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Abstract: 

Phenformin is a biguanide antidiabetic agent historically used in the management of type 2 diabetes 

mellitus. It demonstrates potent glucose-lowering efficacy by inhibiting hepatic gluconeogenesis and 

enhancing peripheral glucose uptake. Despite its effectiveness, clinical use of Phenformin declined due to 

the risk of lactic acidosis, a rare but life-threatening adverse drug reaction. Pharmacovigilance plays a 

critical role in identifying, monitoring, and preventing such adverse effects to ensure patient safety. This 

review provides a comprehensive analysis of Phenformin’s pharmacological profile, therapeutic efficacy, 

associated adverse effects, risk factors, and the pharmacovigilance measures implemented to mitigate 

risks. Clinical evidence, regulatory perspectives, and lessons learned from historical data are discussed to 

highlight the importance of vigilant drug safety monitoring in modern clinical practice. 

 

1. Introduction 

Diabetes mellitus (DM) is a chronic metabolic disorder characterized by elevated blood glucose levels due 

to impaired insulin secretion, insulin action, or both. Type 2 diabetes mellitus (T2DM) accounts for the 

majority of cases globally, causing long-term complications including cardiovascular disease, neuropathy, 

nephropathy, and retinopathy [1], [2]. 

Biguanides are a class of oral hypoglycemic agents historically used for T2DM management. Phenformin, 

chemically known as N-(2-phenylethyl)biguanide, was introduced in the 1950s and demonstrated potent 

glucose-lowering effects by inhibiting hepatic gluconeogenesis and increasing peripheral glucose uptake 
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[3], [4]. It was observed to have superior efficacy compared to Metformin, especially in early clinical trials 

[4]. 

Despite its effectiveness, Phenformin was associated with a significantly increased risk of lactic acidosis, 

which could be fatal. This risk led to its withdrawal or severe restriction in many countries [5], [6]. The 

case of Phenformin underscores the importance of pharmacovigilance, which involves the detection, 

assessment, understanding, and prevention of adverse drug reactions (ADRs) and drug-related problems 

[7]. 

Pharmacovigilance ensures systematic monitoring of drug safety and is critical in preventing severe 

ADRs, guiding clinical decisions, and protecting patients. This review focuses on Phenformin’s 

pharmacological profile, therapeutic benefits, adverse effects, risk factors, and pharmacovigilance 

strategies, highlighting lessons learned from its historical use. 
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2. Pharmacological Profile of Phenformin 

2.1 Chemical Structure and Properties 

Phenformin belongs to the biguanide class of oral hypoglycemic agents. Its chemical name is N-(2-

phenylethyl)biguanide, and its molecular formula is C10H15N5. Phenformin is a white to off-white 

crystalline powder, freely soluble in water and ethanol. The biguanide moiety is responsible for its 

glucose-lowering effects. Its structural characteristics contribute to both its efficacy and risk of lactic 

acidosis. 

 

2.2 Mechanism of Action 

Phenformin primarily lowers blood glucose through multiple mechanisms: 

1. Inhibition of hepatic gluconeogenesis: Reduces production of glucose in the liver. 

2. Increase in peripheral glucose uptake: Enhances insulin sensitivity in muscle and adipose 

tissues. 

3. Improvement in insulin receptor activity: Promotes better utilization of circulating insulin. 
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The combined effect of these mechanisms results in significant reduction of fasting and postprandial blood 

glucose levels. Compared to Metformin, Phenformin exhibits stronger inhibition of hepatic glucose 

production but carries a higher risk of mitochondrial toxicity, which is linked to lactic acidosis [8], [9]. 

2.3 Pharmacokinetics 

Phenformin has distinct pharmacokinetic characteristics: 

● Absorption: Rapid and nearly complete after oral administration. 
● Distribution: Widely distributed in body tissues, with moderate plasma protein binding. 
● Metabolism: Metabolized in the liver through hydroxylation pathways. 
● Excretion: Eliminated primarily via the kidneys; impaired renal function increases risk of drug 

accumulation and lactic acidosis. 
● Half-life: Approximately 10–15 hours, longer than Metformin, contributing to higher systemic 

exposure [10], [11]. 
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2.4 Therapeutic Indications 

Phenformin was historically indicated for: 

● Type 2 diabetes mellitus in patients inadequately controlled by diet and exercise. 
● Patients requiring potent glucose-lowering effect but without significant renal impairment. 
● It is no longer commonly used due to safety concerns but remains an important case study in 

pharmacovigilance and drug safety monitoring [12].  

 

3. Efficacy of Phenformin 

3.1 Clinical Effectiveness 

Phenformin was historically recognized for its potent glucose-lowering effect in type 2 diabetes mellitus 

(T2DM). It reduces fasting plasma glucose (FPG) and postprandial glucose (PPG) levels more 

effectively than some other oral hypoglycemics available during its period of use. Clinical trials in the 

1960s and 1970s reported a reduction in fasting glucose by 25–30% in patients treated with Phenformin 

[13], [14]. 

Its glucose-lowering effect is primarily due to the inhibition of hepatic gluconeogenesis and enhanced 

peripheral insulin sensitivity. In combination with dietary management and lifestyle interventions, 

Phenformin significantly improved glycemic control and HbA1c levels [15]. 

 

3.2 Comparison with MetforminAlthough Metformin replaced Phenformin in most clinical practices, 

historical studies demonstrated that Phenformin was more potent in reducing hepatic glucose 
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production However, this increased potency came at the cost of higher systemic exposure and risk of 

lactic acidosis [16], [17]. 

 

Parameter Phenformin Metformin Notes 

Fasting Glucose Reduction 25–30% 20–25% Phenformin slightly more effective 

HbA1c Reduction 1.5–2% 1–1.5% Comparable but Phenformin slightly higher 

Risk of Lactic Acidosis High Low Safety concern for Phenformin 

Half-life 10–15 hours 4–6 hours Longer exposure for Phenformin 

3.3 Evidence from Clinical Trials 

● Randomized controlled trials (RCTs) in the 1960s–1970s demonstrated superior efficacy of 

Phenformin over other antidiabetic drugs available at the time [18]. 
● Patients experienced better glycemic control with Phenformin monotherapy or in combination 

with dietary interventions. 
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● Long-term studies, however, reported rare but serious adverse effects like lactic acidosis, 

limiting its continued use [19].  

3.4 Summary of Efficacy 

Phenformin was highly effective in lowering blood glucose and HbA1c levels in T2DM patients, 

outperforming early oral hypoglycemics and even showing slightly higher potency than Metformin. 

However, the risk of serious ADRs outweighed its benefits, leading to withdrawal in several countries.Its 
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International Journal for Multidisciplinary Research (IJFMR) 

 
E-ISSN: 2582-2160   ●   Website: www.ijfmr.com   ●   Email: editor@ijfmr.com 

 

 

IJFMR250662143 Volume 7, Issue 6, November-December 2025 8 

 

historical data provide valuable insights into balancing drug efficacy with safety, emphasizing the role 

of pharmacovigilance. 

 

4. Adverse Drug Reactions (ADRs) of Phenformin 

4.1 Common ADRs 

Phenformin is associated with several gastrointestinal side effects, which were the most frequently 

reported during clinical use. These include: 

● Nausea 
● Vomiting 
● Diarrhea 
● Abdominal discomfort 
These ADRs are generally mild and dose-dependent, resolving upon dose reduction or discontinuation of 

the drug [20], [21]. 

 

4.2 Serious ADRs 

The most critical and life-threatening ADR of Phenformin is lactic acidosis, characterized by: 

● Accumulation of lactate in the blood (>5 mmol/L) 
● Decreased blood pH (<7.35) 
● Symptoms: malaise, myalgia, respiratory distress, hypotension, and abdominal pain 

Lactic acidosis is rare but has a high mortality rate (30–50%), particularly in patients with renal or 

hepatic impairment, advanced age, or concurrent illness [22], [23]. 

Other rare but serious ADRs include: 

● Hypoglycemia (especially in combination with insulin or sulfonylureas) 
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● Vitamin B12 deficiency with long-term use 
*- 

4.3 ADR Incidence and Case Reports 

Historical pharmacovigilance data indicate: 

ADR Type Incidence 

Rate 

Notes 

Gastrointestinal effects 20–30% Dose-dependent, mild 

Lactic acidosis 0.01–0.08% Rare but fatal, higher in elderly or renal 

impairment 

Hypoglycemia <1% Usually with combination therapy 

Vitamin B12 deficiency Rare Long-term therapy 

Several case reports highlight severe lactic acidosis leading to hospitalization and death, which ultimately 

influenced regulatory withdrawal of Phenformin in the 1970s [24], [25]. 
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4.4 Summary of ADRs 

Phenformin exhibits high efficacy but significant safety concerns. Gastrointestinal side effects are 

common and manageable, while lactic acidosis, though rare, is life-threatening. These ADRs emphasize 

the need for pharmacovigilance, careful patient selection, and monitoring, particularly in high-risk 

populations. Historical ADR data serve as a critical lesson for evaluating the benefit-risk balance of 

antidiabetic drugs. 

 

5. Pharmacovigilance: Concepts & Importance 

5.1 Definition and Scope 

Pharmacovigilance (PV) is the science and activities related to the detection, assessment, 

understanding, and prevention of adverse effects or any other drug-related problems. Its primary 

goal is to ensure patient safety and optimize therapeutic outcomes [26]. 

The scope of pharmacovigilance includes: 

● Monitoring adverse drug reactions (ADRs) 
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● Evaluating benefit-risk balance of drugs 

● Promoting safe and rational drug use 
● Identifying and preventing medication errors 
● Educating healthcare professionals and patients 
● Pharmacovigilance is particularly critical for drugs with serious but rare ADRs, such as 

Phenformin-induced lactic acidosis. 
●  

5.2 Objectives of Pharmacovigilance 

The key objectives of PV are: 

1. Detection: Early identification of ADRs, including rare and serious reactions. 

2. Assessment: Evaluating causality, severity, and frequency of ADRs. 

3. Understanding: Investigating mechanisms, risk factors, and patterns. 

4. Prevention: Implementing strategies to reduce ADR incidence. 

5. Regulatory Support: Informing policy-making, updating drug labels, and guiding clinical 

practice. 

6. Pharmacovigilance ensures that healthcare providers can make informed decisions and patients are 

protected from preventable drug-related harm [27]. 

 

 

5.3 Methods of Pharmacovigilance 

Pharmacovigilance relies on multiple data collection and analysis methods: 
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● Spontaneous Reporting Systems (SRS): Healthcare professionals report suspected ADRs to 

regulatory authorities. 
● Cohort Studies: Observational studies tracking ADRs in defined patient populations. 
● Case-Control Studies: Compare patients with ADRs to those without to identify risk factors. 
● Meta-analyses & Systematic Reviews: Pool data from multiple studies to identify ADR patterns. 
● Signal Detection: Using databases to detect unusual trends or new ADRs. 

 

5.4 Regulatory Perspectives 

● WHO: Maintains a global ADR database and provides PV guidelines. 

● FDA (USA): Monitors ADRs via MedWatch and evaluates risk mitigation strategies. 
● EMA (Europe): Oversees pharmacovigilance in the EU, requiring periodic safety updates. 
● National PV Programs: Countries implement their own pharmacovigilance centers to collect and 

analyze ADR data. 
Pharmacovigilance frameworks ensure that drugs like Phenformin, which have high-risk profiles, are 

closely monitored to prevent fatal ADRs. 

 

5.5 Summary of Pharmacovigilance 

Pharmacovigilance is a critical component of drug safety, ensuring that both common and rare ADRs 

are detected, assessed, and prevented. The case of Phenformin illustrates how systematic PV can prevent 

life-threatening ADRs, inform regulatory actions, and guide clinical practice. Effective 

pharmacovigilance combines spontaneous reporting, observational studies, database analysis, and global 

regulatory collaboration. 

 

6. Pharmacovigilance Specific to Phenformin 

6.1 Historical Monitoring and ADR Reports 

Phenformin was widely used from the 1950s until its withdrawal in the late 1970s. Early post-marketing 

surveillance revealed rare but severe cases of lactic acidosis, which prompted closer monitoring by 

healthcare authorities. Case reports and spontaneous ADR reports indicated that elderly patients, those 

with renal impairment, and those with liver dysfunction were at higher risk [28], [29]. 
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The identification of lactic acidosis cases led to regulatory actions, including withdrawal or severe 

restriction in countries such as the USA, UK, and Canada. This scenario highlights the importance of 

early detection and ongoing pharmacovigilance for high-risk drugs. 

 

6.2 Detection Strategies for Phenformin ADRs 

To ensure drug safety, multiple detection strategies were employed: 

1. Spontaneous ADR Reporting: Physicians and pharmacists reported suspected lactic acidosis 

cases to national pharmacovigilance centers. 

2. Hospital Surveillance: Hospitals monitored patients receiving Phenformin for early signs of 

ADRs, including blood lactate levels and renal function. 

3. Cohort Studies: Follow-up of treated patients to detect incidence rates of severe ADRs. 

4. Case Series Analysis: Detailed examination of severe cases to identify risk factors and early 

warning signs [30]. 

These strategies helped identify high-risk populations and guide regulatory decisions, reducing 

morbidity and mortality associated with Phenformin. 

 

6.3 Reporting Mechanisms and Role of Healthcare Professionals 

Healthcare professionals played a crucial role in Phenformin pharmacovigilance: 

● Physicians: Reported suspected lactic acidosis cases to regulatory authorities. 
● Pharmacists: Monitored prescriptions, contraindications, and potential drug interactions. 
● Laboratory Staff: Detected early biochemical signs of ADRs, such as elevated lactate levels. 

Effective reporting ensured that rare but severe ADRs were detected promptly, preventing further 

fatalities and informing regulatory action. 

 

6.4 Risk Minimization Measures 

Following the identification of serious ADRs, the following risk minimization strategies were 

implemented: 

● Patient Screening: Avoiding Phenformin in patients with renal or hepatic impairment, elderly, 

and critically ill. 
● Dose Adjustment: Careful titration to reduce risk of accumulation. 
● Monitoring Protocols: Regular assessment of renal function, lactate levels, and clinical signs of 

acidosis. 
● Patient Education: Informing patients about symptoms of lactic acidosis for early detection. 
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These measures illustrate how pharmacovigilance contributes to preventing severe ADRs and 

improving patient safety. 

6.5 Summary of Pharmacovigilance Specific to Phenformin 

Phenformin provides a classical example of how pharmacovigilance can detect, assess, and prevent 

serious ADRs. Early identification of lactic acidosis through spontaneous reporting, hospital surveillance, 

and cohort studies led to regulatory withdrawal and safer alternatives. The lessons learned continue to 

inform modern drug safety monitoring practices, emphasizing the role of healthcare professionals and 

systematic ADR reporting. 

 

7. Risk Factors & Safety Measures 

7.1 High-Risk Populations 

Phenformin-induced adverse drug reactions, particularly lactic acidosis, are more common in certain 

high-risk groups. Identifying these populations is critical for preventing severe outcomes. Key risk factors 

include: 

1. Renal Impairment: Reduced clearance of Phenformin increases systemic accumulation and lactic 

acid production. 

2. Hepatic Dysfunction: Impaired gluconeogenesis regulation and drug metabolism increase 

toxicity risk. 

3. Advanced Age: Elderly patients have reduced renal and hepatic function, heightening 

susceptibility. 

4. Acute Illnesses: Conditions like infection, sepsis, or dehydration can exacerbate lactic acid 

accumulation. 

5. Concomitant Drugs: Use of nephrotoxic drugs or other glucose-lowering agents may enhance 

ADR risk [31], [32]. 
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7.2 Contraindications and Precautions 

To reduce ADR risk, Phenformin use was contraindicated in patients with: 

● Severe renal or hepatic impairment 
● Cardiovascular instability 
● Acute infection or hypoxia 
● History of lactic acidosis 
● Precautions included: 
● Screening renal and liver function before initiation 
● Avoiding use in patients with high-risk comorbidities 
● Monitoring for early signs of toxicity during therapy [33] 

 
7.3 Monitoring Strategies 

To enhance patient safety, regular monitoring protocols were recommended: 

● Renal Function: Serum creatinine and estimated glomerular filtration rate (eGFR) prior to therapy 

and periodically during treatment. 
● Liver Function Tests (LFTs): Baseline and follow-up to ensure safe metabolism. 
● Blood Lactate Levels: Early detection of accumulation to prevent lactic acidosis. 
● Patient Symptom Monitoring: Fatigue, abdominal pain, rapid breathing, or other early warning 

signs. 
● Such monitoring allows early intervention, reducing morbidity and mortality associated with 

Phenformin therapy [34]. 
●  

7.4 Summary of Risk Factors & Safety Measures 

Phenformin’s serious ADRs, particularly lactic acidosis, are largely preventable with careful patient 

selection and monitoring. Recognizing high-risk populations, adhering to contraindications, and 

implementing systematic monitoring protocols are essential components of safe therapy. These measures 

underscore the importance of pharmacovigilance and proactive safety management for drugs with 

narrow therapeutic windows. 
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8. Regulatory Actions & Lessons Learned 

8.1 Regulatory History of Phenformin 

Phenformin was widely prescribed from the 1950s until the late 1970s. With the accumulation of case 

reports and observational data highlighting fatal lactic acidosis, regulatory authorities took decisive 

actions: 

● United States (FDA): In 1977, Phenformin was withdrawn from the market due to high risk of 

lactic acidosis and fatalities [35]. 
● United Kingdom (MHRA): Severe restrictions were implemented before eventual withdrawal. 
● Canada & Europe: Gradual restriction and market withdrawal followed similar patterns. 

These regulatory decisions were based on post-marketing pharmacovigilance data, emphasizing that 

even highly effective drugs must be continuously monitored for safety. 

 

8.2 Global Safety Measures & Monitoring 

Following Phenformin withdrawal, regulatory authorities and pharmacovigilance programs implemented 

measures to improve drug safety monitoring: 

● Mandatory ADR Reporting: Strengthened spontaneous reporting systems globally. 
● Risk Evaluation & Mitigation Strategies (REMS): Introduced for high-risk drugs. 
● Guidelines for Biguanides: Metformin’s safer profile was emphasized, including 

contraindications, dose adjustments, and monitoring requirements. 
● Healthcare Professional Education: Enhanced awareness of ADRs and early detection methods 

[36]. 
●  

8.3 Lessons Learned 

Phenformin’s case provides critical lessons for pharmacovigilance and drug safety: 

1. Importance of Post-Marketing Surveillance: Continuous monitoring can identify rare but severe 

ADRs. 

2. Benefit-Risk Assessment: Even highly effective drugs must be evaluated for safety in all 

populations. 

3. Early Detection Saves Lives: Rapid identification of ADRs prevents fatalities. 

4. Regulatory Vigilance: Prompt action by authorities ensures patient safety. 

5. Role of Healthcare Professionals: Accurate ADR reporting and patient monitoring are essential. 

6. These lessons continue to shape modern pharmacovigilance practices, ensuring safer drug 

development and use [37]. 
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8.4 Summary of Regulatory Actions & Lessons Learned 

Phenformin’s withdrawal illustrates the critical role of pharmacovigilance in modern medicine. 

Regulatory authorities, guided by ADR data, acted decisively to prevent further fatalities. The case 

emphasizes the importance of systematic monitoring, early detection, risk minimization, and 

education of healthcare professionals for safer drug use. 

 

9. Future Perspectives & Conclusion 

9.1 Future Perspectives in Antidiabetic Drug Safety 
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The Phenformin experience has shaped the development of modern antidiabetic therapies and 

pharmacovigilance strategies. Key future directions include: 

1. Safer Biguanides and Analogs: Development of glucose-lowering agents with reduced risk of 

lactic acidosis and other serious ADRs, such as Metformin and emerging derivatives [38]. 

2. Predictive Risk Assessment: Integration of pharmacogenomics to identify patients at high risk 

for ADRs before drug initiation. 

3. Digital Pharmacovigilance: Use of electronic health records, AI, and real-time ADR monitoring 

for early detection of rare events. 

4. Global Regulatory Collaboration: Harmonization of drug safety monitoring guidelines across 

countries to prevent delayed ADR detection. 

5. Patient-Centric Safety Monitoring: Empowering patients with mobile health tools to report 

symptoms and improve early detection of adverse reactions [39], [40]. 

 

9.2 Clinical Implications 

Clinicians must balance efficacy and safety when prescribing antidiabetic drugs. Lessons from 

Phenformin emphasize: 

● Careful patient selection based on risk factors 
● Regular monitoring of renal and hepatic function 
● Awareness of rare but life-threatening ADRs 
● Reporting of suspected ADRs to pharmacovigilance authorities 
● Integrating these principles improves therapeutic outcomes and ensures patient safety [41]. 
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10. Conclusion 

Phenformin is a historical example of the balance between drug efficacy and safety. While it 

demonstrated potent glucose-lowering effects in type 2 diabetes mellitus, its use was severely limited due 

to the risk of lactic acidosis, a rare but potentially fatal adverse drug reaction. 

Key takeaways: 

● Efficacy vs Safety: Phenformin was highly effective but carried serious safety risks. 
● Role of Pharmacovigilance: Early detection, reporting, and monitoring of ADRs were critical in 

preventing fatalities. 
● Regulatory Actions: Withdrawal and restrictions highlight the importance of responsive 

regulatory frameworks. 
● Lessons for Modern Practice: Emphasizes careful patient selection, monitoring, and global 

pharmacovigilance collaboration. 
● Future Implications: Advanced monitoring, predictive risk assessment, and patient-centered 

reporting can improve the safety of current and future antidiabetic drugs. 
● This structured approach ensures that therapeutic benefits are maximized while minimizing 

risks, serving as a guiding example for both clinicians and regulatory authorities in the realm of 

drug safety. 
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