
Erythrocyte sedimentation rate 
The erythrocyte sedimentation rate (ESR or sed rate) is the rate at which red blood cells in 
anticoagulated whole blood descend in a standardized tube over a period of one hour. It is a 
common hematology test, and is a non-specific measure of inflammation. To perform the 
test, anticoagulated blood is traditionally placed in an upright tube, known as a Westergren 
tube, and the distance which the red blood cells fall is measured and reported in mm at the 
end of one hour. 
Since the introduction of automated analyzers into the clinical laboratory, the ESR test has 
been automatically performed. 
 
The ESR is governed by the balance between pro-sedimentation factors, mainly fibrinogen, 
and those factors resisting sedimentation, namely the negative charge of the erythrocytes 
(zeta potential). When an inflammatory process is present, the high proportion of fibrinogen 
in the blood causes red blood cells to stick to each other. The red cells form stacks called 
rouleaux which settle faster, due to their increased density. Rouleaux formation can also 
occur in association with some lymphoproliferative disorders in which one or more 
paraproteins are secreted in high amounts. While abnormal in humans, rouleaux formation 
can be a normal physiological finding in horses, cats, and pigs. 
 
The ESR is increased in inflammation, pregnancy, anemia, autoimmune disorders (such as 
rheumatoid arthritis and lupus), infections, some kidney diseases and some cancers (such 
as lymphoma and multiple myeloma). The ESR is decreased in polycythemia, 
hyperviscosity, sickle cell anemia, leukemia, chronic fatigue syndrome,low plasma protein 
(due to liver or kidney disease) and congestive heart failure. Although increases in 
immunoglobulins usually increase the ESR, very high levels can reduce it again due to 
hyperviscosity of the plasma.This is especially likely with IgM-class paraproteins, and to a 
lesser extent, IgA-class. The basal ESR is slightly higher in females.  
 
Stages 
Erythrocyte sedimentation rate (ESR) is the measure of ability of erythrocytes (red blood cell) 
to fall through the blood plasma and accumulate together at the base of container in one 
hour. 
 
There are 3 stages in erythrocyte sedimentation.  
 
1.Rouleaux formation 
2.Sedimentation or settling stage 
3.Packing stage - 10 minutes (sedimentation slows and cells start to pack at the bottom of 
the tube) 
 

Normal values 
Note: mm/h. = millimeters per hour. 
 
Westergren's original normal values (men 3 mm/h and women 7 mm/h) made no allowance 
for a person's age. Later studies from 1967 confirmed that ESR values tend to rise with age 
and to be generally higher in women. Values of the ESR also appear to be slightly higher in 



normal populations of African-Americans than Caucasians of both genders. Values also 
appear to be higher in anemic individuals than non-anemic individuals.  
 
Adults  
The widely used[20] rule calculating normal maximum ESR values in adults (98% confidence 
limit) is given by a formula devised in 1983 from a study of ≈1000 individuals over the age of 
20:[21] The normal values of ESR in men is age (in years) divided by 2; for women, the 
normal value is age (in years) plus 10, divided by 2. 
 
{\displaystyle {\rm {ESR}}\ (mm/h)\leq {\frac {{\rm {Age}}\ ({\it {in\ years}})+10\ ({\it {if\ 
female}})}{2}}}{{\rm {ESR}}}\ (mm/h)\leq {\frac  {{{\rm {Age}}}\ ({{\it {in\ years}}})+10\ ({{\it {if\ 
female}}})}{2}} 
Other studies confirm a dependence of ESR on age and gender, as seen in the following: 
 
ESR reference ranges from a large 1996 study of 3,910 healthy adults (NB. these use 95% 
confidence intervals rather than the 98% intervals used in the study used to derive the 
formula above, and because of the skewness of the data, these values appear to be less 
than expected from the above formula): 
 
Age 20 55 90 
Men—5% exceed 12 14 19 
Women—5% exceed 18 21 23 
 
 
Children  
Normal values of ESR have been quoted as 1[23] to 2 mm/h at birth, rising to 4 mm/h 8 days 
after delivery, and then to 17 mm/h by day 14. 
 
Typical normal ranges quoted are: 
 
*Newborn: 0 to 2 mm/h 
*Neonatal to puberty: 3 to 13 mm/h, but other laboratories place an upper limit of 20. 
 

Relation to C-reactive protein 
 
 
C-reactive protein (CRP) is an acute phase protein. Therefore, it is a better marker for acute 
phase reaction than ESR. While ESR and CRP generally together correlate with the degree 
of inflammation, this is not always the case and results may be discordant[9] in 12.5% of the 
cases.[7] Cases with raised CRP but normal ESR may demonstrate a combination of 
infection and some other tissue damage such as myocardial infarction, and venous 
thromboembolism. Such inflammation may not be enough to raise the level of ESR. Those 
with high ESR usually do not have demonstrable inflammation. However, in cases of low 
grade bacterial infections of bone and joints such as coagulase negative staphylococcus 
(CoNS), and systemic lupus erythematosus (SLE), ESR can be a good marker for the 
inflammatory process. This may be due to the production of Interferon type I that inhibits the 



CRP production in liver cells during SLE. CRP is a better marker for other autoimmune 
diseases such as polymyalgia rheumatica, giant cell arteritis, post-operative sepsis, and 
neonatal sepsis. ESR may be reduced in those who are taking statins and non-steroidal 
anti-inflammatory drugs (NSAIDs). 
 

 
 
 

High ESR/Low CRP[9] Low ESR/High 

Systemic lupus erythematosis 
 
Bone and joint infections 
 
Ischemic stroke 
 
Waldenstrom's macroglobulinemia 
 
Multiple myeloma 
 
IgG4 related disease  
 
Chronic kidney disease 
 
Low serum albumin 
 

Urinary tract, GI, lung and bloodstream 
infections 
 
Venous thromboembolic disease 
 
Rheumatoid arthritis 
 
Low serum albumin 

 


