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The retina functions as a neurovascular unit. How early vascular alterations affect neuronal layers remains controversial; early
vascular failure could lead to edema increasing retinal thicknesses, but alternatively neuronal loss could lead to reduced retinal
thickness. Objective. To evaluate retinal thickness in a cohort of pediatric patients with type 1 diabetes mellitus (PwT1DM) and
to analyze differences according to the presence or absence of nonproliferative diabetic retinopathy (NPDR), poor metabolic
control, and diabetes duration. Patients and Methods. We performed retinographies and optical coherence tomography (OCT)
(TOPCON 3D1000®) to PWT1DM followed at our center and healthy controls. Measurements of the control group served to
calculate reference values. Results. 59 PwT1DM (age 12.51 +2.59) and 22 healthy controls (age 10.66 +2.51) volunteered. Only
two PwT1DM, both adolescents with poor metabolic control, presented NPRD. Both showed decreased thicknesses and retinal
volumes. The odds ratio of having decreased retinal thickness when signs of NPDR were present was 11.72 (95% IC 1.16-118.28;
p =0.036). Conclusions. PWT1DM with NPDR have increased odds of decreased retinal thicknesses and volumes. Whether these

changes are reversible by improving metabolic control or not remains to be elucidated.

1. Introduction

Diabetic retinopathy (DR) is one of the microvascular com-
plications associated with T1DM, being the most frequent
cause of blindness in “active population” (adults between
the ages of 20 and 74) [1]. It is estimated that one-third of
people with diabetes have signs of retinopathy, one-third of
whom suffer from vision-threatening diabetic retinopathy
(VTDR, defined by the presence of proliferative retinopathy
and/or macular edema), with approximately 93 million peo-
ple in the world with DR, 17 million with proliferative DR, 21
million with diabetic macular edema, and 28 million with
VTDR worldwide [2].

The mechanisms involving DR development include the
following: hyperglycaemia may cause sorbitol accumulation

in retinal cells, increased polyol metabolism, advanced glyco-
sylation end product (AGE) elevation in the extracellular
fluid, increased protein kinase C and hexosamine pathway
activity [3], upregulation of growth factors and proinflam-
matory cytokines, hyperactivation of the renin-angiotensin
system, and exacerbated production of superoxides. The
mechanism by which these cytokines contribute to vascular
and neuronal apoptosis is not yet clear and may respond to
excitotoxicity, oxidative stress, and/or mitochondrial dys-
function [3].

In preclinical retinopathy, no ophthalmoscopic alter-
ations are observed, although alterations of the neurovascular
unit have already been demonstrated at this point. The
neurovascular unit is a histological concept explaining that,
under normal conditions, endothelial cells and pericytes,
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astrocytes, Miiller cells, and neurons are closely related and
connected, establishing the so-called blood-retinal barrier,
in order to favor an adequate flow of nutrients, an ionic envi-
ronment appropriate for neurological signaling, synaptic
transmission, and adaptive responses that allow an adequate
visual function [4].

Thus, the damage induced by DR would not be limited to
an isolated angiopathy but would involve both the vascular
and neuronal compartments. This statement is based on the
demonstration of early subtle changes in microvascular
hemodynamics [5], neuronal functionality in studies per-
formed by electroretinography [6, 7], and the decrease in
thicknesses of the nerve fiber layer of the retina [8] in these
early preclinical stages of retinal involvement.

In children, although it is common to demonstrate
ophthalmoscopic findings such as isolated retinal microa-
neurysms or small unilateral hemorrhages (all of which are
signs of nonproliferative diabetic retinopathy (NPDR)), it is
extremely rare to find preproliferative retinopathy, prolifera-
tive retinopathy, or macular edema, regardless of the degree
of metabolic control or the time of evolution of diabetes
[4], with a clear tendency in our days to the decrease in the
detection of retinopathy [4, 9, 10].

To date, the younger age at which severe DR (preproli-
ferative or proliferative) has been documented is 15 years of
age, and the shortest documented duration of diabetes since
its clinical onset to severe DR presentation is 5 years [11].
Besides diabetes duration and patient’s age, another indepen-
dent risk factor for DR development is the age at diabetes
onset; those who were under 5 years of age at the start of their
clinical diabetes have decreased risk of DR development [12].

Since its introduction in clinical practice, optical coher-
ence tomography (OCT) has been used in research on dia-
betic retinopathy, given its ability to accurately determine
retinal thickness, being a noninvasive technique. OCT
enables the objective and quantitative assessment of retinal
volumes and thicknesses, having excellent reproducibility
in children with respect to adults [13, 14]. The main problem
in the realization of OCT in children is the interpretation of
the measurements when the devices lack a specific reference
database in the pediatric age.

Different reference values for macular and papillary
structures have been published, rendering great variability
of the measurements depending on the device used (up to
26 ym in the same patient). Thus, investigators and clinicians
need to calculate their own reference values for the OCT
device used, since different software calculate their measure-
ments based on different delimitations in the external seg-
mentation line [15-19].

Previous publications have found retinal thickness alter-
ations in both directions: on the one hand, there are reports
of increased retinal thickness, both in established diabetic
retinopathy [20] and in clinically significant diabetic macu-
lar edema [21-23], pointing at OCT’s suitability as a screen-
ing method for the subclinical macular edema in diabetic
patients [24]. On the other hand, decreased thicknesses have
also been reported [8, 25], suggesting neuronal cell loss as
the cause. Finally, there are also a number of studies that
do not appreciate significant differences in any way [26, 27].
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2. Objective

The aim of this study is to compare retinal thickness in
pediatric patients with type 1 diabetes mellitus (PWT1DM)
diagnosed with nonproliferative diabetic retinopathy (NPDR)
with those obtained in healthy subjects.

3. Patients and Methods

We performed a transversal comparative study between the
cohort of PWT1DM followed at the Children’s Diabetes Unit
of Puerta del Mar University Hospital (Cadiz) and healthy
children and adolescents aged between 4 and 18 years. The
study protocol was evaluated and accepted by our institu-
tion’s ethics committee for clinical research, and written
informed consent was obtained from all study subjects and/
or their legal guardians.

Patients were recruited from our Diabetes Unit, and con-
trols were recruited from patients’ close relatives or friends,
aiming at similar age and sex distribution in both groups.
Clinical variables involving demographics, anthropometry,
characteristics of the diabetic process, and degree of meta-
bolic control were registered from their electronic medical
records after informed consent was obtained. As a variable
of diabetes control, the glycated hemoglobin levels, its aver-
age levels in the year before, and the mean in the whole “his-
torical period of illness” were registered at the time of ocular
exploration. In addition, the variation coefficient and stan-
dard deviation of the average levels of the historical period
were determined as measures of the dispersion of these levels.

The analytical determinations were carried out by the
usual methods (colorimetry and ECLIA) in analytical plat-
forms C-711 and E-170 of Roche Diagnostics in the Clinical
Analysis Service of our center.

The ophthalmological evaluation consisted of anterior
chamber study, intraocular pressure, autorefractometry,
and visual acuity. The retina was explored by conventional
retinography and OCT, using the 3D OCT-1000 spectral
domain device (TOPCON, Japan) for macular and papillary
study. The study map used was the grid proposed by the
Early Treatment Diabetic Retinopathy Study (ETDRS),
composed of three concentric circles of 1, 3, and 6 mm in
diameter corresponding to the fovea, inner ring, and outer
ring, respectively. Each ring is subdivided into superior,
nasal, inferior, and temporal depending on its location with
respect to the midline as shown in Figure 1.

3.1. Exclusion Criteria. Patients with other types of diabetes
different from type 1 were not included, as well as patients
with less than 12 months from diabetes clinical onset at
the time of the study. Those presenting limitations for
undergoing the exploration or for the interpretation of the
results, such as subjects unable to collaborate adequately to
complete the ocular explorations, those presenting a refrac-
tive error > 5.5 diopters (D) or astigmatism greater than 3 D,
those with a visual acuity (VA, Snellen Visual Acuity Scale)
of less than 0.7 with a difference of vision greater than one
line of the optotype between the AV of both eyes, and those
with intraocular pressure (IOP) greater than 21 mmHg or
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F1Gure 1: Outline of the macular regions according to the ETDRS’s
grid.

those presenting other conditions, such as strabismus,
amblyopia, or the presence of pathology that may cause
changes in retinal thickness such as chorioretinal scars,
myelin fibers, or papillary druses, were also excluded.

Finally, we discarded those OCT reports with a signal
strength lower than 41, since this strength is considered the
reliability limit of the exploration.

We used the statistical packages IBM © PASW STATIS-
TICS © (IBM Corporation, Somers, NY, USA) in its version
18 and GraphPad Prism 6.0 for the statistical analysis of the
data. We express the qualitative variables as number and per-
centage and the quantitative variables as average and stan-
dard deviation. First, we performed a descriptive study and
used the data from controls to calculate the reference values
(in the form of thickness and volume percentiles) of each of
the macular and papillary sectors of the grid. Subsequently,
we calculated the same percentiles for the T1D patients and
compared these with the controls’ using Student’s t-test for
independent samples, previously evaluating the equality of
variances with the Levene test and establishing a level of sig-
nificance of 95%, determining the difference with a p value
under 0.05 as significant.

For the variables expressed as a scale, a study of bivariate
correlations was performed using Pearson coeflicients in the
study of parametric correlations and Spearman coefficients in
the study of nonparametric correlations. It was determined as
significant with a level less than or equal to 0.05 (bilateral),
and it was considered relevant when presenting a value of R
greater than or equal to 0.4.

Finally, we calculated the odds ratio of presenting
decreased thicknesses as a function of having signs of NPDR
or not, having greater or less than 5 years of diabetes dura-
tion, having a mean HbAlc level of greater or less than
8.5%, or having diabetic clinical onset presentation before
or after the 5 years of age (with a CI of 95%) and tested for
significance using the Z statistic.

4. Results

64 PwT1DM and 36 controls volunteered. In 3 PwT1DM and
9 controls, it was not possible to complete the different
exploratory techniques due to poor collaboration. Two more

TaBLE 1: Anthropometric characteristics of the total population.

Controls PwT1DM
Subjects (N) 22 59
Decimal age (years) 10.66+2.51  12.51£2.58
Height (Z-score) -046+1.12 -0.12+1.09
Weight (Z-score) -0.28+1.08 -0.14+0.89
Body mass index (kg/m?) 18.57+4.11  19.63+£3.37
Body mass index (Z-score) -0.05+0.99 -0.09+0.79

96.604 £15.88 98.353 + 14.65
110.26 +14.24 111.17£10.32

Waterlow index (%)
Systolic blood pressure (mmHg)

Systolic blood pressure (Z-score) 0.07 +1.12 0.40 +0.98
Diastolic blood pressure (mmHg) 61.83+7.74  63.40+7.90
Diastolic blood pressure (Z-score)  0.12+0.62 0.07 +0.669

TasLE 2: Clinical characteristics of the PWT'1DM study population.

PwT1DM
Subjects (N) 59
6.05+3.41 (0.8-13.7)
6.45+3.04 (1-13.2)
43/72.9%

Average age (years) at diabetic onset
Time (years) of disease evolution
Multiple dose insulin therapy (N/%)

Continuous infusion of subcutaneous

0,
insulin (insulin pump) therapy (N/%) 16/27.1%

PwT1DM and 5 more controls met the exclusion criteria
after having undergone exploration (increased intraocular
pressure, strabismus, and astigmatism) and were not
included in the analysis. Finally, our sample consisted of 59
PwT1DM (age 12.51 +£2.59 years, ranged from 7.24 to 16.93
years) and 22 healthy controls (age 10.66 + 2.51 years, ranged
from 6.41 to 16.17 years).

The clinical, demographical, and anthropometrical char-
acteristics are summarized in Tables 1 and 2. As seen in
Table 1, no relevant differences were found in any of the
anthropometrical parameters between PwT1DM and con-
trols. As shown in Table 2, our PWT1DM have a relatively
young average age at diabetes clinical onset, and the mean
duration of diabetes since the onset to the study is over 5
years. Most of our PWT1DM were under multiple insulin
dose regimen with long-acting analogues as basal insulin
and ultrafast analogues as rapid-acting insulin for boluses.

Our sample’s degree of diabetes metabolic control is
summarized in Table 3. The glycosylated hemoglobin
(HbA1c) values were analyzed both at the time of exploration
and during the previous year, as well as during the evolution
of the disease from debut to examination.

After careful examination, 3 OCT reports were discarded
for not meeting the minimum quality, 25 were considered
unusable for being off-centered, 4 were excluded due to par-
tial signal absence (blinks), and two more reports presented
artifacts, and only the data from undisturbed sectors were
taken into account in these two. Hence, our final total con-
sisted of 139 OCT reports of appropriate quality. Discarding
off-centered scans increases the internal validity of our data.
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TaBLE 3: HbAlc levels and variability over time in the PwT1DM group.

HbA1lc (%) N Average Median Min-Max

On the date of exploration 59 7.93+1.05 7.50 6.20-14.60

Year prior to exploration 59 7.97 £1.25 7.70 6.32-14.10

Historical period of clinical follow-up 58 7.93+0.78 7.88 6.10-12.80

TABLE 4: Retinal thickness and volume reference values for each ETDRS sector, calculated with measurements from healthy controls.

Retinal sector Percentiles N =40

3 10 25 50 75 90 97 Average + SD
Foveolar thickness (ym) 165 172.5 181 192 205 222 230 194.1+17.9
Total macular volume (mm?) 7.07 7.26 7.42 7.60 7.76 8.06 8.20 7.62+0.29
Macular central thickness (ym) 194.3 209 217.2 229 245 255 267.3 230.4+18.7
Superior inner thickness (ym) 2729 287 295 302 311 318 3223 301.8+12.9
Temporal inner thickness (ym) 265.3 275 280 289 298 304 310.3 288.3+12
Inferior inner thickness (ym) 269 283 289.2 297 306.7 312.5 321 297.1+12.8
Nasal inner thickness (ym) 282 289 296 304 312 320 328.9 304+11.7
Superior outer thickness (ym) 2415 2473 256 263 272 282.7 295 264.8+15.8
Temporal outer thickness (ym) 213.6 233 238 249 256 263.6 273 247.8+13
Inferior outer thickness (ym) 238 241 249 256.5 263 274 288.3 257.6 £12.6
Nasal outer thickness (pm) 253.7 263.5 271 280 287 297 307.6 279.8+12.8
Central macular volume (mm?) 0.15 0.16 0.17 0.18 0.19 0.20 0.21 0.18 +0.01
Superior inner volume (mm?) 0.44 0.45 0.46 0.47 0.49 0.50 0.51 0.48 +0.08
Temporal inner volume (mm?) 041 0.43 0.44 0.45 0.47 0.48 0.48 0.45 +0.03
Inferior inner volume (mm?) 0.42 0.45 0.46 0.47 0.48 0.49 0.5 0.46 +0.02
Nasal inner volume (mm?) 0.44 0.45 0.46 0.48 0.49 0.50 0.51 0.47 +0.02
Superior outer volume (mm®) 1.28 1.31 1.35 1.39 1.43 1.49 1.53 1.39 +0.07
Temporal outer volume (mm?) 1.23 1.24 1.28 1.32 1.36 141 1.50 1.32+0.07
Inferior outer volume (mm?) 1.26 1.28 1.32 1.36 1.38 1.45 1.52 1.36 +0.06
Nasal outer volume (mm?) 1.35 1.40 1.44 1.49 1.53 1.57 1.60 1.48 +0.06
Total RNFL thickness (¢m) 84.5 89 92 97 101 106 112.4 97 £6.6
Superior RNFL thickness (um) 102 107 113 119 126 135 143 120.1+11.0
Inferior RNFL thickness (pm) 98 107 113 120 127 133 138.4 119.9+10.4

Since there are no reference values for retinal thick-
nesses and volumes in childhood with the device we used
(TOPCON 3D OCT-1000), we proceeded to calculate our
own for each macular and papillary sector measurement,
using the data from the group of healthy controls (Table 4).
From now on, we considered “decreased retinal thickness”
values below the third percentile of the reference data and
“increased retinal thickness” values over the 97th percentile.

When comparing both study groups’ values, we found no
differences in any thickness or volumes (Table 5).

In our group of PwT1DM, we found not even one with a
retinographic image compatible with subclinical macular
edema or vision-threatening retinopathy. In only two cases,
we found pathological images suggestive of incipient diabetic
retinopathy (IDR): one patient presented microaneurysm
and the second patient flame hemorrhage. Thus, we had an
IDR incidence of 3.3% of the sample. The patient with
microaneurysm (case 1) was a 14.8-year-old girl, with nearly
10 years of diabetes duration, obesity, and poor metabolic
control all throughout the disease, with a mean annual

HbAlc of 9.1% and 8.4% in the year of the study point.
The patient with flame hemorrhages (case 2) was a 13.4-
year-old boy, with nearly 9 years of diabetes evolution and
also poor metabolic control, with mean annual HbA1c levels
of 9.1% since clinical onset and the same levels in the year
and at the time of the study. None of these had hypertension,
neither microalbuminuria.

When comparing the thicknesses of these two patients’
retinas with the reference values, we found that both patients
presented at least two values below the third percentile and at
least 3 between the third and 10th percentiles (Table 6).

The power of our contrast to detect the difference in the
superior inner thickness (the variable with the largest differ-
ence between controls and PwT1D with NPDR) as statisti-
cally significant is 93%, assuming an alpha error of 0.05 in a
bilateral contrast with 40 subjects in the control group and
2 in the PwT1D + NPDR.

However, these were not the only patients in whom we
found thicknesses or volumes below the third centile. We also
identified 11 more PwT1DM without retinographic images
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TaBLE 5: Comparison of retinal thicknesses and volumes between PWT1DM and healthy controls.
Controls PwT1DM p

N (eyes) 40 110

Foveolar thickness (ym) 194.1+17.9 194.76 £ 16.91 NS
Total macular volume (mm?) 7.62+0.29 7.60 +0.27 NS
Macular central thickness (¢m) 230.4+18.7 230.03 +£18.20 NS
Superior inner thickness (ym) 301.8+12.9 301.20 +13.31 NS
Temporal inner thickness (¢m) 288.31+12.01 287.66+11.88 NS
Inferior inner thickness (ym) 297.1+12.81 296.18 £11.97 NS
Nasal inner thickness (ym) 304.27 +11.69 303.04+11.36 NS
Superior outer thickness (ym) 264.78 £15.8 265.02+16.15 NS
Temporal outer thickness (ym) 247.8+12.97 247.10 +13.67 NS
Inferior outer thickness (ym) 257.58 +12.62 256.93 +12.05 NS
Nasal outer thickness (ym) 279.80 +£12.81 278.98 +12.42 NS
Central macular volume (mm?) 0.182+0.014 0.182+0.013 NS
Superior inner volume (mm?) 0.481 +0.081 0.483 +0.098 NS
Temporal inner volume (mm?) 0.453 £0.035 0.450 + 0.034 NS
Inferior inner volume (mm?®) 0.467 +0.024 0.466 +0.018 NS
Nasal inner volume (mm?) 0.478 £0.022 0.485 +0.092 NS
Superior outer volume (mm®) 1.39+0.071 1.39 +0.064 NS
Temporal outer volume (mm®) 1.32+0.070 1.32+0.073 NS
Inferior outer volume (mm?) 1.36 +0.061 1.36 +0.063 NS
Nasal outer volume (mm?) 1.48 +0.062 1.48 +0.064 NS
Total RNFL thickness (¢m) 96.86 + 6.60 97.37 +7.29 NS
Superior RNFL thickness (ym) 120.09 +10.97 120.13 +11.66 NS
Inferior RNFL thickness (¢m) 119.86 +10.37 120.08 £ 11.36 NS
Spherical equivalent (D) 0.350 +1.67 0.267 +1.60 NS

suggestive of IDR, with at least one measurement below the
third centile. Hence, we performed a multiple correlation
study to try to identify those factors related to an increased
risk of decreased thicknesses or volumes, but we did not
appreciate significant correlation between any retinal mea-
surement and the degree of metabolic control expressed in
the levels of glycosylated hemoglobin or any of the other
variables analyzed (age at diabetes onset, current age, diabe-
tes duration, sex, pubertal stage, type of therapy, etc.) (data
not shown).

We calculated the odds ratio of presenting decreased ret-
inal thicknesses as a function of acceptable (HbAlc <7.5%)
or poor metabolic control (HbAlc>8.5%) or as a function
of the age at diabetes onset and found no significant odds
(p=0.15 and p=0.36, resp.). The time of diabetes evolu-
tion > 5 years at the moment of the study did have an increased
odds ratio of presenting decreased retinal thicknesses (OR
2.18), but it missed statistical significance (p =0.09). How-
ever, the odds ratio of having decreased retinal thickness
when signs of NPDR were present was 11.72 (95% IC
1.16-118.28; p =0.036).

5. Discussion

The variations in retinal thickness in adult PwT1DM have
been the subject of study in recent years, with controver-
sial results. Different studies find an increase in macular

thickness (global or sectoral) [22, 28], hypothesizing that
the cause of this increase could respond to the accumulation
of fluid between the layers of the retina secondary to the loss
of BHR function and early and subclinical stage of diabetic
macular edema. Others, however, find decreased thicknesses
[8, 25] supporting the hypothesis of neuronal cell loss as the
first event of diabetic retinopathy, prior to vascular damage.
Finally, there are also a number of studies that do not appre-
ciate significant differences in one way or another, stating
that the time of disease evolution can play a decisive role in
the findings and in relation to the pathogenic phenomena
of the disease [26, 27].

Studies in children are more recent and similarly
controversial; while some studies show a thickening of the
retinal tissues in diabetic patients [27], others report the
opposite [29]. In the literature, differences in subfoveal
choroidal thickness between PwT1DM and healthy controls
are not observed [27], neither in the retinal measurements
nor in the fiber layer and nor in ganglion cells when com-
paring PwT1DMI1 without diabetic retinopathy and healthy
controls [26].

Before the Diabetes Control and Complications Trial
(DCCT) of 1993 [30], a DR prevalence up to 41-42% in
the United States [31] and Australia [32] and even 46% in
some regions of Europe [33] had been reported in adoles-
cents. The findings of the DCCT showed that intensive ther-
apy in children between the ages of 13 and 17 years reduced
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TaBLE 6: Comparative study between IDR PwT1DM and control with retinal findings.

Retinal sector Average + SD controls \szlsl;els Pe(r)iesr;tllles \szlslelezs Peé;esr;tlzles
Foveolar thickness (ym) 194.1£17.9 194 p50-75 206 p75-90
Total macular volume (mm?) 7.62+0.29 7.5 p25-50 6.94 <p3
Macular central thickness (#m) 230.4+18.7 224 p25-50 227 p50-75
Superior inner thickness (ym) 301.8+12.9 258 <p3 282 p3-10
Temporal inner thickness (ym) 288.3+12 266 p3-10 271 p3-10
Inferior inner thickness (pm) 297.1+12.8 281 p3-10 279 p3-10
Nasal inner thickness (ym) 304+11.7 281 <p3 283 p3-10
Superior outer thickness (ym) 264.8+15.8 267 p50-75 233 <p3
Temporal outer thickness (ym) 247.8+13 241 p25-50 223 p3-10
Inferior outer thickness (ym) 257.6+12.6 260 p50-75 233 <p3
Nasal outer thickness (ym) 279.8+12.8 281 p50-75 255 p3-10
Central macular volume (mm?) 0.18£0.01 0.18 p50 0.18 p50
Superior inner volume (mm?) 0.48 £0.08 0.45 pl10 0.44 p3
Temporal inner volume (mm?) 0.45+0.03 0.42 p3-10 0.42 p3-10
Inferior inner volume (mm®) 0.46 £0.02 0.44 p3-10 0.44 p3-10
Nasal inner volume (mm?) 0.47 £0.02 0.45 p3-10 0.44 p3
Superior outer volume (mm?) 1.39+0.07 1.42 p50-75 1.24 <p3
Temporal outer volume (mm?) 1.32+0.07 1.29 p25-50 1.18 <p3
Inferior outer volume (mm?) 1.36 £ 0.06 1.38 p75 1.23 <p3
Nasal outer volume (mm?) 1.48 +£0.06 1.49 p50 1.35 p3
Total RNFL thickness (4m) 97 £ 6.6 107 p90-97 91 p10-25
Superior RNFL thickness (ym) 120.1 £11.0 135 P90 97 <p3
Inferior RNFL thickness (¢m) 119.9+10.4 140 >p97 117 p25-50

the risk of developing DR up to 53% [30], and since then,
this therapeutic option is the main one used in the pediatric
age. Despite the difficulty of achieving the target HbAlc pro-
posed as optimal (median HbAlc in 7.5%), different publi-
cations in recent years agree on the progressive decrease in
the overall incidence of the onset of diabetic retinopathy
(DR) in the general population and in the pediatric popula-
tion in particular [34, 35].

When considered as a group, our PwT1DM did not
present differences in thicknesses or volumes in any of the
ETDRS sectors of the retina measured overall, but we found
an incidence of 3.38% of incipient diabetic retinopathy.
This incidence is lower than that previously reported by
others. In 2011, Cho et al. reported, in a population similar
to that of our study (adolescents between 11 and 17 years of
age and a time of evolution of TIDM between 2 and 5
years), a decrease in the incidence of retinopathy from
16% (year 1990) to 7% (from 2002 onwards), with a meta-
bolic control of the cohorts expressed in median of HbAlc
with values of 8.7 and 8.2% [36]. Downie et al. also reported
the data of different historical cohorts of adolescent
PwT1DM from 1990 to 2009, with a DR incidence decreas-
ing from 53% to 12%, with median HbAlc levels of 9.1%
and 8.2, respectively [35].

Taking into account that the median HbAlc in our pop-
ulation at the date of exploration and in the previous year of
exploration is below the values of these studies (Table 2), our

data support the role of an improved metabolic control to
decrease the incidence of DR in children.

The two cases with signs of IDR shared two risk factors
associated with the development of retinopathy, such as poor
metabolic control [37-42] (both had HbAIc levels over 9%)
and the time of evolution of disease [43], around 10 years
[11]. In addition, case 1 had a significant obesity, an indepen-
dent risk factor for the onset of retinopathy [44].

The localization of the decreased thicknesses was not the
same in both cases. In case 1, it affected mainly the inner ring,
and in case 2, it was generalized. These observations are in
accordance with those of the studies reporting decreased ret-
inal thickness and volumes in patients with incipient diabetic
retinopathy [8].

We found no relevant correlations between the differ-
ent analytical, demographical, anthropometric, and ocular
variables. These either were not significant or did not reach
R values under 0.4. This lack of correlations could be strik-
ing although it is likely that a larger sample size could
increase the power of the correlation study.

We cannot neglect commenting on other limitations of
our study. The technology that we used did not facilitate
the automated and individualized measurement of the differ-
ent layers of the retina, which would have detected thicken-
ing or retinal thinning located in specific layers of the
retina. In addition, the cross-sectional design of the study
does not allow us to analyze the temporal, permanent, or
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evolutionary nature of our findings or to calculate relative
risks. Since different studies have shown decreased thick-
nesses while others have reported increased thicknesses, it
is plausible to hypothesize that such changes could be evolu-
tionary over time, and the design of our study does not allow
for this differentiation. The low incidence of IDR in our
sample and of reduced retinal measurements also makes it
difficult to find significant associations with clinical vari-
ables; thus, multicenter studies using the same technology,
as well as prospective study designs, would be desirable for
the future.

In summary, taking into account the mentioned limita-
tions, in our work, we have not observed differences between
the measurements of thickness and macular volumes
between PwT1DM as a group and healthy controls; we have
found a low incidence of incipient diabetic retinopathy in
our sample and an increased odds ratio of reduced retinal
thicknesses in PWT1DM with IDR. The time of diabetes evo-
lution also tended to increase the odds of reduced retinal
thickness, but it did not reach statistical significance, proba-
bly due to the limited sample size.

We believe that our data have mainly three implications;
firstly, we cannot advocate for the use of retinal thickness
measurements as a DR-screening tool in children and adoles-
cents with relatively good metabolic control of their diabetes
and no ophthalmoscopic changes. Secondly, OCT scans
could be of value in the study of PwT1DM and signs of incip-
ient diabetic retinopathy to better characterize retinal
changes. Lastly, our data suggest that in order to identify
which changes happen first in the development of DR, it
would be advisable to include the study of different retinal
layers, in a prospective manner, especially in those adoles-
cents with poor metabolic control of their diabetes.

6. Conclusions

PwT1DM with no ophthalmoscopic changes suggesting DR
do not present differences in retinal thicknesses or volumes
when compared to healthy controls. Adolescent PwT1DM
with NPDR have an increased odds ratio of presenting
decreased retinal thicknesses and volumes. Whether these
changes are reversible by improving metabolic control or
not remains to be elucidated.
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