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T2dm
The body's cells stop listening to insulin, so sugar piles up in the blood and
damages organs over time.

T H E  S T O RY  I N  O N E  S E N T E N C E

The body's cells stop listening to insulin, so sugar piles up in the blood and damages

organs over time.

“Type 2 diabetes happens when muscle, fat, and liver cells stop responding to insulin (the key

that unlocks the door for sugar), and over years the pancreas gets tired of making extra insulin

and slows down. The goal is to lower blood sugar and protect the heart, kidneys, eyes, and

nerves from damage.”

Normal anatomy — the body's job

Normally, insulin (made by beta cells in the pancreas) unlocks muscle, fat, and liver cells so

glucose (blood sugar) can enter and be used for energy. Insulin also tells the liver to stop

making new glucose. This keeps blood sugar steady between 70 and 100 mg/dL when fasting.

Other hormones—glucagon (raises sugar), cortisol (the stress hormone), and epinephrine

(adrenaline)—kick in if sugar drops too low. Picture this cycle: eat → sugar rises → pancreas

releases insulin → cells open their doors → sugar goes in → blood sugar falls back to normal.

Every weird finding in type 2 diabetes is a breakdown of this cycle.

B O D Y ' S  J O B

The pancreas is a soft, finger-length organ tucked behind your stomach. Inside it are

clusters of cells called islets of Langerhans. Beta cells in these islets make and release

insulin. Insulin travels through the blood and docks onto insulin receptors (the locks) on

muscle, fat, and liver cells. When insulin docks, a gate opens and glucose flows in. The

liver also listens to insulin and stops releasing stored glucose. This system keeps your

blood sugar in a tight, safe range—high enough to fuel your brain (which runs only on

glucose) but low enough not to damage vessels. If you don't understand this normal cycle,

the symptoms and lab results will seem random.

You eat a meal → carbs break down into glucose → glucose enters the bloodstream → blood

sugar rises.
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Beta cells in the pancreas sense the rise → they release insulin into the blood.

Insulin flows to muscle, fat, and liver cells → it docks onto insulin receptors (like a key in a

lock).

The receptor opens a gate (GLUT4 transporter) → glucose enters the cell → the cell uses it

for energy or stores it.

Insulin also signals the liver: stop making new glucose from protein and fat (this process is

called gluconeogenesis).

Blood sugar drops back to baseline (70–100 mg/dL fasting) → the pancreas slows insulin

release.

If blood sugar drops too low, the pancreas releases glucagon → glucagon tells the liver to

release stored sugar → balance restored.

What breaks

In type 2 diabetes, two things break in sequence. First, the locks on muscle, fat, and liver cells

get rusty—they stop responding to insulin. This is called insulin resistance. The pancreas tries

to fix it by pumping out more and more insulin (like turning the key harder). For months or

years this works, and blood sugar stays near normal. But eventually the beta cells in the

pancreas get exhausted from overwork and start to die off. Now you have both problems at

once: high resistance and low insulin. Sugar can't get into cells and piles up in the blood. High

blood sugar is toxic—it sticks to proteins (called glycation) and damages the walls of tiny blood

vessels in the eyes, kidneys, and nerves, and speeds up hardening and clogging of big arteries

(atherosclerosis). Every symptom you see traces back to these two breaks.
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C L I N I C A L  T E R M

Pathophysiology: Insulin resistance in skeletal muscle, adipose tissue, and the liver is the

primary defect. Muscle and fat cells downregulate insulin receptors and post-receptor

signaling (especially the PI3K-Akt pathway), so less GLUT4 transporter moves to the cell

surface and glucose uptake falls. The liver becomes resistant to insulin's suppression of

gluconeogenesis, so it keeps making new glucose even when blood sugar is already high.

Beta cells in the pancreatic islets compensate by increasing insulin secretion

(hyperinsulinemia). Over years, chronic high blood sugar (hyperglycemia) and lipotoxicity

(excess free fatty acids) cause beta-cell dysfunction and apoptosis (programmed cell

death), leading to progressive insulin deficiency. The result is chronic high blood sugar.

Glucose binds non-enzymatically to proteins (forming advanced glycation end products, or

AGEs), which damage capillary basement membranes and promote oxidative stress and

inflammation. Microvascular complications (retinopathy, nephropathy, neuropathy) and

accelerated macrovascular disease (coronary artery disease, stroke, peripheral artery

disease) follow. This is a progressive disorder: compensation → decompensation → organ

damage.

How the body compensates

The body tries to cope by making extra insulin and flushing out sugar in the urine. For years,

fasting blood sugar may stay under 126 mg/dL (the diagnostic threshold) even though the

system is breaking. This silent phase is dangerous because damage is happening but the

patient feels fine. Once beta cells fail, blood sugar climbs fast and complications appear. The

key is to catch the disease in the compensation phase (prediabetes: fasting glucose 100–125 or

HbA1c 5.7–6.4%) before the crash, because early treatment can prevent or delay organ

damage.

Phase 1 (years 0–5): Insulin resistance rises, but beta cells ramp up insulin production 2–3

times normal (hyperinsulinemia). Fasting glucose stays near normal or mildly elevated

(100–110 mg/dL). Post-meal glucose spikes higher and stays high longer, but the patient

feels fine. HbA1c may be 5.7–6.0% (prediabetes range). This is the best window for

prevention (weight loss, exercise, metformin).

Phase 2 (years 5–10): Beta cells start to fail. Fasting glucose crosses 126 mg/dL on two

tests or HbA1c reaches 6.5% or higher—this is now type 2 diabetes by definition. Insulin

levels may still be high or normal (not low yet). Symptoms are mild or absent.

Microvascular damage (retina, kidney, nerve) is silently starting. Screening catches many

people here.
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Phase 3 (years 10+): Beta-cell mass drops by 50–80%. Insulin production falls. Blood sugar

becomes harder to control. HbA1c may be 8–10% or higher despite oral medications.

Microvascular complications appear: blurry vision (retinopathy), foamy urine or swollen

legs (nephropathy), burning feet or numbness (neuropathy). Macrovascular disease

accelerates: chest pain (coronary disease), TIA or stroke (carotid disease), leg pain with

walking (peripheral artery disease). Some patients need insulin injections because the

pancreas can no longer keep up.

Phase 4 (crisis): Very high blood sugar (over 600 mg/dL) without enough insulin leads to

hyperosmolar hyperglycemic state (HHS): blood becomes thick like syrup, the kidneys can't

keep up, severe dehydration sets in, and the brain doesn't work right (confusion, seizures,

coma). This is a medical emergency with 10–20% mortality. HHS is the most common acute

crisis in type 2 diabetes (diabetic ketoacidosis is rare in type 2 unless there is severe stress

like infection or heart attack).

The danger is that vital signs (blood pressure, heart rate) and basic labs can look okay

during phase 2 and early phase 3, so the team misses how fast the patient is sliding toward

complications.

Always ask: Is this stable, or stable on the way down? A HbA1c of 7.5% that was 7.0% six

months ago is not stable—it is decompensating.

The crash points to watch for: HHS (confusion, extreme thirst, sugar over 600), heart

attack or stroke (diabetes doubles the risk), foot ulcer with infection (may need amputation

if blood flow is poor), or chronic kidney disease reaching stage 4–5 (needing dialysis). Most

patients with type 2 diabetes die from heart disease, not from high sugar itself.

Domino effect

Cells stop listening to insulin (insulin resistance in muscle, fat, and liver). — Obesity

(especially belly fat), inactivity, high-calorie diet, genetics, and aging cause the insulin

receptor and its downstream signaling pathway (PI3K-Akt) to stop working well. The lock

gets rusty, so the key (insulin) can't open the door, and glucose can't enter the cell.

The pancreas makes 2–3 times more insulin to force the rusty lock open (hyperinsulinemia).

— Beta cells sense high blood sugar and try to fix it by releasing more insulin. For years

this works—fasting sugar stays under 126 mg/dL—but the beta cells are working overtime,

like running an engine at redline every day.

Beta cells burn out and start to die; insulin production drops (beta-cell failure). — Chronic

high blood sugar (glucotoxicity) and high free fatty acids (lipotoxicity) poison the beta cells.

They lose their ability to sense glucose, make less insulin, malfunction, and undergo

apoptosis (programmed cell death). By diagnosis, 50% of beta-cell function is already lost;

after 10–15 years, 80% may be gone.
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Blood sugar rises and stays high (chronic high blood sugar (hyperglycemia)); the patient

now meets diagnostic criteria (fasting glucose ≥126 mg/dL or HbA1c ≥6.5% or random

glucose ≥200 with symptoms). — With both high resistance and low insulin, glucose can't

get into cells and piles up in the blood. The kidneys try to flush it out (glucosuria), which

causes frequent urination (polyuria) and intense thirst (polydipsia). The patient may feel

tired because cells are starving for fuel even though blood sugar is sky-high.

High glucose sticks to proteins in small blood vessel walls (glycation → advanced glycation

end products, AGEs), breaking down capillaries in the eyes, kidneys, and nerves

(microvascular disease). — Glucose binds non-enzymatically to collagen and other proteins

in capillary basement membranes. This forms AGEs, which stiffen and thicken the vessel

wall, narrow the lumen, trigger inflammation, and produce reactive oxygen species

(oxidative stress). The smallest, most delicate vessels—retinal capillaries, glomerular

capillaries in the kidney, and vasa nervorum (tiny vessels that feed nerves)—are hit first

because they have the thinnest walls and least smooth muscle protection.

Microvascular complications appear: retinopathy (blurry vision, floaters, eventual

blindness), nephropathy (protein in urine → swelling → kidney failure), and neuropathy

(burning, tingling, numbness in feet and hands; also damages nerves to the gut, bladder,

and heart). — Retina: damaged capillaries leak fluid and blood, new fragile vessels grow

and bleed (proliferative retinopathy), leading to vision loss. Kidney: the glomerular filter

breaks down, leaking protein (albumin) into urine; over years the kidneys scar and stop

filtering waste (chronic kidney disease stage 3–5). Nerves: poor blood flow and high glucose

damage the myelin sheath and axon, causing pain, loss of sensation, and autonomic

dysfunction (gastroparesis, neurogenic bladder, silent heart attacks).

Large arteries harden and clog faster (accelerated atherosclerosis), raising the risk of heart

attack, stroke, and peripheral artery disease (macrovascular disease). — High blood sugar,

high insulin, chronic inflammation, abnormal lipids (high LDL and triglycerides, low HDL),

and high blood pressure all damage the endothelium (inner lining of arteries). Plaque builds

up, arteries narrow and stiffen, and clots form. Diabetes doubles or triples the risk of

coronary artery disease and stroke, and these events happen 10–15 years earlier than in

people without diabetes.

In severe cases, blood sugar climbs over 600 mg/dL and the blood becomes thick like syrup

(hyperosmolar hyperglycemic state, HHS): the patient gets severely dehydrated, confused,

and can slip into a coma. — When insulin is very low and blood sugar is extremely high, the

kidneys try to flush out glucose by making huge amounts of urine (osmotic diuresis). The

patient loses liters of water and becomes severely dehydrated. Blood osmolality (thickness)

rises above 320 mOsm/kg, pulling water out of brain cells and causing altered mental

status, seizures, or coma. HHS has 10–20% mortality and is a medical emergency. (Diabetic

ketoacidosis is rare in type 2 diabetes because there is usually enough insulin to prevent fat

breakdown into ketones; DKA is more common in type 1.)
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Symptoms · what the patient feels, and why

Peeing a lot (polyuria): When blood sugar climbs too high, the kidneys try to flush out the

extra sugar by making more urine. Your body pulls water from your tissues to help wash the

sugar out, so you pee more often and in larger amounts.

Being very thirsty (polydipsia): Peeing a lot drains water from your body, so your brain's

thirst center (the hypothalamus) signals you to drink more to replace what you've lost. High

blood sugar also makes your blood thicker, which your body senses and tells you to drink.

Losing weight without trying: Your cells can't use sugar for fuel without enough insulin

working properly, so your body breaks down muscle and fat instead to get energy. You also

lose calories in your urine because the sugar spills out instead of staying in your body.

Feeling tired and weak all the time: Your cells aren't getting enough sugar to burn for

energy because insulin isn't letting it in properly. It's like having a full gas tank but a

broken fuel line — the fuel is there, but your engine can't use it.

Blurry vision: High blood sugar pulls water out of the lens in your eye, changing its shape

so it can't focus light clearly. This is usually temporary and gets better when blood sugar

comes back down.

Dark, velvety patches of skin (acanthosis nigricans): High insulin levels make skin cells

grow faster in body folds like the neck, armpits, and groin. The extra cells pile up and make

thick, dark patches. This is a sign that your body is struggling with insulin resistance.

Cuts and sores that heal slowly: High blood sugar damages small blood vessels and nerves,

so less oxygen and fewer infection-fighting white blood cells reach the wound. Sugar also

feeds bacteria, making infections more likely and healing slower.

Yeast infections and skin infections that keep coming back: Yeast and bacteria thrive on

sugar, so high blood sugar gives them extra fuel to grow. High sugar also weakens your

immune system's ability to fight them off, so infections pop up more often, especially in

warm, moist areas.

Tingling or numbness in hands or feet: Over time, high blood sugar damages the coating

around nerves (like fraying insulation on a wire), especially in the longest nerves that run to

your feet and hands. The damaged nerves send confused signals — tingling, burning, or no

signal at all (numbness).

No symptoms at all (found on routine lab work): Type 2 diabetes usually builds slowly over

years. Your body adapts to rising blood sugar, so you might not notice anything wrong until

levels are very high or a routine blood test catches it. This is why screening is so important.
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Focused exam

Blood sugar ≥ 126 mg/dL after fasting for 8 hours, or ≥ 200 mg/dL any time of day with

symptoms: In type 2 diabetes, the body's cells ignore insulin (the key that unlocks the door

to let sugar in), so sugar builds up in the blood instead of going into muscles and organs to

feed them. This single number tells you the pancreas can no longer keep up.

Dark, velvety patches of thick skin on the neck, armpits, or groin (acanthosis nigricans):

When cells ignore insulin, the pancreas floods the bloodstream with extra insulin to try to

force sugar into cells. High insulin levels tell skin cells to multiply and darken. Seeing this

patch means insulin resistance has been going on for months or years.

Slow-healing cuts or sores on the feet: High blood sugar sticks to proteins inside the walls

of tiny blood vessels (capillaries) and clogs them, so less blood reaches the feet. Without

enough oxygen and nutrients, wounds cannot heal and bacteria can grow unchecked,

leading to serious infection.

Blurry vision that comes and goes: High blood sugar damages the tiny blood vessels in the

retina (the light-sensing layer at the back of the eye), causing them to leak fluid or close off.

Over time, this leads to vision loss if untreated.

Protein in the urine on a dipstick test (albuminuria): High blood sugar damages the filters

in the kidneys (the glomeruli) so they become leaky and let protein escape into the urine.

This is an early warning sign that the kidneys are starting to fail.

Belly fat, high blood pressure (≥ 130/80 mmHg), and high triglycerides or low HDL

cholesterol: Fat cells, especially around the belly, release signals that make muscle and liver

cells resist insulin even more. This cluster (called metabolic syndrome) multiplies the risk of

heart attack and stroke in type 2 diabetes.

Diagnostics · every test answers a question

Hemoglobin A1c → What has the average blood sugar been over the past 2 to 3 months?

Fasting plasma glucose → Is blood sugar too high after the body has had 8 hours without

food?

Urinalysis for albumin (spot urine albumin-to-creatinine ratio, UACR) → Are the kidneys

leaking protein because the filters are damaged?

Lipid panel (total cholesterol, LDL, HDL, triglycerides) → Is there extra fat in the blood that

raises the risk of heart attack and stroke?

Estimated glomerular filtration rate (eGFR, calculated from serum creatinine) → How well

are the kidneys filtering waste out of the blood?

Dilated eye exam by an ophthalmologist or optometrist → Are the tiny blood vessels in the

retina damaged or leaking?
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Monofilament foot exam and ankle reflexes → Can the patient still feel light touch and

vibration in the feet?

Treatment logic

Metformin (started at 500–850 mg once or twice daily, increased slowly to 1000 mg twice

daily) → Metformin tells the liver to stop dumping extra sugar into the blood and makes

muscle and fat cells listen to insulin better, so blood sugar drops and the pancreas does not

have to work as hard. A1c typically falls 1–2 percentage points over 3 months.

GLP-1 receptor agonist (like semaglutide, liraglutide, or dulaglutide) if heart disease, heart

failure, or high cardiovascular risk is present → GLP-1 agonists mimic a gut hormone that

tells the pancreas to release insulin only when blood sugar is high, slows the stomach so

you feel full longer (leading to weight loss), and directly protects the heart muscle. They

lower A1c by 1–1.5 points and cut the risk of heart attack and stroke by about 15–25%.

SGLT2 inhibitor (like empagliflozin, dapagliflozin, or canagliflozin) if heart failure, chronic

kidney disease (eGFR ≥ 20), or high cardiovascular risk is present → SGLT2 inhibitors block

a transporter in the kidney that normally pulls sugar back into the blood, so extra sugar

(50–80 grams per day) leaves the body in urine. This lowers blood sugar, causes modest

weight loss (2–3 kg), drops blood pressure slightly, and protects the heart and kidneys by

reducing strain and inflammation. They cut heart-failure hospitalizations by about 30% and

slow kidney decline.

Statin (like atorvastatin 10–80 mg daily or rosuvastatin 5–40 mg daily) → Statins block the

liver enzyme that makes cholesterol, so LDL cholesterol drops by 30–50%. They also calm

inflammation inside artery walls, making plaques less likely to rupture and cause heart

attack or stroke. In diabetes, statins cut cardiovascular events by about 25–35%.

ACE inhibitor (like lisinopril 10–40 mg daily) or ARB (like losartan 50–100 mg daily) if blood

pressure ≥ 130/80 mmHg or if protein is leaking into urine (UACR ≥ 30 mg/g) → ACE

inhibitors and ARBs block hormones (angiotensin II) that squeeze blood vessels tight. This

relaxes the tiny vessels in the kidneys, lowers the pressure inside the filters, and cuts

protein leakage in half over months. Blood pressure also drops by 10–15 mmHg, protecting

the heart and brain.

Weight loss through calorie restriction, increased physical activity (150 minutes per week of

moderate exercise), or bariatric surgery if BMI ≥ 35 with diabetes → Losing 5–10% of body

weight shrinks fat cells, especially around the belly, so they release fewer signals that cause

insulin resistance. Muscles and the liver start responding to insulin again, the pancreas can

rest, and blood sugar often drops enough to reduce or stop medications. Bariatric surgery

can put diabetes into remission in 40–60% of patients within the first year.
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Basal insulin (like glargine or degludec, started at 10 units at bedtime or 0.1–0.2 units/kg) if

A1c remains ≥ 9% or blood sugar ≥ 300 mg/dL despite oral medications → Injected insulin

replaces what the tired pancreas can no longer make, lowering blood sugar within hours. It

gives the pancreas a break and brings A1c down by 1.5–3 points when dosed correctly.

Medications

Metformin · Biguanide

Metformin tells the liver to make less sugar and helps muscle cells listen better to insulin's

signal so they can pull sugar out of the blood. It does NOT make the pancreas pump out more

insulin — instead, it fixes the insulin-resistance problem at the liver and muscles.

Metformin turns on AMPK, a protein inside cells that senses low energy and switches the

cell into fuel-saving mode.

AMPK shuts down the liver's sugar factory — the liver stops dumping glucose into the blood

overnight and between meals.

AMPK also helps muscle cells open their insulin gates wider so they can grab glucose from

the blood more easily.

Blood sugar comes down because less sugar is being made and more is being used by

muscles.

S A F E T Y  WAT C H

Common: upset stomach, loose stools, belly cramps — usually fade after a few weeks;

taking it with food helps. · Rare but serious: lactic acidosis (acid from oxygen-starved

tissues) (too much lactic acid builds up in the blood, especially if kidneys are failing or you

are very dehydrated) — call your doctor right away if you feel extremely tired, have

trouble breathing, or feel very sick to your stomach. · Stop metformin before contrast dye

scans (CT or angiogram with iodine dye) and restart 48 hours later if kidney function is

stable. · Check kidney function (eGFR blood test) before starting and at least once a year;

stop if kidneys are very weak (eGFR below 30). · May lower vitamin B12 over years — ask

your doctor to check B12 if you feel tingling or numbness in your feet or hands.

GLP-1 receptor agonists (examples: semaglutide, dulaglutide, liraglutide) ·

Incretin mimetic / GLP-1 analog

GLP-1 drugs copy a natural gut hormone called GLP-1 (glucagon-like peptide-1) that tells the

pancreas to release insulin only when sugar is high, tells the stomach to slow down emptying,
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and tells the brain's appetite center to feel full. This lowers blood sugar, protects the heart, and

often leads to weight loss.

The drug binds to GLP-1 receptors on pancreas beta cells.

This wakes up the beta cells and they release insulin — but only when blood sugar is

already high, so you do NOT get dangerous low blood sugar.

GLP-1 receptors in the stomach slow the muscle movements that push food into the

intestine, so glucose spikes after meals are smaller.

GLP-1 receptors in the hypothalamus (the brain's hunger control center) dial down appetite

and increase the feeling of fullness.

GLP-1 also protects the heart by lowering inflammation in artery walls and helping kidneys

filter better.

S A F E T Y  WAT C H

Common: nausea, vomiting, diarrhea — usually mild and fade after a few weeks; start at a

low dose and go up slowly. · Rare but serious: pancreatitis (inflamed pancreas) — stop the

drug and call your doctor if you get severe belly pain that does not go away. · Rare: thyroid

C-cell tumors seen in animal studies — do NOT use if you or a close family member had

medullary thyroid cancer or MEN2 syndrome. · Can cause gallstones during rapid weight

loss — watch for pain in the right upper belly. · Preferred choice if you have heart disease,

heart failure, or chronic kidney disease (proven in large trials to lower heart attack,

stroke, and kidney failure risk).

SGLT2 inhibitors (examples: empagliflozin, dapagliflozin, canagliflozin) ·

Sodium-glucose co-transporter 2 inhibitor

SGLT2 inhibitors block a transporter protein in the kidney that normally grabs sugar back from

the urine and returns it to the blood. When this transporter is blocked, extra sugar spills into

the urine and leaves the body. This lowers blood sugar, protects the heart, slows kidney

damage, and helps you lose a little weight because you are peeing out calories.

The drug blocks SGLT2 proteins in the kidney tubules.

Normally these proteins reabsorb almost all the glucose filtered by the kidney so it does

NOT leave the body.

With SGLT2 blocked, glucose stays in the urine and you pee it out — taking about 60 to 80

grams of sugar (and roughly 240 to 320 calories) per day with it.

Blood sugar drops because less glucose stays in the bloodstream.

The kidneys also lose a little extra salt and water, which gently lowers blood pressure and

takes strain off the heart.
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S A F E T Y  WAT C H

Common: yeast infections (vaginal or penile) because sugar in the urine feeds yeast —

good hygiene and prompt treatment usually solve it. · Common: urinating more often

(because you are peeing out extra sugar and water). · Rare but serious: diabetic

ketoacidosis (the acid crisis of missing insulin) even with normal or only slightly high blood

sugar (euglycemic DKA) — stop the drug if you are sick, not eating, or having surgery; call

your doctor if you feel very tired, nauseated, or have trouble breathing. · Rare: Fournier

gangrene (severe infection of the genital and groin area) — seek care immediately for

pain, swelling, redness, or fever in that area. · Can cause dehydration and dizziness,

especially in older adults or if taking diuretics (water pills) — drink enough water. ·

Preferred choice if you have heart failure, chronic kidney disease, or high risk of heart

disease (proven in large trials to lower hospitalization for heart failure and slow kidney

decline).

DPP-4 inhibitors (examples: sitagliptin, linagliptin, saxagliptin) · Dipeptidyl

peptidase-4 inhibitor

DPP-4 inhibitors block the enzyme DPP-4, which normally chews up GLP-1 (your body's natural

insulin-boosting gut hormone) within minutes. By blocking DPP-4, your own GLP-1 lasts longer

in the blood and gently tells the pancreas to make more insulin when sugar is high and tells

the liver to make less sugar.

You eat and your gut releases GLP-1 (glucagon-like peptide-1), a hormone that normally

raises insulin and lowers appetite.

Normally DPP-4 breaks GLP-1 down in about 2 minutes.

The drug blocks DPP-4, so GLP-1 stays active 2 to 3 times longer.

The longer-lasting GLP-1 tells pancreas beta cells to release more insulin and tells alpha

cells to release less glucagon (a hormone that raises blood sugar).

Blood sugar comes down without forcing the pancreas too hard.

S A F E T Y  WAT C H

Generally very well tolerated with few side effects. · Rare: joint pain (arthralgia) — usually

mild; stop the drug if severe. · Very rare: pancreatitis (inflamed pancreas) — stop and call

your doctor if you get severe belly pain. · Very rare: severe allergic reactions (angioedema,

skin peeling) — get help immediately if your face, lips, or throat swell. · Some DPP-4 drugs

(saxagliptin, alogliptin) may slightly raise the risk of heart failure in people who already

have weak hearts — linagliptin or sitagliptin are safer choices in that case.
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Sulfonylureas (examples: glipizide, glyburide, glimepiride) · Insulin

secretagogue

Sulfonylureas force the pancreas beta cells to release insulin all the time, whether blood sugar

is high or not. They close potassium channels on the beta cell surface, which flips the cell into

release mode and insulin pours out. This lowers blood sugar but can push it too low if you skip

a meal.

The drug binds to and closes ATP-sensitive potassium channels (K-ATP channels) on the

beta cell membrane.

Closing these channels traps positive charge inside the cell, which depolarizes the

membrane (makes the inside less negative).

Depolarization opens voltage-gated calcium channels.

Calcium rushes into the cell.

Calcium triggers the release of insulin granules into the bloodstream.

Insulin lowers blood sugar by helping cells take up glucose.

S A F E T Y  WAT C H

Common and serious: low blood sugar (hypoglycemia) (dangerously low blood sugar) —

especially if you skip meals, exercise hard, drink alcohol, or take too high a dose.

Symptoms include shaking, sweating, confusion, fast heartbeat. Always carry a fast sugar

source (juice, glucose tablets). · Weight gain of 2 to 5 pounds is common. · Glyburide has

the highest low blood sugar (hypoglycemia) risk and is NOT recommended in older adults

— glipizide or glimepiride are safer. · Less commonly used now because newer drugs

(GLP-1, SGLT2) are safer and protect the heart and kidneys. · Avoid in people with severe

kidney or liver disease.

Thiazolidinediones / TZDs (pioglitazone) · Insulin sensitizer / PPAR-gamma

agonist

TZDs turn on a master switch called PPAR-gamma (peroxisome proliferator-activated receptor

gamma) inside fat and muscle cells that rewires how the cells handle fat and sugar. This makes

the cells much more sensitive to insulin, so they pull more glucose out of the blood. TZDs also

shift fat storage away from dangerous belly fat and liver fat to safer under-skin fat.

The drug enters cells and binds to PPAR-gamma, a receptor inside the cell nucleus that

controls genes for fat storage and insulin sensitivity.

PPAR-gamma activation switches on genes that make the cell better at taking up glucose

and storing fat safely.

Muscle and fat cells become more insulin-sensitive — they open their glucose gates wider.
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The liver makes less sugar because insulin signaling improves.

Fat redistributes from liver and belly (bad spots) to under-skin depots (less harmful).

Blood sugar drops and A1C improves over 2 to 3 months.

S A F E T Y  WAT C H

Common: weight gain (4 to 10 pounds, mostly fluid and some fat redistribution). ·

Common: swelling (edema) in the legs and ankles from fluid retention. · Serious: heart

failure — TZDs make the kidneys hold onto salt and water; do NOT use if you have heart

failure or are at high risk. · Increased risk of bone fractures, especially in women (weakens

bones over time). · Rare: bladder cancer risk may be slightly higher with long-term

pioglitazone use (data are mixed). · Can take 6 to 12 weeks to see full blood sugar benefit.

· Rosiglitazone (another TZD) was removed from most markets due to heart attack

concerns; pioglitazone is the only TZD still commonly used.

Insulin (examples: basal insulins like glargine, degludec, detemir; rapid-acting

insulins like lispro, aspart, glulisine; premixed insulins) · Hormone

replacement

Insulin is the same hormone your pancreas normally makes. When injected, it tells cells

throughout the body to open their glucose gates and pull sugar out of the blood. Basal (long-

acting) insulin covers background needs all day and night; rapid-acting (mealtime) insulin

covers the sugar spike from food.

Insulin binds to insulin receptors on the cell surface.

The receptor activates a chain of proteins inside the cell.

GLUT4 transporters (the glucose doors) move to the cell membrane and open.

Glucose flows from the blood into the cell.

In the liver, insulin shuts down the enzymes that make new glucose and turns on glycogen

synthesis (storing sugar as glycogen).

Blood sugar falls as cells throughout the body take it up.
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S A F E T Y  WAT C H

Most serious: low blood sugar (hypoglycemia) (low blood sugar) — especially if dose is too

high, you skip a meal, or exercise hard. Symptoms include shakiness, sweating, confusion,

hunger, fast heartbeat. Severe low blood sugar can cause seizures or passing out. Always

carry fast sugar (juice, glucose tablets). · Weight gain of 4 to 10 pounds is common. ·

Injection site reactions: redness, lumps (lipohypertrophy if you inject in the same spot too

often — rotate sites). · Starting insulin does NOT mean you failed — many people with type

2 diabetes eventually need it because beta cells wear out over time. · Basal insulin is often

combined with GLP-1 or metformin to control blood sugar with less insulin and less weight

gain.

Statins (examples: atorvastatin, rosuvastatin, simvastatin, pravastatin) · HMG-

CoA reductase inhibitor / cholesterol-lowering drug

Statins block the enzyme HMG-CoA reductase (3-hydroxy-3-methylglutaryl coenzyme A

reductase) that the liver uses to make cholesterol. With less cholesterol being made, the liver

pulls LDL (bad cholesterol) out of the blood to use as raw material. This lowers LDL, stabilizes

artery plaques, and cuts the risk of heart attack and stroke — the leading cause of death in

people with diabetes.

The drug blocks HMG-CoA reductase, the first and rate-limiting enzyme in the cholesterol-

making pathway.

The liver makes much less cholesterol inside its cells.

Liver cells sense the low cholesterol level and pull LDL particles from the bloodstream by

putting more LDL receptors on their surface.

Blood LDL cholesterol drops by 30 to 50 percent.

Lower LDL means less cholesterol gets deposited in artery plaques, and existing plaques

become more stable and less likely to rupture and cause a heart attack or stroke.

S A F E T Y  WAT C H

Common: muscle aches (myalgia) — usually mild; tell your doctor if pain is severe or if you

feel very weak. · Rare but serious: rhabdomyolysis (severe muscle breakdown that can

damage kidneys) — stop the statin and get help immediately if you have severe muscle

pain, dark or cola-colored urine, or feel extremely weak. · Small increase in blood sugar or

new diabetes diagnosis in some people — benefit for heart protection still far outweighs

this risk. · Rare: liver enzyme elevation — your doctor will check liver tests before starting

and as needed. · Recommended for nearly all adults with diabetes age 40 to 75, and for

younger or older adults with additional heart risk factors (AHA/ACC, ADA guidelines).
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ACE inhibitors (examples: lisinopril, enalapril, ramipril) or ARBs (examples:

losartan, irbesartan, telmisartan) · Renin-angiotensin system blocker / blood

pressure and kidney-protective drug

ACE inhibitors and ARBs both block angiotensin II (a hormone that squeezes blood vessels

tight and pushes the kidneys to hold onto salt and water). ACE inhibitors stop angiotensin II

from being made; ARBs stop it from working. Either way, blood vessels relax, blood pressure

drops gently, and the kidneys are protected from diabetes damage — especially if you already

have protein leaking into your urine.

ACE inhibitors block ACE (angiotensin-converting enzyme), which normally turns

angiotensin I into angiotensin II. ARBs block the angiotensin II receptor directly.

Either way, angiotensin II signaling is stopped.

Blood vessels relax (vasodilation), so blood pressure drops.

The kidney's efferent arteriole (the exit vessel from the glomerulus) relaxes, which lowers

the pressure inside the filter and reduces the force pushing protein through into the urine.

Over months to years, this slows the scarring (fibrosis) of the kidney that leads to kidney

failure.

Lower blood pressure also protects the heart and brain from heart attacks and strokes.

S A F E T Y  WAT C H

Common with ACE inhibitors: dry cough (happens in 10 to 20 percent of people) — if

bothersome, switch to an ARB. · Rare but serious: angioedema (sudden severe swelling of

the face, lips, tongue, or throat) — stop the drug and get emergency help immediately;

more common with ACE inhibitors than ARBs. · Can raise potassium (hyperkalemia),

especially if you have kidney disease or take potassium supplements or potassium-sparing

diuretics — your doctor will check potassium levels. · Can cause a small, expected rise in

creatinine (a kidney blood test) when you start — this is usually okay and means the drug

is working; your doctor will monitor. · Do NOT use during pregnancy (can harm the baby).

· Recommended for people with diabetes who have high blood pressure OR protein in the

urine (albuminuria), even if blood pressure is normal (KDIGO, ADA guidelines).

Red flags

Confusion, extreme thirst, or very dry mouth with blood sugar over 600 (sign of

hyperosmolar hyperglycemic state, a life-threatening emergency)

Chest pain, trouble breathing, or pain in the jaw or arm (possible heart attack — diabetes

raises heart disease risk)
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Sudden vision loss or floaters and flashes (could be bleeding in the eye from damaged blood

vessels)

A wound or sore that won't heal, is red and hot, or smells bad (sign of a serious infection

that can spread)

Severe belly pain, nausea, and vomiting with high blood sugar (could be diabetic

ketoacidosis (the acid crisis of missing insulin), rare in type 2 but dangerous)

Nursing priorities

Check blood sugar with fingerstick glucometer and review the last hemoglobin A1c (3-

month average sugar) result — A1c above 7 percent means blood sugar is too high for

months. Current glucose shows if patient is safe now or needs immediate treatment. Both

numbers guide which medicines to start or adjust.

Examine both feet completely including between toes, checking for cuts, blisters, redness,

warmth, or foul smell — Neuropathy blocks pain signals so patients do not feel injuries.

Infection can spread to bone causing osteomyelitis (bone infection) requiring amputation.

Early detection saves limbs.

Measure blood pressure and check if patient is on a statin and ACE inhibitor or ARB —

High blood pressure damages kidneys and increases stroke risk. Statins prevent heart

attacks. ACE inhibitors or ARBs protect kidneys when protein leaks into urine. Most

diabetic deaths are from heart disease, not high sugar.

Ask about the last eye exam and schedule one if more than 12 months ago — Retinopathy

causes blindness but has no symptoms until late. Laser treatment or injections can save

vision if caught early. Annual dilated eye exams are standard care for all diabetic patients.

Weigh the patient and calculate BMI (body mass index) to assess obesity — Weight loss of 5

to 10 percent improves insulin resistance (when insulin does not work well). BMI over 35

means patient may qualify for GLP-1 drugs like semaglutide or bariatric surgery that cause

remission in many cases.

Review when patient last ate and hold metformin for 48 hours if getting IV contrast dye for

CT scan or procedure — Contrast dye can suddenly damage kidneys. Metformin builds up

in damaged kidneys causing lactic acidosis (acid from oxygen-starved tissues) (dangerous

acid in blood) that can kill. Holding metformin prevents this rare but deadly complication.

Teach patient to check feet daily at home and report any cuts or color changes immediately

— Patient self-checks catch problems between clinic visits. Neuropathy means injuries go

unnoticed. Early reporting prevents infections that lead to hospitalization and amputation.
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Confirm patient has glucose tablets or gel at home and knows signs of low blood sugar —

Low blood sugar (Hypoglycemia) causes confusion, seizures, coma, and death if untreated.

Fast-acting sugar (15 grams) reverses symptoms in 15 minutes. Recognition and treatment

knowledge prevents brain damage and saves lives.

Sources

American Diabetes Association Standards of Care 2024

CDC Diabetes Guidelines

USPSTF Screening Recommendations

ADA/EASD Consensus Report on Type 2 Diabetes Management

Last reviewed: 2026-07-07
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