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Abstract 

Background  Diabetic retinopathy (DR) is increasingly prevalent and a major cause of irreversible blindness, par-
ticularly in developing countries. Limited access to ophthalmologists often leads to delayed diagnosis, emphasizing 
the need for more affordable and widely accessible screening methods to facilitate early identification. Recently, 
several studies have demonstrated variability in findings regarding the relationship between leukocyte differential 
count ratio biomarkers and DR. This study aims to investigate the association between leukocyte differential count 
ratios—NLR (Neutrophil-to-Lymphocyte Ratio), PLR (Platelet-to-Lymphocyte Ratio), MLR (Monocyte-to-Lymphocyte 
Ratio), and SII (Systemic Immune-Inflammation Index)—and the stages of diabetic retinopathy (DR).

Methods  A comprehensive literature search was conducted across several databases up to September 2024, 
with a focus on identifying studies examining the relationship between the leukocyte differential count ratio profiles 
and diabetic retinopathy. Review Manager was used to conduct the meta-analyses. The Newcastle Ottawa Scale 
(NOS) were used to assess the included studies.

Results  A total of 38 studies were included in the systematic review and 27 studies were included in the meta-anal-
ysis. The mean differences in the NLR and PLR values were significantly different among the groups and were higher 
in the PDR group (0.68 (95%CI 0.42–0.95, p < 0.05) and 19.57 (95%CI 10.68–28.46, p < 0.05; respectively). These findings 
were followed by significant differences in SII value 202.53 (95% CI 196.19–208.86, p < 0.05). Moreover, the MLR values 
were not significantly different among the groups (p > 0.05).

Conclusion  NLR, PLR, and SII are associated with both the presence and progression of DR, with increasing levels 
of NLR and PLR reflecting a higher risk and severity of the disease. However, it is still necessary to justify the need 
to combine them with other clinical parameters to confirm the diagnosis.
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Introduction
Diabetic retinopathy (DR) is a leading cause of irrevers-
ible blindness, with its prevalence rising alongside the 
increasing burden of diabetes [1, 2]. In many develop-
ing countries, limited access to retina specialists leads to 
late-stage diagnoses, heightening the risk of vision loss. 
Early detection is crucial for preventing complications, 
yet access to ophthalmologic screening remains a chal-
lenge, particularly in resource-limited settings. Therefore, 
there is an urgent need for accessible and cost-effective 
biomarkers to facilitate early DR identification and risk 
stratification [2].

Inflammation plays a critical role in DR pathogenesis, 
contributing to endothelial dysfunction, microvascular 
damage, and increased vascular permeability [3, 4]. Pre-
vious studies have reported elevated levels of inflamma-
tory cytokines such as IL- 6 and TNF-α in DR patients 
[5]. However, these biomarkers require specialized labo-
ratory facilities, limiting their practicality for routine 
screening [6, 7].

Routine blood parameters, including leukocyte dif-
ferential count ratios, have emerged as potential 
inflammatory biomarkers due to their availability, cost-
effectiveness, and widespread use in clinical practice [8–
11]. Integrates neutrophils, platelets, and lymphocytes, 
provides a broader reflection of systemic inflammation 
and immune status. Among them, the neutrophil-to-lym-
phocyte ratio (NLR), platelet-to-lymphocyte ratio (PLR), 
monocyte-to-lymphocyte ratio (MLR), and systemic 
immune-inflammation index (SII) have been shown as 
better predictive value than differential count alone for 
inflammatory and vascular diseases, including diabetes. 
[8–11].

In recent years, several studies have reported elevated 
levels of NLR, PLR, MLR and SII in DR patients [10, 
12–14]. However, the findings remain inconsistent. The 
clinical relevance of these biomarkers in DR diagnosis 
and progression is still debated. A comprehensive evalu-
ation through meta-analysis is essential to determine 
whether these biomarkers can be effectively utilized in 
DR. This study aims to systematically review and analyze 
the association between NLR, PLR, MLR, and SII with 
DR through meta-analysis, evaluating their potential as 
screening and management tools, particularly in regions 
with limited ophthalmologic access.

Methods
Protocol and registration
This systematic review was carried out according to the 
Preferred Reporting Items for Systematic Review and 
Meta-analysis (PRISMA) Guidelines and registered in 
PROSPERO (CRD42024596414).

Eligibility criteria and outcomes of interest
Research studies could be considered for inclusion if they 
met the following criteria.

1.	 Population: Type 2 Diabetes Melitus (T2DM) 
patients with a history of diabetic retinopathy with or 
without diabetic macular edema

2.	 Intervention/Exposure: Leukocyte Differential Count 
Ratio (NLR, PLR, MLR, and SII)

3.	 Control: Healthy controls or diabetic patients with-
out diabetic retinopathy. If a study includes both, only 
diabetic patients without retinopathy are included in 
the analysis.

4.	 Outcome: The data are presented as the mean value 
with standard deviation (SD) for the NLR, PLR, MLR 
and SII

5.	 Designs: Randomized controlled trial (RCTs), pro-
spective and retrospective studies, case–control stud-
ies, case series, and cross-sectional studies. We also 
consider other designs if the data are represented.

For exclusion criteria were as follows: (1) Other types 
of diabetes and (2) combination or unspecified microvas-
cular complications in the study groups.

The NLR was defined as the ratio of neutrophils to lym-
phocytes. The PLR was defined as the ratio of platelets to 
lymphocytes. MLR was defined as the ratio of monocytes 
to lymphocytes. SII was defined as the neutrophil × plate-
let/lymphocyte count.

Search strategy
We employed medical subject headings (MeSH) and 
free text terms related to diabetic retinopathy and sys-
temic peripheral blood markers to identify related stud-
ies. We searched various databases, including PubMed, 
EBSCO, and ProQuest. The search strategy included the 
following terms: ["Diabetic Retinopathy"[MeSH Term] 
OR"Diabetic Complications"[MeSH Term] OR"Diabetic 
Retinopathy"[Text Word] OR"Diabetic Complications"[Text 
Word] OR"Diabetic Microvascular Complications"] 
AND ["Complete Blood Count"[MeSH Term] OR"Blood 
Cells"[MeSH Term] OR"Neutrophils"[MeSH Term] 
OR"Monocytes"[MeSH Term] OR"Platelets"[MeSH 
Term] OR"Lymphocytes"[MeSH Term] OR"Peripheral 
Blood Marker"[Text Word] OR"Neutrophil to Lympho-
cyte Ratio"[Text Word] OR"Monocyte to Lymphocyte 
Ratio"[Text Word] OR"Platelet to Lymphocyte Ratio"[Text 
Word] OR"Systemic Immune Inflammation Index"[Text 
Word]]. We also manually examined the reference lists 
of the included research and relevant reviews, searched 
Google Scholar to identify any potentially relevant articles. 
The exploration involved synonyms and variations of the 
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terms ‘diabetic retinopathy’ and ‘peripheral blood marker’. 
(see Supplementary File 1). We limited our search to arti-
cles published in English and full text. Incomplete data or 
missing data were excluded.

Data selection, collection and extraction
We managed the identified studies using the Mendeley 
reference manager. Initially, the studies will undergo a 
process of deduplication, and then they will be screened 
based on their titles and abstracts to assess their eligibil-
ity criteria. Two authors (OH and YSA) independently 
carried out this screening. In the event of any disagree-
ments during the selection process or quality assessment, 
these issues were discussed with other authors to reach a 
consensus (EG, NS, ASK). Relevant data were extracted 
to perform a qualitative synthesis. The extracted data 
included the author, year of study, study design, number 
of participants, eligibility criteria, stages of diabetic retin-
opathy (if any), systemic peripheral blood marker, and 
statistical value.

Risk of bias assessment
The Newcastle Ottawa Scale (NOS) was used to evalu-
ate the quality of the case–control, cross-sectional, and 
cohort studies. A study’s overall score of 7–9 indicated a 
low risk of bias, a score of 5–6 indicated some concerns 
or a moderate risk of bias, and a score of < 5 indicated a 
high risk of bias (Fig. 7).

Data analysis
A comprehensive qualitative analysis were conducted to 
provide a summary and explanation of the characteristics 
of the included studies. Moreover, this synthesis explores 
the relationships among studies. We performed a meta-
analysis using the random effects model. The overall 
impact assessment involves the analysis of continuous 
data using mean differences. To assess statistical hetero-
geneity, we utilized the I2 statistic (p < 0.05 or I2 ≥ 50). The 
relevant information was merged and calculated using 
the statistical software Review Manager version 5.4.

Sensitivity analysis and publication bias
We conducted sensitivity analyses using multiple 
approaches to evaluate the reliability of the meta-analysis 
results. Subgroup analyses were performed for NPDR and 
PDR groups. Additionally, leave-one-out analyses were 
carried out to assess the impact of individual studies on 
the overall pooled estimate by systematically excluding 
one study at a time. Meta-regression was also performed 
to examine potential sources of variability. Publication 
bias was assessed through visual inspection of funnel plot 
asymmetry, complemented by Egger’s test and the Trim-
and-Fill method for further statistical validation.

Results
Baseline characteristics
A total of 2.589 studies were identified through database 
searches and manual exploration (Fig. 1). After removal, 
546 studies underwent initial screening based on their 
titles and abstracts. Out of these, 63 studies were further 
assessed to determine their eligibility criteria. A total of 
38 studies were included for final review (Fig. 1).

A total of 27 eligible studies were in the pooled anal-
ysis. The total number of participants in our studies 
included 11,930 individuals with T2DM. The included 
studies revealed that hematologic biomarkers such as the 
NLR, MLR, PLR, and SII related to the presence of dia-
betic retinopathy complications in patients with T2DM. 
For a comprehensive overview of the study characteris-
tics, refer to Table 1.

NLR and DR
Sixteen studies were included in the meta-analyses of the 
NLR and DR (Fig.  2). The analyses revealed a mean dif-
ference of 0.52 (95% CI: 0.37–0.68, p < 0.05) with high 
heterogeneity (I2 = 92%, p < 0.05). These results suggest a 
significant difference and association between a higher 
NLR and DR. Furthermore, we analyzed the value of the 
NLR in the NPDR and PDR groups, involving nine and ten 
studies, respectively. The overall mean difference between 
NPDR and PDR was statistically significant at 0.48 (95%CI: 
0.36–0.61, p < 0.05). In the subgroup analysis, the NPDR 
group had a mean difference of 0.38 (95%CI: 0.25–0.51, 
p < 0.05), and the PDR group showed a mean difference 
of 0.68 (95%CI 0.42–0.95, p < 0.05) compared to control. 
These results consistently indicate a higher value of NLR 
associated with the stages of DR, which also indicates that 
the PDR stages is greater than the NPDR stage.

PLR and DR
For the PLR and DR meta-analyses, we included a total of 
eight studies in the DR group, seven studies in the NPDR 
group, and six studies in the PDR group (Fig.  3). There 
was a mean difference of 12.31 (95% CI: 7.63–17.00, p < 
0.05) with low heterogeneity (I2 = 10%, p < 0.05) in the 
DR group. Furthermore, for the DR stages, the overall 
mean difference effect was consistent with the mean dif-
ference results. According to the subgroup analyses, the 
NPDR group presented a mean difference of 8.51 (95%CI: 
3.13–13.89, p < 0.05), followed by the PDR group, which 
presented a mean difference of 19.57 (95%CI: 10.68–
28.46, p < 0.05) (Fig. 6A and B). These results suggest that 
a higher PLR is associated with stages of DR.

MLR and DR
In the MLR and DR meta-analyses, we included four 
studies for DR, eight studies for NPDR and seven 
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studies for the PDR group (Figs. 4 ). The DR group analy-
sis revealed an insignificant mean difference, showing 
consistent results in subgroup analysis (0.02 (95% CI − 
0.02–0.06, p > 0.05)).

SII and DR
Five studies included in DR and subgroup analyses. 
The forest plot of the SII revealed that the value of the 
mean difference in the SII differed across DR stages. 
In the NPDR group, the value of mean difference was 
89.39 (95%CI 30.80–147.98, p < 0.05) greater than that 
in the control. In the PDR group, the mean difference 
was 202.53 (95% CI 196.19–208.86, p < 0.05) was higher 
compared to control. The overall mean difference effects 
were significant in two groups with significant tests for 
subgroup differences (I2 = 99%, p < 0.05). However, small 
study plots may had small clinical effects (Fig. 5).

Risk of bias assessment
The quality assessment of the 38 included studies identi-
fied six studies with a high risk of bias and nine studies 
with a moderate risk of bias (Fig.  6). Funnel plots sug-
gest a possibility of publication bias (Fig. 7). Figure 7A–D 
show slight asymmetry in the funnel plots, supporting 
the possibility of publication bias in pooled NLR and PLR 
studies. Figure  7E and F show asymmetry in the funnel 
plots and a small-study effect in MLR studies. Figure 7G 
indicates symmetry in the funnel plots, but this may be 
insignificant due to the small number of SII studies.

Sensitivity analysis and publication bias
To ensure the reliability of our findings, we conducted 
a Trim-and-fill analysis and Egger’s regression test to 
assess and adjust for potential publication bias in our 
meta-analysis. For NLR, Egger’s regression test indi-
cated significant publication bias (t = 2.90, df = 19, 

Fig. 1  PRISMA diagram flow
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p = 0.009). However, the intercept test was not sig-
nificant (R2 = 30.62%, t = 1.54, p = 0.139), suggesting 
that small-study effects may not be the primary cause 
of funnel plot asymmetry. The initial random-effects 

model reported an MD of 0.585 (95% CI: 0.566–0.605, 
p < 0.05), which was adjusted to an MD of 0.485 
(95% CI: 0.357–0.613, p < 0.05) using the Trim-and-
Fill method, with no studies trimmed. Despite the 

Fig. 2  Forrest plot and subgroup analysis of NLR in NPDR and PDR groups. NLR: Neutrophil-to-lymphocyte Ratio; NPDR: Non-Proliferative Diabetic 
Retinopathy; PDR: Proliferative Diabetic Retinopathy
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persistence of significant heterogeneity (p < 0.05), the 
adjusted model provides a more balanced estimate of 
the NLR value.

For PLR, Egger’s regression test also indicated publi-
cation bias (t = 4.21, df = 13, p = 0.001), while the inter-
cept test was not significant (R2 = 59.58%, t = 1.32, p = 
0.21). The initial model estimated a pooled proportion 
of 12.192 (95% CI: 7.809–16.575, p < 0.05), which was 
adjusted to 11.324 (95% CI: 6.187–16.496, p < 0.05) after 
adding two hypothetical studies via the Trim-and-Fill 
method. The adjusted model also provides a more bal-
anced PLR value; however, the heterogeneity remained 
insignificant (p < 0.05).

For MLR studies, Egger’s regression test revealed pub-
lication bias (t = − 5.05, df = 13, p = 0). However, both 
the initial random-effects model and the Trim-and-Fill 
method yielded insignificant pooled effect results (p = 
0.157 and p = 0.859, respectively), with high heterogene-
ity (p = 0.001).

For SII studies, the initial random-effects model esti-
mated an MD of 141.489 (95% CI: 138.352–144.626, p = 
0), which was adjusted to an MD of 125.341 (95% CI: 
83.723–166.959, p = 0) using the Trim-and-Fill method. 
This result indicates an unbalanced pooled estimate of 
the SII value with high heterogeneity. Due to the lim-
ited number of studies, Egger’s regression intercept test 
could not be conducted.

Additionally, we performed a meta-regression analy-
sis to examine the relationship between mean NLR and 
PLR in DR subgroups and two independent variables: 
HbA1c levels and diabetes duration. HbA1c showed a 
weak positive but statistically insignificant association 
with NLR (β = 0.2643, 95% CI: − 0.1589 to 0.6876, p = 
0.205), with an adjusted R-squared value indicating 
that approximately 30% of the variability in mean DR 
is explained by mean HbA1c levels. Similarly, diabetes 
duration exhibited a positive but insignificant asso-
ciation with NLR (β = 2.9475, 95% CI: − 17.3061 to 

Fig. 3  Forrest plot and subgroup analysis of PLR in NPDR and PDR groups. PLR: Platelet-to-lymphocyte Ratio; NPDR: Non-Proliferative Diabetic 
Retinopathy; PDR: Proliferative Diabetic Retinopathy
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23.2010, p = 0.227), with an adjusted R-squared value 
indicating 59.58% variability (Fig. 8 and Table 2).

Discussion
The use of differential count ratio profiles as inflam-
matory markers in DR has been widely discussed. Bio-
markers such as the NLR, PLR, MLR, and SII are easily 
accessible and cost-effective. However, their specific-
ity and clinical applicability remain subjects of ongo-
ing investigation. While some studies highlight their 
potential utility in reflecting systemic inflammation 
and disease progression, others emphasize the influ-
ence of confounding factors, including comorbidi-
ties and individual variations in immune response [5, 
12, 49, 50]. This meta-analysis aims to elucidate their 
relevance in DR by synthesizing data from multiple 
studies.

The key findings in our meta-analysis demonstrate that 
NLR, PLR, and SII were significantly elevated in patients 
with DR, with the highest values observed in those 
with PDR. These results suggest a potential association 
between systemic inflammation and DR severity. In con-
trast, MLR did not exhibit a consistent difference among 
study groups, indicating its limited utility as a biomarker 
for DR progression.

The precise mechanisms linking differential count ratio 
profiles to DR pathogenesis remain incompletely under-
stood. DR is recognized as a multifactorial disease, with 
chronic inflammation playing a critical role in its devel-
opment. Several systemic inflammatory markers, includ-
ing CRP and interleukin, have been associated with DR, 
reflecting the persistent inflammatory state that contrib-
utes to retinal microvascular damage. Hyperglycemia-
induced oxidative stress and endothelial dysfunction may 

Fig. 4  Forrest plot and subgroup analysis of MLR in NPDR and PDR groups. MLR: Monocyte-to-lymphocyte Ratio; NPDR: Non-Proliferative Diabetic 
Retinopathy; PDR: Proliferative Diabetic Retinopathy
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underlie the observed alterations in NLR, PLR, and SII 
among DR patients.

Previously, HbA1 C have been identified as predictor 
in DR stages in some studies [51–53]. Our meta-regres-
sion analysis showed an insignificant positive association 
between HbA1c and NLR in DR subgroups, suggest-
ing that while an increase in HbA1c is associated with 
a rise in NLR values, it may not be the sole determinant 
of DR stages and does not fully explain the variability 
across studies. HbA1c may reflects systemic hyperglyce-
mia and indicate ongoing systemic inflammation. How-
ever, since HbA1c represents blood glucose levels over 
the past two months [53], it does not fully represent the 
chronic nature of DR pathology. Some studies also sug-
gested that even after prolonged normalization of blood 
glucose levels, inflammatory damage may be irreversible 
[54, 55]. Additionally, our analysis found an insignificant 
positive association between the duration of diabetes 
and PLR in DR subgroups, indicating that a longer dura-
tion of diabetes may be linked to increased PLR values, 
as reported in previous studies. Since diabetes dura-
tion is often self-reported, it may introduce bias. Many 
individuals seek medical attention only after symptoms 
appear, making it difficult to accurately determine the 
disease’s exact onset.

The findings of this meta-analysis should be interpreted 
considering the strengths and limitations of the included 
studies. This study incorporates a comprehensive lit-
erature search, rigorous eligibility criteria, and statistical 
analyses to address potential bias. The use of Egger’s test 
and trim-and-fill methods adjust for publication bias and 
enhances reliability of the findings. Moreover, this study 
provides a comprehensive perspective on their poten-
tial role in DR screening and risk stratification. Among 
these markers, NLR and PLR may be useful for assessing 
systemic inflammation in DR. The observed elevation in 
PLR highlights the possible involvement of platelets in 
inflammation and endothelial dysfunction, although fur-
ther studies are required to determine its specificity [56, 
57]. SII, which integrates neutrophil, platelet, and lym-
phocyte counts, offers a more comprehensive inflamma-
tory profile and may enhance its utility in DR assessment. 
In contrast, the limited significance of MLR suggests that 
monocyte activity alone may not be a primary driver of 
DR pathogenesis.

Despite the rigorous methodology employed in this 
meta-analysis, certain limitations must be acknowl-
edged. First, the relatively small number of studies 
included in specific analysis such as Egger’s test and 
Meta-regression for SII and MLR. This may reduce the 

Fig. 5  Forrest plot and subgroup analysis of SII in NPDR and PDR groups. Systemic immune-inflammation index; NPDR: Non-Proliferative Diabetic 
Retinopathy; PDR: Proliferative Diabetic Retinopathy
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Fig. 6  Risk of bias of included study
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Fig. 7  Funnel plots. A Funnel plots of NLR in DR. B Funnel Plots of NLR in NPDR and PDR. C Funnel plots of PLR in DR. D Funnel Plots of PLR 
in NPDR and PDR. E Funnel plots of MLR in DR. F Funnel Plots of MLR in NPDR and PDR. G Funnel Plots of SII in DR, NPDR and PDR. MLR: 
Monocyte-to-lymphocyte Ratio; NLR: Neutrophil-to-lymphocyte Ratio; PLR: Platelet-to-lymphocyte Ratio; NPDR: Non-Proliferative Diabetic 
Retinopathy; PDR: Proliferative Diabetic Retinopathy
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statistical power and restrict the ability to draw the 
definitive conclusions. Second, although there were 
slight publication bias, the heterogeneity remained 
high, particularly in NLR studies. The secondary data in 
microvascular complication and population may affect 
the variability in included studies. Furthermore, the 
development of DME may contribute to variations in 
study findings since not all studies assess DME status in 
DR. This could serve as a basis for further exploration 
of the impact of DME on elevated leukocyte differential 
count ratio profiles.

Our findings suggest that NLR, PLR, and SII could 
serve as an accessible and cost-effective adjunct for iden-
tifying at-risk patients, particularly in resource-limited 

settings, although it may not replace existing diagnostic 
tools. Further research, such as prospective cohort stud-
ies are needed to validate their clinical application and to 
explore their integration with other diagnostic modalities 
to enhance DR detection and monitoring. This may be an 
interesting focus for future studies.

Conclusion
This study showed that NLR, PLR, and SII are associ-
ated with both the presence and progression of DR, 
with increasing levels of NLR and PLR reflecting a 
higher risk and severity of the disease. We propose 
that the leukocyte differential count ratio test, particu-
larly the evaluation of the NLR and PLR, may serve as 

Fig. 8  Meta-regression analysis in DR subgroup. A and B Meta-regression of HbA1c and Duration of Diabetes based on NLR values. The regression 
line indicates a slight positive trend between HbA1c and NLR, while showing a slight negative trend between diabetes duration and NLR. C and D 
Meta-regression of HbA1c and Duration of Diabetes based on PLR values. The regression line demonstrates a negative trend between HbA1c 
and PLR, whereas it exhibits a positive trend between diabetes duration and PLR. HbA1c: Hemoglobin A1 C; NLR: Neutrophil-to-lymphocyte Ratio; 
PLR: Platelet-to-lymphocyte Ratio
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additional practical and cost-effective screening tools 
for detecting DR in T2DM patients. This particularly 
valuable in areas with limited access to ophthalmolo-
gists. Thus, healthcare can identify high-risk individu-
als who may benefit from more comprehensive eye 
examinations. However, it is still necessary to justify 
the need to combine them with other clinical param-
eters to confirm the diagnosis.
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