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ABSTRACT

Type 2 diabetes mellitus (T2DM) was characterized by impaired glucose homeostasis and insulin resistance,
necessitating pharmacologic interventions to maintain glycemic control. Sulfonylureas (SUs) had been widely used
to stimulate insulin secretion but were associated with a significant risk of hypoglycemia. Hepatic glucokinase
activators (GKAs) are emerging agents that enhance hepatic glucose uptake and metabolism, potentially reducing
hypoglycemia risk by acting insulin-independently. This review critically examined the comparative hypoglycemia
risk profiles of hepatic glucokinase activators versus sulfonylureas in T2DM management. A comprehensive
literature search was conducted using major scientific databases to identify preclinical and clinical studies evaluating
hypoglycemia incidence associated with GKAs and SUs, focusing on randomized controlled trials, mechanistic
studies, and meta-analyses. Sulfonylureas induce hypoglycemia predominantly by stimulating pancreatic B-cell
insulin secretion regardless of ambient glucose levels. In contrast, hepatic GKAs amplify glucose phosphorylation
in hepatocytes, enhancing glycogen synthesis and glucose clearance without direct insulin stimulation. Clinical
evidence indicated that GKAs reduced fasting and postprandial glucose effectively with a lower incidence of
hypoglycemia compared to SUs. Nevertheless, hepatic GKAs’ efficacy varied depending on their isoform selectivity
and pharmacokinetic profiles. Limitations included the relatively recent clinical trial data on GKAs and the long-
term safety concerns related to liver metabolism modulation. Hepatic glucokinase activators represented a promising
therapeutic alternative to sulfonylureas, with a more favorable hypoglycemia risk profile in the management of
T2DM. However, further longitudinal studies were required to establish sustained efficacy, safety, and optimal
dosing.
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INTRODUCTION
Type 2 diabetes mellitus is a chronic metabolic disorder defined by insulin resistance coupled with progressive {3-
cell dysfunction, leading to persistent hyperglycemia [1-37]. Central to maintaining glucose homeostasis is the
hepatic enzyme glucokinase, which catalyzes the phosphorylation of glucose to glucose-6-phosphate, a key step in
glycolysis and glycogen synthesis. Glucokinase’s unique kinetic properties allow it to act as a glucose sensor in
hepatocytes, regulating glucose uptake in response to fluctuating plasma glucose levels [47].
Historically, sulfonylureas have formed a core component of T2DM pharmacotherapy by binding to ATP-sensitive
potassium channels on pancreatic B-cells, augmenting insulin release independently of glucose concentration [57.
Despite their efficacy in lowering blood glucose, SUs are frequently associated with hypoglycemic episodes,
including severe events requiring medical intervention. Hypoglycemia represents a crucial clinical limitation,
influencing drug choice and patient outcomes.
This review aims to critically synthesize evidence comparing the hypoglycemia risk profiles of hepatic glucokinase
activators versus sulfonylureas in the treatment of T2DM, focusing on their mechanisms of action, clinical efficacy,
safety, and implications for therapeutic decision-making.
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Molecular Mechanisms of Hepatic Glucokinase Activation and Sulfonylurea Action

Understanding the distinct biochemical pathways through which hepatic GKAs and sulfonylureas affect glucose
metabolism elucidates their differential hypoglycemia risk profiles. Hepatic glucokinase, a hexokinase isoform
expressed predominantly in the liver, facilitates the phosphorylation of glucose with low affinity but high capacity,
enabling fine-tuned control of postprandial glucose disposal [6, 7. Activation of glucokinase via allosteric GKAs
increases the enzyme’s affinity for glucose, thereby accelerating hepatic glucose uptake and glycogen synthesis. This
mechanism reduces plasma glucose concentrations without directly triggering insulin secretion, lessening the
potential for hypoglycemia.

In contrast, sulfonylureas target the pancreatic B-cell K_ATP channel subunits, leading to cell depolarization,
calcium influx, and insulin exocytosis regardless of ambient glucose levels [87. This glucose-independent insulin
release can provoke hypoglycemic events, especially under fasting conditions or overdose. The sustained stimulation
can eventually exhaust -cell function.

Mechanistic studies indicate that hepatic GKAs provide glucose-lowering effects by augmenting first-pass clearance
and glycogenesis, mechanisms that maintain glucose regulation within physiological limits. However, some GKAs
demonstrate partial pancreatic effects, complicating the risk assessment. These findings underscore the importance
of isoform selectivity in minimizing adverse events.

Glucokinase activation in the liver modulates glucose metabolism more precisely than sulfonylurea-mediated insulin
secretion, offering a biochemical basis for lower hypoglycemia risk [9, 107]. This distinction frames the clinical
comparison of these agents.

Analytical and Experimental Methods in Hypoglycemia Risk Assessment

The evaluation of hypoglycemia associated with glucose-lowering agents requires rigorous analytical and clinical
methodologies to capture incidence, severity, and biochemical correlates. Studies assessing sulfonylureas and hepatic
GKAs employ a variety of experimental designs, including randomized controlled trials (RCTs), crossover studies,
and prospective cohort analyses. Continuous glucose monitoring (CGM) and standardized biochemical assays
facilitate real-time detection of hypoglycemic episodes, while standardized definitions of hypoglycemia (e.g., plasma
glucose <70 mg/dL) ensure consistency across studies [117].

RCTs investigating sulfonylureas frequently report higher rates of hypoglycemia compared to other drugs,
reinforced by meta-analytic data stratified by drug subclass and dosing regimens. For hepatic GKAs, early phase
clinical trials incorporate pharmacodynamic endpoints such as hepatic glucose uptake, fasting glucose reduction, and
postprandial glucose excursions alongside safety assessments, including hypoglycemia monitoring. However, the
heterogeneity in GKA molecular structures and their pharmacokinetics challenges direct comparison across trials.
Additionally, experimental animal models provide mechanistic insights but yield limited translational precision
owing to interspecies metabolic differences. Advanced imaging and tracer studies elucidate hepatic glucose flux
enhanced by GKAs, supporting clinical findings [127]. Analytical methods underscore the need for precise glucose
monitoring and standardized reporting to accurately reflect hypoglycemia risk. Analytical rigor and evolving
methodologies strengthen the comparative safety assessments but require further harmonization to refine clinical
guidelines. This methodological underpinning leads to examination of clinical outcomes and implications.

Clinical and Pathophysiological Implications of Hypoglycemia in T2DM Therapy

Hypoglycemia remains one of the most formidable complications hindering optimal glycemic control in T2DM
therapy [13, 147. Beyond acute neuroglycopenic symptoms, repeated hypoglycemic episodes adversely affect
cardiovascular health, cognitive function, and overall quality of life. The hypoglycemia risk intrinsic to sulfonylurea
use often necessitates dose adjustments or drug discontinuation, compromising glycemic targets and increasing the
burden of diabetes complications.

Clinical evidence consistently demonstrates that SUs, while efficacious at reducing glycemic indices, elevate
hypoglycemia incidence compared to many other glucose-lowering agents [157. This effect is exacerbated in elderly
patients, those with renal impairment, or concomitant polypharmacy. In contrast, hepatic glucokinase activators
show promising clinical profiles marked by reduced hypoglycemic episodes, attributable to their glucose-dependent
mechanism of action. Early clinical trials reveal improvements in fasting and postprandial glucose without
increasing severe hypoglycemia.

However, the liver-centric targeting of GKAs also raises pathophysiological questions regarding effects on hepatic
lipid metabolism and potential induction of steatosis or dyslipidemia [167]. Balancing glycemic benefits against these
risks requires a nuanced understanding. The pathophysiological context suggests that GKAs might better preserve
B-cell function by circumventing excessive insulin secretagogue demand. Overall, hypoglycemia risk differences
between GKAs and SUs impact therapeutic strategies and patient safety, emphasizing the need for tailored
pharmacotherapy in T2DM management.
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Therapeutic and Translational Perspectives
The translational potential of hepatic GKAs lies in their novel mode of action that complements existing therapies
[17]. As add-on agents or monotherapies, GKAs offer a strategic alternative to sulfonylureas, particularly in
patients at high risk for hypoglycemia or with contraindications to insulin secretagogues. Pharmacokinetic
variability among GKAs necessitates individualized dosing regimens to optimize efficacy while mitigating hepatic
side effects.
Recent phase II and III trial data suggest that GKAs improve glycemic control with fewer hypoglycemic events
compared to traditional sulfonylureas [12, 187]. However, some agents have demonstrated transient elevations in
liver enzymes and modest increases in triglyceride levels, necessitating ongoing safety monitoring. Additionally,
combinational therapy with metformin or sodium-glucose cotransporter 2 inhibitors requires further investigation
to define synergistic effects and cumulative risks.
Commercial development pipelines incorporate next-generation GKAs with improved hepatic specificity and
metabolic profiles, reflecting advances in medicinal chemistry. Translational research aims to integrate biomarker-
driven patient stratification to maximize benefit-to-risk ratios. Despite these advances, limitations remain, including
long-term safety data scarcity and an incomplete understanding of GKA's impact on hepatic energy homeostasis and
lipid storage [19, 207].
The therapeutic promise of GKAs highlights the potential paradigm shift toward liver-targeted glucose control,
underpinning future clinical management frameworks.
Gaps, Controversies, and Future Research Directions
While evidence increasingly supports the hypoglycemia safety advantage of hepatic GKAs over sulfonylureas,
significant knowledge gaps and controversies persist. The long-term metabolic and hepatic consequences of
sustained glucokinase activation remain incompletely defined, particularly regarding steatosis risk and possible
fibrotic progression [21, 227. The heterogeneity of GKA compounds, varying in isoform selectivity and
bioavailability, complicates data interpretation and cross-trial comparisons.
Controversy exists around whether mild pancreatic effects observed with some GKAs pose unforeseen hypoglycemia
risks or diminish long-term [-cell preservation [237. Moreover, the relative influence of hepatic versus pancreatic
glucokinase in glucose homeostasis and its modulation by pharmacologic activators requires further delineation.
Another unresolved issue lies in how GKAs integrate with emerging T2DM treatments and whether combination
therapies exacerbate or mitigate hypoglycemia [247].
Future research must focus on large-scale, long-duration randomized studies to assess chronic safety, elucidate
mechanistic pathways of hepatic glucose metabolism modulation, and explore personalized medicine approaches
using genetic and metabolic biomarkers [257. Additionally, standardization of hypoglycemia definitions and
monitoring protocols will enhance evidence robustness. Addressing these gaps will critically inform clinical
guidelines and drug development strategies.
Thus, the evolving field of hepatic glucokinase activation offers promising therapeutic innovation, contingent upon
rigorous investigation into safety and efficacy.
CONCLUSION
This review synthesizes current understanding of the comparative hypoglycemia risks of hepatic glucokinase
activators and sulfonylureas in T2DM management. Mechanistically, hepatic GKAs reduce plasma glucose by
enhancing hepatic glucose phosphorylation and glycogen synthesis without stimulating insulin release, which
markedly decreases hypoglycemia incidence compared to sulfonylureas’” direct -cell insulinotropic action. Clinical
trials corroborate these biochemical distinctions with consistent reports of fewer hypoglycemic events in patients
treated with GKAs. Nevertheless, the evidence is tempered by the relatively recent introduction of GKAs, limited
long-term safety data, and concerns regarding hepatic lipid metabolism and enzyme elevations. Sulfonylureas retain
utility owing to established efficacy and cost-effectiveness but show a higher propensity for hypoglycemia,
particularly in vulnerable populations. The balance of current evidence favors hepatic GKAs as a safer alternative
for hypoglycemia, positioning them as a significant advancement in T2DM therapeutics. However, a comprehensive
understanding of their long-term metabolic effects and optimization of treatment regimens remain critical for
widespread clinical adoption. Continued rigorous investigation will help define the ultimate place of GKAs in
diabetes care algorithms. Extensive longitudinal clinical trials assessing the long-term safety and metabolic impact
of hepatic glucokinase activators are recommended before broader clinical integration.
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