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Purpose: To investigate the relationship between renal function and choroidal thick-
ness (CT) in ocular treatment-naïve patients with diabetes mellitus using swept-source
optical coherence tomography (SS-OCT).

Methods: This cross-sectional study recruited type 2 diabetes mellitus (T2DM) patients
with no history of ocular treatment from communities in Guangzhou, China. The
estimated glomerular filtration rates (eGFR) were calculated by using the Xiangya
formula. The impaired renal function was defined as eGFR < 60 mL/(min 1.73 m2). The
choroid was imaged by using an SS-OCT, and the macular CT was quantified automat-
ically in Early Treatment Diabetic Retinopathy Study maps, and only data from one eye
was used. Univariate and multivariate linear regression analyses were performed to
explore the influence of eGFR on CT.

Results: A total of 1395 patients with T2DM were included in the final analysis. The CT
of all macular regions were significantly thinner in patients with renal impairment (all
P < 0.001). A significantly positive correlation was observed between the average CT
and eGFR (β = 0.4; 95% confidence interval, 0.041–0.8; P = 0.029) independent of age,
sex, and other potential confounding factors. After adjusting for other factors, a higher
eGFRwas also associatedwith higher CT values in the central field (P= 0.019) and in the
outer superior (P= 0.047), inner superior (P= 0.018), inner inferior (P= 0.025), and inner
temporal (P = 0.038) regions.

Conclusions: CT decreased in parallel with renal impairment in ocular treatment naïve
diabetic patients, providing an accessible window for monitoring renal status.

Translational Relevance: Knowledge of association between retinal microvasculature
and renal microcirculation would allow applying in both clinical and research settings.

Introduction

Diabetesmellitus (DM) is a serious disease threaten-
ing human health. One in 11 adults worldwide hasDM,
and in 2015, it was reported that there were 415 million
DM patients ages 20 to 79 in the worldwide popula-

tion, and that number is expected to reach 642 million
by 2040.1 Diabetic retinopathy (DR) and diabetic
nephropathy (DN) are major diabetic microvascular
complications that share a similar pathological alter-
ation of changing the structure of microcirculation.2,3
In addition, in DN, a decrease of retinal blood flow
has been reported.4 These similar effects indicate that
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the alterations of renal function and associated retinal
structure may share common features of pathogenesis,
including glucose metabolism disorder, inflammatory
reactions, and endothelial dysfunction.5

The choroid is a highly vascularized structure local-
ized between the lamina fusca of the sclera and the
retinal pigment epithelium (RPE). Themain physiolog-
ical function of the choroid is to provide oxygen and
nutrients to the highly metabolized outer layer of the
retina. The choroid is involved in many retinal diseases,
including DR, and some studies have indicated that the
morphological changes of the choroid may be a local
manifestation of general vascular injury.6

Enhanced depth imaging (EDI) spectral-domain
(SD) optical coherence tomography (OCT) provides an
approach to obtaining cross-sectional images of the
choroid in vivo and also to measure choroidal thick-
ness (CT). This technology has expanded the under-
standing of the choroid in recent years. A large number
of studies regarding measuring CT with SD-OCT have
been performed, but the association of CT and renal
function remains controversial.7–11 Data from some
studies show a thickening choroid in patients with renal
injury, whereas other studies have found no difference
or even a decrease of CT.7–12

Similarly, although the estimated glomerular filtra-
tion rate (eGFR) can act as a good biomarker to
measure renal function, a correlation of CT and eGFR
is also unclear. These controversial conclusions may
be attributed to the following reasons. First, the EDI
SD-OCT has limitations, such as unclear bounds of
choroid images, bias from the manual measurement,
and single point measurement. Second, the confound-
ing factors have not been comprehensively adjusted
for. The majority of these studies did not account for
factors such as hemoglobin A1c (HbA1c), duration
of DM, and axial length (AL), which could all affect
CT.13–17 Third, the inclusion of patients with and
without a history of ocular treatment may introduce
selection bias because treatments such as retinal laser
photocoagulation and antivascular endothelial growth
factor treatment strongly affect CT.18–20

The novel swept-source OCT (SS-OCT), introduced
in recent years, provides advantages compared with
the SD-OCT. The use of a longer laser wavelength
(1050 nm) in SS-OCT helps to minimize dispersion
caused by theRPE, which provides a clear boundary of
the choroid.21 Moreover, SS-OCT measures CT in the
whole macular region automatically, which presents
a more representative structure of CT. However,
few studies have evaluated renal function and CT
using SS-OCT.7 Therefore, the objective of this study
was to investigate the relationship between renal
function and CT in ocular treatment-naïve diabetic

patients recruited from diabetic communities in
China.

Methods

Participants

This cross-sectional study was performed at the
Zhongshan Ophthalmic Centre, Sun Yat-sen Univer-
sity, China. The study was approved by the Institute’s
Ethics Committee, and performed according to the
discipline of the tenets of the Helsinki Declaration. All
participants signed a written informed consent before
entering the study.

Participants were recruited from a community in the
Yuexiu district, Guangzhou, China. Subjects meeting
the following inclusion criteria were recruited: (1)
patients with type 2 DM aged 30 to 80 years, (2) ocular
treatment-naïve, (3) visual acuity of 0.1 or more and
able to complete an eye examination, and (4) a spher-
ical equivalent (SE) of −12 diopters (D) or less, astig-
matism of 4D or less and AL of 30 mm or less. The SE
was calculated as spherical degree plus half of cylinder
degree (SE= spherical degree+ cylinder degree× 1/2).
The participants were excluded if any of the following
conditionswere true: (1) any history of serious systemic
diseases such as uncontrolled hypertension, serious
cardiovascular or cerebrovascular diseases (ischemic
heart disease, stroke), malignant tumors or nephritis;
(2) any history of surgery, such as coronary artery
bypass grafting, thrombolysis therapy, or kidney trans-
plantation; (3) the presence of cognitive impairment,
mental illness, or being unable to complete question-
naires and examinations; (4) any ocular diseases other
than DR, such as glaucoma, vitreous-macular diseases
(vitreous hemorrhage and retinal detachment), and
amblyopia; (5) any history of ocular surgical inter-
ventions, such as a history of retina laser treatments
or intraocular injections, glaucoma surgery, cataract
surgery, or laser myopia surgery; and (6) abnormal
refractive media (moderate to severe cataract, corneal
ulcer, pterygium, corneal turbidity), poor fixation, and
other characteristics that result in a poor quality of the
fundus or OCT images.

Systemic and Laboratory Parameters

Standardized questionnaires were used to obtain
the general information regarding age, sex, duration
of diabetes, medication compliance, other systemic
chronic diseases, and lifestyle data. Height, weight,
systolic blood pressure and diastolic blood pressure
were measured by a nurse, and all patients had blood
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and urine samples taken. The following indices were
determined using standard tests: serum creatinine,
HbA1c, total cholesterol (TC), high-density lipopro-
tein cholesterol, low-density lipoprotein cholesterol,
triglycerides (TG), and microalbuminuria. Because
there is limited accuracy with traditional eGFR
equations applied to Asian populations, the eGFRwas
calculated using the Xiangya formula in our study,
which is more suitable for the Chinese population.22
Participants were divided into three groups according
to their eGFR: a no chronic kidney disease (CKD)
group for patients with an eGFRof 90mL/min/1.73m2

or more; a mild CKD group for patients with an
eGFR of 60 mL/min/1.73 m2 to 89 mL/min/1.73 m2;
and a moderate to severe CKD (MS-CKD) group
for patients with an eGFR of 30 mL/min/1.73 m2 to
59 mL/min/1.73 m2. For comparisons between MS-
CKD and non-CKD/mild CKD, patients with an
eGFR lower than 60 mL/min/1.73 m2 were defined as
have impaired renal function.

Ocular Examination

Comprehensive ocular examinations were
conducted for all participants. The anterior and
posterior segments were evaluated by slit-lamp biomi-
croscopy and ophthalmoscopy. The evaluations of best
corrected visual acuity and intraocular pressure were
performed regularly using an EDTRS E chart and
noncontact tonometer. The ocular biometric param-
eters were measured by using optical low-coherence
reflectometry (LENSTAR LS900; Haag-Streit AG,
Koeniz, Switzerland). Auto refractions were measured
with an autorefractor (KR-8800; Topcon, Tokyo,
Japan) after bilateral pupil dilation. Retinal photogra-
phy was performed using a digital fundus camera, and
the standard seven-field retinal images were obtained
according to the Early TreatmentDiabetic Retinopathy
Study (ETDRS) criteria.

The SS-OCT (DRI OCT-2 Triton; Topcon, Tokyo,
Japan) instrument was used to obtain high-definition
images of the retina and choroid. This device has
the speed of 100,000 A-scans/s and yields an 8 μm
axial resolution in tissue. Three-dimensional imaging
scans were obtained using a 6 × 6 mm raster
scan protocol centered on the macula. The resultant
images were analyzed by the automated layer segmen-
tation software (version 9.12.003.04) built into the
SS-OCT system. Several studies have reported the
excellent performance of SS-OCT and segmentation
software.23–25 The CTs in the nine subfields defined
by the ETDRS were automatically calculated and
displayed, where the grid divided the macular into two
rings, inner and outer, at 1 to 3 mm and 3 to 6 mm,

respectively. The individual grids are referred to as the
center field and the inner superior, inner nasal, inner
inferior, inner temporal, outer superior, outer nasal,
outer inferior, and outer temporal regions (Figure 1).
In addition, the average CT of all nine grids were
calculated. All OCT scans were performed by the same
experienced technician who was blind to the study
protocol. Before the scan was conducted, it was verified
that none of the patients had consumed drinks with
caffeine or had taken analgesic medications or alcohol
for at least 24 hours before the procedure. Only subjects
with eligible images (i.e., image quality > 50, without
eye movement, without artefacts, and without segmen-
tation failure) for both eyes were included in the study.

DR andDME status of the participants were classi-
fied according to the United Kingdom NHS Diabetic
Eye Screening Programme guidelines.26, 27 DR was
graded as four stages, R0 to R3. R0 represents for no
DR. R1 represents for the background stage of DR,
with at least one of the following features: microa-
neurysm (s); retinal hemorrhage(s); venous loop; any
exudate in the presence of other features of DR; any
number of cotton wool spots in the presence of other
features of DR. R2 represents for the pre-proliferative
stage of DR, with at least one of the following features:
venous beading, venous reduplication, multiple blot
hemorrhages, or intraretinal microvascular abnormal-
ity. R3 represents for the proliferative stage of DR,
which is active proliferative retinopathy with at least
one of these features: new vessels on the disc, new
vessels elsewhere, preretinal or vitreous hemorrhage,
or preretinal fibrosis with or without retinal traction.
This study did not included patients with history of
retinal laser treatment. DME was graded as M0 and
M1. Patients with at least one of the following features:
exudate within 1 disc diameter of the center of the
fovea, or a collection of exudates within the macula
were considered to haveDME (i.e.,M1 stage). Absence
of any M1 features represents the stage of M0.

Statistical Analyses

The Kolmogorov-Smirnov test was carried out
to verify normal distribution. When normality was
confirmed, the t-test was conducted to evaluate intra-
group differences in demographics and in systemic and
ocular parameters. Fisher’s exact test was used for
categorical variables. Bivariate scatter plots were used
to display the potential factors affecting CT. Linear
regression analysis was performed to assess the associ-
ation of CT with demographic or ocular parame-
ters, such as age, sex, AL, HbA1c, and so on. The
univariate analyses showed that the predictive variables
were significant, and they were then entered into the
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Figure 1. The swept source optical coherence tomography (SS-OCT) provides the measurements of choroidal thickness (CT) by automat-
ically segmentation in 9 ETDRS grids. ETDRS, Early Treatment Diabetic Retinopathy Study; II, inner inferior; IN, inner nasal; IS, inner superior;
IT, inner temporal; OI, outer inferior; ON, outer nasal; OS, outer superior; OT, outer temporal.

final multivariate equation. A P value of < 0.05 was
considered statistically significant. All analyses were
performed using Stata, version 14.0 (Stata Corpora-
tion, College Station, TX).

Results

Demographic and Clinical Features

A total of 1395 patients were included in the final
statistical analysis. The basic demographic and clini-
cal features are shown in Table 1. Among the partici-
pants, 764 (58.37%) patients were female, the average
age was 64.4 ± 7.8 years, the average duration of
DM was 8.9 ± 7.0 years, and 1050 (80.21%) patients
did not have DR. The severity of DR or presence of
DME were not correlated with renal function (P =
0.982 and 0.688, respectively). Of the 1256 patients
without renal impairment, 733 (58.36%) were female,
the average age was 64.2 ± 7.8 years. Of the 53 patients
with impaired renal function, 31 (58.49%) were female
and the average age was 71.0 ± 5.4 years. Demograph-
ically, participants with renal impairment were older,

had a longer duration of diabetes and had a higher
BMI (all P < 0.05) compared to those without renal
impairment, whereas sex, HbA1c, and blood pressure
had no statistically significant differences (all P > 0.05)
in the two groups. In terms of laboratory tests and
ocular parameters, participants with renal impairment
had higher serum creatinine levels, lower high-density
lipoprotein cholesterol levels, higher serum uric acid
levels, highermicroalbuminuria, a higher best corrected
visual acuity, and a lower intraocular pressure (all P
< 0.05). There were no differences in TC, low-density
lipoprotein cholesterol, TG, C-reactive protein, central
corneal thickness, and AL between the groups (all P
> 0.05).

CT and Renal Impairment

Table 2 shows the CTs of different regions and the
average values in the two groups. In patients with renal
impairment, the average CT was 141.8 ± 57.2 μm,
the thickest region of CT was inner temporal
(159.2 ± 61.4 μm), and the thinner one was outer
nasal (107.5 ± 60.7 μm). For patients without renal
impairment, the average CT was 188.9 ± 74.1 μm, the
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Table 1. Demographic and Clinical Characteristics of Study Participants

eGFR ≥60 eGFR <60
Characteristics Overall mL/min/1.73 m2 mL/min/1.73 m2) P Value

No. of subjects 1395 1256 53 -
Female, % 764 (58.37%) 733 (58.36%) 31 (58.49%) 0.985
Mean age, year 64.4 ± 7.8 64.2 ± 7.8 71.0 ± 5.4 <0.001
Duration of diabetes, year 8.9 ± 7.0 8.8 ± 7.0 12.3 ± 8.3 <0.001
HbA1c, % 6.9 ± 1.4 6.9 ± 1.4 6.8 ± 1.5 0.671
Body mass index, kg/m2 24.7 ± 3.3 24.6 ± 3.3 25.5 ± 3.3 0.031
Systolic blood pressure, mm Hg 134.8 ± 18.8 134.6 ± 18.9 136.8 ± 19.6 0.416
Diastolic blood pressure, mm Hg 70.6 ± 10.5 70.6 ± 10.5 70.1 ± 10.5 0.723
Total cholesterol, mmol/L 4.8 ± 1.0 4.8 ± 1.0 5.0 ± 1.2 0.220
Serum creatinine, μmol/L 71.2 ± 19.9 69.1 ± 17.0 120.4 ± 23.6 <0.001
High-density lipoprotein cholesterol, mmol/L 1.3 ± 0.4 1.3 ± 0.4 1.2 ± 0.4 0.027
Low-density lipoprotein cholesterol, mmol/L 3.1 ±0.9 3.1 ± 0.9 3.2 ± 1.1 0.534
Triglycerides, mmol/L 2.3 ± 1.7 2.3 ± 1.6 2.7 ± 1.9 0.078
Serum uric acid, μmol/L 367.2 ± 97.9 362.7 ± 97.2 438.5 ± 92.8 <0.001
C-reactive protein, mg/L 2.7 ± 6.8 2.6 ± 7.0 4.4 ± 7.2 0.066
Microalbuminuria, mg/mL 5.1 ± 16.5 4.7 ± 15.5 18.5 ± 33.4 <0.001
BCVA, logMAR 0.2 ± 0.1 0.2 ± 0.1 0.3 ± 0.1 0.032
Intraocular pressure, mmHg 16.2 ± 2.8 16.2 ± 2.8 15.4 ± 3.1 0.039
Central corneal thickness, μm 546.8 ± 31.4 546.6 ± 31.4 540.5 ± 30.7 0.165
Axial length, mm 23.5 ± 1.1 23.5 ± 1.1 23.7 ± 1.0 0.352
Diabetic retinopathy, % 0.857
Non-DR 1050 (80.21%) 1008 (80.25%) 42 (79.25%)
Any DR 259 (19.79%) 248 (19.75%) 11 (20.75%)

Severity of diabetic retinopathy, % 0.982
R0 1122 (80.43%) 1080 (96.26%) 42 (3.74%)
R1 213 (15.27%) 204 (95.77%) 9 (4.23%)
R2 33 (2.37%) 32 (96.97%) 1 (3.03%)
R3 27 (1.94%) 26 (96.30%) 1 (3.70%)

Presence of diabetic macular edema, % 0.688
M0 1326 (95.05%) 1275 (96.15%) 51 (3.85%)
M1 69 (4.95%) 67 (97.10%) 2 (2.90%)

Data are expressed as the mean ± standard deviation or %. Bold indicates statistical significance.
BCVA, best corrected visual acuity; eGFR, estimated glomerular filtration rate.

thickest region was the central field (206.6 ± 83.9 μm)
and, similarly, the thinnest region was the outer
nasal (155.9 ± 82.2 μm). The average CT and CT
values in each grid were all significantly lower in
patients with renal impairment than in patients
without renal impairment (all, P < 0.001). However,
because of the large standard deviations of mean CTs,
there is a large amount of overlap between the two
groups. Figure 2 shows the distribution of CT strati-
fied by CKD status. The more serious the CKD, the
thinner the CT (all P < 0.05), whether or not DR was
present.

Table 3 shows the differences in CT between patients
with and without renal impairment after adjusting for
other factors. The CT values were significantly lower
in patients with impaired renal function after adjust-
ing for age and sex. Further adjustment with disease
duration of DM, systolic blood pressure, body mass
index, serum triglycerides, total cholesterol, HbA1c,
use of insulin, AL, and diabetic retinopathy status
showed that the CT in all grids remained significantly
thinner in the renal impairment group, with the excep-
tions of the outer temporal (P = 0.092) and inner
temporal (P = 0.079) regions.
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Table 2. Macular Choroidal Thickness in Patients With Diabetes Mellitus Stratified by eGFR

EDTRS Region eGFR <60 mL/min/1.73 m2 eGFR≥60 mL/min/1.73 m2 P Value

Outer superior, μm 150.4 ± 65.3 195.6 ± 75.3 <0.001
Inner superior, μm 155.8 ± 68.7 205.4 ± 81.0 <0.001
Outer temporal, μm 140.6 ± 49.8 177.0 ± 65.6 <0.001
Inner temporal, μm 159.2 ± 61.4 199.0 ± 74.9 <0.001
Central field, μm 156.3 ± 70.2 206.6 ± 83.9 <0.001
Inner nasal, μm 141.5 ± 66.5 194.7 ± 86.2 <0.001
Outer nasal, μm 107.5 ± 60.7 155.9 ± 82.2 <0.001
Inner inferior, μm 141.6 ± 65.2 193.5 ± 85.0 <0.001
Outer inferior, μm 122.9 ± 57.3 172.1 ± 79.3 <0.001
Average, μm 141.8 ± 57.2 188.9 ± 74.1 <0.001

Bold indicates statistical significance.
eGFR, estimated glomerular filtration rate.

Figure 2. Boxplots showing the distribution of macular choroidal
thickness measured by SS-OCT stratified by renal function and DR
status. CKD, chronic kidney disease; CT, choroidal thickness; DR,
diabetic retinopathy.

CT and eGFR

Figure 3 depicts the relationship between the
average CT and eGFRand also shows the linear associ-
ation. Table 4 presents the associations of CT in the
macula with eGFR after adjusting for other factors.
It persistently revealed that the average CTs (β = 0.4,
P = 0.029) and the CTs in the central (β = 0.5,
P = 0.019), outer superior (β = 0.4, P = 0.047), inner
superior (β = 0.5, P = 0.018), inner inferior (β = 0.5,
P = 0.025), and inner temporal (β = 0.4, P = 0.038)
regions were positively associated with eGFR indepen-
dent of age, sex, duration of DM, BMI, TG, TC,
HbA1c, use of insulin, AL, and DR status.

Figure 3. Scattergram showing linear regression analysis between
average CT and eGFR. CT, choroidal thickness; eGFR, estimated
glomerular filtration rate. Linear regression analysis showed positive
association between average CT and eGFR, with coefficient (beta
value) of 1.37 (95% confidence interval, 0.99–1.74; P < 0.001).

Discussion

To the best of our knowledge, this is the first study
to use SS-OCT to investigate an association of renal
function and macular CT in ocular treatment naïve
diabetic patients from the Chinese population. The
results demonstrated that the CT was significantly
thinner in diabetes patients with renal impairment, and
the thicker CT was significantly correlated with the
eGFR independent of age, sex and other potentially
confounding factors.

Although the choroid is a highly vascularized struc-
ture that plays an important role in the regulation
of ocular metabolism, few studies have evaluated the
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Table 3. Changes of Macular Choroidal Thickness in Patients with Renal Impairment Compared with that in
Patients without Renal Impairment after Adjusting Confounding Factors

Model 1* Model 2†

Region β (95% CI) P Value β (95% CI) P Value

Average MCT, μm −26.0 (−45.2 to -6.9) 0.008 −21.5 (−39.5 to -3.4) 0.020
Central field, μm −29.8 (−51.9 to -7.7) 0.008 −24.9 (−45.7 to -4.1) 0.019
Outer superior, μm −24.6 (−44.2 to -5.1) 0.014 −19.6 (−38.4 to -0.7) 0.042
Outer inferior, μm −24.6 (−44.9 to -4.3) 0.018 −19.9 (−39.3 to -0.4) 0.045
Outer nasal, μm −26.1 (−47.6 to -4.6) 0.017 −22.6 (−42.9 to -2.2) 0.030
Outer temporal, μm −19.1 (−36.2 to -1.9) 0.029 −14.4 (−31.0 to 2.3) 0.092
Inner superior, μm −29.3 (−50.6 to -8.0) 0.007 −24.0 (−44.3 to -3.7) 0.020
Inner inferior, μm −28.8 (−50.9 to -6.7) 0.011 −25.4 (−46.4 to -4.4) 0.018
Inner nasal, μm −30.3 (−52.8 to -7.7) 0.009 −25.8 (−46.9 to -4.6) 0.017
Inner temporal, μm −21.8 (−41.6 to -2.0) 0.031 −16.9 (−35.7 to 2.0) 0.079

Renal impairment was defined as estimated glomerular filtration rate <60 mL/min/1.73 m2 (i.e., MS-CKD patients in this
study). Bold indicates statistical significance

*Adjusted for age and sex.
†Adjusted for age, sex, duration, systolic blood pressure, bodymass index, serum triglycerides, total cholesterol, HbA1c, use

of insulin, axial length, diabetic retinopathy status (yes or no).

Table 4. Multivariable Adjusted Associations of Choroidal Thickness in Macula with eGFR in Diabetic Patients

Model 1* Model 2†

Per 1 eGFR Increase β (95% CI) P Value R2 β (95% CI) P Value R2

Average MCT, μm 0.5 (0.1–0.9) 0.012 0.143 0.4 (0.041–0.8) 0.029 0.255
Central field, μm 0.6 (0.2–1.1) 0.007 0.112 0.5 (0.1–0.9) 0.019 0.231
Outer superior, μm 0.5 (0.1–0.9) 0.023 0.139 0.4 (0.005–0.8) 0.047 0.221
Outer inferior, μm 0.5 (0.1–0.9) 0.018 0.160 0.4 (0.001–0.8) 0.050 0.252
Outer nasal, μm 0.3 (−0.1 to 0.8) 0.113 0.119 0.3 (−0.1 to 0.7) 0.196 0.231
Outer temporal, μm 0.4 (0.03–0.7) 0.033 0.119 0.3 (−0.04 to 0.6) 0.084 0.187
Inner superior, μm 0.6 (0.2–1.0) 0.006 0.118 0.5 (0.1–0.9) 0.018 0.215
Inner inferior, μm 0.6 (0.1–1.0) 0.015 0.132 0.5 (0.1–0.9) 0.025 0.234
Inner nasal, μm 0.5 (0.1–1.0) 0.021 0.124 0.4 (−0.003 to 0.9) 0.052 0.238
Inner temporal, μm 0.5 (0.1–0.9) 0.014 0.105 0.4 (0.02–0.8) 0.038 0.203

eGFR, estimated glomerular filtration rate.
*Adjusted for age and sex.
†Adjusted for age, sex, duration, systolic blood pressure, bodymass index, serum triglycerides, total cholesterol, HbA1c, use

of insulin, axial length, diabetic retinopathy status (yes or no).

relationship between extraocular vascular disease and
changes in the choroid, and the prior studies that have
been conducted to evaluate a relationship between CT
and renal function have led to conflicting results.9,12,28
Farias et al.10 found that the CT was thinner in patients
with microalbuminuria, indicating that patients with
renal impairment had thinner CTs. Kocasarac et al.29
reported that the CT was reduced in diabetes patients
with the comorbidity of DN. However, Melerbi et al.11
found thicker CTs in type 1 DM patients, and the

CT was much thicker in patients with microalbumin-
uria than those with normal urine protein. They also
found no independent correlation between CT and
eGFR. Garrido-Hermosilla et al.9 also reported that
CT had a positive relationship with albuminuria but
no significant association with eGFR. However, the
aforementioned studies included less than 50 patients,
did not fully adjust for confounding factors and used
EDI SD-OCT instead of SS-OCT. All of these may be
potential reasons for the inconsistent results. This study
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included a larger number of treatment naïve patients
and confirmed that the CT was reduced in diabetic
patients with renal impairments.

The choroid is a pure vascular structure that can
be thinned to reflect microvascular damage, which may
be a local manifestation of a wider range of vascu-
lar injuries.7,8 We hypothesize that oxidative stress,
subclinical inflammation, endothelial dysfunction, and
early vascular aging characterize CKD because it
may explain why choroidal thinning is associated with
impaired renal function at the initial stage. CT has
a negative relationship with endothelial dysfunction
and some markers of vascular inflammation, such as
endothelin-1, asymmetric dimethyl arginine, and IL-
6 levels.7 Studies have also found that CT reduction
is associated with increased arterial stiffness.28,30,31
Because the choroidal blood vessels nourish the outer
retinal layer and RPE, it is possible that retinopathy
is secondary to choroidal damage. Dysfunction of the
autonomic nervous system can also cause CT changes,
and overactivation of the sympathetic nervous system
is a feature of DN.3,27 In addition, the vascular smooth
muscle may play a role in CT changes. Further basic
studies are needed to clarify the mechanisms of CT
thinning with renal impairment.

This study has potential value, both clinically and
scientifically. The pathophysiological mechanism of
thinning CT in patients with renal impairment in this
study may share common pathways with DM and
hypertension.7,8,32,33 The association of eGFR and CT
were also reported in previous studies based on nondi-
abetic patients. Vadalà et al.33 found that decreasing
CT was significantly associated with decreasing eGFR
and defects of renal function in patients with essen-
tial hypertension. Mulè et al.8 reported that eGFR was
directly correlated with CT independent of age and
other confounding factors, and the poorer the renal
function, the thinner the CT. The present study further
found that eGFR was independently related to CT
in diabetic patients. Thus, renal function should be
noted as a potential confounding factor and should
be considered in all studies on CT. The results of this
study suggested that CT may be used as a window
to observe systemic microvascular conditions and
may contribute to the clinical understanding of renal
function. However, the value of OCT parameters in
predicting renal function needs to be verified in future
research with larger populations.6,33,34

There was double-digit difference in the number of
the patients between the groups. If the group with
renal impairment had significantly severe DR, the data
were skewed because the number of patients with renal
impairment was quite small compared with the other.
Among the included patients, the majority of them

were non-DR, with 80.25% in patients without renal
impairment and 79.25% patients with renal impair-
ment. The exact relationship between eGFR and
DR remains controversial, with some studies reported
a negative association, whereas others reported no
association or indirect association. In this study, the
severity of DR or presence of DME were not corre-
lated with renal impairment, indicating that the distri-
bution of DR severity might not affect the findings.
Previous reports demonstrated that the DR severity
and presence/absence of DME might affect the CT.
However, the population-based Beijing Eye Study had
the largest Chinese patients and reported that the CT
were not related to the presence of DR (P = 0.61) or
stage of DR (P = 0.14). In addition, only less than 5%
patients in this study had relative severe DR. Therefore,
we believe the rate of DR severity could not bias our
findings.

The retina was considered to be a window to the
kidney. The OCT imaging may be a novel way of
estimating renal function in diabetic patients. Because
renal disease is a major cause of morbidity and mortal-
ity, this may well turn into a useful clinical technique.
However, from the data presented, there appears to
be a large degree of overlap of choroidal thickness
and renal function, as estimated by the eGFR. This
may limit its usefulness as a single instance diagnos-
tic test for an individual patient, but may be useful in
following the same patient over time, as the authors
point out in calling for further cohort studies. The
association between the eGFR and CT needs to
be better defined in the further longitudinal cohort
studies.

The strengths of this study lie in the inclusion of
only treatment naïve diabetic patients, the adoption
of automatic SS-OCT, fully adjusting for confounding
factors and a substantially larger sample size. There
are, of course, limitations of the study as well. First,
as a cross-sectional study, we cannot determine the
causal relationship between renal function and CT,
which needs to be verified in a cohort study. Second,
participants enrolled in this study were all type 2 DM
patients, the finding could not be generalized to type
1 DM directly. Furthermore, the majority of patients
(80.21%) were non-DR diabetic patients, the relation-
ship in DR patients still needs to be confirmed in
further studies. Third, the choroid imaging was not
performed at the same time. Diurnal variations of
CT have been reported in a single day.35,36 However,
the results were consistent with the primary analyses
when the measuring time was included in the multi-
variate models. Fourth, because of the large degree
of CT overlap between the groups, due to the large
SD, clinical use for an individual may be limited.
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However, this may be a good, easy, noninvasive way of
following renal function in diabetic patients over time.
Finally, participants were all recruited from communi-
ties in Guangzhou, China. The generalization of the
conclusions is therefore limited, and further studies
with multiethnic populations are needed to verify the
findings.

Conclusions

In summary, this study demonstrated a signif-
icant association between CT reduction and renal
impairment in ocular treatment-naïve diabetic patients
using the innovative SS-OCT. The CT was indepen-
dently positively correlated with eGFR. These findings
confirm the close association of changes in retinal
microvasculature and renal microcirculation. Further
studies are needed to elaborate on the mechanism of
pathogenesis in the association between CT and renal
function and to determine whether a CT obtained with
an SS-OCT can predict the prognosis of DN in DM
patients.
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