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Alteration of choroidal circulation in the foveal region in
patients with type 2 diabetes
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Aim: To investigate changes in choroidal blood flow (CBF) in the foveal region in patients with type 2
diabetes.
Methods: Laser Doppler flowmetry was used to determine the CBF in the foveal region in 70 patients with
type 2 diabetes and 36 age and sex matched healthy subjects (control group). The patients were classified
into three groups: 33 patients (33 eyes) with no diabetic retinopathy (NDR), 20 patients (20 eyes) with
non-proliferative diabetic retinopathy and no macular oedema (NPDR/MO2), and 17 patients (17 eyes)
with NPDR and MO (NPDR/MO+). Optical coherence tomography was also used to measure the foveal
thickness.
Results: The group averaged CBF values were 13.5 (4.9), 9.4 (2.5), 10.8 (4.8), and 5.6 (2.0) (arbitrary
units) in the control, NDR, NPDR/MO2, and NPDR/MO+ groups, respectively. The group averaged CBF
values in the NDR group decreased (30.2%; p,0.01) compared with the control group. The average CBF
value in the NPDR/MO+ group was also significantly lower (48.2%; p,0.01) compared with that in the
NPDR/MO2 group.
Conclusion: The CBF in the foveal region significantly decreases in patients with diabetes, especially those
with macular oedema.

M

uch experimental evidence suggests that retinal blood
flow is impaired in patients with diabetes mellitus.1–6
However, far less attention has been paid to choroidal
blood flow (CBF). Some investigators measured the change
in pulsatile ocular blood flow (POBF) in patients with
diabetes by studying the change in CBF, and they reported
decreased POBF in patients with no diabetic retinopathy
(NDR)7 and background diabetic retinopathy.8 In contrast,
others have reported that the POBF increased9 or was
unchanged10 in all grades of diabetic retinopathy. Thus, the
changes in CBF in patients with diabetes remain controversial.
Diabetic macular oedema is the most common cause of
visual impairment and legal blindness in patients with type 2
diabetes,11 12 but the pathogenesis of diabetic macular
oedema is still poorly understood. Because the choroidal
vasculature, especially the choriocapillaris, provides oxygen
and nutrients to the outer retina and is presumed to be
responsible for maintaining the highly metabolically active
photoreceptor cells,13 impairment of the choriocapillaris may
cause severe functional damage to the retina in the foveal
region, which has no retinal vasculature.
In this study, we hypothesised that impaired CBF in the
foveal region has a role in the pathogenesis of diabetic
retinopathy and macular oedema. Riva et al14 used laser
Doppler flowmetry to assess the CBF in the human foveal
region and reported that the measurements obtained
corresponded primarily to determinations of choriocapillary
flow. To our knowledge, no study has evaluated the CBF in
the foveal region in patients with diabetes using this
technique. Therefore, we assessed the foveal choroidal
circulation in patients with diabetes using laser Doppler
flowmetry and compared the results with those of age
matched healthy subjects.

SUBJECTS AND METHODS
Study design
Seventy eyes of 70 patients with type 2 diabetes and 36 eyes
of 36 age and sex matched healthy volunteers (control group)
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were included in this study. All procedures performed in the
study followed the tenets of the Declaration of Helsinki. After
a detailed explanation of the procedures, written informed
consent was obtained from all participants.
Each subject underwent a complete ophthalmological
examination before the blood flow was measured. All had
adequate pupillary dilation and clear media. The patients
with diabetes were classified into three groups: 33 patients
(33 eyes) with NDR, 20 patients (20 eyes) with nonproliferative diabetic retinopathy and no macular oedema
(NPDR/MO2), and 17 patients (17 eyes) with NPDR and
macular oedema (NPDR/MO+). Macular oedema was evaluated by slit lamp biomicroscopy with a preset lens as
described previously.15 Briefly, clinically significant macular
oedema was graded based on the presence or absence of
macular thickening or hard exudates at or within 500 mm of
the central macula, as defined by the Early Treatment
Diabetic Retinopathy Study protocol.16 17 Exclusion criteria
included previous ocular surgery, a history of macular
photocoagulation, proliferative diabetic retinopathy, rubeosis
iridis, epiretinal membrane, macular degeneration, poor
quality optic coherent tomography (OCT) scans due to
cataract, visual acuity of 20/40 or less, and high ametropia
(spherical equivalent worse than 25.0 dioptres (D) or greater
than +3.0 D). Patients with hypertension (.160/95 mm Hg)
and other systemic complications were also excluded from
the study.
Study protocol
Blood flow measurements were obtained from one randomly
chosen eye of each participant. Patients with hard exudates
or retinal pigment epithelial degeneration within 500 mm of
Abbreviations: CBF, choroidal blood flow; CBVel, foveolar choroidal
blood velocity; CBVol, foveolar blood volume; NDR, no diabetic
retinopathy; POBF, pulsatile ocular blood flow; NPDR/MO2, diabetic
retinopathy and no macular oedema; NPDR/MO+, diabetic retinopathy
and macular oedema; OCT, optical coherence tomography; VEGF,
vascular endothelial growth factor
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Measurement of CBF in the foveal region
Determinations of relative foveolar choroidal blood velocity
(CBVel), foveolar choroidal blood volume (CBVol), and CBF
were obtained using a method based on the laser Doppler
velocity flowmetry technique,18 the details of which have
been published previously.14 Briefly, a diode laser (670 nm)
with an intensity of 20 mW was delivered through a fundus
camera (Model TRC; Topcon, Tokyo, Japan). The diameter of
the probing laser beam was approximately 200 mm. The
velocity is expressed in hertz and volume and flux were
expressed in arbitrary units. In our previous study, the
average coefficients of variability of CBVol, CBVel, and CBF
in healthy normal subjects (n = 5) were 12.7%, 10.0%, and
6.8%, respectively,19 suggesting that we could measure these
parameters with good reproducibility.
Subjects fixated on the probing laser beam to determine
the foveolar CBF. During blood flow measurements, proper
fixation was ascertained by direct observations of the foveola
through the fundus camera. All measurements were
performed with the subjects seated in a dark room.
The choroidal circulation was measured continuously in
each participant for about 30 seconds. The measurements
were performed twice in each subject. All these flow
parameters then were averaged over two periods of 30 seconds. Before the data were analysed, spikes caused by micromovements and blinks were removed as described previously.20 Data analysis was performed by a masked observer
using a computer (NeXT Computer, Redwood City, CA, USA)
with software specifically developed to analyse Doppler
signals from ocular tissues.21
Retinal thickness measurements
OCT (Zeiss-Humphrey Inc., Dublin, CA, USA, with software
application version A4.1), a technique for high resolution
cross sectional retinal imaging, was used to measure the
retinal thickness obtained in a radial spoke pattern centred
on the fovea.16 The principles of OCT have been described
previously.22–24 Briefly, six radiating 5 mm OCT scans at
intervals of 30˚were obtained. The images were automatically
analysed by the OCT computer software using the ‘‘retina
map’’ algorithm, which determines retinal thickness from the

OCT section by an edge detection technique that uses the
reflection pattern from the cross section.

Statistical analysis
All values are expressed as the mean (SD). The assumption of
normality of the data was assessed using the Shapiro-Wilk
test. For statistical analysis, we used one way analysis of
variance (ANOVA) followed by post hoc comparison with
Dunnett’s procedure. A value of p,0.05 was considered
statistically significant.

RESULTS
No significant differences in age, mean arterial blood
pressure, heart rate, or IOP were observed among the groups
(table 1). In patients with diabetes, there were no significant
differences in the duration of diabetes mellitus, or haemoglobin A1c value, and fasting blood sugar were observed
among the three diabetic groups (table 1).
The group averaged values of the CBVol, CBVel, CBF, and
foveal thickness are shown in table 2. There were substantial
differences in the CBVel between the controls and all diabetic
groups. However, a significant decrease in the CBVol was
observed only in the NPDR/MO+ group compared with the
controls. There were significant differences in CBF between
the controls and the three diabetic groups (p,0.01). In
patients with diabetes but with NDR, the average CBF was
30.2% lower than that in the controls (p,0.01). In addition,
there were also significant differences in CBF between both
the NDR and the NPDR/MO2 and the NPDR/MO+ groups
(p,0.01). The average CBF in the NPDR/MO+ group was
48.2% lower than that in the NPDR/MO2 group and was
58.5% lower than in the control group. Although the CBVel
was significantly lower in all three diabetic groups compared
with the control group, the CBVol was significantly reduced
compared with the control group only in the NPDR/MO+
group. Therefore, the observed decreases in CBF in the NDR
and NPDR/MO2 groups seem to be associated with
decreased CBVel. The evaluation of foveal thickness by OCT
provided us with the expected data. The average foveal
thickness values in the NPDR/MO+ group were significantly
higher than in the other three groups (p,0.01, table 2).

DISCUSSION
In the present study, we quantified the change in the CBF in
the foveal region in patients with diabetes using laser Doppler
flowmetry. In addition, the group averaged CBF value in the
NPDR/MO+ group was lower than that in the NPDR/MO2
group. These results indicate that the CBF in the foveal region
may decrease in the early stage of diabetic retinopathy and
decrease further in the presence of macular oedema.
Because the measurements obtained by laser Doppler
flowmetry correspond primarily to determinations of choriocapillary flow,14 our findings that the CBF values obtained
in the NDR group were lower than that in the age matched
control group (table 2) suggest that the circulatory changes in

Table 1 Characteristics of control subjects and subjects with diabetic mellitus

Number (male/female)
Age (years)
MABP (mm Hg)
IOP (mm Hg)
HR (beats/min)
HbA1C (%)
FBS (g/dl)

Control

NDR

NPDR/MO2

NPDR/MO+

36 (18/18)
59.8 (13.0)
98.6 (14.7)
14.1 (3.3)
70.7 (9.6)
–
–

33 (14/19)
62.2 (12.1)
96.1 (16.1)
14.4 (2.2)
71.4 (10.9)
7.4 (1.5)
189.3 (72.7)

20 (9/11)
61.3 (14.2)
94.8 (12.5)
15.0 (4.0)
72.9 (12.0)
8.4 (1.6)
161.7 (57.9)

17 (9/8)
63.6 (11.4)
98.7 (14.6)
14.2 (3.0)
72.1 (10.8)
8.6 (2.0)
200.9 (49.4)

MABP = mean arterial blood pressure; IOP = intraocular pressure; HR = heart rate; FBS = fasting blood sugar.
Values are expressed as means (SD).
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the central macula were excluded to prevent blockage of the
laser beam, which could affect the sample volume and alter
the scattering of the laser light.
A rest period of at least 20 minutes was scheduled for each
subject. The temperature in the examination room was
maintained from 22˚C to 24˚C. The subjects were asked to
abstain from drinking coffee and smoking for at least 2 hours
before the test.
The systolic, diastolic, mean arterial blood pressure, and
heart rate were estimated by electronic sphygmomanometer
(EP-88Si, Colin, Tokyo, Japan). Intraocular pressure (IOP)
was monitored by applanation tonometry (Haag Streit, Bern,
Switzerland). Pupil dilation was achieved using a combination of 0.5% tropicamide and 1% phenylephrine eye drops.
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Table 2 The group averaged values of choroidal circulation and foveal thickness in each group
Control

NDR

NPDR/MO2

NPDR/MO+

353.8 (80.6)
0.63 (0.21)
13.5 (4.9)
173.2 (28.2)

323.4 (81.4)*
0.58 (0.30)
9.4 (2.5)
180.1 (29.9)

298.8 (67.8)*
0.63 (0.33)
10.8 (4.8)*
188.3 (34.8)

279.1 (90.4)
0.50 (0.32)*
5.6 (2.0)
275.4 (107.5)

MABP = mean arterial blood pressure; IOP = intraocular pressure; HR = heart rate; FBS = fasting blood sugar.
Values are expressed as means (SD).
*p,0.05 and p,0.01 compared with control.
p,0.05 and p,0.01 compared with the NPDR/MO2 group.
CBVel indicates choroidal blood velocity; CBVol choroidal blood volume; and CBF choroidal blood flow.

the choriocapillaris may occur before the clinical manifestations of diabetic retinopathy. Previous histopathological
studies demonstrated the dropout of the choriocapillaris in
diabetic eyes.25–27 The dropout of the choriocapillaris could
increase vascular resistance, resulting in decreased blood flow
in the choriocapillaris. Therefore, it is likely that the changes
in circulation in the choriocapillaris may agree with those
histological findings.
The abnormalities of ocular blood flow in patients with
diabetes have been examined in many studies. The CBF was
reported to decrease, increase, and remain unchanged in
patients with diabetes in POBF and colour Doppler imaging.8–10
In our recent study, the POBF did not change in any stage
in diabetes,28 suggesting that the blood flow in the large
choroidal vessel, which POBF mainly reflect, may not be
affected in patients with diabetes. Although we did not
measure the POBF and perform laser Doppler flowmetry
simultaneously in patients with diabetes, it is likely that the
mechanisms of the impairment of choroidal circulation may
not be similar in large choroidal vessels and the choriocapillaris, especially in the foveal lesion.
This study had limitations, especially concerning the
methodology used to measure the CBF. Although the values
of laser Doppler flowmetry obtained from the patients with
age related macular degeneration29 and glaucoma30 were
compared with age matched healthy subjects in previous
studies, comparisons of relative blood flow measurements
between different group of individuals, such as normal
subjects and patients with diabetes, must be done with care
because the assessment of blood flow depends on the optical
and scattering properties of the tissues.14 It is at least
reasonable to consider that the decreased CBF in the foveal
region in the NDR group is a disease related alteration,
because there was no difference in the foveal thickness
between the healthy subjects and the patients with diabetes
with no retinopathy.
In the patients with NPDR and diabetic macular oedema ,
both blood volume and blood velocity were significantly
lower than in NPDR/MO2 group (table 2), which suggests
that the CBF in the foveal region may decrease more in
patients with diabetes with macular oedema . On the other
hand, another possible explanation for the decreased CBF in
the NPDR/MO+ group should be considered. The present data
do not provide a definitive explanation for this, because it is
possible that the increased retinal thickness may affect the
sampled volume and alter the scattering behaviour of the
laser light, resulting in the decreased intensity of the Doppler
shift. If the increase in sampling volume by macular oedema
mainly affected the present data obtained using a laser
Doppler flowmetry technique, any negative correlation
between the foveal thickness and CBF should be observed.
However, there was no such a correlation in NPDR/MO+
group (data not shown). We therefore speculate that the
present data may be a result of disease related alterations in
CBF, which are greater than those produced by the change in
the sampling volume due to macular oedema. A follow up
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study is needed to investigate whether the decreased CBF in
the foveal region causes macular oedema in patients with
NPDR with no diabetic macular oedema.
Our results may provide a new clue to the mechanism of
diabetic macular oedema . It is likely that the decreased blood
flow in the choriocapillaris that we observed may cause
severe retinal tissue hypoxia because the choriocapillaris is
the major source of nutrition for the retinal pigment
epithelium and outer retinal layers in the foveal region. In
the presence of tissue hypoxia, the expression of vascular
endothelial growth factor (VEGF), which was found to
increase vascular permeability, was reported to increase in
retinal cells (retinal pigment epithelial, pericytes, and
microvascular endothelial cells in vitro).31 Previous studies
also indicated that VEGF induces breakdown of the bloodretinal barrier, which is an important mechanism of diabetic
macular oedema,32 33 in patients with diabetes34 and in
diabetic rats.35 Indeed, the level of VEGF was recently
reported to be elevated in the vitreous fluid of patients with
severe diabetic macular oedema.36 Taken together, we
interpret these results to indicate that the decreased CBF in
the foveal region that we observed may cause tissue hypoxia
and consequently increase the level of VEGF in the foveal
region of the retina, resulting in the development of macular
oedema as a result of breakdown of the blood-retinal barrier.
Because this was a cross sectional study, we cannot reach a
definitive conclusion about whether the decreased blood flow
is a primary factor in the development of diabetic macular
oedema or is the result of the loss of cellular components that
occurs secondarily in diabetic macular oedema. Further
prospective studies are necessary to determine the precise
role of changes in CBF in the development of diabetic
macular oedema.
In conclusion, our results showed that the CBF in the
foveal region significantly decreases in patients with diabetes,
especially those with macular oedema. Moreover, the
decrease in CBF in the foveal region may be associated with
the development of diabetic macular oedema.
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