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Introduction: Advanced liver disease with massive liver damage may affect the metabolism of hypoglycemic agents and increase the risk of hypoglycemia. We conduct this research to compare the risk of severe hypoglycemia between patients with type 2 diabetes, with and without compensated liver cirrhosis.

Methods: From Taiwan’s National Health Insurance Research Database, we identified persons with type 2 diabetes with cirrhosis (n = 18,209) and without cirrhosis (n = 538,510) from January 1, 2000, to December 31, 2010. Cox proportional hazards models were adopted to assess risks of all-cause mortality and severe hypoglycemia.

Results: The mean follow-up period of this study was 3.7 years. The incidence rates of death during follow-up were 26.54 and 2.75 per 1,000 patient-years [aHR 7.63 (6.70–8.70)] for patients with cirrhosis and without cirrhosis, respectively. The incidence rates of severe hypoglycemia during follow-up were 0.53 and 0.14 per 1,000 patient-years [aHR 2.74 (1.52–4.92)] for patients with and without cirrhosis, respectively. The subgroup analysis of hypoglycemia risks in patients with and without cirrhosis disclosed no significant interaction for variables such as age, sex, chronic kidney disease, sulfonylurea use, number of oral antidiabetic drugs, insulin, b-blocker, and fibrate.

Conclusion: This cohort study demonstrated that patients with type 2 diabetes and compensated cirrhosis showed a higher risk of mortality and severe hypoglycemia than those without liver cirrhosis.
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1 Introduction

Hypoglycemia is the most feared consequence when caring for persons with diabetes mellitus (DM) (1). It can increase the risk of cardiovascular disease, cognition impairment (2–4), accidents, and mortality in patients with diabetes (1–3). Hypoglycemia can be unpleasant and cause sweating, palpitations, insomnia, and other psychosocial problems affecting the quality of life in patients (1–3). Patients experiencing hypoglycemia will have concerns with diabetic treatment and hesitate to follow therapeutic advice (1), thus compromising glucose control and increasing the risks of future diabetic complications.

During hypoglycemia, the pancreas decreases the secretion of insulin and increases the secretion of glucagon. Glucagon promotes hepatic glycogenolysis and gluconeogenesis (1, 3). As food is consumed, the hepatocytes absorb glucose from the intestine through glucose transporters, and convert it into glycogen stored in liver. Once the body has fasted for 2–6 h, the hepatocytes can break down the glycogen through glycogenolysis to release glucose for use. If body fasted for long time, the hepatocytes can use lactic acid, amino acid and glycerol to make glucose through the gluconeogenesis (3). The liver plays a critical role in gluconeogenesis, but in the case of prolonged starvation or massive liver injury, the kidney would substantially contribute to endogenous glucose production (3, 5). Studies showed that patients with alcoholic liver cirrhosis were prone to hypoglycemia (5), possibly due to malnutrition in patients with insufficient glycogen storage. Moreover, ethanol can affect the enzymes of gluconeogenesis and reduce hepatic glucose production (5). Liver cirrhosis caused by non-alcoholic fatty liver disease, and hepatitis B or C viral infection may also tend to induce hypoglycemia, but without clear evidence (6). If patients with liver cirrhosis receive hypoglycemic agents, the portosystemic shunt of the liver increases the blood concentration of these drugs (7). Cirrhosis associated with massive liver damage and prominent hepatic dysfunction may affect the metabolism and clearance of hypoglycemic agents and increase the risk of hypoglycemia (8).

As there is currently no conclusive empirical evidence indicating liver cirrhosis (caused by viral hepatitis or non-alcoholic fatty liver disease) has a higher risk of hypoglycemia, we conduct this cohort study to determine the risks of severe hypoglycemia and mortality between persons with type 2 diabetes (T2D) with and without compensated liver cirrhosis. We also investigate whether different hypoglycemic agents have a dissimilar impact on hypoglycemic risk in these patients. Patients with cirrhosis have a significantly higher mortality risk than those without cirrhosis (9), and if patients died early during the study period due to cirrhosis, this may affect the detection of hypoglycemia. Therefore, in this study, we also compared the risk of death between diabetic patients with and without cirrhosis; and taking death as a competing risk, we used competing risk analyses to compare the risk of hypoglycemia in these patients.



2 Materials and methods


2.1 Data source

Taiwan’s National Health Insurance (NHI) program was constructed in 1995. It took care of approximately 99% of the 23 million people in Taiwan over the years (10). The health care information of insurers is recorded in the NHI research dataset (NHIRD), which includes age, sex, residence, premium levels, procedures, medications, and diagnostic codes based on the International Classification of Diseases 9th revision Clinical Modification (ICD-9-CM). We identified study subjects from the NHIRD. This study was approved by The Institutional Review Board of the National Health Research Institutes (EC1060704-E). As all information from patients and care providers was scrambled and encrypted before release, we were granted to waive the informed consents from patients by the Institutional Review Board.



2.2 Experimental design

We selected patients with newly diagnosed type 2 diabetes from January 1, 2000, to December 31, 2010 (Figure 1). Type 2 diabetes was diagnosed using the ICD-9-CM code 250.xx for at least two outpatient visits in 1 year or one hospitalization, and under hypoglycemic agents treatment. Liver cirrhosis was defined as a diagnosis of ICD-9-CM codes 571.5, 571.2, or 571.6 for at least two outpatient claims in 1 year or one hospitalization. The algorithm for the definitions of T2D and liver cirrhosis based on ICD-9 coding has been validated by previous medical studies (11, 12), with the accuracy of T2D and cirrhosis diagnosis being 74.6 and 82.6%, respectively. Patients with cirrhosis and variceal bleeding (456.0, 456.2), hepatic encephalopathy (572.2), or ascites (789.59, 789.5) were defined as decompensated cirrhosis (13); patients without such complications were defined as compensated cirrhosis. We excluded patients with the diagnosis of cirrhosis before T2D, sex missing, age younger than 20 or older than 75 years, diagnosis of type 1 diabetes (250.1), diagnoses of chronic dialysis (V56.0, V56.8, V45.1), heart failure (428), decompensated cirrhosis [including esophageal varicose with bleeding (456.0, 456.2), hepatic encephalopathy (572.2), and ascites (789.59, 789.5)], jaundice (782.4), hepatic failure (570, 572.2, 572.4, 572.8), liver transplantation (V42.7,996.82, procedure code 50.5), cancers (140–239, except 210–229), dementia (294, 331.0), and history of severe hypoglycemia before the index date.
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FIGURE 1
Flowchart of the selection of cohorts from the National Health Insurance Research Database.




2.3 Study procedures

We defined the first date of a new diagnosis of liver cirrhosis as the index date. For patients without cirrhosis, we randomly assigned their index dates by age, sex, and the duration of diabetes based on matched patients with cirrhosis. The potentially confounding variables of this study included age, sex, smoking (305.1, 649.0, V15.82), alcoholic disease (291, 303, 305.0, 571.0, 570.1, 571.3, V11.3, V79.1), body weight [severe obesity (278.01, 649.2, V45.86, V85.4), obesity (278.00, 649.1, V77.8, V85.3), overweight (278.02, 783.1, V85.2)], hepatitis B virus (HBV) infection (070.2, 070.3, V02.61), HBV therapy (lamivudine, adefovir dipivoxil, tenofovir disoproxil, entecavir, and telbivudine), hepatitis C virus (HCV) infection (070.41, 070.44, 070.51, 070.54, 070.70, 070.71, V02.62), HCV therapy (interferons), chronic obstructive pulmonary disease (COPD, 491, 492, 496), chronic kidney disease (CKD; 403.01, 403.11, 403.91, 404.02, 404.03, 404.12, 404.13, 404.92, 404.93, 581–588 and A350), and Charlson Comorbidity Index (CCI) scores (14) (comorbidities diagnosed within 1 year of the index date), prescriptions, such as metformin, sulfonylureas, glinides, thiazolidinedione, dipeptidyl peptidase-4 inhibitors (DPP-4i), basal insulin, premixed insulin, short-acting insulin, angiotensin receptor blockers (ARB), angiotensin-converting enzyme inhibitor (ACEi), β-blockers, calcium-channel blockers, diuretics, statins, fibrate, aspirin, and the enrolled research year of 2000–2004, 2005–2008, and 2009–2010. We used the Diabetes Complications Severity Index (DCSI) score (15), duration of type 2 diabetes, and the number of oral hypoglycemic agents to reflect the severity of diabetes in this study.



2.4 Main outcomes

All-cause mortality and severe hypoglycemia were the main study outcomes. Mortality was defined as discharge from hospital with ascertained death (the discharge day was defined as the death day) or stop of the NHI coverage after hospital discharge due to a critical illness without further healthcare usage in the NHI records for longer than 1 year (the end of NHI coverage was set as the death day). Severe hypoglycemia was defined in patients requiring a visit to emergency department or hospitalization for hypoglycemia (251.0x, 251.1x, or 251.2x). We assessed the incidence rates of mortality and severe hypoglycemia between the cirrhosis and non-cirrhosis groups during the follow-up period.



2.5 Statistical analysis

We utilized propensity score matching to decrease the imbalance between patients with and without liver cirrhosis (16). Using non-parsimonious multivariable logistic regression, we estimated the propensity score for every patient with the diagnosis of cirrhosis as the dependent variable; and clinically related variables in the analysis as independent variables (Table 1). The nearest-neighbor algorithm was utilized to select matched pairs, with the standardized differences less than 0.05 as perfect.


TABLE 1    Basic characteristics of pre-matched and post-matched data in patients with type 2 diabetes with and without liver cirrhosis.
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Multivariable-adjusted Cox proportional hazards models were used to determine the outcomes between patients with and without cirrhosis. The results were shown as hazard ratios (HR) with a 95% confidence interval (CI). Owning to the competing risk of death might confound the estimate of risk for severe hypoglycemia, we adopted the competing risk analyses for adjustment (Table 2) (17). To calculate the risk of death, we censored patients at the time of mortality or the end of the research, whichever came first. For hypoglycemic outcomes, we reviewed patients on the day of hypoglycemia or the end of follow-up on December 31, 2010.


TABLE 2    The risk of patients with diabetes and with or without cirrhosis in multivariate Cox’s regression analysis.
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We estimated the cumulative incidence of all-cause death and severe hypoglycemia over time between patients with and without cirrhosis using the Kaplan-Meier method; we determined whether significant differences existed between the study and comparison groups by the log-rank test. We did a subgroup analysis for the risk of severe hypoglycemia and likelihood-ratio test to identify significant interactions between cirrhosis and age, sex, CKD, sulfonylurea use, glibenclamide, glipizide, gliclazide, glimepiride, number of oral hypoglycemic agents, insulin, β-blocker, and fibrate. A two-sided p-value of less than 0.05 was considered as statistically significant. SAS version 9.4 and Stata SE version 15.1 were utilized for the analyses of this study.




3 Results

From January 1, 2000, to December 31, 2010, a total of 18,209 patients were under the diagnosis of type 2 diabetes and compensated cirrhosis, while 538,510 patients were under the diagnosis of T2D and without cirrhosis (Figure 1). Before matching, some differences were acknowledged between the study and comparison groups (Table 1). After propensity score matching, 17,853 pairs of T2D patients with and without cirrhosis were chose. The matched pairs of patients were similar for all variables. The mean age of the matched cohort was 56.6 years; the mean duration of diabetes was 2.7 years; the prevalence rates of HBV and HCV infections were 13.6 and 13.6%, respectively. The mean follow-up time (SD) was 3.7 (2.4) years in this study.

In the pre-matched cohort of T2D with and without liver cirrhosis, 1,924 (10.57%) patients with cirrhosis and 5,523 (1.03%) patients without cirrhosis died during the tracked time (incidence rate 26.54 vs. 2.75 per 1,000 person-years). The adjusted multivariable models revealed that cirrhotic patients had significantly increased mortality risk; the pre-matched aHR was 8.03 (7.57–8.52), and the post-matched aHR was 7.63 (6.70–8.70; Table 2).

In the pre-matched cohort of T2D with and without liver cirrhosis, 38 (0.21%) patients with cirrhosis and 284 (0.05%) patients without cirrhosis had severe hypoglycemia during the tracked time (incidence rate 0.53 vs. 0.14 per 1,000 person-years). The adjusted multivariable models revealed that cirrhotic patients had a significantly increased risk of severe hypoglycemia; the pre-matched aHR was 3.17 (2.19–4.60), and the post-matched aHR was 2.74 (1.52–4.92; Table 2). Taking death as a competing risk, the sub-distribution competing risk analysis showed the post-matched aHR of hypoglycemia was 2.56 (1.42–4.63); for cause-special competing risk analysis, the aHR of hypoglycemia was 2.74 (1.52–4.93; Table 2).

The cumulative incidence of mortality in matched patients with cirrhosis exhibited a significantly increased risk than in patients without cirrhosis (Figure 2). The cumulative incidence of severe hypoglycemia in matched patients with cirrhosis displayed a significantly increased risk than in patients without cirrhosis (Figure 3).
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FIGURE 2
The cumulative incidence of all-cause mortality between patients with cirrhosis and without cirrhosis.
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FIGURE 3
The cumulative incidence of severe hypoglycemia between patients with cirrhosis and without cirrhosis.


The forest plot of subgroup analysis of hypoglycemia risks in patients with cirrhosis versus without cirrhosis showed no significant interaction in the risk factors of age, sex, CKD, sulfonylurea, glibenclamide, glipizide, gliclazide, glimepiride, number of oral hypoglycemic agents, insulin, β-blocker, and fibrate (Figure 4).
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FIGURE 4
Subgroup analysis of basic demographics, comorbidity, and medications on hypoglycemia risks in patients with type 2 diabetes with versus without liver cirrhosis.




4 Discussion

The present study demonstrated that T2D persons with compensated cirrhosis had higher risks of mortality and severe hypoglycemia than those without liver cirrhosis. Moreover, patients with liver cirrhosis had an increased risk of hypoglycemia, regardless of age, sex, chronic kidney disease, insulin, sulfonylureas, and different types of sulfonylurea, number of oral hypoglycemic agents, β-blocker, and fibrate use.

Patients with compensated liver cirrhosis are at a 4.7 times increased risk of mortality than the general population (9). Moreover, cirrhosis can exacerbate insulin resistance and disrupt carbohydrate metabolism in patients with T2D, resulting in increased complications and premature mortality (6). Our study indicated that patients with T2D and compensated liver cirrhosis had a 7.6 times higher risk of mortality than those without liver cirrhosis. On the other hand, diabetes can also increase the risk of death in patients with compensated liver cirrhosis (7, 18), possibly through the progression of liver cirrhosis and increased bacterial infection (7, 18).

Episodes of severe hypoglycemia alter the mental state of the patient. The individual is unable to take care of himself and requires the assistance of others (19). The incidence rate of severe hypoglycemia in persons with type 2 diabetes is approximately 0.1–0.7% (19) or 0.05 episodes per 100 patient-years (20); it is 0.8 (or 0.9 events per 100 patients-years) (21) to 7% (10 episodes per 100 patient-years) in T2D patients on sulfonylurea (19, 20) and 1.2–7.3% (or 11.8 episodes per 100 patient-years) (20) in patients with T2D on insulin (19, 21). The incidence rate of severe hypoglycemia in persons with type 1 diabetes on insulin is 7.1% (21). Hypoglycemia has long been noted in association with chronic alcohol use and inadequate dietary intake (5). One case report of fulminant hepatitis has presented with severe hypoglycemia (22). In a case series of viral hepatitis, eight of the 15 patients (53.3%) showed plasma glucose levels below 60 mg/dl but no symptoms of hypoglycemia (23). A retrospective analysis of 87 cirrhotic patients reported that 11 patients (12.6%) had decreased glucose levels (<70 mg/dl) or documented hypoglycemia (24).

To our knowledge, our research is the first aiming to compare the risk of severe hypoglycemia between T2D patients with and without compensated liver cirrhosis. It showed that the incidence of severe hypoglycemia was 0.53 per 1,000 person-year in persons with T2D and cirrhosis. Patients with T2D and compensated liver cirrhosis had a 2.7 times higher risk of hypoglycemia than those without liver cirrhosis. Reports show that age, renal impairment, insulin use, sulfonylurea use, β-blocker, or fibrate are associated with a higher risk of hypoglycemia (1, 19, 20). However, the subgroup analysis of hypoglycemia risk in our patients with compensated cirrhosis versus without cirrhosis disclosed no significant interaction existed in these risk factors.

The increased risk of severe hypoglycemia in persons with compensated liver cirrhosis may arise from multiple roots. First, the liver plays a vital role in bolstering glucose homeostasis, hypoglycemia will not happen until most of the liver is injured or removed (5). Cirrhosis with widespread extinction and collapse of hepatic parenchyma may reduce glycogenolysis, gluconeogenesis, and glucose output (5). Second, the impaired ability of the cirrhotic liver to synthesize or store glycogen may reduce glucose release during starvation or prolonged fasting (25). Third, gluconeogenesis is the primary process that affords glucose production during hypoglycemic status, and a limitation of necessary substrates (such as amino acids, lactate, and glycerol) for gluconeogenesis in patients with cirrhosis and malnutrition may increase hypoglycemia risk (3). Fourth, the markedly impaired glucose response to glucagon in patients with liver cirrhosis affects glucose release during hypoglycemia (26). Fifth, the portosystemic and intrahepatic shunting, reduced insulin extraction, and decreased sulfonylurea metabolism due to cirrhosis may raise the risk of hypoglycemia in patients taking insulin or insulin secretagogues (27).

Our study has some advantages. First, this is a nationwide population-based study. We non-selectively identified patients from the National Health Insurance Research Database to avoid selection bias. Second, this study has a large sample size and spans 10 years (from 2000 to 2010), with enough power to investigate the real-world risk of severe hypoglycemia in patients with liver cirrhosis.

Nevertheless, this research is subject to some disadvantages. First, we defined severe hypoglycemia based on patients requiring emergency department visits or hospitalization due to hypoglycemia, which may underestimate the incidence of severe hypoglycemia in this study. However, this definition was undifferentially applied in the study and control groups, and hence, may not influence the comparison of endpoints. Second, this dataset lacked information on biochemical test results; therefore, we could not count the Child-Pugh Class or Model for End-stage Liver Disease scores to determine the severity of liver cirrhosis; we also can’t ensure the treated condition of T2D due to the lack of hemoglobin A1C, and glucose levels. Alternately, we used the clinical diagnosis to classify patients into compensated and decompensated cirrhosis. Some patients with minimal hepatic encephalopathy or mild-moderate ascites may have escaped detection in this study with less exclusion of decompensated cirrhosis, and affecting study results. However, we included gender, age, comorbidities, CCI, DCSI scores, and prescriptions to maximally balance the condition between the study and comparison groups and increase their comparability. Third, the national health dataset did not provide complete information on the dietary pattern, alcohol consumption, physical activity, and medication compliance, influencing measured outcomes. Fourth, this research was conducted among Taiwanese subjects, and the results may not apply to other ethnic groups. Finally, a cohort study is usually subject to some unknown or unobserved confounding factors, and a prospective randomized control study is warranted to verify our results.



5 Conclusion

Liver cirrhosis is the ultimate stage of hepatic injury. Its severity may vary from person to person, and the treatment of T2D in these patients is usually complex. Our study showed that persons with T2D and compensated liver cirrhosis had higher mortality risk and severe hypoglycemia. We recommend regular and nutritious diets, alcohol abstinence, antiviral therapy for hepatitis B or C infections, and frequent blood glucose monitoring for these patients.
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