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BLOOD SUGAR (Blood Glucose)

Primary Disciplinary Field(s): Endocrinology, Physiology, Metabolism, Clinical Medicine

1. Core Definition and Measurement

The term blood sugar, scientifically referred to as blood glucose, represents the concentration of

glucose circulating within the blood plasma of vertebrates. Glucose, a simple monosaccharide

sugar, serves as the principal and essential energy source for the cells of the body, particularly the

brain and red blood cells. Maintaining glucose concentration within a narrow, homeostatic range is

critical for sustaining life and ensuring proper organ function. The concentration is typically

expressed in one of two units: milligrams per deciliter (mg/dL) in the United States and several

other countries, or millimoles per liter (mmol/L) used internationally, providing a standardized

measure for clinical assessment and diagnostic purposes.

The dependency of the central nervous system (CNS) on glucose makes its regulation paramount.

Unlike muscle tissue, which can utilize fatty acids, the brain relies almost exclusively on continuous

glucose delivery for metabolic fuel. A significant drop in blood glucose levels--a state known as

hypoglycemia--can rapidly lead to neurological impairment, confusion, seizures, and potentially

coma. Conversely, chronically elevated levels--hyperglycemia--cause systemic damage over

time, primarily affecting the vascular and nervous systems, leading to complications associated

with conditions like diabetes mellitus.

The measurement of blood glucose is a routine diagnostic procedure, often performed using a

small blood sample analyzed in a laboratory or via portable glucometers for rapid point-of-care

testing. The reading reflects the dynamic balance between glucose uptake (from diet or liver

production) and glucose utilization (by cells for energy or storage). This measurement forms the

foundation for screening, diagnosing, and managing metabolic disorders, particularly those related

to carbohydrate processing and utilization.

2. Regulatory Hormones and Homeostasis

Blood glucose homeostasis is a complex, tightly regulated process orchestrated primarily by two

antagonistic hormones produced by the pancreas: insulin and glucagon. These hormones are

synthesized and secreted by the islets of Langerhans; insulin by the beta cells and glucagon by the

alpha cells. This delicate feedback loop ensures that glucose levels remain stable despite varying

metabolic demands, such as periods of fasting or following carbohydrate ingestion.

When blood glucose rises following a meal (a postprandial state), the beta cells detect the

increase and secrete insulin. Insulin acts as the key that unlocks cell doors, signaling target cells--

especially those in muscle, fat (adipose tissue), and the liver--to absorb glucose from the
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bloodstream. In muscle and fat cells, insulin facilitates the movement of glucose transporters (like

GLUT4) to the cell membrane, enabling glucose entry. In the liver, insulin promotes the storage of

glucose in the form of glycogen (glycogenesis) and inhibits the production of new glucose

(gluconeogenesis). Thus, insulin's primary role is to lower blood glucose levels.

Conversely, when blood glucose levels begin to fall, such as during fasting or intense exercise, the

alpha cells release glucagon. Glucagon's actions are principally directed at the liver, stimulating

two critical processes: glycogenolysis (the breakdown of stored glycogen into glucose) and

gluconeogenesis (the synthesis of new glucose from non-carbohydrate sources like amino acids

and lactate). The resulting glucose is released into the circulation, effectively raising blood sugar.

Other hormones, including adrenaline (epinephrine), cortisol, and growth hormone, also play roles

as counter-regulatory hormones, typically opposing insulin's actions during stress or prolonged

fasting states.

3. Glucose Metabolism and Energy Production

Glucose is the essential fuel for cellular respiration. Once glucose enters a cell, it is phosphorylated

(a phosphate group is added) to trap it inside. This initiates glycolysis, a metabolic pathway that

converts glucose into pyruvate, generating a net gain of ATP (adenosine triphosphate), the primary

energy currency of the cell. Pyruvate then proceeds, under aerobic conditions, into the

mitochondria where it is converted into acetyl-CoA, feeding into the Krebs cycle (citric acid cycle)

and oxidative phosphorylation. These subsequent steps yield the vast majority of the cell's energy

supply.

The body manages glucose efficiently by storing excess amounts. In the liver and skeletal

muscles, glucose molecules are polymerized to form glycogen. Glycogen reserves serve as a

readily accessible, short-term glucose supply. When these reserves are full or when metabolic

needs shift, excess glucose can be converted into fatty acids and subsequently stored as

triglycerides in adipose tissue, a process known as lipogenesis. This ability to switch between

using glucose, storing it, or generating it from other substrates highlights the central role of glucose

in overall energy metabolism.

The regulation of glucose uptake differs across tissues. While insulin is required for glucose uptake

in muscle and adipose cells (using insulin-dependent GLUT4 transporters), tissues like the brain

and liver possess insulin-independent transporters (like GLUT1 and GLUT2, respectively). This

ensures that critical organs, such as the brain, receive a constant supply of glucose regardless of

the circulating insulin levels or the fed/fasting state of the body, emphasizing glucose's priority role

in sustaining vital functions.
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4. Normal Ranges and Clinical Significance

Defining a normal blood sugar range is crucial for clinical diagnosis. A healthy individual, in a

fasting state (defined as having no caloric intake for at least eight hours), typically exhibits blood

glucose levels ranging between 70 and 100 mg glucose/dL (approximately 3.9 to 5.6 mmol/L). The

cited standard clinical example suggests a healthy range of 70-110 mg/dL, which aligns closely

with current physiological norms. Levels slightly above 100 mg/dL but below 126 mg/dL are often

categorized as impaired fasting glucose or prediabetes, indicating a heightened risk for

developing diabetes mellitus.

Clinical testing relies on standardized procedures to assess glucose tolerance and baseline levels.

The Fasting Plasma Glucose (FPG) test is the simplest diagnostic tool. However, the Oral

Glucose Tolerance Test (OGTT) provides a more comprehensive picture by measuring glucose

levels before and two hours after ingesting a standard glucose drink. For a healthy person, the two-

hour post-load glucose level should be below 140 mg/dL (7.8 mmol/L). Readings above this

threshold often confirm impaired glucose tolerance or overt diabetes.

Beyond immediate glucose readings, the Hemoglobin A1c (HbA1c) test is essential for long-term

monitoring. HbA1c measures the percentage of hemoglobin in the blood that has glucose attached

(glycated hemoglobin). Since red blood cells have a lifespan of about three months, the HbA1c

result provides an average measure of blood sugar control over the preceding two to three months.

This measurement is invaluable for managing diabetes, offering a reliable metric that is less

susceptible to acute daily fluctuations than instantaneous blood glucose readings.

5. Hyperglycemia: Causes and Consequences

Hyperglycemia is characterized by an abnormally high concentration of glucose in the

bloodstream, typically defined clinically as a fasting level greater than 126 mg/dL or a two-hour

post-OGTT level greater than 200 mg/dL. The most common cause of sustained hyperglycemia is

diabetes mellitus, a chronic metabolic disorder resulting from either the body's inability to produce

insulin (Type 1 diabetes) or the ineffective use of insulin (Type 2 diabetes, marked by insulin

resistance). Other causes include stress responses, certain medications (like corticosteroids),

hormonal disorders (e.g., Cushing's syndrome), and severe illnesses.

Acute, severe hyperglycemia can lead to life-threatening complications. In Type 1 diabetes,

profound insulin deficiency can trigger diabetic ketoacidosis (DKA), where the body, unable to

use glucose for energy, breaks down fats, leading to the accumulation of acidic ketone bodies. In

Type 2 diabetes, extreme hyperglycemia combined with dehydration can cause hyperosmolar

hyperglycemic state (HHS), a condition involving severe fluid loss and extremely high glucose

concentrations, both requiring immediate medical intervention.
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Chronic hyperglycemia is insidious, causing long-term damage via mechanisms such as

glycosylation (glucose attaching to proteins) and the resulting oxidative stress. This damage

contributes significantly to the characteristic long-term complications of diabetes, which include

microvascular damage affecting the eyes (retinopathy), kidneys (nephropathy), and nerves

(neuropathy), and macrovascular disease, accelerating atherosclerosis, which increases the risk

of heart attack and stroke. Effective management aims to prevent these chronic outcomes by

rigorously controlling blood sugar levels.

6. Hypoglycemia: Causes and Consequences

Hypoglycemia refers to an abnormally low blood glucose concentration, generally falling below 70

mg/dL. This state triggers immediate counter-regulatory responses, initiating the release of

glucagon and adrenaline to mobilize stored glucose. Hypoglycemia is most often encountered as a

complication of diabetes treatment, usually resulting from an overdose of insulin or insulin

secretagogues, insufficient food intake relative to medication, or unexpected physical exertion.

The symptoms of hypoglycemia are divided into autonomic (adrenergic) and neuroglycopenic

manifestations. Autonomic symptoms, which arise from the release of adrenaline, include

trembling, sweating, palpitations, anxiety, and hunger. These serve as crucial warning signs. As

glucose drops further, neuroglycopenia occurs, reflecting the lack of fuel for the brain. Symptoms

escalate to difficulty concentrating, confusion, slurred speech, behavioral changes, drowsiness,

and, in severe cases, loss of consciousness and seizures.

Treatment for hypoglycemia must be rapid. Mild to moderate episodes are managed by consuming

15-20 grams of fast-acting carbohydrates (e.g., glucose tablets, juice, or regular soda). Severe

episodes, particularly if the patient is unconscious, require administration of glucagon (usually

injected or nasally administered) to trigger the liver to release stored glucose. Preventing recurrent

hypoglycemia is a core goal in diabetes management, often requiring careful adjustment of

medication doses and timing relative to meals and activity.

7. Diagnostic Testing Modalities

Fasting Plasma Glucose (FPG): This simple blood test measures the glucose concentration after

an eight-hour fast. It is the primary screening tool for diabetes. A diagnosis of diabetes is typically

confirmed if FPG measures 126 mg/dL or higher on two separate occasions. This test reflects the

body's baseline ability to maintain stable glucose levels overnight, relying heavily on hepatic

glucose production and basal insulin activity.

Oral Glucose Tolerance Test (OGTT): Used when FPG results are inconclusive, or specifically

for diagnosing gestational diabetes. After a fasting baseline, the patient consumes a fixed load of

glucose (typically 75 grams). Blood glucose is then measured at specific intervals, most importantly
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at the two-hour mark. This test assesses the body's efficiency in clearing a large glucose load and

identifies insulin resistance or impaired beta-cell function.

Hemoglobin A1c (HbA1c): Also known as glycated hemoglobin, this test provides a long-term

average of blood glucose control over the previous 90 days. Because it measures glucose

irreversible bound to hemoglobin, it is less affected by short-term variables like stress or acute

dietary changes. An A1c value of 6.5% or higher is diagnostic for diabetes, while values between

5.7% and 6.4% indicate prediabetes.

Continuous Glucose Monitoring (CGM): A technological advancement for disease management,

CGM devices measure glucose levels in the interstitial fluid every few minutes throughout the day

and night. This provides a dynamic view of glucose fluctuations, detecting trends, and alerting

patients to impending hypo- or hyperglycemia, thus enabling proactive management and tighter

metabolic control.

Further Reading

Blood sugar level (Wikipedia)

Manage Blood Sugar (Centers for Disease Control and Prevention)

Blood sugar testing: Why, when and how (Mayo Clinic)
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