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reliable. In this respect  we should make clear that our data 
comparing males and females are presented using the/3  in- 
dex simply to permi t  a comparison with the results of Ryd6n 
Ahlgren et al. 

Finally, in the Discussion section the authors [1] referring to 
differences between central aortic and peripheral  BP write "no 
significant age or gender-re la ted differences are seen thus al- 
lowing comparisons between individuals and groups". Surely 
part of the issue here is whether  the differences between in- 
tra-aortic BP and brachial  BP change with diabetes status? 
We are not aware of  any work comparing such measurements 
in diabetic and non-diabet ic  individuals. Thus, we have another 
variable which may be different between the control  and dia- 
betic cohorts s tudied and which needs to be considered. Given 
this, we simply do not  know whether  the authors '  assumption 
that sphygmomanometr ica l ly  measured BP in the brachial  ar- 
tery can be rel iably substi tuted for the aortic BP at a single aor- 
tic cross-section in both diabetic and non-diabetic subjects is 
valid. To us this appears  to be another  compelling reason to re- 
port  the ' raw' ,  measured  distensibility data (A D/Dd) rather 
than a derived pa rame te r  such as/3. 

Yours sincerely, 
E. D. Lehmann,  K. D. Hopkins,  R. G. Gosling 
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Increased  ar te r ia l  s t i f fness in I D D M  w o m e n  
- m e t h o d o l o g i c a l  cons idera t ions  

Dear  Sir, 
We are pleased to learn  of the interest  Dr. Lehman et al. show 
in our recent paper .  

In this paper  stiffness (/3) data  were presented as an ex- 
pression of ar ter ial  distensibility. As  suggested by Dr. Leh- 
man et al. also the strain (fractional d iameter  change)=  
systolic d iameter  - diastolic d iameter  

of the abdominal  aorta 
diastolic d iameter  

now is shown (Fig. 1). As  can be seen, the aortic strain is signifi- 
cantly lower in women (p = 0.0025), but not in men (p = 0.9) 
with insul in-dependent  diabetes  mellitus ( IDDM),  as com- 
pared with heal thy control  subjects of corresponding age and 
sex, confirming the ear l ier  presented  13 results. However ,  strain 
is not only dependen t  on the vessel wall constituents but also 
on the distending force, that is, the blood pressure. The pres- 
sure/diameter  re la t ionship of the aorta  is curvilinear as is evi- 
dent from simultaneous recordings of arterial pressure and di- 
ameter  with a more  distensible part  at lower than at higher pres- 
sures. Al though there  is no sharp inflection point  in the curve, 
the transition from distensible to stiff behaviour occurs above 
80 m m H g  [1]. These mechanical  characteristics have been at- 
t r ibuted to the proper t ies  of the matr ix in the wail, mainly elas- 
tin and collagen. The more  distensible elastin is the principle 
load bearer  at low pressures and small distensions, whereas 
both elastin and the stiffer collagen are load-bearing at high 
pressures and large distensions [21 . Thus, changes in mean dis- 
tending pressure ( M A P )  and pulse pressure affect the aortic 
distensibility as well as the pulse wave velocity (PWV).  In Fig- 
ure 1 it can be seen that  the strain in healthy control  subjects de- 
creases with age. However ,  M A P  as well as pulse pressure 
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Fig. 1. Aor t ic  strain (fractional d iameter  change) in women 
and men with IDDM.  The lines represent  mean, upper  and 
lower of 95 % CI, for the control  women and men. Note the 
significantly decreased strain in women, but not in men with 
I D D M  (p = 0.0025 and p = 0.9, respectively) 
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increase and in a different manner  in women and men. This in- 
dicates that, if you use strain as an index of distensibility, the de- 
crease with age surely is underes t imated  and, furthermore,  sex- 
specific changes might be lost. Therefore,  the blood pressure is 
essential and cannot be neglected.  The/3 was designed to char- 
acterise the entire deformat ion  behaviour  of the arterial wall 
without pressure dependence  in the physiologic range = 

In(systolic pressure/dias tol ic  pressure) .  This was tested in heal- 
strain 

thy control  subjects, men and women separately, both at young 
and older  age by comparing the/3 index of the abdominal  aorta 
at rest and during isometric exercise, increasing M A P  about 40 
to 50 %./3 showed a slight tendency to increase, however,  this 
failed to reach statistical significance [3]. Fur thermore ,  the en- 
tire cohort  of healthy normotensive  control  subjects (85 wo- 
men and 84 men, range 4 to 80 years) was analysed by use of 
a multiplicative mult iple stepwise l inear regression model  con- 
cerning the influence of age, aortic d iameter  and blood pres- 
sure on aortic ft. fl was influenced most by age in both men 
(91%, p < 0.0001) and women (75 %, p < 0.0001), and only to 
a small extent  by d iameter  (men 1 % ,  p < 0.01, women 3 %, 
p < 0.01), whereas blood pressure analysed with respect to sys- 
tolic pressure,  MAP, pulse pressure,  In (systolic pressure/dias- 
tolic pressure) had no influence. The opt imal  method of mea- 
suring the blood pressure is at the site of d iameter  measure- 
ments. However,  this is unpractical  in larger series, and is why 
in several studies indirect  registrat ions of the brachial  pressure 
have been used as an approximat ion  of the aortic pressure. 
This assumption nei ther  takes into account the difference in 
pressure between central  and per iphera l  arteries, which is at- 
t r ibuted to wave travel and reflection within the arterial  tree 
[4], nor the possible error  when est imating the brachial  arterial 
pressure non-invasively instead of invasively. These problems 
were addressed in a recent  study in our laboratory, where the 
intraarter ial  pressure in the abdominal  aor ta  was measured si- 
multaneously with non-invasively measured  brachial  pressure. 
Together with the corresponding aortic diameter  changes fl 
was calculated. No differences in systolic pressure were seen, 
but  the diastolic pressure was slightly higher when determined 
by auscultation than when measured  directly in the aorta. No 
age or sex-related differences were observed. This leads to a 
slight systematic underes t imat ion of/3 [1]. The problem,  whe- 
ther the non-invasive measurement  of brachial  blood pressure 
might be erroneous selectively in the diabetic populat ion,  de- 
serves some attention, since this has been shown in ankle 
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b lood pressure measurements  [5]. However ,  to our knowledge 
no similar findings have been  repor ted  in the upper arm. Fur- 
thermore,  the similar stiffness and strain values, with a selec- 
tive change in the I D D M  women as compared with control 
subjects, speak against this assumption.  Dr. Lehman et al. dis- 
cuss the relation between stiffness and blood pressure in their 
diagram. In our opinion, no conclusions can be drawn from 
this, as the values seem not to be corrected for the relation be- 
tween stiffness and age. A mult iple  regression analysis in our 
I D D M  patients shows the same findings as in the healthy con- 
trol subjects, that is, fl is influenced by age in both men 
(p < 0.0001) and women (p < 0.0003), whereas blood pressure 
analysed with respect  to systolic pressure,  M A P  and diastolic 
pressure have no significant influence. Thus, we feel that the 
/3 index is a reliable tool to use in the study of aortic wall me- 
chanics. 

In conclusion, we have shown an increased arterial stiffness 
in women, but not  in men, with I D D M .  This is confirmed by 
the fractional d iameter  change (strain). This may be a patho- 
genic factor which could help to explain the gender-related dif- 
ferences in the risk for cardiovascular  complications in diabetic 
subjects. 

Yours sincerely, 
T. L~inne, A. Ryd6n Ahlgren  
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