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Abstract
Aim/hypothesis Studies investigating the structure, neuro-
physiology and functional outcomes of white matter among
type 1 diabetes patients have given conflicting results. Our
aim was to investigate the relationship between type 1
diabetes and white matter hyperintensities.
Method We assessed white matter integrity (using magnetic
resonance imaging), depressive symptoms and neuropsy-
chological function in 114 type 1 diabetes patients and 58
age-matched non-diabetic controls.

Results Only Fazekas grade 1 and 2 white matter hyper-
intensities were found among 114 long-duration, relatively
young diabetes patients; the severity of lesions did not differ
substantially from 58 healthy controls. White matter hyper-
intensities were not associated with depressive history or
with clinical characteristics of diabetes, including retinopa-
thy, severe hypoglycaemia or glycaemia control.
Conclusions/interpretation Our data do not support an
association between diabetes characteristics and white matter
hyperintensities among relatively young type 1 diabetes
participants.

Keywords Brain structure . Cognition .MRI .

Neuroimaging . Type 1 diabetes .

White matter hyperintensities

Abbreviations
FLAIR fluid attenuated inversion recovery
FOV field of view
MRI magnetic resonance imaging
NEX number of excitations
TE echo time
TR repetition time

Introduction

Type 1 diabetes leads to microvascular complications in the
retina and kidney, and to peripheral and autonomic
neuropathy secondary to chronic hyperglycaemia [1], but
its impact on the central nervous system remains poorly
understood. Neurocognitive research suggests that type 1
diabetes may be associated with psychomotor slowing and
reductions in mental efficiency [2, 3]—a pattern consistent
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with damage to brain white matter. However, studies
investigating the impact of type 1 diabetes on white matter
structure, neurophysiology and functional outcomes have
been equivocal [4–11].

Some researchers have reported periventricular white
matter abnormalities [8], subcortical or brain stem lesions
[7], small focal white matter hyperintensities in the basal
ganglia [4] and/or cortical atrophy [5], whereas others
found no evidence of white matter anomalies [6, 10, 11].
These null results were most common in studies that
included a non-diabetic comparison group. The presence
of microvascular complications has also been associated
with white matter abnormalities, although again, there is
not complete consensus. Retinopathy was associated with
white matter hyperintensities in some [4, 7], but not all
reports [9, 11]. In contrast, neither recurrent hypoglycaemia
[8], nor early age at onset [5], predicted the occurrence of
white matter abnormalities.

In a previous report, we used neuroimaging techniques
to estimate the effects of type 1 diabetes on grey matter
density [12] and found that high HbA1c levels and a history
of severe hypoglycaemic events were associated with lower
grey matter density. We have used neuroimaging techniques
to examine white matter integrity in a larger sample of
young adults with type 1 diabetes of long duration, and in a
comparison group of demographically similar non-diabetic
adults. We addressed four questions: (1) Do patients with
type 1 diabetes differ in the number and severity of white
matter hyperintensities compared with age-matched non-
diabetic controls? (2) If so, what biomedical markers (lipid
profile, blood pressure, HbA1c, retinopathy) are associated
with white matter hyperintensities? (3) Does diabetes affect
cognition, and if so, are cognitive effects linked to white
matter hyperintensities? (4) Given the high rate of depres-
sion in diabetic patients, is history of depression associated
with white matter hyperintensities or cognitive dysfunction?

Methods

Sample

We recruited patients with type 1 diabetes (duration 15 to
28 years) while non-diabetic controls were recruited from
the community and through patient referrals. All were 25 to
40 years old and either right-handed or ambidextrous.
Those with painful neuropathy, clinically significant ne-
phropathy, a diagnosis of schizophrenia, bipolar disorder or
attention deficit hyperactivity disorder were excluded.
Patients were also excluded if they had clinically evident
atherosclerotic disease such as coronary artery, peripheral
vascular or cerebral vascular disease as manifested by
stroke, angina, history of myocardial infraction, intermittent

claudication or other manifestations. We intentionally
oversampled people with a history of major depression.
All potential participants were assessed for depression with
initial screening questions and the Structured Clinical
Interview for DSM-IV. Once we reached a sufficient sample
size of non-depressed participants, we closed that arm of
the study to recruitment and continued screening to fill the
depressed cohort. No special recruiting was done to seek
depressed participants. However, current major depression
was exclusionary, as were any contraindication to magnetic
resonance imaging (MRI) scanning (e.g. gunshot wound,
pacemaker, pregnancy or claustrophobia). The Joslin
Diabetes Center Committee on Human Subjects approved
the study protocol and each participant provided informed
written consent prior to participating. To assess for hypo-
or hyperglycaemia, blood glucose levels were measured
using finger sticks and glucose meters prior to the MRI
and prior to and during each psychosocial and cognitive
assessment.

Measures

MRI image acquisition and lesion grading MRI scanning
occurred at the McLean Brain Imaging Center (Belmont,
MA, USA) using a 1.5 T GE whole-body imaging system
(Horizon LX, General Electric Medical Systems, Milwau-
kee, WI, USA) and a custom-made linear birdcage coil with
approximately 40% improvement in signal-to-noise ratio
and improved homogeneity over standard quadrature head
coil [13]. A three-dimensional spoiled gradient echo pulse
sequence was used to produce 1.5 mm thick contiguous
coronal images [n=124; echo time (TE)=5 ms, repetition
time (TR)=35 ms, 256×192 matrix; field of view (FOV)=
24 cm, flip angle=45°, 1 number of excitations (NEX)], as
well as fluid attenuated inversion recovery (FLAIR) axial
images (TE=133 ms, TR=9000 ms, TI=2200 ms, matrix
256×192, FOV=20 cm, NEX=1, 5 mm slice thickness,
2.0 mm slice gap, flip=90°). Axial proton-density and T-2
weighted images (TE=30/80 ms, TR=3000 ms, 256×192
matrix; FOV=20 cm, flip angle=90°, 0.5 NEX, 3 mm thick
slices, no skip) were obtained to screen for brain structural
abnormalities.

Foci of hyperintensity in the deep white matter were
rated using the Fazekas classification system [14]: grade 0=
absence; grade 1=punctuate foci; grade 2=beginning
confluence of foci; grade 3=large confluent area. Partic-
ipants with grade 1 white matter hyperintensities by the
Fazekas classification were then subclassified as follows
according to the modified version of the Coffey classifica-
tion [15, 16]: grade 1–1=(n=1 or 2 and each with a
diameter < 5 mm); grade 1–2=(n<10 and the largest lesion
having a diameter 5–10 mm); grade 1–3=(n≥10 or at least
one lesion with a diameter > 10 mm).
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For periventricular white matter hyperintensities, grading
also used the Fazekas classification system [14]: grade 0=
absence; grade 1=‘cap’ or pencil-thin lining, grade 2=
smooth ‘halo’, grade 3=irregular periventricular lesions
extending into the deep white matter. Two experienced
neuroradiologists, blind to participants’ clinical status,
separately reviewed T2 and FLAIR images to determine
prevalence, severity and location of deep and periventric-
ular white matter hyperintensities (weighted κ statistics
ranged from 0.93 to 0.97; Shrout–Fleiss intraclass correla-
tions ranged from 0.93 to 0.98).

Cognitive assessment Attention, memory, problem-solving
and executive function, mental and motor efficiency, and
spatial skills were assessed with a battery of well-known
measures: the Wechsler Abbreviated Scale of Intelligence

(Similarities, Block Design, Vocabulary and Matrix Rea-
soning subtests) [17]; Digit Symbol Substitution [18];
Sorting, Color–Word Inhibition, Trail Making Number–
Letter Switching, Design Fluency and Letter Fluency tasks
from the Delis–Kaplan Executive Function System [19]; the
Letter–Number Sequencing, Spatial Span and Verbal Paired
Associate tasks (I and II) from the Wechsler Memory Scale
[20]; and the Grooved Pegboard [21].

Medical history data

Medical data were obtained through review of medical
records and patient self-reported health history. Retinopathy
status was obtained from reports of dilated retinal exami-
nations done at the Joslin Diabetes Center Betham Eye
Institute by ophthalmologists who specialise in the treat-

Table 1 Demographic and
clinical characteristics of type 1
diabetes patients and control
participants

Values are mean±SD
or percentages.
a p values are associated with
Student’s t tests or Fisher’s
exact tests as appropriate

Characteristic Type 1 diabetes
patients (n=114)

Non-diabetic control
group (n=58)

p valuea

Age (years) 32±4 30±5 0.05
Female (%) 55 62 NS
Education (years) 16.7±3.0 17.2±1.9 NS
Race/ethnicity (%) 0.02
Asian 0 9 8.62
African-American 0 2 1.72
Latino/Hispanic 3 2.63 5 5.17
Mixed 2 1.75 33.45
Native American 1 0.88 0
Non-Latino white 95 94.74 81 81.03
Blood pressure (mmHg)
Systolic 119±13 114±12 0.01
Diastolic 75±9 74±8.5 NS
Lipid profile (mmol/l)
HDL-cholesterol 1.45±0.41 1.35±0.36 NS
LDL-cholesterol 2.93±0.91 2.80±0.75 NS
Total cholesterol 4.79±1.11 4.71±0.78 NS
Triacylglycerol 0.96±0.76 1.20±0.82 NS
SCL Depression T Score 58±11 53±11 0.003
Smoking (pack-years) 1.3±3.2 0.2±1.3 0.004
Handedness (%)
Right-handed 96 91 NS
Ambidextrous 4 9 NS
Receiving medication (%)
Lipid-lowering 20 0 0.0002
Blood pressure-lowering 24 3 0.0008
HbA1c (%)
Current HbA1c 7.8±1.4 5.1±0.3 0.0001
Over time 8.0±1.1 –
Age at onset (years) 12±5 –
Diabetes duration (years) 20±4 –
Retinopathy (%)
Mild or moderate non-proliferative 46
Severe non-proliferative or worse 16
Participants with one or more severe
hypoglycaemic events (%)

65 –
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ment of people with diabetes and who are certified for
national clinical trials in the Diabetic Retinopathy Clinical
Research Network. Diabetes participants reported lifetime
number of severe hypoglycaemic events leading to uncon-
sciousness [1].

Lifetime average metabolic control was estimated by
averaging all available HbA1c values; results were grouped
in 4 year increments, beginning with the first year of
diagnosis and working to the present (HPLC ion capture
method; Tosch Medics, San Francisco, CA, USA; reference
range 4.0–6.0%). For earlier assessments that used HbA1 to
assess glycaemic control, we converted HbA1 values to
HbA1c values using the formula HbA1c=(HbA1–0.14)/1.21
[22]. Hand preference was determined with the Edinburgh
Handedness Inventory [23].

Psychiatric history and symptom The Structured Clinical
Interview for DSM-IV (SCID) [24, 25] was used to
ascertain past and current psychiatric diagnoses; the
Hamilton-D scale [26] and the Symptoms Checklist-90-R
(SCL90-R) [27] provided self-report information on current
psychiatric symptomology. Participants with substance
dependence and those who scored higher than 14 on the
Hamilton-D scale [26] were excluded.

Data analyses

Student’s and non-parametric t tests were used to compare
group differences in continuous demographic, and clinical
and cognitive data, while Fisher’s exact test, χ2 test and
dichotomous logistic regression were used to assess
between-group differences in presence of white matter

hyperintensities (whether or not any grade of lesions was
present). We used ordinal (proportional odds model)
logistic regression to assess group differences in the
severity of deep and periventricular white matter hyper-
intensities compared with having no white matter hyper-
intensity lesion. Only one person had grade 1–3 deep white
matter hyperintensities; thus the odds ratio for grade 1–3 vs
no lesion could not be estimated. Analyses used SAS
Statistical Software (version 8.2; SAS Institute, Cary, NC,
USA). For analysis of cognitive data, we used analysis of
covariance to adjust for depressive symptoms. To assess the
strength of associations of severe hypoglycaemic events on
brain structure, we divided patients into two groups: (1) no
severe hypoglycaemic events; and (2) one or more
hypoglycaemic event according to the strict DCCT criteria
in which the event leads to coma or unconsciousness [1,
28]. Data are presented as mean±SD or as percentages.
Because of the number of statistical tests, the α level was
set to e0.01, two-tailed.

Results

The study sample included 114 type 1 diabetes patients and
58 age-matched non-diabetic control participants (Table 1).
Participants were young (range 25 to 40 years old), well-
educated and healthy. HbA1c for diabetic participants was
7.8% (range 5.3 to 14.1%) and 5.1% (range 4.3 to 5.8%) for
control participants. Although diabetic participants had
higher systolic blood pressure (p<0.01), blood pressure
values for both groups were, on average, within normal
targets (120/80 mmHg). Because we oversampled for those

Table 2 Participants (%) with white matter hyperintensity lesions

Type 1 diabetes group (%) Non-diabetic control group
(%)

Unadjusted odds ratio (95% CI) Adjusted odds ratio (95% CI)a

Severity of deep white matter hyperintensity lesions
No lesion 69 60 – –
Grade 1–1 23 33 0.6 (0.30–1.26) b 0.5 (0.24–1.13) b

Grade 1–2 7 7 0.9 (0.25–3.18) b 1.0 (0.28–3.82) b

Grade 1–3 1 0 – –
Grade 2 0 0 – –
Grade 3 0 0 – –
Any lesion 31 40 0.7 (0.35–1.32) 0.6 (0.29–1.20)
Severity of periventricular hyperintensity lesions
No lesion 70 84 – –
Grade 1 26 14 2.3 (0.98–5.4)b 2.4 (0.98–5.88)b

Grade 2 4 2 2.5 (0.27–22.5)b 1.4 (0.11–17.66)b

Grade 3 0 0 – –
Any lesion 30 16 2.3 (1.02–5.23) 2.2 (0.94–5.0)

White matter hyperintensity categories are based on the most severe lesion.
aModels adjusted for smoking, ethnicity, being on lipid-lowering medication and being on antihypertensive medication
b The ‘no lesion’ category serves as the reference condition for the ordinal logistic odds ratios.
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with a history of major depression, a large portion of both
groups had a past diagnosis of major depressive disorder
(36% for the control group and 32% for the diabetes group;
NS). Although diabetic participants had somewhat higher
scores on the SCL90-R depression subscale (p=0.003), the
mean SCL90-R score for both groups was <63, the typical
cut-off for screening depression. Retinopathy data was
available on 88 diabetic participants: 39% had no retinop-
athy, 46% had non-proliferative retinopathy and 16% had
proliferative retinopathy.

White matter hyperintensities

Both diabetic (31%) and control participants (40%) had
mild deep white matter hyperintensities (grades 1–1 and 1–
2). One person with diabetes had grade 1–3 hyperinten-
sities. No one had grade 2 lesions in deep white matter or
grade 3 lesions in either deep or periventricular white
matter. The groups did not differ on proportion of
participants with deep white matter (based on scoring that
accounted for number and size of lesions) or with
periventricular white matter hyperintensities (Table 2).
Figure 1a shows an image with grade 1–2 lesions in deep
white matter while Fig. 1b shows a typical image with
grade 2 periventricular lesions. Logistic regression found
that demographic characteristics, smoking, systolic or
diastolic blood pressure, triacylglycerol, meeting HDL- or
LDL-cholesterol target levels, and being on lipid-lowering
or antihypertensive medications were not associated with
the presence or severity of deep or periventricular white
matter hyperintensities in this sample. We found a very
modest relationship between having any periventricular
hyperintensity lesion and diabetes (odds ratio=2.3, 95% CI
1.02–5.23; p=0.04). However, when we adjusted for
smoking (odds ratio=2.16, 95% CI 0.94–5.0), ethnicity,

being on lipid-lowering medications, or blood pressure
medications individually (data not shown) or as a group, the
model no longer reached statistical significance (Table 2).
Meeting HDL- or LDL-cholesterol targets was associated
with the presence of deep white matter hyperintensities.
Interestingly, 68% of the non-diabetic and 76% of the
diabetic groups were at desired HDL-cholesterol target
levels or higher, while only 35% of those with diabetes and
44% of controls met LDL-cholesterol targets. Within-group
analyses showed no effects of age at diagnosis, history of
severe hypoglycaemia, presence of retinopathy (neither
background nor severe) or lifetime HbA1c on the number
and severity of deep white matter or on the severity
periventricular white matter hyperintensities.

Cognition and white matter hyperintensities

Participants scored within the normal range in all cognitive
domains, but diabetic participants scored lower than
controls on vocabulary, one measure of executive function
(Sorting Test), short-term memory, psychomotor efficiency,
one measure of mental efficiency and delayed recall
(Table 3). No statistically significant differences existed
between the two groups on spatial ability, attention,
working memory, or on three of the four mental efficiency
tasks. The odds for better performance on one delayed
memory measure (Verbal Paired Associates II) were greater
for those without periventricular white matter hyperinten-
sities compared with those with periventricular hyper-
intensities (per one unit difference, odds ratio=1.2, 95%
CI=1.06–1.38; p=0.006); the association remained after
controlling for depression, demographic and other variables,
but fell into the trend range after controlling for diabetes
(odds ratio=1.2, 95% CI=1.02–1.43; p=0.02). No other
associations were noted between performance on other

Fig. 1 Sample MRI images. a
Arrows indicate grade 1–2 deep
white matter hyperintensities. b
Arrows indicate grade 2 peri-
ventricular hyperintensities
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cognitive tasks and periventricular or deep white matter
hyperintensities. Retinopathy severity was not associated
with performance on cognitive tests. Depressive symptoms
were, however, modestly correlated with poorer neuropsy-
chological performance among the total sample (Table 3).
After adjusting for depressive symptoms, between group
differences in cognitive scores remained essentially the same.

Depressive symptoms and white matter hyperintensities

A history of major depression was not associated with the
presence or severity of white matter hyperintensities in
either diabetic or non-diabetic participants (NS). A trend for
a relationship between current subclinical depressive
symptoms and presence of deep white matter hyperinten-
sities existed within the non-diabetic group (for a ten point
difference in SCL90 depression score, odds ratio=1.85,
95% CI=0 1.09–3.14) but not within the diabetic group.
Depressive symptoms were modestly correlated with poorer

neuropsychological performance among the total sample
(Table 3).

Discussion

Our sample of young adults with type 1 diabetes (mean age
32±4 years) and long duration diabetes (mean duration 20±
4 years) showed evidence of only mild white matter
hyperintensities (grades 1 and 2), which were comparable
to those seen in a demographically similar sample of non-
diabetic adults. These findings are consistent with those of
another study [6] that obtained MRI and cognitive measures
from 40 somewhat older diabetic participants and 40 age-
matched non-diabetic comparison participants. Another
study also reported null results in an investigation of 25
type 1 diabetic patients who were compared with ten non-
diabetic controls [11]. In contrast, others [7] reported that
69% (11 of 16) patients with long duration diabetes vs

Table 3 Scores on neuropsychological functioning assessments for those with diabetes and the control group, and estimated correlation
coefficients for depressive symptoms and neuropsychological assessment scores

Type 1 diabetes
group

Non diabetic control
group

p value Spearman correlation coefficient for depressive
symptoms for total sample

Vocabulary subscale 57±8.6 62±7.1 0.0009 −0.21**
Short-Term Memory
Verbal Paired Associates I scaled 9.9±3.0 11.7±2.6 0.0003 −0.21**
Delayed Recall
Verbal Paired Associates II 10.5±2.6 11.8±1.8 0.0001 −0.15 a

Spatial Ability
Block Design 58±8.9 60±9 NS −0.26***
Executive Functions
Problem Solving
Similarities 56±7 58±6 0.03a −0.11
Sorting Test 9.8±2.2 11.1±2.4 0.0008 −0.18a

Matrix Reasoning 59±6.5 60±7 NS −0.18a

Working Memory
Letter–Number Sequencing scaled 10.8±2.9 11.6±3.3 NS −0.23**
Spatial Span 10.2±2.3 10.8±2.6 NS −0.25***
Working Memory Index 103±13 107±16 NS −0.28***
Attention
Color–Word Inhibition 10.9±2.3 11.6±2.6 NS −0.20**
Design Fluency total correct 12.7±2.8 12.6±2.7 NS −0.12
Mental Efficiency
Letter Fluency 11.4±3.4 12.0±3.1 NS −0.05
Category Fluency 12.4±3.5 13±3.7 NS −0.02
Digit Symbol Substitution Test 11.3±2.9 12.9±3.4 0.001 −0.18a

Trail Making Number–Letter Switching 10.5±2.5 11±2.4 NS −0.14
Psychomotor Efficiency
Grooved Pegboardb 92±9.6 87±11 0.002 0.22**
Non-dominant Grooved Pegboardb 98±11.4 93±11 0.01 0.14

a Trend indicated by p value between 0.02 and 0.05
b Higher score indicates worse performance
**p≤0.01
***p≤0.001
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12.5% of 40 non-diabetic controls had white matter hyper-
intensities ranging from 2 to 10 mm (mean 5 mm) and that
seven of these 11 patients had lesions ≤ 5 mm. These
authors did not find a relationship with arterial blood
pressure, but did not report how many patients had
hypertensive disease. All patients had peripheral neuropa-
thy and many had other complications including autonomic
neuropathy and nephropathy. Other cardiovascular risk
factors, such as lipid levels, were not reported. On the
other hand, control participants were free of cardiovascular
risk factors, thus the impact of comorbidities cannot be
separated from that of hyperglycaemia alone.

The number and severity of lesions for type 1 diabetes
patients in our study are consistent with data from Brands
[6], who found that most diabetic patients and controls had
some white matter lesions, and the severity and prevalence
did not differ between groups. Studies examining white
matter lesions in non-diabetic, asymptomatic volunteers
aged 20 to 83 years found that 11 to 73% of participants
had white matter hyperintensities ranging from grade 1 to
grade 3 [29–34] with more white matter hyperintensities
occurring among older participants [29, 32]; for those under
50 years of age, 11 to 42% of participants had either deep
white matter or periventricular hyperintensities [29, 31, 33,
34]. This prevalence of white matter hyperintensities in
non-diabetic controls suggests that some white matter
hyperintensities, particularly grades 1 and 2, may not be
clinically significant and emphasises the importance of
including a non-diabetic control group when assessing the
effect of diabetes on brain structure.

Whether periventricular grade 1 and 2 white matter
hyperintensities are precursors to more severe lesions
remains unclear. A study examining histopathological
changes among 11 older people who underwent MRI prior
to death found that all grades of deep white matter hyper-
intensities appeared to be associated with increasing severity
of ischaemic tissue damage and marked arteriosclerosis
while periventricular grades 1 and 2 appeared to be non-
ischaemic in origin [35]. A similar histopathology study
replicated these findings [36]. In our study, HDL-cholesterol
levels were approximately within normal limits, although
LDL-cholesterol levels were, on average, above desired targets
of 2.59mmol/l (http://www.joslin.org/managing_your_diabetes_
joslin_clinical_guidelines.asp). HDL-cholesterol levels for
total participants, but not other markers of dyslipidaemia,
appeared to offer a small measure of protection from deep
white matter hyperintensities, as those with higher HDL-
cholesterol levels were less likely to have deep white matter
hyperintensities. If deep white matter and grade 3 periven-
tricular lesions are related to ischaemia and arteriosclerotic
disease [35, 36], these characteristics combined with normal
ageing may help explain differences on MRI studies between
people with type 1 and type 2 diabetes.

Of the studies that assessed smoking, some but not all
studies have found that smoking history is associated with
increased white matter hyperintensities, particularly in older
people [37–40]. These studies typically used a crude scale
(never smoked, former smoker, current smoker) with
approximately 50% having a history of smoking. We used
pack-years in our study and when we examined the
percentage of individuals who had never smoked, 75% of
those with diabetes and 87% of controls never smoked, thus
explaining the very low pack-years rate in our relatively
young cohort. The diabetic group smoked, on average, for
1.3 pack-years vs 0.2 pack-years for controls; although
statistically different, this amount of smoking may not be
enough to clinically impact white matter integrity, as fewer
of the diabetic patients had deep white matter lesions
compared with controls. When the deep white matter hyper-
intensity analysis was adjusted for smoking, the p value
for having diabetes remained non-significant. When the
periventricular hyperintensity model was adjusted for smok-
ing, the p value for the impact of diabetes moved from a
trend (p=0.04) to non-significant (p=0.07).

Studies have also examined whether hypoglycaemia and/
or age of onset contribute to the formation of white matter
hyperintensities. Two studies [4, 8] examining the impact of
a history of severe hypoglycaemia found no impact on the
number or severity of white matter hyperintensities [4]; in
one study, however, participants with a hypoglycaemic
history had more cortical atrophy [8]. Ferguson et al. [5]
reported that those with early onset diabetes (<7 years of
age) did not differ from those with later onset diabetes
(>7 years of age) in terms of white matter hyperintensities,
although the younger onset group had more prevalent
ventricular atrophy and greater lateral ventricular volumes.
Our findings on white matter hyperintensities are consistent
with those in these previous publications.

This same investigator group [4] also found that 25 type 1
diabetes patients with background retinopathy had more
small focal white matter hyperintensities than 46 people
without retinopathy while, in our study, no differences
existed based on the presence of background or proliferative
retinopathy. Others [11] found no relationship between
proliferative retinopathy and white matter lesions. Diabetic
retinopathy reflects the development and progression of
microvascular disease associated with chronic hyperglycae-
mias. Thus, the lack of association between white matter
hyperintensities and retinopathy in our data suggests that
early white matter hyperintensities may result from causes
other than diabetes related microvascular disease.

Diabetic participants performed somewhat worse than
control participants on psychomotor efficiency, some verbal
memory tasks and on a card-sorting task requiring organisa-
tional and conceptual skills. Effect sizes ranged from 0.3 to
0.6 and are comparable to those reported by others [3].
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Consistent with our study results, lower grooved pegboard
scores are frequently reported in studies of adults with type
1 or type 2 diabetes—particularly with clinically significant
complications [2]. The lack of difference in white matter
hyperintensities may help explain why between-group
differences in psychomotor speed were relatively small.

In our prior report on a subset of this sample [12], we
examined grey matter and found that diabetic patients showed
lower grey matter density than controls and that lower grey
matter density was associated with high HbA1c levels and
severe hypoglycaemic events. This finding, coupled with
our current data, suggests that cognitive problems, if present,
may be due largely to changes in grey matter rather than in
white matter in people with type 1 diabetes.

As noted in the methods section, to obtain a sufficiently
large sample of participants with history of depression, we
used selective sampling by continuing to screen for a history
of depression without current depression. This sampling
scheme has the potential of affecting the make-up of the
groups and confounding the between-group analysis of
white matter hyperintensities. However, white matter hyper-
intensities and history of depression were clearly not related,
so it is unlikely that our sampling system had any influence
on our primary results.

In summary, we found a similar prevalence of grade 1
and 2 white matter hyperintensities in young adults with or
without diabetes mellitus. These white matter hyperinten-
sities were not associated with depressive history or with
clinical characteristics of diabetes including retinopathy,
history of severe hypoglycaemia or lifetime glycaemic
control. Moreover, these were not robustly associated with
the cognitive test scores of either people with diabetes or in
age-matched controls. It is possible that newer, more
sensitive imaging techniques may find subtle differences
that MRI techniques used in this study could not.
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