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1. Background

For individuals with type 1 diabetes (T1D), mini-
mizing exposure to hyperglycaemia (high glucose), is
key in preventing microvascular complications, such as
retinopathy, neuropathy and nephropathy. Chronic hy-
perglycaemia may also contribute to the development
of cognitive deficit as reported in groups with T1D
when compared to healthy controls [1]. However, some
researchers maintain that it is the development of the
microvascular complications associated with chronic
hyperglycaemia that is the primary contributor to these
areas of cognitive deficit [2].

2. Purpose

The purpose of this study is to determine whether
chronic hyperglycaemia may have an independent ef-
fect on cognitive function in adults with T1D. We
present the results from our preliminary analysis of a
cohort of subjects. This presentation focuses on an es-
timate of lifetime cognitive change, mean HbA1c per-
centage, as an index of exposure to chronic hypergly-
caemia and severity of retinopathy as a measure of mi-
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crovascular complication. Our overall hypothesis was
that chronic hyperglycaemia,as indicated by high mean
HbA1c, will be related to greater decline in cognitive
function and that mean HbA1c will have a stronger
relationship with cognitive change than recent or cur-
rent measures of HbA1c. Secondly, chronic hypergly-
caemia will have an independent effect on cognitive
decline in addition to severity of microvascular com-
plication.

3. Methods

Participants include 75 adults aged 45 years or more
living in Tayside, Scotland with T1D for 10 years or
more. Participants completed neuropsychological as-
sessments in conjunction with regular secondary care
review. Measures of premorbid IQ (National Adult
Reading Test) and current IQ (Raven’s Standard Pro-
gressive Matrices) were used in a regression analysis to
provide a measure of lifetime cognitive change validat-
ed previously on a Scottish cohort [3]. These standard-
ized residual scores were significantly correlated with
age (r = 0.51,p < 0.001). A further regression with
age provided an age-adjusted lifetime cognitive change
score (ALCC). The ALCC standardized residuals were
not correlated with age (r = 0.00,p = 1.00), premor-
bid IQ (r = 0.11,p = 0.34) or years of education (r =

0.07,p = 0.57) in this cohort.
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Fig. 1. Factorial ANOVA Age-Adjusted Lifetime Cognitive Change (ALCC) by Mean HbA1c and Retinopathy Level.

Information on HbA1c and retinopathy was obtained
with patient consent from the clinical management
system used across Scotland for patients with dia-
betes, Scottish Care Information–Diabetes Collabora-
tion (SCI-DC). A weight was given for each value based
on days between readings. In this way, a weighted
mean HbA1c was computed using 10 years or more of
HbA1c values. In addition, a measure of “Short-Term”
HbA1c (weighted mean of previous 5 years), and “Cur-
rent” HbA1c (HbA1c value on day of testing) was cal-
culated based on previous studies [4,5]. Severity of
retinopathy was defined as “the most severe rating on
record”. Ratings of retinopathy included “Mild”, “Ob-
servable”, “Referable” and “Proliferative” according to
the Scottish Diabetic Retinopathy Grading Scheme [6].

4. Results

Participants were divided into three groups based on
the weighted mean HbA1c score: “Low” (6 7.9%,n =

22), “Midrange” (8.0 to 8.8%,n = 30) and “High”
(> 8.9%, n = 23) to approximate cut-off points in
a previous study using a long term measure of mean
HbA1c [7] and to balance group numbers. Results
of ANOVA indicated there was no overall difference
between groups on the ALCC score, (F(2,72)= 2.48,
p = 0.09), however planned comparison showed that
the “High” HbA1c group showed a lower mean ALCC
score than the “Midrange” group (t(72)= 2.21,p <

0.05,one-tailed), but not the “Low’ group (t(72)= 1.38,
p = 0.09, one-tailed). The means for both the “Low”
(x̄ = 0.05) and “Midrange” group (̄x = 0.24) are above
0, while the mean for the “High” group (x̄ = − 0.36)
is below 0, indicating cognitive decline. There was no
significant difference between groups on ALCC when
formed based on “Short-Term” HbA1c (F(2,72)= 1.02,
p = 0.37) or “Current” HbA1c values (F(2,72)= 0.086,
p = 0.92). Mean HbA1c has a slightly stronger, non-
significant correlation with ALCC (r = − 0.14,p =

0.12), in comparison to “Short-Term” HbA1c (r = −

0.13,p = 0.13) and “Current” HbA1c (r = − 0.03,
p = 0.39).

When retinopathy level and mean HbA1c were both
entered into a factorial ANOVA, there was a main ef-
fect of retinopathy level (F(1,69)= 7.42,p < 0.01).
The overall interaction was not significant (F(2,69)=

0.723,p = 0.49), however planned comparison indi-
cated those with both “High” mean HbA1c and “Refer-
able/Proliferative” retinopathy showed a lower AL-
CC score than those with “High” mean HbA1c and
“Mild/Observable” retinopathy (F(1,71)= 4.81,p <

0.05) as shown in Fig. 1.

5. Conclusion

High long-term mean HbA1c is associated with a
greater level of cognitive decline than more moder-
ate levels of mean HbA1c. A long-term measure of
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HbA1c appears to be a more meaningful indicator of
glycaemic control than more limited sampling of Hba1c
values based on its stronger relationship with a mea-
sure of lifetime cognitive change. Individuals with both
high long-term mean HbA1c and proliferative levels
of retinopathy may be at most risk for cognitive de-
cline. Preliminary results suggest that chronic hyper-
glycaemia does not have an independent effect on cog-
nitive change, however may moderate the relationship
between retinopathy and cognitive change. Small num-
bers limit the conclusions that can be drawn from these
preliminary results.
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