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Summary Several studies have shown an association 
between blood pressure and nephropathy, but few 
have been large enough to examine whether, or how, 
this relation is influenced by retinopathy. We have 
therefore examined the independent  relations of 
blood pressure to urinary albumin excretion and reti- 
nopathy in a cross-sectional observational study of 
over 3000 insulin-dependent diabetic patients (the 
E U R O D I A B  IDDM Complications Study). The re- 
lation of blood pressure to urinary albumin excretion 
differed strikingly between patients with (46 %) and 
without (54 %) retinopathy. In those with retinopa- 
thy, mean urinary albumin excretion rate was normal 
(<20~g /min )  below median diastolic pressure 
(75 mmHg)  and increased steeply (p < 0.001) with 
blood pressure above this level. However, in patients 

without retinopathy, mean albumin excretion rate 
was normal across the range of diastolic pressure. 
This finding could not be explained by differences in 
glycaemic control or duration of diabetes between 
patients with and without retinopathy. These data 
identify a subgroup of patients whose high risk of ne- 
phropathy may reflect abnormal renal vulnerability 
to mildly raised blood pressure. Retinopathy is a 
close correlate of this vulnerability. Detect ion of 
even mild retinopathy, together with raised blood 
pressure, may be important in assessing nephropathy 
risk. [Diabetologia (1995) 38: 599-603] 
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Insulin-dependent diabetes mellitus ( IDDM) is be- 
coming more common in Europe [1] and few pa- 
tients escape its complications. The great majority 
can expect to develop retinopathy [2, 3], but only 
about 30 % are at risk of nephropathy [4, 5]. Dura- 
tion of diabetes and poor blood glucose control are 
established risk factors for these complications [6], 
but leave much of the individual's risk unexplained. 
Attention has therefore been focused on raised 
blood pressure as a modifiable risk factor for these 
complications [7-10]. However, it is not clear wheth- 

er, or to what extent, raised blood pressure is related 
independently to each of these complications. Large 
numbers of patients are needed to address this ques- 
tion adequately. 

Using cross-sectional data from a large random 
sample of clinic-attending I D D M  patients (the 
E U R O D I A B  I D D M  Complications Study), we have 
examined the association between retinopathy and 
nephropathy, and the independent  relations of blood 
pressure to retinopathy and urinary albumin excre- 
tion. 
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Subjects and methods 

The EURODIAB IDDM Complications Study is a clinic- 
based study in 31 European centres designed to explore risk 
factors for diabetic complications. Patient selection and meth- 
ods are described in detail elsewhere [11]. In brief, each centre 
selected a stratified random sample of clinic-attending pa- 
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Table 1. Association between retinopathy and albuminuria 

Normal A E R  Microalbuminuria Macroalbuminuria Total 
< 20 ~tg/min 20-200 ~tg/min > 200 ~g/min 

No 1044 a 81.6 %b 229 a 17.9 %b 21 ~ 1.6 %b 1280 
retinopathy 60.9 % r 44.9 % ~ 11.5 % c 

Non-proliferative 572" 67.2 %b 208 a 24.6 %b 76 ~ 9.0 %b 844 
retinopathy 33.4 %~ 40.8 % 41.8 %~ 

Proliferative 96 a 37.8 %b 73" 28.7 %b 85 a 34.0 %b 254 
retinopathy 5.7 %~ 14.3 %~ 46.2 %~ 

Total 1686 510 182 2378 

a Number of patients; b row percent; c column percent 

tients, with IDDM defined as onset of diabetes before the age 
of 36 years with continuous insulin treatment initiated less 
than i year from diagnosis. The study was comprised of 
3250 patients (51% male), but two centres did not measure re- 
tinopathy, and some urine samples were not suitable for mea- 
surement of albumin excretion on arrival at the central labora- 
tory. Therefore, data were available for analysis of the relation 
between blood pressure and urinary albumin excretion rate 
(AER) in 3046 patients, of whom 2378 also had data on retino- 
pathy. Mean (SD) age of patients in the study was 32.7 
(10.2) years, and mean duration of diabetes 14.7 (9.3) years. 

Sitting blood pressure was measured to the nearest 
2 m m H g  with a random zero sphygmomanometer after 5 min 
rest, and the mean of two readings used for analysis. A E R  
was measured in a central laboratory [11] from a timed 24-h ur- 
ine collection after excluding proteinuria due to urinary tract 
infection. A E R  was defined as normal below 20 ~g/min, and 
raised at or above that level. Raised A E R  was also categori- 
sed as microalbuminuria (20-200 ~g/min) or macroalbumi- 
nuria ( > 200 ~g/min). HbAI~ was measured by an enzyme im- 
munoassay [12] in a central laboratory (normal range 2.9 to 
4.8 %). Retinopathy was measured by photography of two ret- 
inal fields per eye. A single observer graded all retinal photo- 
graphs by field-by-field, lesion-by-lesion comparison with stan- 
dard photographs. Proliferative retinopathy was defined as any 
new vessels, fibrous proliferations, vitreous haemorrhages or 
photocoagulation scars. Severe background retinopathy was 
defined as any cotton wool spots, intra-retinal microvascular 
abnormalities, venous beading or severe haemorrhages/micro- 
aneurysms. The remaining retinopathy consisted of non-se- 
vere haemorrhages/microaneurysms alone and was defined as 
mild background retinopathy. 

Stat&tical analysis 

The statistical power to detect relations between key variables, 
such as blood pressure and AER, within centres was estimated 
assuming that most centres would recruit 140 patients. This 
would allow a difference of 14 % in the frequency of macro- 
albuminuria between patients in the upper and lower halves 
of blood pressure distribution to be detected, with over 80 % 
power at 5 % significance, assuming the prevalence of macro- 
albuminuria in the lower half to be 3 %. Pooled data from all 
centres are presented because the relation between blood pres- 
sure and albuminuria was similar in all centres. Ten percent of 
patients were on antihypertensive treatment. Blood pressure 
(mean + SD) in these patients (systolic 141 + 22 mmHg, dia- 
stolic 84 + 12 mmHg)  was considerably higher (p < 0.001) 
than in untreated patients (systolic 119 _+ 16 mmHg, diastolic 
75 + 11 mmHg).  Assuming that the pre-treatment levels of 
both blood pressure and A E R  were higher than the levels 

measured on treatment, exclusion of treated patients would 
probably lead to underestimation of the strength of the true 
(without treatment) relation between blood pressure and 
AER. To avoid such bias, treated patients were included in an- 
alyses of the relation between blood pressure and AER. 

A E R  was log transformed before analysis because of its pos- 
itively skewed distribution. The relation between blood pres- 
sure and geometric mean A E R  is presented for all patients and 
for groups stratified by retinopathy and glycaemic control. For 
stratification, glycaemic control was defined as good if HbAa~ 
was below 6.7 % (median HbAlc ) and poor if HbAlc was 6.7 % 
or greater. Blood pressure was treated as a series of discrete 
(dummy) variables, i.e. each level of diastolic pressure 
( < 65 mmHg, 65-70 m m H g  etc) was treated as a separate vari- 
able and each individual assigned a score of 0 or i on each vari- 
able. At  each level of blood pressure, mean A E R  was adjusted 
for duration of diabetes and/or HbAlc using a least-squares re- 
gression model. The adjusted means are the values predicted in 
the model when the other variables are held at their mean va- 
lues. Addition of a term for centre had no effect. Other terms 
were added to see whether the relation of blood pressure to 
A E R  differed between strata, e.g. between patients with and 
without retinopathy (test for interaction). Prevalence of retino- 
pathy in groups defined by blood pressure level ( < 65 mmHg, 
65-75 mm Hg etc) was adjusted for HbAlc and duration of dia- 
betes by direct standardisation to the distribution of I-tbAl~ 
and duration of diabetes in the whole sample. 

Results 

T h i r t y - o n e  p e r c e n t  o f  pa t i en t s  (95 % c o n f i d e n c e  in- 
t e rva l  30 % - 3 2  % )  h a d  ra i sed  A E R  and  46 % (44 % -  
48 % )  h a d  r e t i nopa thy .  T h e r e  was  a pos i t ive  assoc ia-  
t i on  b e t w e e n  d e g r e e  o f  r e t i n o p a t h y  and  level  o f  a lbu-  
m i n u r i a  (Table  1). M a c r o a l b u m i n u r i a  w i t h o u t  r e t i no -  
p a t h y  was  rare ,  bu t  r e t i n o p a t h y  w i t h o u t  n e p h r o p a t h y  
was  n o t  (38 % o f  pa t i en t s  wi th  p ro l i f e r a t i ve  r e t i n o p a -  
t hy  h a d  n o r m a l  A E R ) .  I n  v i ew o f  this assoc ia t ion ,  
t he  i n d e p e n d e n t  r e l a t i o n  b e t w e e n  b l o o d  p r e s s u r e  
a n d  e a c h  c o m p l i c a t i o n  was  e x a m i n e d  af te r  s t ra t i fy-  
ing  b y  the  o t h e r  c o m p l i c a t i o n .  

T h e  r e l a t i o n  b e t w e e n  d ias to l ic  b l o o d  p r e s s u r e  a n d  
A E R  fo r  all pa t i en t s  is s h o w n  in F igu re  i ( t op  pa-  
nel) .  A t  d ias to l ic  p r e s s u r e  b e l o w  80 m m H g ,  t h e r e  
was  a shallow, l inea r  i nc rea se  in A E R  wi th  b l o o d  
p ressure .  A b o v e  80 m m H g ,  A E R  i n c r e a s e d  s t eep ly  
wi th  d ias to l ic  p ressure .  F igu re  1 ( lower  p a n e l )  a lso 
shows  a s t r ik ing  d i f f e r ence  (p < 0.001, tes t  f o r  in t e rac -  
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Fig. 1. Geometric mean AER by diastolic blood pressure in all 
patients (top, n = 3046) and in those with (n = 1098) and with- 
out (n = 1280) retinopathy (bottom). Geometric means with 
95 % confidence intervals are adjusted for duration of dia- 
betes and HbAlc 
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tion) in the relation of diastolic pressure to A E R  be- 
tween patients with and without retinopathy. In pa- 
tients with retinopathy (lower panel, upper curve), 
geometric mean A E R  was normal ( < 20 ~tg/min) be- 
low median diastolic pressure (75 mmHg)  but  in- 
creased steeply (/)<0.001) with blood pressure 
above this level. But in those without retinopathy 
(lower panel, lower curve), there was no significant 
(p = 0.3) relation between blood pressure and geo- 
metric mean A E R  which was normal across the 
range of diastolic pressure. By contrast, over a third 
of patients with normal A E R  and low diastolic pres- 
sure had retinopathy (Table 2). The difference in rela- 
tion of diastolic pressure to retinopathy between pa- 
tients with normal and raised A E R  was of borderline 
significance (p = 0.05, test for interaction). The rela- 
tion between blood pressure and A E R  was consis- 
tent within centres and sexes; the pattern described 
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Fig.2. Frequency of raised AER by diastolic blood pressure in 
patients with no retinopathy ([~), mild background ([]), se- 
vere background ([~) and proliferative retinopathy ( , )  

above was not confined to certain centres and did 
not differ appreciably between men and women. 

More detailed analysis (Fig. 2) showed a significant 
increase in frequency of raised A E R  with blood pres- 
sure at each level of retinopathy (p < 0.0001 for pro- 
liferative, p = 0.006 for severe background and 
p < 0.0001 for mild background retinopathy) except 
none (p = 0.1). Figure 2 also allows the strength of 
the relation between diastolic pressure and A E R  to 
be compared between groups with different levels of 
retinopathy. The increase in frequency of raised 
A E R  with blood pressure was more marked 
(p = 0.003, test for interaction) in thosewith more ad- 
vanced levels of retinopathy. 

Figure 3 shows the relation between blood pres- 
sure and AER,  stratified by retinopathy and glyc- 
aemic control. In patients with no retinopathy, mean 
A E R  was normal even when blood pressure was 
high and glycaemic control poor. In patients with reti-" 
nopathy, the increase in A E R  at higher levels of 
blood pressure was greater (p = 0.05, test for interac- 
tion) when control was poor. 

Table 2. Prevalence of retinopathy by diastolic pressure and level of AER 

Diastolic blood pressure 
(mmHg) 

Normal AER ( < 20 ~tg/min) 

Prevalence of retinopathy 

Raised AER ( _> 20 ~tg/min) 

Prevalence of retinopathy 

Crude Adjusted a (95 % CI) Crude 
(%) (%) (%) 

Adjusted a (95 % CI) 
(%) 

< 65 33.8 35.2 (31.7, 38.6) 46.8 
65 - 36.1 37.1 (34.8, 39.5) 54.4 
75 - 42.9 41.1 (38.7, 43.6) 63.8 
85 - 42.7 42.7 (39.1, 46.3) 76.6 
95 + 42.5 38.0 (28.8, 47.2) 81.2 

54.4 (47.7, 61.0) 
60.8 (56.3, 65.3) 
65.0 (61.3, 68.7) 
68.3 (63.8, 72.9) 
80.1 (73.8, 86.5) 

a Prevalence of retinopathy adjusted for HbAlc and duration of diabetes. CI, Confidence interval 
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Fig.3. Geometric mean AER by diastolic blood pressure in 
patients with (R + ) and without (R - ) retinopathy, by good 
(G) and poor (P) glycaemic control. Geometric means with 
95 % confidence intervals are adjusted for duration of diabetes 

Findings were similar when relations with A E R  
were analysed with systolic blood pressure in place 
of diastolic pressure (data not shown). 

Discussion 

An association between raised blood pressure and al- 
buminuria in I D D M  has been shown in several stud- 
ies [13-15], but a striking difference in the relation 
of blood pressure to albumin excretion between pa- 
tients with and without retinopathy has not been de- 
scribed before. We could not explain this unexpected 
finding by differences in known risk factors for ne- 
phropathy, i. e. glycaemic control and duration of dia- 
betes, between patients with and without retinopathy. 
The stratified analysis by glycaemic control clearly 
shows that lack of association between blood pres- 
sure and A E R  in patients without retinopathy was 
not simply a reflection of better control in these pa- 
tients. Selection bias in a clinic-based study is an un- 
likely explanation [11] because clinic at tendance 
would have to depend on a complex interrelation be- 
tween at least one exposure (blood pressure) and 
two outcomes (albuminuria and retinopathy), 

These data indicate a group of patients whose high 
risk of nephropathy might reflect increased renal vul- 
nerability to raised blood pressure. Retinopathy is 
presumably a close marker  of this vulnerability. This 
interpretation assumes that raised albumin excretion 
is a response to, rather than a cause of, mildly raised 
blood pressure. Although this sequence of events is 
still debated [16], our interpretation of this cross-sec- 
tional data offers a plausible explanation for the 
well-recognised association between retinopathy and 
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nephropathy, in which nephropathy without retino- 
pathy is rare but retinopathy without nephropathy is 
common. The alternative explanation for this associa- 
tion, in terms of blood pressure, is that patients with 
nephropathy develop retinopathy regardless of 
blood pressure, while patients without nephropathy 
only develop retinopathy when blood pressure is 
high. This clearly does not fit with the common occur- 
rence of retinopathy in patients with normal A E R  
and low blood pressure, nor the weak association be- 
tween blood pressure and retinopathy in these pa- 
tients. A stronger association might be expected 
since hypertension has been linked with increased 
retinal blood flow and retinopathy [17, 18], but other 
clinical studies [19-21] have not generally found a 
strong association between hypertension and retino- 
pathy, independent  of nephropathy. 

We suggest that diastolic blood pressure above 
75 m m H g  in I D D M  patients with even mild, non- 
sight-threatening retinopathy may be an important in- 
dicator of susceptibility to nephropathy. In these pa- 
tients, poor glycaemic control increases the risk of ne- 
phropathy. This interpretation of cross-sectional data 
needs to be examined prospectively. If confirmed, it 
should lead to better definition of high-risk patients, 
in whom intervention might be most effective. 
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