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Background: To date, no comprehensive epidemiological study exists on pyogenic liver abscess (PLA) risk in patients with newly diagnosed type 2 diabetes mellitus (T2DM) worldwide.

Methods: We conducted a retrospective cohort study by using data from Taiwan National Health Insurance Research Database (NHIRD) to examine the association between newly diagnosed T2DM and PLA. The T2DM cohort included patients newly diagnosed as having T2DM (ICD-9-CM:250) from 2000 to 2009, with follow-up until December 31, 2011. The comparison cohort was then recruited through 1:4 random frequency matching with the T2DM cohort. Finally, the adjusted hazard ratios for PLA were compared between the T2DM and comparison cohorts, which included 44,728 patients with T2DM and 178,912 patients without DM respectively.

Results: In T2DM cohort, 166 patients were diagnosed as having PLA (incidence rate = 5.87 per 10,000 person-years) and in comparison cohort, 238 patients were diagnosed as having PLA (incidence rate = 2.06 per 10,000 person-years). The T2DM cohort exhibited higher PLA risk than did the comparison cohort (hazard ratio = 2.83, 95% confidence interval = 2.32–3.46). Furthermore, the adjusted hazard ratio for PLA risk in T2DM cohort was the highest in those who were younger, man and with duration of DM <2 years. In the T2DM cohort, the most common PLA causative agent was Klebsiella pneumonia (KP). In addition, PLA risk was high in T2DM patients with gallstone and cholecystitis. Compared with comparison cohort, patients with T2DM prescribed acarbose has a lower PLA risk, however glyburide significantly increased PLA risk in T2DM cohort.

Conclusion: In patients with newly diagnosed T2DM, PLA risk was high and acarbose might reduce PLA risk.
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WHAT IS ALREADY KNOWN ABOUT THIS TOPIC?

To date, no comprehensive epidemiological study exists on pyogenic liver abscess (PLA) risk in patients with newly diagnosed type 2 diabetes mellitus (T2DM) worldwide.



WHAT DOES THIS ARTICLE ADD?

In patients with newly diagnosed T2DM, PLA risk was high and acarbose might reduce PLA risk.



INTRODUCTION

Pyogenic liver abscess (PLA) is a serious infectious and life-threatening disease with a low but gradually increasing annual incidence rate. The incidence rate was only 1.0 per 100,000 person-years from 1997 to 2002 in Denmark (1) and 2.3 per 100,000 person-years from 1999 to 2003 in Canada (2). However, PLA incidence rate is much higher in Taiwan. A nationwide analysis from the National Health Insurance Research Database (NHIRD) data from 2000 through 2011 demonstrated that the annual incidence of PLA for all ages groups increased gradually from 10.83 per 100,000 person-years in 2000 to 15.45 per 100,000 person-years in 2011 (3). Moreover, during 2000–2011, the average annual incidence was 13.52 per 100,000 person-years. PLA has become a health problem in the Taiwanese society.

PLAs often results from the complications of biliary tract infection, and globally, the most common PLA pathogen is Escherichia coli (E. coli) (4). However, accumulating evidence in Taiwan has shown a direct relationship between PLA and Klebsiella pneumoniae (KP) in patients with Diabetes Mellitus (DM) without biliary tract infection (5–7). Over 1981–1993, the medical records of 146 adults treated for PLA in the hospitals in Taipei were retrospectively investigated. Of all PLA cases, 78% were due to KP, and more patients with PLA causing by KP were observed to exhibit DM than did patients with non- KP PLA (66 vs. 19%) (5). In another study, 182 patients with PLAs treated at Kaohsiung Veterans General Hospital, Taiwan from 1990 to 1996 were enrolled. Of these patients, 87.9% had PLAs caused by KP. In addition, patients with PLA causes by KP exhibited higher DM and glucose intolerance incidence rate than did patients with non-KP PLA (75 vs. 4.5%) (6). Furthermore, a study in Taiwan demonstrated that of 1,522 adults with PLA, 35.3% had DM, 10.8% had complications, 15.4% received mechanical ventilation and 23.7% were provided intensive care (3). These data suggest that PLA caused by KP is closely associated with DM. Furthermore, several aspects are believed to be affected in patients with DM such as polymorphonuclear leukocyte function inhibition, leukocyte adherence, chemotaxis, phagocytosis and impairment of antioxidant systems involved in bactericidal activity (7).

To date, no comprehensive epidemiological study exists for PLA risk in patients with newly diagnosed T2DM worldwide. Thus, we conducted a large retrospective cohort study by using the health care service file from the NHIRD to examine the association between newly diagnosed T2DM and PLA risk. We compared the clinical manifestations, clinical outcomes and drug treatments recorded for patients with PLA in the DM and non-DM groups.



PATIENTS AND METHODS


Data Sources

We used the Longitudinal Health Insurance Database (LHID) for this study. The LHID is a subset of NHIRD which contains all claims data from the Taiwan National Health Insurance (NHI) beneficiaries (including nearly 23 million Taiwan residents). The NHI system of Taiwan was established in 1995 and covers more than 99.6% of the Taiwanese population; this system's claims data are released as the NHIRD (8). The LHID was contains 1996–2000 data of random 1 million insured people randomly selected from NHI beneficiaries. According to the Taiwan government report, the age and sex distribution are not different for the LHID and NHIRD. The LHID features claims data including a registry for beneficiaries, records of clinic care and hospital care, drug prescriptions and other medical services and these data are renewed annually. The disease record system of clinic and hospital care is based on International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM). Before the data are releasing for research, the Taiwan government implements privacy protection for insured individuals, removes the original identification numbers and provides an encoded serial numbers for insured people to link their claims data. Furthermore, this study was approved by the Ethics Review Board of China Medical University (CMUH104-REC2-115-AR4).



Study Population

We extracted a T2DM and comparison cohorts from the aforementioned databases and compared PLA risks between them. In the T2DM cohort, patients newly diagnosed as having T2DM (ICD-9-CM 250) from 2000 to 2009 at two outpatient records within 1 year were enrolled from the LHID. We used date of initial T2DM diagnosis as the index date. In the comparison, individuals without a history of DM from LHID were randomly 1:4 frequency-matched with the T2DM cohort, the matching was based on the age of cohort entry (per 5 years) and sex. The index date for the patients in the comparison cohort was created by matching the year of the index date of patients in the T2DM cohort. We excluded participants age <18 years or type 1 DM, PLA or cancer before the index date. The study outcome of the interest was the occurrence of PLAs (ICD-9-CM 572.0) at inpatient record. For both cohorts follow-up commenced at index date and was terminated when the individual withdrew insurance, when PLA occurred or on December 31, 2011. Figure 1 depicts the flow for cohort selection.


[image: Figure 1]
FIGURE 1. Flow of cohort selection.




Criteria and Definitions

Age, sex and PLA-associated comorbidities were considered confounding factors in this study. The PLA-associated comorbidity was defined as individuals with a comorbidity diagnosis history before the index date and comorbidities included gallstone (ICD-9-CM 574), cholecystitis (ICD-9-CM 575.0 and 575.10) and cholangitis (ICD-9-CM 576.1).

This study also investigated the effect of DM medication on PLA risk in patients with T2DM. Patients administered DM medications during the observation time were grouped according to the type of medication used. The DM medications included metformin, glyburide, glimepiride, gliclazide, glipizide, thiazolidinedione (TZD; including rosiglitazone and pioglitazone), dipeptidyl peptidase-4 inhibitor (DPP4i) and acarbose.

The microorganisms were identified on the same date as the first diagnosis of PLA during hospitalization. The microorganisms included Staphylococcus (ICD-9-CM 038.0 and 041.1), E.coli (ICD-9-CM 038.42 and 041.4), Streptococcus (ICD-9-CM 038.0 and 041.0), Pneumococcus (ICD-9-CM 038.1 and 041.2), KP (ICD-9-CM 041.3), Proteus (ICD-9-CM 041.6), gram-negative bacteria (ICD-9-CM 038.40, 038.49, and 041.85), and other/unspecified bacteria (ICD-9-CM 038.8, 038.9, and 041).



Statistical Analysis

The study population characteristics are presented as the means and standard deviation (SDs) for age and as numbers and percentages for sex, comorbidity and DM. In each group, PLA incidence rate was calculated as number of patients divided by the sum of follow-up duration (per 10,000 person-years). The PLA cumulative incidence curve was measured for the T2DM cohort and comparison cohorts by using Kaplan-Meier method. We assessed the difference between the curves for the two study cohorts by using log-rank test. PLA risk in the T2DM and comparison cohorts are presented as hazard ratios (HRs) and 95% confidence intervals (CIs) which were estimated by using a Cox proportional hazard regression model. We also analyzed the PLA risk in individuals with and without DM stratified by age, sex, comorbidities and follow-up duration. All analyses were performed on SAS (version 9.4; SAS Institute, Cary, NC, USA) and the cumulative curve was plotted using R (R Foundation for Statistical Computing, Vienna, Austria). To assess the distribution difference for the individuals with and without DM, we used the two sample t- test for age and the chi-square test for sex and comorbidity. We calculated the incidence density of PLA for each study cohort, with statistical significance defined as a two-tailed p of < 0.05.




RESULTS

We enrolled a cohort of 44,728 patients with T2DM and 178,912 age and sex matched individuals (Table 1). Except for cholangitis, the rates of gallstone and cholecystitis occurrences in patients with T2DM were significantly higher than the proportions in comparison patients (p < 0.05). In patients with T2DM, the most used medications were metformin (60.4%), glimepiride (36.5%) and gliclazide (31.2%).


Table 1. Baseline demographic status and comorbidity for comparison and T2DM cohorts.
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PLA incidence rate was 2.06 and 5.87 per 10,000 person-years in the comparison and T2DM cohorts, respectively (Table 2). Figure 2 also shows cumulative incidence was significantly higher in the T2DM cohort than in the comparison cohort (P <0.0001, log-rank test). After adjustments for age, sex, gallstone occurrences, cholecystitis occurrences and cholangitis occurrences, the T2DM cohort has a higher PLA risk than did the comparison cohort (HR = 2.83, 95% CI = 2.32–3.46). Moreover, PLA risk was higher in older patients, man (HR = 1.69, 95% CI = 1.38–2.07), patient with gallstone (HR = 2.63, 95% CI = 1.81–3.80) and patients with cholangitis (HR = 4.62, 95% CI = 2.44–8.74).


Table 2. HRs and adjusted HRs for PLA in the study cohort.
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FIGURE 2. Cumulative incidence of PLA in the T2DM and comparison cohort.


In patients with T2DM, Table 3 presents the PLA risk associated with various DM medications. After adjustments for sex, age, comorbidity, and DM medication uses, patients with DM administered glyburide were found to exhibit a significantly increased PLA risk compared with patients not administered glyburide (HR = 1.84, 95% CI = 1.27–2.66). Compared with those not administered acarbose, administered acarbose had lower PLA risk (HR = 0.51, 95% CI = 0.29–0.90).


Table 3. HRs and adjusted HRs for PLA in the T2DM cohort according to DM medications.
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Table 4 presents the results of our demographic factor and comorbidity-stratified analysis for PLA risk in our cohort. Except for those ≥80 years, all patients with DM exhibited an increased HR for PLA risk being particularly high in those aged <40 years (HR = 7.55, 95% CI = 3.20–17.8). Compared with the comparison cohort. T2DM was significantly associated with a higher PLA risk in both women (HR = 2.43, 95% CI = 1.73–3.40) and men (HR = 3.10, 95% CI = 2.43–3.97). Moreover, PLA risk was higher in patients with T2DM without comorbidities than in the comparison cohort without comorbidities.


Table 4. Demographic factor and comorbidity-stratified analysis of HR for PLA risk in comparison and DM cohort.
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In Table 5, the PLA risk is compared between the T2DM and comparison cohorts for various follow-up durations. Compared with the individual without T2DM, PLA risk was the highest <2 years after DM diagnosis (HR = 4.02, 95% CI = 2.87–5.63). PLA risk was nearly 2-fold higher 2–4 years (HR = 2.74, 95% CI = 1.85–4.06) and ≧4 years (HR = 2.13, 95% CI = 1.55–2.95) after DM diagnosis.


Table 5. HRs for PLA, according to follow-up duration.
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Of all PLA patients with PLAs, 80.7% with T2DM and 84.9% without T2DM demonstrated positive microorganism test results (Table 6). KP was prevalent microorganisms in both the T2DM (30.7%) and comparison (27.8%) cohorts.


Table 6. Microorganism test results of patients with PLA (N = 404).
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DISCUSSION

Our report is the first retrospective population-based cohort study that use the NHIRD in Taiwan to investigate the relationship between newly diagnosed T2DM and subsequent PLA risk. The analyzed data confirmed that patients with newly diagnosed T2DM had a higher PLA risk than did those without T2DM. Here, the T2DM cohort included patients newly diagnosed as having T2DM from 2000 to 2009, who were then followed until 2011. The PLA incidence rate reached 5.87 and 2.06 per 10,000 person-years in the T2DM and comparison cohorts, respectively. Patients with newly diagnosed T2DM had a 2.83-fold higher PLA risk than did patients with PLA but without T2DM. Increased PLA risk in patients with DM was also reported in Danish large nationwide case-control study (9), according to which individuals with DM had a 3.6-fold increased PLA risk. Moreover, in Canada, an epidemiological study showed that the relative risk of PLA to be 11.1 in patients with DM (2). The potential reasons underlying this observation are as follows: First, patients with diabetes have a higher risk of susceptibility to various common or serious infections (10, 11).

Although the pathophysiology of infections related to DM remains unclear, they may be caused by the hyperglycemic environment which results in immune dysfunction. Defects in leukocyte function, such as adherence, chemotaxis and phagocytosis have been reported in patients with DM (12). Second, complement deficiencies such as C3 or C4 deficiencies which are potentially associated with decreased cytokine response and reduced immobilization of polymorphonuclear leukocyte have been observed in many patients with DM (13), and the antioxidant systems related to antibacterial activity may also be damaged. KP is a major causative agent of PLA in Taiwan, particularly in patients with DM (14, 15).

A Taiwanese study on the impact of glycemic control on the characteristics of PLA caused by KP in patients with DM reported that patients with uncontrolled glycemia tended to be younger, and have higher PLA rates of cryptogenic invasive PLA, caused by KP and metastatic infection than did those with good glycemic control (7). In our study, we found that the adjusted HR for PLA risk in the DM cohort was the highest in the youngest age group compared with the comparison cohort, and that men had a greater adjusted HR than women did, as was also reported in Western countries and Taiwan (2, 7, 9). Several features that apply to younger patients with T2DM may contribute to the poor glycemic control. Younger patients with T2DM are more likely to be busy with work and less motivated attend to their condition. Smoking, obesity, life style factors, lack of confidence in doctors, and poor compliance with medications are also more common among younger peoples (16). Consistent with the findings of reports elsewhere, the most common microorganism in patients with T2DM was KP (7, 14, 15), and a close association with PLA was observed in our present study. The pathophysiology of KP infection associated with DM is incompletely understood. However, the susceptibility of infection appears to be strongly associated with hyperglycemia Decreased mobilization of polymorphonuclear leukocytes, chemotaxis, and phagocytic activity may occur during hyperglycemia (17–19).

Possible sources reported for PLAs include biliary tract infections (such as cholangitis and cholecystitis), followed by portal venous disease, contiguous spread and hematogenous spread (20, 21). One study also showed that some infections almost always affect only patients with DM, such as gangrenous cholecystitis (22). Cholecystitis, the inflammation of the gallbladder is most commonly caused by the obstruction of the cystic duct by gallstone. Cholangitis is a bacterial infection that can occur when the common bile duct is blocked by gallstone. In our present study, we observed that the adjusted HR for PLAs in patients with T2DM was increased in individuals without gallstone, cholecystitis or cholangitis compared with in patients with PLA who did not have T2DM. T2DM is a strong risk for PLAs in patients without biliary tract disease.

Hepatic tuberculosis (TB) is uncommon and accounts for <1% of all tuberculous infection (23). Although there is an increased risk of tuberculosis and tuberculous abscess (tuberculoma) just in diabetic patients. It is difficult to diagnose hepatic TB in absence of previous history of TB or concurrent pulmonary involvement. Patients might be asymptomatic or present with non-specific constitutional symptoms such as fever, fatigue, weight loss, and night sweats (24). On cross-sectional imaging, hepatic TB can be comprehensively classified into micronodular and macronodular forms (25). Macronodules are more than 2 cm in size. Single macronodular hepatic TB is therefore at higher risk of being misdiagnosed as a neoplastic lesion or liver abscess (26). In this study, hepatic TB has been excluded based on occurrence of PLAs (ICD-9-CM 572.0) at inpatient record.

To our knowledge, this is the first study to examine where DM medication increases PLA risk in patients with T2DM. We considered all commonly used DM medications on the Taiwanese market during the study period, including metformin, glyburide, glimepiride, gliclazide, glipizide, glitazones, DPP4i, and acarbose. In our analysis, we found that 60.4% of patients were prescribed metformin, 36.5% were prescribed glimepiride, 31.2% were prescribed gliclazide, 23.7% were prescribed glyburide; acarbose, glitazones, glipizide, DPP4i and other medications were prescribed at rates of 16.9, 16.4, 15.8, 10.2, and 13.8% respectively. Metformin was the most frequently prescribed DM medication. Compared with comparison cohort, the patients with T2DM prescribing glyburide exhibited a significantly increased of PLA risk, whereas acarbose is potentially associated with a reduced PLA risk in patients with T2DM.

Our study provided evidence that compared with other DM medications, acarbose reduces the PLA risk in patients with T2DM. One large nationwide, population-based cohort study in Taiwan showed that, in patients with DM who used acarbose, colorectal cancer risk was reduced by 27% compared for patients with DM not using acarbose (27). Acarbose is an α-glucosidase inhibitors that delays the hydrolysis of disaccharides and polysaccharides to glucose in the small intestine. The mechanism for the prevention of colorectal cancer by acarbose is that acarbose increase more butyrate production by microbial fermentation after delayed carbohydrate absorption. Butyrate inhibits the growth of transformed cells and stimulates normal colonic mucosal proliferation (28). Another explanation for the reduction of colorectal cancer is that acarbose reduces colonic transit time and changes the fecal concentration of bile acids (29). A cohort study of 14,690 Taiwanese patients with PLA revealed an adjusted HR value for colorectal cancer of 5.5 for patients with PLA compared with controls (30). Therefore, acarbose may ostensibly reduce PLA risk in the newly diagnosed patients with T2DM.

Overall PLA incidence in the comparison cohort increase overtime, where the incidence in the DM cohort decreased from 4.02 in the first 2 years to 2.13 after 4 years of follow-up. The PLA occurrence in patient with DM was greatest at 0–2 years follow-up (HR = 4.02, 95% CI = 2.87–5.63). PLA always accompanied newly or recently diagnosed T2DM with poor glycemic control.

The current study was a large, representative, nationwide, population-based sample to explore PLA risk in patients with newly diagnosed T2DM. However, it has few limitations. First, our study group excluded the individuals younger than 18 years. Second, we could not identify other potential confounding factors in our database, such as smoking, alcohol consumption, nutritional status and environmental factors due to database limitation. Third, laboratory data such as blood glucose levels; hemoglobin A1c levels; liver function test results; imaging such as abdominal ultrasound or computed tomography; and blood cultures for KP, E. coli or other pathogens were unavailable. Other potential limitation to our study were selection bias or confounding by indication. Our selection bias and confounding by indication were patients with T1DM, age younger than 18 years old and other conditions such as poor immune conditions or medications for immune suppression.

In conclusion, PLA risk in patients with newly diagnosed T2DM was 2.83-fold higher than that in the comparison cohort. Younger patients and men with T2DM as well as patients with duration of DM <2 years had increased PLA risk. PLA risk was higher in newly diagnosed T2DM patients with gallstones and cholecystitis. In addition, compared with other DM medication, acarbose was associated with a lower PLA risk. Our findings highlight the value of active treatment strategies and close follow-up of patients with T2DM, and the effect of acarbose on PLA merits further investigation.
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