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Purpose: To evaluate choroidal thickness and volume in patients with type 2 diabetes and
microalbuminuria using spectral-domain optical coherence tomography.

Methods: We recruited 37 diabetic patients without diabetic retinopathy (18 normoalbuminuric
and 19 microalbuminuric) and 21 healthy controls. Choroidal thickness and volume were mapped
using the automated Early Treatment Diabetic Retinopathy Study grid and a topographic map
of thickness was generated manually. Choroid was also measured at 10 locations under the
fovea, temporally and nasally.

Results: Mean choroidal thickness and volume among patients with diabetes and microalbuminu-
ria was reduced in all locations compared to controls (P<<0.05). A sectoral decrease of choroidal
thickness and volume was shown between microalbuminuric and normoalbuminuric groups.
Conclusion: Choroidal changes were present in type 2 diabetic patients before clinical develop-
ment of retinopathy. Microalbuminuria was associated with a decrease in choroidal thickness
and volume in diabetic patients without diabetic retinopathy.

Keywords: choroidal thickness, type 2 diabetes, microalbuminuria, optical coherence
tomography

Introduction

Clinical and histopathological studies demonstrate that vascular dysfunction in diabetes
may affect the choroid, in addition to retinal changes. Several choroidal abnormalities
have been described in diabetic eyes, including increased vascular tortuosity, microa-
neurysms formation, obstruction of the choriocapillaris, areas of nonperfusion, and
choroidal neovascularization.'* Indocyanine green angiography findings revealed a
mottled “salt and pepper” appearance caused by lobular spotty hyperfluorescent and
hypofluorescent areas in patients with nonproliferative diabetic retinopathy (DR).3
Studies using laser Doppler flowmetry have shown that subfoveal choroidal blood
flow and volume were decreased in patients with diabetes, even in eyes without DR.%7
These results suggest that choroidal microangiopathy may play a role in the early
pathogenesis of ocular manifestations of diabetes.

Spectral-domain optical coherence tomography (OCT) systems and enhanced
depth imaging (EDI) mode have allowed more detailed observation and measurement
of the choroid. In this technique, scan acquisition of the sclerochoroidal interface
is placed close to the zero delay line, increasing the sensitivity of the outer limit of
the choroid.® Many studies have evaluated the choroidal thickness in diabetic eyes,
which is significantly different from that in healthy eyes.”'* However, findings from
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these clinical studies are controversial, especially in patients
without DR. Poor control of factors influencing choroidal
thickness, such as axial length, age, refractive error, and
diurnal variation, could be responsible for these inconsis-
tent results. In addition, the diabetic vascular dysfunction
may be modulated by the presence of other concomitant
cardiovascular risk factors, like systemic hypertension and
microalbuminuria, contributing to the heterogeneity of the
chronic complications of diabetes.

Microalbuminuria is an early marker of generalized
endothelial damage and has been associated with an increased
risk of developing DR.'>!¢ Since increased urinary albumin
excretion (UAE) reflects microvascular chronic complica-
tions of patients with diabetes, we hypothesized that impaired
renal function might be associated with simultaneous chor-
oidal vascular changes in diabetic eyes, especially in early-
stage type 2 diabetes. Therefore, the purpose of this study
was to evaluate choroidal thickness and volume using EDI
spectral-domain OCT in controls and in diabetic patients
with or without microalbuminuria, as well as to analyze a
choroidal topographic map of thickness.

Methods

Subjects

This was a cross-sectional study conducted at the Ophthal-
mology Department of the Hospital de Clinicas de Porto
Alegre, Brazil. We recruited 37 consecutive patients with
type 2 diabetes without clinically diagnosed DR and 21 age-
matched healthy control subjects. Diabetic patients were
divided into 2 groups: 18 subjects with normal UAE and
19 subjects with microalbuminuria. Microalbuminuria was
defined as a UAE rate between 17 and 176 mg/L in a random
urinary sample. This study was performed according to the
Declaration of Helsinki, and informed written consent was
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Figure | OCT scan of the choroid using Spectralis.

obtained from all patients. The Research Ethics Committee
at the Hospital de Clinicas de Porto Alegre approved the
study protocol (ethics assessment certificate number:
24082113.0.0000.5327).

All patients were subjected to a complete ophthalmologic
examination that included slit-lamp biomicroscopy, indirect
ophthalmoscopy, fundus photography, and spectral-domain
OCT. Only 1 random eye of each participant was selected
for the study. Age, gender, diabetes duration, UAE, glyco-
sylated hemoglobin (HbAlc), and systemic hypertension
were recorded. Exclusion criteria were history of any ocular
disease, previous eye surgery, refractive errors above 13
diopters, and media opacities.

Spectral-domain OCT imaging
Choroidal measurements were performed using Spectralis
spectral-domain OCT (Heidelberg Engenicering Co,
Heidelberg, Germany), which operates at a wavelength of
870 nm and performs 40,000 A-scans/s. The OCT examina-
tions were acquired after pupillary dilatation, at the same
time of the day to avoid diurnal variation. The examiner was
blinded from the diagnosis of the participants. All scans were
reviewed before being included in the study, and those images
with artifacts or inaccurate choroidal limits were excluded.

Choroid was imaged with a 31 horizontal line scan (30°,
9.2 mm) using the EDI mode, with 20 B-scans averaged per
section. Ten vertical linear sections of the choroidal thick-
ness were obtained perpendicularly from the outer edge of
the hyperreflective retinal pigment epithelium to the sclero-
choroidal interface in intervals varying every 500 um from
the fovea up to 2,500 wum temporal and 2,000 pm nasal using
a built-in linear caliper tool (Figure 1).

Choroidal thickness and volume were mapped using
the automated Early Treatment Diabetic Retinopathy Study

377 ym

Note: Choroidal thickness was measured in the fovea and at 500 pm intervals nasal and temporal to the fovea (yellow lines).

Abbreviation: OCT, optical coherence tomography.
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Table | Characteristics of subjects

Characteristics Diabetic patients Controls P-value
Microalbuminuria (n=19) Normal UAE (n=18) (n=21)

Women (%) Il (57.9) 10 (55.5) 12 (57.1) 0.307
Age (years) 61.848.1 60.2+5.8 59.246.3 0.136
Systemic hypertension (%) 14 (73.7) 13(72.2) 14 (6.7) 0.062
Duration of DM (years) 9.713.6 11.0%4.1 NA 0.122
HbAlc (%) 8.1%1.7 7.7+1.2 NA 0.105
Urinary albumin excretion (mg/L) 75+31.8 8.2+3.5 NA <0.001

Note: Data are expressed as mean + standard deviation or number (percentage).

Abbreviations: DM, diabetes mellitus; HbA I c, glycated hemoglobin; NA, not applicable; UAE, urinary albumin excretion.

(ETDRS) grid, which was comprised of inner and outer rings
(diameters: 1-3 and 3—6 mm, respectively) divided into 4
quadrants: superior, inferior, temporal, and nasal.

A topographic map of thickness was generated using
built-in mapping software. We selected a posterior pole scan
protocol (31 high-resolution B-scans, 9.0 mm length, and
spaced 240 um apart) to cover a 30°x25° area centered on the
fovea. Each of the automatically plotted boundary lines of the
retinal segmentation was manually adjusted to demarcate chor-
oidal boundaries. Internal limiting membrane line and base-
ment membrane line were moved to the base of retinal pigment
epithelium and to sclerochoroidal interface, respectively.

Statistical analysis

Statistical data were analyzed using SPSS Statistics soft-
ware version 20.0 (IBM Corporation, Armonk, NY, USA).
Results of continuous variables are shown as mean values
and standard deviation or the number and percentage of
patients. Student’s #-test was used to compare independent
groups’ averages. Comparisons of choroidal measurements
between all 3 groups at each macular location were performed

Table 2 Mean choroidal thickness between groups in 10 locations

using the one-way analysis of variance, followed by Tukey
post hoc analysis to correct for multiple comparisons.
A P-value <0.05 was considered significant.

Results

Clinical characteristics of patients in this study are sum-
marized in Table 1. There was no significant difference in
age, gender, systemic arterial hypertension, HbAlc levels,
or duration of diabetes between groups (P>0.05).

Choroid was significantly thinner in diabetic patients with
microalbuminuria compared to controls in the 10 locations
under the fovea, temporally and nasally (P<<0.05; Table 2).
Mean subfoveal choroidal thickness was 199.1£52.7 um in
microalbuminuric group, 269.7+81.2 um in normal UAE
group, and 296.3+63.2 um in controls (P=0.001). Although
choroidal thicknesses of microalbuminuric group were
reduced throughout the comparison in the 10 locations in
normal UAE group, this difference only reached statistical
significance from the subfoveal location up to 2,000 um
temporal (P<<0.05). In all 3 groups, choroid was thickest in
the subfoveal region and thinnest nasally.

Distance from Diabetic patients P-value® Controls P-value®
the fovea (um) Microalbuminuria (n=19) Normal UAE (n=18) (n=21)

Subfoveal 199.1£52.7 269.7181.2 0.024 296.3+63.7 0.001
Nasal 500 198.5+60.8 254.0£91.9 0.109 286.8+51.3 0.005
Nasal 1,000 181.4+61.7 235.2+96.5 0.165 282.1+64.0 0.003
Nasal 1,500 157.1+46.8 193.5+84.7 0.329 260.7£60.6 <0.001
Nasal 2,000 132.4+33.3 139.5+49.7 0.940 238.7£72.6 <0.001
Temporal 500 182.3+39.3 256.7181.2 0.011 291.1+64.7 <0.001
Temporal 1,000 174.0+41.1 231.9£70.6 0.039 283.1+62.5 <0.001
Temporal 1,500 183.6+51.5 247.1£74.7 0.040 267.7+67.6 0.004
Temporal 2,000 169.9+42.9 231.8+73.0 0.028 259.5+60.6 0.001
Temporal 2,500 165.4+46.5 204.0+67.9 0.210 248.2+59.1 0.002

Notes: Data are expressed as mean * standard deviation. ’ANOVA post hoc test between diabetic patients with microalbuminuria and normal UAE. PANOVA post hoc test

between diabetic patients with microalbuminuria and controls.
Abbreviations: ANOVA, analysis of variance; UAE, urinary albumin excretion.
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Figure 2 shows mean values of choroidal thickness among
9 different ETDRS grid sectors. Average choroidal thickness
among patients with diabetes and microalbuminuria was thin-
ner in all ETDRS grid sectors compared to controls (P<<0.05).
There was a significant difference in choroidal thickness
between microalbuminuria and normal UAE groups in the
inner temporal and outer temporal sectors. There was no sta-
tistically significant difference at any grid sector in choroidal
thickness between normal UAE group and controls.

Mean total choroidal volume in the macula was reduced
in patients with diabetes and microalbuminuria compared
to controls (7.331£1.40 vs 9.00%£1.63; P<<0.05; Figure 3).
In addition, sectored analysis of choroidal volume showed
significant thinning in the outer superior and outer temporal
regions of macula between patients with microalbuminuria
and controls (outer superior: 1.56+£0.27 vs 1.91+0.37 um,
P=0.029; outer temporal: 1.33+£0.26 vs 1.66+0.36 um,
P=0.043).

Analyzing the topographic map of thickness at the pos-
terior pole, choroid was thickest in the temporal superior
quadrant and thinner in the inferior nasal quadrant (Figure 4).
There was a progressive overall reduction in mean choroidal
thickness in patients with diabetes and microalbuminuria
compared to other groups. The upper hemisphere of the
posterior pole presented the greatest reduction in choroidal
thickness values.
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Figure 2 Sectorized analysis of choroidal thickness using the ETDRS macular grid.

Abbreviations: CS, central subfield; ETDRS, Early Treatment Diabetic Retinopathy
Study; I, inner inferior; IN, inner nasal; IS, inner superior; IT, inner temporal;
Ol, outer inferior; ON, outer nasal; OS, outer superior; OT, outer temporal; UAE,
urinary albumin excretion.
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Figure 3 Graphic showing average choroidal volume in the macula in each group.
Abbreviations: ETDRS, Early Treatment Diabetic Retinopathy Study; UAE, urinary
albumin excretion.

Mean difference in choroidal thickness of controls
compared to normal UAE group and microalbuminuric group
are represented in Figure SA and B, respectively. There was
an increasing average difference in choroidal measurements
with increased UAE.

Discussion

In this study, we used EDI spectral-domain OCT to analyze
macular choroidal changes in type 2 diabetic patients with
microalbuminuria and no DR. Our results showed that
microalbuminuria was associated with an overall macular
choroidal thinning in patients without retinopathy compared
to nondiabetic controls. In addition, we observed a sectoral
reduction in choroidal thickness and volume in the diabetic
group with microalbuminuria compared to normal UAE
group. These findings suggest that diabetic choroidopathy
may be related to other microvascular chronic complications
of diabetes independent of DR.

Several studies have evaluated choroidal changes in
patients with type 2 diabetes with focus on choroidal thick-
ness. Most studies demonstrate a degree of choroidal thin-
ning in diabetic eyes; however, diverse results have been
published, especially between diabetic eyes without DR and
controls. Esmaeelpour et al’ evaluated choroidal thickness
maps (36°%x36°) of 63 eyes from 42 diabetic subjects using
3D-OCT imaging at 1,060 nm. A central and inferior decrease
in choroidal thickness was shown in all diabetic patients com-
pared to healthy subjects, including diabetic subjects without
retinopathy. Querques et al'’ and Shen et al'! also reported a
reduction of the mean subfoveal choroidal thickness in eyes
with different stages of DR, including those eyes without DR.
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Figure 4 Colored topographic map of thickness of the posterior pole generated manually from (A) controls, (B) normal UAE group and (C) microalbuminuric group.

Abbreviation: UAE, urinary albumin excretion.

They suggest that this choroidal thinning may be due to a
loss of choroidal capillaries and a decreased choroidal blood
flow beneath the fovea. There are some studies which show
increase in choroidal thickness in patients with diabetes. In a
population-based study, Xu et al'? reported that patients with
diabetes had a slightly, but significantly, thicker subfoveal
choroid, despite the disease stage. This difference was not
related to the presence or grade of DR, and they also did not
consider the effect of diurnal variation on choroidal measure-
ments. Furthermore, this study only analyzed 1 subfoveal
measurement. Tavares Ferreira et al’® evaluated macular
choroidal thickness of 125 diabetic patients without DR at 13
locations compared to 50 nondiabetic controls and showed
a significant increase of choroidal thickness at only 1 loca-
tion, 1,500 wm superior of the fovea. Recent studies using
swept-source OCT found a significantly reduced choroidal
thickness only in more advanced stages of DR.!7!8

One explanation for these conflicting results may be the
multiple protocols for imaging the choroid using different
OCT devices. The manual measurement of the choroidal lim-
its exposes the need for automatic segmentation algorithms in

A B

order to obtain a more accurate and reproducible evaluation
of the choroid structure. Tan et al' reported that the pres-
ence of retinal disease increases the variability of choroidal
measurements among different OCT devices, especially in
eyes with choroid thicker than 200 um. In addition, previ-
ous studies using OCT measure the choroid at only limited
number of points, leading to greater variations because of
focal thickening or thinning of the choroid. In our study,
we generate a topographic map of thickness in the entire
area of the posterior pole, centered on the fovea. We also
measure the choroidal thickness at 10 linear sections under
the horizontal scan crossing the fovea and evaluated the
choroidal thickness and volume in each subfield of ETDRS
grid. These measurements may provide a more representa-
tive and reliable quantitation of choroidal changes in diabetic
eyes, although it required more effort and time for the manual
segmentation process.

Some systemic factors may also influence the choroidal
thickness. Jo et al?® evaluated the choroidal changes in
type 2 diabetic patients after a program of intensive diabetic
control. They reported that choroidal thickness appears to

Thickness difference (um)

Figure 5 Thickness difference map of controls compared to (A) normal UAE group and (B) microalbuminuric group.

Abbreviation: UAE, urinary albumin excretion.
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be correlated with glycemic and blood pressure control.
The authors found that baseline HbAlc was significantly
associated with changes in choroidal thickness. In our study,
there was no difference between the groups regarding the
main systemic characteristics, such as age, refractive error,
systemic hypertension, and HbAlc level. Furthermore, all
choroidal measurements were also performed at the same
time of the day to reduce the effects of diurnal variations.

Kocasarac et al?! investigated the effect of diffuse vascu-
lar dysfunction to choroidal thickness in 35 type 2 diabetic
patients with nephropathy compared with diabetic patients
without nephropathy and with controls. They found a sig-
nificant choroidal thinning under the fovea and at 1,500 um
in the nasal and temporal sides in the diabetic nephropathy
group with mild or no DR, and also a negative correlation
between proteinuria and choroidal thickness in this group.
Similar to Kocasarac et al,?! we reported an overall reduction
in both volume and thickness of the choroid at several points
in the macula. In a previous pilot report, thinner diabetic
choroid was found with increased microalbuminuria, sug-
gesting that microalbuminuria and choroidal thickness would
be prognostic markers for disease progression in eyes with
early-stage DR.?* A thicker choroid has also been described
in a small sample of patients with type 1 diabetes and
microalbuminuria.” These conflicting results may have been
due to this population being younger than ours with a mean
age of 21.4 years. Since microalbuminuria represents the first
clinical sign of diabetic nephropathy and is an early marker
of generalized endothelial dysfunction, we hypothesized that
its relation with retinopathy could be explained by the com-
mon mechanism involving vascular insufficiency in diabetes.
The heterogeneity of microvascular chronic complications of
diabetes might be due to inaccurate diagnosis. Microvascular
dysfunction might be responsible for changes in choroidal
thickness, and choroidal thinning may represent an early
evidence of choroidal microvascular damage in diabetic
patients without detectable DR. These results are consistent
with a previous study that showed a correlation between a
thinner choroid and greater degrees of proteinuria.?*

A choroidal map of mean differences in thickness that
we have generated to compare measurements between
groups might be a valuable method for evaluating chori-
oretinal disorders. We suggest that the darker points could
represent specific areas of vascular insufficiency or vul-
nerability to choroidal ischemia. These results are in line
with new quantitative parameters of choroidal vasculature
recently introduced by Wang et al.> In addition, the use of
OCT angiography, a novel imaging system that allows the

evaluation of both structural and blood flow of retinal and
choroidal layers, could be useful in future analysis.

Our study had potential limitations, including its cross-
sectional design. We only describe associations; hence,
longitudinal studies are necessary to establish a casual rela-
tionship between the factors investigated. It remains unclear
whether diabetic choroidopathy is a predicting, modulating,
or causative factor of DR. The sample size presented here is
relatively small, although there was a strict inclusion criterion
and matched characteristics between the groups. Choroidal
measurements were done manually. As described above,
automated segmentation of the choroid similar to the retinal
map analysis protocols should be created to decrease the
potential variability of the measures. Finally, the determina-
tion of the onset the disease in patients with type 2 diabetes
is less precise, and thus disease duration may have been
underestimated.

Conclusion

In summary, this study provided proof of concept that the
choroidal changes are presented in diabetic eyes, even before
the clinically evident DR Microalbuminuria was associated
with a choroidal thinning in diabetic patients without DR,
with a significant choroidal volume decrease. Larger prospec-
tive clinical studies are warranted to further understand the
role of diabetic choroidopathy in early pathogenesis of DR
and disease progression.
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