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Summary. Among Pima Indians with Type 2 (non-insulin- 
dependent) diabetes mellitus the relationships between gly- 
cated haemoglobin (HbAa), fasting or 2-h post-load plasma 
glucose and diabetic retinopathy were examined by cross- 
sectional and prospective analyses, and the strengths of the 
associations were directly compared by receiver operating 
characteristic analysis. In the cross-sectional analysis, HbAa, 
fasting and 2-h plasma glucose were each significantly related 
to retinopathy among 789 diabetic subjects by separate logis- 
tic models. In a stepwise multiple logistic model in which 
HbA1, fasting and 2-h plasma glucose were included, HbA~ 
was selected as having the strongest association with retino- 
pathy and neither fasting nor 2-h plasma glucose contributed 
significantly to the model once HbA~ was entered. Similarly, 
in the prospective analysis, HbAz, fasting and 2-h plasma glu- 
cose all predicted retinopathy in 227 diabetic subjects by sep- 
arate proportional-hazards models. In a stepwise propor- 
tional-hazards model with HbA~, fasting and 2-h plasma 
glucose available to the model, HbA1 was again selected as 
having the strongest association with the incidence of retino- 

pathy, and neither fasting nor 2-h plasma glucose significant- 
ly added to the prediction of retinopathy. A receiver operat- 
ing characteristic analysis was used to determine if HbA~ was 
statistically significantly better than fasting or 2-h plasma glu- 
cose in assessing the risk for retinopathy. In neither the cross- 
sectional nor the prospective data did the area under the re- 
ceiver operating characteristic curve for HbA~ differ 
significantly from that for fasting or 2-h plasma glucose 
(p > 0.05 for each). In conclusion, HbA~, an integrated 
measure of blood glucose concentration over a period of 
2-3 months, is slightly more closely associated with the pre- 
valence and incidence of diabetic retinopathy than a single 
blood glucose determination. However, the differences be- 
tween HbA~ and fasting or 2-h plasma glucose in assessing 
the association with or the risk for retinopathy are not signi- 
ficant. 
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Glycated haemoglobin measurement is a method for esti- 
mating the degree of hyperglycaemia over a period of 
2-3 months. On the other hand, plasma glucose concen- 
trations vary with recent activity levels, metabolic stress, 
food intake, and time of day [1-3]. It is therefore of inter- 
est to see whether subjects with high glycated haemo- 
globin are at greater risk for diabetic retinopathy and, if 
so, whether glycated haemoglobin can provide a better 
measure of risk for retinopathy than a single blood glucose 
determination. Previous studies have shown that higher 
glycated haemoglobin [4-7] and higher plasma glucose 
[8-14] indicate an increased risk of diabetic retinopathy. 
However, so far, it is not known whether glycated haemo- 
globin is a better tool for investigation of risk for diabetic 
retinopathy than a single blood glucose determination. 

In the present study, glycated haemoglobin A1 (HbAI) 
and plasma glucose were evaluated as risk factors for 

diabetic retinopathy by cross-sectional and prospective 
analyses, and the strengths of the associations of HbA1 
and plasma glucose with diabetic retinopathy were com- 
pared using receiver operating characteristic (ROC) anal- 
ysis. 

Subjects ,  materials  and m e t h o d s  

Subjects and measurements 

A longitudinal study of diabetes and its complications has been con- 
ducted among the Pima Indian residents of the Gila River Indian 
Community of Arizona since 1965 [15]. This population has a very 
high prevalence and incidence of Type 2 (non-insulin-dependent) 
diabetes mellitus. Approximately every 2 years, the residents of the 
community who are 5 years old or older have, regardless of health, 
been asked to participate in a standardised medical examination 
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Table 1. "Retinopathy levels" graded by a modification of Airlie 
House Classification Scheme modified from references [19, 20] 

Retinopatliy Description 
level 

Level10 

Level11 

Level12 

Level14 

Level15 

Level20 

Level31 

Level 41 

Level51 

Level 60 +" 

No retinopathy. 

Questionable diabetic retinopathy, usually one que- 
stionable microaneurysm. 

Refinopathy that is non-diabetic in nature but could 
be mistaken for diabetic retinopathy. 

Definite hard exudates, soft exudates or intraretinal 
microvascular abnormalities in the absence of mi- 
croaneurysms. 

Retinal haemorrhage without microaneurysms. 

Microaneurysms only without other diabetic lesions. 

M!croaneurysms and one or more of the following: 
retinal haemorrhage, but total of haemorrhages and 
microaneurysms less than those in standard photo- 
graph 2 A [19], hard exudates, soft exudates 
questionably present, intraretinal microvascular ab- 
normalities questionably present, venous beading 
questionably present, and venous loops definitely 
present. 

Microaneurysms and one or more of the following: 
soft exudates definitely present, and intraretinal mi- 
crovascalar abnormalities definitely present bat less 
than that necessary for level 51. 

Microaneurysms and one or more of the following: 
venous beading definitely present, haemorrhages 
and microaneurysms equalling or exceeding those 
in standard photograph 2 A [19], and intraretinal mi- 
crovascular abnormalities present and equalling or 
exceeding those in standard photograph 8 A [19] in 
2 fields. 

Any of several levels of severity of proliferative reti- 
nopathy, including neovascularization, fibrous proli- 
feration, vitreous haemorrhage and preretinal hae- 
morrhage, scars of panretinal photocoagulation, 
and/or retinopathy lmgradable because of vitreous 
haemorrhage obscuring the retina, phthisis bulbi, or 
enucleation secondary to a complication of diabetic 
retinopathy. 

a Level 60 + including levels 60, 65, 70, 80 

Table 2. Crude associations between HbA1, plasma glucose and pre- 
valence or incidence of diabetic retinopathy 

Variables Cross-sectional Prospective 
analyses analyses 

Odds ratio a Incidence rate ratio b 

Separate models c 
Fasting plasma glucose 
2-h plasma glucose 
HbA1 

3.47 (2.29-5.24) 
3.82 (2.51-5.82) 
4.64 (3.01-7.15) 

4.31 (1.97-9,43) 
5.72 (2.31-14.16) 
5.84 (2.53-13.49) 

a Odds ratio (95 % CI) for each variable computed from a logistic re- 
gression model is shown comparing the 90 th with the 10 th percen- 
tiles. 
b Incidence rate ratio (95 % CI) for each variable computed from a 
proportional-hazards model is shown comparing the 90 th with the 
10 th percentiles. 
Fasting, 2-h plasma glucose or HbA~ was analysed in each separate 

model with same number of subjects (n =789, cases of retino- 
pathy = 271 for cross-sectional analysis; n = 227, new cases of retino- 
pathy = 42 for prospective analysis) 
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which includes a medical history, a physical examination and labora- 
tory tests. A 75-g oral glucose tolerance test (OGTT) was per- 
formed. Plasma glucose was measured by the ferricyanide method 
with an Autoanalyser (Technicon Instruments Corporation, Tarry- 
town, NY, USA). Diabetes was diagnosed by the criteria of the 
World Health Organisation [16], i.e. 2-h post-load plasma glucose 
concentration _> 11.1 mmol/1 ( > 200 mg/dl). HbA~ was measured by 
agar gel electrophores[s [i7,18]. 

Since 1982, photographs of two standard fields for each eye have 
been taken, after pupillary dilatation, with a Canon CR4-45 NM 
non-mydriatic fundus camera in subjects aged 15 years or older. To 
determine retinopathy status, all fundus photographs were graded 
by trained readers who had no knowledge of the clinical data, in a 
masked fashion, using a modification of the Airlie House Classifica- 
tion Scheme that specified 13 levels of retinopathy for each eye [19, 
20]. These retinopathy levels are shown in Table 1. Retinopathy 
level 88 which could not be graded due to poor photo quality was not 
included in this table. The retinopathy level for a participant was 
derived from the most severely involved eye, or from one eye if only 
one could be graded. Retinopathy was defined by the presence of 
any microaneurysms, haemorrhages, exudates, or proliferative reti- 
nopathy (refinopathy level _ 14). 

The present study employs both cross-sectional and prospective 
analyses. In the cross-sectional analysis, data from the last exami- 
nation of 789 diabetic subjects (296 men and 493 women) with both 
HbA1 and fundus photo data were used. In the prospective analysis, 
227 diabetic subjects (61 men and 166 women), free of retinopathy at 
their first diabetic examination at which HbA1 was measured, were 
followed-up. 

Statistical analysis 

Cross-sectional analysis: prevalence rates of retinopathy were com- 
puted according to tertiles of HbA~, fasting and 2-5 plasma glucose. 
A logistic regression model was used to determine the associations 
of HbA1, fasting or 2-h plasma glucose with diabetic retinopathy. A 
stepwise multiple logistic regression model, which included HbAz, 
fasting and 2-h post-load plasma glucose, was used to select which of 
these variables was most closely associated with retinopathy. 

Prospective analysis: 227 diabetic subjects without retinopathy were 
followed-up fi'om the first diabetic examination at which HbA1 was 
measured. Follow-up lasted until development of retinopathy as de- 
tected at a subsequent examination or until the last examination. 
Five-year cumulative incidence rates were estimated according to 
tertiles of HbA1, fasting and 2-h plasma glucose by Kaplan-Meier 
survival curves. A proportional-hazards model was used to evaluate 
the associations between HbA1, fasting or 2-h plasma glucose and in- 
cidence of diabetic retinopathy. A stepwise proportional-hazards 
analysis was used to identify the best predictor of retinopathy among 
the variables, HbA~, fasting and 2-h post-load plasma glucose. Vari- 
ables measured at the beginning of follow-up for each subject were 
used in these analyses. 

HbA~ and plasma glucose concentrations were approximately 
log - normally distributed, so the natural logarkbms of these vari- 
ables were used in logistic regression and proportional - hazards 
analyses. Odds ratios (with 95 % confidence intervals, CI) and in- 
cidence rate ratios (with 95 % CI) are shown comparing the 90th 
with the 10th percentiles of fasting or 2-h plasma glucose or HbA1. 

ROC analysis: since logistic regression and proportional hazards 
analyses do not allow for the direct comparison of correlated 
measures, this was accomplished by comparing the area under ROC 
curves. The ROC curve represents the diagnostic properties of a test 
by plotting sensitivity as a function of 1-specificity. In the cross-sec- 
tional analysis, the area under the ROC curve represents the prob- 
ability that the test will correctly distinguish between a subject 
chosen at random from among those who have retinopathy and one 
chosen from among those who do not have it [21]. I~ the prospective 
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Fig. 1. (A) Prevalence of diabetic retinopathy according to tertiles of 
HbA1 (--) fasting ( . . . .  ) and 2-h plasma glucose (----). (B) Five- 
year cumulative incidence of retinopathy according to tertiles of 
HbA1 (--), fasting ( . . . .  ) and 2-h plasma glucose (----) 
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Pig.2(A,B). The comparisons of the sensitivity and specificity of 
HbA~(--), fasting ( . . . .  ) and 2-h plasma glucose (----), as risk fac- 
tors for diabetic retinopathy, by receiver operating characteristic 
(ROC) analyses based on the cross-sectional (A) and the prospec- 
tive data (B) (The thick black line represents the chance diagonal) 

analysis, it represents the probability of correctly identifying which 
subject will develop retinopathy by the end of follow-up~ In the pres- 
ent study, the areas under the ROC curves for HbA~, fasting or 2-h 
plasma glucose were computed with the LABROC program and the 
significance of the difference between areas under ROC curves was 
calculated using the CLABROC program [22]. 

Results  

Cross-sectional analysis 

Of 789 diabetic subjects, 271 (34.3 %) had retinopathy. Of 
these 271 subjects, 254 (93.7%) had background retino- 
pathy (levels 14-51 in Table 1); and 17 (6.3 % ) had prolif- 
erative retinopathy (level 60 + ). 

Figure 1 A shows the prevalence rates of diabetic reti- 
nopathy by tertiles of HbA1, fasting and 2-h plasma glu- 
cose. Table 2 shows the crude association of diabetic reti- 
nopathy with HbAa, fasting or 2-h plasma glucose. Each 
was significantly related to diabetic retinopathy. In a step- 
wise multiple logistic regression analysis in which HbA~, 
fasting and 2-h plasma glucose were available to the 
model, HbA1 was selected as having the strongest associ- 
ation with retinopathy and neither fasting nor 2-h plasma 
glucose concentrations contributed significantly to the 
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model after HbA1 had entered (not shown). Since age, 
sex, and duration of diabetes might confound the above 
association, further analyses were performed to control 
for these variables by logistic regression. In separate logis- 
tic models for fasting and 2-h plasma glucose and HbA~, 
each of these variables, when controlled for age, sex and 
duration of diabetes, was significantly associated with 
diabetic retinopathy (p < 0.01 for each, the model with 
HbAa also included the interaction term of HbA~ with 
duration of diabetes). In a stepwise multiple logistic 
model (with age, sex, duration of diabetes, HbA1 and fast- 
ing and 2-h plasma glucose available in the model) HbA~ 
(p < 0.01) was again selected as having a strong association 
with retinopathy, second only to duration, and neither 
fasting nor 2-h plasma glucose concentration contributed 
significantly to the model. 

Prospective analysis 

Of 227 diabetic subjects without retinopathy at baseline, 
42 (18.5 %) subsequently developed retinopathy during 
1.4-6.0 (mean 3.3) years of follow-up. Of 42 subjects with 
new retinopathy, all had background retinopathy (levels 
14--51 in Table 1), and none had proliferative retinopathy. 

Figure 1B shows the 5-year cumulative incidence ofre- 
tinopathy according to tertiles of HbA1, fasting and 2-h 
plasma glucose. Table 2 shows the crude association of 
diabetic retinopathy with HbA1, fasting or 2-h plasma glu- 
cose, each of which predicted diabetic retinopathy. In a 
stepwise proportional-hazards model in which HbA1, fast- 
ing and 2-h plasma glucose were available to the model, 
HbA~ was selected as having the strongest predictive 
value and neither fasting nor 2-h plasma glucose signifi- 
cantly added to the prediction of diabetic retinopathy (not 
shown). Since duration of diabetes, age and sex might con- 
found these results, further analyses were performed to 
control for these variables by the proportional-hazards 
model. In separate proportional-hazards models for fast- 
ing and 2-h plasma glucose and HbA1, each of these vari- 
ables, when controlled for age, sex and duration of 
diabetes, predicted retinopathy (p < 0.01 for each). In a 
stepwise proportional-hazards model (with age, sex, dura- 
tion of diabetes, fasting and 2-h plasma glucose and HbA1 
available in the model) HbA1 (p < 0.01) was again selected 
as having the strongest association with the incidence of 
retinopathy, and neither fasting nor 2-h plasma glucose 
concentration significantly added to the prediction of 
diabetic retinopathy. Duration was also selected 
(p < 0.05). 

R OC analysis 

ROC curves for the association of retinopathy with HbA1, 
fasting and 2-h plasma glucose are shown in Figure 2A 
(cross-sectional data) and 2B (prospective data). The 
area under a curve represents the degree of association 
between the measure of glycaemia (HbA1, fasting or 2-h 
plasma glucose) and retinopathy. The greater the area, the 
greater the probability of correctly identifying those who 
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have, or will develop, retinopathy. The area under the di- 
agonal chance line (0.5) represents the probability of cor- 
rectly distinguishing, by chance alone, between two sub- 
jects, one with and one without retinopathy. The fact that 
all curves lie above the chance line reflects the finding that 
all three variables were associated with retinopathy. The 
curves also show that the three tests have similar sensiti- 
vities at thresholds of equal specificity. In the cross-sec- 
tional analysis, the area under the ROC curve for HbA~ 
(area + standard error (SE), 0.644 + 0.040) was not sig- 
nificantly different from that for fasting (0.623 + 0.020) or 
for 2-h plasma glucose (0.642 + 0.020, p > 0.05 for each 
comparison). Similarly, in the prospective analysis, the 
area under the ROC curve fo r  I-PoA1 (0.663 _+0.040) 
was not significantly different from that for fasting 
(0.652 + 0.042) or for 2-h plasma glucose (0.650 + 0.044, 
p > 0.05 for each comparison) 

Discussion 

In the present study of subjects with Type 2 (non-insulin- 
dependent) diabetes, HbAI was significantly associated 
with the prevalence and incidence of diabetic retinopathy, 
Similar results have been reported in other studies [4-7]. 
Fasting and 2-h plasma glucose were also significantly re- 
lated to the prevalence and the incidence of diabetic reti- 
nopathy in the present study. Many studies suggest a rela- 
tionship between plasma glucose and retinopathy [8-14], 
but others are less convincing (5, 23). The inconsistency of 
these results may lie in the limitations of a single plasma 
glucose determination which may be influenced by age, 
activity level, metabolic stress, food intake, and time of 
day [1]. By contrast, HbA1 has proven to be an acceptable 
method for determining the degree of hyperglycaemia be- 
cause it provides an integrated measure of blood glucose 
level over the previous 2-3 months and is not affected by 
time of day, recent activity, food intake and other factors 
[1-3]. 

Our results indicated that HbA~, fasting and 2-h plasma 
glucose concentrations were similar in their associations 
with both the prevalence and the incidence of diabetic re- 
tinopathy. As indicated in the longitudinal analyses by 
odds ratios for the comparison of the 90th with the 10th 
percentiles, which range from 4.3 to 5.8, each measure of 
glycaemia was a good predictor of the subsequent devel- 
opment of retinopathy. However, in stepwise multiple re- 
gression models in which HbA~, fasting and 2-h plasma 
glucose were available to the models, HbA~ was selected 
as having the strongest association with retinopathy in 
cross-sectional and  prospective analyses. Similarly, Klein 
et al. [4] found that HbA1 was a stronger predictor of 
diabetic retinopathy than a single plasma glucose determi- 
nation by logistic regression. Since logistic regression and 
proportional-hazards analyses do not allow for the direct 
comparison of correlated measures, these methods do not 
determine whether HbAI is significantly superior to plas- 
ma glucose in assessing the risk for retinopathy. 

However, ROC analysis, a direct comparison of the 
two methods, as shown in the present paper, may provide 
a better estimate of the relative strengths of these associ- 
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ations [21]. ROC analyses indicated no significant dif- 
ferences between HbA1 and fasting or 2-h plasma glucose 
in assessing the association with or the risk for retinopathy 
in our cross-sectional and prospective data. This sug- 
gested that, in this population, any one of these three 
measures was adequate in association or prediction mod- 
els. Given any one, addition of the other two made no sta- 
tistically significant contribution. However, the correla- 
tion between measures of glycaemia in predicting 
retinopathy may be influenced by the magnitude of the 
day to day variability in the plasma glucose. In subjects 
with more day to day variability, HbAI and plasma glucose 
concentrations would be expected to be less correlated, 
and the relative abilities of HbA1 and plasma glucose con- 
centrations to predict retinopathy might be different from 
the present findings. 

In conclusion, HbA1 is slightly more closely associated 
with the prevalence and incidence of diabetic retinopathy, 
and the logistic regression and proportional hazards anal- 
ysis assign all the significance to the one variable. How- 
ever, ROC analysis demonstrates that there is not a signi- 
ficant difference between HbA1 and fasting or 2-h plasma 
glucose in assessing the risk for retinopathy in either the 
cross-sectional or the prospective data. Nevertheless, 
HbA1 may have practical advantages in assessing the risk 
for retinopathy in diabetic patients, especially for clinical 
and epidemiologic purposes, because of logistic difficul- 
ties in administering an OGTT to patients or requiring pa- 
tients to be examined after an overnight fast. According to 
these results, the choice of measurement of glycaemia for 
exploring relationships to retinopathy can be determined 
by practical rather than scientific considerations. 
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