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ABSTRACT

Introduction: We characterized the progression
of different diabetic retinopathy (DR) pheno-
types in type 2 diabetes (T2D).
Methods: A prospective longitudinal cohort
study (CORDIS, NCT03696810) was conducted
with three visits (baseline, 6 months, and 1

year). Demographic and systemic data included
age, sex, diabetes duration, lipid profile, and
hemoglobin A1c (HbA1c). Ophthalmological
examinations included best-corrected visual
acuity (BCVA), color fundus photography
(CFP), and optical coherence tomography (OCT
and OCTA). Phenotype classification was per-
formed at the 6-month visit based on microa-
neurysm turnover (MAT, on CFP) and central
retinal thickness (CRT, on OCT). Only risk
phenotypes B (MAT\6 and increased CRT) and
C (MAT C 6 with or without increased CRT)
were included. ETDRS grading was performed at
the baseline visit based on seven-field CFP.
Results: A total of 133 T2D individuals were
included in the study; 81 (60%) eyes were classi-
fied as phenotype B and 52 (40%) eyes as phe-
notype C. Of these, 128 completed the 1-year
follow-up. At baseline, eyes with phenotype C
showed greater capillary closure (superior capil-
lary plexus, deep capillary plexus, and full retina,
p\0.001) and increased foveal avascular zone
(FAZ) area (p\ 0.001), indicatingmore advanced
microvascular disease. Neurodegeneration rep-
resented by thinning of the ganglion cell
layer ? inner plexiform layer (GCL ? IPL) was
present in both phenotypes.When analyzing the
1-year progression of each phenotype, only
phenotype C revealed a significant decrease in
BCVA (p = 0.02) and enlargement of the FAZ
(p = 0.03). A significant progressive decrease in
the vessel density of the deep capillary layer and
in MAT occurred in both phenotypes, but these
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changes were particularly relevant in phenotype
C and ETDRS grades 43–47. During the 1-year
period, both phenotypes B and C showed pro-
gression in GCL ? IPL thinning (p\ 0.001).
Conclusions: In the 1-year period of follow-up,
both phenotypes B and C showed progression
in retinal neurodegeneration, whereas pheno-
type C showed more marked disease progression
at the microvascular level.

Keywords: Diabetes; Retinopathy; Capillary
closure; Neurodegeneration

Key Summary Points

Why carry out this study?

An unmet need

Identification of the eyes of individuals
with type 2 diabetes (T2D) and
acceptable metabolic control that are at
risk for diabetic retinopathy (DR)
progression.

The aim of the study was to characterize
disease progression in a 1-year period in
different risk phenotypes of DR.

What was learned from the study?

Both risk phenotypes B and C showed
progression in retinal neurodegeneration,
but phenotype C was associated with
greater capillary closure and
microvascular disease progression.

The baseline characterization of DR
phenotype in T2D individuals is a good
indicator of DR progression, and this
study shows that individuals with
phenotype C show more rapid
progression, needing a closer follow-up.

INTRODUCTION

As a major complication of diabetes mellitus
and leading cause of vision loss in the world,

diabetic retinopathy (DR) is a serious oph-
thalmic condition, with a major influence on
quality of life and a huge socioeconomic impact
[1, 2].

The etiology of DR is complex and remains
to be clarified, as many individuals with dia-
betes do not develop vision-threatening retinal
changes, maintaining good visual acuity
throughout their lives, whereas others show
progression to the two major vision-threatening
complications, diabetic macular edema (DME)
and proliferative diabetic retinopathy (PDR) [3].
Understanding these inter-individual differ-
ences is fundamental to the ability to identify
the retinal lesions and their dynamics in the
earlier stages of DR and correlate their occur-
rence with the progression of DR to vision-
threatening complications in order to facilitate
a more personalized intervention in each
patient.

Through the years, it has been generally
accepted that diabetes duration and level of
metabolic control play a role in the inter-indi-
vidual differences observed in diabetic individ-
uals, but this cannot explain the variability
observed in DR evolution [4]. Associations have
been established between DR incidence and
progression and systemic factors such as gly-
cemic control, arterial hypertension, inflam-
matory and/or lipid levels, and lifestyle [5]. Still,
in a recent report we have shown that ocular
markers may be more informative to predict
disease progression in individuals with well-
controlled diabetes [6].

Indeed, using hierarchical cluster analysis in
376 eyes of diabetic individuals, our group
identified three different phenotypes of non-
proliferative DR (NPDR) based on the charac-
teristics of the retinal lesions, namely microa-
neurysm turnover (MAT) and central retinal
thickness (CRT) [7], that appear to be associated
with different levels of risk for the development
of macular edema [8] or DR progression [9].
Briefly, phenotype A is characterized by low
MAT (\6) and normal CRT, phenotype B by
low MAT (\6) and increased CRT, and pheno-
type C by higher MAT (C 6).

Importantly, when evaluating the 5-year risk
association of DR phenotypes with the devel-
opment of vision-threatening complications,
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we reported that phenotype A identified eyes at
very low risk for vision-threatening complica-
tions, whereas phenotypes B and C presented
higher risk, with phenotype C being the only
one associated with the development of PDR
[8].

This new prospective 1-year study of a large
cohort of patients with type 2 diabetes (T2D)
therefore aims to further characterize these two
risk phenotypes, B and C, at both the systemic
and ocular levels, using only noninvasive
examination methodologies that are easily used
in clinical practice.

METHODS

This prospective longitudinal interventional
cohort study (CORDIS; ClinicalTrials.gov iden-
tifier NCT03696810) was designed to conduct a
1-year follow-up in individuals with T2D with
NPDR (levels 20, 35, 43, and 47, in the Early
Treatment Diabetic Retinopathy Study [ETDRS]
severity scale [10]) at demographic, systemic,
and ophthalmological levels. The tenets of the
Declaration of Helsinki were followed, and the
study was reviewed and approved by the AIBILI
[Association for Innovation and Biomedical
Research on Light and Image] Ethics Committee
for Health with the number CEC/194/18
(CORDIS). Written informed consent to partic-
ipate in the study was provided by each partic-
ipant, after all procedures were explained.

Individuals were included according to
specified inclusion criteria, namely classifica-
tion as phenotype B or C of DR, and exclusion
criteria, and were followed for three visits:
baseline (V0), 6 months (V1), and 12 months
(V2). The study exclusion criteria comprised the
presence of cataract or other disease that may
interfere with fundus examinations, glaucoma,
any eye surgery within a period of 6 months
before the baseline visit, other retinal vascular
disease, any previous laser treatment or intrav-
itreal injections, or dilation of pupil\ 5 mm.
Eyes with baseline central thickening identify-
ing center-involved macular edema (CIME),
defined as retinal thickness (RT) C 290 lm in
women and C 305 lm in men [11], were also
excluded.

A total of 133 people with T2D were inclu-
ded, comprising men (99, 74%) and women (34,
26%) with diagnosed adult-onset of T2D, aged
47 to 79 years (Table 1).

At the baseline visit (V0), demographics
including age, duration of diabetes, comorbidi-
ties, and concomitant medication were col-
lected for each participant. Physical assessment
with biometric measures (body weight and
height) and blood pressure evaluation were
performed by an experienced nurse. Laboratory
analyses included plasma concentrations of
hemoglobin (HbA1c), lipid fractionation identi-
fying total cholesterol, high-density lipoprotein
(HDL), low-density lipoprotein (LDL), and
triglycerides, measured to assess metabolic
control.

Participants underwent a complete eye
examination, which included best-corrected
visual acuity (BCVA), slit-lamp examination,
intraocular pressure measurement, color fundus
photography (CFP), optical coherence tomog-
raphy (OCT), and optical coherence tomogra-
phy angiography (OCTA).

The study eye was selected at 6 the-month
visit, based on the inclusion/exclusion criteria,
namely phenotype classification B and C
defined by 6-month MAT and CRT.

During the period of the study and outside of
the study visits, participants were followed in
our institution in accordance with usual clinical
practice.

The calculation of the sample size was based
on previous studies [7, 12–14], where the exis-
tence of three distinct phenotypes of DR pro-
gression in T2D was proposed. Their incidence
in the DR population was 50% for phenotype A,
25% for phenotype B, and 25% for phenotype
C. Baseline characteristics of the study popula-
tion are presented in Table 1.

An age-matched healthy control population
of 84 individuals was used as reference for
demographic and ocular variables.

Best-Corrected Visual Acuity Evaluation

BCVA was assessed and recorded as letters read
at 4 m on ETDRS charts. The final BCVA letter
score was calculated by adding the number of
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Table 1 Baseline demographic, systemic, and ocular characteristics of each phenotype at baseline

Phenotype B
(N = 81)

Phenotype C
(N = 52)

p value (between phenotypes B
and C)

Gender, male/female N (%) 57/24 (70%/30%) 42/10 (81%/19%) 0.1801

Age (years), mean ± SD 68.0 ± 6.5

(p = 0.6602)*

65.9 ± 6.7

(p = 0.0162)*

0.0832

Diabetes duration (years), mean ± SD 19.1 ± 7.7 19.8 ± 7.3 0.3072

BMI (kg/m2) 28.9 ± 4.1 29.8 ± 4.6 0.3132

HbA1c (%) 7.5 ± 1.3 8.0 ± 1.4 0.0132

Total cholesterol (mg/dL) 166.9 ± 42.6 155.3 ± 41.3 0.1872

LDL cholesterol (mg/dL) 94.7 ± 33.9 86.5 ± 33.7 0.1372

HDL cholesterol (mg/dL) 46.9 ± 11.2 42.5 ± 11.5 0.0332

Triglycerides (mg/dL) 126.5 ± 55.7 131.9 ± 70.1 0.9642

Systolic blood pressure (mmHg) 136.0 ± 12.2 136.4 ± 13.3 0.9422

Diastolic blood pressure (mmHg) 70.1 ± 8.3 69.9 ± 6.8 0.9722

Level 20 12 (14.81%) 2 (3.85%) < 0.0011

Level 35 56 (69.14%) 22 (42.31%)

Levels 43 ? 47 13 (16.05%) 28 (53.85%)

BCVA (logMAR) 0.01 ± 0.08 0.02 ± 0.10 0.5792

CRT (lm) 282.5 ± 14.3 266.9 ± 23.1 < 0.0012

GCL ? IPL thickness (lm) 80.7 ± 7.4 78.4 ± 8.7 0.2002

MA turnovera 1.3 ± 1.6 11.7 ± 7.0 < 0.0012

Vessel density: inner ring—SCP

(mm-1)

21.01 ± 1.07 19.99 ± 1.62 < 0.0012

Vessel density: inner ring—DCP

(mm-1)

16.13 ± 2.07 14.94 ± 2.53 0.0052

Vessel density: inner ring—full retina

(mm-1)

22.67 ± 1.06 21.72 ± 1.46 < 0.0012

FAZ area (mm2) 0.20 ± 0.08 0.28 ± 0.10 < 0.0012

Bold values represent statistically significant changes, with p\ 0.05, using the 1Chi-square test or 2Mann–Whitney test.
aAssessed at visit 1 (6 months)
N number of participants, SD standard deviation, BCVA best-corrected visual acuity, CRT central retinal thickness, BMI
body mass index, ETDRS Early Treatment Diabetic Retinopathy Study, GCL ? IPL ganglion cell layer ? inner plexiform
layer, LDL low-density lipoprotein, HDL high-density lipoprotein, FR full retina, DCP deep capillary plexus, SCP superior
capillary plexus, FAZ foveal avascular zone, HbA1c glycated hemoglobin
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letters read at 4 m plus 30 (or the number of
letters read at 1 m). BCVA was evaluated using
the Snellen scale and converted into logarithm
of the minimum angle of resolution (logMAR)
[15]. The presence of any visual loss was
recorded.

Color Fundus Photography, ETDRS,
and Microaneurysm Classification

Early Treatment Diabetic Retinopathy Study
(ETDRS) classification was performed based on
seven-field CFP images obtained at 30/35� using
a Topcon TRC-50DX camera (Topcon Medical
Systems, Tokyo, Japan) with a resolution of
3596 9 2448 pixels. The ETDRS grading scale
and the DR severity score were classified at
Coimbra Ophthalmology Reading Center
(CORC), using a modified Airlie House classifi-
cation scheme according to the ETDRS protocol
[10]. Classification was performed by two gra-
ders, with an inter-grader agreement of 97%
(15).

Microaneurysm (MA) classification was
automatically performed on 45/50� two-field
images using RetmarkerDR (Retmarker SA,
Coimbra, Portugal), a computer-aided diagnos-
tic software program that performs MA ear-
marking and identification of macular red dot-
like vascular lesions, and allows the comparison
of the same eye within the same retinal location
between different visits [16]. Likewise, this
algorithm computes the number and localiza-
tion of MA in each visit, allowing the calcula-
tion of the MA disappearance and formation
rates between visits. MAT is processed as the
sum of the MA formation and disappearance
rates [17, 18]. The MAT obtained using both the
initial visit and the 6-month visit is considered
the baseline MAT.

Optical Coherence Tomography (OCT)
and OCT-Angiography

Optical coherence tomography was performed
for each participant at each visit with the Zeiss
Cirrus 5000 AngioPlex (Carl Zeiss Meditec,
Dublin, CA, USA) using the macular pube

512 9 128 acquisition protocol (128 B-scans
with 512 A-scans each) [19].

Average thickness values of CRT and the
ganglion cell layer ? inner plexiform layer
(GCL ? IPL) at the inner ring were automati-
cally collected from Zeiss Cirrus standard
reports. Decreases (thinning) in GCL ? IPL were
considered to identify neurodegeneration.

To collect vessel density (VD) metrics on
OCT-angiography recordings, the 3 9 3 mm2

acquisition protocol was performed over a
3 9 3 9 2 mm3 volume in the central macula,
consisting of a set of 245 clusters of four B-scan
repetitions, where each B-scan consists of 245
A-scans [20]. Retinal perfusion density (PD) and
VD and the foveal avascular zone (FAZ) detected
at the superficial capillary plexus (SCP), deep
capillary plexus (DCP), and full retina (FR) were
calculated using the Carl Zeiss Meditec Density
Exerciser (version:10.0.12787; Carl Zeiss Medi-
tec, Inc., Dublin, CA, USA) [20, 21]. Quality
check and normalization of signal strength was
carried out in all OCTA examinations as
described previously [22].

Characterization of DR Phenotypes

Classification of DR phenotype for each partic-
ipant was performed based on the level of MAT
and CRT at the 6-month visit, as described
previously by our group [7, 14]. As mentioned
above, for inclusion criteria, only individuals
classified with phenotype B or C were followed
in the study.

Phenotype classification rules are defined as
follows: eyes with MAT\ 6 and normal CRT
values are classified as phenotype A; eyes with
MAT\ 6 and increased CRT values
(CRT C 260 lm in women and C 275 lm in
men) are classified as phenotype B; and eyes
with MAT C 6, with or without increased CRT,
are classified as phenotype C [7]. CRT reference
values presented in this study are the reference
values for the Zeiss Cirrus 5000 SD-OCT system
[23, 24].
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Statistical Analysis

Data on each eye/patient are represented as
means and corresponding standard deviations
for continuous variables and as absolute and
relative frequencies for categorical and ordinal
variables. Accordingly, a comparison of baseline
characteristics between phenotypes (B and C)
was performed for categorical variables using
the Chi-square test and the Mann–Whitney test
for continuous variables, given that data were
not normally distributed. Baseline ocular char-
acteristics between participants with pheno-
types B and C and healthy controls were
compared with the Mann–Whitney test. Chan-
ges in systemic and ocular characteristics at
1-year follow-up were assessed with the Wil-
coxon signed-rank test. The Wilcoxon signed-
rank test was also applied to analyze changes at
1 year within each phenotype for the same
variables. The Kruskal–Wallis test was used to
compare systemic and ocular parameters among
participants with different ETDRS levels (10, 35,
and 43 ? 47).

Data normality was assessed with the Sha-
piro–Wilk test. All statistical analyses were per-
formed with Stata 16.1 (StataCorp LLC, College
Station, TX, USA), and p values\0.05 were
considered statistically significant.

RESULTS

From the 133 T2D individuals with NPDR
(ETDRS levels 20, 35, and 43–47) included in the
study, 128 completed the 1-year follow-up
(Fig. 1). Of those, 81 (61%) were classified as
phenotype B and 52 (39%) classified as pheno-
type C. During the period of 1 year, 18 T2D
individuals developed CIME, including 12 eyes
classified as phenotype B and six eyes as phe-
notype C. Five participants dropped out of the
study (two were lost to follow-up and three
chose to withdraw from the study).

Demographic, systemic, and ocular charac-
teristics of each phenotype at baseline (except
MAT, which was defined at 6-month visit) are
described in Table 1. The population distribu-
tion at baseline by phenotype, gender, age, and
diabetes duration indicated no attrition bias or

deviation due to loss of follow-up, and no sig-
nificant differences were observed.

Regarding systemic measurements (Table 1),
phenotype C presented statistically significant
higher levels of HbA1c (p = 0.013) and lower
levels of HDL cholesterol (p = 0.033), but no
statistically significant differences were
observed in blood pressure levels, body mass
index, LDL cholesterol, and triglycerides
between the two phenotype populations.

Baseline ETDRS level distribution in each
phenotype population is depicted in Table 1,
which reveals statistically different values
between phenotypes, with phenotype B pre-
senting a higher number of individuals classi-
fied with ETDRS level 35, and phenotype C a
higher number of individuals with ETDRS
43–47, representing more severe stages of the
disease.

In agreement with the criteria for definition
of DR phenotypes, central subfield retinal
thickness was increased in phenotype B when
compared to phenotype C (p\ 0.001). Likewise,
phenotype C presented significantly increased
MAT values. No statistically significant differ-
ence was observed in baseline visual acuity
between the two phenotypes (Table 1).

Notably, distinct differences in VD parame-
ters were observed between phenotypes B and C
and in relation to the healthy controls. When
compared with phenotype B, phenotype C
presented significantly increased capillary clo-
sure (lower VD values) at the SCP (p = 0.001),
DCP (p = 0.005), and FR (p = 0.001). Further-
more, the FAZ area was significantly different
between phenotypes (p\ 0.001), being
decreased only in phenotype C (p = 0.04)
(Table 1).

When evaluating the 1-year evolution of
systemic markers in the study population
(Table 2), statistically significant differences
were found in the lipid profile, with a decrease
in LDL levels (p\ 0.001) and increase in the
levels of HDL (p\0.001). Regarding the ocular
markers, there was a significant decrease in the
visual acuity in the study population
(0.022 ± 0.078; p = 0.007) during the 1-year
period of follow-up. Although no significant
differences were observed in the CRT, there was
a significant thinning of the GCL ? IPL layers
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(-1.26 ± 5.99 lm; p\0.001), suggesting that 1
year is sufficient to detect the DR-related neu-
rodegenerative processes. Regarding microvas-
cular changes, there was also a significant
decrease in MAT (-2.41 ± 4.37, p\ 0.001) and
in the VD at the DCP (-0.888 ± 2.410;
p\0.001) and in the FAZ area (-0.019 ± 0.078,
p = 0.040) (Table 2).

Evaluation of the systemic and ocular vari-
ables of phenotypes B and C at baseline (V0)
and after 1 year (V2) of follow-up revealed dis-
tinct outcomes in some variables that can be
used to characterize and differentiate 1-year
progression, as shown in Table 3. At the sys-
temic level, phenotype B presented lower LDL
and higher HDL levels after 1 year of follow-up
(p\ 0.001), without any other statistically sig-
nificant change in the evaluated markers. In
addition to a significant decrease in LDL levels
(p = 0.040) and HDL levels (p\ 0.001), indi-
viduals classified with phenotype C also pre-
sented significant changes in both systolic and
diastolic blood pressure (p = 0.003 and
p = 0.049, respectively).

Regarding ocular markers, only individuals
classified with phenotype C demonstrated a

significant decrease in visual acuity (p = 0.020)
after 1 year of follow-up. Both phenotypes B
and C presented significant changes in GCL ?

IPL thinning (p\0.001), reinforcing the pres-
ence of a DR-associated neurodegenerative
process in these individuals. Also, MAT was
statistically different after 1 year of follow-up in
phenotypes B (p = 0.012) and C (p\0.001).
Interestingly, when looking at MA formation
and disappearance rates, both phenotypes
exhibited significant changes in MA disappear-
ance over 1 year of follow-up (p\ 0.001), but
only phenotype C showed a significant decrease
in the MA formation rate over this period
(p\ 0.001). Also, at the microvascular level, a
statistically significant decrease in vascular
density at the DCP level was identified in both
phenotypes [B (p = 0.007 and phenotype C
(p = 0.017)], but only phenotype C showed a
significant reduction in the FAZ area (p = 0.036)
(Table 3).

Finally, analysis of the data obtained at the
1-year visit considering baseline ETDRS levels
showed a clear correlation between microvas-
cular changes and DR severity (Table 4), with
statistically significant differences in the MAT

Fig. 1 Cohort flowchart: composition of the patients included in the study over the study period. CIME center-involved
macular edema

Ophthalmol Ther (2022) 11:333–345 339



between ETDRS levels 20, 35, and 43 ? 47
(p\ 0.001), with the MAT higher in the more
severe DR levels. Also, a significant increase in
vessel closure was associated with worsening of
DR severity, with statistically significant VD
decreases observed in the DCP (p = 0.006).

DISCUSSION

This 1-year longitudinal study in individuals
with T2D and NPDR (ETDRS levels 20 to 47)
classified as belonging to DR phenotypes B and
C, previously shown to be associated with a

higher risk of developing vision-threatening
complications [8] and DR severity progression
[9], confirms and extends our previous studies.

An initial comparison of the two risk phe-
notypes revealed that phenotype C presents
distinctive features from phenotype B, such as
higher levels of HbA1c, which has been highly
associated with DR progression [5]. At an ocular
level, and of high relevance, phenotype C pre-
sented more noticeable decrease in VD, sug-
gesting that individuals characterized with this
phenotype exhibit greater changes in the retinal
microvasculature structure, namely, increased
capillary closure.

Table 2 Overall 1-year progression in the study population (N = 128)

Baseline (V0) 1-year (V2) Mean difference (V2 2 V0) p value

Systemic characteristics, mean ± SD

HbA1c (%) 7.7 ± 1.4 7.6 ± 1.1 -0.08 ± 1.11 0.874

Total cholesterol (mg/dL) 161.1 ± 41.2 157.5 ± 34.0 -3.66 ± 30.02 0.199

LDL cholesterol (mg/dL) 90.3 ± 32.6 81.7 ± 28.8 -8.58 ± 29.37 < 0.001

HDL cholesterol (mg/dL) 45.3 ± 11.5 48.9 ± 12.6 3.63 ± 8.1 < 0.001

Triglycerides (mg/dL) 128.2 ± 62.4 131.8 ± 67.4 3.64 ± 55.57 0.564

Systolic blood pressure (mmHg) 139.0 ± 11.9 137.0 ± 13.5 -1.95 ± 14.81 0.113

Diastolic blood pressure (mmHg) 72.8 ± 8.6 71.0 ± 8.2 -1.73 ± 8.89 0.023

Ocular characteristics, mean ± SD

BCVA (logMAR) 0.01 ± 0.09 0.035 ± 0.095 0.022 ± 0.078 0.007

CRT (lm) 277.1 ± 19.4 278.6 ± 23.8 1.57 ± 15.28 0.871

GCL ? IPL thickness (lm) 79.9 ± 8.0 78.6 ± 9.5 -1.26 ± 5.99 < 0.001

MA turnovera 5.2 ± 6.3 2.7 ± 3.8 -2.41 ± 4.37 < 0.001

Vessel density: inner ring—SCP (mm-1) 20.6 ± 1.4 20.6 ± 1.4 -0.084 ± 1.050 0.369

Vessel density: inner ring—DCP (mm-1) 15.8 ± 2.3 15.0 ± 2.5 -0.888 ± 2.410 < 0.001

Vessel density: inner ring—FR (mm-1) 22.3 ± 1.3 22.4 ± 1.2 0.069 ± 0.987 0.496

FAZ area (mm2) 0.23 ± 0.1 0.22 ± 0.11 -0.019 ± 0.078 0.040

Bold values represent statistically significant changes, with p\ 0.05, using the Wilcoxon signed-rank test. a Assessed at visit
1 (6 months)
N number of participants, SD standard deviation, BCVA best-corrected visual acuity, CRT central retinal thickness, ETDRS
Early Treatment Diabetic Retinopathy Study, GCL ? IPL ganglion cell layer ? inner plexiform layer, LDL low-density
lipoprotein, HDL high-density lipoprotein, FR full retina, DCP deep capillary plexus, SCP superior capillary plexus, FAZ
foveal avascular zone, HbA1c glycated hemoglobin
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Interestingly, although both phenotypes B
and C developed similar rates of vision-threat-
ening complications, namely CIME, phenotype
C was systemically characterized by more sig-
nificant changes in the lipid profile and blood

pressure and, at the ocular level, a decrease in
visual acuity and higher progression of
microvascular changes. Similarly, 1-year pro-
gression was better identified in eyes with
higher severity grading.

Table 3 Systemic and ocular changes over 1 year of follow-up (N = 128), separated by phenotype

Phenotype B (N = 78) Phenotype C (N = 50)

Baseline (V0) 1 year (V2) p value Baseline (V0) 1 year (V2) p value

Systemic characteristics, mean ± SD

HbA1c (%) 7.46 ± 1.32 7.48 ± 1.01 0.564 8.02 ± 1.4 7.81 ± 1.13 0.654

Total cholesterol (mg/dL) 166.36 ± 43.12 160.31 ± 33.75 0.079 153 ± 37.01 153.08 ± 34.15 0.820

LDL cholesterol (mg/dL) 94.18 ± 34.35 83.63 ± 29.58 < 0.001 84.14 ± 28.91 78.64 ± 27.68 0.040

HDL cholesterol (mg/dL) 47.12 ± 11.27 50.23 ± 12.71 < 0.001 42.36 ± 11.42 46.8 ± 12.17 < 0.001

Triglycerides (mg/dL) 125.27 ± 56.15 129.6 ± 60.87 0.709 132.74 ± 71.39 135.3 ± 77.04 0.610

Systolic blood pressure

(mmHg)

138.88 ± 11.8 138.82 ± 13.27 0.626 139.14 ± 12.24 134.26 ± 13.4 0.003

Diastolic blood pressure

(mmHg)

73.33 ± 9.14 71.76 ± 8.05 0.151 71.86 ± 7.53 69.9 ± 8.3 0.049

Ocular characteristics, mean ± SD

BCVA (logMAR) 0.006 ± 0.077 0.026 ± 0.081 0.098 0.022 ± 0.096 0.048 ± 0.112 0.020

CRT (lm) 283.28 ± 13.79 284.27 ± 21.17 0.451 267.34 ± 22.85 269.82 ± 25.17 0.610

GCL ? IPL thickness (lm) 80.71 ± 7.46 79.96 ± 8.19 < 0.001 78.56 ± 8.8 76.5 ± 11 < 0.001

MA turnover 1.33 ± 1.61 0.79 ± 1.22 0.012 11.1 ± 6.34 5.77 ± 4.31 < 0.001

MA formation rate 0.70 ± 1.15 0.49 ± 0.88 0.257 6.30 ± 4.64 3.63 ± 3.36 < 0.001

MA disappearance rate 0.64 ± 1.03 0.30 ± 0.63 < 0.001 4.80 ± 3.71 2.41 ± 2.00 < 0.001

Vessel density: inner ring—

SCP (mm-1)

21.06 ± 1.06 20.97 ± 1.14 0.467 20.04 ± 1.63 20.02 ± 1.47 0.509

Vessel density: inner ring—

DCP (mm-1)

16.26 ± 2.02 15.55 ± 2.20 0.007 15.07 ± 2.49 14.05 ± 2.68 0.013

Vessel density: inner ring—

FR (mm-1)

22.73 ± 1.05 22.79 ± 1.04 0.678 21.76 ± 1.48 21.86 ± 1.34 0.679

FAZ area (mm2) 0.20 ± 0.08 0.20 ± 0.09 0.387 0.28 ± 0.10 0.25 ± 0.12 0.036

Bold values represent statistically significant changes, with p\ 0.05, using the Wilcoxon signed-rank test
N number of participants, BCVA best-corrected visual acuity, CRT central retinal thickness, ETDRS Early Treatment
Diabetic Retinopathy Study, GCL ? IPL ganglion cell layer ? inner plexiform layer, LDL low-density lipoprotein, HDL
high-density lipoprotein, FR full retina, DCP deep capillary plexus, SCP superior capillary plexus, FAZ foveal avascular zone,
HbA1c glycated hemoglobin
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Phenotype C, characterized by more marked
microvascular changes, is associated with more
rapid disease progression, enabling the detec-
tion of eyes that show more significant changes
in the microvascular OCTA metrics over a per-
iod of 1 year. Also, retinal disease progression,
namely capillary closure in the DCP, over a
period of 1 year is more readily identified in
more advanced ETDRS severity grades, such as
43 and 47. Our data show that the combination
of the risk phenotype characteristics together

with the ETDRS severity grade may contribute
to improving identification of eyes at risk.

Another relevant finding is the observation
that retinal neurodegeneration is present in
both phenotypes. Retinal neurodegeneration
may function as a trigger for the development
of microvascular changes in phenotype C (in-
creased MAT), and for the alteration of the
blood–retinal barrier and edema that charac-
terize phenotype B (increased CRT). The differ-
ent phenotypes may, indeed, be the result of

Table 4 Systemic and ocular parameters at month 12 visit, by ETDRS level

One-year follow-up (V2) ETDRS 20
(N = 13)

ETDRS 35
(N = 76)

ETDRS 43 1 47
(N = 39)

p value

Systemic characteristics, mean ± SD

HbA1c (%) 7.0 ± 0.8 7.6 ± 1.0 7.9 ± 1.2 0.034

Total cholesterol (mg/dL) 158.1 ± 32 155.5 ± 30.2 161.2 ± 41.4 0.899

LDL cholesterol (mg/dL) 78.9 ± 25.3 81.0 ± 27.2 84 ± 33.3 0.866

HDL cholesterol (mg/dL) 52.6 ± 14.3 49.3 ± 12.1 46.9 ± 12.9 0.347

Triglycerides (mg/dL) 132.9 ± 86.7 121.6 ± 56 151.4 ± 77.6 0.211

Systolic blood pressure (mmHg) 139.1 ± 9.7 137.5 ± 14.1 135.5 ± 13.3 0.641

Diastolic blood pressure (mmHg) 74.6 ± 6.4 70.8 ± 8.3 70.2 ± 8.3 0.187

Ocular characteristics, mean ± SD

BCVA (logMAR) -0.01 ± 0.07 0.04 ± 0.09 0.04 ± 0.11 0.271

CRT (lm) 280.0 ± 17.8 279.3 ± 25.7 276.8 ± 22.1 0.781

GCL ? IPL thickness (lm) 83.1 ± 5.6 78.7 ± 8.7 76.9 ± 11.5 0.088

MA turnover 0.9 ± 1.0 1.5 ± 2.0 5.8 ± 5.0 < 0.001

Vessel density: inner ring—SCP

(mm-1)

20.89 ± 1.09 20.70 ± 1.44 20.32 ± 1.25 0.177

Vessel density: inner ring—DCP

(mm-1)

15.99 ± 2.24 15.32 ± 2.44 13.98 ± 2.44 0.006

Vessel density: inner ring—FR

(mm-1)

22.79 ± 1.00 22.54 ± 1.34 22.12 ± 1.09 0.096

FAZ area (mm2) 0.19 ± 0.09 0.21 ± 0.10 0.24 ± 0.12 0.351

Bold values represent statistically significant changes, with p\ 0.05, using the Kruskal–Wallis test
N number of participants, SD standard deviation, BCVA best-corrected visual acuity, CRT central retinal thickness, ETDRS
Early Treatment Diabetic Retinopathy Study, GCL ? IPL ganglion cell layer ? inner plexiform layer, LDL low-density
lipoprotein, HDL high-density lipoprotein, FR full retina, DCP deep capillary plexus, SCP superior capillary plexus, FAZ
foveal avascular zone, HbA1c glycated hemoglobin
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different responses in different patients to the
neurodegenerative changes occurring in the
retina as a result of chronic hyperglycemia and
diabetes [25].

It is also relevant that the 1-year progression
registered in vessel closure was identified in the
deep retinal capillary layer. As previously
shown, it appears that in initial stages of DR,
the capillary closure is better identified in the
superficial capillary layer and in the macular
area, involving alteration of the FAZ [20], but
subsequent progression of the retinal vascular
disease appears to occur mainly through chan-
ges involving the DCP [26].

The findings described herein contribute to
improving our understanding of DR progres-
sion. A 1-year follow-up interval for eyes in the
initial stages of DR is apparently not long
enough to identify clinical changes of major
relevance, but offers information that is of value
to improve the design of clinical trials aiming to
test the effect of drugs to prevent DR
progression.

A limitation of this study is the focus on the
initial stages of DR, allowing conclusions to be
made on 1-year progression of changes occur-
ring in eyes of people with T2D with ETDRS
levels 20, 35, and 43–47. However, the use of
these criteria guaranteed a relatively homoge-
neous population. Another limitation is the
relatively small number of people included in
the study and the type of population that is
enrolled in clinical trials to test new therapeutic
options. However, the phenotype characteriza-
tion and direct comparison between them is of
major value and offers new insights into the
progression of retinal diabetic disease.

In summary, DR appears to be characterized
by the presence of progressive neurodegenera-
tive changes that in some patients lead to a
deficient microvascular response characterized
by progressive vascular closure and ischemia
and in others lead to an alteration of the
blood–retinal barrier and increased thickening
of the retina.

The observations reported herein offer
promising perspectives for personalized man-
agement of DR. After diagnosis of NPDR and
still in the initial stages of retinal disease, dif-
ferent phenotypes can be identified through

fundus photography and OCT. These examina-
tions are easy to perform and can be repeated
easily without major inconvenience to the
patient. This study confirms their value for
improved characterization of disease progres-
sion allowing better identification of eyes at risk
for progression and development of vision-
threatening complications.

The retinopathy phenotypes identified in
people with T2D show not only different risks
for vision-threatening complications, as
demonstrated in previous studies [8, 9] but also
allow short-term identification and characteri-
zation of NPDR disease progression. Phenotype
B is a slow progression phenotype that is ade-
quately followed at relatively larger intervals,
suggesting that examination intervals longer
than 1 year are acceptable. On the other hand,
people with T2D presenting phenotype C
(characterized by vessel closure and ischemia)
should receive frequent attention and exami-
nations may be needed at shorter intervals than
1 year.

CONCLUSIONS

The distinct inter-individual progression of
retinopathy in T2D individuals is one of the
major concerns when defining therapeutic
strategies. The data presented herein reinforce
the idea that using the classification of
retinopathy phenotypes in T2D individuals
might be a useful tool to facilitate a more per-
sonalized approach, as phenotype C, charac-
terized by predominant microvascular changes,
identifies eyes at higher risk for disease pro-
gression particularly in more advanced stages of
the disease. Individuals classified as phenotype
C at the time of diagnosis should therefore have
more frequent follow-up, enabling timely ther-
apeutic interventions.
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