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The long-established close relation-
ship between the renal and retinal
complications of insulin-dependent

diabetes mellitus (IDDM) (1) has been
further described by Chavers et al. (2),
who demonstrate considerable patholog-
ical concordance between these two often
devastating complications. However, the
concordance was not absolute, for while
57% of those with advanced retinopathy
also had overt nephropathy (ON), 13%
had normal measures of glomerular struc-
ture and only low-level microalbumin-
uria (MA) or normal urinary albumin
excretion. This important study, investi-
gating the association between patholog-
ical changes in the kidney and retinal tis-
sues, was based on a relatively small
sample of patients with IDDM (n = 86)
who were being considered for pancreas
transplantation. These subjects were,
therefore, not likely to be fully represen-
tative of all IDDM patients. A further (un-
derstandable) limitation of the study was
that the authors did not examine the rela-
tionship between risk factors other than
hypertension and the above-mentioned
complications.

To examine such issues in a

broader epidemiological context, we re-
view data on the concordance of renal and
retinal disease from the Epidemiology of
Diabetes Complications (EDC) Study, a
large on-going prospective investigation
of the development of IDDM complica-
tions in an incident-defined cohort of
childhood-onset IDDM patients.

The EDC Study prevalence rates
of the major complications based on in-
formation obtained at baseline (1986-
1988) from this cohort (all diagnosed as
children between 1950 and 1980) have
been published (3). All subjects who
agreed to take part (n = 658, mean age 28
years, mean duration 20 years) attended
the Diabetes Research Center (Pittsburgh,
PA) for a full clinical examination, includ-
ing blood and urine analysis, the methods
for which have been reported extensively
elsewhere (3,4). At baseline, a prevalence
of ON (defined as an albumin excretion
rate >200 /xg/min in multiple timed
urine samples) of 29% for males and 23%
for females was observed. For prolifera-
tive retinopathy (PR) (defined as grade 60
or higher in at least one eye, according to
the modified Airlie House classification
(5) of stereo fundus photographs), these
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figures were 33% for males and 30% for
females. A strong association with dura-
tion of diabetes was observed for both
complications, in common with other
studies (6,7). For example, at 10 years'
duration, prevalence rates for nephropa-
thy were only 2% for males and 0% for
females, while the rates for PR were 0%
for males and 2% for females. By 30 years'
duration, however, prevalence rates for
nephropathy reached 50% for males and
40% for females. Rates for PR were even
higher at 80% (males) and 70% (females)
by this time. As the vast majority of pa-
tients will thus develop advanced reti-
nopathy, considerable concordance of
complications will occur simply because
of the high prevalence rates and shared
associations with duration.

In one approach, to account for
duration effects, individuals who had had
IDDM for 25 years or more were consid-
ered separately (4), based on the assump-
tion that most subjects who have an ac-
celerated course of complications will
have developed such complications by
this duration. In support of the report of
Chavers et al. (2), considerable discor-
dance between nephropathy and retinop-
athy was found. Of the subjects who had
PR, 49% did not have ON. Indeed, 22%
did not even have MA (defined as an al-
bumin excretion rate 20-200 /ig/min in
multiple timed urine samples) (8). Thus,
it seems unlikely that renal and retinal
disease are linked genetically, unless two
types of retinal disease exist—one linked
to and the other independent of renal
disease.

A further suggestion from EDC
data, also consistent with the report by
Chavers et al. (2), is that virtually all those
with IDDM will develop some degree of
most complications given sufficient dura-
tion and, at least for the microvascular
complications of IDDM, hyperglycemic
exposure. This is illustrated in Table 1,
where EDC subjects are stratified (based
on the median split of the distribution for
the total EDC population) by both glyce-
mic control (HbAx) and duration of dia-
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Table 1—The EDC Study: prevalence of renal and retinal disease by duration of diabetes
and glycemic control

Duration of diabetes

< 18.5 years > 18.5 years

Fair control (HbAx <10.2%)
PR and ON
AR/PR and MA/ON

Poor control (HbAx >10.2%)
PR and ON
AR/PR and MA/ON

5(7)*
17(26)

6(11)
17(30)

25(45)
42(75)

34(51)
61(92)

Data are % (n). The ORs (95% confidence interval) for PR/ON and AR+/MA+ for control (poor vs. fair) are
1.3(0.8-1.9) and 1.4(1.0-1.9) and for duration (>18.5 vs. <18.5 years) are 7.0(4.0-12.4) and 4.9(3.4-
7.2), respectively. *P < 0.001, compared with duration ^18.5 years.

betes. Saline incubated HbA: was mea-
sured initially by microcolumn cation-
exchange chromatography (Isolab, Akron,
OH). Approximately halfway through the
baseline examination, a high-perfor-
mance liquid chromatography method
(Diamat, Bio-Rad, Hercules, CA) was in-
troduced, which correlated strongly with
the microcolumn method [r = 0.96; Dia-
mat (HbAx) = -0 .18 + 1.00 Isolab
(HbA^l. The proportion of those with
both PR and ON or with at least both AR
and MA at baseline is reported. Table 1
also illustrates the powerful effect of du-
ration on the development of complica-
tions. Furthermore, while only 17% of
subjects with <18.5 years' duration in
fair control had both retinal and renal dis-
ease (i.e., at least AR and MA), these rates
were over three times higher (61%) in
those with poor control and a duration of
18.5 years or more. Interestingly, the
level of glycemic control had a much
smaller effect than the duration on the
prevalence of these complications (odds
ratio [OR] = 1.4 vs. 4.9, respectively).
Adjusting the control ORs for duration
and vice versa had minimal effect (i.e., 1.6
and 5.1, respectively). Because prospec-
tive data, including that from clinical tri-
als (9,10), have confirmed a considerable
role for glycemic control as a risk factor
for the development of microvascular di-
abetes complications, these cross-sec-
tional data may understate the role of gly-

cemic control. However, they do help to
put the dual roles of glycemia and dura-
tion into perspective. Thus, the key factor
is likely to be the product of duration X
hyperglycemia with glycemic control and
duration being at least additive factors.
Although poor control (hyperglycemia)
will lead to earlier complications, eventu-
ally even those in good control will build
up sufficient exposure (i.e., duration) to
lower degrees of hyperglycemia to de-
velop the complications.

Thus, much of the concordance of
retinal and renal disease may relate to
shared links with duration and hypergly-
cemia. However, other variables should
also be considered as possible determi-
nants of the concordance of these two
complications. In particular, blood pres-
sure may relate to the concordance be-
tween retinopathy and nephropathy, as it
both has been implicated in the develop-
ment of these complications (11-14) and,
confusingly, is exacerbated by renal dis-
ease, potentially giving rise to a self-
perpetuating cycle of complication pro-
duction. Chavers et al. (2) and others
(11-13) suggest that hypertension is a
major mediator of the renal-retinal link.
Chavers et al. (2) showed that 89% of the
hypertensive subjects in their study had
retinopathy and the vast majority (93%)
of the 28 subjects with ON and hyperten-
sion also had advanced retinopathy (2).
The association between hypertension

and PR was also investigated in a recent
EDC report on the 2-year incidence of PR.
Interestingly, although hypertension was
found to be significantly associated with
subsequent PR, this was true only in sub-
jects with ON (14). Blood pressure levels
were not significantly higher in subjects
who developed PR but who did not have
ON at baseline. These data confirm the
importance of hypertension in explaining
the nephropathy-retinal link, data further
confirmed by the 4-year incidence analy-
ses from the EDC Study (15).

Other potential risk factor links
include lipoproteins and fibrinogen
(15,16). In a series of Cox Proportional
Hazards models for the 4-year incidence
of each complication in the EDC Study,
namely PR, MA, ON, and renal failure
(RF) (defined as on dialysis/post-kidney
transplant or having a serum creatinine
>5mg/dl), the best prediction models for
all these endpoints included hyperten-
sion, with glycemic control also being im-
portant for both PR and the early stages of
nephropathy (MA) (9). Other risk factors
were lipoproteins (low-density lipopro-
tein [LDL] cholesterol in MA and ON,
high-density lipoprotein cholesterol in
PR, triglycerides in PR and RF, and fibrin-
ogen in MA and ON, with total platelet
count also contributing to PR). Interest-
ingly, adding nephropathy did not im-
prove the prediction of PR, suggesting
that the link between nephropathy and
PR is largely explained by common risk
factors, in this case blood pressure and
lipoproteins. This confirmed an earlier re-
port using multiple logistic regression
analyses rather than Cox modeling,
which also showed that the association
between nephropathy and the 4-year in-
cidence of PR was predicted in multivari-
ate models by the presence of hyperten-
sion, total platelet count, and fibrinogen
just as well as it was predicted by the pres-
ence of nephropathy (15).

Further analyses from the EDC
Study have shown strong lipid associa-
tions with renal disease, with LDL choles-
terol being the major predictor of the in-
cidence of MA (17) and the major
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correlate of the regression of ON (18).
These observations raise the possibility of
another potential approach to preventing
renal (and retinal) disease, i.e., lipid mod-
ulation.

In conclusion, the considerable
concordance of nephropathy and reti-
nopathy observed in various studies, in-
cluding our own, is far from absolute. The
association between these two serious
complications may be largely mediated
by shared associations with factors such
as disease duration and the degree of hy-
perglycemia. In addition, hypertension
and elevated lipoprotein concentrations,
both of which may be further affected by
the development of renal disease itself,
appear to relate to the pathogenesis of
both complications. While the impor-
tance of maintaining good glycemic con-
trol is now accepted and part of everyday
clinical practice, it should also become a
priority to reduce blood pressure levels (a
recent angiotensin converting enzyme in-
hibitor trial should provide further impe-
tus for this [191) and to consider evalua-
tion of aggressive treatment of lipid
abnormalities to further attempt to delay
the onset of both nephropathy and reti-
nopathy.
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