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Sickle Cell Trait
Sickle cell trait is a benign carrier state where one normal and one sickle
hemoglobin gene produce enough normal hemoglobin to prevent sickling under
almost all everyday conditions.

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

Sickle cell trait is a benign carrier state where one normal and one sickle hemoglobin gene

produce enough normal hemoglobin to prevent sickling under almost all everyday

conditions.

“Sickle cell trait means you inherited one sickle hemoglobin gene and one normal hemoglobin

gene. Your red blood cells work normally almost all the time because you make plenty of

healthy hemoglobin. This is not a disease—it is a carrier state that usually causes no

symptoms.”

Normal anatomy — the body's job

Normal hemoglobin is a protein inside red blood cells that picks up oxygen in the lungs and

releases it to tissues throughout the body. Each hemoglobin molecule is made from four protein

chains—two alpha chains and two beta chains—that hold an iron atom at the center to bind

oxygen. Red blood cells stay round, smooth, and flexible so they can squeeze through the

smallest blood vessels called capillaries. This steady oxygen delivery keeps every organ and

tissue alive and working properly.

B O D Y ' S  J O B

Hemoglobin works like a delivery truck fleet: trucks (red blood cells) loaded with packages

(oxygen) drive smoothly through narrow streets (capillaries) to drop off supplies at every

house (tissue cell) in the neighborhood.

Bone marrow produces red blood cells with normal hemoglobin A, which has two alpha and

two beta chains.

Red blood cells travel to the lungs, where hemoglobin binds tightly to oxygen molecules.

Oxygen-rich blood flows from the heart through arteries to capillaries in every tissue.

Hemoglobin releases oxygen to tissue cells and picks up carbon dioxide waste.
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Flexible round red blood cells squeeze easily through tiny capillaries and return to the

heart.

Red blood cells carry carbon dioxide back to the lungs, where it is exhaled, and the cycle

repeats for 120 days until the cell is replaced.

What breaks

In sickle cell trait, one gene makes normal hemoglobin and one gene makes sickle hemoglobin,

so about 35 to 45 percent of the hemoglobin inside red blood cells is the sickle type. Because

most hemoglobin is still normal, red blood cells stay round and flexible under everyday oxygen

levels. Only in rare, extreme conditions—such as severe dehydration, very low oxygen at high

altitude, or extreme physical stress—can sickle hemoglobin molecules stick together and make

cells change shape briefly.

C L I N I C A L  T E R M

Sickle cell trait results from heterozygous inheritance (having one copy of a gene variant

and one normal copy) of the hemoglobin S mutation in the beta-globin gene, producing

hemoglobin AS genotype. The single nucleotide substitution replaces glutamic acid with

valine at position 6 of the beta chain, creating hemoglobin S. Under normal physiological

conditions, the predominance of hemoglobin A prevents polymerization (abnormal

clumping of hemoglobin molecules) and sickling, so red blood cells maintain normal

morphology and lifespan.

How the body compensates

In sickle cell trait, the body does not need significant compensation because the 55 to 65

percent of normal hemoglobin A is more than enough to keep red blood cells functioning

normally. The presence of normal hemoglobin prevents the polymerization of sickle hemoglobin

under typical oxygen levels, so red blood cells maintain their shape, flexibility, and normal 120-

day lifespan. Compensation mechanisms only activate in rare extreme situations when oxygen

drops dangerously low.

{'step': 'Normal hemoglobin A remains soluble and functional at all oxygen levels', 'detail':

'The majority of hemoglobin in each red blood cell is normal type A, which does not

polymerize, so cells stay round and pliable during normal circulation and mild stress.'}

{'step': 'Red blood cells maintain normal flexibility and flow', 'detail': 'Because sickling does

not occur under everyday conditions, red blood cells easily deform to pass through narrow

capillaries without getting stuck or breaking apart.'}
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{'step': 'Normal red blood cell production and lifespan', 'detail': 'The bone marrow produces

red blood cells at a normal rate, and these cells survive the usual 120 days in circulation

without early destruction, so no increased production is needed.'}

{'step': 'Kidneys maintain normal concentrating ability in most people', 'detail': 'Although

the renal medulla has low oxygen, most trait carriers have enough normal hemoglobin to

prevent significant sickling, so urine concentration and kidney function stay normal.'}

{'step': 'Increased ventilation and hydration during extreme stress', 'detail': 'During intense

exercise or altitude exposure, the body naturally increases breathing rate and fluid intake,

which helps maintain oxygen levels and prevents the rare sickling events.'}

{'step': 'Splenic function remains intact', 'detail': 'Unlike sickle cell disease, the spleen

stays healthy and continues filtering blood and fighting infections normally because red

blood cells do not sickle and clog splenic vessels.'}

Domino effect

Inheritance of one sickle hemoglobin gene and one normal hemoglobin gene — Each parent

contributes one beta-globin gene; receiving one sickle gene and one normal gene results in

hemoglobin AS genotype with 35 to 45 percent hemoglobin S.

Red blood cells contain mixed hemoglobin A and hemoglobin S — The normal gene

produces enough hemoglobin A to keep red blood cells round and flexible under typical

oxygen conditions, preventing polymerization of the sickle hemoglobin.

Normal circulation and oxygen delivery during everyday activities — Sufficient normal

hemoglobin ensures red blood cells do not sickle during rest, moderate exercise, or routine

stress, so there are no symptoms or organ damage.

Exposure to extreme physiological stress reduces oxygen availability — Severe dehydration,

very high altitude above 10,000 feet, intense prolonged exercise without hydration, or

extreme heat can lower blood oxygen levels enough to trigger sickling in some cells.

Rare transient sickling in small percentage of red blood cells — When oxygen drops very

low, some hemoglobin S molecules polymerize and distort a few red blood cells, but this is

usually temporary and resolves when oxygen and hydration are restored.

Possible microscopic tissue starved blood flow (ischemia) in kidney medulla — The inner

kidney has naturally low oxygen and high salt concentration, so very rarely a trait carrier

may have brief sickling in renal capillaries, causing painless blood in urine (hematuria) that

usually resolves on its own.
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Extremely rare exertional rhabdomyolysis or sudden collapse — In the most extreme cases

—untreated severe dehydration combined with maximum exertion and heat stress—

widespread sickling can block blood flow to muscles or cause dangerous overheating,

leading to muscle breakdown (rhabdomyolysis) or sudden death, though this is

exceptionally uncommon.

Return to normal function with rehydration and rest — Once oxygen levels normalize and

fluids are restored, sickling stops, red blood cells resume normal shape, and circulation

returns to baseline with no lasting damage in the vast majority of trait carriers.

Symptoms · what the patient feels, and why

Usually no symptoms: Only one abnormal hemoglobin gene (sickle hemoglobin gene)

inherited—normal hemoglobin A from the other parent makes enough healthy red blood

cells for everyday life

Blood in urine (hematuria): Sickle hemoglobin in the kidney medulla (inner part of the

kidney) causes red blood cells to sickle in the low-oxygen environment, blocking tiny

vessels and damaging kidney tissue

Inability to concentrate urine (hyposthenuria): Repeated sickling in the renal medulla

damages the loop of Henle (kidney structure that concentrates urine), preventing the

kidney from making concentrated urine

Muscle pain or weakness during extreme exercise

Dark urine after intense exercise: Extreme physical stress causes red blood cells to break

apart (hemolysis), releasing myoglobin from damaged muscle and hemoglobin into urine,

turning it brown or cola-colored

Urinary tract infections: Damage to the kidney medulla from sickling impairs the kidney's

ability to concentrate urine and maintain normal immune defenses in the urinary tract

Sudden collapse during high-intensity training: Extreme exertion with dehydration and too

much acid in the blood (acidosis) (buildup of acid) triggers widespread sickling, blocking

blood flow and causing rhabdomyolysis (muscle breakdown) with dangerous potassium

release and cardiac arrest risk

Splenic tissue death from blocked blood flow (infarction) at high altitude: Low oxygen

pressure above 8,000 feet causes red blood cells carrying sickle hemoglobin to sickle in the

spleen, blocking blood vessels and causing tissue death

Focused exam

Normal vital signs and general appearance: Sickle cell trait does not cause anemia,

yellowing of the skin and eyes (jaundice), or growth problems; abnormal findings suggest

sickle cell disease or another condition
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Blood pressure measurement: Chronic kidney damage from medullary sickling can cause

high blood pressure (hypertension); elevated blood pressure may indicate progressive renal

injury

Urine dipstick for blood and protein: Blood in the urine (Hematuria) or proteinuria (protein

in urine) indicates kidney damage from sickling; positive results require further evaluation

for chronic kidney disease

Abdominal examining by touch (palpation) for spleen size: Enlarged or tender spleen after

high-altitude exposure suggests splenic tissue death from blocked blood flow (infarction);

normal spleen size is expected in sickle cell trait at sea level

Muscle tenderness and swelling after exercise: Painful, swollen muscles with dark urine

after extreme exertion indicate rhabdomyolysis from exertional sickling; requires

immediate IV fluids and monitoring for kidney failure

Oxygen saturation measurement: Normal oxygen saturation rules out acute sickling crisis;

low oxygen levels in the setting of exercise or altitude exposure increase sickling risk

Diagnostics · every test answers a question

Hemoglobin electrophoresis → Does this person carry one sickle hemoglobin gene (HbS)

along with normal hemoglobin A?

Complete blood count (CBC) → Are the red blood cells normal in number and size, ruling

out anemia?

Urinalysis with microscopy → Is there blood, protein, or signs of infection in the urine

indicating kidney damage?

Serum creatinine and estimated glomerular filtration rate (eGFR) → Is kidney function

normal or is there chronic kidney damage?

Urine specific gravity → Can the kidneys concentrate urine normally?

Creatine kinase (CK) → Is there muscle breakdown from exertional sickling?

Serum potassium → Is potassium dangerously high from muscle breakdown?

Genetic counseling and partner testing → What is the risk of having a child with sickle cell

disease?

Treatment logic

Hydration during exercise and illness → Adequate fluid intake keeps blood volume normal

and prevents red blood cells from concentrating and sickling in small vessels during

physical stress
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Gradual conditioning and avoiding extreme exertion → Slow buildup of exercise intensity

with frequent rest and hydration reduces risk of exertional sickling syndrome and sudden

death during training

Avoiding high altitude above 8,000 feet without acclimatization → Reduces risk of splenic

tissue death from blocked blood flow (infarction) by avoiding low oxygen environments that

trigger sickling; gradual ascent allows physiologic adaptation

Genetic counseling for reproductive planning → Provides information about inheritance

patterns and testing options so couples can make informed decisions about pregnancy and

prenatal diagnosis

Angiotensin-converting enzyme (ACE) inhibitor or angiotensin receptor blocker (ARB) for

proteinuria → Reduces protein loss in urine and slows progression of chronic kidney disease

in individuals with persistent proteinuria from sickle cell trait nephropathy

Aggressive IV fluid resuscitation for exertional sickling with rhabdomyolysis → High-volume

isotonic saline (200-300 mL/hour) maintains urine output above 200 mL/hour, preventing

myoglobin from precipitating in kidney tubules and causing acute kidney injury

Medications

lisinopril or enalapril · Angiotensin-converting enzyme (ACE) inhibitor

ACE inhibitors block an enzyme that makes angiotensin II, a hormone that tightens blood

vessels in the kidney. By lowering angiotensin II, these drugs relax the vessels leaving the

kidney filter (efferent arterioles), reducing pressure inside the glomerulus (kidney filter) and

decreasing protein leak into urine.

Block angiotensin-converting enzyme in blood vessel walls and kidney tissue

Prevent conversion of angiotensin I to angiotensin II

Dilate efferent arteriole leaving the glomerulus more than afferent arteriole entering it

Lower intraglomerular pressure and reduce mechanical stress on filter

Decrease protein passage through damaged glomerular basement membrane into urine

S A F E T Y  WAT C H

Monitor potassium—can cause high potassium (hyperkalemia) above 5.5 mEq/L, especially

with kidney disease · Check creatinine within 1-2 weeks—small rise (less than 30%) is

expected and acceptable · Avoid in pregnancy—causes fetal kidney damage and death ·

Hold during acute dehydration or illness with vomiting/diarrhea to prevent acute kidney

injury
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losartan or valsartan · Angiotensin II receptor blocker (ARB)

ARBs block the receptor where angiotensin II binds to cause blood vessel constriction. They

work similarly to ACE inhibitors by reducing pressure in the kidney filter and decreasing

protein loss. ARBs are used when patients cannot tolerate ACE inhibitors due to cough.

Block angiotensin II type 1 (AT1) receptors on blood vessel smooth muscle

Prevent angiotensin II from causing vasoconstriction

Preferentially dilate efferent arteriole of glomerulus

Lower intraglomerular hydrostatic pressure

Reduce proteinuria by decreasing mechanical filtration of protein

S A F E T Y  WAT C H

Monitor potassium—high potassium (hyperkalemia) risk same as ACE inhibitors · Check

creatinine after starting—expect small increase up to 30% · Contraindicated in pregnancy

—causes fetal harm · Use cautiously with NSAIDs—increases risk of acute kidney injury

Normal saline (0.9% sodium chloride) IV fluids · Isotonic crystalloid solution

for volume resuscitation

Normal saline is a sterile saltwater solution given through a vein to rapidly expand blood

volume and increase urine flow. In exertional sickling with rhabdomyolysis, high urine output

(above 200 mL per hour) prevents myoglobin (muscle protein) from settling in kidney tubules

and causing acute tubular tissue death (necrosis) (kidney damage from blocked tubules).

Infuse isotonic fluid into bloodstream to expand plasma volume

Increase renal blood flow and glomerular filtration rate

Produce high urine output (goal above 200 mL/hour) to dilute myoglobin in tubules

Prevent myoglobin precipitation (clumping) in acidic tubular fluid

Flush myoglobin out of kidneys before it causes tubular obstruction and tissue death

(necrosis)

S A F E T Y  WAT C H

Monitor urine output hourly—goal is 200-300 mL/hour to protect kidneys · Watch for fluid

overload—lung crackles, shortness of breath, or oxygen desaturation indicate too much

fluid · Check potassium frequently—life-threatening high potassium (hyperkalemia) can

develop rapidly with severe rhabdomyolysis · Measure creatine kinase—rising CK despite

fluids may indicate compartment syndrome requiring surgical fasciotomy
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Hydration counseling (non-drug behavioral intervention) · Preventive lifestyle

modification

Teaching individuals with sickle cell trait to drink fluids before, during, and after exercise

prevents dehydration that concentrates blood and increases sickling risk. Adequate hydration

maintains blood volume, keeps oxygen delivery normal, and reduces the chance that red blood

cells will sickle in small vessels during physical activity or illness.

Increase oral fluid intake to maintain normal plasma volume

Prevent hemoconcentration (thickening of blood) during sweating and exertion

Maintain adequate oxygen delivery to tissues during exercise

Reduce conditions that promote sickling—dehydration, too much acid in the blood

(acidosis), low oxygen

Lower risk of exertional sickling syndrome and rhabdomyolysis during intense activity

S A F E T Y  WAT C H

Athletes should drink 16-20 ounces of fluid 2-3 hours before exercise · Drink 8-10 ounces

every 15-20 minutes during activity · Rehydrate with 20-24 ounces for every pound lost

during exercise · Avoid extreme conditioning drills in hot weather without frequent rest

breaks

Genetic counseling (non-drug intervention) · Educational and decision-

support service

Genetic counselors explain inheritance patterns and help individuals understand their 25% risk

of having a child with sickle cell disease if both parents carry sickle cell trait. Counseling

includes discussion of prenatal testing options like chorionic villus sampling (testing placental

tissue at 10-12 weeks) or amniocentesis (testing amniotic fluid at 15-20 weeks) to diagnose

hemoglobin disorders before birth.

Confirm sickle cell trait status through hemoglobin electrophoresis

Test reproductive partner to determine carrier status

Calculate risk for each pregnancy based on parental genetics

Discuss prenatal diagnostic options if both partners are carriers

Provide information about preimplantation genetic diagnosis if pursuing in-vitro

fertilization
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S A F E T Y  WAT C H

Amniocentesis carries 0.1-0.3% risk of miscarriage · Chorionic villus sampling has slightly

higher miscarriage risk than amniocentesis · Genetic counseling is nondirective—

counselors provide information but do not make decisions for families · Partner testing

should occur before pregnancy when possible to allow time for informed planning

Altitude avoidance counseling (non-drug preventive strategy) · Environmental

risk-reduction education

People with sickle cell trait should avoid rapid ascent to altitudes above 8,000 feet where low

oxygen pressure can trigger red blood cell sickling in the spleen, causing splenic tissue death

from blocked blood flow (infarction) (tissue death from blocked blood flow). Gradual

acclimatization over several days allows the body to adjust to lower oxygen levels and reduces

sickling risk.

Recognize that oxygen pressure drops with increasing altitude

Understand that low oxygen tension promotes hemoglobin S polymerization (clumping) and

sickling

Plan gradual ascent with overnight stays at intermediate altitudes

Allow 2-3 days for physiologic acclimatization before strenuous activity

Use supplemental oxygen if symptoms develop or if ascending above 10,000 feet

S A F E T Y  WAT C H

Commercial air travel is safe—cabin pressure equals 6,000-8,000 feet · Symptoms of

splenic tissue death from blocked blood flow (infarction) include left upper abdominal pain

and left shoulder pain · Descend immediately if symptoms occur at altitude · Individuals

should avoid scuba diving due to risk of sickling during decompression

Red flags

Severe muscle pain, weakness, or dark cola-colored urine after intense exercise—indicates

exertional sickling with rhabdomyolysis and risk for acute kidney injury or death

Sudden collapse or loss of consciousness during high-intensity training—suggests life-

threatening exertional sickling with possible cardiac arrest from high potassium

(hyperkalemia)

Left upper abdominal pain with left shoulder pain at high altitude—indicates splenic tissue

death from blocked blood flow (infarction) requiring descent and emergency evaluation

Persistent or worsening proteinuria with rising creatinine—suggests progressive chronic

kidney disease requiring ACE inhibitor or ARB and nephrology referral
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Nursing priorities

Recognize that sickle cell trait is a carrier state, not a disease requiring routine treatment.

— Patients with one sickle gene (HbAS genotype) typically have 35–45% hemoglobin S

(abnormal hemoglobin) and remain asymptomatic under normal conditions, so routine

monitoring or preventive (prophylactic) therapy is not indicated.

Screen for trait status before pregnancy or genetic counseling for family planning. — If

both parents carry sickle cell trait, each child has a 25% chance of sickle cell disease

(HbSS), making preconception counseling essential per ACOG and ACMG guidelines.

Educate on rare situations that can trigger sickling: extreme dehydration, high altitude,

severe low oxygen (hypoxia), and extreme exertion. — Under these stressors, even trait

carriers can experience sickling events such as splenic tissue death from blocked blood flow

(infarction) (death of spleen tissue), rhabdomyolysis (muscle breakdown releasing

myoglobin), or renal papillary tissue death (necrosis) (kidney tissue death).

Monitor urine and hydration status during strenuous physical training or competitive

sports. — Exertional sickling can occur in trait carriers during intense anaerobic exercise,

leading to sudden collapse, rhabdomyolysis, or even death, especially in military recruits

and athletes.

Assess for blood in the urine (hematuria) (blood in urine) and counsel that it may occur

without serious underlying disease. — The renal medulla (inner kidney region) has low

oxygen, which can cause microscopic sickling and papillary bleeding; this is usually self-

limited but warrants ruling out other causes.

Provide reassurance that life expectancy and general health are normal with sickle cell

trait. — Most individuals live normal lives without symptoms; anxiety often arises from

confusion with sickle cell disease, so clear education reduces unnecessary worry.

Document trait status clearly in the medical record for anesthesia and surgical teams. —

Prolonged anesthesia, tourniquet use, or low oxygen (hypoxia) during surgery can

theoretically trigger sickling, though complications are rare; awareness allows preventive

measures like adequate oxygenation and hydration.

Counsel against high-altitude activities (above 10,000 feet) without acclimatization or

supplemental oxygen. — Low oxygen pressure at altitude increases sickling risk; cases of

splenic tissue death from blocked blood flow (infarction) in trait carriers have been

reported during mountain climbing or unpressurized flights.

Sources

American Society of Hematology (ASH) 2020 guidelines on sickle cell disease and trait

screening recommendations
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American College of Obstetricians and Gynecologists (ACOG) Practice Bulletin No. 78

(reaffirmed 2023): Hemoglobinopathies in Pregnancy

American College of Medical Genetics and Genomics (ACMG) 2021 standards for

hemoglobinopathy carrier screening and genetic counseling

National Athletic Trainers' Association (NATA) 2012 consensus statement on sickle cell trait

and the athlete
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