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PAPERS AND SHORT REPORTS

Factors protective against retinopathy in insulin-dependent
diabetics free of retinopathy for 30 years

TIMOTHY DORNAN, J I MANN, ROBERT TURNER

Abstract

To investigate which factors might protect against the
development of retinopathy 40 insulin-dependent dia-
betics who had remained free from retinopathy despite
diabetes of long duration (mean±l SD 30±10 years)
were compared with 40 patients who had background
and 47 who had proliferative retinopathy (mean durations
of disease 16+ 5 and 19± 5 years respectively). The three
groups had had similar mean ages at onset of diabetes.
The mean of all postprandial blood glucose measure-
ments at hospital clinics from diagnosis of diabetes to
detection of retinopathy, or to the most recent negative
eye examination, was 9 9±2-1 mmol/l (178±38 mg/100 ml)
in the group with no retinopathy, 11 8±21 mmol/l
(213±38 mg/100 ml) in those with background retino-
pathy, and 12 4±2-1 mmol/l (223±38 mg/100 ml) in those
with proliferative retinopathy (p <0 0001). This difference
was not reflected in present concentrations of haemo-
globin Alc, probably because glycaemic control had been
improved after the development of retinopathy. In the
groups with background and proliferative retinopathy
there were significant negative correlations between
mean blood glucose concentrations and the number of
years that had elapsed from diagnosis of diabetes to
detection of retinopathy, suggesting that the development
of both grades of retinopathy depends on the degree and
duration of glycaemic exposure.
The patients with no retinopathy had attended clinic

more frequently (p <0 025), more of them had required

Diabetes Research Laboratories and Department of Community
Medicine, Radcliffe Infirmary, Oxford OX2 6HE

TIMOTHY DORNAN, DM, MRCP, research fellow (present appointment:
senior registrar in medicine, City Hospital, Nottingham)

J I MANN, PHD, DM, university lecturer in social and community medicine
and honorary consultant physician

ROBERT TURNER, MD, FRCP, clinical reader in medicine

emergency hospital treatment for hypoglycaemia
(p <0 0025), and they tended to have had a lower preva-
lence of hyperglycaemic coma than the other groups.
Although mean percentage ideal body weight and
diastolic blood pressure were lower in the patients with
no retinopathy at the time of study, mean body weight,
blood pressure, and the prevalence of smoking in the
years before the development of retinopathy had been
similar in all groups, suggesting that these did not
influence the development of retinopathy.

Introduction

Retinopathy is a major cause of disability in diabetics. Overall,
its prevalence increases with duration of diabetes,' but there
are remarkable differences between individual patients: some
become blind early in the course of the disease' while others
retain normal vision for 40 years or longer.2 Investigation of
the pathogenesis of retinopathy is complicated by its long
natural history. Case-control comparisons between diabetics
with and without retinopathy after similar durations of diabetes
have been made in an attempt to solve this problem. The
results of cross-sectional studies, however, may be misleading
in several ways, since the development of retinopathy often
prompts a change in the attitudes of patients and physicians
towards glycaemic control.5 Nephropathy, which commonly
accompanies severe retinopathy,l may raise blood pressure and
cause other metabolic changes. The large prospective study of
Pirart6 evaluated the contribution of factors such as glycaemic
control and obesity towards the development of retinopathy, but
few prospective data are available concerning other potential risk
factors in insulin-dependent diabetics.
Many diabetics attend hospitals regularly from diagnosis, and

their case notes contain much information recorded in the years
before the development of retinopathy. We used this source of
information to investigate how insulin-dependent diabetics who
remained free from retinopathy after exceptionally long durations
of diabetes differed from patients who had developed background
or proliferative retinopathy. Evidence that genetic type (the
presence of HLA-DR4) increased the risk of retinopathy has
been presented elsewhere.7 We now report our evaluation of
other factors in these same patients.
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Patients and methods

RECRUITMENT OF PATIENTS

Insulin-dependent diabetics were recruited to the study through
retinopathy screening programmes in three adult diabetic clinics in
the Oxford Region. Fundi were examined carefully with a direct
ophthalmoscope through widely dilated pupils by ophthalmologists
and physicians experienced in fundoscopy for diabetic retinopathy.
If there was doubt about the retinal appearances patients were referred
for more detailed examination by indirect ophthalmoscopy, fundus
photography, and fluorescein angiography.

Forty patients with diabetes of long duration with no or minimal
retinopathy were recruited to the study; 37 yielded normal results on
ophthalmoscopy while three, each of whom had been diabetic for 40
years or longer, had fewer than five red dots visible in both eyes with
no other features of diabetic retinopathy. Thirty-two of the 40 patients
had been diabetic for over 20 years, 16 for 30 years or more, and seven
for 40 years or more. Ten underwent fundus photography or
fluorescein angiography, or both.

Forty patients had background retinopathy, 32 of whom had
developed retinopathy within 20 years after diagnosis. They were all
recruited to a prospective clinical trial of "optimised glycaemic control"
in addition to the present study and underwent fundus photography
and fluorescein angiography; none had disc or peripheral new vessels.
Out of 47 patients with proliferative retinopathy, 24 had developed

retinal new vessels within 20 years after diagnosis. Forty-four had
required photocoagulation, two had become blind before photo-
coagulation was available, and one had peripheral new vessels that did
not require treatment.

All patients were dependent on insulin to prevent severe hyper-
glycaemia or ketosis or both. One hundred and eleven had required
insulin treatment within one year of diagnosis, and the remaining 16
had required insulin within a mean of eight years. All had developed
diabetes by the age of 55 years.

SURVEY OF CASE NOTES

If patients had not attended solely their present hospital since
diagnosis case notes were sought from other hospitals or general
practitioners. Records covering part or all of their diabetic careers
were available for 37 patients without retinopathy and for 33 with
background and 44 with proliferative retinopathy. The date of
diagnosis of diabetes was checked, all measurements of blood glucose
concentration, blood pressure, and body weight were noted, and
hospital attendances were counted. The date when retinopathy had
first been detected was sought in the notes, and no information after
this date was included in the survey; thus all the information analysed
had been recorded before retinopathy was detected. Duration of
disease was expressed as years from diagnosis of diabetes to detection
of retinopathy, or to the most recent negative eye examination for
patients with no retinopathy.
The mean of all measurements of blood glucose concentration made

at afternoon clinics was calculated for each patient. Glucose measure-
ments made at presentation with diabetes-or during hospital admissions
were excluded as repeated measurements during brief periods of
uncontrolled diabetes might have affected the mean value dispro-
portionately. A mean of 27 measurements (range 4-138) was available
for the 114 patients. To obtain an estimate of the frequency of clinic
attendance the total number of clinic attendances was divided by the
time for which the patient had been registered with the hospital(s).
The number of times patients were admitted to hospital with hypo-
glycaemic or hyperglycaemic coma was counted. The mean percentage
ideal body weight was calculated,8 but measurements made before
the age of 20 or during pregnancies were excluded. No previous
record of blood pressure could be found for seven patients; for the
remaining 107 patients a mean of three previous measurements was
available (range 1-13). Mean systolic and diastolic pressures were
calculated.

STATISTICAL ANALYSIS

Trend tests were used to take into account both the differences
between patients with and without retinopathy and the differences
between those with background and proliferative retinopathy. A
permutational test for trend (R Peto, unpublished method; see
appendix) was used for continuous variables and the X2 test for trend10
for discontinuous variables. Standard linear correlation analysis was
also used. The terms "previous" and "present" are used to distinguish
between results of the case-notes survey and measurements made at
the time of the interview. Results are expressed as means t 1 SD, and
two-tailed probability values are given throughout.

Results

The mean age at onset of diabetes was similar in the three groups
-namely, 22± 12 years in the patients without retinopathy, 23 ± 11
years in those with background retinopathy, and 19 ± 9 years in those
with proliferative retinopathy (p>0 1). The mean duration of
diabetes was 30±10 years in the group with no retinopathy, due to
preferential recruitment of patients whose disease was of long duration,
compared with 16 ± 5 and 19 ± 5 years in the patients with background
and proliferative retinopathy respectively. Men constituted 50%
(20/40) and 55% (22/40) of the groups with no retinopathy and
background retinopathy but 72% (34/47) of those with proliferative
retinopathy. This reflects an excess of proliferative retinopathy among
men in the screening programme as a whole.1'

Previous blood glucose concentrations-Figure 1 shows individual
mean blood glucose concentrations in the patients in the three groups.
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FIG 1-Mean blood glucose concentrations in 37 patients with no
retinopathy and in 33 with background and 44 with proliferative
retinopathy, with group means ±1 SD. Permutational test for
trend through the three groups: p< 00001.

Conversion: SI to traditional units-Glucose: 1 mmol/1l 18
mg/100 ml.

INTERVIEW AND CLINICAL EXAMINATION

All patients were questioned about present and previous smoking
habits, current insulin doses, and previous emergency attendances at
hospital with hypoglycaemia or hyperglycaemia. Blood was taken for
assay of haemoglobin Alc concentration by isoelectric focusing,9 for
assay of creatinine concentration by multichannel analyser (Vickers
M300), and for HLA typing. HLA results are given elsewhere.7
Blood pressure was recorded and height and weight measured.

Mean concentrations were substantially lower in the patients with no

retinopathy (9-9±2-1 mmol/l (178±38 mg/100 ml)) than in those
who subsequently developed background (11-8 ±2-1 mmol/l (213±38
mg/100 ml)) or proliferative retinopathy (12-4+2-1 mmol/l (223±38
mg/100 ml)) (p<0 0001, permutational trend test). Within the groups
with background and proliferative retinopathy there were significant
inverse correlations between mean blood glucose concentration and the
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number of years that elapsed from the diagnosis of diabetes to the
detection of retinopathy (fig 2).
Mean haemoglobin A LC concentration at the time of study was similar

in the three groups-namely, 11 4 2O0O1, 116 1 40io, and 11-5
190° respectively for patients with no retinopathy and with back-
ground and proliferative retinopathy.

Insulin dose-The mean insulin dose, expressed as units/kg body
weight, was 070- 0-29 in patients with no retinopathy, 0 85 ±0 30 in
those with background retinopathy, and 0 86 0 37 in those with
proliferative retinopathy (p <004, permutational trend test). The
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proportion of patients treated with highly purified insulin, however,
was slightly higher in the group with no retinopathy (530, (21/40)
than in those with background and proliferative retinopathy (38%
(15/40) and 490' (23/47) respectively).

Hospital emergency treatment and clinic attendances (table I)-
Patients with no retinopathy had most frequently, and those with
proliferative retinopathy had least frequently, required hospital
treatment for hypoglycaemia on one or more occasions (p<0 0025,
/2 trend test). The opposite trend was found with hyperglycaemic
coma but was not significant. Patients without retinopathy had
attended clinics most frequently and those with proliferative retino-
pathy least frequently (p <0 025, permutational trend test).
Body weight (table II)-Although the present percentage of ideal

body weight in patients with no retinopathy tended to be lower
(O 1I p >0 05, permutational trend test), the previous percentage of
ideal body weight was similar in all groups.

Blood pressure and plasma creatinine concentration (table II)-
Present mean diastolic blood pressure was significantly raised in
diabetics with proliferative retinopathy, but previous mean diastolic
blood pressure and both present and previous mean systolic blood
pressures were similar in all groups. Ten (21 °b) patients with
proliferative retinopathy required antihypertensive treatment com-
pared with one (30oo) and three (8%) of those with background and
no retinopathy respectively (p<004, X2 trend test). Mean plasma
creatinine concentration at the time of study was highest in patients
with proliferative retinopathy (01 >p >005, permutational trend
test), but the results were skewed by several patients with very high
concentrations. There was a significant positive correlation between
present diastolic blood pressure and plasma creatinine concentration
(r=0 353; p<0 001).

Smoking (table II)-Patients were defined as smokers if they had
smoked tobacco in appreciable amounts (more than one cigarette a
day or an equivalent amount of pipe or cigar tobacco) for more than
half of the time for which they had been diabetic. There was no
significant difference between groups in the proportion of smokers.

Family history of diabetes (table III)-Insulin-dependent diabetes in
first-degree relatives was least common among patients with back-
ground retinopathy but equally common among those with prolifera-
tive retinopathy and those with no retinopathy. There were no
differences in family history of non-insulin-dependent diabetes.

30

FIG 2-Mean blood glucose concentrations plotted against duration of
diabetes before detection of retinopathy in 33 patients who developed back-
ground and 44 who developed proliferative retinopathy. Two-tailed p values
are shown.

TABLE I-Details of hospital emergency treatment and clinic attendance:

Hospital emergency treatment Clinic attendance

No ()who
No (%°0) who received hospital Mean interval

n received hospital treatment for n between hospital
treatment for hyperglycaemic clinic attendances
hypoglycaemia coma (months)

No retinopathy 38 22 (58)* 8 (21)** 32 3-8±1 3t
Background

retinopathy 40 17 (43)* 11 (28)** 31 424 1-7t
Proliferative

retinopathy 47 12 (26)* 14 (30)** 43 4-7±2 5t

*p<0-0025, **p>0 1, X' trend test. tp<0 025, permutational trend test.
lPrevalences of hypoglycaemia and hyperglycaemic coma are shown as numbers of
patients who gave histories of hospital treatment on one or more occasions for these
conditions, confirmed whenever possible in hospital records. Data were unavailable
for two patients with no retinopathy. The mean interval between clinic attendances
was unavailable for 21 patients due to incomplete records.

TABLE iII-Proportions of patients with family history of diabetes in first-degree
relatives

No (%/O) of patients with
family history of:

n No (O%) with
Insulin- Non-insulin- no family

dependent dependent history
diabetes diabetes

No retinopathy 40 11 (28)* 5 (13) 24 (60)
Background retinopathy 38t 3 (8)* 5 (13) 30 (79)
Proliferative retinopathy 47 14 (30)* 4 (9) 29 (62)

*x2 = 6-67, df= 2, p < 0-04.
tTwo patients with background retinopathy were adopted and did not know their
family histories.

Discussion

Patients were recruited to this study and then data analysed
retrospectively, but the results of the case-notes survey could
not have been influenced by the presence of retinopathy since
the measurements had been recorded before retinopathy was
first detected. The discrepancy between previous and present

TABLE iI-Mean (±1 SD) body weight, blood pressure, and plasma creatinine concentration, and proportions of patients requiring antihypertensive treatment and
smokers

No (%) of
Percentage of ideal Systolic blood pressure Diastolic blood pressure patients who Mean plasma No (O%) of

body weight (mm Hg) (mm Hg) required anti- creatinine smokers
hypertensive (,umol/l)

Previous Present Previous Present Previous Present treatment

No retinopathy 107±10 106±10* 135±16 135±16 80±8 81±10t 3 (8)$ 99±24* 24 (60)
Background retinopathy 109 ± 13 112±17* 129 ±13 133 ± 19 82 ±7 80±9t 1 (3)$ 83±15* 22 (55)
Proliferativeretinopathy 108±18 112±20* 1294-12 141±23 80±6 86±12t 10(21)t 128±131* 22(47)

*01 >p> 005, tp<0 03. permutational trend test. X2=4-57, df= 1, p<o04, X2 trend test.
Conversion: SI to traditional units-Creatinine: 1 rmol/l 11-3 ,g/100 ml.
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mean diastolic blood pressures in the patients with proliferative
retinopathy shows how late changes may affect the evaluation of
risk factors. The study had the inevitable shortcoming that
recruitment was restricted to "survivors." Deckert etal4 reported
that only 4001 of patients who developed diabetes before the
age of 30 survived 40 years from diagnosis. Of those who did
survive, 170° had impaired vision or were blind. Severe micro-
angiopathy is associated with early death in diabetics,'2 and
some risk factors for retinopathy might be obscured if they also
increased the risk of early death. Smoking may contribute to the
development of nephropathy," and obesity and hypertension
may increase cardiovascular mortality.'4 1' Thus selective
mortality might, unavoidably, affect results. There was no other
selection bias, however, since patients were recruited consecu-
tively from a retinopathy screening programme and from
ophthalmic clinics.

MEAN BLOOD GLUCOSE AND HAEMOGLOBIN AlC CONCENTRATIONS
AND INSULIN DOSES

Mean blood glucose concentrations were significantly lower
in the patients who remained free from retinopathy than in
those who went on to develop retinopathy. This is consistent
with the findings of Pirart6 and of many other studies reviewed
by him. Furthermore, the significant inverse correlations
between mean blood glucose concentration and duration of
diabetes before retinopathy was detected (fig 2) suggest that the
development of both background and proliferative retinopathy
is a function of the degree and duration of glycaemic exposure.
There has been much controversy about the assessment of
control in insulin-dependent diabetics. Single random measure-
ments of blood glucose concentration are an imprecise index of
overall glycaemic control because the concentration is subject
to rapid fluctuations. The mean glucose concentrations used in
this study, however, had the advantage that they were calculated
from large numbers of measurements spanning the years when
retinopathy was developing. Burditt et al'6 emphasised that use
of imprecise observations is more likely to diminish than to
inflate differences between study groups. The considerable
overlap of mean glucose concentrations in patients with and
without retinopathy may be partly due to this imprecision but
also reflects genetically determined differences in susceptibility
to the effects of hyperglycaemia.7
The similarity of present mean haemoglobin Alc concentra-

tions in the three groups appears to conflict with the difference
in mean glucose concentrations and with the results of other
studies that have shown raised haemoglobin Alc concentrations
in diabetics with retinopathy.5 1' This apparent discrepancy
could be explained by the policy of clinics of making more
strenuous efforts to lower glucose concentrations when retino-
pathy is detected. It is also consistent with the observation' that
glycaemic control in the early years of diabetes may exert a
particularly strong influence on the later development of
retinopathy.
The mean insulin dose was slightly lower in the patients with-

out retinopathy. This may have been due to their higher mean
age at the time of study'8 and to the higher proportion of patients
treated with highly purified insulins. Seven of the patients with-
out retinopathy also underwent measurement of diurnal C-
peptide profiles: none had preserved B-cell function." This sub-
group was not preselected and included many of those with the
shortest durations of diabetes. It seems unlikely, therefore, that
the lower insulin doses and lower glucose concentrations in the
whole group without retinopathy could be explained by pre-
served B-cell function ("less severe diabetes").

HYPOGLYCAEMIA, HYPERGLYCAEMIC COMA, AND CLINIC
ATTENDANCE

Patients with no retinopathy had most often required hospital
emergency treatment for hypoglycaemia and least often for

BRITISH MEDICAL JOURNAL VOLUME 285 16 OCTOBER 1982

hyperglycaemic coma. The reverse was seen in patients with
proliferative retinopathy. This bears out the difference in
glycaemic control between the groups, since hypoglycaemia
might be expected to occur more often in patients with low
mean glucose concentrations and hyperglycaemic coma in
patients with high mean glucose concentrations. The high
prevalence of hypoglycaemia in patients with no retinopathy
might be attributed to their long mean duration of diabetes, but
this would not explain the difference between patients with
background and proliferative retinopathy. Previous studies have
found a high prevalence of hypoglycaemia in diabetics who had
survived 30 years or more from diagnosis2 and in patients with
diabetes of long duration who remained free from retino-
pathy.9-21 The more frequent clinic attendance in patients with
no retinopathy might suggest a beneficial effect of attending a
clinic or simply that these patients were the most conscientious
in all respects. It has been reported that frequent contact with
a specialised diabetic clinic has a favourable effect on survival22
and on the incidence of disabling late complications." 23

SMOKING

Our findings appear to conflict with those of a previous study,
which concluded that smoking increased the risk of proliferative
retinopathy.24 This relation, however, was found only in a sub-
group of patients who had been diabetic for over 20 years, after
pipe smokers and patients with maculopathy (few of whom
smoked) had been excluded. No control group without retino-
pathy was studied, and smokers and non-smokers may have
differed in other important respects such as age and type of
diabetes. Other workers have found no overall relation between
smoking habit and retinopathy,3 2'5-2 although the prevalence
of nephropathy may be increased in smokers." An association
between smoking habit and retinopathy cannot be excluded
since selective mortality might have affected all of these studies,
but it does not appear to be a major factor.

OBESITY

Many cross-sectional studies have found that diabetics with
retinopathy tend to be more obese than those without.'7 28-30

On the other hand, prospective6 and retrospective"3 investigations
have found no relation between obesity and the development of
retinopathy in patients with insulin-dependent diabetes. The
same discrepancy was found in this study. The late rise in body
weight may have been caused by attempts to improve glycaemic
control after the development of retinopathy."1

BLOOD PRESSURE

As with body weight, a raised mean diastolic blood pressure
was found only after the development of proliferative retino-
pathy. This may suggest that the raised blood pressure was an
effect of accompanying nephropathy rather than a factor
contributing to the development of retinopathy. Many cross-
sectional studies have found that blood pressure is higher in
diabetics with retinopathy than in those without'8 29 3136;
another did not.30 The findings of prospective studies in
diabetics with established retinopathy have also been conflict-
ing.37 38 Knowler et al39 followed up diabetic Pima Indians
without retinopathy for six years prospectively; the development
of retinal exudates, but not haemorrhages, was significantly
related to the mean of the initial and final systolic pressures.
Even this finding might have been influenced by changes
secondary to microangiopathy.

FAMILY HISTORY OF DIABETES, AND SEX

Several previous studies have found no association between
family history of diabetes and susceptibility to retinopathy,3 6 33
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36 40and no clear effect was found in this study. Men appeared
to be more susceptible to proliferative retinopathy,1' but this
finding might have been due to attendance patterns at the
hospital clinics.4' More complete identification of patients who
do not attend hospital clinics would be required to provide
firmer evidence that male sex is a risk factor for retinopathy.

CONCLUSIONS

In conclusion, low mean blood glucose concentrations appear
to be the main factor that protects some insulin-dependent
diabetics from retinopathy. Genetically determined factors may
also influence susceptibility.7 42 Blood pressure, body weight,
and smoking habit do not appear to be major factors, although
this does not lessen their relevance to other forms of vascular
disease. Improved glycaemic control seems to have the best
chance of reducing the incidence of diabetic blindness, but its
efficacy has yet to be proved in a prospective study.
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MacMillan for preparing the manuscript. TLD was supported by the
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Appendix

In the permutational test for trend observations from the three
groups (mild, moderate, and severe) are pooled and their overall mean
and standard error estimated by the usual formulae. If the numbers
of observations in groups 1, 2, and 3 are n,, n,, and n, respectively and
the totals of the observations in groups 1, 2, and 3 are tl, t2, and t3
then the trend statistic T is T = 1 (tI-nnx)+-2 (t2-n2) +3 (t3-nrx).
By standard permutational arguments, if there were no systematic
differences between the three groups T would be distributed approxi-
mately normally with expectation exactly zero and variance V exactly
S2 (n1 +-n3-(n, +n3)'/(n1 +n5 n3)); p-value estimation follows direct
from examination of T/ \!V.
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