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Abstract
Aim Previous data suggest the existence of retinal vascular changes and impaired autoregulation in the very early stages of
diabetic retinopathy (DR). We compared the retinal plexuses between patients with type 1 diabetes (T1D) without DR and a
demographically similar healthy cohort, using optical coherence tomography angiography (OCT-A).
Methods Patients with T1D and no signs of DR were prospectively recruited from an outpatient clinic. Using OCT-A
(AngioVue®), the parafoveal superficial (SCP) and deep (DPC) capillary plexus as well as the foveal avascular zone (FAZ)
and perimeter were gathered. Mean comparison tests and linear regression analysis were used as statistical tests
(STATA v14).
Results Studied population included 48 subjects (24 T1D). The analysis of SCP revealed an attenuation of the capillary
network compared with the control group in both parafoveal (51.8 ± 4.5 vs. 55.8 ± 3.2, p < 0.001) and perifoveal (51.9 ± 3.3
vs. 53.9 ± 1.9, p= 0.01) regions. A similar finding was observed in the DCP for both parafoveal (56.4 ± 4.3 vs. 60.4 ± 2.2,
p < 0.001) and perifoveal (54.7 ± 3.9 vs. 60.8 ± 3.4, p= 0.001) sectors. Also, a longer time since T1D diagnosis was
associated with a larger FAZ area (p= 0.055) and perimeter (p= 0.03).
Conclusions Significant differences in the retinal microvasculature were observed between healthy subjects and T1D
patients using OCT-A, even before clinically detectable disease on fundus biomicroscopy.

Introduction

Diabetes mellitus and specifically diabetic retinopathy (DR)
are major public health challenges [1]. Globally, roughly
400 million people have DM, and this number is expected
to rise to more than 600 million by 2040 [2, 3]. Of these,
type 1 diabetes (T1D)—which tends to be diagnosed in
younger individuals—accounts for ~5–10% of the cases [4].
As DR is a leading cause of acquired visual loss in the
working-age population, an early and effective management
of these patients is of paramount importance [5]. Previous
data from studies in animal models [6] and humans [7]
suggest the existence of retinal vascular changes and
impaired autoregulation in the very early stages of DR [8].

Previous research with optical coherence tomography
(OCT) provided evidence of inner retinal changes in
patients with subclinical DR, suggesting that neurodegen-
eration accompanies early DR development [9, 10]. Optical
coherence tomography angiography (OCT-A) is a novel
diagnostic tool that uses infrared wavelengths to provide
non-invasive high-contrast high-resolution imaging of the
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retinal microvasculature [11–13]. It is able to detect motion
contrast produced by moving blood cells in retinal vessels.
Recent advances in projection artefact removal allowed to
not only accurately define the superficial plexus but also the
deep retinal vascular layers [14].

Although some studies report on OCT-A findings in type
2 diabetes, currently there is scarce data regarding early
changes in younger patients with T1D [15–18]. Therefore,
the aim of our study is to compare the superficial and deep
retinal vessel plexuses between T1D patients without DR
and a cohort of demographically similar healthy subjects
using OCT-A technology.

Methods

This research protocol followed the tenets of the Declara-
tion of Helsinki [19], and was submitted and approved by
the Ethics Committee of Lisbon Academic Medical Center
in March 2018. Written informed consent was obtained
from all the participants before enrolment, after detailed
explanation of the study.

Participants

A total of 27 adult subjects with T1D were prospectively
recruited from an adult diabetes clinic. A demographically
similar cohort of 24 healthy volunteers served as the control
group. An anonymous questionnaire was filled out,
including age, gender, smoking-pack years, diabetic disease
duration and current treatment, other known medical history
and current chronic medication. Subjects were asked to
abstain from smoking, alcohol and caffeine for at least 6 h
before the study to reduce potential autonomic effects and
measurement bias [20].

Exclusion ophthalmological criteria for both groups were
the presence of any degree of diabetic retinopathy on fundus
examination, significant lens opacities, high refractive error
(spherical equivalent below −6.50 or above+ 4.00 diop-
ters), history of glaucoma or ocular hypertension and neuro-
ophthalmic disease. Exclusion systemic criteria were
hypertension, nephropathy or other documented micro-
vascular complication, and smokers of more than five
cigarettes a day. Pregnant women were also not recruited.

Protocol

A complete ophthalmological examination was conducted
to all subjects, including best-corrected visual acuity
(BCVA), slit-lamp biomicroscopy of the anterior and pos-
terior segment, auto-refractometer and intraocular pressure
(RK-5®, Canon Europe®, The Netherlands), colour fundus
photography (CR-2®, Canon, USA) and optical biometry

(Lenstar®, Haag-Streit, Switzerland). Glycated haemoglobin
(HbA1c) values of T1D arm and time since diagnosis were
retrieved from clinical notes.

OCT-A examination (AngioVue®, Optovue, CA, USA)
was performed by an experienced technician using the
standard macular protocol. Parafoveal and perifoveal vessel
densities in the superficial and deep plexuses were calculated
automatically calculated using AngioAnalytics®, the built-in
software of the OCT-A device. Foveal avascular zone area
and perimeter were also calculated. Only high-quality ima-
ges (score higher than 8/10) were considered. The device
used was the latest version available, which includes the
latest projection artefact removal algorithm [14].

Sample size

Based on previous OCT-A studies [21, 22], sample size was
calculated considering a 10% clinically significant differ-
ence in vessel density between groups, and a standard
deviation of 5%. Accordingly, considering a power of 90%,
an alpha value of 0.05, a minimum of 17 T1D patients and
17 controls were necessary to include.

Statistical analysis

Statistics were performed using STATA v14 (StataCorp LP,
College Station, TX, USA). All quantitative data were
expressed as mean ± standard deviation. Comparisons of
means between groups were done using Student’s t test. A
multivariate linear regression model was used to assess
correlation between continuous variables. P-values < 0.05
were considered to be statistically significant.

Results

After excluding three T1D patients due to treated systemic
hypertension, 48 subjects (24 T1D without DR and 24
healthy controls) were studied, with similar demographic
and baseline ophthalmological characteristics (Table 1). In
the T1D group, the time since diagnosis was 13.6 ± 9.7
[range 1–35] years, and mean HbA1c value was 8.0 ± 1.4%
[range 6.2–11.5%]. Mean BCVA was 0.0 LogMar in both
groups, and no significant abnormalities were found on
ophthalmological examination of the included patients.

The analysis of superficial capillary plexuses revealed a
rarefaction of the capillary network compared with the
control group in both parafoveal (51.8 ± 4.5 vs. 55.8 ± 3.2,
p < 0.001) and perifoveal (51.9 ± 3.3 vs. 53.9 ± 1.9, p=
0.01) sectors. Similar findings were observed for deep
capillary plexuses in both parafoveal (56.4 ± 4.3 vs.
60.4 ± 2.2, p < 0.001) and perifoveal (54.7 ± 3.9 vs.
60.8 ± 3.4, p= 0.001) sectors (Table 2).
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No significant differences were found in mean FAZ area
and perimeter when comparing diabetic and control groups.
However, in an age-controlled linear regression model, a
longer time since T1D diagnosis was associated with a
larger FAZ area (p= 0.06) and perimeter (p= 0.03).
Moreover, in T1D patients, a longer duration of disease was
associated with decreased vessel densities in the parafoveal
(p = 0.05) and perifoveal (p = 0.04) superficial plexuses,
but not in the deep plexuses.

Age, gender and HbA1c values were not significantly
correlated with any of the analysed outcomes.

Discussion

In this OCT-A study, a quantitative comparative analysis of
different retinal vascular plexuses between patients with
T1D without DR and a healthy cohort was performed. We
were looking for the potential early vascular changes in
T1D—even before clinically detectable disease—in order to
better understand DR pathophysiology and ultimately
improve the management of the disease.

Although OCT-A technology allowed us to non-
invasively obtain images with unprecedented detail of the
retinal microvasculature [11–13], some aspects still need
improving. Specifically, one of its main recognised limita-
tions has been the appearance of projection artefacts in
deeper layers [14]. It should be mentioned that the device
used in our study includes a projection artefact removal
software, which allows to accurately define the deep retinal
vascular layers, and not only the superficial plexus.

Our study reports the existence a significantly decreased
macular vascular density in both superficial and deep
plexuses in T1D patients without DR, comparatively with a
healthy cohort. These early microvascular changes in T1D
are in line with two studies published on the subject
[15, 23]. However, a recent study in a paediatric T1D
population did not observe such difference [16]. Such var-
iations are most probably justified by the significant dif-
ferences in T1D duration among studies (13.6 ± 9.7 years in
our study vs. 11.0 ± 4.0 (15) vs. 6.4 ± 6.2 (16), being lowest
in the latter study, in which no differences were found.
Accordingly, we found that longer disease duration was
associated with a decreased vessel density in superficial
plexuses. Therefore, it is reasonable to think that the same
paediatric population will eventually present similar OCT-A
findings with a similar disease duration in the future.

As one of the most energy-demanding tissues in the
body, the retina requires an effective blood flow regulation
for its normal functioning [13]. It has the ability for local
autoregulation, which is important to keep blood flow
relatively constant, despite the variations in perfusion
pressure [24]. This study suggests OCT-A is sensitive
enough to detect significant microvascular changes in both
superficial and deep retinal plexuses’ before clinically
detectable DR. These findings may correspond to an early
stage of retinal blood flow autoregulation compromise,
which may eventually lead to the sequence of events in the
natural history of diabetic eye disease. As a complex dis-
ease, DR has been a field of controversy regarding relative
contribution of each pathway and cascade into the overall
outcome of vascular occlusion and retinal ischaemia [25].
The multitude of confounding factors such as advancing
age, concomitant vascular conditions, accompanying mac-
rovascular diseases, systemic medications that can interfere
with autonomic nervous system response make this area of
research a challenging one. Early diagnosed T1D are a
subset of diabetic patients where these specific confounding
aspects are minimised [26], thus allowing a more direct
correlation between the retinal vascular response with the
disease. Another strength of our results is the representative
sample regarding the population demographics and wide
range of time elapsed since T1D diagnosis.

Despite the mentioned differences observed in macular
vascular density, FAZ area and perimeter were not different

Table 1 Demographic and baseline data

Control group Type 1
diabetes

p-value

Age, years 31.8 ± 8.2 35.6 ± 10.4 0.17

Male/female, n 10/14 10/14 –

Body mass index, kg/m2 22.6 ± 3.0 24.4 ± 3.0 0.12

Intraocular
pressure, mmHg

13.3 ± 2.1 14.6 ± 3.0 0.14

Axial length, mm 24.1 ± 0.9 23.5 ± 1.0 0.07

The data are expressed as mean ± standard deviation, when applicable

P-values obtained with Student’s t test

Table 2 OCT-angiography quantitative analysis of retinal vascular
plexuses

Control Type 1 diabetes
without DR

p-value

Parafoveal

Superficial plexus 55.8 ± 3.2 51.8 ± 4.5 < 0.001

Deep plexus 60.4 ± 2.2 56.4 ± 4.3 < 0.001

Perifoveal

Superficial plexus 53.9 ± 1.9 51.9 ± 3.3 0.01

Deep plexus 60.8 ± 3.4 54.7 ± 3.9 0.001

FAZ area, mm2 0.23 ± 0.10 0.21 ± 0.07 0.52

FAZ perimeter, mm 1.83 ± 0.44 1.81 ± 0.31 0.83

DR diabetic retinopathy, FAZ foveal avascular zone

The data are expressed as mean ± standard deviation

P-values obtained with Student’s t test
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between the two groups. We hypothesise that a rarefaction
in vessel density may precede the FAZ enlargement, which
may be detectable only later in the course of the disease, as
previously reported in type 2 diabetic patients with DR
[27–29]. Another finding supporting this argument is the
fact that we found a statistically significant association
between longer T1D duration and larger FAZ area and
perimeter. This suggests that changes in FAZ are also pre-
sent before clinically detectable DR in patients with T1D.
On the other hand, HbA1c values were not linearly asso-
ciated with any of the outcomes. A clear explanation is
lacking, but the fact that we used only one HbA1c value
(and not mean values since diagnosis), the small standard
deviation (i.e., a relatively homogeneous T1D sample), the
fact that HbA1c does not measure glucose variability, and
the multifactorial nature of the disease may all have con-
tributed for the lack of significance.

Some study limitations should be acknowledged. Firstly,
the study is cross-sectional in nature and although the series
is larger than the calculated sample size, almost all patients
were Portuguese and Caucasian (with the exception of two
African T1D patients). Therefore, even being very likely to
encounter similar findings in different populations and
ethnicities, external validity is inherently limited. Secondly,
OCT-A technology and the built-in analytics software cal-
culate vessel density by image binarization, and its extra-
polation as valid blood flow measurement is still to be fully
validated, as in every OCT-A device. In the future, we
suggest that exploring other vascular quantification methods
and compare them with the reported OCT-A outcomes
would provide new insights in this field.

Conclusion

Our work suggests there are significant differences in the
retinal microvasculature between healthy subjects and
T1D patients, even before clinically detectable disease on
fundus biomicroscopy. OCT-A is a promising technology
in the early diagnosis and management of diabetic eye
disease.

Summary

What was known before

● Optical coherence tomography angiography (OCT-A) is
a novel diagnostic tool, which allows non-invasive
imaging of the retinal microvasculature with unprede-
cedent detail.

● In diabetic retinopathy (DR), OCT-A is being used to
detect changes in retinal capillary plexuses, and an

increasing rarefaction of retinal vessels has been
described along with DR progression.

● It remains to be elucidated if early changes in retinal
microvasculature could be detected before any visible
clinical sign of DR on fundus biomicroscopy.

● Are retinal capillary plexuses different between type 1
diabetes patients without DR, and a cohort of demo-
graphically similar healthy subjects?

What this study adds

● Both deep and superficial retinal vessel densities were
decreased in the very early stages of the disease, i.e.,
before any visible retinal changes on fundus
examination.

● This work contributes to the current understanding of
the pathophysiology of diabetic retinopathy, by reveal-
ing significant differences in the retinal microvasculature
between healthy subjects and patients with type 1
diabetes, before the development of DR.
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