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Abstract 

 

Evidence has suggested that the pharmacokinetic mechanisms of metformin may show benefit in  

the etiology of chronic disease beyond that of diabetes control. This review investigates various 

clinical trials and analyses the efficacy of metformin in non-diabetic individuals focusing on 

cardiovascular disease, neurodegenerative disease, and lung neoplasm. Findings suggest an 

overall neutrality in the effects of metformin across the three analyzed aspects of chronic disease. 

Specifically, 38% of participants in the cardiovascular disease studies exhibited a favorable 

response to metformin. These benefits were observed in blood pressure control, left ventricular 

mass and NT-pro-BNP, with some evidence indicating an improved lipid profile. Additionally, 

39% of participants in the neurodegenerative disease trials demonstrated positive outcomes.  

Significant enhancements were observed in cerebral blood flow within the orbitofrontal region, 

as well as executive function in Alzheimer’s disease patients. Mechanical power and duration in 

gait analysis in those with Myotonic dystrophy demonstrated beneficial outcomes.  However, 

among participants with lung neoplasm, only 12% displayed overall benefit with metformin as 

an adjunct therapy. Findings suggested of six-month progression-free survival; however, 

conflicting data suggested a negative trend to the same parameter as well as overall survival. 

These findings may underscore the nuanced effects of metformin across different stages of 

disease and highlight the importance of considering various factors when evaluating therapeutic 

potential. In conclusion, while metformin shows promise in certain aspects of chronic disease, 

further research is needed to provide further insight into metformin’s role in chronic disease and 

prolonging health span.  

 

Beyond Blood Sugar Control: A Review of Metformin’s Therapeutic Potential 

in Age-Related Disease 

 

Mortality, as described by Attia (2023), can largely be attributed to “the four horsemen of 

chronic disease”, a claim in which: cardiovascular disease (CVD), neoplasms, neurodegenerative 

disease (NDD), and metabolic disease contribute to chronic disease (CD)-related mortality (1). 

This description of mortality is widely applicable in Canada, as these four pillars are responsible 

for six out of the ten leading causes of death in 2022 (2). The understanding that these four 

pillars alone contribute to the majority of CD-related morality depicts the importance of 
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addressing these contributing factors to prevent the onset of CD and further extend one’s health 

span.  

 

The medical model adheres to a dual care methodology, prioritizing primary prevention 

and subsequent treatment interventions (3). In preventing CD, these measures remain inadequate 

as its incidence prevails (2). Relying solely on therapeutic intervention post-establishment of CD 

limits the effectiveness of interventions and does not allow for mitigation of disease(4). Further 

investment must focus on pre-emptive strategies appropriately addressing this limitation to delay 

the onset of CD. 

 

Recent studies have suggested a broader scope for metformin, a commonly used anti-

glycemic agent (5,6). These studies imply that metformin may play a role in preventative 

medicine by decreasing morbidity and delaying mortality in individuals without diabetes (7). 

Metformin’s potential expanding scope in preventative healthcare may uncover new avenues for 

use in CD mitigation (4), thus decreasing the burden of disease.  

 

Metformin, subjected to thorough investigation and recognized for its cost-effectiveness 

and strong safety profile (8), has emerged as a promising modality in CD and longevity. Findings 

have suggested that metformin targets various factors contributing to CD’s intricate etiology and 

progression (9–13) 

 

The etiology underlying CD and aging is linked to a combination of mechanisms, which 

commonly include: inflammation (12); cellular damage (9,10); mitochondrial dysfunction (10); 
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altered cell signalling; genetic and epigenetic factors; lifestyle factors; and immunological 

integrity (11). These factors have a dynamic interplay in which they mutually interact and impact 

the complexity of CD and aging (11). Metformin has been investigated with potential influence 

in multiple mechanisms of action that contribute to the intricate etiology and progression of CD 

and aging (9–13). 

 

Beyond its anti-glycemic effects in diabetes, metformin has garnered attention for its 

potential impact on inflammation (7).  Regarding chronic inflammation, cytokines, TNF-α, IL-6, 

IL-1, and CRP have been implicated in frailty, malnutrition, vascular dysfunction, and cognitive 

decline (11,12). Furthermore, excess glucose uptake is associated with the activation of IL-1 

(10,14,15) and increased production of TNF-α (10), IL6 (16,17), and CRP (15,16). The anti-

glycemic mechanism of metformin may decrease the proinflammatory effect, providing a dual-

faceted regulation of both glucose and inflammation (15). Tertiary effects of metformin include 

increased immunological integrity, as inflammation is primarily associated with 

immunosenescence (11). Metformin also targets AMP-activated protein kinase (AMP-K), a 

cardinal metabolic energy regulator affecting cellular, lipid, and glucose metabolism (13). In CD, 

AMP-K is inactivated, thus disrupting cellular signalling, increasing proinflammatory cytokines, 

and elevating rates of CD (13). An anti-aging factor determined in metformin is its inactivation 

of insulin secretion and IGF-1, a growth factor associated with all-cause mortality and aging  

(18,19). Lastly, metformin decreases the signalling pathways prominent in neoplastic 

development, NDD, and metabolic disease through the inhibition of the mammalian target of 

rapamycin (mTOR) (20). By leveraging these mechanisms that deter the manifestation of age-

related pathologies, metformin may extend health span, postpone the onset of morbidity, and 
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potentially reduce premature mortality. See Figure 1 for further depiction of metformin’s anti-

senescence mechanism.  

 

The purpose of this study is to review the existing literature with a focus on metformin’s 

impact on CVD, NDD, and neoplasms. Unlike prior research, which has explored metformin’s 

relations to morbidity, this study will explicitly focus on the four pillars of CD primarily 

associated with mortality(6,21–23). This literature will not focus on the fourth pillar of CD, 

metabolic disease, as metformin is currently prescribed for diabetes, a large component of 

metabolic disease. This review aims to analyze further existing research concentrating on the 

impacts of metformin on individuals without diabetes or metabolic disease, specifically focusing 

on the capacity to reduce morbidity and prolong mortality. Metformin will be assessed to 

Figure 1: Image depicts the common etiologies of chronic disease and their connection to metformin via various mechanisms as 

previously sourced above. The acronyms used throughout he figure: AMP-K (activated protein kinase), IGF-1 (insulin growth 

factor-1), mTOR (mammalian target of rapamycin). 
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determine if it has the potential to reduce the burden of CD and improve the quantity and quality 

of life towards a broader target of individuals. Multiple studies have explored the extended 

benefit of metformin (5,6,21,23,24); however, the problem lies in determining when sufficient 

understanding should translate to actionable measures. This project intends to contribute valuable 

insights into metformin’s potential uses and broadened scope. 

Methods 

Objective  
This literature review aims to identify and analyze all research that investigates the 

impact of metformin on the four pillars of CD beyond diabetes or metabolic disease. This 

research will identify potential benefits and risks associated with metformin use outside of 

diabetes management. Additionally, the mechanisms by which metformin affects longevity of all 

disease and non-disease states and the quality and reliability of the studies available will be 

examined. 

 

Search Strategy 

The search was restricted to clinical trials, observational studies, randomized control 

trials and multicenter studies. The primary literature search was conducted in the PubMed 

database. The keywords in Appendix A were adopted for primary search.  

After entering search terms and keywords into the database, a comprehensive search was 

performed. A preliminary review was then conducted, and research titles and abstracts were 

assessed to determine if the articles were relevant to the topic. In addition, relevant citations were 

also retrieved, reviewed, and selected.  
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Inclusion and Exclusion criteria 

The following inclusion criteria were used for this literature review: [1] human-focused 

studies to avoid skewed/extrapolated population findings; [2] non-diabetic populations to assess 

the extended use of metformin. [3] adults were the focus of all studies analyzed. The data 

reviewed focused on the primary outcomes with the addition of specific secondary outcomes 

including body weight/BMI, cholesterol, CRP, and NT-proBNP, and systolic blood pressure. 

 

The exclusion criteria were: [1] patients with diabetes; [2] articles published before 2003; 

[3] abstracts, case reports, meta-analysis, and reviews. [4] single-arm clinical trials. All listed 

were excluded from the results and discussion.  

 

Results 

This comprehensive overview analyzes metformin’s impact on CVD, NDD, and neoplasms. 

 

Cardiovascular Disease  

One hundred and one articles were retrieved upon a primary search with PubMed. 

Following an initial review, seven articles qualified for comparative analysis. The reviewed 

articles examined metformin’s effect on various CVD aspects, including the pathology of 

atherosclerosis, major adverse cardiovascular events (MACE), stroke, cardiomyopathy, weight 

loss, Apolipoprotein B (ApoB), blood pressure (BP), and lipid profile. Findings can be visualized 

in Table 1.  
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In 2014, Priess et al. performed the CAMERA study, where participants received 850 mg 

of metformin twice daily for 18 months (25). This double-blinded, randomized, placebo-

controlled study included 173 individuals on statins, with a mean age of 63. The study revealed a 

statistically non-significant impact on lipid profile with an increase in HDL of 0.04 mmol/L 

(p=0.095); triglyceride decrease of 0.08 mmol/L (p= 0.054); non-HDL-cholesterol decrease of 

0.07 mmol/L (p= 0.53) and a decrease in total cholesterol of 0.03 mmol/L (p= 0.78). In addition, 

the study explored the inflammatory marker C-reactive protein (CRP), which demonstrated a 

non-significant decrease of 0.19 log;mg/L (p=0.054). Furthermore, this study examined the 

thickness of patients’ carotid intima-media  (cIMT) revealing the metformin group to have a non-

significantly increased cIMT of 0.007mm (p=0.29). Despite the non-significance values shared 

above, metformin exhibits a notable and significant reduction in total body weight of -3.2kg 

(p<0.0001) and tissue plasminogen activator of -0.077 ng/mL (p=0.029). The most common 

adverse effects associated with metformin were diarrhea, nausea, and vomiting (25).    

 

The MET-REMODEL trial (2019) examined the effect of metformin on left ventricular 

hypertrophy (26). Mohan and colleagues randomly assigned 68 patients without diabetes who 

had coronary artery disease with insulin resistance and prediabetes to receive either metformin 

XL (2000 mg daily dose) or placebo for 12 months. The author’s primary endpoint was to assess 

change in the patient’s left ventricular mass indexed to height (LVMI). Using magnetic 

resonance imaging, data showed a significantly reduced LVMI compared to placebo (absolute 

mean difference -1.37; p = 0.033). The left ventricle mass (LVM) was statistically significant, 

with a change of -3.3 g (p = 0.032). Other significant findings included a decreased body weight 
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of -3.6 kg  (p = 0.001) and a decreased systolic blood pressure of -9.21 mmHg (p = 0.022). 

Metformin was reported to be well tolerated by the participants (26).   

 

Junior et al (2019), examined participants of overweight body habitus, with a mean age of 

57(27). Participants of the metformin cohort were subject to eight weeks of 1700 mg twice daily 

post-dose titration. BP remained unaltered from baseline and nonsignificant from placebo 

(p=0.52, 0.28 respectively). Additionally, analysis of lipid profile showed a nonsignificant 

change from baseline compared to placebo in all categories including, cholesterol (p=0.77), LDL 

(p=0.70), HDL (p=0.34), triglycerides (p=0.53), glucose (p=0.92), BMI (p=0.17), CRP (p=0.34). 

Despite a nonsignificant BMI change of 0.07kg/m2 (p=0.17), metformin treatment reduced waist 

circumference by 5.8 cm (p=0.02) (27).  

 

The longitudinal trials by Goldberg et al. (2022) included a sizeable cohort of 3234 

individuals with a mean age of 51 (28). Over 21 years, randomized participants taking metformin 

at 850 mg twice daily showed no significant impact on the incidence of MACE (p=0.81), 

myocardial infarction (p=0.73), LDL-C (-0.02 mmol/l, p=0.24), or triglycerides (-0.05mmol/l, p 

= 0.052), when compared to the placebo group. However, there was a statistical trend in stroke 

incidence with a decrease of 0.57 hazard ratio (p=0.07) in addition to a significant increase in 

high-density lipoprotein (HDL) (0.05mmol/l, p = 0.003), and BMI decrease (-0.08kg/m2, p= 

0.017) compared to placebo cohort (28). 

 

The GIPS-III trial (2014), was comprised of 380 individuals with a mean age of 59, and 

with a history of ST elevation myocardial infarction (STEMI) (29). Participants received 500 mg 
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of metformin twice daily for four months post-percutaneous coronary intervention. Left 

ventricular ejection fraction (LVEF) analyzed with cardiac MRI showed no difference compared 

to the placebo (p=0.1). NT-proBNP and MACE were unchanged between placebo and the 

metformin cohorts (29). Further analyses by Eppinga et al. in 2016 analyzed cholesterol profiles 

of the same subset of participants (30). Measurements in total cholesterol showed no statistical 

significance to the difference between the placebo and metformin (p*=0.06); however, the 

metformin cohort had a decrease in LDL (p*=0.01). High density lipoprotein (HDL), 

triglycerides and ApoB between groups showed no significant difference (p*=0.09, 0.31, 0.48 

respectively) (30). 

 

Hussain et al. (2016) compared the effects of metformin, sitagliptin, and placebo in a 

cohort of 100 individuals newly diagnosed with dyslipidemia and hypertension over three 

months (31). Individuals in the metformin arm received 850 mg twice daily, which revealed 

distinctive outcomes. Metformin increased HDL by 0.23 mmol/L (p<0.01) and surpassed 

sitagliptin by an additional 0.05 mmol/L. Additionally, metformin exhibited a greater reduction 

in LDL from baseline by -2.07 mmol/L (p<0.01) and triglycerides (-1.40 mmol/L (p<0.01) 

compared to the sitagliptin cohort, where reductions were -0.85 mmol/L (p < 0.05) for both LDL 

and triglycerides from baseline.  

Furthermore, metformin also produced a reduction in several metabolic parameters, 

reducing body weight by -10kg (p<0.05), decreasing BMI by -4.4kg/m2 (p<0.05), lowering SBP 

of -15mmHg (p<0.05), decreasing DBP of -4.2 mmHg (p<0.05), and reducing triglyceride levels 

by -1.63 mmol/L (p<0.05). However, compared to sitagliptin, metformin did not yield as 

significant for reducing blood pressure (p<0.01) (31).  
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Neurodegenerative Disease 

 

Three articles were retrieved from PubMed upon primary search. Further analysis 

narrowed down two articles that fit the inclusion criteria. The reviewed articles examine 

metformin’s effects on non-diabetic individuals with NDD. See Table 2. 

 

Koenig et al conducted a study in 2017 focusing on metformin’s impact on the early 

stages of Alzheimer’s disease (AD) (32). The study included 20 individuals with mild cognitive 

impairment or early dementia secondary to AD, with a mean age of 71, randomized with a dose 

of 1000 mg twice daily of metformin or placebo over eight weeks. The findings revealed no 

significant changes to cerebral spinal fluid (CSF) parameters: CSF glucose (p=0.0913); CSF 

protein (p=0.2059); CSF AB1-42 (p=0.4008); CSF total tau (p=0.6744); CSF phosphorylated tau 

(p=0.1614). However, MRI assessment of cerebral blood flow (CBF) showed a significant 

increase in specific regions, particularly in the middle orbitofrontal region (p<0.05). Other 

regions observed showed no statistical impact. Assessment tools ADAS-Cog, and CANTAB 

(PAL, TMT-B and DMS) evaluated cognitive and functional scores and showed post-metformin 
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treatment had a significant improvement in executive function (p=0.0337). Koenig et al proposed 

statistical trends favouring enhanced learning and memory (p=0.0633) and attention (p=0.0708) 

(32). 

 

In the MYOMET study (2018), 23 participants, all diagnosed with myotonic dystrophy 

(MD), received 1000mg of metformin three times daily for 52 weeks (33)Findings indicated 

significant enhancement in a 6-meter walk test showing improvements of 29.2m gain from 

baseline (p=0.048) compared to an improvement of 3.71m in the placebo cohort. Gait analysis 

revealed increased mechanical power in craniocaudal movements (p=0.011), and anteroposterior 

movements (p=0.028) compared to the placebo, despite other gait variables showing no change 

in either group. These findings suggest metformin’s positive impact on mobility and gait 

parameters. Note that 5% of initial participants could not tolerate the gastrointestinal side effects 

of metformin (33) 

 

Neoplasms 

 

Neoplastic research was reviewed, specifically focusing on non-small cell lung cancer 

(NSCLC) as it is the leading contributor to lung-related neoplastic-related deaths in Canada  

(34). The primary search yielded 338 results. After initial investigation, four articles were 

considered suitable. See Table 3.  

 

In the OCOG-AMERA study conducted by Tsakiridis et al, in 2021, 54 patients with 

diagnosed non-small cell lung cancer (NSCLC), stage IIIA/B were treated with 
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chemoradiotherapy +/-  1000mg of metformin twice daily over 12 months (35). The study 

concluded that the addition of metformin to chemoradiotherapy was associated with worse 

treatment efficacy and increased adverse effects compared to combined modality therapy alone. 

The 1-year progression-free survival (PFS) rate was reduced by 28.2% compared with the 

control. Furthermore, the overall survival rate was reduced by 37.5% as compared to control 

(35).  

 

Skinner et al. produced a phase II trial (2021) investigating the effects of 2000mg daily of 

metformin as an adjunct to first-line chemoradiotherapy in NSCLC stage IIIA/B patients (36). 

The study observed metformin to have a non-significant  1-year PFS rate compared to the control 

group (-9.1%; p=0.24). Overall survival outcomes showed no significant difference in treatment 

management (p=0.89). There was no significant difference in adverse effects among the two 

cohorts  (36). 

 

Marrone et al. 2019, conducted a randomized phase II trial assessing 1000mg twice daily 

of metformin concurrently administered with first-line chemotherapy (carboplatin, paclitaxel, 

and bevacizumab) in individuals with NSCLC (37). This study included 24 chemotherapy-naïve 

patients with stage IIIB or IV NSCLC. It is pertinent to highlight that direct comparison with the 

alternative cohort was preluded as all participants had progressive disease or withdrew before 1-

year follow-up and therefore previous historical results were used as a comparative. The study 

reported metformin significantly improved PFS by 32% in contrast to historical values 

(p=0.024). Furthermore, this study reported increased overall survival of 2 months compared 
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with historical values (p=0.186). There were no significant differences in adverse effects 

amongst cohorts (37).  

 

Sayed et al conducted a randomized controlled trial targeting stage IV NCSLC 

individuals in 2015 (38). This study enrolled 30 individuals who underwent first-line 

chemotherapy (gemcitabine/cisplatin) with or without the addition of 500mg of metformin once 

daily. The median PFS rate for the metformin group 0.5 months greater in those participants 

treated with adjunct metformin  (p=0.062). Metformin did exhibit significant promise in 

ameliorating chemotherapy-induced nausea (26.7% metformin arm vs 66.7% control, p=0.028) 

(38). 

 

Overall Comparison  

Comparative analysis based upon categorical benefit across all studies reviewed suggests overall 

neutrality. However, it is noteworthy that studies focusing on CVD and NDD indicated benefits 

associated with metformin use. It is important to note that neoplasm studies were the only source 

showing potential negative outcomes with metformin use. See Figure 2. 
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Discussion 

 

Metformin, as a therapy for prolonging health span, has been thoroughly assessed with a 

focus on CVD, NDD, and neoplasms. Unfortunately, this review incompletely addresses the 

spectrum of leading CD causes in Canada. This is due to  the necessity for additional 

investigation and the sheer volume of existing research pertaining specifically to neoplasms, 

surpassing the scope of this paper. Overall, metformin is shown to have a modest impact on 

various factors related to health and longevity.  

 

The available evidence suggests that metformin may confer certain CVD benefits, 

particularly in weight reduction and BP control. However, the impact of metformin on BP 

remains uncertain, partly in due to the correlation between weight loss and BP decrease (39). It is 

important to be critical of the Junior et al study, which found minimal changes to  BP over an 

eight-week period. This null result may be attributed to the relevantly short duration for 

metformin to exert its therapeutic effect.  

38%

55%

7%

39%

46%

15% 12%

63%

25%

A B C

Figure 2: Categorical Comparative Analysis. A: Effects on Cardiovascular disease (CVD), B: Effects on neurodegenerative disease, C: Effects on 

pulmonary neoplasms. Data demonstrating general neutrality across the three investigated aspects (CVD, Neurodegenerative Diseases, and 
Neoplasms). Graphs illustrate minimal negative. Findings, with emerging negative trends observed specifically in relation to neoplasms.
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Furthermore, trends observed in  triglycerides, LDL, and HDL were largely inconsistent 

among the studies. These inconsistencies may be a result of varying dose, therapy length, and 

baseline demographics. See Appendix B. 

 

Long-term studies indicated a potential reduction in the incidence of strokes in metformin 

users, while findings regarding MACE did not consistently show rate reduction. The assessment 

of atherosclerosis, a crucial factor in CVD, yielded mixed results. Observed cIMT indicated no 

benefit from the use of metformin. This could be influenced by pre-existing statin therapy in the 

study population. Additionally, while metformin appears to reduce LVMI, there was no evidence 

of a concurrent change in ejection fraction or volume. This discrepancy in cardiac parameters 

may be due to the course of therapy, which was restricted to 12 months, warranting further 

investigation into the long-term effects of metformin and cardiac remodelling.  

Overall, metformin showed benefit in weight reduction, BP modulation, stroke incidence, and 

LVMI. Although MACE, atherosclerosis and other cardiac parameters remained unchanged, 

there was no evidence of increased harm. A prospective trial, VA IMPACT, may further 

elucidate metformin’s therapeutic benefit on CVD 

(https://classic.clinicaltrials.gov/ct2/show/NCT02915198#studydesign) (26,40). 

 

The limited scope of metformin in NDD research, mainly rodent-focused models, poses 

translational challenges in understanding its potential impact at a human level. AD and MD were 

the focus in this review due to the scarcity of human studies. Among participants with AD, 

metformin users had increased CBF within specific brain regions, which accompanied 

improvements in executive function with trends towards enhanced learning and memory. It is 

https://classic.clinicaltrials.gov/ct2/show/NCT02915198#studydesign
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essential to note that this study specifically focused on patients with mild cognitive impairment; 

therefore, it remains unclear if metformin prevents future cognitive decline.  

Similarly, participants with MD using metformin showed significant gains in mobility and gait 

parameters, indicating a role in enhancing motor function. These findings have warranted phase 

III clinical trials (33). Nevertheless, the confined analysis of NDD disease limits the utility of 

metformin for all NDDs,  as it excludes considerations of many NDDs, indicating the need for 

broader investigations.  

 

Due to the overwhelming research in metformin-neoplasm-focused studies, this review 

focused on lung-related neoplasms, specifically NSCLC, the largest contributor to cancer-related 

death in Canada (34). Metformin as an adjunct to chemotherapy regimens showed some benefit, 

particularly in overall survival. The evidence of improved PFS was inconclusive with only a few 

studies showing metformin’s potential. The assessed studies primarily showed that metformin 

displayed no risk or benefit compared to control. Therefore, the efficacy of metformin as an 

adjunct to lung cancer treatment continues to warrant the need for further investigation. It is 

crucial to note that all patients assessed were in late-stage disease, limiting the extrapolation of 

metformin’s therapeutic benefit in cancer prevention.   

 

Demographic 

The demographic composition reviewed exhibited a wide diversity, encompassing 

variations in age, gender, and race. Comorbidities such as dyslipidemia, hypertension and insulin 

resistance were pervasive among many participants, highlighting the complex interplay between 

metabolic disorders and age-related disease. See Appendix B. It is imperative to recognize that all 
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participants reviewed harboured underlying comorbidities, necessitating a nuanced evaluation of 

the stage of illness and overall health status of participants. Thus, extrapolating benefits in the 

prevention of CD and prolonging health span in healthy individuals is inappropriate as there was 

limited medical history. Furthermore, it is crucial to account for variation in sex and age, 

particularly in studies with predominantly male participants. These variables pose challenges in 

interpretation and subsequent actionable measures. Consideration of these demographic factors is 

essential when navigating the data and translating these findings into meaningful action.  

 

Therapy Consistency 

 

The trials reviewed exhibited considerable variability in dosing regimens, with minimal 

consensus on the lowest therapeutic dose of metformin. The dose range predominantly ranged 

between 850mg and 1000mg twice daily, with a few outliers. The time frame of analysis also 

varied between studies, with therapeutic effects analyzed from eight weeks through to 21 years. 

These variations impede interpretation and comparison as efficacy is largely correlated with 

dosing (41)Thus, clinical implementation is limited as no consensus has been reached.  

 

Adverse Effects  

 

Common adverse effects primarily comprised of gastrointestinal (GI) effects including 

nausea, diarrhea, and abdominal discomfort. Few participants reported precarious adversities, 

including a decline in vitamin B12, lactatemia, and hypoglycemia. See Appendix B. Adherence 

was inconsequential, with only a small subset of participants reporting early discontinuation of 
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treatment due to GI intolerance; while others managed adverse effects with loperamide.  

Interestingly, metformin showed promise in reducing chemotherapy-induced nausea, suggesting 

synergistic potential in cancer treatment. Notably, no cases of lactic acidosis or serious harm 

were identified throughout the analysis of all studies.  

 

Limitations and Conflict of Interest 

 

No conflicts of interest are to be disclosed. However, it is important to acknowledge and 

reflect on limitations and potential biases that may have influenced the findings. Although the 

search strategy aimed to encompass all relevant studies, this research may have been limited by 

focusing to a singular search engine with specific keywords in the English language. This 

review, however, did focus on high quality and reliable studies at the discretion of the author. 

Additionally, this review relied on ethical conduct from previous publishers regarding conflict of 

interests and funding sources. Despite these limitations and potential biases, the intent of this 

review was to present information in an unbiased manner.  

 

Conclusion and Future Direction 

 

In conclusion, metformin displays overall neutrality among CVD, NDD and respiratory 

neoplasm. Despite this neutrality, metformin demonstrated many benefits in mitigating CD, 

specifically in CVD and NDD. Analysis of neoplasm data displayed the most negative 

resistance; however, it is challenging to extrapolate this due to the severity of illness being 

assessed. In general, neoplasms and prevention of neoplasm should be further investigated to aid 
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in applying findings to healthy individuals. Subsequent research should explore its potential in 

other NDDs and optimize its use in diverse populations to maximize its therapeutic potential in 

prolonging health span and limiting the onset of CD. Despite the uncertainty of metformin for 

targeting longevity, it has been shown to have a favorable safety profile, characterized by mild 

adverse effects that are largely manageable. This review does not provide definitive actionable 

insight; however, it contributes to the accumulating evidence suggesting metformin may play a 

role in mitigating aspects associated with CD and aging.  

 

 

Acknowledgments  

 

I want to give special thanks to my mentor, Steven Piotrowski, whose time, effort, and 

support were instrumental in the success of this review. Special appreciation also goes to Anna-

Maria Ciorogariu-Ivan and Anthony Marullo for providing meticulous editing. To my partner, 

my MPAS cohort/friends, and my family, your endless support and reassurance have been pillars 

behind every step throughout PA school. I am grateful for such an amazing support system. 

 

References 

1. Attia P, Gifford B. Outlive: The Science and Art of Longevity. New York: Harmony; 

2023.  

2. StatsCanada. Table 13-10-0394-01 Leading causes of death, total population, by age 

group [Internet]. 2023. Available from: https://www150.statcan.gc.ca/n1/daily-

quotidien/231127/t001b-eng.htm 

3. Fuller J. The new medical model: A renewed challenge for biomedicine. CMAJ. 

2017;189(17).  

4. AbdulRaheem Y. Unveiling the Significance and Challenges of Integrating Prevention 

Levels in Healthcare Practice. Vol. 14, Journal of Primary Care and Community Health. 

2023.  

5. Mohammed I, Hollenberg MD, Ding H, Triggle CR. A Critical Review of the Evidence 

That Metformin Is a Putative Anti-Aging Drug That Enhances Healthspan and Extends 

Lifespan. Vol. 12, Frontiers in Endocrinology. 2021.  

6. Campbell JM, Bellman SM, Stephenson MD, Lisy. K. Metformin reduces all-cause 

mortality and diseases of ageing independent of its effect on diabetes control: A 

systematic review and meta-analysis. Vol. 40, Ageing Research Reviews. 2017.  



BEYOND BLOOD SUGAR CONTROL 22 

7. Xenos D, Mecocci P, Boccardi V. A blast from the past: To tame time with metformin. 

Mech Ageing Dev. 2022;208.  

8. Flory J, Lipska K. Metformin in 2019. JAMA [Internet]. 2019 May 21;321(19):1926–7. 

Available from: https://doi.org/10.1001/jama.2019.3805 

9. Zhu Y, Armstrong JL, Tchkonia T, Kirkland JL. Cellular senescence and the senescent 

secretory phenotype in age-related chronic diseases. Vol. 17, Current Opinion in Clinical 

Nutrition and Metabolic Care. 2014.  

10. Zeviar DD, Gonzalez MJ, Massari JRM, Duconge J, Mikirova N. The role of 

mitochondria in cancer and other chronic diseases. Journal of Orthomolecular Medicine. 

2014;29(4).  

11. Michaud M, Balardy L, Moulis G, Gaudin C, Peyrot C, Vellas B, et al. Proinflammatory 

cytokines, aging, and age-related diseases. Vol. 14, Journal of the American Medical 

Directors Association. 2013.  

12. Pawelec G, Goldeck D, Derhovanessian E. Inflammation, ageing and chronic disease. 

Vol. 29, Current Opinion in Immunology. 2014.  

13. Canbolat E, Cakıroglu FP. The importance of AMPK in obesity and chronic diseases and 

the relationship of AMPK with nutrition: a literature review. Vol. 63, Critical Reviews in 

Food Science and Nutrition. 2023.  

14. Peiró C, Romacho T, Azcutia V, Villalobos L, Fernández E, Bolaños JP, et al. 

Inflammation, glucose, and vascular cell damage: The role of the pentose phosphate 

pathway. Cardiovasc Diabetol. 2016;15(1).  

15. Isoda K, Young JL, Zirlik A, MacFarlane LA, Tsuboi N, Gerdes N, et al. Metformin 

inhibits proinflammatory responses and nuclear factor-κB in human vascular wall cells. 

Arterioscler Thromb Vasc Biol. 2006;26(3).  

16. Intensive lifestyle intervention or metformin on inflammation and coagulation in 

participants with impaired glucose tolerance. Diabetes. 2005;54(5).  

17. Devaraj S, Venugopal SK, Singh U, Jialal I. Hyperglycemia induces monocytic release of 

interleukin-6 via induction of protein kinase C-α and -β. Diabetes. 2005;54(1).  

18. Andreassen M, Raymond I, Kistorp C, Hildebrandt P, Eaber J, Kristensen LØ. IGF1 as 

predictor of all cause mortality and cardiovascular disease in an elderly population. Eur J 

Endocrinol. 2009;160(1).  

19. Liu B, Fan Z, Edgerton SM, Yang X, Lind SE, Thor AD. Potent anti-proliferative effects 

of metformin on trastuzumab-resistant breast cancer cells via inhibition of ErbB2/IGF-1 

receptor interactions. Cell Cycle. 2011;10(17).  

20. Very N, Vercoutter-Edouart AS, Lefebvre T, Hardivillé S, El Yazidi-Belkoura I. Cross-

dysregulation of O-GlcNAcylation and PI3K/AKT/mTOR axis in human chronic diseases. 

Vol. 9, Frontiers in Endocrinology. 2018.  

21. Barzilai N, Crandall JP, Kritchevsky SB, Espeland MA. Metformin as a Tool to Target 

Aging. Vol. 23, Cell Metabolism. 2016.  

22. Glossmann HH, Lutz OMD. Metformin and Aging: A Review. Vol. 65, Gerontology. 

2019.  

23. Valencia WM, Palacio A, Tamariz L, Florez H. Metformin and ageing: improving ageing 

outcomes beyond glycaemic control. Vol. 60, Diabetologia. 2017.  

24. Soukas AA, Hao H, Wu L. Metformin as Anti-Aging Therapy: Is It for Everyone? Vol. 

30, Trends in Endocrinology and Metabolism. 2019.  



BEYOND BLOOD SUGAR CONTROL 23 

25. Preiss D, Lloyd SM, Ford I, McMurray JJ, Holman RR, Welsh P, et al. Metformin for 

non-diabetic patients with coronary heart disease (the CAMERA study): A randomised 

controlled trial. Lancet Diabetes Endocrinol. 2014;2(2).  

26. Mohan M, Al-Talabany S, McKinnie A, Mordi IR, Singh JSS, Gandy SJ, et al. A 

randomized controlled trial of metformin on left ventricular hypertrophy in patients with 

coronary artery disease without diabetes: the MET-REMODEL trial. Eur Heart J. 

2019;40(41).  

27. Júnior VC, Fuchs FD, Schaan BD, Moreira LB, Fuchs SC, Gus M. Effect of metformin on 

blood pressure in patients with hypertension: a randomized clinical trial. Endocrine. 

2019;63(2).  

28. Goldberg RB, Orchard TJ, Crandall JP, Boyko EJ, Budoff M, Dabelea D, et al. Effects of 

Long-term Metformin and Lifestyle Interventions on Cardiovascular Events in the 

Diabetes Prevention Program and Its Outcome Study. Circulation. 2022;145(22).  

29. Lexis CPH, Van Der Horst ICC, Lipsic E, Wieringa WG, De Boer RA, Van Den Heuvel 

AFM, et al. Effect of metformin on left ventricular function after acute myocardial 

infarction in patients without diabetes: The GIPS-III randomized clinical trial. JAMA. 

2014;311(15).  

30. Eppinga RN, Hartman MHT, Van Veldhuisen DJ, Lexis CPH, Connelly MA, Lipsic E, et 

al. Effect of metformin treatment on lipoprotein subfractions in non-diabetic patients with 

acute myocardial infarction: A glycometabolic intervention as adjunct to primary coronary 

intervention in st elevation myocardial infarction (GIPS-III) trial. PLoS One. 2016;11(1).  

31. Hussain M, Atif MA, Ghafoor MB. Beneficial effects of sitagliptin and metformin in non-

diabetic hypertensive and dyslipidemic patients. Pak J Pharm Sci. 2016;29(6).  

32. Koenig AM, Mechanic-Hamilton D, Xie SX, Combs MF, Cappola AR, Xie L, et al. 

Effects of the Insulin Sensitizer Metformin in Alzheimer Disease: Pilot Data From a 

Randomized Placebo-controlled Crossover Study. Alzheimer Dis Assoc Disord. 

2017;31(2).  

33. Bassez G, Audureau E, Hogrel JY, Arrouasse R, Baghdoyan S, Bhugaloo H, et al. 

Improved mobility with metformin in patients with myotonic dystrophy type 1: A 

randomized controlled trial. Brain. 2018;141(10).  

34. StatsCanada. StatsCanada: Lung cancer is the leading cause of cancer death in Canada. 

2022.  

35. Tsakiridis T, Pond GR, Wright J, Ellis PM, Ahmed N, Abdulkarim B, et al. Metformin in 

Combination with Chemoradiotherapy in Locally Advanced Non-Small Cell Lung 

Cancer: The OCOG-ALMERA Randomized Clinical Trial. JAMA Oncol. 2021;7(9).  

36. Skinner H, Hu C, Tsakiridis T, Santana-Davila R, Lu B, Erasmus JJ, et al. Addition of 

Metformin to Concurrent Chemoradiation in Patients with Locally Advanced Non-Small 

Cell Lung Cancer: The NRG-LU001 Phase 2 Randomized Clinical Trial. JAMA Oncol. 

2021;7(9).  

37. Parikh AB, Marrone KA, Becker DJ, Brahmer JR, Ettinger DS, Levy BP. A pooled 

analysis of two phase II trials evaluating metformin plus platinum-based chemotherapy in 

advanced non-small cell lung cancer. Cancer Treat Res Commun. 2019;20.  

38. Sayed R, Saad AS, El Wakeel L, Elkholy E, Badary O. Metformin addition to 

chemotherapy in stage IV non-small cell lung cancer: An open label randomized 

controlled study. Asian Pacific Journal of Cancer Prevention. 2015;16(15).  



BEYOND BLOOD SUGAR CONTROL 24 

39. Charles MA, Eschwège E, Grandmottet P, Isnard F, Cohen JM, Bensoussan JL, et al. 

Treatment with metformin of non-diabetic men with hypertension, hypertriglyceridaemia 

and central fat distribution: The BIGPRO 1.2 trial. Diabetes Metab Res Rev. 2000;16(1).  

40. Schwartz gregory. Prospective. 2029. nvestigation of Metformin in Pre-Diabetes on 

Atherosclerotic Cardiovascular OuTcomes (VA-IMPACT).  

41. Currie GM. Pharmacology, part 1: Introduction to pharmacology and pharmacodynamics. 

J Nucl Med Technol. 2018;46(2).  

 

Appendix 

 


	Table of Contents
	Abstract
	Beyond Blood Sugar Control: A Review of Metformin’s Therapeutic Potential in Age-Related Disease
	Methods
	Objective
	Search Strategy


