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To determine the correlation between the severity of chronic kidney disease (CKD) and treatment 
of diabetic macular edema (DME). The retrospective 2-year cohort study included eyes with DME 
confirmed using spectral-domain optical coherence tomography in Taipei Veterans General Hospital, 
Taiwan, between 2010 and 2020. All the eyes were treated with an intravitreal injection of anti-vascular 
endothelial growth factor (anti-VEGF) during regular follow-up around 2 years. They were categorized 
into 3 different groups: an estimated glomerular filtration rate ≥ 60 (mL/min per 1.73 m2) (group A), 
< 60 (group B), and patients undergoing hemodialysis (group C). The main outcome measures were (1) 
visual improvement, (2) structural improvement, and (3) the injection frequency of anti-VEGF in the 
different groups. In this study, 167 eyes from 120 patients were enrolled. Compared with groups B and 
C, the eyes in group A experienced the only significant visual improvement at month 3, month 6, and 
month 12 (P = 0.0001, 0.0002, 0.0013, respectively). The presence of subretinal fluid and intraretinal 
cysts was significantly decreased in groups A and B. In the treatment frequency analysis, the number 
of injections was the highest in group A and lowest in group C during the study period (P = 0.04). The 
severity of CKD had an impact on the DME treatment. The less severe CKD was, the greater the visual 
improvement that could be achieved. In addition, relatively poor renal function required a lower anti-
VEGF injection frequency. The active prevention of the progression of CKD may play a key role in DME 
treatment.
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Diabetic macular edema (DME) is one of the most common causes of visual disturbance in diabetic mellitus1. 
In previous studies, the presumed pathogenesis of DME has been linked to the breakdown of the blood-retinal 
barrier2,3, which is induced by oxidative stress from a prolonged hyperglycemic status. Vascular endothelial 
growth factors (VEGF) and inflammatory cytokines are upregulated by tissue hypoxia and overexpressed 
through maintained hyperglycemia. In recent years, based on this pathogenesis, the mainstream treatment of 
DME has been an intra-vitreal injection (IVI) of anti-VEGF, steroids, or laser photocoagulation4. However, 
these treatment modalities are sometimes unable to provide effective functional and anatomical improvements. 
Therefore, the development of DME may stem from complex interplay of multiple factors.

Abnormal renal profiles and advanced DR usually exist simultaneously, suggesting that they may share similar 
pathophysiology in a microvasculcar environment5–12. Besides, the severity of chronic kidney disease (CKD) 
has also increased the attention on the treatment of DME in recent years13–15. In theory, the accumulation of 
extracellular fluid in retinal parenchyma may be eliminated through hemodialysis to some extent16–20. However, 
the impact of CKD on DME treatment remains undetermined because most studies have either involved small 
case numbers, a cross-sectional study design, or a follow-up period shorter than 6  months13,21,22. Therefore, 
the present study contributes to existing literature in 3 ways. First, we conducted a 2-year retrospective cohort 
study involving the analysis of 167 eyes. Second, we correlated renal function and DME treatment, including 
the frequency of treatment and visual improvement. Third, we evaluated the change in macular edema by using 
optical coherence tomography (OCT) images.
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Materials and methods
Study design and population
This retrospective cohort study strictly adhered to the tenets of the Declaration of Helsinki and obtained ethics 
approval from the Institutional Review Board of Taipei Veterans General Hospital (No. 2018-11-004CC). All the 
eyes enrolled in the study had been diagnosed with DME according to the medical records between 2010 and 
2020 from a single medical center, TVGH. DME was defined as central macular thickness of ≥ 300 μm (in the 
central 1 mm diameter area) and the presence of subretinal fluid (SRF) or intraretinal cysts (IRCs) in central 
3 mm diameter area on spectral-domain OCT images (OptoVue, Fremont, CA, USA).

The inclusion criteria were the following: (1) age ≥ 20 years old; (2) DME with the presence of SRF or IRCs 
and retinal thickening recorded using OCT images; (3) a DR stage evaluated using fundus photography or 
fluorescein angiography; (4) diabetes mellitus under regular medical treatment; (5) eligible laboratory data 
related to serum creatinine (Cr), blood urea nitrogen (BUN), and glycated hemoglobin (HbA1C) at baseline and 
3 months after initial treatment; (6) a regular follow-up of visual acuity and structural change through an OCT 
examination every 1–2 months for the cases under treatment, or every 3–6 months for stable cases, during the 
follow-up period.

The exclusion criteria included the following: (1) eyes with other causes of macular edema such as 
vitreomacular interface disease or retinal vascular disease; (2) eyes that were not receiving regular follow-up 
in TVGH or did not receive scheduled anti-VEGF IVI during the study period; (3) eyes that received IVIs of 
any medication within 6 months before enrollment; (4) eyes that had previously undergone vitrectomy; and (5) 
pregnancy.

Three consecutive monthly injections of anti-VEGF were applied as a loading dose for treatment-naïve 
patients with DME. Subsequently, they received pro re nata treatment as required based on the change in visual 
acuity, level of edema in the OCT images, and patients’ decision. The follow-up interval was decided by retinal 
specialists in TVGH based on clinical presentation and treatment response.

Data collection
Age, sex, diabetic medication, status of hypertension, DR stage at baseline and month 12, status of panretinal 
photocoagulation, treatment-naïve status, and IVI medications, including 2 mg/0.05 mL of aflibercept (Eylea; 
Regeneron Pharmaceuticals, Tarrytown, NY, USA), 0.25 mg/0.05 mL of ranibizumab (Lucentis; Genentech, San 
Francisco, CA, USA), and 1.25 mg/0.05 mL of bevacizumab (Avastin; Genentech), were recorded.

Serum Cr, BUN, albumin (Alb), urine albumin and creatinine ratio (UACR), and hemoglobin at baseline 
were recorded. HbA1C at baseline and month 3 were also recorded. CKD was defined according to the Kidney 
Disease Outcomes Quality Initiative (KDOQI) guidelines. All the eyes were categorized into 3 groups according 
to the baseline estimated glomerular filtration rate (eGFR): eGFR ≥ 60 mL/min per 1.73 m2 (group A), < 60 mL/
min per 1.73 m2 (group B), and patients undergoing hemodialysis (group C)23,24.

Best-corrected visual acuity (BCVA) and OCT images were measured and collected at baseline and at months 
3, 6, and 12. BCVA was measured using Snellen eye charts and was converted to the logarithm of the minimum 
angle of resolution (logMAR) for statistical analysis. Data on the central macular thickness (CMT) and presence 
of SRF or IRCs were obtained using spectral-domain OCT, RTVue XR Avanti (Optovue, Inc., Fremont, CA).

Statistical analysis
The categorical variables between the different groups were analyzed using a Chi-square test or Fisher’s exact test, 
with adjustments made for multiple testing using the Bonferroni correction. For continuous variables, analysis 
of variance was performed for age. A nonparametric Kruskal–Wallis test was used to examine the difference in 
HbA1C, renal parameters, BCVA, OCT characteristics, and the number of injections at different CKD stages. 
We evaluated the correlation between the frequency of IVI treatment and renal parameters by using Spearman 
correlation coefficients. A Wilcoxon signed-rank test was used to compare the BCVA and CMT before and 3, 6, 
and 12 months after treatment. A McNemar test was performed to compare the SRF and IRCs before and 3, 6, 
and 12 months after treatment. The SRF and IRC status before and 3, 6, and 12 months after treatment at different 
stages of CKD and DR were evaluated using a Chi-square test. A P-value < 0.05 was considered statistically 
significant in all the analyses. We used MedCalc statistical software version 19.6.1 (MedCalc Software, Ostend, 
Belgium; https://www.medcalc.org; 2020) for all statistical analyses.

The Medical Ethics Committee of Taipei Veterans General Hospital has waived the need of informed consent 
in this study.

Results
Baseline characteristics
This study enrolled 164 eyes from 120 patients. The mean follow-up time was 21.4 ± 4.4 months. Each eye, even 
within the same individuals, was treated as an independent subject, with distinct consideration for its unique 
retinal condition and response to treatment. Of these, 147 eyes (87.4%) were treatment naïve. The baseline 
characteristics were stratified according to different stages of CKD. Of the 164 eyes, 75 with eGFR ≥ 60 (mL/
min/1.73 m2) were stratified as group A (average eGFR = 82.2 mL/min per 1.73 m2), 78 with eGFR < 60 were 
stratified as group B (average eGFR = 39.4 mL/min per 1.73 m2), and 11 from patients undergoing dialysis were 
stratified as group C(average eGFR = 16.3 mL/min per 1.73 m2)(Table 1). Of the 120 patients, 63 were male 
and 57 were female. Of the 164 eyes, 143 eyes were pseudophakic, 21 eyes were phakic without progression of 
cataracts during the follow-up period. Age, hypertension, serum hemoglobin, serum BUN, HbA1c, and UACR 
exhibited statistically significant differences (p < 0.05) in different groups, which were compatible with different 
renal and systemic condition.
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The mean BCVA logMAR was 0.53 ± 0.34, and the mean CMT was 391.1 ± 118.0 μm at baseline. SRF was 
present in 28% of eyes and IRCs in 97.4% of eyes before treatment. The baseline BCVA (logMAR), DR stage, and 
percentage of treatment-naïve eyes in different groups revealed no significant difference (p = 0.43, 0.462, and 
0.22, respectively). In our OCT analysis, the initial presence of SRF and IRCs showed no significant difference 
between groups.

Correlation between injection frequency regarding renal dysfunction
Table 2 presents the correlations between injection frequency and the renal profiles. Injection frequency was 
significantly positively correlated with eGFR (r = 0.23, p = 0.015) and baseline HbA1C (r = 0.22, p = 0.0328) 
within 2 years and negatively correlated with Cr (r =  − 0.230, P = 0.0134) in the second year.

In Table 3, the average injection frequency of all eyes was 4.4 ± 2.1 in the first year, 1.70 ± 1.90 in the second 
year, and 6.17 ± 3.5 during the study period. The injection frequency was the greatest in group A and the lowest 
in group C in the first and second year and over the 2 years (p = 0.422, 0.014, and 0.039, respectively).

Visual and anatomical improvements after anti-vegf ivis in different groups
Table 4 and Fig. 1 present the longitudinal changes in the BCVA(logMAR), CMT, and presence of SRF or IRCs 
after anti-VEGF IVIs. Compared with groups B and C, group A experienced the only significant improvements 
in visual outcomes at 3, 6, and 12  months. Throughout the OCT analysis, each group showed a significant 
decrease in CMT at every time point (Table 4). Groups A and B had a significant reduction in SRF and IRCs 

IVI numbers in 1st year IVI numbers in 2nd year IVI numbers within 2 years

Serum Creatinine (mg/dl) − 0.05(-0.20 to 0.10), P = 0.524 − 0.23(− 0.39 to − 0.04), P = 0.013 − 0.16(− 0.33 to 0.02), P = 0.081

eGFR 0.09 (− 0.06 to 0.24), P = 0.239 0.289 (0.11 to 0.44), P = 0.001 0.23 (0.044 to 0.39), P = 0.015

Serum Albumin (g/dl) 0.14 (− 0.16 to 0.41), P = 0.378 0.15 (− 0.32 to 0.35), P = 0.933 0.02 (− 0.31 to 0.35), P = 0.903

Urine Albumin/Creatinine Ratio (UACR) − 0.09(− 0.29 to 0.13), P = 0.438 − 0.13(− 0.37 to 0.13), P = 0.340 − 0.13(− 0.37 to 0.13), P = 0.343

Baseline HbA1C (%) 0.008 (− 0.15 to 0.17), P = 0.9216 0.28 (0.087 to 0.45), P = 0.0050 0.22 (0.018 to 0.39), P = 0.0328

Table 2.  Correlation between injection frequency and renal profiles. eGFR estimated Glomerular filtration rate; 
HbA1c hemoglobin A1c. Spearman’s correlation (coefficient of rank correlation (rho), 95% Confidence Interval 
for rho, Significance level p < .05). Significant values are in [bold].

 

Total Group A Group B Group C p value

Number (eyes) 164 75 78 11

Age (year, Mean ± SD) 59.32 ± 11.09 56.9 ± 10.9 62.2 ± 9.88 55.1 ± 15.7 0.002

Gender (male, %) 51.8% 52% 50% 63.6% 0.6978

Laterality (OD, %) 50.6% 48.0% 52.6% 54.5% 0.8221

DM treatment (insulin, %) 36.1% 27.7% 42.3% 45.5% 0.1673

Hypertension (yes, %) 80% 67.1% 89.5% 100.0% 0.0007

Baseline DR stage (%) 0.4623

 Mild to Mod NPDR 16.9% 15.3% 16.9% 27.3%

 Severe NPDR to PDR 83.1% 84.7% 83.1% 72.8%

Previous PRP (yes, %) 61.0% 64.0% 59.0% 54.5% 0.7369

PRP number in 1st year (Mean ± SD) 0.5 ± 0.9 0.5 ± 0.8 0.6 ± 1.1 0.5 ± 0.5 0.560749

Treatment Naïve (yes, %) 89% 93.3% 84.6% 90.9% 0.2212

HbA1C (%, Mean ± SD) 8.00 ± 1.65 8.46 ± 1.81 7.73 ± 1.36 6.95 ± 1.63 0.0021

Serum Hemoglobin (g/dl) (Mean ± SD) 11.41 ± 1.85 12.29 ± 1.74 10.87 ± 1.67 10.51 ± 1.82 0.000083

Serum BUN (mg/dl, Mean ± SD) 28.39 ± 16.91 16.7 ± 5.6 29.8 ± 12.9 60.0 ± 18.2  < 0.001

Serum Albumin (g/dl, Mean ± SD) 3.67 ± 0.46 3.78 ± 0.28 3.68 ± 0.49 3.53 ± 0.55 0.771410

Urine Albumin/Creatinine Ratio (Mean ± SD) 3.42 ± 5.01 1.51 ± 2.47 3.70 ± 4.85 15.87 ± 5.00 0.000031

VA LogMAR (Mean ± SD) 0.53 ± 0.34 0.50 ± 0.33 0.56 ± 0.33 0.55 ± 0.43 0.431852

CMT (μm, Mean ± SD) 391.1 ± 118.0 381.1 ± 104.9 406.8 ± 130.7 332.6 ± 75.5 0.094272

Presence of SRF (%) 28.0% 22.9% 32.9% 30.0% 0.4005

Presence of IRC (%) 97.4% 95.7% 94.8% 100.0% 0.7522

Follow-up (month, mean ± SD) 21.4 ± 4.4 21.4 ± 4.5 21.4 ± 4.4 21.1 ± 4.4 0.894849

Table 1.  Baseline characteristics of the eyes in different groups. DM diabetes mellitus; DR diabetic retinopathy; 
PRP  panretinal photocoagulation; HbA1c hemoglobin A1c; BUN blood urea nitrogen; LogMAR mean 
logarithm of the minimum angle of resolution; CMT central macular thickness; SRF sub-retinal fluid; IRC 
intra-retinal cyst;  SD standard deviation. Significant values are in [bold].
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at each time point. In group C, the SRF exhibited an apparent resolution after 3 consecutive anti-VEGF IVIs 
(Fig. 1) even without statistical significance (Table 4). These results revealed that the structural improvements 
were not coordinated with the visual improvements experienced by diabetic patients with DME and severe CKD.

Visual and anatomical improvements at different DR stages
Table 5 presents the stratified analysis of the change in the BCVA (logMAR) and macular edema by different 
DR stages. Patients with severe NPDR and PDR experienced statistically significant improvements in the BCVA 
and a significant reduction in CMT and macular edema at months 3, 6, and 12 after treatment. Nevertheless, 
no notable difference in BCVA was observed among patients with mild and moderate NPDR at any given time 
point. With the exception of mild NPDR at the 6th month, a noteworthy reduction in CMT was observed across 
various stages of DR at each time point.

Discussion
The study reveals three key findings. Firstly, patients with DME and mild CKD demonstrated significant 
visual and structural improvements during follow-up, comparing to those with severe CKD or undergoing 
hemodialysis. Second, in Group B, the presence of SRF and IRCs was significantly decreased after treatment 
but did not coordinate with visual improvements; in Group C, despite fewer injection, vision and the presence 
of SRF/IRCs did not statistically improve during the follow-up period. This information may suggest that 
the severity of CKD could be correlated with the pathological cascade of atrophy to some extent, leading to 
irreversible visual and structural change and ultimately treatment futility. Third, prevention of the progression 
of CKD may play important role in the treatment of DME.

Microvascular dysfunction secondary to chronic hyperglycemia contributes to the development of DME and 
CKD. The association between the presence of DR, DME, and the severity of CKD has been widely explored 
in other studies5,7–10,25–27. However, only few studies have investigated the association between renal function 
and DME treatment13,15,18,21. To our knowledge, our study is the first long-term cohort study providing a 
comprehensive analysis of the relationship between CKD and DME treatment.

Group A Group B Group C

VA in LogMARa

 Baseline vs. 3 M  − 0.10 (− 0.12 to − 0.03), P = 0.0001 0.00 (− 0.05 to 0.00), P = 0.2592 0.00 (− 0.04 to 0.11), P = 0.6250

 Baseline vs. 6 M  − 0.11 (− 0.14 to − 0.04), P = 0.0002  − 0.04 (− 0.09 to 0.00), P = 0.1826  − 0.04 (− 0.15 to 0.12), P = 0.9453

 Baseline vs. 12 M  − 0.09 (− 0.15 to − 0.04), P = 0.0013  − 0.05 (− 0.11 to 0.03), P = 0.1791 0.00 (− 0.08 to 0.05), P = 0.8438

CMT (μm)a

 Baseline vs. 3 M  − 73.0 (− 104.5 to − 41.5), P < 0.0001  − 99.0 (− 133.0 to − 70.5), P < 0.0001  − 39.5 (− 95.0 to − 10.0), P = 0.0156

 Baseline vs. 6 M  − 54.25 (− 86.5 to − 34.0), P < 0.0001  − 80.5 (− 118.5 to − 55.0), P < 0.0001  − 51.0 (− 75.0 to − 26.0), P = 0.0156

 Baseline vs. 12 M  − 70.0 (− 96.0 to − 46.0), P < 0.0001  − 112.0 (− 155.5 to − 83.0), P < 0.0001  − 73.0 (− 164.0 to − 47.0), P = 0.0078

Presence of SRFb

 Baseline vs. 3 M  − 17.65% (− 26.71 to − 8.59), P = 0.0005  − 28.99% (− 39.69 to − 18.28), P < 0.0001  − 30.00% (− 58.40 to − 1.60), P = 0.2500

 Baseline vs. 6 M  − 18.18% (− 28.39 to − 7.97), P = 0.0018  − 29.58% (− 40.89 to − 18.27), P < 0.0001  − 30.00% (− 58.40 to − 1.60), P = 0.2500

 Baseline vs. 12 M  − 16.42% (− 25.29 to − 7.55), P = 0.0010  − 26.39% (− 37.27 to − 15.50), P < 0.0001  − 30.00% (− 58.40 to − 1.60), P = 0.2500

Presence of IRCb

 Baseline vs. 3 M  − 22.06% (− 31.91 to − 12.20), P = 0.0001  − 34.78% (− 46.02 to − 23.54), P < 0.0001  − 30.00% (− 58.40 to − 1.60), P = 0.2500

 Baseline vs. 6 M  − 10.61% (− 19.14 to − 2.07), P = 0.0391  − 18.31% (− 28.87 to − 7.75), P = 0.0023  − 20.00% (− 44.79 to 4.79), P = 0.5000

 Baseline vs. 12 M  − 16.42% (− 27.04 to − 5.79), P = 0.0074  − 29.17% (− 40.35 to − 17.98), P < 0.0001  − 40.00% (− 70.36 to − 9.64), P = 0.1250

Table 4.  Visual and structural changes in eyes with different groups. LogMAR mean logarithm of the 
minimum angle of resolution; CMT  central macular thickness; SRF sub-retinal fluid; IRC  intra-retinal cyst. 
aWilcoxon signed-rank test (Hodges-Lehmann median difference, 95% Confidence interval, Two-tailed 
probability) for LogMAR and CMT. b McNemar test (95% CI, Exact probability (binomial distribution)) for 
Presence of SRF and IRC. Significant values are in [bold].

 

Total Group A Group B Group C p value

IVI number (Mean ± SD)

In 1st year 4.4 ± 2.1 4.70 ± 2.29 4.22 ± 2.04 4.18 ± 1.72 0.422

In 2nd year 1.70 ± 1.90 2.30 ± 2.20 1.22 ± 1.38 0.71 ± 1.50 0.014

Within 2 years 6.17 ± 3.5 7.09 ± 3.87 5.39 ± 3.01 5.00 ± 2.83 0.039

Table 3.  Correlation between injection frequency and different groups. IVI intra-vitreal injection; SD standard 
deviation. Kruskal–Wallis test (significance level p < .05). Significant values are in [bold].
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Intraocular VEGF, which is overexpressed by a chronic hyperglycemic environment and tissue hypoxia, 
may also result in the breakdown of the blood-retinal barrier. Based on Starling’s rules, the active transcellular 
transport of plasma proteins by the blood–retinal barrier causing elevated interstitial osmotic pressure is 
probably the main factor in the formation of DME28. We postulated that the progression of CKD would cause 
not only an elevation in serum VEGF levels but also collateral damage to the blood–retinal barrier, further 
interfering in DME treatment through anti-VEGF IVIs29–32. Studies have reported that increased serum VEGF 
plays a role in the disruption of the external limiting membrane and ellipsoid zone and macular atrophy33,34. 
This might explain why the resolution of macular edema was not coordinated with the visual improvements of 
patients with DME with severe CKD.

An understanding of the complex process involved in leakage from the breakdown of the blood–retinal barrier 
is growing rapidly, but appropriate models for human DME are lacking. The functional and structural changes 
in pericytes and astrocytes may either alter the transcellular transport that drives the fluid into the extracellular 
space or change the response to anti-VEGF and recurrence after treatments17,28. Studies have also noticed that 
the induction of hemodialysis for patients with DME with severe CKD provides anatomical improvements even 
without anti-VEGF IVIs. This can explain why severe CKD, especially in patients undergoing hemodialysis, 
requires fewer anti-VEGF IVIs and has a lower recurrence rate.

Anti-VEGF IVIs have evolved into the standard treatment for DME35,36. In the Diabetic Retinopathy 
Clinical Research Network Protocol T, the 3 main anti-VEGFs, aflibercept, ranibizumab, and bevacizumab, 
led to significant visual improvements in center-involved DME37. In the protocol T study, these 3 agents were 
considered to provide similar visual improvements and the frequency of injections was similar within the 2-year 
study period. Among eyes with a poorer baseline BCVA, aflibercept was superior in terms of 2-year visual 
outcomes. Therefore, we did not further analyze the treatment response to different anti-VEGFs because no 
significant difference in baseline BCVA was detected among the groups.

HbA1c is considered to be not only a predictor of vascular complications in patients with diabetes38 but 
also a prognostic factor in DME treatment13,21. However, HbA1c can be easily affected by anemia, uremic 
environment, or erythropoietin stimulating agents39. Lower HbA1c levels may indicate effective glycemic 
control, poor nutritional status, anemia, or even poor glycemic control with severe uremic status. Therefore, 
HbA1c should not be solely relied upon as a predictive factor for DME treatment outcome in patients with CKD. 
In our study, both hemoglobin and HbA1c levels decreased as the severity of CKD increased, as illustrated in 
Table 1. This elucidates the discrepancies found in other studies, where low HbA1c were purported to predict the 
presence of residual SRF and a more reduction in CMT following anti-VEGF IVIs13,21.

Fig. 1.  Longitudinal change in best corrected visual acuity (BCVA), central macular thickness (CMT), and 
macular edema in OCT images. This figure showed the longitudinal changes of BCVA in logMAR (top left), 
and structural changes in CMT (top right), presence of SRF (lower left), and IRC (lower right) at baseline, 3th 
month, 6th month, and 12th month.
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Proteinuria has been suggested to be a key marker of kidney damage and progressing factor of CKD40,41. 
In our univariate regression model to evaluate the correlation between the UACR and DME treatment, the 
additional results revealed that the logMAR changes and frequency of IVIs were statistically nonsignificant 
(P = 0.62 and 0.55, respectively), indicating that the UACR plays less of a role in predicting DME treatment 
outcomes.

The stages of CKD were defined by the KDOQI guidelines according to the eGFR and evidence of kidney 
damage42. CKD stage 3 (eGFR < 60  mL/min per 1.73 m2) is a key clinical boundary because the rate of 
hospitalization, mortality, and cardiovascular events drastically increase at this stage23,24. Therefore, we used 
an eGFR of 60 as demarcation point to group study participants. In our stratified analysis, patients with DME 
with eGFR≧60 were prone to visual improvements; for patients with DME with eGFR < 60, even if anatomical 
outcomes could be achieved with fewer IVIs, obtaining significant visual improvements was difficult. This 
suggests that prevention of the progression of CKD may have a role in the treatment of DME.

Strengths and limitations
The strength of this study is that it was a 2-year cohort study that included the analysis of 167 eyes, compared 
with other studies with fewer than 100 eyes and a shorter follow-up period13,21. Second, many studies have used 
fundus photography as a diagnostic tool for DME5,27. The diagnosis of DME in the present study was verified 
through OCT, which is more accurate and sensitive than fundus photography. Third, we analyzed not only the 
visual outcomes but also the anatomical response to anti-VEGF IVIs for DME in the follow-up period. To our 
knowledge, this is the first long-term study to address the difference in visual and structural outcomes between 
different groups of patients with CKD.

Our study also has limitations. The distribution of factors and missing data in each group was not balanced, 
which is why we did not use a multiple regression model for adjusting confounding factors. In the present study, 
we used a stratification analysis that allowed us to obtain a simple comparison by dividing the study population 
into different groups to offset the limitations. Furthermore, the selection of both eyes from 44 patients might 
cause statistical bias. Fortunately, these participants were distributed equally across the groups, which reduced 
the potential for confounding. We also performed a GEE analysis on different groups of CKD and the treatment 
responses, which are consistent with our original results (see supplement). In clinical practice, the treatment 
response in different eyes within the same patient may present inconsistently. Therefore, it is reasonable to 
regard the two eyes as individual subjects in this study. Third, the duration of diabetes, medications for diabetes, 
other comorbidities, and the severity of DR may confound the results in this study. However, we analyzed the 

Mild NPDR (N = 7) Moderate NPDR (N = 18) Severe NPDR (N = 59) PDR (N = 64)

VA in LogMARa

Baseline vs. 3 M 0.00 (− 0.09 to 0.00) c 0.00 (− 0.12 to 0.00) P = 0.4688  − 0.06 (− 0.10 to 0.00), P = 0.0006  − 0.04 (− 0.09 to 0.00) P = 0.0543

Baseline vs. 6 M 0.00 (− 0.07 to 0.08) c  − 0.05 (− 0.21 to 0.08) P = 0.3575  − 0.09 (− 0.15 to − 0.02) P = 0.0073  − 0.06 (− 0.11 to 0.00) P = 0.0174

Baseline vs. 12 M  − 0.02(− 0.17to 0.11) P = 0.8125  − 0.09 (− 0.24 to 0.06) P = 0.2078  − 0.08 (− 0.15 to 0.00) P = 0.0505  − 0.075 (− 0.15 to 0.00) P = 0.0123

CMT (μm)a

Baseline vs. 3 M  − 42.0 (− 118.5 to − 4.0) P = 0.0313  − 60.0 (− 124.0 to − 18.5) P = 0.0038  − 72.0 (− 120.0 to − 40.0) P < 0.0001  − 90.0 (− 119.5 to − 55.0) 
P < 0.0001

Baseline vs. 6 M  − 10.0 (− 73.0 to 53.0) P = 0.6875  − 64.75 (− 137.50 to − 34.50) 
P = 0.0042  − 59.5 (− 101.5 to − 36.0) P < 0.0001  − 75.5 (− 110.5 to − 48.0) 

P < 0.0001

Baseline vs. 12 M  − 47.75 (− 89.00 to − 1.00) P = 0.0469  − 73.75 (− 131.00 to − 36.50) 
P = 0.0001  − 65.5 (− 97.0 to − 44.5) P < 0.0001  − 103.5 (− 135.0 to − 76.0) 

P < 0.0001

Presence of SRFb

Baseline vs. 3 M  − 14.3% (− 40.2 to 11.6) P = 1.0000 0.0 (0.0 to 0.0) c  − 27.78% (− 39.7 to − 15.8) P = 0.0001  − 29.63% (− 41.8 to − 17.4) 
P < 0.0001

Baseline vs. 6 M  − 16.7% (− 46.4 to 13.1) P = 1.0000 0.0 (0.0 to 0.0) c  − 27.27% (− 40.0 to − 14.4) P = 0.0003  − 29.09% (− 42.1 to − 16.0) 
P = 0.0001

Baseline vs. 12 M  − 14.3% (− 40.2 to 11.6) P = 1.0000 0.0 (0.0 to 0.0) c  − 21.82% (− 32.7 to − 10.9) P = 0.0005  − 26.79% (− 39.4 to − 14.1) 
P = 0.0003

Presence of IRCb

Baseline vs. 3 M  − 14.29% (− 40.21 to 11.64) 
P = 1.0000

 − 23.53% (− 43.69 to − 3.37) 
P = 0.1250

 − 20.37% (− 31.11 to − 9.63) 
P = 0.0010

 − 40.74% (− 53.85 to − 27.64) 
P < 0.0001

Baseline vs. 6 M  − 16.67% (− 46.49 to 13.15) 
P = 1.0000  − 18.75% (− 37.88 to 0.38) P = 0.2500  − 12.73% (− 21.54 to − 3.92) 

P = 0.0156
 − 23.64% (− 35.94 to − 11.33) 
P = 0.0010

Baseline vs. 12 M  − 28.57% (− 62.04 to 4.89) P = 0.5000  − 29.41% (− 56.52 to − 2.30) 
P = 0.1250

 − 18.18% (− 28.38 to − 7.99) 
P = 0.0020

 − 30.36% (− 43.38 to − 17.34) 
P = 0.0001

Table 5.  Visual and anatomical improvements after anti-VEGF IVI in different stages of DR. CMT central 
macular thickness; IRC intra-retinal cyst; LogMAR  mean logarithm of the minimum angle of resolution;  
SRF sub-retinal fluid. aWilcoxon signed-rank test (Hodges–Lehmann median difference, 95% Confidence 
interval, Two-tailed probability) for logMAR. bMcNemar test (95% CI, Exact probability (binomial 
distribution)) for presence of SRF and IRC. cCannot estimate P value due to small sample size. Significant 
values are in [bold].
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distribution of DR stages across the groups, and the Chi-square test revealed no statistical differences (P = 0.46, 
Table 1). Fourth, we only analyzed the clinical parameters at baseline (eGFR, UACR, and HbA1c), which might 
fluctuate during the follow-up period. We did obtain long-term data during the follow-up, revealing that the 
biochemical data were stable over time. Thus, the application of baseline data in this study was acceptable for 
clinical convenience. Fifth, although most of our participants had diabetic nephropathy, different etiologies of 
CKD might differ in the relationship between CKD and DME treatment. Sixth, during the follow-up period, 
the undertreatment may occur, potentially affecting visual and structural outcomes. Seventh, for the treatment 
of DME, laser photocoagulation and injection of steroid were not discussed in this study. In the future, we plan 
to analyze the complexity of the treatment and evaluate the correlations among different regimens. Finally, the 
generalizability of this study should be carefully considered because all the participants were Chinese and based 
in Taiwan.

Conclusion
The severity of CKD affects the treatment of DME. The less severe CKD is, the greater the visual improvements 
are. In addition, the poorer renal function is, the fewer anti-VEGF injections are required over 2 years. These 
results indicate that the active prevention of the progression of CKD may play a key role in the treatment of 
DME.

Data availability
The datasets generated and analysed during the current study are not publicly available due the restriction of 
institutional review board of Taipei Veterans General Hospital, but are available from the corresponding author 
on reasonable request.
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