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ABSTRACT

Introduction: Anti-vascular endothelial growth
factor (VEGF) therapy is the first-line treatment
for diabetic macular edema (DME). We investi-
gated the effect of initial glycosylated hemo-
globin (HbA1c) level and glomerular filtration
rate (GFR) on treatment outcomes in patients
with DME receiving anti-VEGF injections in
routine clinical practice.
Methods: A retrospective analysis of data from
the prospective, multi-center, observational
Fight Retinal Blindness! registry was performed.
A total of 178 eyes with DME treated with anti-

VEGF agents (ranibizumab or aflibercept) from
1 January 2010 to 31 March 2019 were enrolled
in the analysis, with the long study period to
allow for up to 24 months of follow-up. Data for
eyes were tracked in the Fight Retinal Blindness!
registry, and clinical parameters were collected
by using local software. Changes in visual (best-
corrected visual acuity [BCVA], in letters) and
anatomic outcomes (central subfield thickness
[CST], in microns) between subgroups of
patients according to baseline HbA1c level (
B 7% vs.[ 7%) and GFR ([ vs. B 60 ml/min/
m2 at 24 months were assessed.
Results: The multivariate adjusted mean
improvement in BCVA at 24 months of treat-
ment was ? 5.2 and ? 6.8 letters in subgroups
with baseline HbA1c level B 7% and[7%,
respectively (p = 0.541), and ? 6.9 and ? 6.4
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letters in subgroups with GFR[60 and\60 ml/
min/1.73 m2, respectively (p = 0.852). The mul-
tivariate adjusted mean CST reduction was
- 89.9 and- 76.4 lm in subgroups with baseline
HbA1c level B 7% and[7%, respectively
(p = 0.505), and - 85 and - 115 lm in sub-
groups with baseline GFR[60 and B 60 ml/
min/1.73 m2, respectively (p = 0.130).
Conclusion: These results seem to indicate that
visual and anatomical improvement in patients
receiving intravitreal VEGF inhibitors for DME
are independent of baseline HbA1c level and
GFR, leading to the conclusion that high HbA1c
levels or low GFR should not dictate injection
timing in routine clinical practice. This study
offers valuable insights for ophthalmologists,
enabling a personalized treatment approach
and optimizing DME patient outcomes.

PLAIN LANGUAGE SUMMARY

Our study investigated how initial levels of
glycosylated hemoglobin (HbA1c) and
glomerular filtration rate (GFR) influence the
treatment outcomes of diabetic macular edema
(DME). DME is a complication of diabetes
characterized by retinal swelling and vision
problems. We analyzed data from a registry of
DME patients who received intravitreal injec-
tions of medication to reduce swelling. Our
study included 178 eyes receiving anti-vascular
endothelial growth factor (anti-VEGF) injec-
tions in routine clinical practice. The results
indicated that the initial HbA1c levels and GFR
at baseline did not demonstrate a significant
influence on the visual and anatomical
improvements observed in patients with DME
after 24 months of treatment, suggesting that
HbA1c levels and kidney function should not be
the primary factors taken into consideration in
determining the timing of injections in routine
clinical practice. These findings emphasize the
importance of a personalized treatment
approach that considers individual patient fac-
tors beyond HbA1c levels and kidney function
to optimize outcomes for DME patients. This
information can guide ophthalmologists in
making informed decisions on the timing and

frequency of injections for their patients with
DME.

Keywords: Aflibercept; Diabetic macular
edema; Intraocular injection; Ranibizumab;
Systemic factors

Key Summary Points

Why carry out this study?

Diabetic macular edema (DME), a
common complication of diabetes, is
effectively treated with anti-vascular
endothelial growth factor (anti-VEGF)
therapies, which have shown significant
efficacy in improving visual function.

The medical literature lacks consensus on
the predictive value of impaired renal
function and elevated glycosylated
hemoglobin (HbA1c) levels for the
response to intravitreal anti-VEGF in the
treatment of DME.

The aim of this study was to investigate
the impact of baseline HbA1c levels and
glomerular filtration rate (GFR) on
treatment outcomes in patients with DME
receiving anti-VEGF injections in routine
clinical practice.

What was learned from the study?

The visual and anatomical improvement
in patients receiving intravitreal anti-
VEGF for DME seems to be independent of
baseline HbA1c level and GFR.

The study revealed that there is no
correlation between baseline HbA1c level
and GFR with the functional and
anatomical outcomes in patients with
DME receiving intravitreal anti-VEGF.

The findings highlight the importance of
recognizing the independence of
treatment response from these factors and
provide valuable guidance for clinicians in
determining the frequency and timing of
anti-VEGF reinjections in DME patients.
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INTRODUCTION

The global prevalence of diabetic macular edema
(DME) is estimated to be 7.5%, with approxi-
mately 21 million people affected worldwide [1].
DME is the leading cause of vision loss in people
with diabetes [2, 3]. Intravitreal VEGF inhibitors
(anti-VEGF) have become the first-line treatment
for DME [4–7], and injections of anti-VEGF agents
have provided excellent outcomes in a large
number of patients [8]. However, the benefit of
these therapies is variable, and some patients
remain with substantial visual disability even
after treatment [8, 9]. Factors affecting therapeu-
tic response are age at DME onset, initial visual
acuity (VA), integrity of the EZ photoreceptor
line, presence of disorganized inner retinal layers,
foveolar atrophy and macular vessel density
[10–14].

Multiple large epidemiologic studies have
shown that systemic factors such as glycosylated
hemoglobin (HbA1c) level or estimated
glomerular filtration rate (eGFR) could affect
vision by increasing the risk of DME [15]. How-
ever, only a few studies have assessed the impact
of these metabolic parameters on clinical
response to anti-VEGF treatment [16–19], and
these have yielded inconclusive results. Knowing
the effect of these factors on the response to anti-
VEGF could improve the clinical management of
DME by adjusting the delay of injection therapy
in this subgroup of patients.

The purpose of our study was to investigate
the effect of baseline HbA1c level and GFR on
visual and anatomic outcomes after anti-VEGF
treatment (ranibizumab or aflibercept). Our
main hypothesis is that patients with DME and
lower baseline HbA1c level or better GFR may
have better visual and anatomic outcomes with
anti-VEGF treatment than those with higher
baseline HbA1c level or worse GFR.

METHODS AND DESIGN

Study Design and Setting

We conducted a retrospective multi-centric
observational study that included the

Montpellier University Hospital (France), Clin-
ique Beausoleil (Montpellier, France), Dijon
University Hospital (France) and a private
practice in Strasbourg (France).

Patients were tracked by the Fight Retinal
Blindness! (FRB!) outcomes database [20]. The
FRB! registry was designed to collect data from
each clinical visit. Physicians who participated
in the FRB! Project agreed to report 80% of their
patients to avoid reporting biases. The treating
physician decided the treatment and visit
schedules in consultation with the patient,
which reflects real-world practice.

The trial was designed and conducted in
accordance with the principles of the Declara-
tion of Helsinki and its later amendments. This
study was approved by the institutional review
boards and ethics committees of each partici-
pating center. All patients provided oral
informed consent before being enrolled in the
study.

Study Population

Both pre-treated and treatment-naı̈ve patients
with decreased vision due to DME, as docu-
mented on spectral-domain optical coherence
tomography (SD-OCT), were eligible for enroll-
ment in the study. All patients had received at
least one injection of an anti-VEGF agent
(ranibizumab or aflibercept) between 1 January
2010 and 31 March 2019, and data on HbA1c
level or GFR at baseline were available.

For patients with bilateral disease, we inclu-
ded the eye with the worse baseline VA. If the
baseline VA was equal, the eye treated first was
used in the analysis. Exclusion criteria were
DME treated with corticosteroids and macular
edema resulting from other cause than diabetes.

Study Measurements

Data were recorded at each visit (baseline and
follow-up visits). For each visit, we used the FRB!
registry to collect information on the number of
letters read on the logarithm of the minimum
angle of (VA) resolution (logMAR) chart, the
treatment used, central subfield thickness (CST,
in microns) measured with OCT, DME activity
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(center-involving clinically significant macular
edema [CSME], non-center involving CSME or
no CSME; if not completed, DME activity was
defined as ‘‘unknown’’) and ocular adverse
events. Age, duration and type of diabetes,
grading of diabetic retinopathy (DR), smoking
status and previous treatments for DME were
recorded at the baseline visit, defined as the first
visit recorded in the FRB! registry. No data prior
to the baseline visit apart from previous treat-
ments received were available. All treatment
decisions, including choice of treatment and
frequency of visits, were based on VA and OCT
results at the discretion of the practitioner,
thereby reflecting real-world practice. As our
aim was to study the influence of biological
parameters on visual outcomes after treatment,
data on HbA1c level (%) and GFR (ml/min/1.73
m2) according to the Chronic Kidney Disease
Epidemiology Collaboration (CKD-EPI) were
registered at the baseline visit.

Outcome Measures

The main outcomes were mean change in VA
(letters) and CST (in microns, using SD-OCT) at
24 months between subgroups of patients clas-
sified according to HbA1c level (B 7% or[7%)
and GFR (B 60 or[60 ml/min/1.73 m2). These
criteria were chosen according to the American
Diabetes and Renal Association position state-
ment on the generally accepted threshold of
diabetic and renal control [21, 22].

Statistical Analysis

Data were summarized using the mean (stan-
dard deviation [SD]), median (Q1, Q3) or num-
ber (%) as appropriate. Baseline characteristics
and unadjusted outcomes between HbA1c and
GFR groups at 24 months were compared using
the two-sample t-test for continuous variables
and the Chi-square (v2) or Fisher’s exact test for
categorical variables. Adjusted outcomes and p-
values were calculated by using linear regression
for VA change and CST change, generalized
Poisson regression for injections and visits and
Cox proportional-hazards models for non-per-
sistence rate. Regression models were adjusted

for baseline VA, age and CST; pre-treatment
status; and practice. p\0.05 was considered to
indicate statistical significance. All analyses
were conducted with R 4.0.5 with the
glmmTMB package (V 1.0.2.1) for linear and
generalized Poisson regression and the survival
package (3.2–10) for Cox proportional-hazards
models � Foundation for Statistical Computing,
Vienna, Austria).

RESULTS

Baseline Characteristics

A total of 178 patients who met the inclusion
criteria were included in the study. Mean (SD)
diabetes duration was 17.3 (10.9) years; 93% of
patients had type 2 diabetes mellitus. Mean
baseline VA was 53.9 (21.9) letters. HbA1c data
were available for 173 (97%) patients and GFR
data for 142 (80%). Baseline characteristics are
summarized in Table 1.

Outcomes by HbA1c

This analysis focused on 173 eyes treated with
anti-VEGF agents for which data were available
on baseline HbA1c (HbA1c B 7%, n = 65;[7%,
n = 108). Baseline VA significantly differed
between the subgroups HbA1c level B 7%
and[ 7% (58.7 vs. 51.9 letters, respectively;
p = 0.034) while baseline CST was similar (421.6
vs. 422.2 lm, respectively; p = 0.980). All base-
line characteristics and outcomes stratified by
baseline HbA1c are summarized in Table 2.

The 24-month VA was 63.1 letters for the
subgroup of patients with HbA1c B 7% versus
61.7 letters for the subgroup with HbA1c[ 7%
(p = 0.675; Fig. 1a). The multivariate adjusted
mean (95% CI) change in VA from baseline was
5.2 (0.9, 9.5) letters in the Hba1c B 7% sub-
group compared with 6.8 (3.6, 10.1) letters (95%
CI 3.6, 10.1) in the HbA1c[7% subgroup
(p = 0.541). At 24 months, 15% and 33% of
patients with baseline HbA1c B 7% and[ 7%
gained C 15 letters, respectively (p = 0.390).
The median number of injections was 10 and
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8.5 in patients with baseline HbA1c B 7%
and[ 7%, respectively (p = 0.842).

The mean (95% CI) adjusted CST reduction
from baseline was - 85 (- 112.8, - 57.1) lm
and - 77.1 (- 98.2, -56) lm for the baseline
HbA1c B 7% and[ 7% subgroups, respectively
(p = 0.656). The final mean CST at 24 months
did not significantly differ between the two
HbA1c subgroups (331.7 and 345.8 lm, respec-
tively; p = 0.452; Fig. 1c). The proportion of
patients with CST B 250 lm at 24 months was
also similar between two subgroups (29% and
27% with baseline HbA1c level B 7% and[7%,
respectively; p = 0.939). The non-persistent
DME rate was also similar in the two subgroups
(37%; p = 0.566).

Outcomes by GFR

This analysis focused on 142 eyes treated with
anti-VEGF agents with available data on base-
line GFR (GFR B 60 ml/min/1.73 m2,
n = 57;[60 ml/min/1.73 m2, n = 85). Baseline
VA did not significantly differ between the two
GFR subgroups GFR B 60 and[ 60 ml/min/
1.73 m2 (51.4 and 57.2 letters; p = 0.124).
Baseline mean CST was significantly thicker in
patients with baseline GFR[ 60 ml/min/1.73
m2 versus those with baseline GFR B 60 (460.8
and 401.9 lm; p = 0.014). Patients with lower
baseline GFR were older and diabetes duration

Table 1 Baseline characteristics of patients (n = 178)

Characteristic Values

Treatment-naı̈ve, n (%) 70 (39%)

Sex, % female 65 (37%)

Diabetes duration, years, mean (SD)a 17.3 (10.9)

Diabetes type, n (%)

Type 1 13 (7%)

Type 2 165 (93%)

Diabetic retinopathy grade, n (%)

Mild 20 (11%)

Moderate 55 (31%)

Severe 70 (39%)

PDR, low risk 13 (7%)

PDR, high risk 20 (11%)

Baseline age, years, mean (SD) 65.1 (11)

Baseline VA, letters, mean (SD) 53.9 (21.8)

B 35 letters, n (%) 37 (21%)

C 70 letters, n (%) 58 (33%)

CST, lm, mean (SD)b 422.5 (136.5)

DME activity, n (%)c

Centre involving CSME 71 (40%)

Non-centre involving CSME 12 (7%)

No CSME 11 (6%)

Unknown 84 (47%)

Baseline HbA1c, %, n (%)

B 7 65 (37%)

[ 7 108 (61%)

Unknown 5 (3%)

Baseline GFR, ml/min/1.73 m2, n (%)

B 60 57 (32%)

[ 60 85 (48%)

Table 1 continued

Characteristic Values

Unknown 36 (20%)

CSME Clinically significant macular edema, CST central
subfield thickness, DME diabetic macular edema,
GFR glomerular filtration rate, HbA1c glycated hemoglo-
bin, PDR prolific diabetic retinopathy, SD standard devi-
ation, VA visual acuity
aData available for 152 patients
b Data available for 168 patients
cDME activity category ‘‘unknown’’ are eyes with no DME
activity data available at the visit
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Table 2 Effect of baseline glycosylated hemoglobin on 24-month visual and anatomical outcomes

Characteristics HbA1c £ 7% (n = 65) HbA1C > 7% (n = 108) p-value

Baseline characteristics

HbA1c, %, mean (SD) 6.5 (0.5) 8.9 (1.7) \ 0.001

GFR, ml/min/1.73 m2, mean (SD) 65.3 (26.9) 64.9 (28) 0.937

Treatment-naı̈ve, n (%) 23 (35%) 44 (41%) 0.590

Sex, % female 32.3% 38.9% 0.479

Diabetes duration, years, mean (SD) 15.1 (8.8) 18.9 (11.9) 0.028*

Age, years, mean (SD) 66.8 (10.9) 64.1 (11) 0.117

VA, letters, mean (SD) 58.7 (18.4) 51.9 (22.9) 0.034*

CST, lm, mean (SD) 421.6 (155.7) 422.2 (125.6) 0.980

DME activity, n (%)

- Centre involving CSME 30 (46%) 37 (34%) 0.437

- Non-centre involving CSME 3 (5%) 9 (8%)

- No CSME 4 (6%) 7 (6%)

- Unknowna 28 (43%) 55 (51%)

Outcomes at 24 months

DVA from baseline, mean (95% CI) 4.4 (-0.1, 8.8) 9.8 (5.7, 13.9) 0.076

Adjusted DVA from baseline, mean (95% CI) 5.2 (0.9, 9.5) 6.8 (3.6, 10.1) 0.541c

Final VA, letters, mean (SD) 63.1 (19.1) 61.7 (21.8) 0.675

Gain C 10 letters, n (%) 22 (34%) 52 (48%) 0.092

Gain C 15 letters, n (%) 10 (15%) 36 (33%) 0.390

DCST from baseline, mean (SD) – 89.9 (– 122, – 57.8) – 76.4 (– 100.7, – 52.1) 0.505

Adjusted DCST from baseline, mean (SD) – 85.0 (– 112.8, – 57.1) – 77.1 (– 98.2, – 56.0) 0.656c

Final CST, lm, mean (SD) 331.7 (118.7) 345.8 (128.9) 0.452

CST B 250 lm, n (%) 18 (29%) 28 (27%) 0.939

Injections, median (Q1, Q3) 10 (5, 13) 8.5 (6, 13) 0.842c

Visits, median (Q1, Q3)b 21 (18, 26) 21 (15, 26) 0.709c

Non-persistent DME rate, n (%)b 24 (37%) 40 (37%) 0.566c

CI Confidence interval, Q1, Q2 first and third quartile, respectively
*Significant difference at p\ 0.05
aDME activity ‘‘unknown’’ are eyes with no DME activity data completed at the visit
bData only for patients completing 24 months of therapy
cP-values and adjusted estimates were adjusted using linear regression, Poisson regression or Cox proportional-hazards
models for baseline VA, age and CST; pre-treatment status; and practice
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was longer than those with higher baseline GFR
(p = 0.015 and p = 0.039, respectively). All
baseline characteristics and outcomes stratified
by baseline GFR are summarized in Table 3.

The VA at 24 months was 60.7 and 65.1 let-
ters for baseline GFR B 60 and[ 60 ml/min/
1.73 m2 (p = 0.201), respectively (Fig. 1b). The
adjusted mean (95% confidence interval [CI])
change in VA from baseline was 6.4 (2.4, 10.4)

letters for patients with baseline GFR B 60 ml/
min/1.73 m2 versus 6.9 (3.7, 10.0) letters for
patients with baseline GFR[ 60 ml/min/1.73
m2 (p = 0.852). At 24 months, 30% and 26% of
patients with baseline GFR B 60 and [ 60 ml/
min/1.73 m2, respectively, gained C 15 letters
(p = 0.772). The median number of injections
was 7 and ten injections for patients with

Fig. 1 a, c Locally weighted scatterplot smoothing
(LOESS) curves of VA (a) and CST (c) by baseline
HbA1c. b, c VA (b) and CST (d) by baseline glomerular
filtration rate over 24 months of treatment. CST Central

subfield thickness, GFR glomerular filtration rate, HbA1c
glycated hemoglobin, VA visual acuity
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Table 3 Effect of baseline glomerular filtration rate on 24-month visual and anatomic outcomes

Characteristics GFR £ 60 ml/min/1.73 m2

(n = 57)
GFR > 60 ml/min/1.73 m2

(n = 85)
p-value

Baseline characteristics

HbA1c, %, mean (SD) 8.1 (1.8) 8 (1.9) 0.626

GFR, ml/min/1.73 m2, mean (SD) 36.2 (14) 85.6 (12.4) \ 0.001*

Treatment-naı̈ve, n (%) 20 (35%) 36 (42%) 0.488

Sex, % female 35.1% 36.5% 1.000

Diabetes duration, years, mean (SD) 20.9 (13.4) 15.4 (9.5) 0.015*

Age, years, mean (SD) 67.4 (12.1) 63.4 (9.8) 0.039*

VA, letters, mean (SD) 51.4 (23) 57.2 (20) 0.124

CST, lm, mean (SD) 401.9 (134.1) 460.8 (133.2) 0.014*

DME activity, n (%)

- Centre involving CSME 24 (42%) 24 (28%) 0.108

- Non-centre involving CSME 2 (4%) 3 (4%)

- No CSME 4 (7%) 2 (2%)

- Unknown 27 (47%) 56 (66%)

Outcomes at 24 months

DVA from baseline, mean (95% CI) 9.3 (4.5, 14.1) 7.8 (4, 11.7) 0.638

Adjusted DVA from baseline, mean
(95% CI)

6.4 (2.4, 10.4) 6.9 (3.7, 10.0) 0.852b

Final VA, letters, mean (SD) 60.7 (20.8) 65.1 (18) 0.201

Gain C 10 letters, n (%) 24 (42%) 39 (46%) 0.786

Gain C 15 letters, n (%) 17 (30%) 22 (26%) 0.772

DCST from baseline, mean (SD) – 94.8 (– 128, – 61.5) – 96.8 (– 124.7, – 68.8) 0.927

Adjusted DCST from baseline, mean
(SD)

– 115.0 (– 144.0, – 85.2) – 85.0 (– 109.0, – 61.3) 0.130b

Final CST, lm, mean (SD) 307.1 (112.7) 364 (124.2) 0.008*

CST B 250 lm, n (%) 23 (43%) 14 (17%) 0.003*

Injections, median (Q1, Q3)a 7 (3, 12) 10 (7, 13) 0.042*b

Visits, median (Q1, Q3)a 19 (18, 22) 22 (16, 26) 0.500b

Non-persistent DME rate, n (%) 28 (49%) 24 (28%) 0.010*

*Significant difference at p\ 0.05
aData only for patients completing 24 months of therapy
ap-values and adjusted estimates were adjusted using linear regression, Poisson regression, or Cox proportional-hazards
models for baseline VA, age, and CST; pre-treatment status; and practice
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baseline GFR B 60 and[ 60 ml/min/1.73 m2,
respectively (p = 0.042).

The mean (95% CI) adjusted CST reduction
from baseline was - 115 lm (- 144.0, - 85.2)
and - 85 lm (- 109.0, - 61.3) for patients with
baseline GFR B 60 and[ 60 ml/min/1.73 m2,
respectively (p = 0.130). The 24-month CST was
significantly different between the two sub-
groups (307.1 and 364 lm, respectively;
p = 0.008). The proportion of patients with
CST\250 lm at 24 months was significantly
different between the GFR B 60 and
GFR[ 60 ml/min/1.73 m2 subgroups (43% and
14%, respectively; p = 0.003), as was the non-
persistent DME rate (49% and 28%, respec-
tively; p = 0.010).

Correlation Between Baseline HbA1c Level
and GFR with VA at 24 months

The HbA1c level was negatively correlated with
VA at 24 months (r = - 0.18; p = 0.017),
whereas GFR was not correlated with the final
VA (r = 0.07; p = 0.413) (Fig. 2). However, the
correlation between HbA1c and 24-month VA
was likely driven by the significant difference in
initial VA between the groups (baseline VA

between HbA1c level B 7% and[7%: 58.7 and
51.9, respectively; p = 0.034).

DISCUSSION

We investigated the effect of HbA1c level and
GFR on treatment outcomes in patients with
DME receiving anti-VEGF treatment. The mul-
tivariate adjusted mean improvement in VA at
24 months did not significantly differ between
subgroups with baseline HbA1c level B 7%
versus[7% (5.2 vs. 6.8 letters, respectively) or
between those with GFR B 60 versus[60 ml/
min/1.73 m2 (6.4 vs. 6.9 letters, respectively).
Nor did the adjusted mean CST reduction differ
between subgroups with baseline HbA1c level
B 7% versus[ 7% (- 85 vs. - 77.1, respec-
tively) or between those with baseline GFR B 60
versus[60 ml/min/1.73 m2 (- 115 vs.
- 85 lm, respectively). Thus, the improvement
in VA and CST after anti-VEGF treatment would
seem to be independent of baseline HbA1c level
and GFR in patients with DME.

Identifying factors associated with good or
poor outcomes can inform ophthalmologists
and patients of what outcomes they can expect,
on average, when choosing intravitreal

Fig. 2 Scatterplot showing the association between VA at
24 months and baseline HbA1c (a) and baseline glomeru-
lar filtration rate. The line of best fit is shown with shaded

areas representing the 95% confidence interval. Pearson’s
correlation coefficient is shown at the top left
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injections as a treatment for DME. The effect of
systemic factors on the incidence of DR and
other micro- and macrovascular complications
has been well studied. Tight control of blood
sugar and other associated systemic factors,
such as hypertension, serum cholesterol level
and kidney function, can significantly delay the
onset of DR and DME [23]. However, little
information is currently available on whether
these systemic factors affect the anatomical and
visual response of patients to anti-VEGF
treatments.

Do et al. [24] reported that patients with
higher HbA1c level had more severe and recur-
rent macular edema than those with better
HbA1c level, which may suggest that strict gly-
cemic control may work in favor of anti-VEGF
therapy. Similarly, diabetic nephropathy is a
complicating factor for DR and DME, which has
been investigated in a few studies but with
contrasting conclusions drawn by the respective
authors. For example, studies using proteinuria
as a marker of renal disease failed to associate
DME and renal pathology [25] while a study
based on data from a German/Austrian database
found that macroalbuminuria increased the risk
of DME by 177% [26]. Because of these differ-
ences in results using albuminuria as a marker,
we chose GFR as a marker of renal failure (using
the CKD–EPI formula [27]). In the study by
Romero et al. [28], the severity of renal damage
was correlated with the development of DME.
Knudsen et al. showed a correlation between
the measurement of macular thickness in OCT
and the urinary albumin excretion rate in
patients with type 2 diabetes mellitus and DME
[29, 30]. Finally, renal dialysis is likely to rapidly
alleviate DME in patients with end-stage renal
disease.

Our study is the first real-world study using
precisely recognized thresholds for diabetes and
chronic renal failure (7% for HbA1c and 60 ml/
min/1.73 m2 for GFR). However, we could not
demonstrate a significant association between
HbA1c level, GFR and final VA or CST at
24 months. Our results are similar to prior
studies using these metabolic factors to inves-
tigate the effects of anti-VEGF treatment.

Effect of HbA1c Level on Visual
and Anatomic Outcomes

We identified a few studies that analyzed the
impact of HbA1c level on visual parameters. In a
small prospective study of 38 patients, Warid al
Laftah et al. [31] demonstrated that a greater
proportion of patients with HbA1c level\ 7%
showed an improvement in VA compared with
those with HbA1c level[7%, which suggests
that better glycemic control improves visual
prognosis. In contrast, a prospective study of 52
patients by Macky and Mahgoub [32] did not
find any difference at 6 months between
patients with HbA1c levels[7% versus\7% in
VA or CST after three intravitreal injections.
More recently, in a retrospective analysis of 124
patients, Matsuda et al. [16] demonstrated that
patients with initial HbA1c\7% had a better
12-month VA outcome than those with initial
HbA1c level[ 7%. The authors concluded that
‘‘patients with more optimal HbA1c had better
final BCVA after one-year anti-VEGF treat-
ment’’. However, in this study [16], baseline
vision was worse in patients with HbA1c
level[7% than in those with HbA1c\7%,
which may have confounded the results. Wong
et al. reported the same results [33] but with a
small sample size (35 patients). A recent analysis
by Alok et al. [19] found no significant differ-
ences at 36 months in vision, change in vision
or CST between patients with baseline
HbA1c\ 7% and[ 7%. Our results are similar
to those of Ozurk et al.[34]: after 24 months of
anti-VEGF treatment, we found no difference in
VA or CST in patients with HbA1c level B 7%
versus[7% on multivariate analysis which
adjusted for the significantly worse baseline
vision in patients presenting with HbA1c[7%.
Our univariate analysis found a negative corre-
lation between baseline HbA1c and VA at
24 months, which was very likely due to the
worse baseline vision in eyes in patients with
higher HbA1c. Indeed, previous studies [31]
that have shown a significant correlation
between HbA1c level and VA after treatment did
not adjust for this key factor, which may con-
found the results. Thus, higher HbA1c may
impact outcomes indirectly via worse
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presenting VA, but otherwise does not directly
impact patient response to anti-VEGF
treatment.

Effect of GFR on Visual and Anatomic
Outcomes

We did not find a significant difference in final
VA between the GFR groups. However, we did
find a significant difference in final macular
thickness (greater thickness with GFR[60
than B 60 ml/min/1.73 m2), likely because of
the difference in initial CST between the sub-
groups (baseline mean CST significantly thicker
with baseline GFR[ 60 ml/min/1.73 m2 than
with baseline GFR B 60 ml/min/1.73 m2: 460.8
and 401.9 lm, respectively; p = 0.014). Why
patients with better GFR have a higher initial
CST is unclear. Of note, patients with thicker
CST (GFR[ 60 ml/min/1.73 m2) had better
visual outcomes; this is reflection that many
factors are involved in the visual prognosis and
that anatomic edema is not the only factor.

Older retrospective analyses tended to find a
significant correlation between renal failure and
visual prognosis after anti-VEGF treatment, but
these were low-power studies with few patients
[31]. Our results agree with those of recent high-
powered studies which found no relation
between GFR and anti-VEGF efficacy [16]. One
finding of interest, reported by Raafay et al. [17],
was the poorer visual prognosis for untreated
patients with DME and renal insufficiency
compared to that for those without renal
pathology. Renal disease results in a lower
clearance of urea and other toxins from plasma,
so plasma may be more damaged when it leaks
into interstitial spaces in the macula.

Study Limitations

We analyzed the impact of HbA1c and GFR at
baseline, but an exploration of the longitudinal
fluctuations in HbA1c level and GFR over time
and their correlation with VA and macular
thickness at the 24-month time point would
have provided valuable insights. However,
recent studies [35] did not show any significant
differences using this technique. Nevertheless,

investigating the effects of these fluctuations
could provide valuable insights for optimizing
patient management in future studies.

It would also have been appropriate to ana-
lyze the combination of HbA1c level and GFR,
that is, analyze patients with high HbA1c level
but low GFR and those with low HbA1c level
but high GFR. We found sample sizes were small
when stratified by both parameters, but the
results of this analysis are reported in Electronic
Supplementary Material Table 1.

The main limitation of our study is the small
sample size considering the high prevalence of
the disease. However, despite this constraint,
our study provides a meaningful portrayal of
real-world circumstances and potentially
informs the development of treatment
algorithms.

Another limitation is our focus solely on the
initial macular thickness as a baseline charac-
teristic, without considering other confounding
OCT parameters, such as disorganization of
retinal inner layers (DRIL) or atrophic/degener-
ative changes. These additional parameters
could have provided valuable insights, as they
potentially impact VA and central macular
thickness. It is crucial to acknowledge that this
limitation introduces a potential bias in our
findings.

As this was a real-world study, treatment
decisions were made at the discretion of the
practitioner in consultation with the patient
without a guided study protocol. We therefore
do not know the treatment regimen nor the re-
treatment criteria. While there was no differ-
ence in the number of injections between the
HbA1c subgroups, patients with GFR[60 ml/
min/1.73 m2 received significantly more injec-
tions, likely due to these presenting with a sig-
nificantly higher CST. While this presents a
possible bias, it reflects real-world practice.

Finally, we analyzed only two groups
according to the proposed variable. While sev-
eral cut-offs for stratifying HbA1c and GFR
could have been explored, the aim of our study
was to provide concrete and easy-to-use ele-
ments to practitioners (and also patients) and
the figures 7% and 60 ml/min/1.73 m2 are ele-
ments recognized in the literature as thresholds
of clinical aggravation for these pathologies.
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CONCLUSIONS

We found no association of baseline HbA1c
level and GFR with the functional and
anatomical outcomes in DME patients receiving
intravitreal VEGF inhibitor. Recognizing the
independence of treatment response from
baseline HbA1c level and GFR empowers clini-
cians to make informed decisions regarding the
frequency and timing of anti-VEGF re-injections
in this patient population.
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