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ABSTRACT

Introduction: This study aimed to evaluate the
effect of treatment with eye drops containing
citicoline and vitamin B;, on changes in func-
tion of the inner retina, morphology of the
inner and outer retina, and microvascular con-
dition in patients with type 1 diabetes (DM1)
with mild signs of non-proliferative diabetic
retinopathy (NPDR) during 3 years of follow-up.
Methods: A pilot study with prospective, ran-
domized, and double-masked design was con-
ducted to address the aims. Twenty patients
with DM1 were enrolled and randomly divided
into two groups: the DC group comprising
patients treated with citicoline and vitamin B,
eye drops (10 patients; mean age + standard
deviation, 46.86 + 8.78 years) and the DP group
comprising those treated with placebo (10
patients; mean age + standard deviation,
47.89 £ 7.74 years). In the DC group, one eye of
each patient was treated with citicoline and
vitamin B;, eye drops (OMK2®, Omikron Italia
stl, Italy, 3 drops/day), while in the DP group, it
was treated with placebo (eye drops containing
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hypromellose 0.3%, 3 drops/day) for a 3-year
period. In both groups, Humphrey Matrix fre-
quency doubling technology (FDT), spectral
domain optical coherence tomography (SD-
OCT) and OCT angiography (OCTA), and
adaptive optics (AO) were applied at baseline
and 12, 24, and 36 months of the follow-up
period.

Results: In the results of follow-up evaluation,
the DC and DP groups were significantly dif-
ferent: Significant reduction in function in
terms of 10-2 FDT mean sensitivity and in
morphology reflected by an increase in inner
nuclear layer thickness and decrease in other
plexiform layer thickness and foveal vessel
density were observed in the DP group, while no
such significant changes were observed in the
DC group in the long term.

Conclusions: This pilot study indicated that
patients with DM1 with mild signs of diabetic
retinopathy (DR) who underwent treatment
with citicoline and vitamin By, eye drops for a
3-year duration achieved stabilization or
decreased rate of functional impairment, neu-
roretinal degeneration, and microvascular
damage.

Trial Registration: ClinicalTrials.gov identifier,
NCT04009980.
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Key Summary Points

Why carry out this study?

Although diabetic retinopathy (DR) has
been studied as a microvascular disease,
degeneration of neural retinal elements,
such as retinal ganglion cells (RGCs), has
been found as an early event and it could
worsen or participate in the development
of microcirculatory abnormalities.

Several studies suggest that citicoline may
induce an increase in function
(neuroenhancement) and can prevent the
neurodegeneration (neuroprotection) of
RGC.

This double-blind, randomized, placebo-
controlled, and prospective study was
carried out to evaluate the effects of
citicoline and vitamin B;, eye drops on
function, structure, and vascular
condition of central retina in patients
with mild signs of DR during a period of
36 months.

What was learned from the study?

After 36 months of citicoline and

vitamin B;, treatment, patients with DR
showed no significant changes of macular
function and of structural and vascular
condition, whereas in patients with DR
treated with placebo showed significant
worsening of the same outcomes.

Data from this pilot study suggest that in
patients with mild signs of DR, 3 years of
treatment with citicoline and vitamin B,
eye drops induces a stabilization or
slowing down of functional impairment,
of the neuroretinal neurodegenerative
process, and of microvascular damage.

INTRODUCTION

Diabetic retinopathy (DR) is one of the most
important causes of preventable visual impair-
ment among patients of working age [1, 2].
Different pathogenic pathways of DR such as
the patient’s glucose levels, genetic factors, and
diabetes type could influence its development
and progression over time.

Studies have focused on DR as a microvas-
cular disease [3]; nevertheless, some reports
indicate that generation of the neural retinal
elements, such as retinal ganglion cells (RGCs)
and glial cells, was as an early event that could
contribute to or worsen microcirculatory
abnormalities [4, 5]. Factors that can induce
retinal neurodegeneration include an increase
of excitoxic metabolites such as glutamate,
branched chain amino acids, and homocysteine
and decrease of folic acid and vitamin By, [6].

On the basis of more recent studies, psy-
chophysical [7], morphological [8, 9], and elec-
trophysiological [10] abnormalities are involved
in the retinal neurodegenerative process; in
particular, patients with type 1 diabetes for less
than 6 months’ duration showed abnormal
pattern electroretinogram (PERG) responses,
which suggests that functional impairment of
RGCs occurs earlier in the course of DR [10].
Moreover, similar dysfunction is observed in
glaucoma, in which abnormal PERG responses
may precede the onset of visual filed defects
[11].

Humphrey Matrix frequency doubling tech-
nology (FDT) is a psychophysical tool for eval-
uation of RGC function with ability to detect
FDT abnormalities in the early stages of type 1
diabetes mellitus (DM1) [7].

The morphological changes of single retinal
layers including thinning of the RGC layer and
retinal fiber nerve layer (RNFL) were detected by
spectral domain optical coherence tomography
(SD-OCT) [8, 9], and these represent potential
biomarkers of neurodegeneration in DR. Several
studies using optical coherence tomography
angiography (OCTA) indicated that parafoveal
vessel density is reduced at the level of the deep
capillary plexus (DCP) in patients with DM1
and in those with type 2 diabetes with absence
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of or mild DR [12-16], which suggests that
microvascular involvement may be observed
before appearance of any vascular alteration on
the fundus examination. In addition, adaptive
optics (AO) revealed morphological changes of
the photoreceptor in patients with mild signs of
DR, in particular a reduction of perifoveal pho-
toreceptor density in vivo, increase of distance
between the cones, and irregular packing
arrangement compared to that of the normal
cone [17-19].

On the basis of these facts, with regard to
development of DR, ophthalmologists should
be aware of neurodegenerative processes and
challenges involved in targeting the active role
of the neuronal retinal elements.

Studies using in vitro approaches indicate
that cytidine-5'-diphosphocholine (citicoline)
may induce a reduction in neurodegenerative
processes and enhance the function of RGCs in
glaucomatous patients. Recent reviews by Parisi
et al. [20] and Faiq et al. [21] focused on its
mechanism of action; briefly, citicoline is an
essential precursor in the synthesis of phos-
phatidylcholine (a component of cell mem-
branes), cardiolipin, and sphingomyelin, and
inhibitor of neuronal degeneration by promo-
tion of RGC function [21].

The effects of citicoline on RGC structure
and function [21] are further supported by the
role of the neurovascular unit at the level of the
inner retinal layers in DR [22]. Studies indicate
morpho-functional impairment of these layers
in DR [21] and reduction in the levels of
oxidative stress in neurogenerative processes by
intake of vitamin By, [6]. We considered these
findings as the rationale for designing a pilot
study to assess the potential effects of citicoline
and vitamin B;, on the morpho-functional sta-
tus of RGCs in patients with DM1.

The main goal of the study was to evaluate
whether or not treatment with eye drops con-
taining citicoline and vitamin B;, induces
changes in the function of RGCs through FDT,
in patients with DM1 with mild signs of non-
proliferative diabetic retinopathy (NPDR) dur-
ing a 3-year follow-up. Additional aims were to
identify whether citicoline and vitamin By,
treatment influence changes of morphology of
the inner and outer retina through SD-OCT and

photoreceptor analysis with AO, respectively,
and retinal microvascular assessment by OCTA.

METHODS

Patients

Seventy patients with DM1 with mild signs of
NPDR (37 male patients and 33 female patients;
mean age + standard deviation,
48.36 £+ 6.34 years) were screened for enroll-
ment in the study.

The diagnosis of mild NPDR was determined
by two retinal specialists (MP and FS) through
indirect ophthalmoscopy, slit lamp stereo
biomicroscopy, and stereoscopic fundus pho-
tography. Mild NPDR was defined as the pres-
ence of at least one microaneurysm and/or
hemorrhage in the central retina in the absence
of peripheral lesions (stage 2 of the Interna-
tional Clinical Diabetic Retinopathy Disease
Severity Scale [ICDRSS]) [23].

Inclusion criteria were patients with DM1
with mild NPDR and impairment of retinal
sensitivity based on FDT findings of mean
deviation (MD) P < 5%, or two locations with
P < 5% and one location with P < 1% in the
total, or pattern deviation plots, and best cor-
rected visual acuity (BCVA) > 0.1 logarithm of
the minimum angle of resolution (logMAR).

Exclusion criteria were hyperopia higher
than + 3 diopter (D), myopia higher than
— 6D, or astigmatism higher than 2D and
BCVA < 0.110gMAR, media opacity, previous
ocular surgery, previous diagnosis of glaucoma,
uveitis, other retinal disease, and ocular or sys-
temic disease other than diabetes or mild DR; in
addition, those with signs of retinopathy more
advanced than mild (e.g., macular edema or any
sign of proliferative DR) and poor metabolic
status (hemoglobin Alc [HbAlc] > 9%) at base-
line or during follow-up (see below) were
excluded.

When both eyes fulfilled the inclusion cri-
teria, the eye with worse BCVA was selected;
when both eyes showed the same BCVA, the
right eye was selected for analysis. As a result, 20
eyes with mild NPDR of 20 patients with DM1
(11 male patients and nine female patients;
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mean age + standard deviation,
47.35 £ 8.25 years) were enrolled in the study.

Study Design

This is a prospective, interventional, random-
ized, double-masked, monocentric pilot study.
It was conducted according to the tenets of the
Declaration of Helsinki and approved by the
local ethics committee (Comitato Etico Centrale
IRCCS Lazio, Sezione IFO/Fondazione Bietti,
Rome, Italy). The study was registered at Clini-
calTrials.gov (NCT04009980). In all patients,
signed informed consent forms were obtained
at the time of recruitment.

Baseline

Patients with DM1 were randomly divided into
two age-matched groups of 10 patients each:
(a) The DC group comprised those who received
treatment with citicoline and vitamin B, eye
drops (10 eyes of five male and five female
patients with mean age + standard deviation of
46.86 + 8.78 years; mean duration of disease of
25 + 12.82 years; mean percentage of HbAlc of
7.36 + 0.96; and mean BCVA (Early Treatment
Diabetic Retinopathy Study [ETDRS] letter
score) of 87.57 £+ 3.51). (b) The DP group com-
prised those who received placebo treatment
(10 eyes of six male patients and four female
patients with mean age + standard deviation of
47.89 £ 7.74 years; mean duration of disease of
21.78 + 9.42 years; mean percentage of HbAlc
of 7.81 + 0.79; and mean BCVA (ETDRS letter
score) of 86.33 £+ 5.85.

The patients with DM1 with screening by MP
and PG were randomly separated into two
groups by an electronically generated random-
ization system according to age, duration of
disease, percentage of HbAlc, and similar values
of FDT (mean sensitivity [MS] of 10-2, described
below).

Month 0-36

During 36 months of trial, the patients in the
DC group were treated with citicoline and
vitamin By, eye drops (OMK2® containing citi-
coline 2%, hyaluronic acid 0.2%, and
cyanocobalamin 0.05%; Omikron Italia srl,

Italy), 1 drop thrice daily, while those in the DP
group were treated with placebo (eye drops
containing hypromellose 0.3%), 1 drop thrice
daily.

During the trial period, three eyes each of the
DC and DP groups were lost to follow-up as a
result of patients’ unavailability at the time of
examination. Finally, seven eyes in the DC
group and seven eyes in the DP group that
completed the study were analyzed.

Compliance with eye drops treatment was
assessed through a questionnaire administered
by the study personnel at each visit. As expected
in clinical study, self-reported adherence to
treatment was high, and in all patients, rating of
compliance as good to very good (regular use of
eye drops in at least 80% of the trial period) was
obtained.

The randomization key was opened to all
investigators at the end of the follow-up.

In each patient of the DC and DP group,
examinations were performed at baseline and
12, 24, and 36 months as follows.

Psychophysical Evaluation (FDT)

In both the DC and DP groups, two FDT
strategies using thresholds of 24-2 and 10-2
were used, according to the method in our
previous study [7]. At baseline and during fol-
low-up, to assess test-retest variability and rule
out relevant learning curve, FDT examinations
were performed at two separate recording ses-
sions within 2 weeks. Reliability criteria were
defined according to fixation errors less than
33%, false positives, and false negatives. Values
obtained at the second examination were sub-
mitted to statistical analysis. If the second test
was deemed unreliable, a third examination was
performed, which was included in the statistical
analysis. In both FDT 24-2 and 10-2 strategies,
the values of the following parameters were
considered: mean deviation (MD), pattern
standard deviation (PSD), and MS measured as
the average sensitivity at all test locations divi-
ded by the total number of locations (except the
fovea). MD P value of less than 5% was consid-
ered as the threshold of abnormality.
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Morphological Evaluations

Spectral Domain Optical Coherence
Tomography (SD-OCT) and OCT Angiography
(OCTA)

In all patients of the DC and DP groups, SD-
OCT and OCTA were conducted three times
according to the method described in our pre-
vious studies [9, 13], and the average values for
each parameter (see below) were considered for
subsequent analysis (Spectralis; Heidelberg
Engineering GmbH, Heidelberg, Germany;
OCTA AngioVue XR Avanti; Optovue Inc., Fre-
mont, California, USA).

In SD-OCT, the macular measurements
(subfoveal, parafoveal, and total values) were
obtained wusing in-built Spectralis mapping
software, and segmentation software [9] was
used for individual retinal layer thicknesses:
RNFL, ganglion cell layer (GCL), inner plexi-
form layer (IPL), inner nuclear layer (INL), outer
plexiform layer (OPL), outer nuclear layer
(ONL), retinal pigment epithelium (RPE), and
photoreceptor layer (PR), and central retinal
(CRT).

In OCTA, en face OCT angiograms were
segmented to identify the superficial capillary
plexus (SCP) and DCP. The SCP slab was
acquired from the internal limiting membrane
(ILM) to IPL/INL (9 um above), while the DCP
slab was acquired from the IPL/INL junction
(9 um above) to the OPL/ONL junction (9 pm
below), of which, the latter additionally inclu-
ded the intermediate capillary plexus. More-
over, parafoveal vessel density (VD), defined as
the percentage of total area occupied by the
vessels and microvasculature, was quantified in
SCP and DCP within an annulus centered on
the fovea with inner and outer ring diameters of
1 and 2.5 mm. The area of the foveal avascular
zone (FAZ) was measured using the no flow
function of the software. Accuracy of image
segmentation in SD-OCT and OCTA was veri-
fied independently by two readers (MP and FS).

Adaptive Optics (AO)

In all patients of the DC and DP groups, AO was
conducted using Rtx1 (Imagine Eyes, Orsay,
France) according to the method in our studies

[18, 19]. On the basis of our previous findings
by AO [19], the following parameters were
considered: cone density, linear dispersion
index, and heterogeneity packing index.

Statistics

Sample size was estimated on the basis of a pilot
study including four eyes of four patients with
DM1 without signs of DR who were not inclu-
ded in the present study (unpublished data).
Inter-individual variability is expressed as stan-
dard deviations (SD) for FDT 10-2 MS; in par-
ticular, the size of patient groups was calculated
using mean value of 29.77 decibel (dB) and SD
of 1.58 dB. Assuming a change of FDT 10-2 MS
of about 10% with SD of 1.5 dB during the fol-
low-up period, six patients in each group were
required at o=0.05 and f=0.20 (power
1 - p=0.80). On the basis of a predicted
dropout rate of 40% of patients during follow-
up, 10 patients per group were enrolled at
baseline.

The results of the patient’s age, BCVA, and
instrument measurements are expressed as
mean + SD. Normal data distribution was
assessed using one-sample Kol-
mogorov-Smirnov test. The differences in val-
ues at each timepoint between the DC and DP
groups were compared using independent-
samples Mann-Whitney test. Differences in
values over time were assessed using MAnova
(general linear model [GLM] within factor time
and between factor group) repeated measures or
Friedman test, as appropriate. Intention-to-treat
analysis was performed to avoid bias due to
missing information. In the comparison of
treatment groups, patients’ allocation after
randomization was considered in the last value
carried forward method.

In all analyses, P < 0.05 was considered as
statistical significance. Statistical evaluation was
performed using SPSS software (version 17.0;
SPSS Inc, Chicago, IL).
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Table 1 Results of Humphrey Matrix frequency doubling technology and vitamin By, eye drops (DC group) or with placebo (DP group) at
24-2 and 10-2 (mean parameter value & standard deviation in decibel baseline and 12, 24, and 36 months of follow-up
[dB]) in patients with diabetes mellitus type 1 treated with citicoline

Baseline 12 months 24 months 36 months GLM P value (over
P value* time)
24-2
Mean deviation
DC group — 058 + 1.68 0.30 £+ 1.85 0.36 + 1.81 — 0.07 &+ 1.94 0.464
DP group —0.03 336 — 054 +241 —0.09+322 — 040 £ 2.81 0.105 0.305
P value (between ~ 0.711 0.560 0.491 0.711
groups)’
Pattern standard deviation
DC group 321 + 047 3.00 & 0.94 2.73 £ 0.78 3.03 + 1.24 0.253
DP group 3.02 £ 0.73 293 £+ 047 2.77 £ 057 2.82 £ 0.64 0.169 0.372
P value (between 0.368 0.711 0.751 0.711
groups)”
Mean sensitivity
DC group 26,58 + 1.88 2747 £ 147 2737 £234 2718 £ 2.62 0.553
DP group 27.61 £329 2680 266 2699 £+ 3.06 2671 +£3.14 0.170 0.210
P value (between  0.711 0.711 0.634 0.791
groups)”
10-2

Mean deviation

DC group — 077 £ 157 — 027 £142 — 174+ 196 — 1.84 £ 3.04 0.278
DP group —0.67 £251 —2324+283 —231+£309 —266+274 0347 0.055
P value (between 0.958 0.081 0.266 0.397
groups) ”
Pattern standard deviation
DC group 292 £ 0.67 2.70 £ 0.59 3.25 £ 091 3.16 + 1.24 0.176
DP group 3.12 + 0.56 298 £ 0.66 3.00 + 0.70 3.05 + 0.78 0.593 0.664
P value (between  0.427 0.491 0.525 0.874
groups)”
Mean sensitivity
DC group 2877 £ 227  29.66 & 1.83 2852 + 241  28.14 *+ 3.46 0.238
DP group 29.76 £ 247 2795 +290 2779 £285 2741 £ 281 0.018 0.009
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Table 1 continued

Baseline 12 months

24 months

36 months GLM
P value* time)

P value (over

P value (between  0.791 0.125
groups)”

0.427 0.491

Significant values are presented in bold font

*P value of the general linear model (GLM) of Friedman/MAnova repeated measures

" Mann-Whitney U

RESULTS

Psychophysical (FDT) Evaluation

Comparisons of the mean values of the FDT
24-2 and 10-2 parameters at baseline and 12, 24,
and 36 months in the DC and DP groups are
shown in Table 1.

Representative findings of FDT at baseline
and end of follow-up for one eye each in the DC
and DP groups are shown in Fig. 1.

At baseline, no statistical differences were
observed for each FDT parameter between the
DC and DP groups. During follow-up, no sta-
tistical differences were observed for FDT 24-2
MS, PSD, and MD between the DC and DP
groups, whereas a significant difference of FDT
10-2 MS was observed between the two groups
in the long-term follow-up; in particular, no
statistical change of MS was observed in the DC
group, while a significant decrease of 10-2 MS
was observed in the DP group over time.

Morphological (SD-OCT, OCTA, and AO)
Evaluations

Comparisons of the mean values of the SD-OCT
and OCTA parameters at baseline and 12, 24,
and 36 months in the DC and DP groups are
shown in Tables 2, 3, and 4.

At baseline, no significant differences were
observed for each SD-OCT, OCTA, and AO
parameter between the DC and DP groups.

During follow-up, no significant differences
were observed for the SD-OCT findings in terms
of the CRT, RNFL and GCL thickness (subfoveal,

parafoveal, and total values) between the DC
and DP groups. In contrast, a significant differ-
ence in the parafoveal INL thickness was
observed between the groups; in particular, no
significant change of INL thickness in the DC
group, while a significant increase of that in the
DP group was observed over time. Moreover, a
significant difference in the OPL thickness was
observed between the two groups over time; the
OPL thickness values were significantly reduced
at 12, 24, and 36 months in the DP group,
whereas the OPL values were not changed over
time in the DC group.

With regard to the microvascular changes
through OCTA, the foveal VD at SCP and that at
DCP were different between the DC and DP
groups; in particular, no significant changes
were observed in the DC group, whereas a sig-
nificant reduction in the foveal VD at both SCP
and DCP was observed in the DP group over
time. In addition, no significant changes of FAZ
were observed in both groups.

With regard to the AO findings, no signifi-
cant differences in the cone density, linear dis-
persion index, and heterogeneity packing index
were observed between the DC and DP groups
over time during the evaluation period.

At each follow-up timepoint, no change of
HbA1c relative to baseline was observed in both
DC and DP groups, indicating good overall
metabolic control.

DISCUSSION

The present pilot study highlights potential
functional and morphological retinal changes
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DP EYE#4

Baseline

MS: 23.13 dB

Fig. 1 Examples of mean sensitivity (MS) with Humphrey
Matrix frequency doubling technology (FDT) 10-2 strat-
egy in two patients with type 1 diabetes with mild signs of
non-proliferative diabetic retinopathy. One patient (DP
EYE# 4) was treated with placebo (3 drops/day), and one

in patients with DM1 with mild signs of NPDR
who underwent treatment with citicoline and
vitamin B;, eye drops (DC group) during
36 months follow-up period, as compared with
those in a DM1 control group who underwent
similar duration of treatment with placebo,
which fulfills the study goals (DP group).

Our results indicate a significant difference
between the DC and DP groups during
36 months follow-up: the DP group showed
worsening of functional and morphological
parameters, while the DC group showed stabi-
lization of those over time.

Functional (FDT) Data

The results mainly revealed significant differ-
ences in MS of 10-2 FDT between the DC and
DP groups at the end of follow-up, with wors-
ening of its level in the DP group and no
changes of that in the DC group.

The reduction of MS may be due to higher
susceptibility of the magnocellular RGCs to
hyperglycemia that can lead to early and selec-
tive impairment of those cells; alternatively, in
the case of similar susceptibility to hyper-
glycemia between the magnocellular RGCs and

DC EYE#2
Baseline

MS: 29.29 dB

patient (DC EYE# 2), with citicoline and vitamin By,
(3 drops/day) for 36 months of follow-up. With respect to
baseline, at the end of follow-up (36 months), worsening
of MS values was observed in DP EYE, while no significant
changes of those in DC EYE were observed

other RGCs, lower redundancy of those cells in
the entire RGCs population with no overlap of
the receptive fields would allow earlier detec-
tion of losses [7]. In particular, Parravano et al.
reported that the eyes of patients with DM1
showed early functional impairment of RGCs
through FDT [7]. Moreover, in our study, the
decrease of threshold of retinal sensitivity cor-
related to the reduction of RNFL in the eyes
with DM1 without DR, which suggests that
patients with DM1 achieve early functional and
morphological retinal impairment even in the
absence of retinal vasculopathy under
ophthalmoscopy.

The results in the DP group reflect the nat-
ural history of disease, whereas the stability of
MS after treatment with citicoline and vita-
min By, may contribute to slowing of progres-
sive functional damage of the magnocellular
RGCs.

These pieces of evidence raise a question
regarding the possibility that citicoline admin-
istration through eye drops may target RGCs,
and further studies are needed to clarify this
point. Nevertheless, a recent study [24] on
human eyes that underwent treatment with
citicoline eye drops before vitreoretinal surgery
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Table 2 Results of spectral domain optical coherence tomography

Baseline 12 months 24 months 36 months GLM P value (over
P value*  time)
CRT
DC group 27329 £ 1495 275.00 £+ 13.92 27243 + 14.16 275.71 £ 18.69 0.662
DP group 271.00 & 35.44 276.50 &£ 30.67 275.38 & 29.62 27475 £ 3198 0.514 0.536
P value (between  0.954 1.000 1.000 0.728
groups)”
RNFL
Subfoveal
DC group 1243 4+ 1.90 13.57 £ 3.21 1229 £2.29 1343 £+ 2.07 0.736
DP group 12.63 £ 3.34 13.00 & 3.82 12.63 + 3.66 13.13 £ 3.48 0.429 0.425
P value (between 0.768 0.682 0.815 0.861
groups)”
Parafoveal
DC group 21.86 £ 1.60 22.61 + 1.82 21.86 £ 1.13 22.57 + 1.61 0.050
DP group 22.03 + 3.42 21.97 + 2.66 21.63 + 2.45 21.72 + 2.84 0.157 0.452
P value (between 0.816 0.486 0.523 0.324
groups)”
Total
DC group 2692 + 2.26 27.16 + 1.79 26.57 £ 1.77 2722 + 1.54 0.081
DP group 2624 £ 4.17 25.79 £ 3.80 25.64 £ 3.70 26.28 £ 5.80 0.412 0.796
P value (between 0.417 0.418 0.643 0.203
groups)”
GCL
Subfoveal
DC group 13.86 £ 2.79 13.43 + 2.30 13.71 £ 2.29 14.00 £ 3.32 0.715
DP group 15.63 £+ 6.46 15.13 £ 6.03 14.88 £+ 6.01 15.38 £ 5.60 0.462 0.340
P value (between 0.815 0.907 0.862 0.907
groups)”
Parafoveal
DC group 50.39 + 3.63 50.39 £ 3.58 49.96 + 4.02 50.79 + 3.86 0.729
DP group 46.75 + 7.60 47.75 £ 9.61 4741 £+ 9.48 47.72 £ 9.59 0.909 0.955
P value (between 0.297 0.728 0.643 0.563

groups)”
Total
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Table 2 continued

Baseline 12 months 24 months 36 months GLM P value (over
P value*  time)
DC group 40.11 £ 2.50 40.29 + 2.42 3998 £+ 2.78 40.44 + 3.09 0.780
DP group 37.40 £+ 5.11 38.44 £ 6.28 38.26 + 6.22 38.81 &+ 6.94 0.696 0.722
P value (between 0.384 0.602 0.643 0.563

groups)A

The central retinal thickness (CRT), retinal nerve fiber layer (RNFL), and ganglionic cell layer (GCL) thickness (mean
parameter value £ standard deviation in micron) in patients with diabetes mellitus type 1 treated with citicoline and
vitamin By, eye drops (DC group) or with placebo (DP group) at baseline and 12, 24, and 36 months of follow-up.

Significant values are presented in bold font

*P value of the general linear model (GLM) of Friedman/MAnova repeated measures

" Mann-Whitney U

for the epiretinal membranes reported a high
concentration of citicoline in the vitreous body,
which suggests that citicoline reached the
region closer to RGCs. Collectively, our results
and those in glaucomatous patients [25, 26]
suggest that when citicoline is administered by
eye drops, it can cause direct functional changes
of the RGCs. Such functional changes may be
due to the different properties of citicoline that
affect neuroenhancement, neuroprotection,
and neuroregeneration, and a recent review by
Faiq et al. described these phenomena in detail
[21].

The psychophysical FDT responses in
patients with DM1 of our study who underwent
treatment with citicoline were consistent with
reduction in progressive visual field damage in
patients with progressive glaucoma who
received citicoline eye drops in another study
[27].

Morphological (SD-OCT, OCTA, and AO)
Data

The DC and DP groups achieved similar values
through SD-OCT and OCTA at the end of fol-
low-up, and those parameters showed worsen-
ing in the DP group but remained unchanged in
the DC group.

With regard to SD-OCT findings, the DC
group maintained the same levels of INL

thickness and OPL thickness over time, while
the DP group showed significant increase of the
former and decrease of the latter. In addition,
the two groups attained comparable values of
the others parameters (CRT, RNFL, and GCL
thickness), with no statistical differences, which
may reflect an absence of worsening in the DP
group and a stable condition in the DC group.

Progressive increase in INL and decrease in
OPL thickness are considered as indicators of
progressive changes of the retinal morphology
in DR; nevertheless, we observed no changes in
the HbAlc values, which indicates that these
morphological changes may also occur in the
case of good overall metabolic control.

Previous studies reported an increase in the
INL thickness at the early stage of DR [8, 9],
which may be due activation of the glia of the
Muiiller cells [28, 29] associated with induction
of diabetic macular edema. In contrast, the OPL
thinning corresponds to concomitant thicken-
ing of INL, which may contribute to the pattern
of fluid accumulation at OPL in diabetic
patients, and as the leading factor of macular
edema. Studies with a quantitative approach are
required to assess the relationship between the
rate of increasing INL and differences in rate of
the outer retinal changes evidenced by OPL
thinning.

After administration of citicoline plus vita-
min B;,, we observed no significant changes in

I\ Adis



1656

Adv Ther (2020) 37:1646-1663

Table 3 Results of spectral domain optical coherence tomography

Baseline 12 months 24 months 36 months GLM P value (over
P value* time)
INL
Subfoveal
DC group 20.14 £ 5.73 20.00 + 447 2029 £+ 5.38 21.29 £ 6.13 0.929
DP group 2425 4+ 9.04 23.50 + 8.28 2325 £ 6.69 2275 £ 6.69 0.454 0.522
P value (between 0.449 0.449 0.485 0.561
groups)”
Parafoveal
DC group 39.79 + 1.61 39.39 + 244 4025 + 2.17 40.14 £+ 1.39 0.916
DP group 38.97 £ 3.19 4131 + 444 4128 +5.35 42.41 £ 5.36 0.042 0.022
P value (between 0.643 0.452 1.000 0.562
groups)”
Total
DC group 3429 + 126 3386 £ 1.59 3434 + 145 34.65 = 1.30 0.770
DP group 34.07 £ 2.92 35.60 + 3.88 3546 £+ 4.17 36.60 £ 4.85 0.139 0.064
P value (between 0.728 0.487 0.862 0.486
groups)”
OPL
Subfoveal
DC group 27.00 £ 5.74 2929 + 647 2829 &+ 7.34 29.29 £ 6.95 0.619
DP group 30.13 £ 6.36 26.38 + 421 24.88 4+ 3.72 24.63 £ 524 0.025 0.023
P value (between 0.323 0.292 0.449 0.222
groups)”
Parafoveal
DC group 3439 + 446 34.00 & 493 33.61 &£ 5.11 3418 £ 5.55 0.992
DP group 3459 £ 521 34.06 + 334 32.78 &£ 3.76 33.13 £ 343 0.923 0.467
P value (between 0.817 0.602 0.954 0.954
groups)”
Total
DC group 30.71 £ 2,94 30.79 + 324 3040 4+ 3.73 30.70 £ 3.86 0.997
DP group 30.82 + 3.65 30.65 £ 2.16 29.67 £ 2.50 29.71 £ 2.30 0.883 0.279
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Table 3 continued

Baseline 12 months

24 months

36 months GLM
P value* time)

P value (over

P value (between 0.908 0.862
groups)”

0.817

The inner nuclear layer (INL) and outer plexiform layer (OPL) thickness (mean parameter value &+ standard deviation of

measured in micron) in patients with diabetes mellitus type 1 treated with citicoline and vitamin B, eye drops (DC group)

or with placebo (DP groups) at baseline and 12, 24, and 36 months of follow-up. Significant values are presented in bold

font

*P value of the general linear model (GLM) of Friedman/MAnova repeated measures

" Mann-Whitney U

both the INL and OPL thicknesses, which sug-
gests that treatment with citicoline eye drops
may prevent the retinal morphological changes
related to DR. Neuroprotective effects from the
structural activity of citicoline may contribute
to the differences between the DC and DP
groups, which is supported by another study on
non-arteritic ischemic optic neuropathy in
humans [30] and the review by Faiq et al. [21]
on experimental models.

With regard to OCTA, the DC group showed
no significant changes of VD at SCP and DCP,
while the DP group showed significant reduc-
tion of that over time.

Our findings of 3-year follow-up in the DP
group indicate that treatment with citicoline
plus vitamin B, inhibited progressive
microvascular impairment in DR.

Several studies suggest that a reduction of VD
at SCP and DCP may precede the retinal alter-
ations through fundus examination; in partic-
ular, impairment of DCP represents a biomarker
for both early diagnosis of DR and risk of pro-
gression [31]. We observed significant
microvascular abnormalities in patients without
other comorbidities such as hypertension and
dyslipidemia, and therefore we considered that
the microvascular abnormalities may be associ-
ated only with metabolic dysregulation in dia-
betes [32].

The finding of no significant changes of VD
at SCP and DCP after treatment with citicoline
and vitamin By, can be explained by the fact
that citicoline targets vascular function.

Nevertheless, studies using in vivo and
in vitro models support that citicoline has a
potential vascular protective effect in the brain
microvascular endothelium [33], and the
mechanism of its action involves protection
against cell damage/apoptosis induced by cal-
cium ionophore or hypoxia. Citicoline was an
effective treatment in other neurodegenerative
conditions such as Alzheimer disease, amy-
otrophic lateral sclerosis, stroke, and Parkinson
disease [34-36], while in the case of DR, it
showed potential effects in reduction of
impairment of the entire neurovascular unit
[22].

With regard to AO, the values of the
parameters such as cone density, linear disper-
sion index, and heterogeneity packing index
were similar between groups over time, which
may be because there were no changes of mor-
phology of the photoreceptor elements in our
cohort of DC and DP patients.

Our study has some limitations. The patients
with DM1 were treated with a combination of
citicoline and vitamin B;,, and the findings
cannot be attributed to the properties of citi-
coline alone, since vitamin By, [6] may have
affected the results.
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Table 4 Results of spectral domain optical coherence tomography

Baseline 12 months 24 months 36 months GLM P value (over
P value* time)
SCP-VD
Whole
DC group 48.66 £ 3.65 49.59 + 3.78 48.64 £ 4.25 48.49 £ 4.00 0.518
DP group 4990 + 3.85 47.80 £ 495 4847 £529 4721 £5.62 0.112 0.062
P value (between  0.427 0.560 0.958 0.634
groups)”
Foveal
DC group 29.39 £ 1.87 2895 £ 389 2742 + 253 27.10 + 2.65 0.131
DP group 31.20 £ 456 2832+ 739 2846+ 619 26.87 755 0.005 0.017
P value (between  0.427 0.711 0.874 0.491
groups)”
Parafoveal
DC group 4920 £ 4.13 50.17 &= 4.06  49.58 £ 4.58 49.58 & 4.55 0.604
DP group 50.07 & 3.78 48.32 £ 4.93 49.09 £ 522 4797 £5.92 0.191 0.266
P value (between  0.634 0.491 0.874 0.427
groups)”
Temporal
DC group 48.69 + 3.42 4892 + 4.16 4845 £+ 4.57 48.80 £ 5.02 0.450
DP group 48.88 + 4.29 4745 £5.22 4829 £5.72 4671 £ 6.00 0.358 0.240
P value (between ~ 0.958 0.711 0.958 0.560
groups)”
Superior
DC group 49.04 & 5.03 50.83 £ 467 50.82 £ 475 51.14 + 4.42 0.602
DP group 51.50 £ 3.71 49.87 &+ 534 50.39 + 559 4856 &+ 644 0.073 0.183
P value (between  0.427 0.874 0.874 0.427
groups)”
Nasal
DC group 4870 £ 464 49.64 £ 333 48.11 £ 397 4851 + 544 0.649
DP group 50.31 + 343 48.16 + 4.61 48.64 + 483 48.68 = 5.81 0.191 0.183
P value (between  0.314 0.958 0.711 0.958
groups)”
Inferior
DC group 50.38 £ 440 51.32 £ 520 50.94 + 614 49.90 &+ 5.71 0.620
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Table 4 continued

Baseline 12 months 24 months 36 months GLM P value (over
P value* time)
DP group 49.59 + 492 4782 £ 561 49.06 +£5.55 4792+ 683 0.395 0.516
P value (between 0.958 0.223 0.491 0.791
groups)’
FAZ
DC group 0.226 + 0.064 0.246 £ 0.061 0.244 + 0.068 0.249 + 0.069 0.642
DP group 0.262 + 0.105 0.270 £ 0.107 0.273 + 0.113 0.288 £+ 0.114 0.724 0.183
P value (between 0.491 0.791 0.711 0.368
groups)”
DCP-VD
Whole
DC group 55.13 £ 321 56.85 £ 195 55.02 &£ 351 5556 & 3.67 0.413
DP group 54.76 &+ 4.81 54.28 £ 3.72 5456 + 3.63 5328 £ 3.64 0.658 0.750
P value (between 0.958 0.080 0.958 0.560
groups)”
Foveal
DC group 29.85 £ 346 2948 £ 587 28.08 + 418 27.10 &+ 3.81 0.337
DP group 3272 £ 6.82 2833 £ 891 2836+ 662 2577 + 6.44 0.044 0.020
P value (between 0.560 0.368 0.596 0.458
groups)”
Parafoveal
DC group 5729 £ 3.65 5862+ 272 5738 415 58.00 & 4.49 0.617
DP group 5525 £ 524 55.14 &+ 354 55.53 & 352 5447 £ 431 0.772 0.765
P value (between 0.491 0.101 0.368 0.153
groups)”
Temporal
DC group 57.86 £ 1.88 5693 + 2.66 56.14 + 432 5725 £ 5.13 0.511
DP group 5520 £ 6.04 54.55 + 401 5531 + 417 5381 542 0.784 0.826
P value (between 0.314 0.315 0.491 0.340
groups)”
Superior
DC group 5740 £ 6.14 59.75 £ 277 5925 £ 388 60.14 £ 3.72 0.338
DP group 5621 =550 57.12 £3.96 5698 + 357 56.02 £5.13 0.645 0.799
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Table 4 continued

Baseline 12 months 24 months 36 months GLM P value (over
P value* time)
P value (between  0.874 0.315 0.223 0.153
groups)”
Nasal
DC group 5574 £ 385 58.17 £ 2.67 5577 £ 439 56.61 £ 5.39 0.517
DP group 5438 + 531 54.61 £ 330 54.86 &350 5422 + 4.83 0.483 0.441
P value (between ~ 0.958 0.064 0.634 0.315
groups)”
Inferior
DC group 58.14 + 420 59.63 + 3.64 58.35 + 477 58.01 £ 5.18 0.599
DP group 55.20 + 4.85 54.28 + 4.63 5497 + 473 5385 527 0722 0.843
P value (between  0.634 0.017* 0.315 0.186
groups)”

Vessel density of the superficial capillary plexus (SCP-VD) and foveal avascular zone (FAZ), and the deep capillary plexus

(DCP-VD) (mean value £ standard deviation in micron) in patients with diabetes mellitus type 1 treated with citicoline
and vitamin B, eye drops (DC group) or with placebo (DP Groups) at baseline and 12, 24, and 36 months of follow-up.
The values of SCP-VA, DCP-VA, and FAZ were automatically generated by the device. Signiﬁcant values are presented in

bold font

*P value of the general linear model (GLM) of Friedman/MAnova repeated measures

" Mann-Whitney U

CONCLUSIONS

The present pilot study suggests that in patients
with DM1 with mild signs of NPDR, treatment
with eye drops containing citicoline and vita-
min B, for 3 years could induce stabilization or
inhibit the rate of functional impairment of the
neuroretinal neurodegenerative process and
retinal microvascular damage; whereas, treat-
ment with placebo achieved progressive wors-
ening of those morphological and functional
parameters.

Despite the fact that this was a pilot study
including a small cohort of patients with DM1,
to the best of our knowledge, it is the first
clinical study on the use of available eye drops
for the treatment of early stages of DR. Our
preliminary results need to be confirmed by
randomized clinical trials on a larger cohort of

patients with DM1 with different stages of
severity of DR.
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