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Abstract
Toinvestigate the age-sex-specific incidence and relative risk of pyogenic liver abscess (PLA) in patients with type 2 diabetes melitus
(T2DM), and to assess the joint effects of T2DM and other clinical risk factors for PLA on PLA incidence. We used a population-based
cohort design with Talwan's National Health Insurance claim data. Study subjects included 613,921 T2DM patients and 614,613
controls identified in 2000 and were followed to the end of 2010. Cox regression model was employed to calculate the hazard ratio
{HR) and 95% confidence interval (Cl) of PLA in relation to T2DM. Over an 11-year follow-up, 5336 T2DM and 1850 controls were
admitted for PLA, representing a cumulative incidence of 0.87% and 0.30%, respectively. T2DM was significantly associated with
increased hazard of PLA (HR, 2.88; 95% ClI, 2.73-3.04). We also found that age and gender may significantly modify the relationship
between T2DM and PLA, with a higher HR noted in males patients and those aged <45 years. Biliary tract diseases (HR, 8.60; 95%
Cl, 7.87-9.40) and liver cirrhosis (HR, 7.52; 95% Cl, 6.58-8.59) may add substantially additional risk to the incidence of PLA in T2DM
patients. The increased risk of PLA in T2DM was greater in male and younger patients. Careful management of biliary tract diseases
and liver cirrhosis may also help reduce the incidence of PLA in T2DM patients.

Abbreviations: DM = diabetes melitus, ICD-3-CM = International Classification of Disease, Ninth Revision, Clinical Modification,
NHI = National Health Insurance, NHIA = National Health Insurance Administration, NHRI = National Health ResearchInstitute, PLA =

pyogenic liver abscess, T2DM = type 2 diabetes melitus.

Keywords: hiliary tract diseases, diabetes, incidence, liver cirrhosis, pyogenic liver abscess

1. Introduction

Pyogenic liver abscess (PLA) is a devastating condition and
usually results in a high case-fatality rate.l!! Previous studies
reported that biliary tract disease, abdominal infections, surgical
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procedures, and liver cirrhosis were associated with increased
risks of PLA,! Among the pathogens that could cause liver
abscess, Escherichia coli has been found to be the most common
one worldwide.**! In Taiwan, on the other hand, Klebsiella
prewmoniae is among the primary pathogens that contribute to
PLA incidence, in which only a few strains exhibited resistance to
the commonly used antibiotics. The use of ultrasound- or CT-
guided percutaneous drainage combined with antibiotics was an
appropriate way to treat the liver abscesses of these patients.'®!
The infection of K prewmonia has been considered as an endemic
disease in Taiwan over the past 3 decades since 1986when it was
first noted.!*—*!

Liver abscess associated with K prewnoniaeis characterized by
high rates of metastatic infections (9.5%-20.0%)1751, mortality
(6.0%-11.3%).%"" A recent Taiwanese study also reported a
significantly greater risk of delayed-onset primary liver cancer
(PLC) including hepatocellular carcinoma (HCC) (1.5-fold) and
intrahepatic cholangiocarcinoma (ICC) (11-fold) in patients with
PLA.IOT A previous Taiwanese study found that liver abscesses
caused by K prnewmoniae were more strongly associated with
diabetes mellitus (DM)or impaired fasting glucose than liver
abscesses caused by non-K prenmoniae (70.2% vs 32.5 %), ¢
is known that both cell-mediated and humoral immune responses
in patients with DM may result in increased susceptibility to
infectious diseases.''*'* The association of DM with PLA has
been well-recognized.!*-'-'*13 The prevalence of DM in patients
with PLA was high at 33% to 58% in Taiwan"*'], 30% in
Chinal*™, 31% in Canada"® and 11.2% in Denmark."”!

Despite DM has been considered as a risk factor for incidence
and prognosis of PLA, little is known concerning whether age and
sex may modify the relationships between DM and PLA.
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Additionally, risk of PLA incidence in DM patients who also
suffered from other clinical risk factors for PLA has also not been
fully illustrated. 2! Using Taiwan's National Health Insurance
(NHI) database that included medical claims of the entire
Taiwanese population, we carried out this population-based study
to examine the risk of PLA in patients with type 2 diabetes mellitus
(T2DM), according to various age and sex stratifications. We
hypothesized that younger patients with type 2 diabetes are more
vulnerable toincreased risk of PLA thanthe older ones. Besides, we
further assessed the risk of newly diagnosed PLA in relation to
T2DM with and without selected clinical risk factors for PLA.

2. Methods
2.1. Source of data

A universal NHI program, which is administered by the National
Health Insurance Administration (NHIA), Department of Health
and Social Welfare, has been implemented in Taiwan since March
1995, Data analyzed in this study were retrieved from Taiwan’s
NHI database, a medical claim database that stores the medical
records of beneficiaries that are uploaded by medical institutions
to obtain reimbursement from NHIA. Taiwan's NHI program
universally covers medical insurance for nearly all (>99%)
Taiwanese citizens (prisoners and military personnel were
exempted in our study period).!*!Y The National Health Research
Institute (NHRI) cooperates with the NHIA to establish the NHI
database. Access to the NHI database has been approved by the
Review Committee of the NHRI To ensure the accuracy of the
claim files, the NHIA performs expert reviews on a random
sample of every 50 to 100 ambulatory and inpatient claims in
each hospital and clinic quarterly.*!! The approval informed
consent from the patients was not needed because personal
identification number for each study subject has been encrypted
in the NHI database.

2.2. Design and study groups

This is a medical claim-based cohort study. Details of claim data
analyzed and methods of selection of diabetes and control groups
were described in detail in our previous reports.*** Briefly, we
identified a patient with T2DM if she or he had an initial diabetes
diagnosis (International Classification of Disease, Ninth Revi-
sion, Clinical Modification [ICD-9-CM] code: 250, x 0 or 250. x
2) at any time in 2000, and then experienced another 1 or more
diabetes diagnosis within the subsequent 12 months. To avoid
accidental inclusion of miscoded patients, we further selected
only those with the first and last outpatient visits at least 30 days
apart. 22241 The index date for case subjects was the date of first-
time diagnosis of diabetes in 2000, while the index date for
subjects in the control group was the first date of enrollment to
NHL. If his/her first date of enrollment was before 1 January
2000, the index date was set as 1 January 2000.

The original study subjects consisted of 615,532 T2DM
patients and 614,871 age- and sex-marched control subjects
randomly selected from the registry of beneficiaries. In this study,
diabetes and control subjects with a prior diagnosis of PLA
({(ICD-9-CM): 572.0) from 1 January 1997 to the index date were
excluded. The final cohort consisted of 613,921T2DMpatients
and 614,613 control subjects. The flow chart of study subjects
enrollment and follow-up is shown in Figure 1.

We identified the first diagnoses of PLA from inpatient claims
from 2000 to 2010 as the study end point. Only those with end
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point onset 1 year after the index date were counted in order to
establish the temporal link between diabetes and PLA. All study
subjects were followed from the index date to occurrence of end
point, withdrawal from the NHI, or 31 December 2010,
whichever date came first, and the later 2 dates were considered
as censoring observations.

2.3. Clinical risk factors for PLA

A number of clinical risk factors for PLA were considered in the
analysis, including diverticulitis (ICD-9-CM: §562.11, 562.13),
acute appendicitis (ICD-9-CM: 540-542), biliary tract diseases
(ICD-9-CM: 574-576), and liver cirthosis (ICD-9-CM: 571.5).
Information of the above clinical risk factors was identified from
in-patient and ambulatory care claims for both T2DM and
control subjects from 1997 to the onset of PLA or to the end of
2010, whatever came first. We counted the above clinical risk
factors that occurred to individuals in both groups only when the
dates of diagnosis for the selected clinical risk factors were noted
before or on the day on which the study subjects’ endpoints or
censoring took place.

2.4. Statistical analysis

The geographic area of each member’s NHI unit, either the
location of employment or residential area, was grouped into 4
geographic areas (North, Central, South, East) or 2 urbanization
statuses (urban and rural) according to the National Statistics of
Regional Standard Classification, 22!

In the statistical analyses, the age- and gender-specific incidence
density was first calculated with person-years as the denominator
under the Poisson assumption. To assess the mdependent effect of
diabetes on the risk of PLA, we conducted Cox proportional
hazard regression models with age, sex, geographic area, and
urbanization statuses adjusted simultaneously in the model. The
latter 2 geographic variables were adjusted for possible
geographqic variations of cancer incidence and mortality in

Taiwan.”" Moreover, we also assessed the relative hazards of
PLA in relation to T2DM accompanied by each risk factor with
Cox proportional hazard regression models with age, gender,
geographic area, urbanization statuses simultaneously adjusted
in the regression model. The study subjects who died in hospitals
without a mention of PLA on the list of up to 5 discharge codes
were censored in the survival analysis, and the date of censoring
was the date of death. If a study subject did not encounter in-
hospital mortality, the date of censoring was either the date of his/
her last withdrawal from NHI or the date of termination of the
study, that is, December 31, 2010. The interaction term of type 2
diabetes and age (or sex) was included in the model to assess the
potential effect-modification by age and sex. No management of
missing information on some variables was performed because it
was very few. All statistical analyses were performed with SAS
(version 9.2; SAS Institute, Cary, NC). A P value <.05 was
considered statistically significant.

3. Results

3.1. Characteristics of study subjects

T2DM and control groups were comparable with respect to age,
sex, geographic area, and wrbanization status. In addition,
patients with diabetes had higher prevalence rates of all selected
clinical risk factors for PLA, with a notable difference for biliary
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National Health Insurance (NHI) Research
Database from 1997 to 2010

A

Age- and sex-matched non-diabetes
(Comparison cohort)
n=614.871

Diabetic patients treated in 2000
(Diabetes cohort)
n=615,532

Y

A4

Excluding patients treated for pyogenic liver abscess
(PLA) between Jan. 1, 1997 and the index date of 2000

N

A4

Comparison cohort
n=614,613

Diabetic cohort
n=613,921

h

k4

Follow-up to the occurrence of newly diagnosed
PLA, the withdrew from NHI, or the end of 2010

A\

1. No. of person-years observed, n=
5,057,408

No. of newly diagnosed MS, n=1.850
(men 956; women 894)

3. Incidence density: 36.58 per 100,000

[

1. No. of person-years observed, n=
4,623,916

No. of newly diagnosed MS, n=5,336
(men 2,979; women 2,357)

3. Incidence density: 115.40 per 100,000

[5~]

Figure 1. Flow chart of study subjects enrollment and follow-up.

tract disease (17.79% vs 12.85%) and liver cirrhosis (7.58% vs
4.03%) (Table 1).

3.2. Overall and age-sex-specific incidence of PLA

Over anll-year follow-up, 5336 T2DM patients and 1850
controls were treated for PLA, representing a cumulative
incidence rate (CIR) of 0.87% and 0.30%, respectively. The
overall incidence density of PLA for diabetes and controls was
115.40 per 100,000 person-years and 36.58 per 100,000 person-
years, respectively. Additionally, patients with T2DM consis-
tently experienced higher incidence density of PLA than controls,
regardless of age and gender. The sex-specific incidence density
showed a higher rate of PLA in men than in women irrespective of

T2DM status. The incidence density also increased with age, with
an exception that the incidence densities for male T2DM aged 45
to 64 years and those aged =64 years were similar (Table 2).

3.3. Relative risk of PLA in association with T2DM
and co-morbidity

Compared to controls, patients with T2DM were at a
significantly increased hazard of PLA incidence by a moderate
to high magnitude (HR=3.13, 95% CI=2.97-3.30). The
increased HR sustained after the covariates were adjusted. The
HR reduced to 2.88 (95% Cl=2.73-3.04) after further
adjustment for selected clinical risk factors for PLA. The sex-
specific adjusted HR of PLA incidence in association with T2DM
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Characteristics of the study subjects.

Type 2 diabetes

Controls
Variables n
General Characteristics
Age (years)
<45 69614
45-64 296706
=64 248293
Mean (+50} 59.9974
Sex
Female 319178
Male 295435
Geographic area
Northem 269137
Central 151633
Southern 168911
Eastem 17928
Urbanization status
Urban area 407158
Rural area 202252
Clinical risk factors
Diverticulitis
No 611351
Yes 3262
Acute appendictis
No 604538
Yes 10075
Biliary tract disease
No 535627
Yes 78986
Liver cirhosis
No 589838
Yes 24775
Tolal” 614613

11.33 69665 11.35
48.28 296294 48.26
40.40 247959 40.39
12.84 60.0955 12.73
51.93 318636 51.90
48.07 294629 47.99
4379 269238 43.66
24 67 140967 22.96
2748 178106 20.0
292 17906 292
66.25 414089 67.45
3291 193417 31.51
99.47 610405 99.43
0.53 3516 0.57
98.36 603496 98.30
164 10425 1.70
87.15 504697 82.21
12.85 109224 17.79
9597 567405 92.42
403 46516 7.58
100.00 613921 100.00

Inconsistency between total population and population summed for geographic area and urbanization status was the result of missing information

was significantly higher in men than in women (3.11 vs 2.64; P
for interaction=.0021). Moreover, there was also a significant
interaction of age with T2DM on the risk of PLA in both men (P
for interaction <.0001) and women (P for interaction <.0001). In
men, the age-specific HR was highest for male T2DMpatients
aged <45 years (HR=6.74, 95% CI=5.09-8.93), which
declined to 343 (95% Cl=3.08-3.82) and 2.33 (95% Cl=

2.09-2.61) for older men. Similar negative age gradient
relationship was also noted for women with T2DM, with the
corresponding figures of 8.39 (95% Cl=4.82-14.61), 3.12 (95%
CI=2.78-3.51), and 2.12 (95% CI=1.90-2.36) (Table 3).
Table 4 shows the contribution of each clinical risk factor for
PLA to the risk of PLA in T2DM patients. In the absence of those
clinical risk factors, T2DM was associated with an elevated HR

Overall and age- and sex-specific incidence density of pyogenic liver abscess in the diabetic and control groups.

Controls Type 2 diabetes
Variables No. of subjects No. of events Incidence density (95% CI') No. of subjects No. of events Incidence density (95% CI)
Wale
<45 years 40534 57 16.38 (12.41=21.22) 40408 405 1219 (110.30-134.30)
45-64 years 141850 47 36.88 (33.52-40.44) 141385 1566 1411 (134.10-148.20)
=64 years 113051 452 54.60 (49.66-59.85) 112835 1008 136.6 (128.30-145.30)
Total 295435 956 40.04 (37.53-42 65) 294628 2979 1367 (131.80-141.60)
Female
<45 years 29080 14 5.477 (2.99-9.19) 29048 127 51.52 (42.95-61.30)
45-64 years 154856 369 2717 (24.45-30.07) 154577 1203 95.00 (89.69-100.50)
=64 years 135242 511 4842 (44.29-52.79) 135009 1027 110.90 (104.20-117.90)
Total 319178 894 3349 (31.33-35.76) 318634 2357 96.64 (92.77-100.60)
(veral 614613 1850 36.58 (34.93-38.28) 613921 5336 115.40 (112.30-118.50)

Cl=confidence interval
*Based on Poisson assumption, per 100,000 person-years.
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Overall and age- and sex-specific relative hazards of pyogenic liver abscess in the type 2 diabetes and control groups.
Crude HR {95% CI) in association AHR ' (95% Cl)in association AHR * (95% Cl)in association

Variables with type 2 diabetes with type 2 diabetes with type 2 diabetes
Male
<45 years 7.37 (5.59-9.73 74 (5.60-9.80) 6.74 (5.09-8.93}
45-64 years 3.79 (3.42-4.22) 3.81 (3.42-4.23) 343 (3.08-3.82)
=64 years 2.50 (2.24-2.79) 252 (2.25-2.82) 2.33 (2.09-2.61}
Total 3.39 (3.15-3.65) 341 (3.17-3.67) an (2.88-3.34)
Female
<45 years 9.34 (5.38-16.22) 9.23 (6.31=16.04} 8.39 (4.82-14.61)
45-64 years 3.47 (3.09-3.90) 3.45 (3.06-3.87) 312 2.78-3.51}
=64 years 2.29 (2.06-2.54) 2.3 (2.07-2.57) 212 (1.90-2.36}
Total 2.87 (2.65-3.10) 2.89 (2.67-3.12) 2.64 (2.44-2.85)
Overal 3.13 (2.97-3.30) 3.6 (2.99-3.33) 288 (2.73-3.04)

AHR=adjusted hazard ratio; Cl=confidence interval, HR =hazard ratio

"Based an Cox proportional hazard regression with adjustment for age, sex, geographic area, urhanization status.
manization status, and selected clinical rigk factors includingd

*Based on Cox proportional hazard regression with adjustment for age, sex, hic area,

riculitis, acute appendicitis, bilary tract dissase,

and Iiver cirrhosis,

of PLA (4.08, 95% CI=3.79-4.40). Certain factors including
biliary tract diseases and liver cirthosis were found to add
substantially additional risk to the risk of PLA in patients with
T2DM, with an HR of 8.60 (95% CI=7.87-9.40), and
7.52 (95% Cl=6.58-8.59), respectively.

4. Discussion

With a large study cohort and 11-year follow-up, we noted that
patients with T2DM were at a significantly increased hazard of
PLA (HR=2.88), especially in male and younger T2DM patients.
A novel finding of our study was that we noted very high relative
hazards of PLA in association with biliary tract diseases and liver
cirrhosis, known risk factors for PLA, in patients with diabetes.

The reported annual incidence rates of PLA are low in many
countries, being 2.3 per 100,000 person-years in Canada from
1999 to 2003 according to a population-based surveillance.* In a
nationwide study spanning a 26-year period in Denmark, the
annual incidence rate of PLA was 1.1 per 100,000 person-years
from 1997 to 2002.1¢1 Another population-based study from
United States reported that the annual incidence of hospitalization
for PLA was 3.6 per 100,000 people between 1994 and 20051271
The differences in risk factors for PLA, including the prevalence of
hepatobiliary disease such as cholangitis between American and
Asian populations were ever mentioned to explain the higher
incidence in Asian populations.?”! Compared with the figures
reported in Western nations, the incidence of PLA noted in our

study was much higher, which could be due to the spread of a
pathogenic clone.l”! Several reports in Taiwan indicated that
diabetes is the major predisposing factor of PLA and that K
prewmoniae is the principal microbial agent causing PLA in this
region.®¥ Patients with T2DM are known to show defects in
neutrophil chemotaxis and phagocytosis, which are thought to be
the most important predisposing factors for K pnewmoniae-
pathogenicliver abscess. A previous Taiwanese study reported that
diabetes wasassocdated with a 9-fold increase of PLA incidence.[®!

A compatible report from a population-based case—control
study in Denmark indicated that patients with DM had a 3.6-fold
increased risk of experiencing PLA, (adjusted relative risk, 3.6;
95% C1=2.9-4.5).%% Although our findings were generally
consistent with findings of the above population-based studies, we
further noted significant interactions between diabetes and both
sex and age, where, males and younger T2DM patients suffered
greater increased risks of PLA. A number of previous studies noted
a higher incidence of PLA in males.**1*1%28] The main etiology of
PLA incidence is associated with hematogenous seeding of the liver,
either through the portal system or the greater circulation, or local
spread from infections within the peritoneal cavity %! Whether
male patients with T2DM are vulnerable to the manifestation of
this proposed etiology warrants further investigations.

One previous study argued that patients with PLA at an age of
=50 years accounted for 76.8% of the total PLA patients and
argued that the elderly people may have suffered from more
comorbidities that predispose to the incidence of PLA.P%!

Covariate adjusted relative hazard of pyogenic liver abscess in relation to type 2 diabetes accompanied by selected clinical risk factors.

Pyogenic liver abscess

Study group No Yes AHR' (95% CI)
Control subjects without any clinical factors 508852 894 1.00

Type 2 diabetes without any clinical factors 46249 3095 4.08 (3.79-4.40)
Type 2 diabetes with diverticulitis only 1756 12 3.72 (2.10-6.58
Type 2 diabetes with acute appendicitis only G794 39 3.61 (2.62-4.98)
Type 2 diabetes with biliary tract diseases only 78462 1138 8.60 (7.87-9.40)
Type 2 diabetes with liver cirrhosis only 29184 30 7.52 (6.58-8.59

Cl=confidence interval, HR=hazard ratio, AHR = adjusted hazard ratio.

"Based on Cox proportional hazard regression with adjusted for age, sex, geographic area, and urbanization status.
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Although elderly people had a higher incidence of PLA, younger
patients with diabetes suffered from a greater increased hazard of
PLA. Poorly controlled diabetes may induce tissue hyperglycemia
and predilection for certain microorganisms, including E coli and
Klebsiella species.‘s‘ One previous study found that patients with
uncontrolled glycemia tended to be younger, and may have a
higher rate of cryptogenic liver abscess, gas-forming liver abscess,
and metastatic infection than those with controlled glycemia.
Additionally, young ages, newly diagnosed diabetes, cryptogenic
liver abscess and metastatic infection were more common in the
poor glycemic control group (HbAlc value =10%).1"%! These
findings might explain the significant effect-modification by age
noted in our study. Similar findings were also noted in another
study reporting that the relative risk of PLA tended to be 5 to 6
times higher in the younger age (<65 years) groups, as compared
to those aged 265 years.lwl A lower relative hazard of PLA in
patients with diabetes could be due to early diagnosis and
treatment of T2DM that may have in turn decreased the risk of
PLA in later years.

Biliary tractdisease was previously reported asthe mostcommon
cause of PLA, but its role in PLA incidence has become less
important over the pastyears. There has been an increasin§ number
of PLA patients who had no obvious underlying cause.*1¥ Such
change is possibly due to an increasing use of ultrasound and
computerized tomography, which resultsin earlier intervention and
thus reduces the sequelae of biliary tract infections. One previous
Taiwanese cohort study compared the risk of PLA between diabetes
and non-diabetes and concluded that cryptogenic origin was the
mostcommon cause (87 % vs 62%, P <.001) and biliary origin was
much less frequent in the diabetes group (8% vs 26%, P <.001).2
Liver cirrhosis is also a strong risk factor for PLA associated with a
poor prognosis. The etiology is probably associated with impaired
immune defenses and structural changes in the cirhotic liver
induding reduced trans-hepatic blood flow, increased portal
pressure, and often ascites.?! The impaired macrophage func-
tionlm, less protective Kupffer cells, the impaired functions of
neutrophilic leucocytes!®! and the complement system'**! may
compromise immune defenses and increase intestinal permeability
to bacteria. The contribution of biliary tract diseases and liver
cirrhosis to the risk of PLA warrants attention especially on those
T2DM patients with greater risks of PLA.

Several limitations should be noted in our study. First,
exclusive reliance on the claims data might have resulted in
potential misclassification bias in our study. The accuracy of
single T2DM diagnosis in the NHI claims data in 2000 was
reported to be 74.6%"**, but we used at least 2 diaberes-related
diagnoses with the first and the last visits >30 days apart, which
would greatly reduce the likelihood of disease misclassification.
Despite that, the information of T2DM diagnosis in the NHI
claims might still be subject to error. Although the T2DM
diagnosis can be further confirmed by using the information of
anti-glucose drugs, we were unable to do so mainly because our
research project did not apply for drug data. Additionally, the
control group might have been mixed up with new onset or
undiagnosed diabetes cases. However, the above mentioned
T2DM misclassification bias was likely to be non-differential,
which would tend to underestimate rather than overestimate the
true relative hazard. Second, using the linked a dministrative data,
we were unable to make a comprehensive adjustment for risk
factors of PLA incidence. Due to unavailability of laboratory and
microbiologic data in NHI claims, the specific bacterial spectrum
that causes PLA in Taiwan cannot be determined in our study.

Medicine

Nevertheless, the complex interactions between PLA, diabetes
and the underlying risk factors are shown to worsen this
condition warrants further investigations. Third, due to the claim
data truncation, we were unable to obtain complete information
of T2DM duration and adherence to treatment over the course of
T2DM, which also limited interpretation of our study findings.

5. Conclusion

In conclusion, this large-scale cohort study confirmed the
previously reported link between DM and risk of PLA onset.
This study advanced the knowledge by highlighting a stronger
association of interest noted for male and younger patients with
T2DM, and that T2DM patients with underlying biliary tract
diseases and liver cirrhosis are at even greater risks of PLA onset.
These high-risk T2DM patients should be the objects of
particular attention for the prevention of PLA onset. Nonetheless,
generalizability of the findings from this study should be cautious
due to possible dissimilarities in diabetes care at different settings.
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