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Figs. 1-4. Fltorescein angiograms in early, arteriovenous, and latephase (about2 minutes), depicting alterations at the
RPE level (arrows). Fig. 1 Hyperfluorescent lesion inpapillo-maculararea; female aged 54, borderline OGTT.
Fig. 2 Multiple tiny drusen-like changes;female aged 40, borderline OGTT. Fig. 3 Hyperfluorescentspots and a confluent area
ofattenuatedRPE abovefovea; male aged 42, decreased OGTT. Fig. 4 Indistinctly bordered hyperfluorescentspots; male
aged 47, decreased OGTT.

normal fasting blood glucose and OGTT. This figure
underestimates the incidence of these lesions, since
only a 30° view of the fundus was assessed. Recently,
subtle morphological elements visible both on fluor-
escein angiograms and colour photographs were
reported in about 30% of normal subjects when a 450
view of the fundus was examined.4 This figure, when

extrapolated to a 300 view, would correspond to the
23% in our normal controls.

In subjects with borderline OGTT the incidence of
RPE lesions increased to about 35% and in those
with decreased OGTh' to 49%. Such a trend towards
a higher incidence of retinal lesions parallel with
increased disturbances of glucose tolerance is sup-

418

 group.bmj.com on February 12, 2012 - Published by bjo.bmj.comDownloaded from 



Retinal changes andglucose tolerance

ported by observations of such changes in insulin-
dependent diabetics with an onset of the disease prior
to the age of 40 years; patients younger than 50 years
showed RPE lesions in 53%, and those who were
older in 70% .' In a similar study the incidence of RPE
lesions in juvenile diabetics was as high as 80%.8

In general, RPE lesions increase with age and
probably proceed to senile macular degeneration.9
However, electron microscopy has revealed initial
RPE changes as early as the age of 30.'1 In the
angiographic 'window' defects the RPE is attenu-
ated, with partial or complete loss of melanin
granules, and may be associated with sclerosis of the
subjacent choriocapillaries." RPE lesions are often
accompanied by drusen, which are regarded as
residual products of insufficient phagocytosis by the
RPE of photoreceptor outer segments, and recog-
nised as basal lamina deposits on Bruch's mem-
brane. 12 Drusen are often found in diabetics'3
The scantiness of microaneurysms (found in only

two subjects) and the absence of other vascular
abnormalities indicate that morphological retinal
microangiopathy is rare in conditions prior to mani-
fest diabetes.

In human diabetics increased accumulation of
fluorescein into the vitreous, as shown by fluoro-
photometry, is an early finding which may precede
angiographically detectable retinal microangio-
pathy.'4 In streptozotocin diabetic rats, also, an
enhanced intravitreal concentration of this dye is
seen very early during the disease."' The reason for
the increased fluorescein accumulation is not clear.
Fluorescein is probably eliminated from the vitreous
by an active transport mechanism,'6 and several
observations suggest that the RPE may be involved in
this process.

Early morphological alterations of the RPE were
reported in Streptozotocin-induced'7 and spontane-
ously diabetic rats.'8
The fluorescein extrusion from eyes of normal and

diabetic rats can be inhibited by sodium iodate, a
substance that results in damage to the RPE. 19 21)
Although conclusive evidence is lacking, impaired

function of the RPE may be an early change in
experimental diabetes and possibly in human dia-
betes as well. An interesting question is whether the
changes described here constitute an early retinal
alteration which goes on to the microangiopathy
characteristic of diabetic retinopathy. If so, the RPE
changes might possibly be used as an early marker for
this type of retinopathy. Only prospective studies can
solve this problem. For this reason the subjects with
impaired glucose tolerance with or without RPE

alterations are being re-examined with regard to
glucose tolerance and RPE changes.

This study was supported by a grant from the Swedish Diabetic
Association, Stockholm.

References

1 Soler NG, Fitzgerald MG, Maslins JM, Summers ROC. Retino-
pathy at diagnosis of diabetes, with special reference to patients
under 40 years of age. Br MedJ 1969; Il: 567-9.

2 Zetterstrom B, Gjotterberg M. The diagnosis of retinopathy by
fluorescein angiography in latent diabetes. Acta Ophthalmol
(KGL) 1974; 52: 1-12.

3 Harrower ADB, Clarke BF. Diabetic retinopathy with normal
glucose tolerance. Br J Ophthalmol 1976; 60: 459-62.

4 Nielsen NV. The normal retinal fluorescein angiogram. Acta
Ophthalmol (KGL) 1982; 60: 657-70.

5 Efendic S, Wajngot A, Cerasi E, Luft R. Insulin release, insulin
sensitivity, and glucose intolerance. Proc NatI Acad Sci USA
1980; 77:7425-9.

6 Reaven GM, Bernstein R, Davis B, Olefsky JM. Nonketotic
diabetes mellitus: insulin deficiency or insulin resistance? Am J
Med 1976; 60: 80-8.

7 Jerneld B, Algvere P. The prevalence of retinopathy in insulin-
dependent juvenile-onset diabetes mellitus-a fluorescein
angiographic study. Acta Ophthalmol (KGL) 1984; 62: 617-30.

8 Palmberg P, Smith M, Waltman S, et al. The natural history of
retinopathy in insulin-dependent juvenile-onset diabetes
Ophthalmology 1981; 88:613-8.

9 Sarks SH. Ageing and degeneration in the macular region: a
clinico-pathological study. BrJ Ophthalmol 1976; 60: 324-41.

10 Hogan MJ. Role of the retinal pigment epithelium in macular
disease. Trans Am Acad Ophthalmol Otolaryngol 1972; 76:
64-80.

11 Keno DD, Green R. Retinal pigment epithelial window defect.
Arch Ophthalmol 1978; 96: 854-6.

12 Kornzweig AL. Ageing of the retinal pigment epithelium. In:
Zinn KM, Marmor MF, eds. The retinal pigment epithelium.
Cambridge, Mass: Harvard University Press, 1979: 478-95.

13 Yanoff M, Fine B. Ocular pathology. 2nd ed. Hagerstown,
Philadelphia, Harper and Row: 1982: 715.

14 Cunha-Vaz JG, Goldberg MF, Vygantas C, Noth J. Early
detection of retinal involvement in diabetes by vitreous fluoro-
photometry. Ophthalmology 1979; 86: 264-75.

15 Waltman S, Krupin T, Hanish S, Oestrich C, Becker B.
Alteration of the blood-retinal barrier in experimental diabetes
mellitus. Arch Ophthalmol 1978; 96: 878-9.

16 Blair NP, Zeimer RC, Rusin MM, Cunha-Vaz JG. Outward
transport of fluorescein from the vitreous in normal human
subjects. Arch Ophthalmol 1983; 101: 1117-21.

17 Grimes PA, Laties AM. Early morphological alteration of the
pigment epithelium in streptozotocin-induced diabetes:
increased surface area of the basal cell membrane. Exp Eye Res
1980; 30: 631-9.

18 Blair NP, Tso MOM, Dodge JT. Pathologic studies of the blood-
retinal barrier in the spontaneously diabetic BB rat. Invest
Ophthalmol Vis Sci 1984; 25: 302-11.

19 Anstadt B, Blair NP, Rusin M, Cunha-Vaz JG, Tso MOM.
Alteration of the blood-retinal barrier by sodium iodate: kinetic
vitreous fluorophotometry and horseradish peroxidase tracer
studies. Exp Eye Res 1982; 35: 653-62.

20 Krupin T, Waltman SR, Szewczyk P. et al. Fluorometric studies
on the blood-retinal barrier in experimental animals. Arch
Ophthalmol 1982; 100: 631-4.

419

 group.bmj.com on February 12, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/
http://group.bmj.com/


doi: 10.1136/bjo.69.6.416
 1985 69: 416-419Br J Ophthalmol

 
P Algvere, S Efendic, R Luft, et al.
 
tolerance.
and decreased oral glucose 
subjects with normal, borderline,
pigment epithelial lesions in 
Retinal microangiopathy and

 http://bjo.bmj.com/content/69/6/416
Updated information and services can be found at: 

These include:

References
 http://bjo.bmj.com/content/69/6/416#related-urls

Article cited in: 

service
Email alerting

online article.
thearticle. Sign up in the box at the top right corner of 

Receive free email alerts when new articles cite this

Notes

 http://group.bmj.com/group/rights-licensing/permissions
To request permissions go to:

 http://journals.bmj.com/cgi/reprintform
To order reprints go to:

 http://group.bmj.com/subscribe/
To subscribe to BMJ go to:

 group.bmj.com on February 12, 2012 - Published by bjo.bmj.comDownloaded from 

http://bjo.bmj.com/content/69/6/416
http://bjo.bmj.com/content/69/6/416#related-urls
http://group.bmj.com/group/rights-licensing/permissions
http://journals.bmj.com/cgi/reprintform
http://group.bmj.com/subscribe/
http://bjo.bmj.com/
http://group.bmj.com/

