COPD 1489 9 13.5 2.33 (1.19, 4.56)
�

Only heart failure 566 1 4.36 0.80 (0.11, 5.73)

Only choledocholithiasis 1359 7 10.1 2.50 (1.18, 5.31)
�

Only alcoholic liver disease 190 1 11.3 4.00 (0.56, 28.5)

Only liver cirrhosis 323 1 7.67 2.00 (0.28, 14.3)

Only cholangitis 33 2 142.0 29.8 (7.39, 120.1)
���

Only cholecystitis 290 1 6.93 1.86 (0.26, 13.3)

Only pancreatic diseases 230 1 8.75 2.97 (0.42, 21.2)

Diverticular with any 1 comorbidity 12,399 89 15.6 4.26 (3.32, 5.47)
���

Diverticular with any 2 comorbidity 7564 57 18.6 4.53 (3.36, 6.10)
���

Diverticular with any 3 comorbidity 4065 26 17.7 4.06 (2.69, 6.14)
���

Diverticular with any 4 comorbidity 1743 14 24.4 5.30 (3.07, 9.15)
���

Diverticular with more than 5 comorbidity 935 11 36.9 8.08 (4.38, 14.9)
���

CI¼ confidence interval, COPD¼ chronic obstructive pulmonary disease, HR¼ hazard ratio.
yRate, per 10,000 person-year.
zAdjusted HR: multivariable analysis including age and gender.�
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increased risk of PLA (aHR, 2.26, 95% CI, 1.86–2.75), followed
by patients with diverticulitis (aHR, 1.98, 95% CI, 1.65–2.38).

Finally, we would like to validate the accountability of our
results by calculating the risk of PLA in the patients with some
known risk factors of PLA. Theoretically, we should be able to
demonstrate that patients with PLA risk factors, such as cho-
langitis, cholelithiasis, and diabetes mellitus, exhibited rela-
tively high aHRs. On the other hand, patients with comorbidities
not related to PLA should have lower aHRs of PLA. Compared
with the patients without diverticular diseases and comorbid-
ities, those with only cholangitis had a higher risk of PLA (aHR,
29.8, 95% CI, 7.39–120.1) followed by those with only diabetes
mellitus (aHR, 3.35, 95% CI, 2.49–4.51), those with only
choledocholithiasis (aHR, 2.50, 95% CI, 1.18–5.31), and those
with only COPD (aHR, 2.33, 95% CI, 1.19–4.56) (Table 4).
Moreover, compared with the diverticular-disease patients
without these comorbidities, among the diverticular-disease
patients, those with 5 or more comorbidities had a significantly
increased risk of PLA (aHR, 8.08, 95% CI, 4.38–14.9), fol-
lowed by those with 4 comorbidities (aHR, 5.30, 95% CI, 3.07–
9.15), those with 3 comorbidities (aHR, 4.06, 95% CI, 2.69–

p< 0.05.���
p< 0.001.
6.14), those with any 2 comorbidities (aHR, 4.53, 95% CI,

3.36–6.60), and those with 1 comorbidity (aHR, 4.26, 95% CI,
3.32–5.47), regardless of comorbidity type.

DISCUSSION
This study is the first to address the long-term risk of PLA

in Asian patients with diverticular diseases through analysis of a
nationwide database with widespread coverage and complete
follow-up evaluation. This population-based cohort study
demonstrates that the diverticular-disease cohort exhibited a

significantly elevated risk of PLA; after mortality was
accounted for as a competing cause of risk and multiple known
confounding factors were adjusted for. Additional clinical and

4 | www.md-journal.com
basic studies are warranted for further investigation of the
underlying causes of the observation in the present study.

Studies have reported that PLA can occur secondary to
asymptomatic sigmoid diverticulitis12 and colon cancer.11,13,14

The present study, in analyzing a 13-year longitudinal database,
further established a link between PLA and diverticular dis-
eases. The large sample sizes collected in the present study
enabled a highly reliable statistical analysis for assessing the
PLA risk in patients with diverticular diseases and therefore
avoided selection and recall biases.

Over the past few decades, the mortality associated with
PLA has decreased gradually from more than 50% before the
1980s.15 However, recent studies have reported that PLA has
continued to have a significant in-hospital mortality rate since
2000, ranging from 2.5% to 10%.2,3,16,17 One of the key factors
contributing to fatality is delayed diagnosis. The presentation of
PLA is often nonspecific, and its diagnosis requires a high
degree of clinical suspicion. The median symptomatic duration
prior to the diagnosis of PLA has been reported as approxi-
mately 1 week, whereas only 15% to 55% of PLA patients
present with localized right upper quadrant tenderness.16,18

Therefore, identifying groups of patients who are at a risk of
PLA is imperative. Based on the observations in this study,
patients with diverticular diseases should undergo image
screening for PLA when there is any clinical suspicion.

The mechanisms predisposing patients with diverticular
diseases to PLA are multifactorial. First, patients with diverti-
cular diseases tend to be immunocompromised. Diverticular
diseases are associated with old age and diabetes,19 which was
also found in the present study. Moreover, 10% to 25% of
patients with diverticular diseases experience diverticulitis and
its related complications,20–22 and therefore may undergo

surgery at some point.23 Therefore, these unfavorable factors
may compromise a patient’s immunity and predispose the
occurrence of PLA.24,25

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



As mentioned, a substantial proportion of patients with
diverticular diseases encounter colonic inflammation, bleeding,
and even perforation. Theoretically, mucosal disruption and
underlying blood vessel exposure caused by diverticular inflam-
mation may facilitate hematogenous spreading of colonic bac-
teria into portal circulation and the liver parenchyma. This
hypothesis is further supported by a previous observation that
nearly one-fourth of patients with cryptogenic PLA had a
colonic cause when they underwent colonoscopic investi-
gation.11

In addition to translocation via the mucosal defects, some
intestinal bacteria, including K. pneumoniae, could also enter
the bloodstream directly without breaking the mucosal integ-
rity.26 In-vitro and in-vivo studies suggested that K. pneumoniae
could translocate across the colonic epithelium via Rho
GTPase-and phosphatidylinositol 3-kinase/Akt-dependent
mechanisms.26 Other studies have reported that the expression
of Rho GTPase27 and phosphatidylinositol 3-kinase/Akt activi-
ties28 were both enhanced within inflamed colonic segments. It
will be of clinical interest to investigate whether direct bacterial
translocation via intact intestinal mucosa contributes to the
occurrence of PLA in patients with diverticular diseases.

One possible confounding factor in our observation is that
the diverticular-disease cohort may have had a higher risk of
colorectal cancer, which is known as a risk factor for
PLA.11,13,14 Whether colonic diverticular diseases are associ-
ated with an increased risk of colorectal cancer remains con-
troversial. Diverticular diseases have been suggested to be a
predisposing factor for left-side colorectal cancer.29 In a case–
control study, sigmoid diverticulitis was associated with a
significantly higher risk of left-side colorectal cancer, with
an odds ratio of 4.2.30 Conversely, our previous study did
not reveal any association between diverticular diseases and
colorectal cancer.31 Because we adjusted for cancer as comor-
bidity, our results are unlikely to have been biased by
this confounder.

There are some study limitations: the database has no
detailed data about the smoking, alcohol, exercise, incomes,
and diabetes mellitus control, which may the potentially con-
founding factors regarding the study biases; no detailed data in
Eastern populations the to do further analyses about the preva-
lence and pattern of diverticular diseases, usually in the right-
side colon.32 In addition, the pathogens of PLA may be different
based on the location; we could not to confirm the diagnoses of
PLA and diverticular diseases by checking the individual
patient’s medical record. However, these hospitalized patients
whose diagnoses were strictly audited for reimbursement in this
study; these patients were included from the database of inpa-
tient admission, which is the potential selection bias. They
might need more active diseases or greater access to hospital
care. All of the above these study limitations might cause
underestimated or overestimated the association between diver-
ticular diseases and the risk of PLA.

In summary, we determined that Asian patients with
diverticular diseases have a significantly increased risk of
PLA. Based on our findings, further study on the rates of
PLA for patients with diverticular diseases is warranted.
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