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OUTLINE OF CONTENT
This CPD seminar will cover the most commonly used tests to determine
pathological abnormalities in the following areas: Haematology, Metabolism,
Immunology, and Endocrinology.
Laboratory tests will be discussed with reference to clinical evaluation, to form an
integrated and holistic approach to analysis and interpretation. The seminar will focus on
blood tests that are routinely used by GPs in the UK and Ireland.

LEARNING OUTCOMES:
On successful completion of this CPD seminar, practitioners will be able to:
•
•
•
•

Critically analyse and interpret a variety of clinical laboratory test results for their
patients.
Critically evaluate abnormal, borderline and inconsistent test results in order to
identify abnormalities.
Combine the results from orthodox laboratory tests and clinical evaluation to form
an integrated and holistic approach to analysis and interpretation.
Integrate laboratory test results with history taking and clinical examinations, in
order to formulate a diagnosis and determine the most appropriate approach to
treatment.

©Marie Reilly 2018

1

INTRODUCTION
Laboratory tests are tools which are helpful in evaluating the health status of an
individual. Disturbances in the normal relative concentration of various blood
constituents can help to diagnose and monitor a wide range of health problems. In
addition, practitioners need to be able to explain the purpose of the tests and the
significance of the results to their patients.
However, It is not possible to diagnose or treat any disease or problem with blood tests
alone. Normal result ranges for a particular test are set so that 95% of “healthy” patients
fall within the normal range. Therefore 5% of healthy patients fall outside of the normal
range, even when there is no abnormality. Conversely, an individual within the large
range of “normal” may well be suffering from a pathological condition, with blood tests
falling outside their own normal range.
Other factors which may affect test results include the age and/or sex of the patient, the
time or day that the sample was collected, and whether the patient is pregnant.
‘Abnormal’ levels of hormones whose ‘normal’ values vary according to the age and/or
sex of the patient, and the time or day that the sample was collected, (such as FSH, LH,
oestradiol, progesterone, testosterone and cortisol) are not usually highlighted by
laboratories, which often leads GPs and other practitioners to miss abnormal results.
Varying levels of globulin binding may also make certain results less reliable, as they
render more or less of a particular substance inactive. Furthermore, there may be altered
receptor sensitivity (e.g. oestrogen receptors may be increased following use of
oestrogen antagonists).
Finally, laboratory tests are very specific, and it is often the case that the range of tests
that have been performed is too narrow to make a proper diagnosis. The term ‘full blood
count’ is a common cause of confusion, and while patients will often report that their GP
‘tested for everything’, this is impossible.
Reference values shown here are for information only. For most lab tests, there is no
universally applicable reference value. A normal result in one lab may be abnormal in
another. Therefore, you must use the range supplied by the laboratory that performed
your test to evaluate results
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HAEMATOLOGY
FBC (Full Blood Count)
Red Blood Cells (RBC) (3.8-4.8 x10E9/l)
Number of red blood cells.
RBC may be reduced in deficiency anaemia (due to reduced dietary iron, B12 or Folate,
reduced absorption of these nutrients, or blood loss, due to heavy menstruation, injury or
internal bleeding) Aplastic anaemia, thalassemia, cancer, drugs (such as antiretrovirals
and chemotherapy), Kidney or liver disease (due to erythropoietin deficiency), or
Haemolysis (due to autoimmunity or enlarged spleen).
RBC may be increased in heart or lung disease, cigarette smoking, or at high altitudes
(due to low oxygen), polycythaemia vera (due to a genertic mutation), kidney disease,
and erythropoitin secreting tumours (e.g. cushings syndrome).
Haemoglobin (Hb) (Male 13-17g/dL, Female 12-15g/dL)
The amount of oxygen carrying protein contained within the red blood cells.
A slightly low hemoglobin count isn't always pathological (it may be normal for some
people). Pregnant women commonly have low hemoglobin (due to a greater expansion
in plasma volume than the increase in red cell volume). Causes of low Hemoglobin are
the same as causes of low RBC.
Hb may be increased in Lung disease / high altitudes.
Haematocrit (HCT) (0.36-0.46L/L)
The percentage of the blood volume occupied by red blood cells. In most labs, Hb is
measured, while HCT is computed using the RBC and MCV measurements.
Raised HCT may be due to dehydration or polycythaemia.
Causes of low HCT are the same as causes of low RBC
Mean cell haemoglobin (MCH) (27-32 pg)
Mean cell haemoglobin concentration (MCHC) (32-36 g/dl).
Low MCH and/or MCHC = hypochromic anaemia (usually caused by iron deficiency)
High MCH and/or MCHC = hyperchromic anaemia (usually caused by B12 or folate
deficiency)
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Mean cell volume (MCV) (80-96 fL)
Low MCV + low MCH= microcytic hypochromic anaemia (Iron deficiency)
High MCV = macrocytic anaemia (B12 or folate deficiency), alcohol abuse and cirrhosis
Symptoms of anaemia include: fatigue,
angliostomatitis, koilonychia & hair loss.

pallor,

breathlessness,

palpitations,

Platelets (PLT) (150-400 x10E9/L)
Platelets are involved in Blood clotting
Low platelets (thrombocytopaenia) may be due to: hypoplastic bone marrow, infiltrative
bone marrow disease (e.g. leukaemia or infection such as Rubella),
Chemotherapy/radiotherapy, folic acid or B12 deficiency, acute blood loss, enlarged
spleen (platelet entrapment) Lupus, autoimmune thrombocytopaenia (ITP), blood
thinning medication (e.g. heparin), antiinflammatories, antibiotics, and some diuretics.
Signs and symptoms of thrombocytopaenia include easy bruising, petechiae, prolonged
bleeding from cuts, very heavy menstrual bleeding, nose bleeds or bleeding gums.
High platelets (thrombocytosis) may be primary thrombocytosis, due to
myeloproliferative disorders (e.g. Chronic Myeloid Leukaemia, polycythaemia vera),
absent spleen (failure to break down platelets), or secondary thrombocytosis due to
haemorrhage, infective or inflammatory disease (Such as RA or malignancy), iron
deficiency anaemia, pregnancy, heavy smoking.
Thrombocytosis is associated with increased risk of thrombosis and thromboembolism.
White Blood Cells/ White Cell Count WBC/WCC 4-10 x10E9/l
White Blood Cells /Leucocytes help the body to fight infection and malignancy
Increased by: Infection, inflammation, malignancy and allergic reaction
Decreased by: viral infection of bone marrow, leukaemia
Increased white cells cause decreased blood fluidity and congestion of organ and tissue
microvasculature. Decreased white cells increase risk of infection and malignancy.
It is important to look at the WBC differential to ascertain which type of cells are
reduced/increased
MONOCYTES (0.2-1.0 x10E9/l)
First step in immune response (innate immunity/immediate reaction) – Macrophages &
Dendritic cells function as APCs (immediate reaction)
Increased
by:
Acute
Infections,
inflammatory
Leukaemia/lymphoma.
Decreased by: Chronic infection and lymphoma.
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LYMPHOCYTES (1-3 x10E9/l)
Responsible for adaptive immunity (develops over a few days)
Increased by: chronic infection (e.g. TB), acute viral infection (B-cell activity), especially
Epstein Barr, but also viral hepatitis, rubella, mups, chicken pox. Chronic Lymphoblastic
leukaemia (CLL), non-Hodgkins Lymphoma.
Decreased by: physical and emotional stress, shock, and overwhelming infection
1.

CD4+ (Helper) T cells
Respond to antigens (presented by APCs) by releasing cytokines (such as IL, TNF)
which trigger other cells (such as NK cells & macrophages), and thereby
potentate immune response.
They differentiate into ether TH1 or TH2 cells depending on the type of cytokines
released, which in turn depends on the type of invading pathogen.
TH1 cells promote humoral / antibody-mediated immune response in response to
intracellular pathogens (e.g. viruses). They can also potentate various autoimmune
conditions.
TH2 cells promote cell-mediated immunity in response to extracellular pathogens
(e.g. extracellular bacteria, parasites). They also potentate allergic responses.
CFIDS patients are thought to be TH2 activated (possibly due to abnormal cytokine
release in response to viral mimicry e.g. of IL10).

2.

CD8+ (cytotoxic/killer/suppressor) T cells
Directly kill viral infected cells, tumour cells and parasites.

3.

B-cells / plasma cells
Produce antibodies (immunoglobulins/Igs).

4.

Natural Killer (NK) cells
Activated by helper T-cells. Kill virus-infected cells and tumour cells.

GRANULOCYTES (PMN leucocytes)
Responsible for engulfing and degrading various types of pathogens:
Neutrophils (2-7x10E9/l)
Engulf bacteria, viruses and fungi
Increased by:
Bacterial and some viral infections (e.g. otitis media, septicaemia, chicken pox, herpes).
Infammatory diseases: Rheumatoid arthritis, gout, vasculitis, tumours
Physical and emotional stress: surgery, excessive exercise, childbirth, emotional stress
Chronic Myeloid Leukaemia (Increased immature white cells with increased neutrophils)
Decreased by:
Bone marrow depression (chemo/radiotherapy), Overwhelming bacterial infections
Viral Infections such as hepatitis, influenza, measles, mumps, rubella, EBV, SLE
Folic acid and B12 deficiency
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Gluten intolerance –> B12 deficiency –> Low neutrophils –> Viral infection (e.g. EBV, HPV,
HSV, otitis media) or recurrent bacteria infection (e.g. UTI)
Eosinophils (0.02-0.5 x10E9/l)
Engulf parasites and allergens
Increased in:
Allergic disorders: asthma, eczema, hayfever, food/drug sensitivity.
Parasitic infections: Hookworm, roundworm, tapeworm, amoebiasis.
Inflammatory bowel disease, pernicious anaemia
Lymphoma/Leukaemia
Adrenocortical hypofunction (adrenal insufficiency increases allergic tendency)
May be present in large numbers in tissues (e.g. in eosinophilic eosophagitis), with normal
or only mildly raised blood levels)
Decreased by:
Physical and emotional stress: surgery, excessive exercise, shock, emotional stress,
Corticosteroid treatment and Cushings syndrome.
Acute bacterial infection
Basophils <0.1 x10E9/l
Release histamine in response to activation of IgE
Increased by leukaemia/lymphoma, IBD, hypothyroidism, chronic hypersensitivity
Decreased by hyperthyroidism, ovulation and pregnancy

VITAMINS AND MINERALS
Ferritin (13-150ug/L)
A measure of the amount of iron stored in the body
Low Ferritin = Iron deficiency. May be due to inadequate iron consumption or absorption,
iron loss due to bleeding or hypothyroidism (due to the effect of thyroid hormones on
ferritin synthesis).
High Ferritin may be due to Haemochromatosis, liver disease, Inflammarory diseases
(such as RA), Hyperthyroidism, and some types of cancer.
Folate (4.6-18.7ng/mL)
Low levels lead to anaemia and may be due to inadequate dietary intake,
malabsorption (e.g. Gluten Intolerance), alcoholism or increased metabolic states
(hyperthyroidism, pregnancy). Gluten intolerance may be associated with dry lips, mouth
ulcers, fatigue, abdominal bloating, irregular bowel movement and frequent infections.
High levels may be due to increased folic acid intake or B12 deficiency.
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Vitamin B12 (197-771pg/mL)
Low levels are usually due to nutritional deficiency (e.g. vegan diet) or malabsorption
(gastric hypoacidity, excessive tea or alcohol consumption, gluten intolerance, crohn’s
or intrinsic factor deficiency/pernicious anaemia).
Symptoms include: Glossitis, fatigue, depression, memory loss, confusion, muscle
weakness, peripheral neuropathy.
Raised levels may also indicate immune complex disease in which large amounts of B12
are bound to Immunoglobulins.
Hypereosinophilia (which may be caused by allergic reaction, parasitic infection,
hodgkins disease or in idiopathic hypereosinophilic syndromes), may also be associated
with overproduction or excessive release of B12 binding proteins (by the eosinophils)
which raises serum B12. In some cases raised B12 may indicate raised organ and tissue
eosinophils, even where blood levels are normal or only mildy raised.
25Hydroxy Vitamin D
Increased risk of deficiency: <30nmol/L
Increased risk of inadequacy: <40 nmol/L
Increased risk of excess: >125nmol/L
Low Vitamin D may be due to insufficient dietary intake (e.g. vegan diet), reduced
absorption (e.g. due to Crohn’s or Celiac disease), lack of sunlight exposure (especially in
those with dark skin) or obesity. Symptoms include fatigue, depression, sleep apnoea,
bone pain, muscle weakness, bone loss, dental cavities, frequent infections, increased
risk of cardiovascular disease, diabetes, inflammatory (type 1 and type 2), disease,
autoimune disease severe allergies and cancer, and cognitive impairment in older
adults.
High levels of Vitamin D only occur due to excess supplementation (far above the usual
recommended dosage) and lead to excess blood calcium, which is potentially
dangerous.
Calcium 2.2-2.7 mmol/L
Calcium is a major structural component of bones and teeth. Ionised calcium is required
for many processes including nerve conduction, cardiac and skeletal muscle
contraction, hormone signalling and blood clotting.
Hypercalcaemia suggests hyperparathyroidism/parathyroid tumour (Excess PTH)
(especially in combination with low phosphate and elevated chloride levels), paget’s
disease, myeloma, metastatic carcinoma, multiple fractures or prolonged immobilisation.
Other cancers (such as lung, breast, head and throat cancers) may cause
hypercalcaemia, partuicularly in late stages, due to production of parathormone-related
Peptide (PTHrP) production by tumour cells. Hypercalcaemia may also resut from
inadequate calcium excretion due to renal disease or diuretic drugs, thyrotoxicosis, or
excessive calcium consumption (supplements or antacids) or excessive vitamin D
supplementation (increases absorption), or bisphosphanate drugs, diuretics or lithium.
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Hypercalcaemia may cause lethargy, depression, confusion, nausea, constipation,
polyuria, polydipsia, kidney stones or cardiac arrhythmias. Encourage increased mobility
and adequate fluid intake to promote calcium excretion.
Hypocalcaemia may suggest hypoparathyroidism (congenital, autoimmune or following
parathyroid or thyroid surgery), Cushing’s syndrome, renal failure, Vitmin D deficiency or
malabsorption.
Hypocalcaemia may cause depression or anxiety, peripheral numbness, muscle
cramping, increased tetany (Chvostek’s sign), seizure or cardiac arrhythmia.
Phosphate
Phosphate is also a major structural component of bones and teeth. In addition it is an
important component of DNA, RNA phospholipid membranes, and other biologically
active molecules such as ATP, and acts as a buffer in maintaining normal blood pH.
Hyperphosphataemia may suggest vitamin D excess, tissue damage (e.g. due to
rhabdomyolysis or chemotherapy), CKD / acute kidney failure, or hypoparathyroidism
(PTH increases renal excretion of phosphate).
Hyperphosphataemia is usually associated with hypocalcaemia (calcium is deposited in
arteries increasing risk of heart disease and stroke)
Hypophosphataemia may be due to chronic nutritional deficiency (e.g. anorexia),
malabsoerption (e.g. in Crohn’s and coeliac disease), Vitamin D deficiency,
hyperparathyroidism, or diabetic ketoacidosis (which causes movement of phosphate
from blood to tissue).
Symptoms include muscle weakness, resulting in respiratory difficulty, rhabdomyolysis
(due to reduced ATP), anaemia (due to reduced phosphate in erythrocytes).

KIDNEY FUNCTION TESTS
Urea and Electrolytes (U&E)
Electrolytes help to move nutrients into cells, and remove waste products; help to
maintain fluid balance in the body (including maintenance of blood pressure, and
extracellular and intracellular fluid volume), and stabilise pH levels.
Symptoms of electrolyte imbalance include: thirst, headaches, blood pressure changes,
oedema, muscle aches, spasms, twitches and/or weakness, digestive disturbance, heart
irregularities, fatigue, restlessness, anxiety, depression, confusion, seizures, coma.
Sodium (136 -145 mmol/L)
Raised sodium concentration (hypernatremia) may be due to dehydration, persistent
vomiting and diarrhea, acute or chronic kidney disease, Cushing’s disease or Conn’s
syndrome (excess aldosterone), Diabetes insipidus, or certain medications such as lithium.
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Low sodium concentration (hyponatremia) may be classified as hypovoaemic
hyponatraemia, hypervolaemic hypernatraemia, or euvolmic hyponatraemia.
It may occur due to a low sodium diet, or drinking excessive water, especially during
prolonged exercise (or in case of diarrhea). Both fluid and electrolytes are lost during
exercise; drinking water replaces fluids but not electrolytes, and dilutes the remaining
electrolytes.
Hyponatraemia may also be due to acute or chronic kidney failure, or other factors
which increase fluid and thereby dilute sodium such as: ‘syndrome of inappropriate
antidiuretic hormone’ (SIADH), liver disease, heart failure or pneumonia (due to abnormal
accumulations of fluid); or factors which cause sodium loss: Addison’s disease
(deficiency of aldosterone which controls sodium loss in the urine), poorly controlled
diabetes (glucose affects plasma osmolarity and causes sodium loss due to excess
urination), or certain medications, such as diuretics, carbamazepine (antiepileptic), or
sertraline (antidepressant).
Potassium (3.5-5.0 mEq/L)
Raised serum potassium (hyperkalemia) May be due to kidney failure, Addison’s disease
(aldosterone deficiency causes reduced potassium excretion), or medication (such as
ACE inhibitors or spironolactone). Cell destruction (e.g. major surgery, chemotherapy for
leukaemia, severe trauma, or rhabdomyolysis) causes potassium in cells to be released
into ECF. Coagulated samples may also show falsely high potassium levels.
In untreated diabetes there may be potassium depletion in the body, but since acidosis
causes movement of potassium ions into the ECF (in exchange for hydrogen ions),
accompanied by fluid loss due to diuresis, serum potassium levels will be normal or high.
Low serum potassium (hypokalemia) may be due to heavy sweating, persistent vomiting
or diarrhea (including purgative abuse), Conn’s syndrome (excess aldosterone) or
liquorice abuse. Diuretics (e.g. for reducing blood pressure) and insulin therapy (which
causes potassium ions to move into cells in exchange for hydrogen ions due to alkalosis)
may also cause hypokalaemia. Hypokalemia due to insufficient dietary potassium is rare
but may occur in starvation or anorexia nervosa.
Chloride (97-107 mEq/L)
Relates inversely to bicarbonate. It is responsible for maintaining acid/base balance,
transmitting nerve impulses and regulating fluid in and out of cells.
Elevated serum chloride may be caused by bicarbonate loss due to diarrhoea, severe
dehydration, primary aldoseronism, kidney disease, diarrhea, diabetes (due to acidosis),
or overactive parathyroid glands (in combination with raised Calcium), and some drugs
such as oestrogen and diuretics.
Low chloride levels are usually associated with low sodium and potassium levels, and
may be caused by heavy sweating, vomiting, chronic renal failure or Addison’s disease
(low aldosterone causes diuresis and chloride loss).
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Urea (2.5-7.1 mmol/L)
Urea is a waste product, which is formed from the breakdown of proteins and excreted in
urine.
High blood levels of urea may indicate kidney disease (if accompanied by raised
creatinine). Non-renal causes of raised blood urea include high protein diet, protein
catabolism due to malnutrition, or dehydration.
High blood urea (uraemia) leads to fatigue, weakness, confusion, anorexia, nausea,
vomiting, skin dryness, itching and ‘uraemic frost’.
Low blood Urea may be due to pregnancy (increased GFR), malnutrition, overhydration
or severe liver damage (reduced production of urea with accumulation of it’s toxic
precursor, ammonia in the bloodstream).
Creatinine men: 60-110 mmol/L (0.7-1.2 mg/dL) women: 45-90 mmol/L (0.5-1.0 mg/dL).
Creatinine is a waste product produced by muscle. It passes into the bloodstream, and is
excreted in urine. Creatinine levels accurately reflect kidney function.
High blood levels of creatinine indicate reduced blood flow to the kidney (e.g. due to
reduced cardiac output, significant blood or fluid loss, or septic shock), kidney disease
(e.g. diabetic nephropathy, infective or inflammatory glomerulonephritis, polycystic
kidney disease, chronic hypertension, or damage due to drugs), or obstruction to urine
outflow (e.g. kidney stones, tumours or BPH).
Low blood creatinine levels may be due to very low protein diets, reduced muscle mass
(due to malnutrition, ageing or diseases, such as muscular dystrophy), pregnancy
(increased GFR).
Uric acid 2.4-6.0 mg/dL (female) and 3.4-7.0 mg/dL (male)
Elevated uric acid may be due to high dietary purines or kidney disease. It may cause
gout or recurrent kidney stones.
Low uric acid may be due to a low purine diet, and rarely causes symptoms. Other
causes of low uric acid include some cases of kidney damage (e.g. Falconi syndrome),
which may be due to drug toxicity or an inherited disorder such as Wilson’s disease.
eGFR (>60mL/min/1.73m2)
“Normal” values not valid in pregnancy, children or extremes of body type. Multiply
by1.21 for people of black race. In CKD, eGFR >60 does not exclude kidney disease.
eGFR 30-59 suggests moderate impairment (stage 3 CKD). eGFR 15-30 suggests severe
impairment (stage 4 CKD). eGFR <15 suggests renal failure (stage 5 CKD).
Symptoms of renal disease include: lower back pain, urine volume <500mL or >2L per
day, hypertension, oedema, haematuria/proteinuria, fatigue, anaemia, itching,
symptoms of electrolyte imbalance.
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LIPID PROFILE
Choleserol (2-5mmol/L)
Structural component of cell membranes and plasma lipoproteins. Used to synthesise
hormones (including sex hormones and adrenal steroids) and bile acids. Absorbed from
the diet (20-40%) and synthesised in the liver.
High-density lipoprotein (HDL) cholesterol (>1.2mmol/L) carries harmful fats to the liver for
excretion. Low HDL increases risk of heart disease.
Low-density lipoprotein (LDL) cholesterol (<3mmol/L) increases your risk of heart disease if
elevated, (especially in combination with inflammatory conditions affecting the blood
vessels).
Hypercholesterolaemia may be due to genetic predisposition, unhealthy diet, diabetes,
pregnancy or use of oral contraceptives, or may indicate hepatitis, biliary obstruction, or
hormone deficiency (e.g. hypothyroidism).
Hypocholesterolaemia may be due to malnutrition, hyperthyroidism, or excessive use of
cholesterol-lowering drugs.
Triglycerides (0.5-1.7 mmol/L))
High triglycerides may be due excess dietary fat consumption or liver disease. High levels
have been linked to atherosclerosis.
Low triglyceride levels may be caused by low fat diets, fat malabsorption, or
hyperthyroidism
High blood lipids may be associated with increased risk of cardiovascular disease,
xanthomta (affecting the achilles tendon, the area around the eyes and/or the
corneas), abdominal pain, and acute pancreatitis.
Fasting Serum Glucose 3.5-6 mmol/L (Random glucose 3.5-8 mmol/L)
In the fasting state (>12 hours), plasma glucose levels decrease, stimulating release of
glucagon, which then raises glucose by stimulating glycogenolysis/glyconeogenesis.
Secretion of insulin checks this rise in glucose levels
Increased fasting plasma glucose levels (hyperglycaemia), may be associated with thirst,
polyuria, and most commonly suggest Diabetes Mellitus. They are used for preliminary
diagnosis and for monitoring. In some cases increased plasma fasting glucose is due to
severe stress, recent acute illness (e.g. MI), corticosteroid use, pancreatitis (inflammation
damages beta cells, reducing insulin production), Cushings syndrome (increases cortisol),
Acromegaly
(increases
growth
hormone),
phaeochromocytoma
(increases
epinephrine), or chronic hepatic disease.
Low glucose levels (hypoglycaemia) may be associated with palpitations, sweating,
anxiety and fainting (due to increased epinephrine levels) or lethargy, confusion, slurred
speach and convulsions (due to neuroglycopaenia). They may result from
hyperinsulinism, insulinoma, functional or reactive hypoglycaemia, hepatic disease,
adrenal insufficiency (Addison’s disease) or cortisol resistance. Alcohol inhibits
gluconeogenesis, which maintains blood sugar levels during periods of fasting. Alcoholics
who do not eat during periods of binge drinking are at risk of hypoglycaemia.
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HbA1c (20-42 mmol/mol)
Glycated haemoglobin provides a measure of the average plasma glucose
concentration over the preceding 3 months (The average RBC lifespan is 120 days.
However, since RBCs do not all undergo lysis at the same time an average of 3 months is
used).
Results may be unreliable in patients with anemia, high erythrocyte turnover, chronic
renal or liver disease, or after blood loss, blood transfusion or surgery.

ENZYMES / LIVER FUNCTION TESTS
Tissue injury (especially liver, heart and skeletal muscle) releases various enzymes into the
blood:
Amylase
Amylase is a digestive enzyme produced by the pancreas (and salivary glands).
Raised serum amylase may be due to acute pancreatitis (caused by alcohol abuse or
gallstones) or chronic pancreatitis (due to long term alcohol abuse or
haemochromatosis). Abdominal trauma, surgery, mumps, microamylasaemia, and renal
failure may also cause raised serum amylase.
Serum amylase is not usually significantly raised in cancer of the pancreas.
ALT (Alanine aminotransferase) 5-33U/L
Necessary for energy production (Catalyzes amino-group transfer in Krebbs cycle)
Unlike AST, it is predominantly found in helatocellular system (less in Kidneys, heart,
skeletal muscle) and therefore is a specific indicator of acute hepatocellular damage
(often before jaundice appears)
Puropse of the test:
To detect/evaluate acute and chronic hepatic disease
To distinguish between myocardial and hepatic tissue damage.
Implications of results:
Very high (over 1000): severe hepatic disease with extensive necrosis (may be drug
induced)
Moderately high: viral hepatitis, Infectious mononucleosis, chronic hepatitis,
cholestasis/cholecystitis, carcinoma, or severe hepatic congestion secondary to heart
failure.
Slight to moderate with high increase in AST: acute hepatocellular injury (e.g. cirrhosis), MI
Slight to moderate increase with all other tests normal: Non alcoholic fatty liver, minor
biliary obstruction.
AST (Aspartate aminotransferase) Male 8-201U/L, Female: 5-40U/L
Like ALT it is Necessary for energy production (Catalyzes amino-group transfer in Krebbs
cycle). It is found in Liver, heart skeletal muscle, kidneys pancreas and RBCs, and
released into serum in proportion to cellular damage
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Purpose of the test:
To detect/differentiate acute hepatic disease
To aid diagnosis of MI (with creatinine kinase)
Implications of results:
Very high: >400 Acute viral hepatitis, severe muscle trauma, drug induced hepatic injury.
High 200-400 Severe MI, severe infectious mononucleosis, alcoholic cirrhosis (or early or
resolving stages of the above)
Moderately high: 100-200 muscular dystophy, dermatomyositis, chronic hepatitis (or early
or resolving stages of the above)
Low to moderate increase (40-100) haemolytic anaemia, metastatic hepatic tumour,
acute pancreatitis, pulmonary emboli, fatty liver, biliary duct obstruction.
ALK PHOS (Alkaline phosphatase) 30-130U/L
Found in liver, bones (primarily), but also in the kidneys, intestinal lining and placenta
Influences bone calcification and lipid and metabolite transport
Particualarly sensitive to mild biliary obstruction
Purpose of test:
To detect metabolic bone disease (esp those with marked osteoblastic activity)
To detect hepatic lesions (e.g. tumours)
Implications of results:
Moderately high: acute biliary obstruction (e.g from cirrhosis, gallstones or hepatocellular
inflammation e.g. mononucleosis, hepatitis), oseomalacia/deficiency-induced rickets,
healing of fracture or growth spurts in children.
Very high: complete biliary obstruction (malgnancy/fibrosis), bone metastases,
hyperparathyroidism, paget’s disease, bone fracture.
GGT (Gamma Glutamyl Transferase) 3-40 U/l
Participates in transfer of amino acids across cellular membranes. It is particularly
sensitive to the effects of alcohol on the liver.
Purpose of test:
To assess liver function
To distinguish between skeletal and hepatic disease when serum ALP is elevated.
(Normal GGT suggests that ALP elevation is due to skeletal disease).
Implications of results
Serum GGT rises in response to any acute hepatic disease.
Slight increases are seen in fatty liver disease, viral hepatitis and infectious
mononucleosis, or may be due to drugs such as anticonvulsants, tricyclic antidepressants
or paracetamol.
Moderate increases occur in chronic hepatitis, acute pancreatitis, renal disease, and
alcoholic liver disease.
Marked increase occurs in obstructive jaundice (e.g. metastatic cancer, pancreatic
cancer or common duct stones).
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Bilirubin (2-21 mmol/L)
The main pigment in bile and major product of haemoglobin catabolism.
Purpose of test:
To evaluate liver function
To aid diagnosis of biliary obstruction and haemolytic anaemia
Elevated levels of unconjugated bilirubin may suggest:
Neonatal jaundice
Haemolytic anaemia (excess bilirubin overwhelms conjugating mechanism)
Hepatic damage (Parenchymal cells unable to congugate bilirubin)
Gilbert’s syndrome (reduced activity of glucuronyl transferase which conjugates bilirubin)
Congenital enzyme deficiency
Elevated conjugated serum bilirubin levels may suggest:
Cholestasis due to:
Hepatic damage (e.g. hepatitis, cirrhosis)
Biliary obstruction (e.g. gallstones, neoplasia)
Conjugted bilirubin is water soluble and may therefore be detected in the urine.
Liver pathologies may be associated with:
Jaundice, itching, easy bruising, spider nevi, gynecomastia, ascites, palmar erythema,
finger clubbing, liver enlargement (with bruit in primary carcinoma).
Cardiac Pathologies (e.g. MI) may be associated with:
Chest arm or jaw pain, breathlessness
Large increases in AST, only marginal increases in ALT, and otherwise normal levels.
Infective pathologies may be assoicated with:
Fever, possible lymphadenopathy (e.g EBV)
Skeletal pathologies may be associated with:
Bone pain, deformity (or itching, rashes and gastroesopageal
hyperparathyroidism)
Vitamin D deficiency, elevated serum calcium, Raised Alk Phos.

reflux

in

Total Protein (60-80g/L)
Low total protein suggests a liver disorder (low protein synthesis), a kidney disorder
(increased protein loss), severe malnutrition, or malabsorption, (e.g. due to celiac disease
or IBD).
Proteins in the blood may be elevated due to infection or inflammation. Bone marrow
diseases, (such as multiple myeloma) may be associated with high blood protein levels
before other symptoms become apparent. High-protein diets do not cause high blood
protein
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Albumin (35-50g/L)
Albumin is a type of protein which helps to prevent fluid from leaking out of blood vessels,
preventing oedema. It also helps to carry various substances through the blood, and is
important for tissue growth and healing.
The causes of low albumin are the same as the causes of low protein. They may also be
caused by inflammation and shock.
Symptoms of low albumin include oedema/ascites, and vague symptoms as malaise,
fatigue and lack of appetite.
High blood albumin levels may be caused by: acute infections, burns, and stress from
surgery or heart attack.
Globulin
Globulins are proteins which include alpha, beta and gamma types. Some globulins are
made by the liver and are used to transport substances in the blood, while others are
made by the immune system and are used to fight infection.
High levels of globulin may indicate dehydration, infection, inflammatory disease or
immune disorders. High globulin levels may also be present in certain types of cancer,
such as multiple myeloma, or lymphoma.
A low albumin/globulin ratio might indicate there could be some autoimmune issues

ANTIBODIES/IMMUNOGLOBULINS
Antibodies/immunoglobulins Neutralise pathogens and enhance phagocytosis and
complement activation. They may be free or attached to the surface of other cells such
as B cells and Mast cells. When the immune system fails to recognise the body’s own
cells, tissues, and/or organs as ‘self’, it may produce autoantibodies that cause
inflammation and damage.
IgA
Prevents colonisation of mucous membranes (e.g. GI and respiratory systems)
Anti-Tissue Transglutaminase Antibodies found in celiac disease and IBD may be IgA or
IgG antibodies. Elevated IgA may be present in alcoholic cirrhosis
IgD
Attaches to B-cells, mast cells and basophils and small amounts found in serum. Its
function is poorly understood. It may serve as back-up if IgM function is compromised.
IgE
Found predominantly on the skin and mucous membranes. Specific to parasitic infection
and allergens. Binds to mast cells and basophils, triggering release of inflammatory
mediators: histamine, PGs, leukotrienes). This increases vascular permeability, smooth
muscle constriction and eosinophil recruitment.
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IgG
Found all over the body. Specific to bacterial and viral infections. Epstein Barr Virus or
Borellia (Lyme) antibodies may be IgM (in a recent infection) or IgG. IgG may also be
elevated in multiple myeloma, viral hepatitis, and cirrhosis. IgG antibodies mediate
autoimmune disease, including both Type II hypersensitivity (Type I Diabetes,
Thrombocytopenia, Haemolytic Anaemia, myasthenia gravis, Graves disease), and Type
III hypersensitivity/ immune complex disease (RA, SLE, psoriasis).
IgM
Found in blood and lymph. Responds to new infections and triggers IgG.
IgM binds to the A and B antigens on red blood cells and is responsible for RBC
agglutination in recipients of incompatible blood transfusions.
Epstein Barr Virus or Borellia (Lyme) antibodies may be IgM (in a recent infection) or IgG.
Rheumatoid factor (RF) is most commonly IgM.
Elevated IgM may be present in viral hepatitis and primary biliary cirrhosis.
Antinuclear Antibodies (ANA) are most commonly IgG, but may also be IgA or IgM. They
are autoantibodies that bind to contents of the cell nucleus. They are present in a wide
range of Autoimmune diseases. E.g. Anti-Tissue Transglutaminase Antibodies found in
celiac disease and IBD may be IgA or IgG. Rheumatoid factor (which may be elevated
in many different types of connective tissue autoimmune disease) may be IgG or (more
commonly, IgM).
Note that blood is normally sterile. Bacterial infection is diagnosed by measuring levels of
white blood cells, and antibodies to specific bacteria. The presence of bacteria in the
blood (septicaemia) is a medical emergency,
Types of Antibody Test
Indirect immunoflorescence
Used to detect Autoantibodies in Autoimmune disease, e.g. Sjogren’s syndrome, SLE,
scleroderma
Enzyme-Linked Immunosorbent Assay (ELISA)
Used to detect antibodies/immunoglobulins to specific infections such as HIV, Lyme
disease. It may also be used to diagnose allergies and autoimmune disease (see ANA
test below)
Radioallergosorbent test (RAST)
Measures IgE and is used to detect IgE antibodies and diagnose allergies
Erythrocyte Sedimentation Rate (ESR) (0-10mm/hr in males, 0-20mm/hr in females)
Purpose of test: To detect or monitor inflammatory or malignant disease
ESR is raised in anaemia, pregnancy, acute and chronic infection (especially bacterial
infection) or inflammation, RA, TB, some cancers, multiple myeloma, post MI.
Low ESR is associated with polycythaemia, sickle cell anaemia, hyperviscosity and low
plasma fibrinogen or globulin.
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C-reactive protein (CRP) (0-5mg/L)
C-reactive protein (CRP) is a substance produced by the liver in response to
inflammation.
CRP levels are specific for inflammation (unlike ESR) and may be elevated in any
inflammatory condition, including autoimmune arthritis, IBD, severe infections (especially
viral infection), and cancer. Unusually, CRP is normal or only slightly elevated in SLE and in
ulcerative colitis, whereas ESR is usually markedly elevated in both these conditions, so
Normal or only slight increase in CRP with marked increase in ESR, together with clinical
signs helps to differentiate between SLE and other inflammatory joint disorders, and also
between ulcerative colitis and Crohn’s.
CRP is elevated in inflammation of the arteries and may be more effective than
cholesterol testing at predicting heart attacks and strokes (in the absence of other
inflammatory diseases). CRP may also be elevated in Pregnancy.
Mediterranean diet lowers CRP.

ENDOCRINOLOGY
THYROID FUNCTION TESTS
Hyperthyroidism is associated with increased appetite, weight loss, heat intolerance,
sweating, tachycardia, diarrhoea, restlessness, fine tremor, menstrual disturbance, and
exopthalmus. Primary hyperthyroidism may be autoimune (Graves disease), or due to
subacute thyroiditis, toxic adenoma or multinodular goitre. Amiodorone which is used to
treat cardiac arrhythmia may also cause hyperthyroidism. Secondary hyperthyroidism ay
be due to pituitary tumours.
Hypothyroidism is associated with weight gain, oedema, intolerance of cold, dry skin and
hair, bradycardia, depression, constipation, hoarse voice. Primary hypothyroidism may
be congenital or autoimmune (Hashimoto’s). It may be due to iodine deficiency or may
follow treatment for hyperthyroidism. Secondary hypothyroidism may be due to damage
to the pituitary gland or hypothalamus, or any severe acue illness (euthyroid sick
syndrome)
Thyroid Stimulating Hormone (TSH) (0.5-4.4 mU/L)
Used to daignose hyper and hypothyroidism. Also Differentiates between hypothyroidism
due to thyroid gland failure or from hypothalamic/pituitary dysfunction (provided that
T3/T4 levels are also measured).
Levels can vary by time of day, so a single abnormal measurement does not necessarily
suggest a problem. Levels also tend to be higher in people over 70.
Increased TSH may be associated with pretibial oedema.
Thyroid hormones circulate primarily bound to carrier proteins such as thyroid-binding
globulin (TBG) and albumin. Only a small fraction is free and only the free forms are
metabolically active.
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Free T4 (10-20 pmol/L)
To diagnose hypo and hyperthyroidism. (T3 tests are not easily available)
An individual with normal T4 may still have clinical signs of hypothyroidism due to an
abnormality of thyroid-binding globulin since only free T4 and T3 are biologically active.
Likewise, High levels may be due to increased bound (inactive) T4, (especially due to
high oestrogen in pregnancy or as a result of hormone therapy) and do not necessarily
lead to symptoms of hyperthyroidism.
T4 levels affect and are affected by SHBG and therefore affect oestrogen levels. (High T4
increases SHBG and therefore reduces oestrogen clearance and vice versa)
Free T3 3.5-7.7 pmol/L
Only about 20% of total T3 in the body is produced by the thyroid. The remainder is
produced by conversion of T4 to T3. Levels of T3 are much lower than T4, but T3 is less
firmly bound to carrier proteins, is 3-4 times more potent than T4, and has a much shorter
half life. Tests for T3 are not routinely carried out.
In hyperthyroidism, both T4 and T3 levels are usually elevated, but in a small subset of
hyperthyroid patients only T3 is elevated (T3 toxicosis).
In hypothyroidism T4 and T3 levels are usually decreased. However in some cases, T3
levels may be low in ‘euthyroid’ patients. In euthyroid sick syndrome (which may be due
to any severe, acute illness such as surgery or major trauma, sepsis or cancer), Free T3 is
reduced, but TSH and T4 may be normal.
Anti-Thyroid Peroxidase (Anti-TPO) Antibody (<34IU/ml)
TPO is an enzyme which is essential in the synthesis of thyroid hormones.
Anti-TPO is also known as Anti-Tissue Peroxidase (or Anti-TPO) and Antimicrosomal
Antibody. It is more commonly raised in Hashimoto's Thyroiditis (which leads to
hypothyroidism), but may also be raised in Graves disease (hyperthyroid).
Patients with normal thyroid function who test positive for Anti-TPO are at risk of
developing hashimotos or other autoimmune diseases (such as pernicious anaemia or
type 1 diabetes) in the future.
Anti-thyroglobulin antibody (TGAb) (<1 IU/mL)
Anti-thyroglobulin antibody targets thyroglobulin, the storage form of thyroid hormones.
More commonly raised in Hashimoto’s
Anti-TSH receptor antibody (<1.75 IU/L)
Not commonly measured. Targets TSH receptors, shutting down the negative feedback
mechanism. Elevated in Graves Disease (Hyperthyroid)
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Abnormal thyroid hormone results are rarely followed up with antibody tests.
Autoimmune thyroid conditions are often found in connection with gluten sensitivity, and
may be associated with other auto-immune conditions.
CORTISOL (at 09.00am: 140-500 nmol/l)
In stressful situations, the hypothalamus secretes corticotropin-releasing hormone (CRH).
CRH then triggers release of adrenocrticotropic hormone (ACTH) from the pituitary,
which in turn stimulates release of cortisol from the adrenal glands. Cortisol levels are
naturally higher in the morning and during stressful situations. abnormally high levels are
due to Cushing’s syndrome
Chronic persistent stress may lead to cortisol resistance, or in extreme cases, adrenal
insufficiency. This results in an increase in CRH as a result of reduced negative feedback,
which it turn inhibits hypothalamic-releasing hormone secretion, and impaired pituitary
function and target gland response.
Cortisol levels are thought to be low in women with PMS which is associated with
depression and fatigue. cortisol resistance and adrenal insufficiency also results in raised
eosinophils.
Low cortisol (and cortisol resistance) are associated with low blood sugar, low blood
pressure, depression, fatigue, loss of body hair, hyperpigmentation. Rashes on cheeks or
back of neck may be associated with raised ACTH due to low cortisol function.
High cortisol is associated with weight gain, rounded face, central obesity, fat pad on the
upper back, striae on the skin, thin or fragile skin that bruises easily, acne, hirsutism,
cognitive difficulties, mood changes, raised blood pressure, bone loss.
FSH
Follicular phase 2.5-10.2 U/L
Ovulalatroy phase 3.4-33.4 U/L
Luteal phase 1.5-9.1 U/L
Postmenopause 23-116 U/L
Adult males 1.4-18.1 U/L
Low FSH may cause infertility. May reflect hyopgonadotropic states secondary to
anorexia, hypopituitarism, or hypothalamic lesions.
High FSH levels suggest ovarian failure or Turner’s syndrome in females. Moderately
increased FSH on day 3 (or increased FSH/LH ratio) suggests declining oocyte quality. In
males, high FSH suggests testicular failure (e.g. due to andropause, tumours, mumps
orchitis, radiation).
Raised FSH may be associated with: Right sided symptoms, rashes/pigmentation on
areola or above umbilicus, increased fat above knees.
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LH
Follicular phase 1.9 – 12.5 U/L
Ovulalatory phase 8.7 – 76.3 U/L
Luteal phase 0.5 – 16.9 U/L
Postmenopause 15.9 – 54 U/L
Adult males 1.5 – 9.3 U/L
In females, cyclic LH secretion causes ovulation and transformation of the ovarian follicle
into the corpus luteum, which in turn secretes progesterone. In males, continuous LH
secretion stimulates the testes to release testosterone.
Low LH levels suggest secondary (hypothalamic or pituitary) gonadal dysfunction
High LH levels suggest gonadal failure, menopause or PCOS
PMS patients have an increased number of LH pulses, together with a reduced
amplitude and duration, which may suggest inefficient pituitary stimulation of
progesterone secretion.
Raised LH may be associated with more left sided symptoms.
Oestradiol
Reference ranges:
Post Menopausal <505 pmol/L
Follicular 45 –854 pmol/L
Mid-Cycle 151 –1461 pmol/L
Luteal 82 –1251 pmol/L
Males 41 –159 pmol/L
This is not the only oestrogen present, and therefore results do not always reflect total
oestrogen activity.
Low levels of oestrogens suggest hypopituitarism, ovarian failure or menopause
High levels suggest oestrogen producing tumours, adrenal hyperplasia, or severe hepatic
disease
The oestrogen/progesterone ratio imbalance theory proposes that oestrogen (estradiol)
levels are too high in relation to the level of progesterone in women with PMS.
Relative oestrogen excess may increase feelings of irritability, aggressiveness and anxiety
by increasing the availability of Noradrenaline in the brain. During the luteal phase,
Monoamine Oxidase (MAO) activity is also positively correlated with the progesterone :
oestradiol ratio.
Symptoms such as fluid retention may also suggest a relative excess of oestrogens:
Estrogens are known to increase the renin-angiotensin-aldosterone system and to
produce fluid retention.
High oestrogen levels can also increase Series 2 prostaglandins such as PGE2 which
causes symptoms such as inflammation, increased uterine muscle spasm, uterine
ischaemia, and hyperalgesia.
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High levels of oestrogen reduces activity of the hypothalamus which inhibits secretion of
hypothalamic gonadotropin-releasing hormone (GnRH) and other important
reproductive hormones such as Follicle Stimulating Hormone (FSH) and Lutenising
Hormone (LH), thereby contributing to infertility.
Progesterone
Follicular:
0.18 – 2.8 nmol/L
Mid Luteal peak: 30 – 75.9 nmol/L
Secreted by the corpus luteum, the adrenal cortex, and in pregnancy, by the placenta.
Causes thickening and secretory development of the endometrium and decreases
uterine contraction.
Elevated levels may suggest progesterone-producing tumours or adrenocortical
hyperplasia
Low levels suggest anovulation.
The ratio of progesterone and its derivatives to other hormones is thought to be lower
than usual in PMS sufferers. Progesterone is a precursor of aldosterone which causes
retention of sodium and water. Increased conversion of progesterone to aldosterone
may therefore result in fluid retention. Luteal phase fluid retention may also be due to a
relative deficiency of Atrial Natriuretic Factor (ANF) and a lower threshold for Arginine
Vasopressin (AVP) release. The symptomatic improvement produced by progesterone
treatment may be due to its stimulation of ANF and inhibition of AVP release or synthesis.
Low progesterone levels also decrease resistance to prostaglandin-induced uterine
spasm.
Allopregnanolone is another important metabolite of progesterone. It is responsible for
GABA(A)-mediated anxiolytic responses in stressful physiological and psychological
conditions. Several studies have demonstrated reduced levels of allopregnanolone in the
luteal phase in PMS patients. The adrenal gland production of allopregnanolone in PMS
sufferers is also impaired in the luteal phase.
Conversely, women with PMS may have increased levels of pregnenolone (a precursor of
progesterone), which acts as a GABA receptor antagonist and leads to agitation,
anxiety and insomnia. Pregnenolone is also a precursor of DHEA, testosterone and
oestradiol. Higher levels of DHEA and free testosterone in the luteal phase in PMS
patients, may also contribute to feelings of agitation. Increased levels of pregnenolone
may be due to a low rate of conversion of pregnenolone to progesterone.
Prolactin
Female: 40-530 mIU/L (1000-8000 mIU/L in pregnancy)
Male: 53-360 mIU/L
Secreted by the anterior pituitary. Responsible for development of the mammary glands
and lactation.
High levels may be due to lactation, physical or emotional stress, or pituitary tumour.
Low levels in lactating women may be due to abnormalities of the pituitary.
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Prolactin has been suggested as a key factor in premenstrual syndrome. It is thought to
contribute to some of the symptoms of PMS, particularly mastalgia and fluid retention. In
women with normal prolactin levels, it is thought that symptoms are due to an excessive
sensitivity to normal prolactin levels, or ‘latent hyperprolactinaemia’. Prolactin levels also
tend to be higher in women with functional infertility. Higher concentrations of prolactin
inhibit progesterone secretion.
Raised prolactin may be associated with PMS, mastalgia, galactorrhoea, nesting
instincts, anger towards partner, increased fat on dorsal aspect of foot.
Testosterone
Male: 10 - 30 nmol/L
Female: 0.5 - 2.5 nmol/L
High levels suggest adrenal hyperplasia or testosterone-secreting adrenal tumour in men
and women, ovarian tumour or PCOS in women.
Low levels in men suggest primary hypogonadism due to damage/malfunction of the
testicles or secondary hypogonadism due to hypothalamic-pituitary dysfunction.
Sex Hormone Binding Globulin (SHBG) 32-128 nmol/L
SHBG is a glycoprotein which binds to estradiol, testosterone and dihydrotestosterone.
SHBG transports these hormones in the blood as biologically inactive forms. Changes in
SHBG levels can affect the amount of hormone that is available to be used by the body's
tissues. Because of the higher affinity of SHBG for DHT and Testosterone, compared to
Estrogen, SHBG also has effects the balance between bioavailable androgens and
estrogens
Where measurements are for ‘total’ rather than ‘free’ levels of other hormones, it is
essential to measure SHBG. A high SHBG level means that less free hormones are
available to the tissues. A low SHBG level means that more of the total hormone is
bioavailable and not bound to SHBG.
Increased SHBG in men may be associated with symptoms of low testosterone (Fatigue,
muscle weakness, reduced libido, ED etc.), because less testosterone is available to the
body's tissue. Increased SHBG in women may suggest conditions of oestrogen excess,
such as endometriosis, fibroids, autoimmune disease etc. (Even where total testosterone
or oestrogen levels are within the normal ranges).
SHBG is increased by: high levels of oestrogen, low levels of testosterone, and nutrient
deficiency.
Increased SHBG levels may be seen in:
•

Pregnancy (Associated with high levels of oestrogen) Increased SHBG protects
mother from effects of fetal hormones.
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•

•
•
•
•

•

•
•

Oestrogen dependent conditions (e.g. endometriosis) may help to reduce the
proliferative effects of oestrogen excess, but the effect may be negated by
stress hormones [cortisol], growth hormones [e.g. from meat & dairy products],
obesity, & insulin resistance)
Use of exogenous oestrogens (HRT, OCP, xenoestrogens)
Hyperthyroidism (drives oestrogen production)
Liver disease (associated with higher levels of oestrogen due to decreased
conjugation of oestrogen in the liver)
Calorie restriction / anorexia nervosa (increased SHBG reduces bioavailability of
oestrogen and leads to amenorrhea) a mechanism whereby famine prevents
conception.
Hyperprolactinaemia (increased SHBG reduces bioavailability of oestrogen and
leads to amenorrhea) a mechanism whereby breastfeeding and stress prevent
conception.
During childhood (Increased SHBG levels inactivate hormones before puberty)
Decreased testosterone production (due to advancing age or hypogonadism
in men) leads to increased SHBG, which further reduces the activity of
testosterone. This may be in order to protect against risk of prostate cancer,
diabetes, and cardiovascular disease. However, SHBG may be excessively high,
due to deficiency of vitamin D, minerals such as magnesium and zinc (which
lower SHBG), diet low in carbohydrates, protein, fat or omega 3 oils, reduced
DHEA production (due to stress)

Decreased SHBG in women may be associated with symptoms of high androgens (male
pattern baldness, hirsutism, decreased breast tissue, acne etc.). In men, decreased SHBG
leads to increased free testosterone, increasing the risk of prostate cancer, diabetes, and
cardiovascular disease.
SHBG is reduced by: low levels of oestrogen, high levels of testosterone, high levels of GH,
and high carbohydrate and high fat diets.
Decreases in SHBG are seen with:
•
•
•
•
•
•
•
•
•

Androgen (steroid) use
Cushing disease (high levels of endogenous steroids)
PCOS (due to increased androgen levels and insulin resistance)
Insulin resistance and Type 2 diabetes (Lowers SHBG which in turn leads to
increased androgens and PCOS in women)
Hypothyroid (low thyroid function reduces oestrogen production)
Increased LDL cholesterol (associated with low oestrogen and thyroxine
production) and increased risk of cardiovascular disease.
Acromegaly (Growth hormone decreases SHBG at puberty to increase activity of
hormones)
Low levels of fetal SHBG allow for sexual differentiation and development of
testes/ovaries
High carbohydrate, high fat diets and obesity (obesity in children > decreased
SHGB > earlier menarche)
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AMH
High (often PCOS)
Optimal
Satisfactory
Low
Extremely low

Over 60 pmol/L
40-60 pmol/L
20-40 pmol/L
3-20 pmol/L
0-3 pmol/L

Anti-Mullerian Hormone (AMH) is secreted by the ovarian granulosa cells. AMH reflects
the number of primary follicles present, which is an indicator of the remaining ovarian
reserve. Low AMH levels reflect a lower number of primary follicles, whereas abnormally
high AMH suggests a higher number of primary follicles, as occurs in PCOS
Ovarian Insufficiency may be due to a low initial number of primordial follicles during
foetal development, or accelerated follicle artresia due to chromosomal abnormalities,
or autoimmunity. Although the cause is often unknown, it may be hereditary, and certain
conditions are associated with primary ovarian insufficiency, including immune system
diseases, radiation or chemotherapy treatment, and smoking.
Primary Ovarian Insufficiency is permanent, but in the early stages it is characterized by
intermittent ovarian failure interspersed with periods of normal follicular activity.
In women with low AMH, complete ovarian failure may be delayed by protecting the
remaining follicles from artresia by reducing follicle damage (e.g. oxidative stress, or
autoimmune destruction). DHEA supplementation also significantly improves AMH levels,
and increases the number and quality of oocytes produced. DHEA is produced by the
adrenal gland, and less is produced when cortisol is high. Therefore measures to reduce
stress and improve adrenal function may help to increase DHEA and thereby improve
ovarian function.
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