
Haemoglobin 
Measurement 

(in men and 
women, and 
why the levels 
are different) 





Wellcome Trust Blood Pharma Consortium 
 
  £7.5 million over 7 years 
 
  different perspectives on red cell 
  physiology and dynamics 



Over 3 years and 
36,000 donations 
 
We compared 
venous and capillary 
blood haemoglobin 
levels 
 
In donors where the 
haemoglobin level 
was at the low end 
of the normal range 



 

Mean 

difference in 

Summer 

 

Mean 

difference in  

Winter 

 

P  value 

 

Males 

n=10,496 

 

0.88 

 (SD 0.134) 

 

1.26 

 (SD 0.162) 

 

<0.001 

 

Females 

n=25,762 

 

0.56  

(SD 0.089) 

 

0.78 

 (SD 0.081) 

 

<0.001 

Mean temperature for the 3 consecutive winters is 6.5 
 

C/43.7F 

Mean temperature for the 3 consecutive summers is 14.8 °C/58.64F 

Mean Difference between Summer and Winter Hb Values 
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Tong E et al. Vox Sang 
2010 98(4):547-53 
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Difference between finger 
pulp and venous 
haemoglobin levels 
 

Age in years 



Why do women have similar erythropoietin levels to men but lower hemoglobin 
levels? 
 
William G. Murphy, Emma Tong and Ciaran Murphy 
 
http://bloodjournal.hematologylibrary.org/cgi/content/full/116/15/2861 
 
2010 116: 2861-2862 
 

http://bloodjournal.hematologylibrary.org/cgi/content/full/116/15/2861
http://bloodjournal.hematologylibrary.org/cgi/content/full/116/15/2861
http://bloodjournal.hematologylibrary.org/cgi/content/full/116/15/2861










     males  females            males females 

Cynthia M. Beall: www.pnas.orgcgidoi10.1073pnas.0701985104 



Neff et al, NEM 1981 
 
Randomized trial of 
androgens in patients with 
end stage renal failure: 
 
No difference in baseline 
haematocrit between men 
and women (~ 20%) 
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We Just Don’t 



HOW? 



 

 

Chaplin et al, J Clin Invest  1953 
 
 
the whole body hematocrit  ÷ the venous 
hematocrit = 0.91 
 
   (28 subjects, 4 normals) 
 



 
 

Karlson et al: 
 

11 men, 11 women. Mean haemoglobin 139 & 140 g/L. 
 

Total body haematocrit  v Venous haematocrit: 0.91 & 0.974 
 

i.e. women have more red cells in their microvasculature than men do at 
the same venous haemoglobin level. 

 
Id vero est: women need less venous haemoglobin to reach the same 

microvascular haemoglobin level as men  
 



Microcirculation laboratory, Penn State 

As arterioles narrow to < 300 microns, 
red cells thin out to  a final mean Hct of 
about 20% in the capillaries:  
 
  the Fåhraeus effect 





Hauck et al 2004 



Higher mean 
microvascular 
diameter in 
women than 
men – i.e. 
vasodilation 



Higher mean 
microvascular 
diameter in 
women than 
men – i.e. 
vasodilation 
 
Oestrogen - 
associated 
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Bar graphs showing effects of sex and menstrual cycle on FMD of the brachial artery.  

Hashimoto M et al. Circulation 1995;92:3431-3435 

Copyright © American Heart Association 



Higher mean 
microvascular 
diameter in 
women than 
men – i.e. 
vasodilation 
 
Oestrogen – 
associated: NO 
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What’s being regulated is the tissue oxygen delivery 
 
  not venous haemoglobin level or   
  microvascular haemoglobin level 
 
 
Erythropoiesis drives the red cell mass: 
 
  the venous haemoglobin level is an   
  epiphenomenon 
 
Women have lower red cell mass because of greater 
efficiency in tissue oxygenation per unit red cell mass.  
 



 
Androgens

? 
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Neff et al, NEM 1981 
 
Randomized trial of 
androgens in patients with 
end stage renal failure: 
 
No difference in baseline 
haematocrit between men 
and women (~ 20%) 
 
No response to androgen in 
nephrectomised patients  
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Clearly there is an androgen effect on in vivo and in 
vitro erythropoiesis. 
 
In vivo, it is dependent on the presence of renal 
tissue –  
 
• either a direct stimulation of epo production in 

the kidney,  
 

• or a synergistic effect of androgen on epo-
primed erythropoiesis 
 

• Or something else – neither of these explains the 
sex difference in health, though they clearly are 
real 





Males and Females 
set their red cell 
mass at different 
levels 



Males and Females 
set their red cell 
mass at different 
levels 

For different 
reasons 



Why? 





There is a large intravascular 
compartment where the red cell 
content per unit volume of blood 
varies with the diameter of the 
vessels – i.e. where the [Hb] is 
affected by vasodilation and 
constriction: 
 
 sex & drugs 
 ambient temperature 
 posture 
 anatomical site 
 sepsis, blood loss  



This space is large enough to vary 
the [HB] in the fixed – 
haematocrit/diameter space by 
shifting  red cells between the 
compartments: (> 1.2 Litres) 
 
?causes mean venous 
haemoglobin levels to fall in 
summer in normal populations 
 
? Can be exploited to improve 
tissue oxygen delivery without 
increasing red cell mass  
 



Haemoglobin measurements 
should  be compared under 
standard postural and ambient 
conditions  
 
where this could affect 
conclusions – comparative 
studies of measurement, 
sequential studies in individuals 
 



 
 
 

1. Long term cardiovascular risk in men? (ACE inhibitors?) 
 

2. Peripheral haemoglobin measurements are a limited tool 
for measuring effective tissue oxygen delivery 
 

3. Transfusions of blood or blood substitutes probably need to 
recapitulate the Fåhraeus effect in vivo. 
 

4. The physiology of the Fåhraeus Space and its relevance to 
haemoglobin measurement ……….. 
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Thank You 
 
 
 
   William Murphy 
 
     nmd@indigo.ie 


