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INTRODUCTION  

 

Diabetes mellitus, or simply diabetes, is a set of endocrine illnesses characterised by 

persistently elevated blood sugar levels.[1] Diabetes is caused by either the pancreas not 

producing enough insulin or the body's cells being resistant to the hormone's effects.[2] 

Thirst, polyuria, weight loss, and blurred eyesight are common complaints. If left 

untreated, the condition can cause a variety of health problems, including problems with 

the cardiovascular system, eyes, kidneys, and nerves. [3] Diabetes kills around 1.5 

million people each year because it is untreated or poorly treated. 

Gestational diabetes, which occurs in some women during pregnancy, usually resolves 

shortly after birth. Globally, a projected 537 million adults (10.5% of the adult 

population) have diabetes as of 2021, with type 2 diabetes accounting for around 90% 

of all cases. [4] The disease is becoming more common, and this trend is most 

pronounced in low- and middle-income countries. [5] Diabetes is the seventh-leading 
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cause of death worldwide, with rates being comparable in men and women. [6] Type 1 

diabetes is a chronic disease in which the pancreas produces little or no insulin. It is also 

known as insulin-dependent diabetes or juvenile diabetes [7]. This type of diabetes is 

thought to be caused by an autoimmune reaction in which the body's immune system 

erroneously targets the insulin-producing beta cells in the pancreas this process can take 

months or perhaps years before any diabetes symptoms appear [8].  Although certain 

genes may raise the risk of developing type 1 diabetes, it is considered that an 

environmental trigger, such as a viral infection, initiates the autoimmune response [9]. 

Individuals with type 1 diabetes must constantly monitor their blood sugar levels, eat a 

balanced diet, engage in regular physical activity, and receive on going medical 

treatment to avoid complications and properly manage their condition [10]. Type 2 

diabetes is a chronic disease in which the body is unable to utilise insulin efficiently or 

make enough insulin to control blood sugar levels [11]. It is the most prevalent type of 

diabetes, accounting for roughly 90-95% of all diagnosed cases [12]. Type 2 diabetes 

occurs when the body's cells grow resistant to the action of insulin, resulting in high 

blood glucose (sugar) levels. This can lead to a variety of health consequences over 

time, including cardiovascular disease, renal damage, nerve damage, and eye problems. 

Although type 2 diabetes is most often associated with adults, it is increasingly being 

diagnosed in children [13]. Monitoring blood sugar, cholesterol, and blood pressure 

levels, as well as obtaining frequent medical check-ups, are critical for effectively 

treating the illness and avoiding consequences [14]. Antidiabetic drugs are medications 

used to lower abnormally high glucose levels in the blood, which are characteristic of 

diabetes mellitus 1 they aim to reduce blood sugar levels to an acceptable range and 

relieve symptoms of diabetes such as thirst, excessive urination, and ketoacidosis. Oral 

antidiabetic agents work in various ways to reduce blood sugar levels in people with 

type 2 diabetes, including stimulating insulin secretion by the pancreas, improving the 

responsiveness of cells to insulin, or preventing glucose production by the liver. 

 

Antilipidemic drugs are pharmaceuticals that are used to lower blood lipid levels. These 

medications are often used to treat hyperlipidemia, a disorder marked by high levels of 

lipids such as cholesterol and triglycerides [15].Antilipidemic medicines are classified 

into several classes, each with its own mode of action and specific targets in lipid 

metabolism. Some commonly used antilipidemic drugs include statins, fibrates, bile acid 
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sequestrants, ezetimibe, proprotein convertase subtilisin/kexin type 9, niacin and omega 3 

fatty acids. Statins, also known as HMG-CoA reductase inhibitors, work by inhibiting an 

enzyme involved in cholesterol synthesis in the liver. By reducing cholesterol production, 

statins help lower LDL (bad) cholesterol levels and reduce the risk of cardiovascular 

events [16]. Fibrates act primarily on triglyceride metabolism by activating enzymes 

involved in their breakdown. They can also help raise HDL (good) cholesterol levels to 

some extent [17]. Bile acid sequestrants bind to bile acids in the intestine, reducing their 

reabsorption. This stimulates the liver to use more cholesterol to produce new bile acids, 

leading to a decrease in LDL cholesterol levels [18-19]. Ezetimibe works by inhibiting 

the absorption of cholesterol from the intestine. It can be used alone or in combination 

with other antilipidemic drugs to further lower LDL cholesterol levels [20]. Proprotein 

convertase subtilisin/kexin type 9 (PCSK9) relatively new drugs target an enzyme 

involved in cholesterol metabolism, PCSK9. By inhibiting PCSK9, these drugs help 

increase the clearance of LDL cholesterol from the blood, leading to reduced LDL levels 

[21]. Niacin (Nicotinic Acid) is a B-vitamin that can raise HDL cholesterol levels and 

lower LDL and triglyceride levels. It is available both as a prescription medication and as 

an over-the-counter supplement [22]. Omega-3 Fatty Acids often obtained from fish oil 

supplements, can help lower triglyceride levels [23]. 

 

Using combination of antidiabetic and antilipidemic drugs for better clinical 

outcomes 

The combination of antidiabetic drugs and antilipidemic drugs can be beneficial for 

individuals with type 2 diabetes, as they often have abnormal lipid metabolism along 

with hyperglycemia [24]. This combination therapy can lead to better clinical outcomes 

and reduce the risk of other associated diseases and conditions with diabetes such as 

cardiovascular diseases, which are the most common causes of morbidity and mortality 

in individuals with type 2 diabetes [25], polycystic ovary disease/syndrome (PCOD), 

Antidiabetic drugs such as metformin, sulfonylureas, incretin mimetics, and SGLT2 

inhibitors can improve glycemic control and reduce the risk of cardiovascular diseases 

when used alone or in combination [26]. However, these drugs may have different 

effects on lipid metabolism.  

Antilipidemic drugs such as statins, fibrates, and bile acid sequestrants can improve 

lipid levels and reduce cardiovascular risks in individuals with or without diabetes [27]. 
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Combination therapy with antidiabetic and antilipidemic drugs can improve glycemic 

and lipid control, respectively, which can lead to better outcomes.  

Various clinical trials have demonstrated the benefits of combination therapy with 

antidiabetic and antilipidemic drugs in individuals with type 2 diabetes. For example, a 

study conducted in individuals with type 2 diabetes who had a history of cardiovascular 

diseases found that the combination of a statin and a fibrate reduced the risk of major 

cardiovascular events [28]. Another study showed that the combination of a statin and 

metformin reduced the incidence of cardiovascular events compared to treatment with 

either drug alone [29]. 

Overall, it is important to note that the combination of antidiabetic and antilipidemic 

drugs should be guided by a healthcare professional and tailored based on the individual 

patient's needs and comorbidities. Close monitoring of glucose and lipid levels, as well 

as potential side effects and drug interactions, is essential for optimizing outcomes. 

 

CLINICAL OUTCOMES 

The combination of antidiabetic and antilipidemic drugs is often used to manage 

patients with type 2 diabetes who also have dyslipidemia (abnormal lipid levels). This 

combination therapy aims to address both high blood sugar levels (hyperglycemia) and 

abnormal lipid profiles (dyslipidemia) to reduce the risk of cardiovascular events and 

improve overall health. Clinical outcomes for this combination therapy includes 

 

    Cardiovascular Risk Reduction:  

 

Bulcao et al. (2007) [30] examined how metformin and simvastatin impacted insulin 

sensitivity and inflammation markers in overweight individuals with impaired glucose 

tolerance. Metformin reduced body weight, fasting glucose, and insulin resistance, 

while simvastatin lowered cholesterol. Both drugs independently decreased 

inflammation markers like CRP and IL-6 over 16 weeks, indicating their potential in 

reducing low-grade inflammation beyond glucose and lipid control. The study 

highlights the importance of early treatment in individuals at risk of diabetes or 

metabolic issues based on these positive effects. 

 

Bala et al. (2008) [31] evaluated a fixed-dose combination of atorvastatin 10 mg + 

metformin SR 500 mg in Indian adults with diabetic dyslipidemia. Among 213 patients, 
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the 12-week treatment significantly improved fasting and postprandial glucose levels, 

notably reducing HbA1c. It also lowered total, LDL, and VLDL cholesterol while 

increasing HDL cholesterol, with a positive trend in reducing atherosclerosis. The 

combination was well-tolerated, primarily causing mild to moderate gastrointestinal 

adverse events. Overall, it demonstrated efficacy and tolerability, presenting as a 

convenient and beneficial therapeutic option for managing diabetic dyslipidemia. 

 

Tousoulis et al. (2010) [32] studied metformin and atorvastatin treatments in newly 

diagnosed type 2 diabetes patients. In a six-week trial, patients receiving both 

medications showed partial prevention of glucose-induced endothelial dysfunction 

compared to those on metformin alone. The combination therapy also partly prevented 

glucose elevation at one hour after loading, a benefit not seen with metformin alone. 

This suggests that the combined use of metformin and atorvastatin had a more positive 

impact on glucose-induced endothelial dysfunction in these patients. 

 

Kandhwal et al. (2011) [33] aimed to establish the bioequivalence of a fixed-dose 

combination (FDC) tablet of atorvastatin 10 mg and metformin 500 mg extended release 

(ER) against separate administration of these medications. In a study with 40 Asian 

male subjects, the FDC tablet showed comparable bioavailability to individual tablets. 

Safety and tolerability profiles were similar between the FDC and separate components, 

indicating potential use to reduce pill burden and improve patient compliance in clinical 

settings. 

 

Tousoulis et al. (2011) [34] studied newly diagnosed type 2 diabetes patients, dividing 

them into two groups: one receiving metformin alone and the other receiving metformin 

with atorvastatin. After 12 weeks of treatment and glucose loading tests, they found that 

the metformin + atorvastatin group showed reduced serum TNF-α levels compared to 

the metformin-alone group. The combination therapy also partially prevented glucose-

induced elevation, especially at 1 hour post-glucose intake, indicating a potentially 

better response compared to metformin alone in managing TNF-α levels after glucose 

loading. 

 

Tousoulis et al.'s 2011 [35] study on newly diagnosed type 2 diabetes patients, they 

split participants into groups: one received metformin alone, the other metformin with 
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atorvastatin. After 12 weeks, the combination therapy showed partial prevention of 

glucose-induced elevation at 1 hour, indicating a better response to glucose intake 

compared to metformin alone. Moreover, the combined treatment reduced post-glucose 

loading TNF-α levels compared to metformin monotherapy, suggesting potential 

benefits in managing inflammatory markers in these patients. 

 

Islam et al. (2012) [36] investigated combining metformin and atorvastatin in rats with 

long-term alloxan-induced diabetes and cardiovascular disease (CVD). Short-term 

diabetic rats showed metformin reduced blood glucose, while atorvastatin improved 

lipid profiles without heart-related changes. In long-term diabetic rats, atorvastatin, 

alone or combined with metformin, notably decreased left ventricular hypertrophy, 

cardiomyocyte size, total cholesterol, triglycerides, and LDL-C while increasing HDL-

C. The combination therapy exhibited more effectiveness than monotherapy in 

preventing diabetes-related cardiovascular complications in these rats, alongside 

significant DPPH free radical scavenging activity. 

 

Krysiak et al (2012) [37] simvastatin-treated patients with impaired fasting glucose, 41 

participants were randomly assigned to either metformin (3 g daily) or a placebo. After 

90 days, the study evaluated various haemostatic risk factors. Metformin treatment 

notably reduced plasma levels/activity of these risk factors and showed a correlation 

with improved insulin sensitivity. These findings suggest that high-dose metformin has 

a beneficial, multifaceted impact on coagulation and fibrinolysis in individuals with 

impaired fasting glucose already receiving statin therapy. This effect on haemostasis 

might contribute to preventing atherosclerosis-related complications and acute vascular 

events in this pre-diabetic state. 

 

Another study of Krysiak et al. (2012) [38] studied subjects with impaired fasting 

glucose already on simvastatin treatment. Divided into groups receiving metformin or a 

placebo for 90 days, those receiving metformin alongside simvastatin showed reduced 

plasma inflammation markers like C-reactive protein and intercellular adhesion 

molecule-1. Metformin also notably lowered lymphocyte release of pro inflammatory 

cytokines, linked to improved insulin sensitivity and reduced free fatty acid levels. The 

combination therapy's impact on inflammation and lymphocyte activity may help 
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prevent and treat atherosclerosis and its complications in individuals with early glucose 

metabolism issues. 

 

In 2013 another study of Krysiak et al [39] study on patients with impaired fasting 

glucose on chronic statin therapy, they explored metformin's impact versus a placebo on 

monocyte secretory function. Over 90 days, those on metformin alongside statin 

treatment showed reduced release of inflammatory markers from monocytes, including 

TNF-α, interleukins, and other markers. This decrease aligned with lower plasma C-

reactive protein levels and improved insulin sensitivity. The findings suggest metformin 

might inhibit monocyte function, reducing systemic inflammation in those with 

prediabetes on statin therapy, potentially benefiting individuals at high cardiovascular 

risk. 

 

Singh et al. (2015) [40] conducted a study using rats with streptozotocin-induced 

diabetes. These rats showed various adverse changes including altered body weight, 

blood pressure, increased glucose and lipid levels, decreased insulin, HDL, and 

pancreatic antioxidants, along with pancreatic tissue changes. Administering metformin 

with atorvastatin for 14 days significantly improved these parameters, displaying 

antioxidant properties and offering substantial protection against streptozotocin-induced 

diabetes mellitus, as confirmed by both biochemical and histopathological evaluations. 

 

Ramadan et al. (2015) [41] reviewed Juvisync™, a combination drug containing 

sitagliptin and simvastatin, approved by the US FDA in 2011. Sitagliptin showed 

comparable efficacy to other diabetic medications, with lower hypoglycemia rates and 

weight gain. Simvastatin, the statin component, effectively reduced cardiovascular risk 

in diabetic patients, regardless of initial lipid levels or heart conditions. Both 

components demonstrated acceptable safety profiles, but caution was advised regarding 

coadministering drugs that could increase simvastatin levels, to mitigate the risk of 

myopathy and rhabdomyolysis. Overall, Juvisync was recommended for patients 

needing both sitagliptin and simvastatin due to their efficacy and favourable safety 

profiles. Sitagliptin, in particular, was highlighted for its beneficial effects on glycemic 

control with reduced hypoglycemia and weight gain risk. 
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Oh et al. (2016) [42] developed a once-daily bilayer tablet combining metformin and 

atorvastatin for type 2 diabetes and dyslipidemia patients. The tablet included sustained-

release metformin (500 mg) and immediate-release atorvastatin (10 mg) using specific 

polymers to mimic reference drugs' release patterns. In vitro studies matched 

Glucophage XR and Lipitor release patterns. In beagle dog studies, the formulation 

showed sustained metformin absorption and immediate atorvastatin absorption, similar 

to reference drugs. The bilayer tablet formulation aims to improve patient compliance 

and therapeutic outcomes for metabolic diseases. 

 

Hao et al. (2016) [43] conducted a study comparing atorvastatin alone to a combination 

of atorvastatin and metformin in individuals with dyslipidemia and overweight/obesity. 

After an 8-week period, both groups showed improvements, but the combination 

therapy group had more significant reductions in obesity rates, Hs-CRP levels, 

leukocyte ROCK2 concentration, and higher serum NO concentrations compared to the 

atorvastatin-only group. The combination therapy was associated with increased serum 

NO concentration and decreased leukocyte ROCK2 concentration, indicating potential 

additional benefits for these individuals. 

 

Fei Luo et al. (2017) [44] studied rabbits on a high-cholesterol diet, investigating 

metformin and atorvastatin combined. The combination notably reduced atherosclerotic 

plaques compared to atorvastatin alone, without extra lipid-lowering effects. It increased 

larger HDL particles, improved glucose control, and enhanced cholesterol efflux from 

macrophages. This suggests that combining atorvastatin and metformin may provide 

added anti-atherosclerotic benefits by boosting cholesterol efflux from macrophages. 

 

The study was examined through research by Graaf et al [45] in 2018 use of 

combination therapy involving metformin (an anti-diabetic drug) and statins 

(cholesterol-lowering medications). In patients with type 2 diabetes and dyslipidemia, a 

condition characterized by abnormal lipid levels. The study was aimed to understand the 

potential interactions and effects of these drugs when used together. It critically 

evaluated the molecular mechanisms through which statins and metformin individually 

impact glucose and lipid metabolism. Furthermore, the review develops a hypothesis to 

explain how these drugs might interact when administered together in combination 

therapy. This research is vital for improving our understanding on the benefits and 
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potential risks associated while using both drugs concurrently in diabetic patients at risk 

of cardiovascular disease. 

 

Jia et al. (2021) [46] investigated metformin and atorvastatin's combined effects on 

diabetic cardiomyopathy in db/db mice and H9C2 cardiomyocytes under diabetic 

conditions. They studied four groups of db/db mice: receiving metformin alone, 

atorvastatin alone, both combined, or a control. The combination therapy showed 

superior efficacy in protecting cardiac tissue from diabetes-induced damage, inhibiting 

oxidative stress, reducing inflammation-related proteins, and decreasing apoptosis in 

cardiomyocytes. It notably upregulated AMPK and SIRT1 expression, suggesting their 

involvement in the therapy's anti-inflammatory and anti-apoptotic effects. 

 

Hasymi et al. (2021) [47] investigated the impact of combining simvastatin and 

metformin in male Wistar rats on an atherogenic diet. Rats were divided into groups 

receiving simvastatin alone, simvastatin with metformin, or no treatment. After four 

weeks, the combination group showed significant differences in aortic organ weight and 

cholesterol levels compared to other groups. Body weight, BMI, and Lee index also 

exhibited significant changes after the diet in each group. The study suggests a potential 

association between the combination treatment of simvastatin and metformin in male 

Wistar rats subjected to an atherogenic diet. 

 

Polycystic ovarian syndrome  

 

In Banaszewska et al.'s 2009 [48] study on women with PCOS, simvastatin, metformin, 

and their combination led to significant reductions in testosterone levels, BMI, CRP, 

and soluble VCAM-1. Simvastatin outperformed metformin in reducing DHEAS, total 

cholesterol, and LDL cholesterol. However, combining simvastatin with metformin 

didn't offer significant advantages over simvastatin alone. While simvastatin was more 

effective than metformin alone in improving certain PCOS markers, the combination 

didn't show added benefits compared to using simvastatin alone. 

 

In Talieh et al.'s 2010 [49] study on women with PCOS, combining metformin and 

simvastatin showed significant improvements compared to metformin plus placebo. The 

combination therapy led to greater reductions in serum testosterone and LH levels, 
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improved LH/FSH ratio, and notably lowered total cholesterol, LDL, and triglycerides 

while increasing HDL levels. This suggests that combining metformin and simvastatin 

may effectively address hormonal imbalances, lipid profiles, and insulin resistance in 

PCOS patients, offering a promising management option for both hormonal and 

metabolic aspects of the condition. 

In Banaszewska et al.'s 2011 [50] study on PCOS in women, both simvastatin and 

metformin notably decreased total testosterone levels, improved menstrual cycles, and 

reduced hirsutism and acne symptoms. Simvastatin demonstrated superiority in 

reducing dehydroepiandrosterone sulfate, total cholesterol, and LDL cholesterol. 

Ovarian volume reduction and improvements in hirsutism, acne, and testosterone levels 

were sustained throughout the study. However, improvements in lipid profile and 

inflammatory markers were prominent in the initial three months and showed less 

change afterward. Overall, both treatments were well-tolerated, but long-term 

simvastatin treatment was more effective than metformin in addressing ovarian 

hyperandrogenism in PCOS. 

Celik et al. (2012) [51] compared metformin alone to a combination of metformin and 

rosuvastatin therapies in PCOS patients with hyperlipidemia and impaired glucose 

tolerance. After 12 weeks, both groups showed similar improvements in BMI, insulin, 

glucose levels, and insulin resistance. However, the combination therapy group 

exhibited greater reductions in testosterone levels, DHEAS, hsCRP, triglycerides, total, 

and LDL cholesterol compared to the metformin-only group. The combination therapy 

demonstrated enhanced efficacy in reducing hyperandrogenism and atherosclerosis-

related factors while improving lipid parameters in PCOS patients. 

According to Hamdy et al. (2012), [52] in a study involving PCOS patients with 

metabolic syndrome, comparing metformin alone to a combination of simvastatin and 

metformin for three months, the combination therapy (Group II) showed superior 

results. Group II displayed greater improvements in lowering fasting blood sugar, 

insulin levels, and insulin resistance compared to metformin alone (Group I). 

Additionally, Group II demonstrated more significant reductions in total and free 

testosterone levels, alongside notable improvements in lipid profiles with decreased 

LDL cholesterol and increased HDL cholesterol, surpassing the effects observed in 

Group I. Overall, the combination therapy of simvastatin and metformin proved more 
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effective in reducing insulin resistance, enhancing lipid profiles, and lowering 

testosterone levels in PCOS patients than metformin alone. 

In Karakas et al.'s 2013 [53] study involving untreated women with PCOS, therapies 

including metformin, simvastatin, or their combination for three months did not impact 

serum FABP4 or RBP4 levels. Initially, FABP4 correlated with obesity, insulin 

resistance, and inflammation, while RBP4 correlated with lipid profiles. However, none 

of the treatments affected these biomarkers associated with PCOS, indicating that 

insulin-sensitizing or lipid-lowering therapies did not alter FABP4 or RBP4 levels in 

these patients. 

Sun et al. (2015) [54] studied the effects of statins alone, metformin alone, and their 

combination in women with PCOS. Trials comparing statin and metformin together 

versus metformin alone showed the combined therapy reduced inflammation markers, 

triglycerides, total cholesterol, and LDL cholesterol. However, it didn't notably improve 

insulin sensitivity or reduce high androgen levels. Statin therapy alone, compared to 

placebo, effectively reduced LDL cholesterol, triglycerides, and total cholesterol levels. 

Combining statins with metformin improved lipid and inflammation markers but didn't 

significantly enhance insulin sensitivity or reduce high androgen levels in women with 

PCOS. More extensive studies are necessary for understanding the long-term effects of 

this therapy in PCOS. 

In Pourmatroud et al.'s 2015 [55] study on PCOS women preparing for intra-

cytoplasmic sperm injection (ICSI), comparing metformin and simvastatin as 

pretreatment for eight weeks before the cycle, both drugs improved hirsutism 

symptoms. Simvastatin notably reduced hormonal and lipid markers better than 

metformin. However, pregnancy rates and ICSI cycle outcomes were similar between 

the two groups. While simvastatin effectively improved hyperandrogenism symptoms, it 

didn't yield significantly different ICSI cycle outcomes compared to metformin when 

used as pretreatment. 

In Enas Hefzy et al.'s 2018 [56] study on 200 women with PCOS, comparing the 

effects of combining simvastatin and metformin versus using each medication 

separately for 12 months, the combined treatment (Group A) showed substantial 

improvements. Hormonal balance saw reductions in testosterone by 37%, LH by 51%, 

and LH/FSH ratio by 53%. Insulin resistance improved in Groups A and C, while lipid 
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profile notably decreased in Groups A and B. Menstrual regularity and hormonal 

symptoms improved in Groups A and C, with Group C showing slightly better 

outcomes. Group A had confirmed spontaneous ovulation over the study period. 

Overall, the combined simvastatin and metformin treatment demonstrated significant 

improvements in hormonal balance, insulin resistance, lipid profile, menstrual 

regularity, and ovulation, offering comprehensive benefits for managing PCOS in young 

women. 

In Malik et al.'s 2018 [57] study on PCOS treatment, comparing metformin alone 

versus a combination of metformin and simvastatin in 108 patients, the combination 

therapy proved significantly more effective. 66.7% of patients on metformin alone 

showed efficacy, while 92.6% in the combination therapy group achieved efficacy, 

highlighting a notable difference in effectiveness (p=0.001). This suggests that 

combining metformin and simvastatin holds greater promise for managing PCOS in 

females compared to using metformin alone. 

In Mohsin Shah et al.'s 2019 [58] study on PCOS treatment comparing metformin 

alone versus a combination of metformin and pioglitazone in 106 women, both groups 

showed improvements. However, the combination therapy demonstrated a more 

significant decrease in inflammatory markers IL-6 and IL-8, indicating reduced 

inflammation. Both groups improved insulin resistance and hormonal levels, but the 

combination therapy was notably more effective in reducing LH levels. Overall, the 

combined metformin and pioglitazone therapy appeared more effective in addressing 

inflammation and improving insulin resistance in PCOS, suggesting a comprehensive 

approach targeting both metabolic and inflammatory aspects may offer greater benefits 

for individuals with this condition. 

In 2020 Al Mohammad et al [59] performed a study through a network meta-analysis of 

randomized clinical trials for comparative study on efficacy of statins, metformin 

spironolactone in reducing testosterone levels in women with polycystic ovarian 

syndrome. According to the study atorvastatin life style changes and placebo (-3.04{-

3.56; -2.53}) showed better efficacy in reducing the testosterone in women. However, 

combination of simvastatin with metformin (-2.93 {-3.79; -2.06}) too showed better 

result in comparison to simvastatin alone (-2.88{-3.85; -1.92}) or spirolactone (-2.90{-
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3.77; -2.02}) or combination of metformin with spirolactone (-2.83{-3.80; -1.87}) or 

combined oral contraceptives (-2.78{-3.60; -1.97}) alone. 

In their 2021 meta-analysis, Liu et al. [60] found that combining metformin and 

simvastatin was more effective than metformin alone in reducing cholesterol, 

triglycerides, LDL, testosterone, and fasting insulin levels in PCOS patients. However, 

there were no significant differences in HDL, LH, FSH, prolactin, blood sugar, or 

insulin sensitivity index between the groups. Larger studies are needed to assess its 

safety in clinical use. 

In their 2021 meta-analysis, Meng et al. [61] found that combining simvastatin with 

metformin for treating PCOS showed significant benefits over metformin alone. The 

combination therapy notably reduced total testosterone, LH:FSH ratio, and LDL 

cholesterol levels, but other factors like menses frequency, ovarian volume, BMI, and 

fasting glucose remained similar between the groups. 

Prevention/cure for cancer 

In Nakai et al.'s 2013 [62] study on advanced pancreatic cancer and diabetes, they 

found that while diabetes itself didn't strongly impact survival, those with diabetes 

taking statins for cholesterol seemed to have better survival rates. Medications used to 

treat diabetes didn't show a direct influence on survival. Other factors like cancer stage, 

overall health, specific chemotherapy, and certain blood pressure drugs were also linked 

to survival outcomes. 

In their 2014 study on castration-resistant prostate cancer (CRPC), MA Babcook et al. 

[63] explored the combination of simvastatin (SIM) and metformin (MET) as a potential 

treatment strategy. This combination showed promise by correcting metabolic 

abnormalities linked to the Warburg effect, reducing CRPC cell viability and metastatic 

potential more effectively than standard chemotherapy. The treatment induced cell cycle 

arrest, primarily in the G1 phase, and increased autophagic activity. Surprisingly, 

inhibiting autophagy didn't rescue cell viability but triggered a form of cell death known 

as necrosis, suggesting the potential effectiveness of SIM and MET in treating 

metastatic CRPC cells resistant to traditional chemotherapy. 

In their 2014 study, Babcook et al. [64] examined the impact of metformin and statin 

use on mortality in high-risk prostate cancer (PCa) patients. Analyzing data from the 
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SEER-Medicare linked database involving 12,700 patients, they found that both statin 

use alone and in combination with metformin were associated with reduced all-cause 

and PCa-specific mortality. Specifically, the metformin/statin combination showed 

significant reductions in all-cause mortality by 32% and PCa mortality by 54% among 

post-diagnosis users, while metformin alone didn't show significant associations with 

mortality outcomes. These findings suggest potential benefits in using statins, 

particularly in combination with metformin, for reducing mortality in high-risk PCa 

patients, especially post-diagnosis. 

In 2015, Hsin-Hung Chen et al. [67] explored combining metformin and statins to 

reduce hepatocellular carcinoma (HCC) risk in newly diagnosed type 2 diabetes 

patients. They found that statin use alone reduced HCC risk by 63%, especially 

simvastatin, atorvastatin, and rosuvastatin. Combining metformin with these statins 

further lowered HCC risk, with metformin and simvastatin showing particularly 

effective results. However, the effectiveness varied among different statin combinations, 

emphasizing their potential in reducing HCC incidence in diabetic patients. 

In 2014, Danzig et al. [66] observed a potential synergy between statins and metformin 

in reducing the risk of biochemical recurrence (BCR) in diabetic men post-

prostatectomy. Analysing data from 767 men, they noted that while statins or metformin 

alone didn't show significant associations with BCR-free survival, using both drugs 

together exhibited a trend toward improved BCR-free survival rates at 2 and 5 years, 

though not statistically significant. However, the combined use of statins and metformin 

demonstrated a synergistic effect, significantly lowering BCR risk compared to each 

drug's independent effects. This suggests a potential biologically plausible synergy 

between statins and metformin in reducing BCR risk, urging further investigation in 

clinical trials for prostate cancer patients. 

In 2015, Chen et al. [67] investigated the impact of statin and metformin use on cancer 

incidence in individuals with hepatitis B virus (HBV) infection. Analysing data from 

71,847 patients, they found that both statin and metformin use independently reduced 

cancer incidence. Specifically, statin use showed a more pronounced effect on liver 

cancer, while metformin use had a significant effect on overall cancer reduction. 

Combining statin and metformin demonstrated the most substantial reduction in cancer 

risk, indicating an additive or synergistic effect. Both medications exhibited a dose-
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dependent relationship in preventing cancer, with statin use showing a dose-response 

effect for various cancers, and metformin showing similar trends without dose 

stratification for statin use. Overall, the study highlighted the potential of statin and 

metformin as chemo preventive agents, especially when used together, in reducing 

cancer incidence in HBV-infected individuals. 

In 2016, Pennanen et al. [68] investigated the effects of metformin and simvastatin, 

both individually and in combination, on prostate cancer cells (LNCaP) and normal 

prostate epithelial cells (RWPE-1). Metformin induced G1 cell cycle arrest, autophagy, 

and apoptosis in LNCaP cells but had little impact on RWPE-1 cells. Simvastatin 

induced effects in RWPE-1 cells, causing G2 cell cycle arrest, autophagy, apoptosis, 

and increased ATP levels without significant effects on LNCaP cells. Combining 

metformin and simvastatin synergistically reduced ATP levels, increased autophagy, 

and induced necrosis specifically in LNCaP cells without impacting RWPE-1 cells. This 

suggests that the combination of these drugs may be a promising strategy for targeting 

prostate cancer cells while sparing normal cells. 

In 2016, Kozak et al. [69] studied 171 patients with pancreatic ductal adenocarcinoma 

(PDAC) who had undergone surgical resection. They found that both statin and 

metformin use were associated with improved overall survival (OS) in these patients. 

However, upon multivariate analysis, only statin use remained significantly linked to 

better OS, while the significance of metformin use diminished. The study suggested 

potential benefits of these medications in enhancing survival rates among PDAC 

patients after surgery, warranting further research into their long-term use for this 

population. 

In 2017, Wang et al. [70] highlighted the potential synergy between metformin and 

atorvastatin in battling prostate cancer. Their laboratory experiments demonstrated that 

the combination markedly inhibited the growth of prostate cancer cells (PC-3) more 

effectively than either drug alone. This combination hindered cancer cell proliferation, 

promoted cell death, and suppressed tumor sphere formation by targeting key regulators 

of cell survival and inflammation. In mouse studies, the combination significantly 

suppressed tumor growth, suggesting its potential as a promising strategy for prostate 

cancer treatment, warranting further clinical investigation. 
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In 2017, Nimako et al. [71] found that in patients with diabetes and gastrointestinal 

cancer, using statins or metformin alone improved overall and disease-free survival. 

However, combining metformin and statins showed a synergistic advantage, particularly 

benefiting those with upper gastrointestinal cancers, leading to enhanced cancer-related 

outcomes compared to using either drug alone. Using statins without metformin or 

metformin without statins did not significantly improve outcomes in this context. 

In 2018, Jose A. Del Campo et al. [72] found that the combination of metformin and 

simvastatin inhibited liver cell growth and Hepatitis C virus infection in laboratory 

experiments. In non-infected cells, simvastatin increased tumor control proteins, while 

metformin inhibited a protein linked to cancer growth. Together, they down regulated 

cancer-related factors and increased proteins associated with reduced cancer risk. In 

HCV-infected cells, this combination increased markers linked to lower cancer risk. 

These results suggest that using metformin and simvastatin together might help prevent 

liver cancer in individuals with HCV-related liver disease. 

In 2019, Josephine et al. [73] discovered that combining metformin and simvastatin 

significantly inhibited the growth of endometrial cancer cells more effectively than 

either drug alone. This synergy induced programmed cell death (apoptosis) and 

suppressed the mTOR pathway, critical for cancer cell proliferation. Blocking a specific 

protein called Bim partially reversed this effect, emphasizing the role of apoptosis. 

These preclinical findings suggest potential for clinical research into using this drug 

combination as a treatment for endometrial cancer. 

In 2020 Liu et al [74] conducted the study for better treatment for pancreatic cancer, a 

group used a platform to combine FDA-approved drugs that target specific genes in 

pancreatic cancer cells. By focusing on PDX1 and BIRC5 genes, they screened an FDA 

drug library and found metformin, simvastatin, and digoxin (C3) as a promising 

combination. This blend effectively targeted these genes in human pancreatic cancer 

tumors in mice without causing any toxic effects. This discovery holds potential for 

advancing treatment options for pancreatic cancer. 

In a retrospective study of 12,700 high-risk prostate cancer patients, Tan et al. (2020) 

[75] found that using statins, either alone or combined with metformin, was associated 

with reduced all-cause and prostate cancer-specific mortality. The combination of 

metformin and statins notably decreased all-cause mortality by 32% and prostate cancer 
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mortality by 54% among post-diagnosis users. However, using metformin alone did not 

show a significant association with mortality outcomes. These findings highlight the 

potential benefit of combining statins and metformin, particularly after a prostate cancer 

diagnosis, though further research is advised to confirm these results. 

In 2020, Liu et al. [76] sought more effective pancreatic adenocarcinoma treatments and 

screened an FDA-approved drug library to target PDX1 and BIRC5 genes in PDAC. 

They discovered a promising combination of metformin, simvastatin, and digoxin (C3) 

that effectively targeted these genes in PDAC tumors in mice without causing toxicity. 

This finding suggests a potential precision-targeted therapy for PDAC, offering hope for 

improved treatment outcomes. 

In their 2021 study, Antonio et al. [77] explored the potential of drugs like insulin, 

metformin, and statins in managing endocrine-related cancers. While evidence is not 

conclusive for all drugs, metformin shows promise as a chemo preventive and adjuvant 

agent, affecting tumor cell metabolism and the tumor microenvironment through 

multiple pathways. Combining metformin with statins seems promising in slowing 

endocrine-related tumor progression, but further research is needed to confirm their 

clinical significance in cancer treatment. Overall, these medications offer intriguing 

potential in fighting these cancers, but their exact roles in clinical cancer management 

require more investigation. 

In their 2022 study on metastatic castration-resistant prostate cancer, Wilson et al. [78] 

found that metformin, particularly in combination with abiraterone acetate plus 

prednisone/prednisolone (AAP), was associated with improved prostate-specific antigen 

response rate (PSA-RR) and overall survival (OS). Statin use, especially alongside 

AAP, also correlated with extended OS. These findings suggest potential benefits of 

metformin and statins as adjuncts in treating this form of prostate cancer. 

In a 2023 study by Antonio et al. [79], metformin and simvastatin exhibited powerful 

anti-tumor effects in glioblastoma cells. When used together, they enhanced these 

effects, inhibiting cell functions like proliferation and migration. They influenced key 

oncogenic pathways and induced apoptosis and senescence in cells. This combination 

also showed promise in reducing tumor progression in mice and extending overall 

survival in human subjects, indicating a potential therapeutic approach for glioblastoma 

treatment. 
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In a 2023 study by Teper et al. [80], combining low doses of metformin and simvastatin 

showed promise in preventing pancreatic cancer in mice predisposed to the disease. 

Individually, these drugs didn't significantly affect cancer development, but together, 

they reduced weight gain, limited the progression of precursor lesions, and inhibited 

pancreatic cancer cell growth. This combination might hold potential as a preventive 

strategy for pancreatic cancer, suggesting a need for clinical trials to explore its 

effectiveness further. 

In 2023, Liu et al. [81] found that combining metformin and simvastatin had powerful 

anti-cancer effects in breast cancer models. This combination reduced tumor growth by 

targeting angiogenesis and the hypoxic tumor environment more effectively than using 

either drug alone. The treatment decreased a key regulator of these processes, 

endothelin 1 (ET-1), leading to reduced cell growth and improved normalization of 

blood vessels within tumors. This combined therapy demonstrated stronger anticancer 

effects compared to a known ET-1 receptor antagonist, suggesting its potential in 

fighting cancer by addressing these critical tumor environments. 

Other clinical advantages 

In 2010 Chandrashekhar et al [82] conducted the study that how gliclazide (a diabetes 

medicine) behaves when given with pravastatin and gemfibrozil (drugs for high 

cholesterol) in rats. Gliclazide alone lowered blood sugar levels in both normal and 

diabetic rats, peaking at 2 and 8 hours after taking it. When combined with pravastatin 

and gemfibrozil, the effect of gliclazide became stronger in rats. This happened because 

these combinations blocked enzymes responsible for breaking down gliclazide, making 

it stay in the body longer. The study suggested caution or avoiding using gliclazide with 

pravastatin and gemfibrozil in diabetes patients at risk of atherosclerosis. 

In 2011, Kandhwal et al. [83] compared a fixed-dose combination (FDC) tablet of 

atorvastatin and metformin to taking separate tablets of each drug together. The study 

involved 40 male subjects and found that the FDC tablet had similar levels of 

atorvastatin and metformin in the blood as taking the separate tablets together. Both 

treatments were well tolerated without significant side effects. This suggests that the 

FDC tablet is as effective and safe as taking the individual tablets together, potentially 
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offering a simpler treatment regimen for patients with type 2 diabetes and/or high 

cholesterol. 

In 2011, Metafome et al. [84] investigated liver issues in type 2 diabetes with high 

cholesterol levels using Goto-Kakizaki rats. They found that separately, atorvastatin and 

metformin improved blood sugar, insulin resistance, and fatty acid levels. However, 

when combined, these medications had a more significant impact, notably reducing 

liver inflammation markers and oxidative stress. This suggests that using atorvastatin 

and metformin together could offer enhanced benefits for liver health in this specific 

type of diabetes with high cholesterol. 

In 2014, Lee et al. [85] studied the interaction between rosuvastatin (for cholesterol) 

and metformin (for type 2 diabetes) in healthy male volunteers. When taken together, 

rosuvastatin's blood levels showed a slight increase, but this change wasn't considered 

clinically significant. The overall impact on the drugs' behaviour or safety wasn't 

substantial, suggesting that combining them doesn't notably affect their effectiveness or 

safety. 

In 2016, Kashi et al. [86] studied newly diagnosed type 2 diabetes patients taking 

metformin, dividing them into responders (≥1% reduction in HbA1c) and non-

responders (<1% reduction). Among those responding well to metformin and taking 

atorvastatin, there were significant improvements in HbA1c, glucose, and lipid markers 

like LDL-C/HDL-C ratio, total cholesterol/HDL-C ratio, and atherogenic index. These 

improvements weren't as pronounced in nonresponders, especially regarding HDL-C 

levels. Metformin response also correlated with changes in triglycerides, total 

cholesterol, HDL-C, and LDL-C levels, indicating its influence on lipid profiles in these 

patients. Additionally, responders experienced more significant BMI changes from 

metformin compared to nonresponders. This suggests tailoring therapeutic strategies for 

nonresponders to metformin regarding lipid-related risks. 

In 2016, Krysiak et al. [87] studied women with non-classic congenital adrenal 

hyperplasia (NC-CAH) and glucose metabolism issues, comparing them to a control 

group with similar glucose problems but normal adrenal function. All received 

metformin for at least 6 months, followed by 12 weeks of simvastatin (20 mg daily). 

Metformin alone in NC-CAH women increased plasma hormones linked to 

hyperandrogenism. However, simvastatin reduced cholesterol levels in both groups. The 



      Kratik Dixit/Afr.J.Bio.Sc. 6(14) (2024)                                                 Page 4345 to 10 

combination of metformin and statin therapy in NC-CAH women decreased levels of 

testosterone, free testosterone, and other hormones linked to hyperandrogenism, 

suggesting a potential benefit in managing NC-CAH symptoms. 

In 2018, Stopher et al. [88] examined a combination of drugs—digoxin, furosemide, 

metformin, and rosuvastatin—to understand their interactions. They found that the 

combination had minimal effects on most drugs except for rosuvastatin, which showed 

increased levels in the body. They tested varying doses of metformin and furosemide 

with rosuvastatin and noted that high doses of metformin significantly increased 

rosuvastatin levels, while furosemide had a minor effect, mostly at higher doses. 

Lowering metformin and furosemide doses could potentially reduce the interaction 

between these drugs. 

In 2019, Jong et al. [89] studied atorvastatin and metformin individually and in a 

combined tablet to understand their interactions and the impact of food on their 

absorption. When taken together, atorvastatin and metformin didn't significantly alter 

each other's levels. However, the combined tablet's absorption was affected by food: it 

delayed atorvastatin absorption, reducing its concentration by 32%, while increasing 

metformin absorption by 56%, reflecting similar effects seen when these drugs were 

taken separately with food. 

In 2020, Al Mozie et al. [90] conducted a study on male rats, administering simvastatin, 

metformin, and their combination orally over 40 days. The treated groups showed 

elevated blood parameters, including HDL cholesterol and blood glucose, along with 

increased sperm abnormalities. Testicular histopathology revealed germinal epithelium 

degeneration, while liver and kidney tissues exhibited various abnormalities such as 

hepatocyte and renal tubule vacuolation. Simvastatin showed more pronounced effects 

on lipid profile and testicular function compared to metformin, suggesting potential 

implications for male reproductive health. 

In 2021, Jakab et al. [91] investigated the impact of metformin (MET) and simvastatin 

(SIM) on fat cell formation (adipogenesis). Using 3T3-L1 preadipocytes, the 

combination treatment of MET and SIM led to reduced fat cell accumulation, indicated 

by decreased Oil Red O staining intensity. This combined treatment also lowered the 

expression levels of important adipogenic transcription factors like PPARγ, C/EBPα, 

and SREBP-1C, suggesting an inhibitory effect on adipocyte differentiation. 
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In 2021, Buist et al. [92] studied the impact of metformin and simvastatin on gene 

expression in a human brain cell line. Metformin induced the expression of brain-

derived neurotrophic factor (BDNF) and a specific MECP2 isoform (E1) while 

inhibiting another isoform (E2). Simvastatin, on the other hand, notably suppressed 

BDNF transcription without a significant effect on MECP2E2 transcripts. The study 

highlighted distinct transcriptional effects of these drugs on specific genetic variants, 

suggesting their potential in related disorders. 

In a 2022 study by Douglas et al. [93], the effects of metformin and statins, both under 

investigation for age-related health decline, were explored in older adults undergoing 

resistance training. The study, a secondary analysis of the MASTERS trial, found that 

combining metformin and statins seemed to counteract metformin-induced impaired 

muscle growth during resistance training, potentially linked to increased M2-like 

macrophages. This interaction might have implications for mitigating age-related 

muscle loss, offering insights into preserving muscle benefits despite metformin use in 

older individuals. 

In a 2022 study by Long et al. [94], metformin was found to reduce muscle growth 

response to exercise in older adults. However, when combined with statins, the negative 

effect of metformin on muscle growth was reversed. Although the combination didn't 

notably affect strength, it appeared to boost muscle fiber growth, possibly due to an 

increase in specific types of immune cells. This interaction between metformin and 

statins might help offset metformin's negative impact on the benefits of resistance 

training in preventing age-related muscle decline. 

In a 2023 study by Bak et al. [95], analysing Korean health data, adding metformin to 

statin therapy in dyslipidemia patients was linked to a reduced risk of myopathy 

compared to using statins alone. The study suggests that combining metformin with 

statins might offer protective effects against muscle issues induced by statin therapy. 

In a 2023 study by Krysiak et al. [96], postmenopausal women with prediabetes were 

given metformin alongside rosuvastatin or without statin therapy. The research 

suggested that metformin reduced certain hormone levels, FSH and LH, more 

significantly in women on rosuvastatin compared to those not on statins. This indicates 

that statin therapy might enhance metformin's effects on hormone levels in this group of 

women. 
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In a 2023 study by Lundin et al. [97], hypertensive patients with mild cognitive 

impairment (MCI) using antihypertensive medications (AHMs) showed a reduced risk 

of progressing to Alzheimer's disease and related dementias (ADRD). All five AHM 

classes studied independently reduced ADRD risk. Combining diuretics or calcium 

channel blockers with Metformin, or any AHM with statins, displayed a stronger 

protective effect against ADRD progression compared to individual AHM use, 

suggesting potential benefits from these drug combinations in slowing cognitive 

decline. 

It's important to note that the specific outcomes may vary depending on the individual 

patient, the combination of drugs used, and other factors like diet, exercise, and 

lifestyle. The choice of antidiabetic and antilipidemic medications should be tailored to 

the patient's unique needs and medical history, and the treatment plan should be closely 

monitored and adjusted as necessary to achieve optimal results. 

Patients on this combination therapy should work closely with their healthcare providers 

to assess their progress, manage potential side effects, and make necessary lifestyle 

changes to support their overall health and well-being. Additionally, the benefits and 

risks of combination therapy should be discussed thoroughly with the healthcare team to 

ensure the most appropriate treatment approach. 
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