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Summary. Diurna l  prof i les  o f  total  and  l i pop ro t e in  
choles te ro l  and  t r iglycer ides  were  m e a s u r e d  in 11 
i n su l i n -dependen t  d iabet ic  subjects  wi thou t  re t ino-  
pa thy ,  10 with  b a c k g r o u n d  and  10 with  pro l i fe ra-  
tive re t inopa thy .  The  g roups  were  closely m a t c h e d  
fo r  age and  dura t ion  o f  diabetes .  Tota l  choles tero l  
levels were  h igher  in pa t ien ts  wi th  prol i fera-  
tive (5.6_+ 0 .5mmol /1 )  t han  b a c k g r o u n d  (5.1 + 
0 . 7 m m o l / 1 )  or  no r e t i n o p a t h y  (4.6_+ 0 .8mmol /1 ,  
t r end  test;  p < 0.003), due  to ra ised  levels o f  low den-  
sity l i popro te in  ( L D L )  choles te ro l  (3.8 _+ 0.9, 3.2 + 
0.6 and  2.8 + 0 . 8 m m o l / 1  respec t ive ly ;  p < 0.02). 
H i g h  dens i ty  l i popro te in  ( H D L )  levels were  s imi lar  in 
pa t ien ts  wi th  and  wi thou t  r e t i n o p a t h y  and  H D L /  
L D L  rat ios were  lower  wi th  m o r e  severe r e t i n o p a t h y  
(p < 0.025). Cho les te ro l  levels were  s imilar  in d iabe t ic  
subjects  wi thou t  r e t i n o p a t h y  and  in 12 n o r m a l  sub- 
jects.  Tr ig lycer ide  levels were  no t  re la ted  to re t inopa-  
thy and  no  m e a s u r e  o f  p l a s m a  l ipids cor re la ted  with  
HbA~ or 24-h m e a n  p l a s m a  glucose.  Tota l  and  L D L  
choles te ro l  were  weak ly  inverse ly  cor re la ted  wi th  
c rea t in ine  c lea rance  bu t  the  assoc ia t ion  with  re t inop-  
a thy  was  i n d e p e n d e n t  o f  this effect.  
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A b n o r m a l  levels o f  p l a s m a  l ipids and  l ipopro te ins  are 
f o u n d  in m a n y  d iabe t ic  pa t ien ts  and  relate  to b l o o d  
g lucose  control  in i n su l i n -dependen t  d iabetes  [14 ] .  
H i g h e r  levels o f  l ipids have  been  f o u n d  in pa t ien ts  
wi th  r e t i nopa thy  t han  in those  wi thou t  [1, 5-101, sug- 
gest ing tha t  they  m a y  p l ay  a pa r t  in its d e v e l o p m e n t ,  
bu t  o the r  worke r s  have  b e e n  unab l e  to c o n f i r m  this re- 
l a t ionsh ip  [11-16]. These  d i sc repanc ies  m a y  have  
b e e n  due  to i n a d e q u a t e  m a t c h i n g  o f  pa t i en t  g roups  

for  age and  t r ea tmen t  type  and  fa i lure  to take into ac- 
coun t  the effect  o f  renal  i m p a i r m e n t  on  p l a s m a  l ipids 
[11. The re  is s ignif icant  d iurna l  va r ia t ion  o f  p l a s m a  
choles te ro l  in d iabet ic  subjects  [17, 18] which  migh t  
also obscure  such  an  associa t ion.  In  this s tudy  d iurna l  
prof i les  o f  choles tero l  and  its l i popro te in  f rac t ions  
and  t r iglycer ides  were  m e a s u r e d  in m a t c h e d  g roups  
o f  i n su l i n -dependen t  d iabet ic  pa t ien ts  wi th  d i f ferent  
g rades  o f  severi ty  o f  r e t i n o p a t h y  and  in non -d i abe t i c  
subjects .  

Patients and Methods 

Thirty-one male insulin treated diabetic patients, all of whom had 
developed diabetes before the age of 36 years, were recruited from 
medical and ophthalmic clinics and gave written consent to take 
part in the study. Eleven had no retinopathy on ophthalmoscopy 
and either no retinopathy or less than five microaneurysms in a 
standard 13 ~ macular-based field on fluorescein angiography. Ten 
had definite background retinopathy (haemorrhages with or with- 
out exudates) on ophthalmoscopy, but no new vessels on fluores- 
cein angiography and 10 had severe proliferative retinopathy re- 
quiring photocoagulation. Patients with advanced nephropathy 
(plasma creatinine > 175 [xmol/1) or intermittent claudication were 
excluded; one patient with proliferative retinopathy had angina 
but no other patient had symptoms or cardiographic evidence ofis- 
chaemic heart disease and no patient had more than one absent 
foot pulse. The groups were matched as closely as possible for age, 
duration of diabetes and percentage ideal body weight [19]. The pa- 
tients had all been prescribed a conventional diabetic diet with 
40%-50% of dietary calories taken as carbohydrate; no specific ad- 
vice had been given for them to take polyunsaturated fats in prefer- 
ence to animal fats or to increase the dietary content of fibre. 
Twelve healthy male non-diabetic subjects were also studied, simi- 
lar in age and body weight to the diabetic patients. 

The patients were admitted at 17.30 h for a 24 h metabolic pro- 
file. A Teflon cannula was placed in a forearm vein under local 
anaesthesia and kept patent by flushing with small volumes of sa- 
line solution. The patients were given a diet as close as possible to 
their home diet, insulin doses were given as usual in relation to 
meals and they were encouraged to take light exercise during the 
24 h period. Blood was taken with minimal occlusion at 17.30, 
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Table 1. Clinical details of all subjects studied 
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No. of Age Duration Body Percentage Prevalence 
subjects of weight ideal body of smokers 

diabetes weight 
(years) (years) (kg) (%) 

Diastolic Insulin dose HbAj Mean 
blood plasma 
pressure (units/kg glucose 
(mmHg) body weight) (%) (retool/l) 

Without 11 40_+10 18•  74•  6 101• 6 7(64%) 
retinopathy 

Background 10 40•  20 •  72+11 105• 3(30%) 
retinopathy 

Proliferative 10 42•  8 2 4 •  75•  7 111• 5(50%) 
retinopathy 

Normalsubjects 12 41•  - 72•  9 108• - 

79•  8 0.90• 11.2a• 7.6• 

82•  9 0.89• 12.5• 9.7• 

84•  7 0.89• 12.5• 8.9• 

81•  - - - 

Results expressed as mean • SD. a p < 0.025 compared with both groups with retinopathy 

Table 2. Mean plasma lipid concentrations 

No. of Total LDL HDL 
subjects cholesterol cholesterol cholesterol 

(mmol/1) a (retool/l) b (mmol/1) 

HDL/LDL 
ratio c 

Triglycerides 

(mmol/1) 

Without retinopathy 11 4.6 • 0.8 2.8 _+ 0.8 1.3 • 0.3 

Background retinopathy l0 5.1 • 0.7 3.2 • 0.6 1.3 • 0.3 

Proliferative retinopathy 10 5.6 -4- 0.5 3.8 _+ 0.9 1.2 _+ 0.3 

Normal subjects 12 4.5 • 0.6 2.5 _+ 0.6 1.3 _+ 0.3 

0.50 • 0.20 

0.41 • 

0.34+0.12 

0.56 • 0.22 

1.7• 

2.0• 

1.7• 

1.8• 

Results expressed as mean _+ SD 
Trend within diabetic patients : a p <0.003; u p <0.02; ~ p <0.025 

20.00, 01.00, 03.00, 05.00, 08.00, 10.30, 12.30, 14.30 and 16.30h for 
lipid assays. Fasting blood was taken for HbA~ assay. Samples were 
taken hourly during the day and 2-hourly overnight for glucose esti- 
mation and a 24 h urine collection taken for measurement of pro- 
tein and creatinine clearance. 

Glucose was determined by glucose oxidase (GOD Perid Kit, 
Boehringer Corporation, Mannheim FRG) and triglycerides by en- 
zymatic hydrolysis using a kit (Boehringer Corporation) and auto- 
mated spectrophotometer. Cholesterol was measured with an auto- 
analyser (Technicon AA1) and cholesterol in the lipoprotein frac- 
tions by standard precipitation techniques as described previously 
[18]. HbA~ was measured by column chromatography [20] (normal 
range: 5.1%-8.6%). Creatinine was measured by multichannel ana- 
lyser (Vickers M300). 

From the 10 measurements of triglycerides, total cholesterol 
and lipoprotein cholesterol on each patient, individual mean val- 
ues were calculated. The 24 h plasma glucose areas (mmol 1-1 min -~) 
were computed from the plasma glucose levels using linear interpo- 
lation between assay results and mean plasma glucose levels 
(mmol/l)  were calculated by dividing by the time base. Statistical 
analysis was by permutational test for trend, Mann-Whitney U test 
and linear correlation analysis. Results are given as mean • SD. 

Results 

Clinical details of all subjects, mean HbA1 and mean 
plasma glucose levels are shown in Table 1. Mean 
HbA1 was higher in all patients with retinopathy than 

those without (p < 0.025), but there were no signifi- 
cant differences in plasma glucose. 

Cholesterol and triglyceride results are shown in 
Table 2. Mean total plasma cholesterol increased 
with the severity of  retinopathy (p < 0.003, trend test). 
A similar trend was seen in LDL cholesterol (p < 0.02, 
trend test), but H D L  cholesterol levels were similar in 
all groups. The ratio of  H D L  to LDL cholesterol was 
therefore lowest in patients with proliferative and 
highest in those with no retinopathy (p < 0.025, trend 
test). Mean triglyceride levels were similar in all 
groups. There were no differences between the pa- 
tients without retinopathy and control subjects. There 
was no significant correlation in the diabetic subjects 
between any lipid measurement and age, duration of 
diabetes, percentage ideal body weight, diastolic 
blood pressure, HbA~ or mean plasma glucose. 

Renal function in the patient groups is shown in 
Table 3. Mean creatinine clearance was lowest and 
the prevalence of significant proteinuria highest in 
patients with proliferative retinopathy. There was a 
weak, but statistically significant inverse correlation 
between creatinine clearance and total cholesterol 
( y =  - 0.014 x + 6.5 where y is cholesterol and x is 
creatinine clearance; r = - 0.44, n = 30, p < 0.05) 
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Table 3. Creatinine clearance. Prevalence of significant proteinuria and total and LDL cholesterol concentration adjusted to a creatinine 
clearance of 100ml/min 

Creatinine clearance No. of patients Adjusted Adjusted 
with proteinuria total cholesterol LDL cholesterol 

(rnl/min) a (>  200mg/24h) (%) (retool/l) b (retool/l) b 

Without retinopathy 113 -+ 22 

Background retinopathy 104 + 22 

Proliferative retinopathy 85 + 25 

1 (9%) 4.7 _+ 0.8 3.0 -+ 0.8 

1 (10%) 5.2--+0.6 3.3 -+0.6 

4 (40%) 5.4 -+ 0.7 3.8 -+ 1.0 

Results expressed as mean _+ SD 
Trend within diabetic subjects : ~ p <0.025; b p <0.05 

and LDL cholesterol (y = - 0.012x + 4.5 where y is 
LDL and x is creatinine clearance; r = - 0.34, n = 
30, p = 0.05). Although these relationships were 
weak, they tended to bias the results of the study, 
therefore the regression equations were used to adjust 
total and LDL cholesterol to a standard creatinine 
clearance of 100ml/min. The mean adjusted values 
are shown in Table 3 ; the trend towards higher cho- 
lesterol with increasing severity of retinopathy re- 
mained statistically significant following this adjust- 
ment. 

Discussion 

These findings suggest that raised levels of LDL cho- 
lesterol, or a reduced ratio of HDL to LDL cholester- 
ol, might play a part in the pathogenesis of diabetic 
retinopathy. However, proof could only come from a 
prospective study since disturbed lipid metabolism 
might be a consequence rather than a cause of micro- 
angiopathy. The minor clinical differences between 
groups are unlikely to have influenced the results 
significantly since neither diabetes duration, body 
weight nor blood pressure correlated significantly 
with cholesterol concentrations. Renal impairment, 
which is common in diabetic patients with retinop- 
athy [21], tended to increase cholesterol levels. How- 
ever, LDL cholesterol remained significantly corre- 
lated with retinopathy despite adjustment to a stand- 
ard creatinine clearance. It seems improbable that the 
association between cholesterol and retinopathy was 
secondary to the minor differences in diabetic con- 
trol: poor diabetic control is associated more with hy- 
pertriglyceridaemia and hypercholesterolaemia [4], 
and there was no correlation between lipid concentra- 
tions and levels of HbA~ or glucose. It is perhaps sur- 
prising that we did not find a relationship between 
control and triglyceride concentrations. The degree of 
hyperglycaemia in these patients may not have been 
sufficient to alter levels appreciably. 

The relationship between plasma lipids and reti- 
nopathy has practical importance since lipid-lower- 
ing agents might be beneficial for retinopathy. Most 
clinical trials studied patients with severe exudative 
retinopathy and showed no effect on visual prognosis 
[14, 17, 22-25]. One report suggested that a diet rich in 
polyunsaturated fats delayed the progression of ret- 
inopathy [26], but the criteria for progression and the 
extent of the difference between groups were not stat- 
ed. The role of cholesterol in the pathogenesis of ret- 
inopathy deserves further study. Lipid-lowering at an 
early stage of diabetes might delay or prevent the pro- 
gression of microangiopathy. 
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