


Current Concepts and Advances in the Management of Diabetes in Liver Cirrhosis
Abstract
Diabetes mellitus and liver cirrhosis interact bidirectionally, but their coexistence creates a clinical state that cannot be managed safely by applying conventional diabetes algorithms without modification. Cirrhosis alters insulin clearance, hepatic glucose production, glycogen storage, skeletal-muscle glucose disposal, nutritional status and drug handling, while diabetes and insulin resistance may contribute to portal-hypertensive complications, hepatic encephalopathy, cardiovascular and renal risk, and mortality. The purpose of this critical narrative review is to integrate current concepts in diabetes phenotyping, diagnosis, monitoring and treatment across compensated and decompensated cirrhosis, with particular attention to newer glucose-lowering therapies. Literature published principally from 2000 to 17 July 2026 was evaluated, with older seminal studies retained where necessary. The evidence indicates that hepatogenous diabetes remains a useful pathophysiological construct but lacks validated diagnostic criteria that reliably separate it from pre-existing type 2 diabetes. Glycated haemoglobin and fasting glucose may underestimate dysglycaemia in advanced cirrhosis; oral glucose tolerance testing, structured capillary monitoring and, in selected patients, continuous glucose monitoring can therefore add clinically important information. Treatment priorities shift as liver disease advances: avoidance of hypoglycaemia, preservation of nutritional and functional reserve, prevention of acute kidney injury and adaptation to cognitive impairment become increasingly important. Metformin has the strongest observational evidence for safety and possible survival benefit in stable compensated cirrhosis when contraindications are absent. Glucagon-like peptide-1 receptor agonists and sodium-glucose cotransporter-2 inhibitors are supported by encouraging observational data in compensated disease and by metabolic benefits relevant to metabolic dysfunction-associated steatotic liver disease, but evidence in decompensated cirrhosis remains limited. Insulin remains indispensable during severe decompensation and acute illness despite substantial hypoglycaemia risk. The central management principle is therefore stage-specific, multidisciplinary treatment that distinguishes metabolic benefit from liver-specific evidence and calibrates therapeutic intensity to hepatic reserve, renal function, nutrition and hypoglycaemia vulnerability.
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1. Introduction
Diabetes mellitus and liver cirrhosis form a clinically consequential, bidirectional association. Type 2 diabetes mellitus (T2DM) promotes metabolic dysfunction-associated steatotic liver disease (MASLD), steatohepatitis and progressive fibrosis, whereas cirrhosis itself can produce insulin resistance, impaired insulin clearance and beta-cell dysfunction sufficient to cause a distinct pattern of dysglycaemia traditionally termed hepatogenous diabetes. A meta-analysis of 58 studies reported diabetes in approximately one third of adults with cirrhosis, although prevalence varied markedly by aetiology and diagnostic method (Lee et al., 2019; Wlazlo et al., 2010). The association is likely to become more prominent as MASLD-related cirrhosis increases, while viral hepatitis remains important in many populations. Current guidelines for MASLD therefore place diabetes both as a driver of liver disease progression and as a comorbidity requiring active management (European Association for the Study of the Liver et al., 2024).
The practical problem is not merely that two common diseases coexist. Cirrhosis changes the meaning of familiar diabetes measurements and alters the risk-benefit profile of glucose-lowering treatment. Fasting plasma glucose can remain deceptively low because hepatic glycogen stores and gluconeogenic capacity are impaired, while postprandial glucose may rise substantially because peripheral insulin resistance and portosystemic shunting persist. Glycated haemoglobin (HbA1c) can be falsely low in patients with anaemia, hypersplenism, bleeding, transfusion or shortened erythrocyte survival. At the same time, impaired hepatic drug metabolism, renal dysfunction, malnutrition, sarcopenia, hepatic encephalopathy and reduced capacity for self-management amplify the consequences of treatment-related hypoglycaemia (Boursier et al., 2021; Castera & Cusi, 2023; Puri & Kotwal, 2022). A recent small observational study in Child-Pugh B/C cirrhosis found that intermittently scanned continuous glucose monitoring identified glycaemic abnormalities and discordance with HbA1c, further supporting direct glucose assessment when conventional markers are unreliable (Rigon et al., 2025).
These constraints explain why the historical preference for insulin in advanced liver disease is no longer a satisfactory universal rule. Insulin is effective, adjustable and indispensable during acute decompensation, yet retrospective data in compensated cirrhosis associate insulin exposure with more hypoglycaemia and adverse outcomes, although confounding by indication is substantial (Yen, Lai, et al., 2021). Conversely, medications once avoided reflexively in chronic liver disease are being reconsidered. Metformin has accumulated observational evidence suggesting safety and lower all-cause mortality in selected patients with compensated cirrhosis (Kaplan et al., 2021; Peppas et al., 2024; Zhang et al., 2014). Glucagon-like peptide-1 receptor agonists (GLP-1 RAs) and sodium-glucose cotransporter-2 (SGLT2) inhibitors are attractive because their cardiovascular, renal and weight effects may address the metabolic phenotype that now underlies a growing proportion of cirrhosis. Recent cirrhosis-specific cohorts are encouraging, but most remain observational and are weighted towards compensated disease (Chou et al., 2026; Chung et al., 2026; Simon et al., 2022; Yen et al., 2024). Additional nationwide observational data have associated SGLT2 inhibitor use in compensated cirrhosis with lower risks of mortality and hepatic decompensation, although causal inference remains limited by the observational design (Yen et al., 2025).
A second unresolved issue is phenotyping. The term hepatogenous diabetes denotes diabetes that emerges after cirrhosis as a consequence of liver failure and portal hypertension. It is conceptually useful because affected patients may be leaner, lack a strong family history of diabetes, have prominent postprandial hyperglycaemia and show fewer classic microvascular manifestations than patients with long-standing T2DM. Yet the categories overlap, particularly in MASLD, alcohol-related liver disease and older patients with multiple metabolic risks. Contemporary studies still use heterogeneous definitions, and major diabetes classifications do not provide a validated diagnostic pathway for hepatogenous diabetes (Kumar et al., 2022; Maji et al., 2024; Orsi et al., 2017). The distinction should therefore guide clinical reasoning without creating false diagnostic certainty. In a selected prospective cohort of decompensated cirrhosis, OGTT-detected hepatogenous dysglycaemia was associated with poorer overall survival despite non-diabetic fasting glucose and HbA1c values, underscoring the diagnostic limitations of fasting markers in this setting (Bhaduri et al., 2025).
Recent reviews and consensus documents have improved guidance on diabetes in cirrhosis, but important gaps remain. Available recommendations rely heavily on pharmacokinetic studies, expert synthesis and observational cohorts because randomised trials with hard liver outcomes rarely enrol patients with Child-Pugh B or C disease. Evidence from non-cirrhotic MASLD cannot be assumed to apply to established portal hypertension or decompensation. Likewise, favourable associations between a drug and mortality may reflect selection of healthier patients rather than a liver-protective drug effect. The rapidly expanding evidence on incretin-based therapy and SGLT2 inhibition, together with better understanding of sarcopenia, frailty and glycaemic monitoring, warrants an updated critical synthesis that separates established practice from promising but unproven extrapolation (Boursier et al., 2021; Castera & Cusi, 2023; Lisi et al., 2026).
1.1 Scope, Research Gap and Objectives
This review focuses on adults with established liver cirrhosis and coexisting diabetes or clinically important dysglycaemia. It examines the distinction and overlap between pre-existing T2DM and hepatogenous diabetes; mechanisms that alter glucose regulation; limitations of diagnostic and monitoring tools; nutrition, sarcopenia and weight management; pharmacological treatment across compensated and decompensated disease; acute illness; and the peri-transplant and post-transplant settings. The central gap addressed is the mismatch between rapidly changing diabetes therapeutics and the limited, heterogeneous evidence specific to cirrhosis severity. The objectives are to identify which management principles are well supported, critically appraise where apparent benefits arise mainly from observational evidence, and propose a stage-based framework that prioritises metabolic efficacy without compromising hepatic, renal, nutritional or cognitive safety. Paediatric diabetes, isolated steatosis without cirrhosis, gestational diabetes and detailed management of diabetes complications unrelated to liver disease are outside the principal scope.
2. Methods for Literature Selection
This article was designed as a critical narrative review because the clinical question spans pathophysiology, diagnosis, prognostic epidemiology, nutrition, pharmacokinetics, comparative effectiveness and transplantation. These evidence types are not readily combined in a single quantitative synthesis, and the principal objective was interpretive integration rather than estimation of one pooled treatment effect. Narrative methodology does not remove the need for transparency or appraisal; the approach was informed by the Scale for the Assessment of Narrative Review Articles (SANRA), particularly its emphasis on justification, search description, referencing and scientific reasoning (Baethge et al., 2019).
Literature was identified through PubMed, PubMed Central, OpenAlex, OpenAIRE, Crossref, DOAJ, Semantic Scholar and Google Scholar. Searches were supplemented by backward and forward citation checking of major reviews, guidelines and influential original studies, together with checks of authoritative professional guidance. The principal search period was 1 January 2000 to 17 July 2026. Earlier publications were retained when they were necessary to explain the origins of hepatogenous diabetes, diagnostic concepts or mechanistic observations that continue to shape current interpretation.
Search concepts combined terms for cirrhosis or advanced chronic liver disease with diabetes, hyperglycaemia, glucose intolerance, insulin resistance, hepatogenous diabetes, HbA1c, oral glucose tolerance testing, continuous glucose monitoring, hypoglycaemia, nutrition, sarcopenia, metformin, sulfonylureas, dipeptidyl peptidase-4 inhibitors, GLP-1 receptor agonists, SGLT2 inhibitors, thiazolidinediones, alpha-glucosidase inhibitors, insulin, decompensation, ascites, hepatic encephalopathy and liver transplantation. Representative Boolean logic was: (cirrhosis OR "liver cirrhosis" OR "advanced chronic liver disease") AND (diabetes OR hyperglycaemia OR "hepatogenous diabetes" OR "glucose intolerance") AND (diagnosis OR monitoring OR treatment OR metformin OR insulin OR GLP-1 OR SGLT2 OR decompensation). Drug-specific and outcome-specific searches were then used to refine key themes.
Eligible sources included peer-reviewed original studies, systematic reviews and meta-analyses, high-quality narrative reviews, pharmacokinetic studies, randomised trials where available, and major professional guidelines or consensus documents. Priority was given to cirrhosis-specific evidence, clinically relevant outcomes and studies that differentiated compensated from decompensated disease. Studies confined to non-cirrhotic steatosis were used only when they clarified the metabolic context of a therapy and were not treated as direct evidence of safety or efficacy in cirrhosis. Non-peer-reviewed claims, unverifiable citations, retracted articles and sources lacking sufficient bibliographic confirmation were excluded. English-language sources predominated because adequate verification and interpretation were required.
Titles and abstracts were assessed for direct relevance, followed by full-text or extended bibliographic verification when needed. Duplicate citations identified across platforms were consolidated by DOI, PubMed identity, title and author metadata. No record-count flow diagram is presented because the review was not conducted as a formal systematic review with prospectively enumerated screening counts. Sources that could not be verified or whose relationship to a clinical claim remained uncertain were not retained.
Critical appraisal considered study design, population selection, cirrhosis severity, diabetes definition, comparator choice, confounding control, outcome ascertainment, follow-up, sample size, pharmacological plausibility and generalisability. Particular caution was applied to administrative-database comparisons of glucose-lowering drugs because treatment allocation is non-random and is strongly influenced by liver function, renal function, frailty and clinician preference. Themes were developed around clinical decisions rather than around individual papers. Convergent evidence was given greater weight when supported by different designs, whereas single-centre studies, pharmacokinetic experiments and retrospective associations were used to define plausibility or uncertainty rather than causal efficacy.
3. Diabetes Phenotypes and the Metabolic Biology of Cirrhosis
The liver has a central role in maintaining fasting and postprandial glucose homeostasis, and cirrhosis perturbs this system at several levels. Portal hypertension and portosystemic shunting reduce first-pass hepatic insulin clearance, while loss of functional hepatocyte mass further raises systemic insulin exposure. Chronic hyperinsulinaemia can down-regulate insulin signalling and coexist with marked peripheral insulin resistance. Skeletal muscle, which becomes increasingly important for glucose disposal when hepatic function declines, is often reduced by sarcopenia and physical inactivity. The result is a paradoxical metabolic state in which postprandial hyperglycaemia can coexist with low fasting glucose and vulnerability to fasting hypoglycaemia (Elkrief et al., 2016; García-Compeán et al., 2009; Nishida, 2017).
Insulin resistance alone does not fully explain overt diabetes. Mechanistic studies indicate that failure of pancreatic beta-cell compensation becomes important as cirrhosis progresses. In a classic liver-transplant cohort, Perseghin et al. (2000) demonstrated profound insulin resistance in cirrhotic patients and additional defects in endogenous glucose production and insulin secretion among those with diabetes. Insulin sensitivity improved after transplantation, but diabetes persisted in a subset with poor beta-cell secretory reserve. This observation remains important because it argues against a simple model in which all cirrhosis-associated diabetes is reversible hyperinsulinaemia caused by shunting.
Hepatogenous diabetes is generally defined as diabetes developing after cirrhosis in a person without established diabetes beforehand. Compared with conventional T2DM, reported characteristics include less obesity, weaker family history, greater postprandial than fasting hyperglycaemia and fewer recognised microvascular complications. These patterns were described in older clinical cohorts and continue to be observed in contemporary prospective work (Holstein et al., 2002; Maji et al., 2024; Orsi et al., 2017). In the 2024 study by Maji et al., oral glucose tolerance testing identified many patients whose fasting glucose did not disclose diabetes, and hepatogenous diabetes became more prominent with advanced Child-Pugh class. These data support the phenotype as clinically relevant, but they do not establish a universally separable disease category.
The major reason for caution is overlap. A patient may have years of insulin resistance from obesity and MASLD before cirrhosis is recognised, making chronology unreliable. Alcohol-related disease, viral hepatitis, haemochromatosis, ageing, corticosteroid exposure and genetic predisposition can all modify glucose metabolism. Conversely, a person with apparently pre-existing T2DM may experience a second, cirrhosis-driven deterioration characterised by portal-systemic shunting, sarcopenia and impaired hepatic glucose buffering. Kumar et al. (2022) therefore emphasised the evidential and classificatory uncertainty surrounding hepatogenous diabetes despite plausible biology. The most defensible clinical use of the term is as a phenotypic descriptor that raises diagnostic and therapeutic considerations rather than as a category with validated diagnostic boundaries.
Cirrhosis severity modifies both hyperglycaemia and hypoglycaemia risk. Progressive loss of glycogen storage, impaired gluconeogenesis, reduced insulin clearance, renal dysfunction and poor nutritional intake can make glucose responses increasingly unstable. Hepatic encephalopathy may reduce adherence and recognition of hypoglycaemia; infection and acute decompensation can abruptly increase insulin resistance; and recovery from acute illness can lower insulin requirements just as quickly. Thus, the metabolic phenotype is dynamic. A diabetes regimen safe in stable Child-Pugh A cirrhosis can become unsafe during ascites, sepsis, acute kidney injury or reduced oral intake (Castera & Cusi, 2023; Lisi et al., 2026; Puri & Kotwal, 2022).
An additional consequence of cirrhosis is loss of normal hepatic buffering between fed and fasting states. After a meal, the healthy liver extracts portal glucose and suppresses endogenous glucose production; during fasting, hepatic glycogenolysis and gluconeogenesis defend plasma glucose. Cirrhosis weakens both directions of this response. Portosystemic shunting reduces the fraction of nutrient and insulin exposure reaching hepatocytes, while reduced functional mass limits glycogen storage and glucose output. The patient can therefore have substantial postprandial excursions despite an apparently acceptable fasting profile, yet become vulnerable to hypoglycaemia during overnight fasting, prolonged procedures or missed meals. This physiology helps explain why fasting glucose alone is an insensitive screening tool and why aggressive insulin titration based on postprandial hyperglycaemia can produce nocturnal or fasting hypoglycaemia (Castera & Cusi, 2023; García-Compeán et al., 2022; Nishida, 2017).
Skeletal muscle is not simply a comorbidity in this model; it becomes a central metabolic organ as hepatic reserve falls. Cirrhosis-associated sarcopenia reduces peripheral glucose disposal while hyperammonaemia, inflammation, reduced physical activity and inadequate intake promote further muscle loss. Hyperinsulinaemia can coexist with impaired insulin action, and the resulting cycle may worsen both dysglycaemia and functional reserve. This interaction also complicates interpretation of weight change. Loss of body mass in decompensated cirrhosis may reflect fluid removal, loss of muscle or inadequate nutrition rather than improvement in the cardiometabolic substrate of diabetes. Any intervention that lowers glucose by reducing intake or body weight must therefore be judged against preservation of lean tissue and function, particularly in advanced disease (Lai et al., 2021; Singal et al., 2025).
Aetiology further modifies the phenotype. MASLD-related cirrhosis often develops after years of obesity, insulin resistance and T2DM, so the metabolic disorder is likely to precede clinically recognised portal hypertension. By contrast, diabetes emerging late in viral, cholestatic or other non-metabolic cirrhosis may more clearly reflect reduced insulin clearance, altered portal flow and loss of beta-cell compensation. Alcohol-associated cirrhosis can combine pancreatic injury, poor nutrition and hepatic insulin resistance, producing a phenotype that does not fit neatly into either category. These differences matter for prognosis and therapy because the expected benefit of weight-reducing or cardiorenal agents is greater when substantial adiposity and conventional cardiometabolic risk coexist, whereas maintenance of intake and avoidance of hypoglycaemia may dominate when malnutrition and decompensation are present (Boursier et al., 2021; Castera & Cusi, 2023; European Association for the Study of the Liver et al., 2024).
Table 1 summarises the distinctions that are most useful at the bedside. The table deliberately treats T2DM and hepatogenous diabetes as overlapping clinical patterns because the evidence does not support a binary diagnostic test. The therapeutic implication is to identify the dominant source of risk: cardiometabolic disease and obesity in one patient, or advanced hepatic dysfunction, sarcopenia and hypoglycaemia vulnerability in another.
Table 1. Clinically useful distinctions between pre-existing type 2 diabetes and hepatogenous diabetes in cirrhosis
	Feature
	Pre-existing T2DM pattern
	Hepatogenous diabetes pattern
	Management implication
	Supporting references

	Timing
	Diabetes usually precedes recognised cirrhosis.
	Dysglycaemia becomes evident after cirrhosis or with worsening hepatic function.
	Chronology informs interpretation but is not definitive in MASLD or unrecognised long-standing liver disease.
	(Kumar et al., 2022; Orsi et al., 2017)

	Body habitus and metabolic risk
	Obesity, dyslipidaemia, hypertension and family history are often present.
	Patients may be leaner and have fewer conventional metabolic risk factors.
	Do not assume all cirrhosis-associated diabetes reflects the same cardiometabolic phenotype.
	(Holstein et al., 2002; Maji et al., 2024)

	Glycaemic pattern
	Fasting and postprandial hyperglycaemia may both be evident.
	Postprandial hyperglycaemia can dominate while fasting glucose and HbA1c appear deceptively low.
	Use postprandial assessment or OGTT when routine markers are discordant with clinical suspicion.
	(Maji et al., 2024; Nishida, 2017)

	Mechanistic emphasis
	Adipose, hepatic and muscle insulin resistance with progressive beta-cell failure.
	Reduced hepatic insulin clearance, portosystemic shunting, muscle insulin resistance and eventual beta-cell dysfunction.
	Therapy must account for both insulin resistance and reduced capacity to buffer fasting glucose.
	(Elkrief et al., 2016; Perseghin et al., 2000)

	Complication profile
	Classic microvascular and cardiovascular complications reflect duration and control.
	Older cohorts reported fewer microvascular complications, while liver-related events dominate prognosis.
	Screen conventionally for diabetes complications but prioritise liver-related vulnerability and nutrition.
	(Holstein et al., 2002; Orsi et al., 2017)

	Diagnostic certainty
	Recognised diabetes classification and diagnostic thresholds apply, with cirrhosis-related caveats.
	No universally accepted validated diagnostic classification separates it from T2DM.
	Use hepatogenous diabetes as a working phenotype rather than a rigid disease label.
	(Kumar et al., 2022; Maji et al., 2024)


Note. HbA1c = glycated haemoglobin; MASLD = metabolic dysfunction-associated steatotic liver disease; OGTT = oral glucose tolerance test; T2DM = type 2 diabetes mellitus. The phenotypes overlap and are not mutually exclusive.
4. Diagnosis, Glycaemic Monitoring and Treatment Targets
Diagnosis is complicated because the tests used routinely in diabetes were validated in populations without the haematological and metabolic disturbances of advanced cirrhosis. Fasting plasma glucose may miss clinically important dysglycaemia when hepatic glucose production is impaired during fasting but postprandial disposal is poor. Studies using oral glucose tolerance testing (OGTT) repeatedly identify patients with cirrhosis who have diabetic-range post-challenge glucose despite non-diagnostic fasting values (Maji et al., 2024; Nishida, 2017). This does not mean that every patient with cirrhosis requires an OGTT. It means that normal fasting glucose cannot reliably exclude clinically important dysglycaemia when there is advanced liver disease, unexplained postprandial symptoms, recurrent infections, metabolic risk or discordance between glucose measurements and HbA1c.
HbA1c is especially vulnerable to misinterpretation. Hypersplenism shortens erythrocyte survival, gastrointestinal bleeding and haemolysis alter red-cell age, transfusion introduces donor erythrocytes, and anaemia is common. In 200 patients referred for transplantation, Nadelson et al. (2016) found substantial discordance between measured HbA1c and glucose-derived estimates, with anaemia predicting greater disagreement. In such patients, a seemingly reassuring HbA1c should not override direct glucose measurements. The limitation becomes more important in decompensated disease because the same patients who have the least reliable HbA1c are often those in whom hypoglycaemia is most dangerous.
Alternative glycated proteins such as fructosamine or glycated albumin have theoretical advantages because they are not dependent on erythrocyte lifespan, but cirrhosis also disturbs albumin concentration, turnover and distribution. Their interpretation is therefore not straightforward in hypoalbuminaemia, protein loss or rapidly changing clinical states. They can be supportive when HbA1c is uninterpretable, but neither has a cirrhosis-specific outcome-validated target that would justify replacing glucose-based monitoring altogether (Boursier et al., 2021; Castera & Cusi, 2023).
Self-monitoring of blood glucose remains useful when treatment can cause hypoglycaemia, but isolated pre-meal testing may miss nocturnal or postprandial excursions. Continuous glucose monitoring (CGM) can reveal glycaemic variability, unrecognised nocturnal hypoglycaemia and treatment-related patterns that are particularly relevant when cognitive symptoms overlap with hepatic encephalopathy. The evidential limitation is that CGM thresholds and time-in-range targets have not been prospectively validated against cirrhosis outcomes. CGM should therefore be used as a management tool rather than as evidence that conventional diabetes targets should be imposed unchanged on advanced liver disease (Castera & Cusi, 2023; Lisi et al., 2026).
Treatment targets should be individualised by hepatic reserve, hypoglycaemia risk, functional status and life expectancy. General diabetes standards emphasise person-centred goals based on comorbidity, functional status and hypoglycaemia vulnerability (American Diabetes Association Professional Practice Committee for Diabetes, 2026). In cirrhosis, that principle requires stronger weighting of decompensation, hepatic encephalopathy, renal dysfunction, malnutrition and ability to self-manage. In stable compensated cirrhosis with reliable monitoring and low hypoglycaemia risk, conventional glycaemic goals may remain appropriate. In Child-Pugh B or C disease, recurrent decompensation, frailty or cognitive impairment, avoiding clinically important hypoglycaemia and symptomatic hyperglycaemia is usually more important than achieving a low HbA1c value.
A practical diagnostic strategy should distinguish screening from longitudinal treatment monitoring. In clinically stable cirrhosis without known diabetes, fasting plasma glucose and HbA1c are convenient starting tests, but a normal result should not end evaluation when there is strong metabolic risk, unexplained postprandial symptoms or advanced liver disease. Oral glucose tolerance testing (OGTT) is particularly informative when fasting measures are discordant with clinical suspicion because cirrhosis frequently produces impaired post-challenge handling before fasting hyperglycaemia becomes obvious. The OGTT is less useful during acute infection, active gastrointestinal bleeding, recent corticosteroid exposure or unstable decompensation, when transient stress hyperglycaemia may obscure the baseline phenotype. Reassessment after clinical stabilisation is therefore preferable to permanently labelling diabetes from an isolated inpatient glucose abnormality (Maji et al., 2024; Nath & Anand, 2021; Nishida, 2017).
Once treatment begins, the reliability of the measurement should determine how much weight it receives. HbA1c remains useful when red-cell turnover is reasonably stable, but discordance between HbA1c and capillary or sensor glucose should prompt investigation of anaemia, haemolysis, recent bleeding, transfusion and hypersplenism rather than reflexive intensification. Fructosamine and glycated albumin avoid dependence on erythrocyte lifespan, yet cirrhosis-related hypoalbuminaemia and altered protein turnover create their own biases, so neither is a universal replacement for HbA1c. Structured capillary profiles can reveal fasting versus postprandial patterns, and continuous glucose monitoring (CGM) can uncover nocturnal hypoglycaemia and glycaemic variability that averaged biomarkers conceal. The limitation is evidentiary rather than technological: cirrhosis-specific prospective studies have not yet established that conventional CGM targets predict hepatic decompensation or that intensifying treatment to achieve them improves liver outcomes (Boursier et al., 2021; Castera & Cusi, 2023; Nadelson et al., 2016).
Treatment targets should also be revisited after sentinel events rather than fixed indefinitely. Development of ascites, recurrent hepatic encephalopathy, acute kidney injury, infection, gastrointestinal bleeding, major weight loss, transjugular intrahepatic portosystemic shunt placement or transplant listing can alter insulin requirements and the safety of oral or injectable therapies. In advanced disease, a numerically impressive HbA1c may be less reassuring than a glucose profile showing stable concentrations without clinically important hypoglycaemia. Conversely, permissive hyperglycaemia should not become an automatic default because severe or symptomatic elevations contribute to dehydration, infection risk and catabolic stress. The defensible approach is calibrated control: use the least hazardous regimen that prevents symptomatic hyperglycaemia while preserving nutrition, cognition and functional reserve (American Diabetes Association Professional Practice Committee for Diabetes, 2026; Castera & Cusi, 2023; Lisi et al., 2026).
Table 2 compares the principal monitoring tools. No single marker is sufficient across all stages of cirrhosis. The most reliable strategy is triangulation: combine direct glucose measurements with awareness of test-specific bias and repeat assessment when clinical status changes.
Table 2. Glycaemic assessment in liver cirrhosis: strengths, limitations and clinical use
	Tool
	Principal value
	Cirrhosis-specific limitation
	Best use
	Supporting references

	Fasting plasma glucose
	Simple diagnostic and monitoring measure.
	May be low or normal despite marked postprandial dysglycaemia.
	Initial screening; interpret with postprandial data when suspicion persists.
	(Maji et al., 2024; Nishida, 2017)

	HbA1c
	Reflects average glycaemia over preceding months in usual diabetes care.
	Can be falsely low with anaemia, hypersplenism, bleeding, transfusion or shortened erythrocyte survival.
	Useful when haematological status is stable; do not use alone in decompensated cirrhosis.
	(Nadelson et al., 2016; Puri & Kotwal, 2022)

	75-g OGTT
	Detects impaired glucose tolerance and post-challenge diabetes missed by fasting tests.
	Time-consuming; affected by acute illness and not suitable for unstable inpatients.
	Suspected hepatogenous diabetes or discordant fasting glucose/HbA1c in stable patients.
	(Maji et al., 2024; Nishida, 2017)

	Capillary SMBG
	Direct, actionable glucose values linked to meals and medication.
	Intermittent sampling can miss nocturnal or postprandial excursions.
	Insulin or secretagogue therapy; acute changes in intake or clinical status.
	(Boursier et al., 2021; Castera & Cusi, 2023)

	CGM
	Profiles variability, nocturnal hypoglycaemia and postprandial excursions.
	Cirrhosis-specific outcome targets are not validated; device performance may vary during oedema or acute illness.
	Selected high-risk patients with recurrent or unrecognised hypoglycaemia and complex insulin regimens.
	(Castera & Cusi, 2023; Lisi et al., 2026)

	Fructosamine / glycated albumin
	Independent of erythrocyte lifespan.
	Affected by altered albumin concentration and turnover; limited cirrhosis-specific targets.
	Adjunct when HbA1c is uninterpretable and albumin status is sufficiently stable.
	(Boursier et al., 2021; Castera & Cusi, 2023)


Note. CGM = continuous glucose monitoring; HbA1c = glycated haemoglobin; OGTT = oral glucose tolerance test; SMBG = self-monitoring of blood glucose.
5. Prognostic Significance: What Diabetes Changes in Cirrhosis
Diabetes is consistently associated with a less favourable clinical course in cirrhosis, but the strength and mechanism of individual associations vary. In compensated hepatitis C virus-related cirrhosis, Calzadilla-Bertot et al. (2016) found that diabetes and marked insulin resistance were independently associated with decompensation and death or transplantation. Such data support prognostic relevance, but aetiology-specific cohorts from the pre-direct-acting antiviral era should not be assumed to provide identical risk estimates in modern MASLD-related cirrhosis. A more defensible conclusion is that dysglycaemia identifies a population with added metabolic and hepatic vulnerability, while the magnitude of risk depends on liver severity, aetiology and comorbidity.
The association with hepatic encephalopathy (HE) is among the most reproducible liver-specific signals. In patients with cirrhosis and ascites, diabetes increased the risk of first overt HE in analyses that adjusted for liver severity and other covariates (Jepsen et al., 2015). A prospective cohort likewise associated diabetes with covert HE at baseline and subsequent overt HE (Labenz et al., 2020). More recently, diabetes was independently associated with HE after transjugular intrahepatic portosystemic shunt (TIPS) placement (Spaan et al., 2026). Proposed explanations include constipation and altered gut transit, hyperammonaemia, systemic inflammation, sarcopenia and reduced skeletal-muscle ammonia disposal. These mechanisms are plausible, but current evidence still shows association rather than proof that tighter glycaemic control prevents HE.
Portal hypertension may also intersect with glucose metabolism. Studies of hepatogenous diabetes have linked post-challenge hyperglycaemia and insulin resistance with portal pressure and variceal bleeding, supporting a model in which worsening hepatic haemodynamics and metabolic dysfunction progress together. Yet temporal direction is difficult to establish because portal hypertension itself reduces insulin clearance and increases shunting. This is another reason to avoid describing diabetes simply as a causal driver of decompensation in every patient (Elkrief et al., 2016; Maji et al., 2024).
Evidence for infection is less uniform. Cirrhosis and diabetes both impair host defence, and some reviews describe higher infection risk in diabetic cirrhosis. Nevertheless, Bossen et al. (2019) analysed 1,198 patients with cirrhosis and ascites and found no independent increase in infection incidence or post-infection mortality associated with diabetes. This negative result is clinically important because it prevents a broad assumption that every cirrhosis complication is amplified by diabetes to the same extent. Similar caution is warranted for hepatocellular carcinoma: diabetes is epidemiologically linked with hepatocellular carcinoma, but drug-specific associations can be confounded by metabolic phenotype, cirrhosis aetiology and competing mortality.
The central therapeutic inference is therefore modest. Diabetes is a prognostic marker and a modifiable metabolic disorder, but direct evidence that achieving a particular glucose target reduces decompensation or mortality is lacking. Management should pursue safe glycaemic control while simultaneously addressing the processes more clearly linked to outcome: aetiology-specific liver treatment, portal-hypertension care, nutrition, renal protection, cardiovascular risk and prevention of decompensation.
Whether diabetes is a causal driver of decompensation or partly a marker of advanced metabolic and hepatic disease remains difficult to separate. Associations with mortality, hepatic encephalopathy and decompensation persist across several cohorts, but diabetes clusters with age, obesity, cardiovascular disease, renal dysfunction and sarcopenia, all of which independently worsen prognosis. In hepatitis C-related compensated cirrhosis, impaired glucose metabolism predicted decompensation and death, supporting a clinically meaningful relationship beyond simple coexistence (Calzadilla-Bertot et al., 2016). Large cohorts also link diabetes to hepatic encephalopathy, including after transjugular intrahepatic portosystemic shunt, which is biologically plausible given altered ammonia handling, inflammation and muscle loss (Jepsen et al., 2015; Labenz et al., 2020; Spaan et al., 2026). Yet the ascites cohort reported by Bossen et al. (2019) did not find a higher infection risk or infection-related mortality from diabetes, illustrating that individual complications do not move uniformly with glycaemic status. Prognostic counselling should therefore avoid deterministic language and instead use diabetes as one component of a broader risk profile that includes liver severity, renal function, frailty and prior decompensation.
A second interpretive problem is that the exposure labelled 'diabetes' is heterogeneous. Long-standing T2DM with vascular complications is not equivalent to newly recognised post-challenge hyperglycaemia in a patient with advanced portal hypertension. The former may carry decades of cardiovascular and renal risk, whereas the latter may be more strongly coupled to hepatic physiological failure. Studies that combine these phenotypes can dilute or exaggerate specific mechanisms. This is one reason why observational outcome estimates are not sufficient to define treatment targets. Better prognosis research needs chronology of diabetes, measures of glycaemic exposure that remain valid in cirrhosis, cirrhosis aetiology, body composition and time-updated decompensation status rather than a single baseline diabetes code (Kumar et al., 2022; Maji et al., 2024; Orsi et al., 2017).
6. Nutrition, Weight Management, Sarcopenia and Exercise
Nutrition creates one of the sharpest conflicts between conventional T2DM management and cirrhosis care. Weight loss and energy restriction may be appropriate for obesity and MASLD, but advanced cirrhosis accelerates fasting metabolism and promotes protein catabolism. Patients can therefore have obesity and severe sarcopenia simultaneously. Restrictive diets that reduce absolute weight while further depleting muscle may worsen frailty, glucose disposal and ammonia handling. Guidance for cirrhosis consequently emphasises adequate energy and protein intake, avoidance of prolonged fasting, small frequent meals and a late-evening snack, with protein restriction generally discouraged even in HE (Lai et al., 2021; Singal et al., 2025).
For compensated MASLD-related cirrhosis with obesity, intentional weight reduction may improve metabolic health and reduce cardiometabolic risk, but it should be gradual and accompanied by adequate protein and resistance activity where feasible. The goal is loss of adipose tissue while preserving or increasing muscle, not pursuit of a scale weight in isolation. This distinction becomes more important when GLP-1 RAs are used because appetite suppression and gastrointestinal adverse effects can be therapeutically helpful in obesity but harmful in a frail patient with early satiety from ascites. Current MASLD guidance supports incretin-based therapy for conventional indications but does not establish it as a cirrhosis-targeted treatment (European Association for the Study of the Liver et al., 2024).
Sarcopenia contributes directly to metabolic instability because skeletal muscle is a major site of insulin-mediated glucose uptake and an extrahepatic site of ammonia metabolism. Reduced muscle mass can therefore intensify insulin resistance while simultaneously reducing nutritional reserve. Assessment should be practical and repeated, using weight trajectory, intake, functional measures and body-composition information when available rather than relying on body mass index alone. Fluid retention can mask tissue loss, so apparent weight stability is not reassuring in a patient accumulating ascites or oedema (Lai et al., 2021).
Exercise prescriptions should match portal-hypertension complications, balance, cardiovascular status and frailty. Aerobic activity can support insulin sensitivity, while resistance exercise is particularly relevant to muscle preservation. Evidence for specific programmes in diabetic cirrhosis remains sparse, and decompensated patients may need supervised rehabilitation rather than generic exercise advice. The key principle is that glycaemic management must not be separated from physical reserve.
Table 3 translates these tensions into stage-specific priorities. It highlights why a treatment that produces weight loss can be advantageous in one patient with compensated obesity and detrimental in another with decompensation and poor intake.
Table 3. Nutrition and metabolic priorities across common cirrhosis phenotypes
	Clinical phenotype
	Dominant metabolic risk
	Priority
	Avoid or use cautiously
	Supporting references

	Compensated cirrhosis with obesity/MASLD
	Adiposity, insulin resistance, cardiovascular risk.
	Sustainable weight reduction with protein adequacy, physical activity and resistance training.
	Rapid or severe energy restriction that causes muscle loss.
	(European Association for the Study of the Liver et al., 2024; Lai et al., 2021)

	Sarcopenic obesity
	High adiposity with low muscle reserve; BMI may be misleading.
	Body-composition-aware nutrition; adequate protein; resistance exercise if safe.
	Weight-centred targets without assessment of muscle and function.
	(Lai et al., 2021; Singal et al., 2025)

	Decompensated cirrhosis with poor intake
	Catabolism, fasting intolerance, hypoglycaemia and micronutrient deficiency.
	Small frequent meals, late-evening snack, sufficient energy/protein and dietetic review.
	Prolonged fasting and aggressive weight-loss treatment.
	(Lai et al., 2021; Singal et al., 2025)

	Hepatic encephalopathy
	Reduced intake, cognitive impairment, hyperammonaemia and muscle loss.
	Maintain protein intake; optimise HE therapy and simplify diabetes self-management.
	Routine protein restriction or complex regimens that the patient cannot execute safely.
	(Lai et al., 2021; Singal et al., 2025)

	Ascites/oedema
	Fluid-related weight distortion and reduced effective arterial volume.
	Interpret weight changes with fluid status; monitor renal function and sodium management.
	Using scale weight alone as evidence of successful metabolic weight loss.
	(European Association for the Study of the Liver, 2018; Singal et al., 2025)


Note. BMI = body mass index; HE = hepatic encephalopathy; MASLD = metabolic dysfunction-associated steatotic liver disease.
7. Pharmacological Management Across Cirrhosis Severity
Medication selection should start with the clinical state rather than with a universal ranking of glucose-lowering agents. Four questions are decisive: Is the cirrhosis compensated or decompensated? Is renal function stable? Is oral intake adequate and predictable? Is the patient vulnerable to hypoglycaemia because of frailty, cognitive impairment, prior episodes or a drug regimen that increases insulin exposure? Pharmacokinetic safety is necessary but not sufficient. A drug can have acceptable exposure in hepatic impairment yet remain clinically unsuitable because it worsens volume depletion, appetite, gastrointestinal tolerance or hypoglycaemia risk. Conversely, a label warning based on hepatic impairment does not prove that a medication is intrinsically hepatotoxic. This distinction is central to rational prescribing (Boursier et al., 2021; Castera & Cusi, 2023; Puri & Kotwal, 2022).
7.1 Metformin
Metformin is the best studied oral agent in cirrhosis, but the evidence is mostly observational. Its advantages include low intrinsic hypoglycaemia risk, weight neutrality or modest weight reduction and long clinical experience. The principal feared toxicity is metformin-associated lactic acidosis, a concern that becomes clinically relevant when cirrhosis is accompanied by severe renal impairment, hypoxia, sepsis, shock or acute decompensation rather than from stable compensated cirrhosis alone. In a single-centre cohort, continuation after cirrhosis diagnosis was associated with substantially longer survival and no observed lactic acidosis events (Zhang et al., 2014). A much larger Veterans Health Administration cohort similarly associated metformin exposure with lower overall mortality, although not with reduced hepatic decompensation or hepatocellular carcinoma after adjustment for concomitant therapies (Kaplan et al., 2021).
A 2024 systematic review and meta-analysis of observational studies found an association between metformin and lower all-cause mortality or transplantation in compensated cirrhosis but no clear reduction in decompensation (Peppas et al., 2024). This pattern is informative: it supports the safety of metformin in selected stable patients and argues against routine discontinuation solely because cirrhosis is diagnosed, but it does not establish a liver-specific protective effect. Confounding by renal function, disease severity and prescribing selection remains difficult to eliminate. A practical approach is to continue or initiate metformin in carefully selected compensated cirrhosis when renal function and tissue perfusion are stable, while withholding it during acute kidney injury, sepsis, hypoxia, severe decompensation or other conditions that increase lactate risk.
7.2 Sulfonylureas and other insulin secretagogues
Sulfonylureas are problematic because hepatic metabolism, altered protein binding, reduced gluconeogenic reserve and unpredictable food intake can magnify hypoglycaemia. This risk is particularly concerning in decompensated disease and in patients with HE. An observational Taiwanese study complicates the conventional narrative: among patients with T2DM and compensated cirrhosis, sulfonylurea use was associated with lower mortality and cardiovascular events rather than excess harm (Yen et al., 2020). The finding is useful precisely because it shows that blanket contraindication is not strongly evidence based in compensated disease. It should not, however, be interpreted as proof of benefit. Treatment selection in administrative data is highly confounded, and the pharmacological hazard of prolonged hypoglycaemia remains. Secretagogues are therefore generally lower-priority choices when safer alternatives are available, especially as hepatic reserve declines.
7.3 Dipeptidyl peptidase-4 inhibitors
Dipeptidyl peptidase-4 (DPP-4) inhibitors have low intrinsic hypoglycaemia risk and are weight neutral, features that are attractive in cirrhosis. Pharmacokinetic data for linagliptin showed no clinically important increase in exposure across hepatic impairment groups, suggesting that hepatic impairment alone does not necessitate dose adjustment for that agent (Graefe-Mody et al., 2012). Yet pharmacokinetic reassurance should not be confused with evidence of favourable liver outcomes. A propensity-matched Taiwanese cohort associated DPP-4 inhibitor use with more decompensation and hepatic failure than non-use in compensated cirrhosis, without a mortality difference (Yen, Wei, et al., 2021). Residual confounding and comparator choice limit causal inference, but the study weakens any assumption that the class is neutral simply because it is convenient. DPP-4 inhibitors remain reasonable glucose-lowering options in selected compensated patients, particularly when hypoglycaemia avoidance is important, but they do not currently have evidence of liver-specific benefit.
7.4 GLP-1 receptor agonists and emerging incretin/glucagon co-agonists
GLP-1 RAs have transformed T2DM and obesity management because of substantial glucose lowering, weight reduction and cardiovascular benefit. Their relevance to cirrhosis is greatest in the expanding population with obesity and MASLD-related disease. Observational cirrhosis-specific data are encouraging. In US claims data, GLP-1 RA initiators had fewer hepatic decompensation events than matched initiators of DPP-4 inhibitors or sulfonylureas; comparisons with SGLT2 inhibitors were less conclusive (Simon et al., 2022). A Taiwanese cohort also associated GLP-1 RA use with favourable long-term outcomes in T2DM with cirrhosis (Yen et al., 2024). Because these studies are non-randomised, they support comparative safety and hypothesis generation rather than proof that GLP-1 RAs prevent decompensation.
Randomised evidence in established cirrhosis is more limited and provides a useful counterweight to enthusiasm. In patients with non-alcoholic steatohepatitis-related compensated cirrhosis, semaglutide 2.4 mg weekly did not significantly improve fibrosis or steatohepatitis resolution compared with placebo over 48 weeks, although metabolic parameters improved and no new decompensation safety signal emerged (Loomba et al., 2023). Thus, the case for GLP-1 RAs in compensated cirrhosis should rest primarily on conventional diabetes, obesity and cardiovascular indications, not on a claim that they reverse cirrhosis. Gastrointestinal adverse effects, loss of appetite, gallbladder events and excessive weight or muscle loss deserve particular attention in frail or poorly nourished patients.
Dual metabolic agonists are entering the evidence base. A phase I study of survodutide, a glucagon/GLP-1 receptor dual agonist, included participants across Child-Pugh classes for single-dose pharmacokinetics and participants with Child-Pugh A or B disease for longer multiple dosing. Exposure was not materially altered, and exploratory metabolic and liver markers improved (Lawitz et al., 2024). The study broadens the feasibility of studying modern metabolic drugs in cirrhosis, but its small size, short duration and non-randomised design mean that it should not change routine decompensated-cirrhosis practice.
7.5 Sodium-glucose cotransporter-2 inhibitors
SGLT2 inhibitors combine glucose lowering with proven cardiorenal benefits in broad T2DM populations and induce modest natriuresis. These properties have led to interest in cirrhosis, including speculation that they might assist volume management. Early discussion was largely mechanistic and based on small reports (Saffo & Taddei, 2018). The evidence base has since strengthened, particularly in compensated cirrhosis. A 2026 target-trial emulation comparing new SGLT2 inhibitor and DPP-4 inhibitor users found lower risks of the composite of decompensation, hepatocellular carcinoma or death, driven by lower mortality and decompensation but not hepatocellular carcinoma (Chou et al., 2026). A large Taiwanese cohort likewise associated SGLT2 inhibitor use with lower kidney, cardiovascular, mortality and hepatic decompensation risks than DPP-4 inhibitors (Chung et al., 2026).
These findings are clinically important but remain observational. Channeling bias is plausible because clinicians may avoid SGLT2 inhibitors in patients with low blood pressure, severe renal dysfunction, recurrent infections or unstable decompensation. In advanced cirrhosis, the same pharmacology that is beneficial in heart failure can be hazardous: osmotic diuresis and natriuresis may worsen intravascular underfilling, acute kidney injury or hypotension, while poor intake increases the risk of ketosis and euglycaemic diabetic ketoacidosis. SGLT2 inhibitors are therefore most defensible in carefully selected compensated patients with stable renal function and conventional cardiorenal indications. They should not yet be considered standard therapy for cirrhotic ascites, and routine use during unstable decompensation is not supported by current evidence.
7.6 Thiazolidinediones and alpha-glucosidase inhibitors
Pioglitazone improves insulin sensitivity and has evidence in non-cirrhotic steatohepatitis, but fluid retention, weight gain and fracture risk make it unattractive as cirrhosis advances. Trials demonstrating hepatic benefit in steatohepatitis generally do not establish safety in decompensated cirrhosis. For patients with ascites or oedema, the fluid-retaining effect creates a strong reason for avoidance. In stable compensated cirrhosis without fluid retention, use may be considered for conventional indications, but there is little cirrhosis-specific outcome evidence (Boursier et al., 2021; Castera & Cusi, 2023).
Alpha-glucosidase inhibitors act mainly in the gastrointestinal tract and target postprandial hyperglycaemia, a pattern common in hepatogenous diabetes. A randomised crossover trial of acarbose in cirrhosis with T2DM and low-grade HE improved postprandial glycaemia and neuropsychometric measures, although the study predates modern HE management and was not designed for hard outcomes (Gentile et al., 2005). A later Taiwanese cohort associated alpha-glucosidase inhibitor use with lower mortality and liver-related complications in compensated cirrhosis (Yen et al., 2022). Gastrointestinal adverse effects and pill burden limit use, but the class remains a rational niche option when postprandial hyperglycaemia predominates and systemic hypoglycaemia risk must be minimised.
7.7 Insulin
Insulin remains the most controllable therapy when oral or injectable non-insulin agents are unsafe, ineffective or temporarily inappropriate. It is particularly important in severe decompensation, critical illness, marked symptomatic hyperglycaemia and the perioperative period. Yet cirrhosis makes dosing unusually unpredictable: insulin resistance can increase requirements, while reduced hepatic insulin clearance, impaired gluconeogenesis and poor intake can abruptly reduce them. Cognitive impairment further raises risk. For these reasons, conservative dose initiation, frequent glucose reassessment and flexible basal-bolus strategies are preferable to rigid regimens or reactive sliding-scale insulin alone (Castera & Cusi, 2023; Puri & Kotwal, 2022).
The assumption that insulin is necessarily the safest long-term therapy in cirrhosis is not supported by comparative outcomes. In a propensity-matched Taiwanese cohort of compensated cirrhosis, insulin users had higher risks of mortality, decompensation, cardiovascular events and hypoglycaemia than non-users (Yen, Lai, et al., 2021). The result cannot establish insulin toxicity because patients prescribed insulin often have longer-duration or more severe diabetes and greater comorbidity. It does, however, reinforce that insulin should be used because it is clinically necessary, not because cirrhosis automatically makes all non-insulin treatment unacceptable.
Drug selection is best approached as a sequence of safety questions rather than by a fixed hierarchy. The first question is whether the patient is clinically stable enough for a long-term outpatient strategy. Active sepsis, gastrointestinal bleeding, acute kidney injury, severe vomiting, marked reduction in oral intake or rapidly changing decompensation can temporarily invalidate a regimen that was reasonable in clinic. The second question is whether the dominant long-term problem is obesity and cardiometabolic risk or, instead, malnutrition, hypotension, renal vulnerability and recurrent encephalopathy. The third is whether the intended drug has a benefit that is established in general T2DM but merely extrapolated to cirrhosis, or whether there is cirrhosis-specific evidence. This distinction is central for newer therapies: strong cardiovascular and kidney evidence in general diabetes does not by itself prove prevention of portal-hypertensive complications (Boursier et al., 2021; Castera & Cusi, 2023; Puri & Kotwal, 2022).
Renal function and haemodynamic reserve require particular attention because they change both efficacy and toxicity. Creatinine can underestimate renal impairment in sarcopenic cirrhosis, while diuretics, ascites and systemic vasodilatation can reduce effective circulating volume. A drug that promotes natriuresis or depends on renal clearance may therefore become unsuitable before a change in liver enzymes is obvious. Metformin safety is mainly constrained by renal failure and tissue hypoxia rather than by compensated cirrhosis alone; SGLT2 inhibitors require attention to volume status, genital infection, ketoacidosis risk and acute illness; and several DPP-4 inhibitors require renal dose adaptation even when hepatic pharmacokinetics appear favourable. For insulin, declining renal and hepatic clearance can reduce requirements unpredictably. Medication review should therefore accompany changes in renal function, diuretic therapy, ascites control and nutritional intake rather than occur only at scheduled diabetes visits (Boursier et al., 2021; Castera & Cusi, 2023; Lisi et al., 2026).
Metformin illustrates the difference between historical contraindication and current evidence. Concern about lactic acidosis led to broad avoidance in chronic liver disease, but clinically relevant risk is concentrated in settings that impair lactate clearance or tissue oxygenation, such as severe renal dysfunction, shock, sepsis and hypoxia. Multiple observational cirrhosis cohorts associate continued metformin with lower mortality, and a recent meta-analysis supports a survival association in compensated disease (Kaplan et al., 2021; Peppas et al., 2024; Zhang et al., 2014). The evidence does not prove that metformin directly improves portal hypertension or reverses cirrhosis, and it should not override temporary withholding during acute physiological instability. Its contemporary role is therefore conditional rather than categorical: a reasonable foundational agent in selected stable patients, not a liver-directed therapy and not a drug to preserve at all costs during decompensation.
The enthusiasm surrounding incretin therapy likewise requires two separate judgments. In patients with compensated MASLD cirrhosis, obesity and T2DM, GLP-1 receptor agonists can address clinically important obesity and cardiometabolic risk. Observational comparative studies suggest lower rates of decompensation than some older glucose-lowering comparators, while the semaglutide phase 2 trial in compensated metabolic dysfunction-associated steatohepatitis (MASH)-related cirrhosis provided reassuring short-term safety but did not demonstrate a significant fibrosis benefit (Loomba et al., 2023; Simon et al., 2022; Yen et al., 2024). These results support use for established metabolic indications in appropriately selected compensated patients, not the assertion that GLP-1 therapy treats cirrhosis itself. In patients with poor appetite or sarcopenia, gastrointestinal adverse effects and rapid weight loss can conflict directly with liver-disease priorities. Monitoring should therefore include intake, muscle and function rather than body weight alone (Lai et al., 2021; Singal et al., 2025).
SGLT2 inhibitors have generated a different form of optimism because osmotic diuresis, natriuresis and cardiorenal protection seem potentially relevant to portal-hypertensive physiology. Recent target-trial emulation and nationwide cohort data in compensated cirrhosis associate SGLT2 inhibitor use with lower mortality, decompensation and cardiorenal events than DPP-4 inhibitor comparators (Chou et al., 2026; Chung et al., 2026). These analyses are strengthened by large samples and active comparators, but they remain vulnerable to channeling of SGLT2 inhibitors toward patients with better renal function, higher blood pressure and more stable disease. They should not be interpreted as evidence that SGLT2 inhibitors are established treatments for ascites. In decompensated patients receiving diuretics, potential volume depletion, acute kidney injury and euglycaemic ketoacidosis during fasting or infection make cautious case selection essential until prospective trials define safety.
Insulin occupies the opposite evidentiary position: its glucose-lowering efficacy is unquestioned, but its long-term comparative safety in cirrhosis is difficult to infer from observational data. The association between insulin use and adverse outcomes in compensated cirrhosis may reflect hypoglycaemia and hyperinsulinaemia, but it is also highly susceptible to confounding because insulin is preferentially prescribed to patients with severe or long-duration diabetes (Yen, Lai, et al., 2021). Insulin remains the most controllable option when acute illness, severe hyperglycaemia or advanced decompensation makes non-insulin therapy unsuitable. Safer use depends on regimen simplification, matching doses to actual intake, reassessing requirements as renal and hepatic function change, and involving caregivers when cognition is impaired. The clinical error is not using insulin when necessary; it is assuming that insulin requires less individualisation than newer therapies simply because it has long been used in liver disease (Castera & Cusi, 2023; Lisi et al., 2026).
Table 4 synthesises the practical balance between evidence and risk. The categories are intentionally cautious: cirrhosis severity, renal function, oral intake and frailty can move an individual patient from one risk category to another within days.
Table 4. Glucose-lowering therapies in cirrhosis: evidence, advantages and stage-specific cautions
	Class
	Potential advantages
	Main cirrhosis-specific concerns
	Most defensible current role
	Supporting references

	Metformin
	Low hypoglycaemia risk; extensive experience; observational survival signal.
	Lactic acidosis risk rises with acute kidney injury, sepsis, hypoxia or severe decompensation.
	Preferred foundational option in selected stable compensated cirrhosis with preserved renal/perfusion status.
	(Kaplan et al., 2021; Peppas et al., 2024; Zhang et al., 2014)

	Sulfonylureas
	Effective and inexpensive.
	Hypoglycaemia, hepatic metabolism, altered protein binding, unpredictable intake.
	Lower-priority option; avoid or use very cautiously as liver dysfunction advances.
	(Puri & Kotwal, 2022; Yen et al., 2020)

	DPP-4 inhibitors
	Weight neutral; low intrinsic hypoglycaemia risk; simple dosing.
	Limited liver-outcome benefit; observational signal for decompensation with class use.
	Selected compensated patients when simplicity and hypoglycaemia avoidance are priorities.
	(Graefe-Mody et al., 2012; Yen, Wei, et al., 2021)

	GLP-1 receptor agonists
	Weight loss, strong glucose lowering, established cardiometabolic benefits; relevant to MASLD.
	Nausea/vomiting, poor intake, excessive weight or muscle loss; limited Child-Pugh B/C evidence.
	Compensated cirrhosis with obesity/T2DM when conventional indications are present and nutrition is adequate.
	(Loomba et al., 2023; Simon et al., 2022; Yen et al., 2024)

	SGLT2 inhibitors
	Cardiorenal benefit; low hypoglycaemia risk; observational cirrhosis outcome signals.
	Volume depletion, hypotension, AKI, genital infection, euglycaemic ketoacidosis; limited decompensated data.
	Carefully selected compensated patients with stable renal function; not established ascites therapy.
	(Chou et al., 2026; Chung et al., 2026; Saffo & Taddei, 2018)

	Pioglitazone
	Improves insulin sensitivity; evidence in non-cirrhotic steatohepatitis.
	Fluid retention, weight gain, fracture risk; little advanced-cirrhosis outcome evidence.
	Occasional compensated patients without oedema/ascites; generally avoid in decompensation.
	(Boursier et al., 2021; European Association for the Study of the Liver et al., 2024)

	Alpha-glucosidase inhibitors
	Targets postprandial hyperglycaemia; minimal systemic hypoglycaemia.
	Gastrointestinal intolerance and pill burden.
	Niche option in compensated cirrhosis with postprandial excursions.
	(Gentile et al., 2005; Yen et al., 2022)

	Insulin
	Rapidly titratable; usable during acute illness and advanced decompensation.
	High hypoglycaemia risk; requirements fluctuate with hepatic function, intake and renal function.
	Essential when severe hyperglycaemia, decompensation or acute illness makes alternatives unsuitable.
	(Castera & Cusi, 2023; Yen, Lai, et al., 2021)


Note. AKI = acute kidney injury; DPP-4 = dipeptidyl peptidase-4; GLP-1 = glucagon-like peptide-1; MASLD = metabolic dysfunction-associated steatotic liver disease; SGLT2 = sodium-glucose cotransporter-2; T2DM = type 2 diabetes mellitus. This table is not a dosing guide; individual drug labelling, renal function and acute clinical status must be considered.
8. Decompensated Cirrhosis, Acute Illness and Inpatient Management
Decompensation changes the therapeutic objective. Ascites, variceal bleeding, HE, jaundice, infection and acute kidney injury reduce the margin for medication-related adverse events, and the priority becomes prevention of severe hypo- or hyperglycaemia while the precipitating illness is treated. The haemodynamic state of decompensated cirrhosis is characterised by reduced effective arterial blood volume despite total-body fluid excess. Drugs that reduce intravascular volume or depend on stable renal clearance can therefore become unsafe rapidly. Guidelines for decompensated cirrhosis emphasise careful renal and circulatory management, which should be integrated directly into diabetes decisions (European Association for the Study of the Liver, 2018).
During sepsis, hypoxia, gastrointestinal bleeding, acute kidney injury, prolonged fasting or major procedures, metformin should generally be withheld because the context rather than cirrhosis alone creates lactic acidosis risk. SGLT2 inhibitors should be interrupted during acute illness, reduced intake or haemodynamic instability because of volume and ketoacidosis concerns. Agents that stimulate endogenous insulin secretion become increasingly unattractive when oral intake is unpredictable. These are dynamic safety decisions rather than permanent declarations that a drug can never be used again after recovery.
Insulin is usually the most adaptable therapy in hospital, but requirements can change quickly as infection resolves, steroids are started or stopped, nutrition is interrupted, renal function deteriorates or portal-systemic physiology changes. Frequent bedside glucose measurement or selected use of CGM with confirmatory testing can reduce unrecognised hypoglycaemia. A basal component with nutritional and correctional insulin is generally more physiologically coherent than sliding-scale insulin used alone, although exact dosing must be individualised. In patients with recurrent HE, family or caregiver participation may be essential after discharge because the cognitive capacity needed for carbohydrate estimation, insulin titration and hypoglycaemia rescue may fluctuate.
Decompensation also sharpens the distinction between glycaemic control and metabolic overtreatment. Mild to moderate persistent hyperglycaemia may be less immediately dangerous than recurrent hypoglycaemia in a malnourished patient with encephalopathy. Conversely, severe hyperglycaemia promotes osmotic diuresis and can worsen dehydration or infection risk. The appropriate target is therefore a safe range rather than a low HbA1c, and the monitoring strategy should be intensified whenever clinical state changes (Castera & Cusi, 2023; Lisi et al., 2026).
Acute decompensation should be treated as a metabolic transition rather than merely another clinic encounter. Infection, bleeding, corticosteroids, procedures and stress hormones can transiently raise glucose, whereas reduced intake, vomiting, renal impairment and loss of hepatic glucose production can precipitate hypoglycaemia. The direction of insulin requirement is therefore not predictable from the pre-admission dose. Fixed outpatient regimens should be reviewed on admission and again during recovery. Drugs whose safety depends on stable kidney function, perfusion or oral intake may need temporary interruption, while insulin can be titrated more rapidly to changing physiology. This does not imply that insulin is benign: frequent glucose assessment and conservative dose adjustment are especially important when hepatic encephalopathy limits symptom reporting (European Association for the Study of the Liver, 2018; Lisi et al., 2026).
Discharge creates a second high-risk transition. Resolution of sepsis, withdrawal of corticosteroids, diuresis, paracentesis, improved appetite or deterioration in renal function can all make the inpatient regimen inappropriate after leaving hospital. Medication reconciliation should therefore specify which therapies were stopped only temporarily, which should not be restarted without review, and how glucose will be monitored during the early post-discharge period. Recurrent encephalopathy or limited health literacy may require caregiver participation and a deliberately simple regimen. The quality of this transition is likely to matter more for hypoglycaemia prevention than small differences between drug classes, yet it has been poorly studied as a cirrhosis-specific intervention (Castera & Cusi, 2023; Puri & Kotwal, 2022).
9. Liver Transplantation and Post-Transplant Diabetes
Liver transplantation illustrates both the reversibility and persistence of cirrhosis-related dysglycaemia. By restoring hepatic mass and portal circulation, transplantation can improve insulin sensitivity in patients whose diabetes is predominantly hepatogenous. Perseghin et al. (2000) showed that insulin resistance improved markedly after transplantation, but diabetes persisted when beta-cell secretory failure was established. Pre-transplant classification therefore has prognostic interest, yet treatment decisions should remain based on actual glucose patterns and comorbidity rather than on an expectation that diabetes will disappear.
Before transplantation, diabetes management must balance cardiovascular and infection risk, nutritional reserve and the avoidance of hypoglycaemia. Contemporary transplant reviews no longer support a universal rule that insulin must be the sole therapy for all candidates with severe liver disease; selected non-insulin agents may be continued when clinically stable, while insulin remains essential when decompensation or perioperative instability limits alternatives (Brodosi et al., 2022). Close coordination between hepatology, endocrinology, nutrition and transplant teams is particularly important because medication eligibility can change as renal function or listing status changes.
After transplantation, the metabolic environment changes again. Corticosteroids and calcineurin inhibitors can promote post-transplantation diabetes mellitus (PTDM), while appetite, weight and renal function evolve. Early postoperative hyperglycaemia is often managed with insulin because requirements are rapidly changing. Longer-term therapy can be individualised according to kidney function, weight, cardiovascular disease, graft steatosis and immunosuppressive interactions. Reviews of liver-transplant recipients increasingly consider GLP-1 RAs and SGLT2 inhibitors promising, but liver-transplant-specific outcome data remain limited (Richardson et al., 2022). International PTDM consensus likewise acknowledges that evidence for newer drugs is developing and that many recommendations across solid-organ transplantation remain based on expert interpretation rather than high-certainty comparative trials (Sharif et al., 2024).
The post-transplant setting should not be treated as simply the continuation of pre-transplant diabetes care. Resolution of portal hypertension may reduce insulin resistance, immunosuppression may add new diabetogenic pressure, renal dysfunction can constrain metformin or SGLT2 inhibitor use, and weight gain can reintroduce MASLD risk. Longitudinal reassessment of diabetes phenotype and medication need is therefore more appropriate than automatic continuation of the pre-transplant regimen.
The transplant setting reveals why diabetes phenotype should remain provisional. Removal of the cirrhotic liver and reversal of portal-systemic physiology can improve insulin sensitivity in patients whose dysglycaemia was strongly driven by cirrhosis, but persistent beta-cell dysfunction or long-standing T2DM may prevent remission. At the same time, corticosteroids and calcineurin inhibitors can create or worsen post-transplant diabetes, while improved appetite and weight gain may re-establish a conventional metabolic phenotype. The direction of change is therefore patient specific. Pre-transplant labels should not substitute for reassessment of fasting and postprandial glucose, renal function, nutritional status and medication requirements after graft recovery (Brodosi et al., 2022; Perseghin et al., 2000).
Management priorities also change across the transplant timeline. Before transplantation, severe hypoglycaemia, malnutrition and cognitive impairment can dominate risk, and treatment needs to remain compatible with unpredictable admissions and procedures. Early after transplantation, rapidly changing steroid exposure, renal function and infection risk commonly favour flexible glucose management. Later, cardiovascular and renal protection, obesity, graft steatosis and recurrent MASLD become more prominent. Evidence for specific glucose-lowering agents in transplant recipients remains thinner than in general T2DM, and interactions with immunosuppression, kidney function and gastrointestinal tolerability require individual review. A longitudinal transplant-diabetes pathway is therefore more defensible than importing either the pre-transplant cirrhosis regimen or a standard primary-care algorithm unchanged (Brodosi et al., 2022).
10. Emerging Evidence and an Integrated Stage-Based Management Model
The most important advance in recent years is not the identification of a single preferred drug but the emergence of a stage-based model. In compensated cirrhosis, particularly MASLD-related disease, clinicians can increasingly choose therapies on the basis of the same cardiovascular, renal and obesity indications that guide modern T2DM care, provided hepatic safety and nutrition are considered. Metformin can often remain foundational; GLP-1 RAs are attractive when obesity and cardiometabolic risk dominate; and SGLT2 inhibitors are increasingly supported by observational cirrhosis data. The evidence should nevertheless be described accurately: the strongest recent signals for prevention of decompensation with GLP-1 RAs or SGLT2 inhibitors come from non-randomised comparative cohorts, not from cirrhosis-specific outcome trials (Chou et al., 2026; Chung et al., 2026; Simon et al., 2022; Yen et al., 2024).
The management centre of gravity shifts as cirrhosis progresses. In compensated Child-Pugh A disease, long-term cardiorenal and metabolic outcomes can be prioritised. In more advanced Child-Pugh B disease, nutrition, renal function and treatment tolerance increasingly constrain options. In Child-Pugh C or unstable decompensation, avoidance of hypoglycaemia, preservation of intake and rapidly reversible insulin strategies become dominant, with non-insulin therapies reconsidered only after stabilisation. The Child-Pugh class is not itself a complete prescribing algorithm, but it is a useful proxy for the physiological reserve that determines medication tolerance (Boursier et al., 2021; Castera & Cusi, 2023; Lisi et al., 2026).
A second advance is the recognition that management should respond to phenotype rather than drug class alone. A patient with compensated MASLD, obesity, preserved kidney function and strong cardiovascular indications may be an excellent candidate for a GLP-1 RA or SGLT2 inhibitor. The same agent may be inappropriate in a patient with refractory ascites, low blood pressure, recurrent HE and poor oral intake. Similarly, a low HbA1c may indicate excellent control in a stable patient but may signal distorted erythrocyte kinetics or recurrent hypoglycaemia in advanced cirrhosis. This contextual interpretation is more important than any single numeric target.
The stage-based model becomes more useful when it is treated as a repeated decision process rather than a one-time classification. At every major review, the clinician can ask whether cirrhosis is compensated or decompensated, whether renal and haemodynamic reserve are stable, whether the patient is nutritionally robust or sarcopenic, whether hypoglycaemia has occurred, and which non-glycaemic benefits are clinically relevant. In compensated disease with preserved intake and kidney function, the treatment portfolio can resemble contemporary T2DM care more closely. After decompensation, the same portfolio may need to contract temporarily or permanently. This framework explains why no single ranking of metformin, GLP-1 receptor agonists, SGLT2 inhibitors, DPP-4 inhibitors and insulin can remain valid across the full natural history of cirrhosis (Boursier et al., 2021; Castera & Cusi, 2023).
Importantly, treatment success should be defined by more than HbA1c. A favourable plan controls symptomatic hyperglycaemia without causing hypoglycaemia, preserves oral intake and muscle, respects renal and haemodynamic constraints, minimises regimen complexity when cognition is impaired, and addresses cardiovascular risk when life expectancy and functional reserve make those benefits meaningful. In a patient with obesity and compensated MASLD cirrhosis, substantial weight loss may represent therapeutic success. In a patient with recurrent ascites and sarcopenia, the same degree of weight loss could be harmful if it reflects reduced intake or lean-mass depletion. Outcome assessment must therefore follow the physiology the treatment is intended to improve, not a universal metabolic surrogate (Lai et al., 2021; Singal et al., 2025).
Table 5 summarises representative evidence that has shaped contemporary practice. The contrast between large observational cohorts and the small number of randomised cirrhosis trials explains why current treatment can be rational and evidence-informed without being supported by high-certainty comparative data for every drug class.
Table 5. Representative evidence informing contemporary diabetes management in cirrhosis
	Study
	Design and population
	Main finding relevant to practice
	Critical limitation
	Supporting references

	Metformin continuation
	Retrospective cohort of patients using metformin at cirrhosis diagnosis.
	Continuation was associated with longer survival; no lactic acidosis events were observed in the cohort.
	Single-centre observational design and treatment-selection bias.
	(Zhang et al., 2014)

	National metformin cohort
	Large Veterans Health Administration cohort with diabetes and cirrhosis.
	Metformin exposure was associated with lower overall mortality but not clearly lower decompensation or HCC after adjustment.
	Predominantly male cohort; residual confounding remains possible.
	(Kaplan et al., 2021)

	GLP-1 RA comparative cohort
	Propensity-matched claims-based cohorts of cirrhosis and T2DM.
	GLP-1 RA initiation was associated with fewer decompensation events than DPP-4 inhibitors or sulfonylureas.
	Short follow-up and non-random treatment allocation.
	(Simon et al., 2022)

	Semaglutide in compensated MASH cirrhosis
	Randomised placebo-controlled phase 2 trial.
	No significant fibrosis or MASH-resolution benefit at 48 weeks; metabolic improvements and no new decompensation safety signal.
	Small trial; not powered for clinical decompensation outcomes.
	(Loomba et al., 2023)

	SGLT2 target-trial emulation
	Matched adults with T2DM and compensated cirrhosis initiating SGLT2 or DPP-4 inhibitors.
	SGLT2 inhibitor use was associated with lower mortality and incident decompensation.
	Observational design; healthier-user and prescribing-channel bias remain possible.
	(Chou et al., 2026)

	SGLT2 nationwide cohort
	Large Taiwanese retrospective cohort comparing SGLT2 and DPP-4 inhibitors.
	SGLT2 inhibitors were associated with lower renal, cardiovascular, mortality and decompensation risks.
	Administrative data cannot eliminate residual confounding or fully characterise cirrhosis severity.
	(Chung et al., 2026)

	Insulin comparative cohort
	Propensity-matched compensated-cirrhosis cohort.
	Insulin use was associated with more hypoglycaemia and adverse clinical outcomes.
	Strong confounding by indication and diabetes severity; association is not proof of insulin harm.
	(Yen, Lai, et al., 2021)

	Survodutide early cirrhosis study
	Phase I pharmacokinetic and tolerability study across cirrhosis severity.
	No major exposure increase; exploratory metabolic and liver-marker improvements.
	Small, short-duration, early-phase study; not evidence of clinical outcome benefit.
	(Lawitz et al., 2024)


Note. DPP-4 = dipeptidyl peptidase-4; GLP-1 RA = glucagon-like peptide-1 receptor agonist; HCC = hepatocellular carcinoma; MASH = metabolic dysfunction-associated steatohepatitis; SGLT2 = sodium-glucose cotransporter-2; T2DM = type 2 diabetes mellitus.
11. Controversies and Persistent Evidence Gaps
Recent syntheses continue to frame hepatogenous diabetes as an under-recognised complication of cirrhosis and to propose increasingly precise phenotypes, but the quality of primary evidence remains uneven. Reviews by Nath and Anand (2021) and El-Azab et al. (2026) are valuable for integrating mechanisms and diagnostic reasoning, yet they also illustrate how much contemporary guidance still depends on synthesis of small mechanistic studies and observational cohorts rather than cirrhosis-specific randomised treatment evidence.
The first controversy is whether hepatogenous diabetes should be a formal diagnostic entity. The phenotype has biological coherence and clinically useful features, and contemporary prospective data continue to show that OGTT can uncover diabetes not evident from fasting glucose. Yet chronology is often uncertain, validated diagnostic criteria are absent, and modern MASLD blurs the boundary between liver-driven and metabolically driven diabetes. Formal separation could improve research stratification, but premature clinical labelling could create false certainty. Future studies should therefore report whether diabetes predates cirrhosis, how it was diagnosed, and whether post-challenge dysglycaemia is present rather than relying solely on a binary label (Kumar et al., 2022; Maji et al., 2024).
The second controversy is the extent to which glucose-lowering drugs alter liver outcomes independently of glycaemia and patient selection. Metformin, GLP-1 RAs, SGLT2 inhibitors and alpha-glucosidase inhibitors all have observational associations with favourable outcomes in at least some cirrhosis cohorts. These signals are consistent enough to challenge older therapeutic nihilism, but the evidence architecture is vulnerable to confounding. Patients given newer drugs are often younger, have better renal function, more compensated disease and greater access to specialist care. Patients given insulin may have more severe or longer-duration diabetes. Even sophisticated propensity matching cannot fully measure these clinical differences. Claims that a drug is "hepatoprotective" should therefore be reserved for randomised or otherwise compelling causal evidence.
Third, decompensated cirrhosis remains underrepresented. Many pharmacokinetic studies enrol small numbers of participants and are not designed to detect decompensation, renal events or mortality. Randomised metabolic trials commonly exclude unstable ascites, recent HE, severe renal dysfunction and poor nutrition. The resulting evidence is strongest precisely in the population at lowest treatment risk. Lisi et al. (2026) highlighted how limited the therapeutic evidence remains once decompensation has occurred. This gap is clinically important because the relative importance of weight loss, cardiorenal prevention and tight glycaemia declines as hypoglycaemia, frailty and transplantation become more immediate concerns.
Fourth, glycaemic targets are not validated against liver-specific outcomes. HbA1c can be inaccurate, while CGM-derived metrics have not been linked prospectively to decompensation, HE, wait-list mortality or transplantation outcomes. Observational associations between diabetes and HE suggest that poor glycaemic status may matter, but no trial has established that intensifying treatment to a particular glucose or HbA1c threshold prevents HE. This uncertainty should produce measured individualisation, not abandonment of glycaemic control.
Finally, the aetiological landscape is changing. Older studies are enriched for hepatitis C and alcohol-related cirrhosis, whereas newer cohorts increasingly include MASLD and multimorbidity. Direct-acting antiviral cure, obesity pharmacotherapy and modern cardiorenal diabetes treatment have changed background risk. Evidence synthesis must therefore distinguish enduring physiology from era-specific outcomes. The most credible current framework is adaptive: use established diabetes benefits in stable compensated cirrhosis, reduce treatment complexity and hypoglycaemia risk as hepatic reserve falls, and reassess the entire regimen after each major decompensation.
A further gap concerns the comparator used in modern observational studies. Active-comparator designs are stronger than comparisons with untreated patients, but the choice of comparator can still shape the apparent result. DPP-4 inhibitors, sulfonylureas and insulin are prescribed to different clinical phenotypes, and prescribing is constrained by kidney function, obesity, hypoglycaemia risk and clinician familiarity. A lower decompensation rate among GLP-1 receptor agonist or SGLT2 inhibitor users may therefore represent a mixture of drug effect, better baseline prognosis and differential surveillance. Future causal analyses should emulate explicit treatment strategies, incorporate time-updated renal and liver status, test negative-control outcomes where feasible and report sensitivity to unmeasured confounding. Until then, consistency across cohorts should raise confidence in comparative safety without being converted into a claim of liver-specific efficacy (Chou et al., 2026; Chung et al., 2026; Simon et al., 2022).
12. Future Directions
The immediate research priority is prospective comparative effectiveness in well-phenotyped compensated cirrhosis. Large pragmatic randomised trials or carefully designed prospective cohorts should compare metformin-based combinations, GLP-1 RAs, SGLT2 inhibitors and other low-hypoglycaemia strategies using clinically meaningful liver outcomes rather than liver enzymes alone. Stratification should include cirrhosis aetiology, Child-Pugh class, clinically significant portal hypertension, renal function, diabetes duration, baseline sarcopenia and whether diabetes clearly predates cirrhosis. Outcomes should include first decompensation, HE, acute kidney injury, severe hypoglycaemia, cardiovascular events, quality of life, transplantation and mortality. Without this level of phenotyping, residual confounding will continue to dominate interpretation of drug-outcome associations.
A second priority is deliberate inclusion of stable Child-Pugh B and carefully selected decompensated patients in pharmacological research. These groups are often excluded for safety reasons, but exclusion perpetuates the evidence gap that matters most in clinical practice. Early-phase pharmacokinetic and safety studies such as the survodutide programme show that structured inclusion is feasible (Lawitz et al., 2024). Subsequent trials should use staged enrolment, explicit stopping rules, renal and haemodynamic monitoring, nutritional endpoints and patient-reported tolerability. The objective should not be to demonstrate that every modern agent can be used in decompensation; it should be to identify which patients can safely benefit and when therapy should be withheld.
Third, diabetes phenotyping in cirrhosis needs standardisation. A research definition of hepatogenous diabetes should incorporate documented chronology, OGTT findings, fasting glucose, HbA1c reliability, body composition and conventional T2DM risk factors. Longitudinal studies before and after transplantation could then test whether the proposed phenotype predicts reversibility, beta-cell reserve and treatment response. Such work would move the concept from descriptive taxonomy towards a clinically testable construct (Kumar et al., 2022; Orsi et al., 2017).
Fourth, monitoring studies should determine which CGM metrics are meaningful in cirrhosis. Prospective cohorts could relate time below range, postprandial exposure and glycaemic variability to HE, falls, frailty, hospitalisation and mortality. This is particularly important because HbA1c is least reliable in the patients at greatest risk. Interventional studies could then evaluate whether CGM-guided simplification reduces severe hypoglycaemia without causing symptomatic hyperglycaemia. A validated cirrhosis-specific monitoring strategy would be more useful than importing targets from populations with normal erythrocyte kinetics and hepatic reserve.
Fifth, nutrition and diabetes trials should measure muscle rather than body weight alone. Modern anti-obesity treatments can reduce adiposity substantially, but cirrhosis outcomes depend heavily on sarcopenia and functional reserve. Trials of incretin-based therapies in compensated MASLD cirrhosis should therefore include objective muscle mass, strength, dietary intake and frailty outcomes alongside weight, glycaemia and liver markers. In decompensated disease, the research question should shift from maximum weight loss to preservation of muscle and avoidance of catabolism.
Longer term, integrated care models should be tested rather than assumed to be beneficial. A multidisciplinary pathway linking hepatology, diabetes care, renal assessment, nutrition, pharmacy and transplant services could be evaluated against usual care for medication safety, severe hypoglycaemia, decompensation, emergency attendance and patient burden. The potential value is greatest at transition points: first decompensation, hospital discharge, TIPS, transplant listing and post-transplant steroid tapering. These are the moments when physiological reserve and medication suitability change most rapidly, and when a static diabetes prescription is most likely to become unsafe.
13. Conclusions
Diabetes in liver cirrhosis is not a conventional diabetes problem superimposed on liver disease. Cirrhosis changes glucose physiology, the reliability of HbA1c and fasting glucose, nutritional priorities, medication handling and the consequences of hypoglycaemia. Hepatogenous diabetes remains a useful clinical concept because it draws attention to postprandial dysglycaemia, portal-systemic physiology and beta-cell failure, but it cannot yet be separated reliably from T2DM in many patients. Diagnosis and monitoring should therefore combine direct glucose assessment with awareness of the limitations of surrogate markers.
The strongest management principle is stage-specific individualisation. Stable compensated cirrhosis permits broader use of contemporary diabetes therapies when renal function, nutrition and conventional indications support them. Metformin has the most mature observational safety and survival evidence, while GLP-1 receptor agonists and SGLT2 inhibitors have increasingly persuasive but predominantly non-randomised data in compensated disease. Their metabolic and cardiorenal benefits should not be conflated with proven reversal of cirrhosis. As hepatic reserve declines, treatment priorities shift towards preservation of muscle and intake, renal and haemodynamic safety, simplification and avoidance of hypoglycaemia. Insulin remains indispensable in severe decompensation and acute illness, but its use demands frequent reassessment because requirements are unstable. The next advance will depend less on another general treatment algorithm than on trials that deliberately include cirrhosis severity, body composition, portal-hypertension outcomes and modern glucose-monitoring measures.
14. Limitations
This critical narrative review is intrinsically vulnerable to selection and interpretive bias despite a transparent search and appraisal approach. It did not use a prospectively registered systematic-review protocol, formal duplicate independent screening or a quantitative risk-of-bias score for every included study. Direct access to all subscription bibliographic databases was not available, and the review relied on accessible scholarly indexes and verified bibliographic sources. The evidence itself is heterogeneous: diabetes and hepatogenous diabetes definitions vary, HbA1c is measured under different haematological conditions, cirrhosis severity is inconsistently reported, and many comparative drug studies are retrospective and susceptible to confounding by indication. Decompensated cirrhosis, frailty and severe renal dysfunction are underrepresented in trials, while many older cohorts reflect hepatitis C or treatment eras that differ from contemporary MASLD-dominant practice. These constraints precluded quantitative synthesis and limit the certainty of drug-specific liver outcome conclusions.
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