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ABSTRACT

Background: Diabetes mellitus (DM) is one of the most serious health concerns in the world due to
its complicated nature with various health concerns, including liver and kidney damage. Metformin
is a commonly prescribed medication for type 2 diabetes and is known for its effectiveness and safety;
nonetheless, it does require scrutiny in the presence of liver and kidney diseases. Objective: This
study evaluates the concerns related to treatment risk versus benefits of metformin in managing multi-
complicated diabetes with special focus on liver and kidney functions. Methods: Metformin'’s impact
on hepatic and renal parameters were evaluated to formulate key outcomes by measuring liver
function tests, kidney functions, and complications like nonalcoholic fatty liver disease (NAFLD) and
diabetic nephropathy. Results: Reducing the progression of NAFLD, steatosis, and serum liver
enzyme ALT/AST, metformin improves liver health which was supported by its action through AMPK-
dependent pathways. In the kidney, micromolar concentrations of metformin appeared to protect
renal function, stabilizing and reducing albuminuria in patients suffering from chronic kidney disease
(CKD). Alongside these benefits, the risk of lactic acidosis in advanced CKD patients (eGFR < 30
mL/min/1.73m?) and vitamin B12 deficiency presented a need for caution. Longitudinal and meta-
analysis studies confirmed that patients with mild to moderate CKD (eGFR >30 mL/min/1.73m?)
could safely use the drug, provided there is some adjustment in dosage. Individualized dosing remains
vital due to the potential harmful effects of gastrointestinal issues such as chronic diarrhea, and the
rare occurrence of lactic acidosis. Newer studies underscored metformin’s capability to reduce
cardiovascular risks and its impact on personalized treatment, particularly for patients with f-
thalassemia major and GDF-15, and ferritin biomarkers indicating relevant de-accumulation of iron
overload and complication monitoring. Conclusion: Metformin continues to be an effective
medication for diabetes and has positive impacts on the health of the liver and kidneys. Its use is
relatively safe in the early stages of CKD and NAFLD but should be used with caution in advanced
hepatic-renal failure. A comprehensive approach, including genetic and biomarker methods is
needed to individualize treatment strategies to maximize benefits. More studies are required to clarify
the impact of metformin over an extended period of time, and how to best set criteria for patients with
numerous coexisting diseases.
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INTRODUCTION

Diabetes Mellitus is one of the major health
concerns, and its incidence is rising in many
regions, including South Korea. Diabetes
Mellitus (DM) is a disease that was diagnosed in
around 4,200 South Koreans as of 2018 on a
daily basis (1). DM poses a serious threat to
health, increasing the chances of having a stroke

or myocardial infraction and elevating one’s risk
of metabolic syndrome along with both vascular
and micro vascular complications (2,3). In
South Korea, Metformin is the most commonly
prescribed oral hypoglycemic agent for type-
two diabetes patients has having a prevalence of
around 48.5% as it is considered safe and
effective (4,5). Molecular docking of Metformin
and Metformin structure (Figure 1).
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Figure 1: Molecular docking of Metformin and Metformin structure.

Overview of Diabetes Mellitus: Controlling
the conditions of diabetes entail the use of
medication alongside lifestyle changes. One of
the main treatment procedures is Metformin,
which helps in controlling blood sugar levels
and the excess production of ketone bodies that
can be detrimental to the liver and kidneys (6,7).
Metformin is contraindicated for patients with
renal failure or liver failure due to the chances
of lactic acidosis (8).

Types of Diabetes: There exist three primary
types of diabetes; type 1, type 2, and gestational.
The former is a result of an autoimmune
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disorder that leads to the destruction of the beta
cells in the pancreas, while the latter is usually
associated with older humans who are insulin
resistant but has been seen at an increasing rate
in younger people (9,10). Whereas gestational
diabetes happens during the period of pregnancy
and tends to disappear after we give birth (11).

Diabetes Pathophysiology: In  Diabetes
Mellitus, there is an intricate interplay of
systematized high blood sugar levels, which
leads to a mixed dyslipidemia with kidney
damage and chronic inflammation of liver
tissues contributing to liver cirrhosis (12).
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Furthermore, development of vascular damage
along with complications such as nephropathy
(13,14) occurs due to injurious processes
sustained over time and chronic high glucose
levels. There is Energy metabolism disruption

or imbalance that induces inflammatory
processes. (15).

Metformin: Mechanism of Metformin
Action: The most important action of

Metformin is to reduce blood glucose levels by
insulin secretion suppression, however, its

sensitivity is increased (16). It controls energy
homeostasis through AMP activated protein
kinase (AMPK) which is important for
catalyzed processes (17) (Figure 2, 3).

Insulin Sensitization: The increasing actions of
Metformin further enhance blood glucose levels
and from the liver, hepatic glucose secretion is
lessened because of AMPK action (18,19). As a
result, there is maintenance of blood sugar level,
which is glucose in blood without hypoglycemia
(20).
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Figure 2: Mechanism of Metformin Action.
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Figure 3: Neuroprotective role of metformin.

Impact on Gluconeogenesis: In regards to
Metformin, gluconeogenesis is inhibited and
mainly its action relies on transforming the liver,
nevertheless, it does not occur only by hepatic
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ways (21). There is a change in mitochondria,
which assists in decreasing the output of glucose
from the liver (22).
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Effects of Metformin on the Liver: There are
other complications beyond controlling blood
sugar that Metformin affects and do not include
in Diabetes Mellitus (23). Improvement of the
liver is done through insulin releasers called
AMPK which close down glucogenesis while
Metformin controls on purely dominating DM
activity (24). The reduction of glucose caused
by Metformin is brought about by independent
or dependent mechanisms of AMPK (25). This
activates glucose partitioning by enhancing
insulin sensitivity and reducing hepatic glucose
production, thus lowering plasma glucose levels
(26).

Enzymatic activity of Liver: There are
suggestions that Metformin may provide
protection from some of the liver functional
complications such as nonalcoholic fatty liver
disease (NAFLD) and cirrhosis, with some data
showing reduced hepatic decompensation risk
(27,28). The drug has been cited with
improvement of liver function tests among the
diabetic patients (29).

Effects of Metformin on the Kidney: Beside
its most common use in type 2 diabetes,
metformin is of controversial use for chronic
kidney disease (CKD) patients because of
perceived dangers of lactic acidosis (30).
However, some studies detected that under
specific circumstances it may actually be safe
(32).

Renal Function Parameters: As cladded in the
research, Metformin doesn’t greatly impair
renal functions of well-controlled monitored
patients with CKD (32,33). In fact, it could
enhance nephroprotective effects through
reduction of albuminuria (34).

Nephroprotective Effects: Though not well
understood, Metformin does offer some
reduction in the diabetic kidney disease
progression (35). It is suggested to improve
renal outcomes through inflammation and
fibrosis modulation (36).
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Impact on Diabetic Nephropathy: Metformin
has been linked to a lower likelihood of
developing microvascular issues, specifically
nephropathy, even though study results are
mixed (37,38). It is believed that long-term use
may be associated with a lower risk of
progression to end-stage renal disease (39).

Metformin and Multiple Complications: Its
implications extend to the cardiovascular
system, neuropathy, and retinopathy, showing
Metformin’s multifaceted association with the
management of diabetic complications (40,41).
Additionally, its potential for shielding patients
from cardiovascular events is significant (42).

Clinical Studies and Evidence: Emerging
research highlights the impact of Metformin on
the liver and kidney health of diabetic patients.
Meta-analyses alongside randomized control
trials validate the medication's efficacy in blood
glucose management and enhanced functioning
of hepatic and renal systems (43,44).

Meta-analyses: Compared to other treatments,
metformin was shown to improve liver function
and its protective effects on the kidneys are,
however, less defined (45,46). Despite this, the
balance of benefits with harm is positive and
incidences of adverse effects are minimal (47).

Longitudinal Studies and Randomized
Control Trials: Observational studies suggest
that patients on Metformin have a lower risk of
kidney failure compared to patients on other
therapies (48). Trials support the idea that
unrestricted patients with mildly impaired renal
function may preserve some degree of renal
function (49).

Adverse Effects of Metformin: The most
frequent adverse effects are gastrointestinal
caused and, extremely rarely, might be lactic
acidosis (50). There is a great need for close
observation, particularly in those with renal
dysfunction (51).

Gastrointestinal Issues: Gastrointestinal side
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effects may cause some patients to discontinue
treatment (52). Some measures to reduce these
effects include slow dose increases (53).

Lactic Acidosis: Although uncommon, lactic
acidosis represents a significant risk, especially
for people with renal insufficiency (54). Its
prevalence is still low in patients with normal
renal function (55).

Vitamin B12 Deficiency: A considerable
number of metformin patients will develop
vitamin B12 deficiency due to long-term use,
which requires continuous assessment (56). The
deficiency is likely to worsen neuropathy in
patients with diabetes (57).

Patient Management Strategies: Diabetic
patients with liver and kidney complications
require  combination  treatment,  careful
surveillance, and lifestyle changes to achieve
optimal control (58).

Monitoring the Function of the Kidneys:
Renal functioning should be evaluated, and
patients with raised levels of creatinine can be
treated with metformin with caution (59).
Metformin is now accepted in primary for
certain stages of CKD (60).

Turning Down the Dosage of Metformin:
When using combined therapy, physicians
should account for the liver's glucose uptake and
modify the metformin therapy relative to the
hepatic function, if necessary (61). Effective
individual treatment plans are crafted with
enhanced safety and optimized effectiveness
(62).

Diet and Exercise: These are fundamental in
ameliorating the health of people with diabetes
and averting complications (63). Patient
education for encouraging active participation
in lifestyle alterations achieves set objectives
(64).

Focus of Further Direction: More works
focusing on studying effects of metformin on
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the kidneys and liver of the diabetic patient, as
well as developing tailored approach will be
required (65).

Other Innovative Methods of Treatment:
Metformin can be posited to act on the liver and
kidney of diabetic patients simultaneously, thus
the need for more research to ascertain its
multitarget efficacy (66). The search for new
combination therapies can yield very promising
outcomes (67).

Personalized Medicine in Diabetes: Evaluated
serum vitamin B12 levels in Iragi type 2
diabetes mellitus patients on metformin showed
a noteworthy prevalence of vitamin B12
deficiency. This marked deficiency (72)
demonstrates an added burden through diabetes
mismanagement. Such vitamin B12 deficiency
is known to be a side effect of prolonged
metformin treatment and is associated with the
development of diabetic complicating factors
such as neuropathy. These risks can be reduced
through appropriate supplementation which
must be coupled with routine monitoring of
vitamin B12 levels. Collectively these results
emphasize the need for tailoring strategies for
managing chronic hyperglycemia through
understanding patients' genetic makeup and
biochemistry metabolic pathways.

CONCLUSION

Metformin remains at the forefront of type
2 diabetes management due to its protective
features concerning the liver and kidney
complications. In addition to glycemic control,
the drug assists with the mitigation of
nonalcoholic fatty liver disease (NAFLD) and
improves the prognosis of chronic kidney
disease (CKD) patients. Recent findings focus
on the risks of lactic acidosis due to renal
function impairment and suggest, with cautious
oversight, that metformin can be used in some
patients. His multifarious actions along
metabolic pathways warrant the consideration
of individualized care for every patient because
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of the presence of comorbidities. More studies
are needed to further understand how metformin
protects the liver and kidneys, which, in turn,
would help develop better treatment plans for
these patients. Understanding these mechanisms
would enhance caregiving and the life quality

for  diabetic  patients with  complex
complications.
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