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Summary. Skin  p u n c h  b iopsy  was pe r fo rmed  on 38 dia- 
be t ic  m e n  w i t h  v a r y i n g  d u r a t i o n s  of d iabe tes  a n d  17 non-  
d iabe t ic  men ,  all b e t w e e n  t he  ages of 1 7 - - 4 5  years .  - -  
L i g h t  microscopica l  changes  in venules ,  capil laries,  a n d  
ar ter io les  w i t h o u t  a n  i n t e rna l  elast ic  l a m i n a  were arbi-  
t r a r i l y  g r a d e d  twice  b y  two of us i n d e p e n d e n t l y  w i th  no  
access to  cl inical  da ta .  A g rad ing  s y s t e m  w i t h  5 degrees 
was used  for assessing t h e  wal l  th ickness .  - -  The  m o s t  
cha rac t e r i s t i c  lesion was t h i e k e n i n g  of t he  walls of t h e  
b lood  vessels.  S ignif icant  t h i c k e n i n g  was n o t e d  in 14 dia- 
be t ics  a n d  1 control .  No def ini te  changes  in t h e  endo the l i a l  
cells were d e m o n s t r a t e d .  The  nucle i  of t he  pe r icy tes  o f ten  
seemed  conspicuous ,  c o m p a r a t i v e l y  large a n d  hype r -  
ch romat i c .  Pos i t ive  s igni f icant  co r re l a t ion  was shown  be- 
t w e e n  t h e  wal l  t h i ckness  a n d  th i s  pe r i ey te  change  in t he  
diabevies,  b u t  n o t  in  t he  controls .  - -  T he  wall  t h i ckness  
was s igni f icant ly  a n d  pos i t ive ly  co r re l a t ed  w i t h  t he  age 
of t he  diabet ics ,  d u r a t i o n  of d iabe tes  a n d  diastol ic  b lood  
pressure .  M u l t i v a r i a t e  cor re la t ion ,  however ,  r evea led  a 
s igni f icant  co r re l a t ion  b e t w e e n  t he  wal l  t h i ckness  a n d  t he  
d u r a t i o n  of d iabe tes ,  a n d  a t e n d e n c y  to cor re la t ion  w i t h  
age. This  p r e s u m a b l y  m e a n s  t h a t  t he  co r re l a t ion  ~ i t h  
diastol ic  b lood  pressure ,  a n d  p r o b a b l y  p a r t  of t he  corre- 
l a t ion  w i t h  age, c an  be  a c c o u n t e d  for b y  t he  d e p e n d e n c e  
of t h e  wal l  t h i ckness  on  t he  d u r a t i o n  of d iabe tes .  I n  t h e  
con t ro l  g roup  no  co r re la t ion  was s h o w n  b e t w e e n  t h e  wal l  
t h i ckness  a n d  age, systol ic  b lood  pressure  or dias tol ic  
b lood  pressure .  Pos i t ive  s igni f icant  co r re l a t ion  indepen-  
den t  of t h e  d u r a t i o n  was d e m o n s t r a t e d  b e t w e e n  wal l  
t h i ckness  a n d  r e t i n o p a t h y .  - -  The  i n v e s t i g a t i o n  ind iea tes  
t h a t  t he  wal l  t h i ckness  is inc reas ing  w i t h  t he  d u r a t i o n  of 
d iabe tes ,  a n d  t h a t  t h e  pe r iey tes  m a y  be  i nvo lved  in  t he  
d e v e l o p m e n t  of d e r m a l  cap i l la ry  a n d  venu le  lesions in 
d iabe tes .  I t  is sugges ted  t h a t  sk in  b i o p s y  m a y  serve as 
a n  e x a m i n a t i o n ,  s u p p l e m e n t a r y  to  o p h t h a l m o s c o p y ,  in  
t he  ear ly  diagnosis  of d iabe t i c  m i c r o a n g i o p a t h y .  

2FIicroangiopathie ehez de jeunes diabdtiques. Etude 
microscopique de biopsies cutandes avec applications clini- 
ques. 

Rdsumd. Dos biopsies  eu tandes  p a r  e s t a m p a g e  on t  dtd 
effectudes ehez 38 d iabd t iques  avec  durde  va r i ab l e  de la 
mMadie  et  chez 17 h o m m e s  non -d i abd t iques  en t re  17 et  
45 ans.  D e u x  d ' e n t r e  nous  j ugea i en t  deux  lois et  sans  
acc~s aux  donndes  c l in iques  les modi f ica t ions  microscopi-  
ques  dens  les veinules ,  les capi l la i res  et  les ar tdr ioles  sans  
l ame  61astique in te rne .  Nous  a e o n s  employ6  u n  sys t~me 
avec  5 g r a d a t i o n s  pou r  la desc r ip t ion  de l '6pa isseur  esti- 
mde  dos paro is  vaseula i res .  --  U n  6pa iss i ssement  des vais-  
seaux  r ep r6sen t a i t  la  ldsion la  p lus  typ ique .  U n  6paissis- 
s e m e n t  s ignif ieat i f  a 6t6 t r o u v d  chez 14 d iab6 t iques  et  
ehez une  pe r sonne  de contr61e. Les  eellules de l ' endo th6-  
l i n m  ne  m o n t r a i e n t  pas  de modi f ica t ions  ddfmit ives .  Les  
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n o y a u x  des p6r iey tes  a p p a r a i s s a i e n t  r e m a r q u a b l e m e n t  
larges et  h y p e r e h r o m a t i q u e s .  Nous  a e o n s  p u  d d m o n t r e r  
une  eorr61ation pos i t ive  e t  s ignif ieat ive  en t r e  l '6pa isseur  
des parois  e t e e s  modi f ica t ions  des pdr iey tes  chez les dia-  
b6t iques ,  ma i s  pas  chez les su je t s  de eontr61e. - -  L 'dpais-  
seur  des pa to i s  vascu la i res  m o n t r a i t  une  eor rd la t ion  posi- 
t i ve  et  s ignif icat ive avee  I 'gge des d iab6t iques ,  la dur6e de 
la ma l ad i e  et  la t ens ion  ar t6r iel le  d ias tol ique.  P a r  Fana lyse  
de va r i ance  mul t ip le ,  nous  a e o n s  t r o u v 6  une  eor rd la t ion  
sig~if ieat ive en t r e  l '6pa isseur  des paro is  e t  la  durde du  
d iabbte ,  a ins i  q u ' u n e  t e n d a n e e  ~ la eor rd la t ion  avee  l 'gge. 
Cela signifie p r o b a h l e m e n t ,  que la eorr61ation avee  la ten-  
sion ar t6r iel le  d ias to l ique  e t  une  p a r t  de la  corr61ation avee  
l 'gge s ' e x p l i q u e n t  p a r  l ' inf luenee  de la dur6e du  d iabb te  sur  
l 'dpa iss i ssement  mura l .  Dens  ]e g roupe  de contr61e, il ne  
se t r o u v a i t  pas  de eorr61ation en t r e  l ' @ a i s s e u r  m u r a l e  et  
l 'gge ou la t ens ion  ar tdr iel le  sys to l ique  ou dias tol ique.  U n e  
eor rd la t ion  s ignif ieat ive,  pos i t ive  e t  i n d @ e n d a n t e  de la  
dur6e a dtd d6mon t rde  en t r e  l '6paisseur  des pa to i s  et  la 
rd t inopa th ie .  - -  Nos reeherehes  m o n t r e n t  que  l ' @ a i s s e u r  
des pa to i s  a u g m e n t e  avee  la durde du  d iab~te  et  que les 
p6r ieytes  p a r t i c i p e n t  peu t -g t re  a u  d d v e l o p p e m e n t  des ld- 
sions des ve inules  e t  eapi l la ires  cu tands  dens  le d iab~te .  
Des biopsies  cu tandes  sont  r e e o m m a n d d e s  c o m m e  e x a m e n s  
eompldmen ta i r e s  ~ l ' o p h t h M m o s e o p i e  dens  le d iagnos t i c  
prdcoee de la  m i e r o a n g i o p a t h i e  d iab6t ique .  

Mikroangiopathie bei jungen Diabetikern. Eine licht. 
mikroskopische Biopsie-Studie der Haut mit Hinweis zur 
klinischen Anwendung. 

Zusammenfassung. Bei  38 D i a b e t i k e r n  m i t  verschiede-  
ne r  E r k r a n k u n g s d a u e r  u n d  17 n i c h t d i a b e t i s c h e n  M/~nnern 
zwischen 17 u n d  45 J a h r e n  wurde  eine S tanzb iops ie  der  
/ -Iaut  v o r g e n o m m e n .  Zwei  y o n  uns  beu r t e i l t en  zweimal  
ohne  Ber t i eks i eh t igung  der  k l in i sehen  B e f u n d e  die l ieht-  
m ik roskop i sehen  V e r g n d e r u n g e n  an  den  Venolen ,  Kap i l -  
l a ren  u n d  Ar te r io len  ohne  die L a m i n a  e las t iea  i n t e rne .  
Wi r  b e n u t z t e n  e in  S y s t e m  m i t  5 A b s t u f u n g e n  zur  A n g a b e  
der  geschg tz t en  W a n d d i c k e .  - -  E ine  W a n d v e r d i c k u n g  der  
Blutgef/il3e s te l l te  die a m  m e i s t e n  typ i sche  Seh~digung  
dar .  E ine  s igni f ikante  V e r d i c k u n g  wurde  bei  14 I ) iabe t i -  
k e r n  und  1 K o n t r o l l p e r s o n  festgestel l t .  A n  den  E n d o t h e l -  
zellen f a n d e n  sieh ke ine  e indeu t igen  Ver / inde rungen .  Die 
K e r n e  der  P e r i z y t e n  e r sch ienen  b e i m  Vergle ieh  oft  auf- 
fa l lend grog u n d  h y p e r e h r o m a t i s e h .  Wi r  k o n n t e n  eine 
posi t ive,  s igni f ikante  K o r r e l a t i o n  zwischen  de r  W a n d -  
dicke u n d  diesen Ver /~nderungen  a n  den  P e r i z y t e n  be i  den  
D iabe t i ke rn ,  n i c h t  abe r  bei  den  K o n t r o l l p e r s o n e n  nach -  
weisen.  --  Die  W a n d d i e k e  kor re l ie r te  s ign i f ikan t  u n d  
pos i t iv  m i t  d e m  Al te r  der  Diabe t ike r ,  der  E r k r a n k u n g s -  
daue r  u n d  d e m  d ias to l i schen  B l u t d r u c k .  Bei  der  Mult i -  
v a r i a n z - A n a l y s e  f e n d  sich eine s igni f ikante  K o r r e l a t i o n  
zwisehen W a n d d i c k e  u n d  D i a b e t e s d a u e r  u n d  eine Ten-  
denz zu r  K o r r e l a t i o n  m i t  d e m  Alter .  Des  b e d e u t e t  wahr -  
seheinl ich,  dag  die K o r r e l a t i o n  z u m  d ias to l i sehen  Blu t -  
d r u c k  u n d  ein Tell der  K o r r e l a t i o n  m i t  d e m  Al te r  d u t c h  
die Abh/~ngigkei t  yon  der  D a u e r  der  W a n d v e r d i c k u n g  zu  
erkl/~ren ist.  I n  der  K o n t r o l l g r u p p e  f e n d  sieh ke ine  Kor re -  
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lation zwischen Wanddieke und Alter, bzw. systolischem 
und diastolischem Blutdruck. Unabhgngig yon der Dauer 
ergab sich eine signifikante, positive Korrelation zwischen 
Wanddieke und Retinopathie. -- Die Untersuchung zeigt, 
dal3 die Wanddicke mit der Diabetesdauer zunimmt und 
daI3 die Perizyten m6glicherweise bei der Entwicklung 
der Schgden an den Venolen und J~2apil]aren der I-Iaut beim 

Diabetes be~eiligt sind. tIautbiopsien werden als er- 
ggnzende Untersuchung neben der Ophthalmoskopie bei 
der Friihdiagnose der diabetischen Mikroangiopathie 
empfohlen. 

Key-words: Morphology, pathogenesis, dermal micro- 
angiopathy in diabetic young men, diabetic angiopathy. 

Several investigators, using various physiological 
methods, have demonstrated circulatory disturbances 
in the smallest blood vessels in the distal par t  of the 
extremities of diabetics. Most authors have concluded 
tha t  the impairment  of peripheral circulation depends 
wholly or par t ly  on morphological changes in the blood 
vessels (e.g. STiaa ,  1930; HA~DEr.S~X~ et al., 1952; 
MEGIBOW et al., 1953; MENDLOWlTZ et al., 1953; B i -  
~iNu 1955; SmROTK, 1957). MARTrN (1953), on the 
other hand, after measuring the skin temperature  in 
diabetics with and without neuropathy,  concluded tha t  
the abnormal neurovaseular response must  be due to 
an autonomic neuropathy and not to a vascular lesion. 

AAGn~AES (1962) made skin temperature  measure- 
ments on diabetics with onset of diabetes before 30 
years of age, and concluded tha t  neuropathy and angio- 
pa thy  each play a par t  in diabetics, in whom indirect 
heating did not result in toe vasodilatation. Further- 
more his results suggested tha t  the abnormal neuro- 
vascular state is the result of pathologic anatomical  
vascular and neural changes, and not of functional 
factors. 

In  recent years morphological changes of arterioles, 
capillaries and venules have been demonstrated in the 
skin and other sites, besides the kidney and retina. 
The characteristic lesion of the dermal blood vessels 
is a thickening of the walls (GoLDENBERG et M., 1959; 
AAGE~AES and MoE, 1961; ItA~DEr~SMA~ et al., 1962; 
PED~.I~SE~ and OffsEt, 1962 ; W E m ~  and WmHT, 1962 ; 
A~GEt~VALL and FAGE~BERG, 1963; BOJSEX-M6r~L~ 
et al., 1963; BA~SO)r and LACY, 196~; FUNK, 1965; 
Moo~E and F~Ew, 1965; PIEI~I et al., 1965). This has 
been found by  electron microscopy to be a thickening 
of the vascular basement  membrane (A~GENanS and 
MoE, 1961; Bx~SON and L icu  1964). BA~so~ and 
LACY (196 ~) demonstrated thickening of capillary walls 
in diabetics with and without hypertension, as well as 
in non-diabetics with hypertension. 

The aims of the present investigation were to study, 
in a group of young diabetic men: 1. the morphology 
of dermal microangiopathy 2. the relationship bet- 
ween dermal microangiopathy and age, duration of 
diabetes, blood pressure, re t inopathy and other clinical 
manifestations possibly related to microangiopathy, in 
order to estimate the clinical value of skin biopsy. 

Material and methods 

The investigation was performed on males be- 
tween the ages of 17--45 years, 38 diabetics with vary- 
ing durations of diabetes (mean duration 10.3 4- 1.5 

years) and 17 controls. The age distribution is given 
in Fig. 1. The mean ages, and standard errors of the 
mean, for diabetics and for controls were 314.1.5 and 
324. 2.6 years respectively. The corresponding figures 
for systolic blood pressures were 136 4. 2.7 (175--110) 
mm t Ig  and 139 4. 4.0 (180--115) mm Hg, and for 
diastolic blood pressures 87 4. 1.4 (100--65) mm tIg  
and 83 4- 3.3 (120--60) m m  Hg. The diabetics com- 
prised consecutive patients in these age groups treated 
at  the First Medical Service during 1961--1965. All the 
diabetics were on insulin and a prescribed diet con- 
sisting of 50 per cent carbohydrate,  20 per cent protein 
and 30 per cent fat. All patients were clinically in a 
satisfactory metabolic state. The controls comprised 
hospitalized patients without signs of diabetes (no glu- 
eosuria). 

77-Z0 Z7-25 26'-30 YT-35 8g-40 4T-45 

Age YgoP8 

Fig. 1. The age distribution of diabetics (white columns) and controls 
(black columns) 

Clinical methods 

All patients were staying in the hospital during the 
investigation and underwent routine medical examina- 
tion. In  the diabetics particular importance was at- 
tached to the following: 

Peripheral circulation. The skin temperature  was 
measured on the toes after indirect heating according 
to BRATTGXaD et al. (1951) at  the Clinical Physiological 
Laboratory.  Oseillometry was made on the lower ex- 
tremities with l%eeklinghausen's oseillometer. Arterial 
calcifications in the lower extremities were demonstrat-  
ed in plain radiograms. 

Retinopathy. Ophthalmoscopy was performed at the 
Ophthalmiatric Clinic of the hospital. Ret inopathy was 
graded as follows: 0 -~ no changes; 1 -u = micro- 
aneurysms; 2 +  = microanenrysms and bleeding 
with or without exudate; 3 4. = proliferative retinitis. 

Nephropathy. Constant proteinuria without signs of 
infection (negative bacterial urine culture) was con- 
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sidered to be caused by diabetic nephropathy, as was 
demonstrated in 8 of the diabetics. The mean duration 
was 20 years and the mean age 33 years. The corre- 
sponding figures for the remaining 30 diabetics were 
8 and 31 years. In  5 of the 8 diabetics with nephropathy 
the plasma creatinine exceeded 1.2 mg per 100 ml. 

Neuropathy. Besides routine neurological examina- 
tion, eleetromyography (EMG) was carried out, and 
the conduction velocity in a peripheral motor nerve of 
the lower extremity was determined as described pre- 
viously (FAGI~RBERG et al., 1963). At least two neuro- 
logical signs typical of diabetic neuropathy had to be 
present for the diagnosis of neuropathy. Fifteen of the 
diabetics had neuropathy. The mean age and dura- 
tion of diabetes were 34 and 17 years respectively. All 
lacked Achilles tendon reflexes, and had impaired vi- 
bratory perception in the lower extremities and patholo- 
gical electromyograms. In  the remaining 23 diabetics the 
mean age was 30 years and the mean duration 6 years. 

Serum cholesterol was determined according to CnA- 
~ and ISAJ~SSON (1959). 

Skin biopsy and histological methods. 
Skin biopsy was made with a 4 or 6 mm round punch 

on the dorsum of the foot after local anaesthesia with 
0.5 per cent Lidocain solution (without adrenalin). In  
order to avoid infiltration of anaesthetic into the biopsy 
material, the solution was injected immediately proxi- 
mal to the biopsy spot. The biopsy material comprised 
epidermis, dermis with sweat glands and usually some 
subcutaneous fat tissue. No complications to the biopsy 
were encountered. As a rule, the biopsy material was 
divided, one half fixed for two hours in freshly pre- 
pared Bouin's solution and then transferred to a 70 
per cent alcoholic solution; the other half fixed in either 
a 10 per cent formalin solution or a freshly prepared 
4 per cent solution of basic lead acetate. 

We found Bouin's solution superior to both formalin 
and basic lead acetate, preserving the tissues better 
with a minimum of shrinkage and yielding more 
distinct outlines of the structures, especially cytological 
details. 

Consecutive 4 # sections were stained according to 
Weigert-htx-van Gieson, with MeManus' PAS-stain 
(19~8) and Weigert's stain for elastin. 6--10 sections 
were stained according to each of these methods. 
Toluidine-blue staining (pI-I 3.1) was used for demon- 
strating mast cells. 

Not knowing the diagnosis or from what subject 
the preparation derived, two of us examined the sec- 
tions independently under the light microscope, and 
graded changes in the dermal blood vessels not con- 
taining an internal elastic lamina according to an ar- 
bitrary scale with five degress for the wall thickness 
(5@, severely thickened; 4-~, rather severely; 3 + ,  
slightly to moderately; 2~-, not definitely; and 1~-, 
not thickened walls), and with four degrees for the 
intensity of the PAS-reaction and of the following 
structures: the endothelial cells and pericytes were 

assessed taking increased nuclear size, nuclear chro- 
matin density and number of nuclei in vascular cross 
sections into consideration. In  the small arterioles with 
an internal elastic lamina the sizes of the smooth muscle 
cells and their nuclei were assessed. 

The grading is a subjective estimation of the aver- 
age vascular change, based on examination of all vessel 
cross sections in each biopsy specimen. Finally the 
results of the independent gradings were composed 
after examination by both investigators simultane- 
ously. 

Statistical methods 

The dependence of the small blood vessel wall 
thickness on various clinical and morphological charac- 
teristics was studied with the aid of univariate and 
multivariate linear regression analysis according to the 
principles given by HA~D (1951). 

Results 
H istopathology 
The most prominent change was thickening of the 

walls in capillaries, venules and arterioles not contain- 
ing an internal elastic lamina. The thickened vascular 
walls appeared homogenous and/or laminated and en- 
closed nuclei of perieytes (Fig. 2). In the diabetics the 
walls generally were strongly PAS-positive, but in the 

T a b l e  1. Frequency distribution of the vascular wall thickness 
in diabetics and controls and the incidence of retinopathy 
and pathologic skin temperature reactions in the different 

degrees of vascular wall thickness in the diabetics 

Vascular wall thickness Incidence of 

Pathologic skin 
Degree Controls Diabetics t~etinopathy temperature 

reaction 

5,-}- -- 1 l 1 
4q- - -  4 4 3 
3@ 1 9 6 51 
2-~  11 16 5 5 
1+ 5 8 2 4 
Total 
number 17 38 18 (47%) 18 (49%) 

1 = One diabetic not examined. 

non-diabetics they also displayed a positive PAS- 
reaction. In  van Gieson stained sections the thickened 
vascular walls were often fuchsinophilic, especially in 
the outer margin Of the walls, suggesting the presence of 
collagen. The distribution of the wall thickening in the 
sections was patchy and changed vessels could be seen 
next to apparently normal ones. Vessels close to the 
sweat glands often displayed marked wall thickening, 
and sometimes had a suggested triangular appearance 
in cross sections; the PAS-reaction was strongest near 
the lumen and weaker marginally (Figs. 3, 4). 

Severely, and rather severely thickened walls (5@ 
and 4@) were demonstrated in 5 of the diabetics (13 per 
cent) but in none of the controls. Slight to moderate wall 
thickening (3~-) was found in 9 diabetics (24 per cent), 
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and in one control (Table 1), who had stenosis of the 
renal artery and heredity for diabetes. His blood pres- 
sure was 180/110 and the glucose tolerance test normal. 

Table 2 gives the simple regression functions of the 
wall thickness upon the various morphological and 
clinical parameters. No definite changes could be de- 

but not in the controls. Significant regression of the 
wall thickness was not shown upon the intensity of the 
PAS-reaction. In  some of the diabetics and some of the 
controls a perivascu]ar infiltration of mononuelear cells 
was found. Significant regression of the wall thickness 
was not shown upon such perivascular infiltration. 

Fig.  2. a) Diabetic .  D e r m a l  capillaries displaying th ickened  walls w i th  included conspicuous, large 
nuclei o fpe r i cy t e s .  Small ar ter iole wi th  p r o m i n e n t  d a r k  nucleus in the  med ia  to the  r igh t  in 

the figure, 

b) Control. D e r m a l  capillaries. Note  the  per ivascular  mononuelear  cells also seen in I~ig. 2 a  
3~cManus' PAS.  x 1200 

monstrated in the endothelial cells nor was there any 
significant regression of the wall thickness upon the 
assessed endothelial proliferation. On the other hand 
the perieyte nuclei often seemed conspicuous, com- 
paratively large and hyperehromatic. Positive signifi- 
cant regression of the wall thickness upon this pericyte 
change was shown in the diabetics (ts = 3.41 ; p<O.O1) 

In  a small sample of 10 diabetics and 5 controls no 
apparent difference could be shown in the incidence 
of mast cells, as assessed by to]uidine blue staining. 

In small arterioles with an h~ternal elastic lamina 
the smooth muscle cells of the media often appeared 
hypertrophic with large, dark nuclei (Fig. 5). Positive 
significant regression of the wall thickness upon this 
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a r t e r i o l a r  c h a n g e  was  s h o w n  i n  t h e  d i a b e t i c s  (tv = 3 .18;  
p < 0.01) b u t  n o t  i n  t h e  con t ro l s .  

Relationship between dermal microangiopathy and 
age, duration of diabetes and blood pressure. 

T h e  e q u a t i o n s  of t h e  r e g r e s s i o n  l ines  a n d  t h e  v a l u e s  
of s~ a n d  p a re  g i v e n  i n  T a b l e  2. 

(to = 2.15 ; p < 0.05) b u t  n o t  sys to l i c  b l o o d  p r e s s u r e .  
I n  t h e  c o n t r o l s  n o  r e g r e s s i o n  of wa l l  t h i c k n e s s  was  
s h o w n  u p o n  d i a s to l i c  or  sys to l i c  b l o o d  p r e s s u r e  
( t 0 = l . 6 1 ;  p < 0 . 2  a n d  t ~ = 1 . 7 5 ;  2 ) < 0 . 1  r e s p e c t i v e -  
ly) .  

In view of the relation between age and duration 

Table  2. _Regression of vascular wall thiclcness (y) upon various estimated morphological and clinical 
parameters (x) in diabetics and controls 

Diabetics Controls 
Equation of s0 P Equation of sb p 
regression regression 

E n d o t h e l i a l  p ro l i f e ra t ion  y ~ 0.36 x + 1.53 0.213 < 0.20 y ~ 0.12 x + 1.48 0.185 
Pe r i cy t e  change  y ~ 0.59 x + 1.23 0.172 < 0.01 y ~ 0.09 x @ 1.95 0.241 
P A S - r e a c t i o n  y ~ 0.24 x ~- 1.80 0.237 y ~ 0.26 x -F 1.26 0.332 
Pe r iva scu l a r  cel lular  y = 0.21 x -~ 2.27 0.265 y ~ - -0 .15  x ~- 1.80 0.215 
in f i l t r a t ion  
Ar t e r io l a r  change  y ~ 0.55 x ~ 1.91 0.174 < 0.01 y ~ - -0 .08  x + 1.84 0.136 
Age y ~ 0 . 0 4 x  @ 1.01 0.017 < 0.02 y ~ 0.01 x @ 1.36 0.133 
D u r a t i o n  of d iabe tes  y ~ 0.05 x -F 1.80 0.017 < 0.01 
Age a t  onse t  of d iabe tes  y ~ - -0 .004  x @ 2.40 0.014 
Systol ic  b lood  pressure  y ~ 0.01 x -r  0.76 0.010 y ~ - -0 .01 x + 3.67 0.008 < 0.1 
Dias to l ic  b lood  pressure  y ~ 0.04 x --  1.06 0.018 < 0.05 y ~ - -0 .02  x ~- 3.08 0.010 < 0.2 
Pa tho log ica l  sk in  t e m p e r -  y ~ 0.53 x ~- 2.05 0.323 < 0.20 
ature r eac t i on  
l ~ o t i n o p a t h y  y = 0.51 x ~ 1.86 0.135 < 0.001 
S e r u m  choles terol  y ~ 0.003 x ~- 1.64 0.003 

Fig. 3. Diabetic. Vessels close to sweat glands with various degrees of homogeneous wall thick- 
ening. MeManus' PAS • 385 

P o s i t i v e  s i g n i f i c a n t  r e g r e s s i o n s  of t h e  wa l l  t h i c k n e s s  
w e r e  s h o w n  u p o n  age  a n d  d u r a t i o n  (Fig.  6) (t~ = 2.49 ; 
p < 0.02 a n d  t0 = 2 .99 p < 0.01 r e s p e c t i v e l y )  b u t  n o t  
u p o n  age  a t  o n s e t .  I n  t h e  c o n t r o l s  n o  r e g r e s s i o n  of wa l l  
t h i c k n e s s  was  s h o w n  u p o n  age.  

I n  t h e  d i a b e t i c s  p o s i t i v e  s i g n i f i c a n t  r e g r e s s i o n  of 
wa l l  t h i c k n e s s  was  s h o w n  u p o n  d ia s to l i c  b l o o d  p r e s s u r e  

of d i a b e t e s  a n d  t h e  c o n c e i v a b l e  r e l a t i o n  b e t w e e n  age  
a n d  b l o o d  p r e s s u r e ,  m u l t i p l e  r e g r e s s i o n  a n a l y s i s  w a s  
c a r r i e d  o u t  w i t h  t h e  wa l l  t h i c k n e s s  as  a f u n c t i o n  of age  
(xl) , d u r a t i o n  of d i a b e t e s  (x~), sy s to l i c  b l o o d  p r e s s u r e  
(x3) , a n d  d i a s to l i c  b l o o d  p r e s s u r e  (x4). T h i s  a n a l y s i s  
r e v e a l e d  a p o s i t i v e  s i g n i f i c a n t  r e g r e s s i o n  of t h e  wa l l  
t h i c k n e s s  u p o n  t h e  d u r a t i o n  of d i a b e t e s  a n d  a t e n d e n c y  

Diabetologia, Vol. 3 ~~ 
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to regression upon age. The analysis carried out  for 
the  controls revea led  no significant regression. 

Diabetics 
y = 0.033x1~- 0.039x 2 -  0.006xa@ 0.016x4~-0.29; 
t0= 1.97 2.04 --0.46 0.58 
p = < 0.1 < 0.05 < 0.7 < 0.6 

Controls 
y = 0.016 x 1 -- 0.005 xa -- 0.014x 4 + 3.09; 
tb = 1.19 --0.39 --0.93 
p ~ <0.3 <0.8 <0.4 

sponse to indirect  hea t ing  was demons t ra t ed  by  
measur ing skin t empera tu re  of the toes. The mean  
dura t ion  of diabetes was 14.5 and mean  age 33.5 years.  
The corresponding figures for the remaining 19 dia- 
betics (one diabet ic  was no t  examined)  were 7.2 and 
30 years. F ive  of the diabetics wi th  a pathological  skin 
t empera tu re  react ion had a dura t ion  of less t h a n  
5 years (Fig. 6). No significant regression of the  vascu- 
lar wall thickness was shown upon pathological  skin 
t empera tu re  react ion (t~ = 1.63; p < 0.2). 

Fig .  4. a) Diabet ic .  Vessels close to sweat  g lands  wi th  severely th ickened walls. The PAS-reac t ion  
is s t ronges t  nea r  the  lumen  and  weaker  marg ina l ly  

b) Control. Thin-walled vessel  close to sweat  glands N[clV~anns' PAS.  • 1200 

Relationship between dermal microangiopathy, reti- 
ngpathy and other clinical manifestations. 

Peripheral circulation. In  18 diabetics a poor re- 

Osci l lometry was per formed on 26 diabetics all of 
whom displayed normal  deflections. 

Vascular  cMeifications were found in radiograms 
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of 8 diabetics (mean duration of diabetes 21 and mean 
age 36 years). (One diabetic was not examined.) 

R e t i n o p a t h y  was diagnosed in 18 diabetics. The du- 
ration of diabetes was less than 10 years in only 2 eases 
(Fig. 6). The numbers of each degree of severity are 
given in Table 3, which also includes the duration of 
diabetes for each degree of retinopathy. A positive 

D i s c u s s i o n  

The most characteristic change in diabetic micro- 
angiopathy in the skin is thickening of the walls in 
capillaries, and venules. This has been shown by elec- 
tron microscopy to be a thickening of the vascular 
basement membrane (AAGENAES and MOE, 1961 ; BAN- 

Fig. 5. Diabetic. Dermal arteriole with internal elastic lamina. The smooth muscle ceils of the media 
have dark, large nuclei. McManus' PAS. • 1200 

+b- I A -  

,r 

+4 o ~A A I 2z  22/73 /77 

0 5 70 75- 20 Z~ dO Ysors 

Dup~Tfiort o f  Diahefee  

Fig. 6. l~egression of the estimated dermal vascular wail thickness on the 
duration of diabetes. Diabetics with retinopathy are marked R1, 1~2 and 1%3 
for respective degrees of severity. Diabetics with a pathological skin tem- 

perature reaction are marked A ,  and those with a normal reaction �9 

strongly significant regression of the vascular wall 
thickness was shown upon retinopathy (tb=3.79; 
p < 0.001). Bivariate regression analysis with the wall 
thickness as a function of the duration (xl) and retino- 
pathy (x2) gave the following equation: 
y ~ 0.010 x 1 @ 0.445 xz + 1.81; 
tb = 0.40 2.13 
29 = < 0.7 < 0.05 

The s e r u m  cholesterol exceeded 300 mg per 100 ml 
in 4 of the diabetics. No significant regression of vascu- 
lar wall thickness was shown upon serum cholesterol. 

Table 3. Frequency distr ibut ion of  ret inopathy with  the 
mean durat ion of diabetes and the mean age in  the different 

degrees of sverity 

l~etinopathy 

Mean duration Mean age 
Degree Number of of diabetes (years) 

subjects (years) 

3+ 3 21 33 
2+ 10 19 36 
1+ 5 11 32 
0 20 4 30 

son and LAcy, 1964). In the present investigation this 
change was deemed to be located in capillaries, venules 
and arterioles not containing an internal elastic la- 
mina; in light microscopy these vessels cannot with 
certainty be distinguished from one another (MovAT 
and F~.RNi~DO, 1964). 

The importance of the pericyte for the basement 
membrane and what part, if any, this cell plays in the 
pathogenesis of mieroangiopathy have been discussed 
(KIMM~T,SmlET,, 1966). Accordingly we wanted to ex- 
amine critically the changes in these cells. The positive 
significant correlation between the blood vessel wall 
thickness and nuclear enlargement and hyperchromasia 
of the perieytes revealed in the diabetics may imply 
that  these cells are involved in the development of 
microangiopathy. I t  should be pointed out however, 
that  i r is  impossible to exclude subjective estimations, 

22* 
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since the variables cannot be evaluated separately. 
This, of course, limits the significance of our obser- 
vation. 

Our investigation has not verified endothelial pro- 
liferation described by other authors in capillaries and 
especially arterioles and small arteries (GOLDENBERG 
et al., 1959; HANDEnS~AN et al., 1961; P~D]~SEN and 
OLSEN, 1962; MOORE and F ~ w ,  1965). 

Perivascular cellular infiltration was demonstrated 
in some of the diabetics as well as in some of the con- 
trols. Most of these cells have been shown to be mast 
cells (PI]~I et al., 1965). No apparent difference could 
be shown in the occurrence of mast cells in the present 
investigation. These findings stand in contrast to the 
100 per cent incidence of mast cell proliferation in dia- 
betics reported by PI ]~I  et M., (1965). Mast cells were 
not quantitated either in their or in our investigation. 

The vascular wall thickening was patchy in the 
sections --  vessels with strongly thickened wafts could 
be observed next to vessels with thin, apparently nor- 
mal walls. This was first reported by AAGENAES and 
MOE (1961), and could be an expression of different 
functions of various vascular segments. 

Positive significant correlations between the vascu- 
lar wall thickness and age, duration of diabetes (Fig. 6) 
and diastolic blood pressure were revealed by univariate 
regression analysis. Multivariate regression analysis 
revealed positive significant correlation between the 
wall thickness and the duration of diabetes and a tend- 
ency to correlation with age. This presumably means 
that  the correlation with diastolic blood pressure and 
probably part  of the correlation with age can be ac- 
counted for by the dependence of the wall thickness 
on the duration of diabetes. Absence of similar corre- 
lations in the control group supports this opinion. 0nly  
one subject had a blood pressure exceeding 170/105 
mm Itg, and it is therefore not known if a pronounced 
hypertension could modify the wall thickness in dia- 
betics. 

In  49 per cent of the diabetics, with diabetes of 
short and long duration, a pathological skin tempera- 
ture reaction in the toes was demonstrated after in- 
direct heating (Fig. 6). Since there was a higher fre- 
quency of pathological reactions in the 4 +  and 5~- 
groups (Table 1), we assume that  in these groups the 
morphological vascular lesion may be of importance 
for the  result of the skin temperature reaction. There 
are, however, many subjects with the pathological skin 
temperature reaction in the 1@ and 2-~ groups. This 
may favour one or more factors other than the mor- 
phological vascular lesion as the cause of the pathologi- 
cal skin temperature reaction in diabetics (el. Intro- 
duction). 

I~etinopathy was found in 47 per cent of the dia- 
betics and wall. thickening of the dermal blood vessels 
in 37 per cent (Table 1). We assume this is an expres- 
sion of a difference between the two methods used to 
study diabetic mieroangiopathy, rather than a true 
difference in incidence. A positive and significant cor- 

relation, independent of the duration, was shown be- 
tween wall thickness and retinopathy, indicating a 
parallel development of microangiopathy in the eye 
and skin. Interestingly, in 3 diabetics without retino- 
pathy thickening was demonstrated in the dermal ves- 
sels (Fig. 6). 

To sum up, it can be said that  skin biopsy is easy 
to perform and has yielded no complications. The der- 
mal microangiopathy can be demonstrated histologi- 
cally more easily in PAS-stained sections than in 
those which were van Gieson-stMned. The charac- 
teristic feature is thickening of the vascular walls, but 
the lesion has not proved specific for diabetes. I t  
should be emphasized that  microangiopathy can be 
diagnosed with reliability only when the normal varia- 
tion of vascular wall thickness has been estimated for 
the pertinent age group. I t  is suggested that  skin biopsy 
may serve as a supplementary method to ophthal- 
moscopy in the diagnosis of diabetic microangiopathy. 
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