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Endothelial Dysfunction Precedes Development o f 
Microalbuminuria in IDDM
Coen D.A. Stehouw er, H.R. Andreas Fischer, Arno W.R. van Kuijk, B ettine C.P. Polak, 
and Ab J.M. D onker

In patients with insulin-dependent diabetes niellitus 
(IDDM), microalbuminuria is a predictor o f widespread  
severe m icroangiopathy and maeroangiopathy. Patients 
with microalbuniimiria show generalized dysfunction o f  
tiie vascular endothelium , but it  Is unknown whether 
endothelial dysfunction precedes the developm ent o f mi
croalbuminuria. We exam ined a cohort o f 17 IDDM pa
tients at baseline and on three occasions during a 
follow-up o f (m edian) 64 months (range 5 1 -8 9 ). All had 
normal (< 1 5  fxg/min) urinary albumin excretion (UAE) 
at the iirst three exam inations, A t the fourth examina
tion, 11 patients had normal UAE and 6 had microal
buminuria (m edian 25,7 jxg/min [range 15,3-42.8]), 
Compared with patients with normal UAE, microalbumin- 
uric patients had significantly higher plasma levels o f von  
Willebrand factor (vW F), a marker o f endothelial dys
function, a t the second (200% [168-274] vs. 131% [6 9 -  
186]), third (208% [188-270] vs, 125% [82-190]), and 
fourth exam inations (231% [202-269] vs, 132% [88-208], 
JP < 0.0001), but n ot at baseline (128% [98-161] vs* 122% 
[87-210]). An increase in vWF preceded the occurrence o f  
microalbuminuria by - 3 years. The groups did not differ 
with regard to  age, diabetes duration, blood pressure, 
mean glycated hemoglobin and cholesterol, smoking hab
its, or ex ten t o f retinopathy* Endothelial dysfunction, as 
estim ated by plasma vWF concentration, precedes and 
may predict the developm ent o f  microalbuminuria in 
IDDM. Diabetes 44:561-564, 1995

perm eability , th e  balance  b e tw een  coagu la tion  and  fib rin o 
lysis, the  com position  o f th e  subendo the lia l m atrix , an d  th e  
m itogenesis  o f vascu lar sm oo th  m uscle  and  re n a l m esan g ia l 
cells (4 -6 ) .  In cross-sectional s tu d ies  in  IDDM, th e re  is a  
c lose assoc ia tion  b e tw een  m icroa lbum inuria  a n d  en d o th e lia l 
dysfunction. Thus, in  p a tien ts  w ith  m icroalbum inuria , th e  
vascu lar endo thelium  te n d s  to  increase , ra th e r  th a n  de- 
erease , v ascu la r res is tance  (7,8); fails to  re s tr ic t  th e  p a ssa g e  
o f m acrom olecu les (1,3); and lo ses  its  an tico ag u lan t a n d  
profibrinolytic p ro p ertie s  (9,10). In add ition , th e re  is a n  
increase  in th e  p lasm a co n cen tra tio n  o f m a rk e rs  o f e n d o th e 
lial injury and  dysfunction, su ch  as v on  W illebrand  fa c to r  
(vWF) (9,11), a  g lycopro tein  involved in p rim ary  h e m o s ta s is  
and  sec re ted  m ainly by endo thelia l cells.

Som e asp ec ts  o f endo thelia l function  have b een  re p o r te d  
to be d is tu rb ed  in IDDM p a tien ts  w ith  no rm al u r in a ry  
album in ex cre tio n  (UAE) (12-15), b u t w h e th e r  th e se  a re  o f  
p rognostic  significance is n o t know n. A nsw ering  th a t  q u e s 
tion  is im p o rtan t becau se  it w ould  increase  o u r  k n o w led g e  
ab o u t the  pa thogenesis  o f m icroa lbum inuria  a n d  allow  ea rly  
recognition  o f high-risk pa tien ts . T herefore, w e w ish ed  to  
investigate  w h e th e r endo thelia l dysfunction  p re c e d e s  th e  
o ccu rren ce  o f m icroalbum inuria . To do this, w e  fo llow ed  a  
group o f IDDM. p a tien ts  and  m easu red  UAE a n d  p lasm a  vW F 
co n cen tra tio n  a t regu lar in tervals (as an estim ate  o f e n d o 
thelial function).

n in su lin -d ep en d en t d iab e te s  m ellitus  (IDDM), m i
c ro a lb u m in u ria  p re d ic ts  th e  d ev e lo p m en t n o t only o f  
d iab e tic  nep h ro pa th y , b u t a lso  o f sev e re  re tinopathy , 
n eu ro p a th y , h y p erten sio n , a n d  m acro  v ascu la r d isease 

(1,2). M icroa lbum inuria  is th o u g h t to  be a  m a rk e r  o f w ide 
sp read  v ascu la r  dam age (1,3), w h ich  m ay underlie  th e  p ro 
pensity  o f m icro a lb u m in u ria  p a tie n ts  to  develop  severe  
ex tra ren a l v a sc u la r  d isease .

The en d o th e liu m  is mi im p o rta n t locus o f  con tro l o f  
v ascu la r functions. It actively  reg u la tes  v a sc u la r  to n e  and
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R E S E A R C H  D E S IG N  A N D  M E T H O D S

C o h o r t  s t u d y .  B e tw e e n  J u n e  1985 a n d  August, 1989, 05  IDDM pat ie n ts  
(fas ting  ( ’»peptide levels  <  0.01  n n to l/1) w e re  r e c ru i te d  a n d  g av e  
in fo rm ed  c o n sen t,  as p rev io usly  r e p o r te d  (11,12). C lin ica l a n d  l a b o r a 
to ry  data , a s  d e ta iled  below , w e re  o b ta in e d  at b a se l in e  (firs t e x a m in a 
t io n )  an d  a f te r  a  m ed ian  fo llow -up  of;} y e a rs  ( s e c o n d  e x a m in a t io n ) .  T h is  
s tu d y  w as  c o m p le te d  in 59 p a t ie n ts  an d  s h o w e d  th a t  th e  d e v e lo p m e n t  o f  
m ic ro a lb u m in u r ia  w as  p a ra l le le d  by in c re a s e s  in th e  p la sm a  vW F  
c o n c e n tra t io n ,  b u t  w e co u ld  not. d e te rm in e  w h e th e r  su c h  in c re a s e s  
p re c e d e d  th e  o c c u r re n c e  o f  m ic ro a lb u m in u r ia  (11). T o  fu r th e r  in v e s t i 
g a te  th e  tim e c o u rs e  o f  th e  d e v e lo p m e n t  o f  c o m p lic a t io n s  o f  d ia b e te s  in 
re la tio n  to  c h a n g e s  in vW F, p a t ie n ts  w e re  inv ited  fo r  fu r th e r  fo llow -up  
e x a m in a tio n s  w h en , at; th e  s e c o n d  ex a m in a tio n , they  h a d  n o rm a l UA E, 
n o  d iab e tic  re t in o p a th y  o n  o p h th a lm o sc o p y , an d  fair g ly eem ie  c o n tro l  
(H bA k. <  8.5%) a n d  u se d  n o  m e d ic a t io n  o th e r  th an  in su lin  (12). P a t ie n ts  
w ith  p o o rly  c o n tro l le d  d ia b e te s  w e re  e x c lu d e d  to avo id , a s  m u c h  a s  
p o ss ib le , f lu c tu a t io n s  o f  p la sm a  vW F c o n c e n tra t io n s  a s s o c ia te d  w i th  
sh o r t- te rm  c h a n g e s  in g lyeem ie  c o n tro l  (16). S ev en te en  p a t ie n ts  fu lfilled  
th e se  c r i te r ia  an d  u n d e rw e n t  th ird  a n d  fo u rth  ex am in a tio n s , w h ich  a re  
th e  s u b je c ts  o f  th is  rep o r t .  T h e  m e d ia n  fo llow -up  in th e s e  p a t ie n ts  w a s  
24 m o n th s  ( ra n g e  11-47), 40 m o n th s  (2 7 -0 4 ), an d  (54 m o n th s  ( 5 1 - 8 9 )  
b e tw e e n  th e  f irs t an d  th e  s e c o n d , th e  first, an d  th e  th ird , m id th e  firs t a n d  
th e  fo u rth  e x a m in a t io n s ,  respec tive ly .
C l in ic a l  a n d  l a b o r a t o r y  s t u d i e s .  D e ta iled  d e sc r ip t io n s  a re  g iv e n  
e ls e w h e re  (11,12,17). At; e ach  ex am in a tio n , w e  re c o rd e d  age, d ia b e te s  
d u ra t io n , b o d y  m a ss  in d ex  (BMI), b lo o d  p re s s u re  (BP; d ia s to l ic  p h a s e  V, 
to  th e  n e a r e s t  5 n u n ilg ;  tw ice , a f te r  15 m in o f  .supine re s t , u s in g  a
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s ta n d a r d  s p h y g m o m a n o m e te r  w ith  an  a p p ro p r ia te ly  s ized  cuff), in su lin  
d o se , c u r r e n t  sm o k in g  h ab its ,  and  c u r re n t  m e d ic a t io n .  A fter an  o v e r 
n ig h t  la s t ,  b lo o d  w a s  d ra w n  fro m  an  a n te c u b ita l  v e in  f o r  m e a s u re m e n t  
o f  g lu c o se  (g lu c o se  o x id a se  m e th o d ) ,  vW F an tig e n  ( s e e  b e lo w ), g ly ca ted  
h e m o g lo b in  ( s p e c t ro p h o  to m e  tr ie  assay; Bio-Rad, R ich m o n d , VA; n o rm a l 
r a n g e  3 . 5 - 6 ..5%), s e r u m  c re a tin in e  c o n c e n tra t io n  (m o d if ied  Jaffe  r e a c 
t ion), a n d  s e ru m  to ta l  c h o le s te ro l (enzym atically ; B o c h r in g e r  M an n 
h e im , M an n h e im , G erm an y ) . W ithin 2 m o n th s  o f  e a c h  ex a m in a tio n , d a ta  
o n  U A E  a n d  re t in a l  s ta tu s  h a d  b e e n  co llec ted  fo r  all p a t ie n ts  ( s e e  

b e lo w ).
Main outcom e m easures
UAE. O n  th e  b as is  o f  th e  m ed ian  UAE in a t  le a s t  th r e e  c o n se c u tiv e  4-h 
(0 8 0 0 -1 2 0 0 )  u r in e  co llec tio n s , p a t ie n ts  w e re  c lass if ied  a s  h av in g  n o rm a l  
( < 1 5  jjig/min) o r  in c re a s e d  UAE. N o te  th a t  m e d ia n  v a lu e s  a re  re p o r te d ,  
w h ic h  m in im iz es  th e  in fluence  o f  o c c a s io n a l  ou tlie rs .  M ic ro a lb u m in u r ia  
w a s  d e f in ed  ( in  a d v a n c e  [11,12]) a s  UAE o f  15-200 (xg/min. (W e c h o s e  15 
fxg/min a s  c u to ff  b e c a u s e  th e  m e d ia n  UAE in h e a l th y  v o lu n te e rs  in  o u r  
la b o ra to ry  is  5.7 jxg/min, w ith  >95%  hav ing  an  UAE < 1 5  jxg/min [11].) 
P a t ie n ts  w e re  in s t ru c te d  to  avo id  s t r e n u o u s  e x e rc is e  an d  to  em p ty  th e ir  
b la d d e r s  c o m p le te ly  on  a ris ing  a n d  a t  noon . C o m p le te n e s s  o f  u r in e  
c o l le c t io n s  w a s  c h e c k e d  b y  co m p a rin g  c re a t in in e  e x c re t io n  am o n g  
s a m p le s ,  w h e re a s  a b s e n c e  o f  in fe c tio n  w a s  e n s u re d  by  ex am in in g  
u r in a ry  s e d im e n ts ;  n e w  u r in e  w a s  co llec ted  w h e n  n e c e ssa ry . 
R e t in o p a th y . A t th e  firs t an d  s e c o n d  ex a m in a t io n s ,  th e  o c u la r  fu n d u s  
w a s  e x a m in e d  by  a n  o p h th a lm o lo g is t  a f te r  d ila ta tio n  o f  th e  pup ils . A t th e  
th ird  a n d  fo u r th  ex a m in a t io n s ,  o p h th a lm o sc o p y  w a s  re p e a te d  on  e a c h  
p a t ie n t  b y  tw o  o p h th a lm o lo g is ts .  In  add ition , f lu o re sc e in  an g io g ram s  
w e re  o b ta in e d  a f te r  in tra v en o u s  in jec tio n  o f  5 m l 10% so d iu m  f lu o re s 
cein .
Endo th e lia l  function .  P la sm a  vW F  an tig en  c o n c e n tra t io n  w as  m e a 
s u r e d  b y  im m im o e le c tro p h o re s is  (11). T h e  in tra -assay  a n d  in tevassay  
v a r ia t io n s  w e re  4.1 a n d  8.7%, respective ly ; th e  s a m e  a s sa y  w as  u se d  
th ro u g h o u t  th e  s tu d y . Levels o f  and  c h a n g e s  in vW F w e re  e x p re s s e d  ¿is 
p e rc e n ta g e s  o f  n o rm a l  p o o le d  p lasm a , th e  an tig en  level o f  w h ich  is 
d e f in ed  sis 100% (n o rm a l  ran g e  50-150 ; 100% = 1.00 lU /m l). We w e re  
ca re fu l to  av o id  in c re a s e s  in vW F a s so c ia te d  w ith  hypog lycem ia , e x e r 
c ise , sm o k in g , p ro lo n g e d  ( > 2  m in) v e n o u s  o cc lu s io n , a n d  in te rc u r re n t  
illn ess . In  o u r  e x p e r ie n c e ,  th e  w ith in -p e rso n  day-to -day  variab ility  o f  
p la s m a  vW F w a s  th u s  re d u c e d  to —10%.

T h e  c lin ica l  an d  la b o ra to ry  da ta , in c lu d in g  UAE a n d  re tin a l s ta tu s ,  
w e re  c o l le c te d  w i th o u t  k n o w led g e  o f  th e  re su lts  o f  th e  vW F m e a s u re 
m e n ts .
S t a t i s t i c a l  a n a l y s i s .  D a ta  a re  p re s e n te d  a s  m ean s  ±  SD o r  as  m e d ia n s  
a n d  ran g es , u n le s s  o th e rw is e  in d ica ted . P a tien ts  w e re  d iv id ed  in to  tw o  
g ro u p s  a c c o rd in g  to  th e  a b se n c e  o r  p re s e n c e  o f  in c re a s e d  UAE a t  th e  
fo u rth  ex a m in a tio n . T h e se  g ro u p s  w ere  th en  c o m p a re d  w ith  reg ard  to 
c lin ica l a n d  la b o ra to ry  c h a ra c te r is t ic s  an d  c h a n g e s  th e re in  a t  e x a m in a 
t io n s  1 -4 , u s in g  s ta n d a rd  p a ra m e tr ic  and  n o n p a ra m e tr ic  te s tin g  a s  
in d ic a te d . A s im ila r  p ro c e d u re  w a s  fo llow ed  w ith  th e  a b s e n c e  o r  
p r e s e n c e  o f  r e t in o p a th y  as th e  o u tc o m e  o f  in te re s t .  F inally , c o rre la t io n  
an a ly s is  w a s  u s e d  to  s tu d y  th e  re la tio n sh ip  b e tw e e n  (c h a n g e s  in) vW F  
lev e ls  a n d  p o te n t ia l  d e te rm in a n ts  o f  en d o th e lia l  in jury. All te s tin g  w as  
tw o -s id e d . P v a lu e s  < 0 .0 5  w ere  c o n s id e re d  s ta t is t ic a lly  significant.

50

RESULTS

All 17 p a tie n ts  com ple ted  th e  study, ex cep t 1 re fu sed  fluo 
re sc e in  ang iog raphy  a t th e  th ird  exam ination  and  an o th e r  
d ec lin ed  b o th  oph tha lm oscopy  and ang iography  a t th e  
fou rth . T h ere  w a s  no clinical evidence o f m acro v ascu la r 
co m p lica tio n s  in an y  p a tien t a t  th e  th ird  exam ination , h u t a t  
th e  fourth , one  p a tie n t (w ith norm al UAE) h ad  h ad  a  s troke , 
a s  co n firm ed  by c h a r t  review , T here  w ere  only tw o  sm o k ers  
am on g  the p a tien ts ; this fac to r w as th e re fo re  om itted  from  
fu r th e r  analyses. In one p a tien t w ith  p e rs is ten tly  no rm al 
UAE, an tih y p erten siv e  m edication  (a  |3-receptor an tagon ist) 
w as s ta i te d  b e tw e e n  the  th ird  and  fourth  exam inations. 
U A E. A t the  fo u rth  exam ination , 11 p a tien ts  had  no rm al UAE 
(7.2 [3.1-9.9] fxg/min) and  6 had  m icroalbum inuria  (25.7 
[15.3-42,8] (xg/min) (Fig. 1). Thus, the cum ulative incidence 
o f  m ic ro a lb u m in u ria  w as 35%, yielding an inc idence  density  
(c a se s  p e r  100 person -years  o f follow-up) o f 6.3. The m ain  
d ifference b e tw e e n  the groups w ith  norm al v ersu s  increased
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FIG. 1. T im e co u rse  o f  UAE and p lasm a vWF in p a t ie n ts  w ith  no rm al 
UAE (*) and  m ic roa lbu m in u ria  ( • )  a t  th e  final follow-up. A: sea tte rtfram
o f UAE (* and  • )  and  m edians o f  vWF (*— — ■* and  * ----- • ) .  II: vWF
(no rm al range  50-150%  [0 .50-1 .50  IU/ml|).

UAE w as the  p la sm a  vW F co n c e n tra tio n  (T able 1 and  Fig. 1), 
w hich  w as  h igher in th e  m icro a lb u m in u ric  p a tie n ts  a t  the 
seco n d  (m ed ian  200% (range 168-2741 vs. 131% [69-186]), 
th ird  (208% (188-270) vs. 125% [82-190]), and  fo u rth  exam i 
n a tions (231% [202-269] vs. 132% [88-2081, P <  0.0001 by
analysis o f  varian ce  [ANOVA] and  by S tu d e n t 's  t te s ts ) , bu t 
n o t a t base line  (128% [98-161] vs. 122% [87-210]). UAE a t the 
fou rth  ex am in a tio n  w as re la ted  to  b o th  th e  p la sm a  vW F level 
( r  =  0.70, P =  0.002) and  th e  change in p la sm a  vW F b etw een  
exam ina tions 1 mid 4 ( r  =  0.80, P <  0,0001). A p la sm a  vWF 
level above th e  u p p e r  lim it o f  no rm al (i.e., 150%) a t  tw o or 
m ore  o f th e  first th re e  ex am in a tio n s  p re d ic te d  th e  p resen ce  
o f m icroa lbum inuria  a t  th e  fou rth  ex am in a tio n  w ith  100% 
sensitiv ity  (6 o f  6) an d  82% specific ity  (9 o f 11). T h ese  resu lts 
w ere  no t m ateria lly  a lte red  by exc lusion  o f  the  p a tie n t who 
rece iv ed  an tih y p erten siv e  tre a tm e n t o r  by  ex c lu s io n  o f the 
tw o sm okers.
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TABLE 1

Clinical and laboratory data for patient« with ID DM
|  X »  » • * *  * * • > * « »  • •  » » %*•>** * .•  •% V .  « • / .  v - > - - » ‘ I - « ► , >  ,9 U .  |>M a , t , » , . .

> 1  I t .

Sex (M/W)
Age (years)
Diabetes duration (years) 
Follow-up duration 
BMI (k g /n r)

*r
Blood pressure (m m llg)

First exam ination  
Second exam iiiation  
Third exam ination  
Fourth exam ination  
Mean

Sc nun total cholesterol (nunol/1) 
Fi rs t/s e c o nd e xam  in atio n 
Third/fourth exam ination  

Glycated hem oglobin (%) 
First/second exam ination  
Third/fourth exam ination  
Mean

Serum creatinine (|xmol/l) 
Diabetic retinopathy (yes/no)

<>py
FIuorescein angiography

JC

t i t  r t  r r  ^ ■ y r r ~ n >

,  n *  »— A #  •  I  *• n wj  ^ r r .  ,  r « - T '  • n  - 1  *VA » r  » v i - » «  » « w y . > V ,  ,  w  ^  - -  -  - -

Normal UAE
- • f  I V V«.* — '••T^ • r~*. ► ••

5/6 
49 ±  13 
16 ±  3 
64 ( 5 1 - 8 5 )  

24 .2  ±  3.2 
1/10

139/84 ±  
132/81 ±  
135/83 ±  
146/83 
138/83

24/6
19/6
15/4
25/7
19/4

6.2 ±  0 .8 /6 .3  ±  0 .7  
6.1 ±  0 .7 /5 .6 ±  1.3

8 .0  ±  1 ,0 / 6 .9 ±  0 .8  
6.7 ±  0 .8 /7 .5  ±  1.9 

7.2 ±  0.9 
80 ±  7

4/7
8/3

y . > * >  . m.  . » . ► ■ . ’ *  * / * ' . *  * /  » . » » ' *  ■ * • .  r  :► . p  ■ V » * * '  »  " 1 . «  v  i  * . » * . . » > 1 » .  M b i b i / « i  j  i v ^  • <  h ** -  ^  - -  > - > ■ ........ ■ -». .  -■«- . . . ....................... ..  . .  t  r f  r i .  7 r t  .  i r i  T r f  t | P | . | r i  rry ^ * |  , n v  i "  "i  t u r n  i  *i n  i v  i r f m n r  i >  i t t ~ ~ i  i i  * i ~ ~ i  T i —  t ~  r  i  i ~  t  i i  m m  t i  i  ~ t  r  r  — i~ ■■! y< i  m r  i i  i  m i t i  n  i  t a  m i r a f i V i  m i  i M i j »  ^  n > » >  n  m » n i _ i

Data are number o f  patients, m eans ±  SD, or m edians (ranges) at the fourth examination.

----

Microalbuminuria

3 /3  
4 7  ±  19 
14 9  
6 7  ( 5 4 - 8 9 )  

23 .9  ±  2 .4  
1/5

140/83  ±  2 8 /1 5  
142/85  ±  2 1 /1 0  
145/85 ±  15 /9  
140/83 ±  16 /5  
140/84  ±  19 /8

6.0 ±  0 ,8 /6 .1  ±  0 .7  
5.9 ±  0 .7 /5 .8  ±  0 .8

8 .4  ±  1 .3 /6 .8  ±  1.3 
6.7  ±  1 .0 /6 .6  ±  0 .7  

7.0 ±  0 .9  
77  ±  8

3 /2
3 /2

R e t in o p a th y ,  At the  fo u rth  ex am in a tio n , re tin o p a th y  w as 
a b se n t on  ftm doscopy  in n ine  p a tie n ts  an d  p re s e n t  in seven. 
W hen angiography , a  m o re  sen s itiv e  m ethod , w as  u sed  as  the  
crite rion , re tin o p a th y  w as a b se n t in 5 p a tie n ts  and  p re se n t in 
l l .  R e tinopa thy  w as m ild a n d  co n s is ted  o f m ic ro an eu ry sm s 
(in n ine p a tie n ts ) , sm all h em o rrh ag e s  (in  five pa tien ts), and  
d ila ted  cap illa ries  (in sev en  p a tien ts ; ang iog raph ic  data). No 
p a tien t had  p ro life ra tive  changes. P a tien ts  in w h o m  re tin o p 
athy w as a b se n t on fu n d o seo p y  d id  n o t differ from  those  in 
w hom  it w as  p re se n t w ith  reg a rd  to  follow -up duration , sex  
d is tribu tion , age, d iab e tes  d u ra tio n , BMI, o r  se ru m  crea tin ine  
a t th e  fo u rth  exam ination . In add ition , ANOVA ind ica ted  no 
d ifferences, a t  ex am in a tio n s  I—4, in UAE, g lycated  hem oglo 
bin, se ru m  cho leste ro l, o r sy s to lic  and  d iasto lic  BP. P lasm a  
vW F w as a lso  s im ila r (124% [98-210] vs. 122% [87-170], 135% 
[101-200] vs. 145% [09-274], 140% [102-210] vs. 140% [82- 
270], and  139% [112-237] vs. 186% [88-209], respectively). 
A nalysis o f  the  ang iog raph ic  d a ta  y ie lded  sim ila r resu lts. 
vW F, vW F and  th e  change  in vW F w ere  re la ted  to UAE (see  
above) b u t  n o t  to  p o ten tia l d e te rm in a n ts  o f  endo the lia l 
injury, su c h  as age, d iab e tes  d u ra tion , g lycated  hem oglobin, 
BP, and  se ru m  cho leste ro l. Sim ilarly, vW F w as n o t re la ted  to 
the b lood  g lu co se  c o n c e n tra tio n  a t the  tim e o f  b lood  sa m 
pling, w h ich  varied  b e tw een  3.6 and  16.9 mmol/1.

DISCUSSION

This s tu d y  su p p o rts  th e  h y p o th es is  th a t  th e  v ascu la r en d o 
thelium  is an  early  and  re lev an t ta rg e t in  the p a th o g en esis  o f 
diabetic^ m icroang iopathy . E n d o th e lia l dysfunction , as e s ti 
m ated  by p la sm a  vW F co n c en tra tio n , p re c e d e d  th e  develop 
m en t o f m ic ro a lb u m in u ria  in  IDDM by as  m u c h  as 3 years. In 
a c c o rd a n c e  w ith  an  ea rlie r re p o r t  (12), vW F levels w ere  n o t 
re la ted  to  the  d ev e lo p m en t o f  early  d iab e tic  re tinopathy , 
w hich  suggest«  th a t re tina l en d o th e lia l in jury  is n o t acco m 
p an ied  by w id esp read  en d o th e lia l dysfunction  resu lting  in 
in c rea se s  in vWF.

E ndo the lia l dysfunc tion  in m ic ro a lb u m in u ric  IDDM ap~

?

p ea rs  to  be  generalized in th a t  it affects m any a sp e c ts  o f  
endo thelia l function  (1,3,7,9-11,13). In IDDM p a tie n ts  w ith  
no rm al UAE, how ever, endo thelia l dysfunc tion  is  m o re  vari 
able, re s tr ic ted  in nature, and  less severe  (13). As a  w o rk in g  
hypothesis, we suggest th a t endo thelia l dysfunc tion  in  IDDM 
develops gradually, w ith  su sta in ed  in c re a se s  in p la sm a  vW I 
and  UAE as relatively advanced  features.

The type o f endo thelia l dysfunction  reflec ted  b y  in c re a se d  
vW F levels is particu larly  closely  re la ted  to  m ic ro a lb u m in 
u ria  n o t only in IDDM (11), b u t also in n o n -in su lin -d ep en d en t 
d iabe tes  m ellitus (NIDDM) (13,17) and essen tia l h y p e r te n 
sion  (18). M icroalbum inuria reflects an in c reased  tra n sc a p -  
illary passage  of m acrom olecu les (1), a  p h a se  tha t, in  IDDM, 
is p reced ed  by a c lear and  p e rs is te n t in c rease  in vW F levels, 
as show n  by our study. Such d a ta  are n o t ava ilab le  for 
NIDDM o r hypertension , a lthough  high vW F levels in NIDDM 
m ay sim ilarly  increase  th e  risk  o f deve lopm en t o f  m ic ro a lb u 
m inu ria  and  the risk  o f clinical ca rd io v ascu la r d isea se  o n ce  
m icroalbum inuria  is p re se n t (17). It is n o t  clem', how ever, 
w h e th e r the  prognostic  value o f vW F is re la ted  to  its specific  
functions, i.e., en h an cem en t o f p la te le t ad h esio n  and  fa c to r  
VIII availability, o r w h e th e r  it is sim ply a  m a rk e r  o f e n d o th e 
lial injury and dysfunction. N evertheless, b o th  UAE a n d  vW F 
deserve  considera tion  as clinically usefu l m ark e rs  o f  v ascu 
la r s ta tus.

D eterm inan ts  o f in c reases  in vWF, i.e., o f endo the lia l 
injury, w ere  no t identified. In c reases  in vW F are  nonspecific  
w ith  re sp e c t to  th e  type o f injury and c a n  be in d u ced  by 
hypertension , sm oking, hypercho lestero lem ia , hyperg lyce 
mia, ac tivation  o f coagulation , and  cy tok ines (13,18,19). The 
p a th o g en esis  o f m icro a lb u m in u ria  is likely to  involve h y p er 
g lycem ia and  an early rise  in BP (1,3,20-22). O ur s tu d y  w as 
sm all and  excluded  p a tien ts  w ith  poo r glycem ic co n tro l, 
thereby  lim iting th e  ability to  find a re la tio n  b e tw een  UAE or 
vW F and  g lycated  hem oglobin  (11) o r BP (20-22). In  add i 
tion, suscep tib ility  to  th e  developm ent o f d iabetic  n e p h ro p 
a thy  (and  p resum ab ly  m icroalbum inuria) is th o u g h t to  vary

n iA H E T K S , VOL. H  MAY 1995 m



am o n g  ind iv iduals  (23). Variability am ong ind iv iduals in the  
su sc e p tib ility  to  in ju ry  o f th e  endothelium  m igh t p lay  a  role, 
a n d  th is  w o u ld  h am p er th e  identification o f  d e te rm in an ts  o f 
en d o th e lia l in ju ry  in  co h o rt studies. Finally, o th e r  fac to rs  n o t 
a s s e s s e d  in th is  s tu d y  m ay be  im portant, su ch  as insulin  
re s is ta n c e , hyperinsu linem ia , dyslipidem ia, and  ac tiva tion  o f  
co ag u la tio n  (19,24-26).

Are o u r findings generalizable? Clearly, se lec tio n  b ias 
c a n n o t b e  co m p le te ly  excluded  in a sm all s tu d y  su ch  as this. 
O n th e  o th e r  hand , the p a tien ts  w ere  n o t se lec ted  on  the  
b a s is  o f  p la sm a  vWF; therefo re , th e  re la tionsh ip  b e tw een  
UAE a n d  vW F is un likely  to  have b een  affected by  se lec tion  
b ias. In add ition , th e  incidence density  o f m ic ro a lb u m in u ria  
o b se rv e d  (6.3 o r 4.2 [4 of 17; Fig. 1] w ith  20 |xg/min [1,3,22] 
in s te a d  o f  15 (xg/min as cutoff) is w ithin th e  range rep o rted  
b y  o th e rs  (1 ,1 -8 .2  [20-22,27-31]). Finally, the  exc lusion  o f  
p a tie n ts  w ith  p o o r  glycem ic con tro l m ay have in c reased  the  
w ith in -p e rso n  stab ility  o f p lasm a vW F levels. Thus, the  
app licab ility  o f  o u r  resu lts  to  p a tien ts  w ith  poo rly  con tro lled  
d ia b e te s  is so m e w h a t uncerta in .

N everthe less , a  su sta ined  increase  in p la sm a  vWF in 
p a tie n ts  w ith  IDDM is asso c ia ted  w ith  a  high r isk  o f devel 
o p m e n t o f m icroalbum inuria . We suggest th a t  su c h  p a tien ts  
a re  c a n d id a te s  fo r  in tensified tre a tm e n t o f  hyperg lycem ia 
a n d  o f  r ise s  in  BP (even sm all ones).
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