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1. Introduction

Diabetes mellitus is a collection of metabolic disorders that cause excessive blood
glucose. Type 2 diabetes mellitus is a chronic disease characterized by insulin resistance,
excess glucose production by the liver and a decrease in amounts of insulin produced by
the pancreas. It is not a sign of a complete lack of insulin, but rather the interplay of the
pancreas, liver, skeletal muscle and adipose tissue in its development (Roden and
Shulman, 2019).

Non-modifiable risk factors include age, ethnicity, family history and genetic susceptibility.
Modifiable factors are central adiposity, inactivity, smoking, poor sleep habits, and
nutritionally poor diets. But, rather, diabetes must not be presented as an individual failure
as income, access to food, jobs, culture and environment affect health risk and
opportunities for healthful choices (Davies et al., 2022). This report provides an
explanation of glucose regulation, cellular metabolism, monitoring and evidence-based

lifestyle management.
2. Physiological Regulation of Blood Glucose

2.1 The Role of the Pancreas in Blood-Glucose Regulation

Insulin and glucagon are responsible for maintaining glucose homeostasis in the
pancreas. Insulin is secreted by beta cells in response to high blood glucose and glucagon
is secreted by alpha cells when blood glucose is low. Insulin increases the uptake and
storage of glucose by negative feedback and glucagon increases the release of glucose
from the liver by positive feedback. With their balance, they adapt to meals, fasting and

physical activity.
2.2 Regulation of Blood Glucose After Eating

Carbohydrate digestion results in the release of glucose from the small intestine into the

blood, which triggers insulin release. Insulin induces signaling at the receptors on the



skeletal-muscle and adipose cells that brings GLUT4 transporters to the cell membrane.
Glucose is then used in cells to produce energy or stored. Glucose is stored in the
muscles as glycogen, and in fat tissue for energy storage (Galicia-Garcia et al., 2020).
Insulin also promotes the synthesis of glycogen in the liver and inhibits the production of
glucose in the liver. The liver stores glucose but the transport mechanism in the liver is
not GLUT4 dependent. Peripheral uptake and hepatic output are increased to return
blood glucose to normal, followed by a decrease in insulin secretion (Roden and
Shulman, 2019).

2.3 Regulation of Blood Glucose during Fasting

Glucose and insulin decrease during fasting and glucagon becomes more active on the
liver. Glycogenolysis converts glycogen stored in the liver into glucose, and
gluconeogenesis converts lactate, glycerol and glucogenic amino acids into glucose.
These processes conserve glucose for tissues with continuing utilization needs,
particularly brain and red blood cell. When there is enough glucose, further release is

curtailed by negative feedback (Roden and Shulman, 2019).
2.4 Dysregulation of Blood Glucose in Type 2 Diabetes Mellitus

In Type 2 diabetes, the liver, fat and muscle don't respond well to insulin. Insulin
resistance of muscle decreases following a meal and that of adipose increases the
release of free fatty acids that may further impair the insulin signaling. Glucose production
can persist in the liver even in the presence of hyperglycemia (high blood sugar) which
explains why the fasting level is high.

In the first stages, the body tries to cope by secreting more insulin from the beta cells.
Genetic susceptibility, inflammation and exposure to high glucose and fatty acids for the
long term causes beta-cell dysfunction over time. Insulin secretion is then no longer able
to compensate for the insulin resistance and leads to chronic hyperglycemia (Galicia-
Garcia et al., 2020; Davies et al., 2022).



3. The Role of Glucose and Oxygen in Cellular

Metabolism

3.1 Glycolysis

Glucose is fuel for cellular activity that forms adenosine triphosphate (ATP). Glycolysis
takes place in the cytoplasm, and transforms one molecule of 6 carbon glucose to two
molecules of 3 carbon pyruvate. It produces a low amount of ATP and low electron
carriers. Oxygen is not used in the direct process of glycolysis, so it can proceed with less

oxygen, but yield a much smaller amount of ATP than aerobic respiration.
3.2 The Citric Acid Cycle

Pyruvate generated in the glycolysis pathway enters the mitochondrial matrix where
oxygen is available and mitochondria are normally functioning. There it is converted to
acetyl coenzyme A that is then added to oxaloacetate and starts the citric acid cycle.
Acetyl coenzyme A is slowly oxidized by a series of enzyme-catalyzed reactions. The
waste product is carbon dioxide and the energy is stored in the reduced electron carriers
(NADH and FADH2). A little ATP or GTP is also produced in the cycle. NADH and FADH2
then pass high-energy electrons to the electron transport chain, where the energy of the

electron will produce additional ATP in the process of oxidative phosphorylation.
3.3 The Electron Transport Chain and ATP Production

In the inner mitochondrial membrane is the electron transport chain. Proton pumping
across the membrane is driven by the movement of electrons, thus establishing a
gradient. The protons then travel through ATP synthase, creating ATP. The last electron
acceptor is oxygen, which is paired with electrons and hydrogen ions to create water. In
the absence of oxygen, there is no normal electron transfer and oxidative
phosphorylation. The simplified reaction is glucose and oxygen yields carbon dioxide,
water and ATP.



3.4 Cellular Metabolism in Type 2 Diabetes Mellitus

Glucose in the blood does not ensure that it will be used effectively by insulin responsive
cells. Insulin resistance impedes cellular uptake in the muscle and fat tissue and interferes
with fuel availability, oxidation and storage. While uptake is not completely absent, as
tissues have different transporters, excess nutrients may induce ectopic fat, oxidative
stress, inflammation and mitochondria dysfunction, which may exacerbate insulin

resistance and beta-cell function (Galicia-Garcia et al., 2020).
4. Recording and Monitoring Blood Glucose

4.1 Capillary Blood-Glucose Monitoring

The monitor of capillaries involves taking a blood sample from the fingertip and placing it
on a test strip inside a glucose meter. Tests can be taken when fasting, around food or
exercise, during sickness or at times when symptoms of hypo- or hyperglycemia are
present. Provides a single instantaneous value and is helpful where a subsequent action

follows, for example, a diagnosis of hypoglycemia or a pattern (NICE, 2022).
4.2 Glycated Hemoglobin Monitoring

The HbA1c is a measure of glycated hemoglobin and is an indicator of the average
glycemic exposure over the past 2-3 months. It can be used for long-term review, but
doesn't show daily variability or when highs and lows occur. Interpretation may be
impaired by anemia, hemoglobin disorders, blood loss and kidney disease (American

Diabetes Association Professional Practice Committee, 2024a).
4.3 Continuous Glucose Monitoring

CGM is a continuous glucose monitoring system that allows an interstitial glucose sensor
to repeatedly measure glucose. It gives the values, trends and time in range data,

showing how it responds to meals, exercise, sleep and medication. It can enhance



outcomes in certain adults taking basal insulin (Martens et al., 2021). Interstitial values
can be delayed in the event of sudden change, however, suitability can rely on cost,

education, clinical need and safe interpretation (Battelino et al., 2019).
4.4 The Contribution of Monitoring to Safe Diabetes Management

Capillary blood glucose testing helps you make decisions right away; HbA1c checks for
longer-term glucose control; continuous glucose monitoring provides information on
trends, glucose variability and time in range. The methods give complementary
information; results must never be interpreted separately. Glucose readings may be
affected by what a child is doing, when they are eating, what they eat, physical activity,
stress, alcohol consumption, and sickness; these are all factors to consider before acting.
Self-monitoring is not necessarily a good thing for everyone who has non-insulin-treated
type 2 diabetes. Its value is determined by the appropriateness and safety of the response
to the information, such as what can be done if the information suggests that the person
is experiencing hypoglycemia; how treatment should be modified based on the
information provided by a healthcare professional; or how to look out for patterns of
information. Individual monitoring plans should therefore be developed, reviewed and the

results interpreted accurately and safely through education (NICE, 2022).
5. Evidence-Based Lifestyle Recommendations

5.1 Dietary Modification

Nutrition should be tailored to each person, not for a single formula. Fiber-rich foods such as
vegetables and legumes, whole grain foods, nuts and other high fiber foods can help slow food
absorption, prevent post meal rises and promote cardiovascular health. Cut down on sugar-
sweetened beverages, refined carbs and overconsuming energy, while avoiding eliminating
carbohydrates. Recommendations should take into account culture, cost, drug therapy, renal
function, body weight and patient's preference. There is no evidence that one macronutrient ratio

is universally optimal (Evert et al., 2019).

5.2 Physical Activity and Reduction of Sedentary Behavior



Aerobic exercise and resistance exercise enhance insulin sensitivity, glucose uptake,
fitness and physical ability. During insulin resistance, exercise acts in part insulin-
independently to increase glucose uptake, and is therefore useful. There are benefits to
aerobic and resistance activity and there may be benefits to interrupting prolonged sitting
(Kanaley et al., 2022).

Exercise needs to be modified for heart and circulation problems, nerve issues, foot
issues, mobility and low blood sugar. Safe rather than rigid targets are gradual

progression and realistic activities.

5.3 Weight Management

If weight gain is a factor in insulin resistance, then a steady weight loss will decrease the
amount of liver fat and increase the sensitivity of the liver and functioning of the beta cells.
The direct trial demonstrated that significant weight loss resulted in some patients with
relatively recent Type 2 diabetes being able to achieve remission (Lean et al., 2018).
Maintained remission was found to be associated with maintained weight loss for follow-
up linked maintenance (Lean et al., 2019). Although remission is not always achieved
and is not permanent, it still needs to be monitored. Stigma must not be used and the
discussions need to be inclusive and take into account the health, income, mobility and

psychological wellbeing of the individual.

5.4 Smoking Cessation and Alcohol Consumption

Cardiovascular and peripheral vascular risk are increased by smoking and diabetes. In
addition to advice for cessation, behavioral and pharmacological support are also
recommended (American Diabetes Association Professional Practice Committee,
2024b). Alcohol can impact on glucose, judgment and medication safety. May raise the
risk of hypoglycemia when used with insulin or insulin secretagogues due to the reduction
of hepatic glucose production. Advice should be dependent upon medication, liver

condition, national advice and drinking habits.



5.5 Education and Patient Centred Self-Management

Structured education supports people to learn about diabetes and use medicines safely
and to make sense of monitoring outcomes. Judgement should not be allowed when
discussing barriers due to adverse effects, cost or fear of injection. Self-management also
involves proper sleep, stress management, foot care, and screening for kidney disease,
eye disease, cardiovascular and neurological disease. Goals should be realistic, agreed
and discussed together. A person-centred approach emphasizes the importance of the

biological, social and economic factors on management capacity (Davies et al., 2022).

6. Conclusion

Type 2 diabetes mellitus is a complex metabolic disease which results from a combination
of insulin resistance, excessive hepatic glucose output and gradual loss of pancreatic
beta cells. After a meal and during the fast, insulin and glucagon would work together to
maintain blood-glucose homeostasis. Glucose and oxygen are also used for the
production of cellular energy by glycolysis, citric acid cycle and oxidative phosphorylation.
It will therefore be necessary to have accurate monitoring and support with lifestyle
otherwise it will be difficult to manage effectively. Capillary blood-glucose testing and
HbA1C and continuous glucose monitoring are complementary, and should be chosen
based on the individual's clinical needs. Personalized nutrition, regular physical activity,
minimizing sedentary lifestyle, proper weight management, quitting smoking, limiting
alcohol intake and structured education should also be included in management. It is
crucial to take a respectful, patient-centred approach as diabetes risk and self-
management is influenced by biological, psychological, social, cultural and economic
factors. Addressing the health risks of complications, glycemic control and long term
wellbeing and independence can be achieved by regular review.
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