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Abstract
Aims/hypothesis The aim of the study was to examine the
relationship of retinal vascular calibre with glucose intoler-
ance, diabetes and retinopathy in a population-based cohort.
Methods The Australian Diabetes, Obesity and Lifestyle
study recruited adults aged ≥25 years old from across
Australia. Participants were classified using an oral glucose
tolerance test as having normal glucose tolerance (NGT),
impaired glucose tolerance (IGT), impaired fasting glucose
(IFG), known diabetes or newly diagnosed diabetes. Digital
retinal photographs were taken of all participants with
diabetes, IGT and IFG, and a sample of those with NGT,
and graded for the presence of retinopathy. Retinal vascular
calibre was measured from photographs by a computer-
assisted method.

Results Of the 1,998 participants with gradable retinal images,
16% had known diabetes, 17% newly diagnosed diabetes, 42%
IGT, 6% IFG and 19% NGT. After multivariable adjustment,
retinal arteriolar calibre was significantly larger in people with
known diabetes (178.9 μm) compared with participants with
NGT (174.6 μm, p=0.02), IGT/IFG (175.5 μm, p=0.02) or
newly diagnosed diabetes (175.6 μm, p=0.047). One SD
increase in mean arteriolar calibre was associated with higher
odds of diabetes compared with NGT (odds ratio [OR]=1.28,
95%CI=1.06–1.55). After multivariable adjustment, each SD
increase in venular calibre was associated with higher odds of
having retinopathy in persons with IGT/IFG (OR=1.78, 95%
CI=1.36–2.34) or in persons with diabetes (OR=1.68, 95%
CI=1.23–2.29).
Conclusions/interpretation Diabetes is associated with larger
retinal arteriolar calibre and retinopathy with larger retinal
venular calibre. The contrasting associations may reflect
different underlying pathophysiological processes in the
natural history of diabetes.
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Introduction

Diabetes mellitus is a major cause of morbidity and
mortality worldwide [1, 2]. Retinopathy, a common
microvascular complication of diabetes, is the leading
cause of vision loss in adults of working age [3].
Elucidating the early pathophysiological changes involved
in the development of glucose intolerance, diabetes and the
subsequent development of retinopathy is important in
identifying new treatment and preventative strategies [3, 4].

The development of retinal imaging technology has
allowed non-invasive measurement of early structural
changes in the retinal microvasculature [5, 6]. Using these
new methods, several studies have shown that changes in
retinal vascular calibre are associated with the risk of
developing type 2 diabetes [7, 8] and impaired fasting
glucose (IFG) [9] and, among people with diabetes, with
progression of retinopathy [10] and nephropathy [11].
However, there is a significant gap in the current literature
concerning a clear understanding of how retinal vascular
calibre changes with increasing severity of glucose intoler-
ance [12]. This is important as persons with pre-diabetes
status are known to also develop microvascular complica-
tions, including retinopathy [13–15].

In this study, we describe the distribution of retinal
vascular calibre in persons with known and newly
diagnosed diabetes and IGT, and examine the association
of retinal calibre with diabetic retinopathy in people with
and without diabetes in the Australian Diabetes, Obesity
and Lifestyle (AusDiab) study.

Methods

Study population The AusDiab Study was conducted to
assess the prevalence and impact of diabetes and diabetic
complications in Australia and included a nationally
representative sample of 11,247 adults aged ≥25 years.
The study was approved by the ethics committee of the
International Diabetes Institute and informed consent for
the study was obtained from all participants. The popula-
tion, methods and response rates have been detailed and
reported elsewhere [16]. In brief, this study surveyed
samples from 42 randomly selected urban and rural areas
of Australia. Of those who completed the household
interview (n=20,293), 55.4% (n=11,247) attended the
biomedical examination in 1999–2000. Participants had
glucose tolerance tests, lifestyle parameters were assessed
and cardiovascular risk factors were measured.

People identified through the AusDiab study as having
diabetes (n=431 with known diabetes [KDM] and 424 with
newly diagnosed diabetes [NDM]), IFG or impaired
glucose tolerance (IGT) (n=1,155) and a random sample

of people with normal glucose tolerance (NGT; n=466)
were invited to participate in the complications component
of the survey. Participants with NGT were selected using a
systematic random sample of every nth person. The value
of n was dependent on the number of people expected on
the day of testing, in order to obtain a sample size of ten per
day. The overall response rate for the complications study
was 89% (2,476 of the 2,773 selected), with a response rate
of 91% among those with diabetes and 88% among those
without diabetes [17].

Of the 2,476 participants who participated and had
retinal photographs taken, 2,027 (82%) had photographs
that were of sufficient quality for retinal vascular calibre to
be measured. We excluded seven (0.3%) participants with
unclassified diabetes status and a further 22 (0.9%)
participants with NGT who had retinopathy signs (e.g.
isolated microaneurysms or haemorrhages) that may have
been related to age and hypertension, leaving 1,998
participants who provided data for this analysis. The 478
participants with retinal images not included in the analysis
were significantly older (62 vs 58 years, p<0.001), were
more likely to have KDM (23 vs 16%, p=0.001), and had a
higher mean HbA1c (5.86 vs 5.68%, p=0.004) compared
with those included in our analysis. A flow chart of
participants in the AusDiab study is shown in Fig 1.

Diabetes status Diabetes classification of participants was
based on the results of a 75-g OGTT using the 1999 WHO
recommendations [18]. Participants were classified as
KDM if they reported a history of physician-diagnosed
diabetes and either were currently using treatment (insulin
or oral hypo-glycaemic medications) or had fasting plasma
glucose ≥7.0 mmol/l or 2 h plasma glucose ≥11.1 mmol/l at
the examination. Participants without previously diagnosed
diabetes who had a fasting plasma glucose concentration of
≥7.0 mmol/l or 2 h plasma glucose ≥11.1 mmol/l were
classified as having NDM. Type 1 diabetes was defined as
commencement of insulin treatment within 2 years of
diagnosis (if diabetes onset was at age 40 years or later)
and with current BMI <27 kg/m2. Otherwise they were
classified as having type 2 diabetes.

IGT was defined when the fasting plasma glucose was
<7.0 mmol/l and the 2 h plasma glucose was ≥7.8 and
<11.1 mmol/l, and IFG when the fasting plasma glucose was
≥6.1 and <7.0 mmol/l and the 2 h plasma glucose was
<7.8 mmol/l. All other participants were classified as having
NGT. HbA1c was determined from whole blood using
boronate affinity HPLC (BioRad Variant Haemoglobin
Testing System; BioRad, Hercules, CA, USA).

Retinal photography and retinopathy Non-mydriatic retinal
photographs of both eyes, centred on the optic disc and the
macula, were taken of participants using a digital retinal
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camera (Canon CR6-45NM; Canon, Lake Success, NY, USA)
[17]. Photographs were graded for retinopathy by one
assessor, who was masked to all participant characteristics.
In people with IGT or IFG, retinopathy refers to the presence
of at least one definite retinal haemorrhage and/or micro-
aneurysm. In people with diabetes, the level of diabetic
retinopathy was defined according to a simplified version of
the Wisconsin grading system (absent, mild, moderate,
severe non-proliferative diabetic retinopathy, and prolifera-
tive diabetic retinopathy) [19]. In our analysis, in people with
diabetes, retinopathy was defined as mild or moderate
retinopathy (i.e. it included the presence of at least one
definite retinal haemorrhage and/or microaneurysm). The
severity of diabetic retinopathy was based on data from the
worst eye. There were no cases of severe non-proliferative
diabetic retinopathy and only five cases of proliferative
diabetic retinopathy. Because these five cases had received
prior laser photocoagulation treatment, which may confound
the assessment of retinal vessel calibre, they were excluded
from the analyses.

A random re-grading of 167 retinal photographs by the
same assessor (of those with and without retinopathy) showed
a high level of intra-grader reliability (un-weighted κ=0.73).

Measurement of retinal vascular calibre Retinal vascular
calibre was measured using a computer-assisted vessel
measurement system (Retinal Analysis; Optimate, Madison,
WI, USA) that uses microdensitometry to detect the vessel
edge [20]. The measurement reflects the width of the
erythrocyte column. Using a standard protocol, trained
graders, masked to participant characteristics, retrieved an
image from the network and identified each vessel as an
arteriole or venule using the original digital image as a
reference. The grader then selected a segment of each

vessel coursing through a specified area (0.5–1.0 disc
diameter surrounding the optic disc [zone B]). The software
calculates the central and average width of five equidistant
measurements of that vessel segment (in μm). An intensity
histogram of the central width measurement is displayed
alongside the image (Fig. 2).

The grader assessed the validity of each measurement by
evaluating the consistency of the histogram and visual
image, and the correlation between the average and central
widths. Once the diameters of all arterioles and venules
within zone B had been assessed, the measurements were
summarised into a central retinal arteriolar equivalent
(CRAE) and central retinal venular equivalent (CRVE),
according to formulas given by Hubbard et al. [21] and
modified by Knudtson et al. [22]. The formula allows
individual vessel diameters to be combined into summary
indices reflecting the average arteriolar and venular diam-
eters of that eye. Because retinal calibre measures are
highly correlated between eyes, vascular calibre measure-
ments of the left eye were used for all analyses.

The inter-grader intra-class correlation coefficients for
the CRAE and CRVE measures were 0.92 and 0.96,
respectively, and the intra-grader intra-class correlation
coefficients for CRAE and CRVE were 0.83 and 0.92,
respectively.

Measurement of other risk factors Plasma glucose, fasting
serum total cholesterol, HDL- and LDL-cholesterol, and
triacylglycerol were determined by enzymatic methods
(AU600 analyser; Olympus, Tokyo, Japan). BP was
measured in the supine position, with hypertension defined
as systolic BP >140 mmHg and diastolic BP >90 mmHg or
current use of anti-hypertensive medications. BMI was
calculated from measured weight and height. The level of

Refused household interview n = 54 Participated in household interview n = 20,293 

Agree to attend for biomedical exam n = 15,178 Refused biomedical exam n = 5,115 

Attended biomedical exam n = 11,247 Failed to attend biomedical exam n = 3,934 

Invited to participate in the complications study n = 2,773 

Participated in complications study n = 2,476 Refused to participate in complications study n = 297 

Excluded 449 with inadequate images, seven with 
unclassified diabetes status, and 22 who had NGT 
but had retinopathy 

Included in analysis n = 1,998 

Eligible people n = 20,347 
Fig. 1 Flowchart of persons
selected to participate in the
AusDiab study
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physical activity was categorised as ‘sufficient’ if there was
more than 150 min of physical activity in the last week, and
as ‘insufficient’ if the duration of physical activity in the
last week was between 0 and 150 min. Information on
alcohol consumption, smoking, medication use and history
of diabetes was obtained from a interviewer-administered
questionnaire.

Statistical analysis Retinal vascular calibre (CRAE or
CRVE) was assessed as a continuous variable (mean or
per standard SD increase). Glycaemic status was categor-
ised into four groups: NGT, IGT/IFG, NDM and KDM.
Retinopathy was defined as absent or present.

Multinomial logistic regression models were constructed
to assess the odds ratios (ORs) and 95%CIs for the multi-
categorical outcome of glycaemic status (IGT/IFG, NDM
and KDM, with NGT as the reference group) in association
with retinal vascular calibre. The p values for trends across
the outcome categories were ascertained using Kendall’s
rank correlation test for categorical variables and one-way
ANOVA for continuous measures comparing means. Bino-
mial logistic regression models were used to assess the OR
and 95%CI of retinopathy among persons with diabetes
(NDM/KDM) and among persons with IGT/IFG, in associ-
ation with retinal vascular calibre. We constructed two
models. In Model 1 we adjusted for age, sex, systolic BP,
BMI, alcohol consumption (ever vs never), cigarette smok-
ing (ever vs never), HDL-cholesterol and triacylglycerol
levels. In Model 2 we adjusted additionally for CRVE in
models that examined retinal arteriolar calibre and for
CRAE in models that examined venular calibre. [23] For
stratified analysis, an optimal glycaemic level defined as
HbA1c of <7% was used, based on the recommended WHO

recommendation for persons with diabetes [18], and diabetes
duration was based on a median value for participants with
KDM of 5 years. All significance levels were set at p<0.05.
The data analysis was performed using SPSS version 12.0.1
for Windows (1999; SPSS, Chicago, IL, USA).

Results

Of the 1,998 participants included in this study, 320 (16%)
had KDM, 337 (17%) had NDM, 960 (48%) had IGT/IFG
and 381 (19%) had NGT. Of the 320 with KDM, 26 (8%)
had type 1 and 294 (92%) had type 2 diabetes. Given that
there were no significant differences between the two
groups in terms of vascular calibre measurements, partic-
ipants with type 1 and type 2 diabetes were combined as the
KDM group (data not shown).

Table 1 compares the baseline characteristics of partic-
ipants across the four groups of glycaemic status. Com-
pared with the NGT group, participants with KDM were
more likely to be men and to give a history of cigarette
smoking, but were less likely to have ever consumed
alcohol. People with IGT/IFG, KDM or NDM were
significantly older, had higher systolic and diastolic BP,
BMI and triacylglycerol levels but lower total cholesterol
and HDL-cholesterol than those with NGT.

In the study population, CRAE was 175.73±25.0 (mean±
SD) μm and CRVE was 206.60±23.68 μm (data not shown).

Associations of retinal arteriolar calibre CRAE and
fasting plasma glucose were modestly and negatively
correlated (r=−0.07, p=0.002). Table 2 shows the distri-
bution and association of CRAE by glycaemic and

Fig. 2 Sample digitised retinal
photograph showing the retinal
vessel diameter measurements in
zone B
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retinopathy status. After adjusting for co-variables in Model
1, participants with KDM had significantly larger mean
CRAE than participants with NGT (p=0.024, data not
shown), IGT/IFG (p=0.016) or NDM (p=0.047). For each
SD increase in CRAE, the odds of having KDM compared
with NGTwere significantly increased (OR=1.28; 95%CI=
1.06–1.55, Model 1). This association remained significant
after further adjustment for CRVE in Model 2.

There were no significant associations between CRAE
and retinopathy in persons with IGT/IFG (Table 2). In
participants with diabetes (KDM or NDM), each SD larger
CRAE was associated with increased odds of having
retinopathy (OR=1.47; 95%CI=1.11–1.94). However, with
further adjustment for CRVE (Model 2), this association
was no longer significant.

We found no linear relationship of CRAE with fasting
plasma glucose after adjusting for age, sex, systolic and
diastolic BP, BMI, cholesterol, LDL- and HDL-cholesterol,
triacylglycerol, alcohol consumption and smoking (β=−0.06,
p=0.82).

Associations of retinal venular calibre CRVE was not
associated with fasting plasma glucose (r=−0.002, p=
0.92). After adjusting for age, sex, systolic and diastolic
BP, BMI, cholesterol, LDL- and HDL-cholesterol, triacyl-
glycerol, alcohol consumption and smoking, there was no
linear relationship between fasting plasma glucose and
CRVE (β=−0.36, p=0.16) in linear regression models.

Table 3 shows that, after adjusting for co-variables, no
significant association of CRVE with glycaemic status was
evident. However, in people with IGT/IFG or diabetes, each
SD increase in CRVE was associated with a significantly
higher risk of having retinopathy (IGT/IFG: OR=1.36, 95%
CI=1.02–1.82; diabetes: OR=1.49, 95%CI=1.06–2.09).
Further adjustment for arteriolar calibre in Model 2 did
not change these associations (Table 3).

Stratified analysis of CRAE and CRVE The association of
larger retinal venular calibre with diabetic retinopathy was
generally similar in subgroups stratified by the presence of
hypertension, the glycaemic level and smoking status, and
was also significant in people with diabetes duration
>5 years (Table 4). Of interest was the finding that persons
with NDM had an increased risk of having retinopathy with
each SD increase in arteriole (OR=1.86, 95%CI=1.1.02–
3.37) and venular (OR=1.92, 95% CI=1.04–3.54) diam-
eter (Model 1). The risk was attenuated and became non-
significant after further adjusting for CRVE or CRAE
respectively in Model 2.

Discussion

In this large population-based cohort, we demonstrate
variation in retinal arteriolar and venular calibre according
to glycaemic status and retinopathy status. After controlling

Table 1 Baseline characteristics of participants in the AusDiab study population according to glycaemic status

Characteristic All persons
(n=1,998)

NGT
(n=381)

IGT/IFG
(n=960)

NDM
(n=337)

KDM
(n=320)

p value
for trend

Male sex 893 (45) 138 (36) 413 (43)* 162 (48)** 177 (55)** <0.001
Ever drunk alcohol 1719 (86) 344 (90) 833 (87) 259 (81)* 238 (81)** 0.001
Ever smoked 923 (46) 168 (44) 417 (44) 156 (46) 182 (57)** 0.001
Insufficient physical activity 911 (46) 186 (49) 438 (46) 142 (42) 145 (48) 0.17
Retinopathy (either eye) 153 (8) 0 (0) 66 (6.9) 17 (5.0) 70 (22)** <0.001
Age (years) 58.07±13.93 50.73±14.56 58.85±13.54** 60.86±13.03** 62.82±11.58** <0.001
HbA1c (%) 5.68±1.14 5.05±0.29 5.29±0.34** 5.99±1.12** 7.32±1.65** <0.001
Fasting plasma glucose (mmol/l) 6.42±2.09 5.95±1.29 5.72±0.60** 7.08±1.94** 9.23±3.33** <0.001
Post-load plasma glucose (mmol/l) 9.16±3.36 14.81±3.76 8.70±1.32** 12.72±3.78** 15.05±3.84** <0.001
Systolic BP (mmHg) 137.35±

20.27
126.50±19.08 137.53±19.13** 144.01±20.13** 143.52±19.53** <0.001

Diastolic BP (mmHg) 71.85±12.21 66.74±10.85 72.19±12.14** 75.18±12.47** 73.77±11.80** <0.001
BMI (kg/m2) 28.66±5.75 25.93±4.56 28.79±5.51** 30.00±5.89** 30.31±6.45** <0.001
Total cholesterol (mmol/l) 5.64±1.06 5.42±1.03 5.70±1.04** 5.93±1.09** 5.47±0.99 0.13
HDL-cholesterol (mmol/l) 1.37±0.39 1.47±0.37 1.40±0.40** 1.30±0.40** 1.24±0.34** <0.001
Triacylglycerol (mmol/l) 1.82±1.26 1.26±0.93 1.75±1.05** 2.33±1.69** 2.18±1.36** <0.001

Values are n with % shown in parentheses, or mean±SD.
*p<0.05 from multinomial logistic regression models for categorical characteristics and ANOVA for continuous characteristics with NGT as
reference group.
**p<0.005 from multinomial logistic regression models for categorical characteristics and ANOVA for continuous characteristics with NGT as
reference group.
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for other risk factors and venular calibre, persons with
known diabetes were more likely to have larger arteriolar
calibre than those with diabetes newly diagnosed in the
study, or those with IGT or NGT. In contrast, larger retinal
venular calibre was not significantly associated with
diabetes status, but was significantly associated with the

presence of retinopathy both in participants with IGT/IFG
and in those with diabetes.

In analyses adjusted for age, sex, systolic BP, BMI, alcohol
use, cigarette smoking, HDL-cholesterol and triacylglycerol,
larger arterioles and venules were significantly associatedwith
an increased risk of having retinopathy in participants who

Table 2 Relationship of retinal arteriolar calibre by glycaemic and retinopathy status

n Retinal arteriolar calibre (CRAE)

Mean (μm) (SE) OR (95%CI) per one SD increase

Model 1 p value Model 2 p value

Glycaemic status
NGT 381 174.58 (1.42) 1.00 (reference) – 1.00 (reference) –
IGT/IFG 960 175.45 (0.96) 1.07 (0.93–1.25) 0.68 1.12 (0.94–1.33) 0.21
Diabetes 657 177.22 (1.09) 1.16 (0.98–1.37) 0.08 1.16 (0.95–1.41) 0.14
NDM 337 175.56 (1.41) 1.07 (0.89–1.29) 0.23 1.02 (0.82–1.27) 0.88
KDM 320 178.89 (0.89)* 1.28 (1.06–1.55) 0.01 1.34 (1.07–1.67) 0.01
Retinopathy status
IGT/IFG
No retinopathy 845 175.49 (1.23) 1.00 (reference) – 1.00 (reference) –
Retinopathy 65 176.21 (3.06) 1.03 (0.77–1.38) 0.84 0.84 (0.60–1.18) 0.32
Diabetes
No retinopathy 514 174.31 (1.44) 1.00 (reference) – 1.00 (reference)
Retinopathy 83 182.37 (2.80) 1.47 (1.11–1.94) 0.01 1.13 (0.82–1.55) 0.48

Model 1 was adjusted for age, sex, systolic BP, BMI, alcohol use (ever vs never), cigarette smoking (ever vs never), and HDL-cholesterol and
triacylglycerol levels.
Model 2 was adjusted for age, sex, systolic BP, BMI, alcohol use (ever vs never), cigarette smoking (ever vs never), and HDL-cholesterol and
triacylglycerol levels, and additionally for CRVE in models that examined retinal arteriolar calibre and for CRAE in models that examined venular
calibre.
*p<0.05, comparing adjusted mean with NGT as reference group.

Table 3 Relationship of retinal venular calibre by glycaemic and retinopathy status

n Retinal venular calibre (CRVE)

Mean (μm) (SE) OR (95%CI) per one SD increase

Model 1 p value Model 2 p value

Glycaemic status
NGT 381 209.44 (1.41) 1.00 (reference) – 1.00 (reference) –
IGT/IFG 960 208.87 (0.99) 0.99 (0.85–1.14) 0.86 0.93 (0.78–1.11) 0.42
Diabetes 657 210.63 (1.08) 1.08 (0.92–1.27) 0.37 1.00 (0.83–1.21) 0.99
NDM 337 210.96 (1.38) 1.10 (0.91–1.32) 0.32 1.09 (0.88–1.35) 0.44
KDM 320 210.31 (1.38) 1.06 (0.88–1.28) 0.54 0.91 (0.73–1.14) 0.41
Retinopathy status
IGT/IFG
No retinopathy 845 206.70 (1.19) 1.00 (reference) – 1.00 (reference) –
Retinopathy 65 212.42 (2.95) 1.36 (1.02–1.82) 0.048 1.78 (1.36–2.34) 0.000
Diabetes
No retinopathy 514 205.61 (1.37) 1.00 (reference) – 1.00 (reference) –
Retinopathy 83 217.47 (2.67) 1.49 (1.06–2.09) 0.03 1.68 (1.23–2.29) 0.001

Model 1 was adjusted for age, sex, systolic BP, BMI, alcohol use (ever vs never), cigarette smoking (ever vs never), and HDL-cholesterol and
triacylglycerol levels.
Model 2 was adjusted for variables in Model 1 and for CRAE.

2268 Diabetologia (2007) 50:2263–2271



were newly diagnosed as having diabetes. However, further
adjustment for CRAE or CRVE resulted in wider vessels
being associated with an increased but not significant risk of
developing diabetic retinopathy. Given that the main determi-
nant of venular calibre is arteriolar calibre and that arteriolar
calibre accounts for approximately 30% of the variability in
venular calibre (T. Y. Wong, unpublished data) our findings
may reflect over-adjustment of vessel calibre or a true
biological occurrence.

The strengths of our study include its population-based
sample, the classification of glucose tolerance status using
the gold standard OGTT rather than just fasting or random
blood glucose measurements, and the use of validated semi-
automated software for measuring retinal vascular calibre.

Several important limitations of this study should be
highlighted. First, the cross-sectional nature of our study
cannot provide evidence for causal antecedent-consequent
associations. Second, participants without gradable photo-
graphs were older and had higher systolic BP and HbA1c

levels, both of which are associated with an increased risk

of developing diabetes. Thus, excluding these people may
have led either to over- or under-estimation of the
associations found. Third, it should be noted that computer-
assisted measurement of retinal vessel calibres from retinal
photographs only measures the width of the reflective
erythrocyte column and underestimates the true internal vessel
calibre, as it does not measure the surrounding clear plasma
zone. However, we believe erythrocyte column width is a
good surrogate measure of internal vessel calibre as it appears
to be proportional to internal retinal vessel calibre in animal
studies, given that the ratio of the width of the plasma layer to
internal vessel calibre for both arterioles and venules is
relatively constant (<10% of the internal diameter). Fundus
fluorescein angiograms would provide a more accurate
measure of external vessel calibre; however, such a procedure
would not be feasible in a large epidemiological study. Fourth,
although the differences in mean retinal vessel calibre among
the various glycaemic groups were significant, the clinical
significance of these findings requires further evaluation. The
potential of using a computer-based system to evaluate retinal

Table 4 Association of retinal vascular calibre and retinopathy in participants with diabetes, stratified by hypertension, glycaemic level, diabetes
duration and smoking status

n n (%)
with
retinopathy

Retinal arteriolar calibre (CRAE) Retinal venular calibre (CRVE)

OR (95%CI) of retinopathy per one SD increase OR (95%CI) of retinopathy per one SD increase

Model 1 p
value

Model 2 p
value

Model 1 p
value

Model 2 p
value

By hypertensive status
No hypertension 181 14 (8) 0.90

(0.45–1.80)
0.76 0.56

(0.25–1.30)
0.18 1.88

(0.98–3.57)
0.06 2.43

(1.13–5.21)
0.02

Hypertension 412 65 (16) 1.51
(1.11–2.06)

0.008 1.19
(0.83–1.69)

0.35 1.78
(1.31–2.42)

0.000 1.60
(1.15 –12.22)

0.01

By HbA1c level
<7% 426 34 (8) 1.42

(0.95–2.14)
0.09 1.06

(0.66–1.72)
0.81 1.84

(1.20–2.84)
0.01 1.73

(1.08–2.94)
0.02

≥7% 166 46 (28) 1.24
(0.83–1.87)

0.30 1.00
(0.63–1.59)

0.99 1.54
(1.05–2.26)

0.03 1.54
(1.00–2.36)

0.049

By duration of diabetes
NDM 309 17 (6) 1.86

(1.02–3.37)
0.043 1.49

(0.75–2.98)
0.26 1.92

(1.04–3.54)
0.04 1.56

(0.77–3.17)
0.22

KDM ≤5 years 150 15 (10) 0.82
(0.42–1.61)

0.57 0.67
(0.31–1.45)

0.31 1.20
(0.64–2.25)

0.57 1.45
(0.70–3.02)

0.32

KDM >5 years 134 49 (37) 1.62
(1.05–2.51)

0.03 1.20
(0.74–1.93)

0.46 2.41
(1.48–3.92)

0.000 2.24
(1.33–3.77)

0.002

By smoking status
Never 273 32 (12) 1.31

(0.84–2.05)
0.23 0.94

(0.56–1.57)
0.81 1.90

(1.23–2.92)
0.004 1.94

(1.19–3.18)
0.01

Current/past 312 48 (15) 1.46
(1.03–2.06)

0.03 1.19
(0.80–1.77)

0.40 1.66
(1.17–2.35)

0.01 1.53
(1.02–2.28)

0.04

Model 1 was adjusted for age, sex, systolic BP, BMI, alcohol use (ever vs never), cigarette smoking (ever vs never), and HDL-cholesterol and
triacylglycerol levels.
Model 2 was adjusted for variables in Model 1 and for CRVE or CRAE as appropriate.
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vessel calibre in identifying those at risk of developing
diabetes and retinopathy is promising, but further research is
clearly required before such systems can be implemented in
clinical settings. Thus, our findings at present serve largely to
identify changes in the retinal microvasculature that may be
involved in the pathogenesis of diabetes and diabetic
retinopathy. Fifth, retinal vessel calibre measurements were
not synchronised on the cardiac cycle, which can result in 2–
17% variation in measurements [24]. Nonetheless, this
variation is likely to be random and would only tend to bias
associations towards the null.

Our findings should be compared closely with those of
other recent studies on the association between retinal
vascular calibre and glycaemic status [7–10, 24–25]. These
studies have not found consistent associations between
retinal arteriolar calibre and the prevalence or incidence of
diabetes. In the Multi-Ethnic Study of Atherosclerosis
(MESA), wider arterioles were related to higher serum
glucose levels [26], but prospective data from the Athero-
sclerosis Risk In Communities (ARIC) study [27] and the
Beaver Dam Eye Study suggest that wider arteriolar calibre
is associated with a lower risk of diabetes [28].

These three studies, however, did not differentiate between
newly diagnosed diabetes and known diabetes, nor did they
have information on glucose tolerance status. Our findings of
wider arterioles in people with retinopathy corroborates
findings in studies from Denmark [29, 30] and Iceland that
support a hypothesis that a disturbance in the autoregulation
of retinal arterioles resulting in arteriolar dilatation may be
the cause of hyper-fusion, haemorrhage and microaneurysm
formation resulting in macular oedema [31–33].

Our findings of an association between larger retinal
venular calibre with retinopathy in persons with either IGT/
IFG or diabetes, independent of other factors and arteriolar
calibre are more consistent with clinical experience and
existing literature. Both cross-sectional and prospective
data from the Wisconsin Epidemiological Study of Diabetic
Retinopathy (WESDR) [10, 34] show that wider venular
calibre is associated with severity and progression of
retinopathy and with other microvascular complications,
such as gross proteinuria and nephropathy [11]. However,
despite the consistency of our study findings with the
WESDR, the biological mechanisms that underlie these
associations are uncertain, and may reflect increased retinal
blood flow secondary to a combination of hyper-glycaemia
[35] retinal hypoxia [9, 36], inflammation [37], increased
lactate production [38] and/or endothelial dysfunction [39].

The contrasting associations of arteriolar and venular
calibre with diabetes and retinopathy are interesting and
may be important in understanding early microvascular
changes in diabetes. These differences suggest that different
microvascular processes are involved in the pathophysiol-
ogy of diabetes development and subsequent microvascular

complications. We can hypothesise that changes in arteri-
olar calibre occur early in diabetes, whereas changes in
venular calibre are late manifestations with the onset of
microvascular complications. Further research is clearly
needed to test this hypothesis.

In conclusion, we found that larger arteriolar calibre was
associated with known diabetes, and larger retinal venular
calibre was associated with the presence of retinopathy in
persons with diabetes or with IGT/IFG. These findings suggest
that variations in retinal arteriolar and venular calibre may
reflect different pathophysiological processes. It is possible that
arteriolar calibre changes occur early in the course of diabetes,
but that venular calibre changes are only associated with the
onset of microvascular complications such as retinopathy.
Studying changes in retinal vascular calibre may therefore
provide important insights into the pathophysiology and
natural history of diabetes and its microvascular complications.
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