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Introduction: Retinopathy is a multifactorial disease influenced by metabolism,

immunity, inflammation, and other factors. The C-reactive protein-albumin-

lymphocyte (CALLY) index is a novel immunonutritional score that has shown

promise in various health contexts. This study aims to investigate the association

between the CALLY index and retinopathy risk, and to compare its predictive

performance with other established inflammatory markers.

Methods: Data from 5,439 participants in the 2005–2008 National Health and

Nutrition Examination Survey (NHANES) were utilized. Multivariable-weighted

logistic regression was employed to assess the association between the CALLY

index and retinopathy risk. Additionally, the predictive performance of the CALLY

index was compared with other inflammatory markers. Mediation analysis was

conducted to explore potential mediating factors in the association between the

CALLY index and retinopathy.

Results: Multivariable-weighted logistic regression revealed a significant inverse

association between the CALLY index and retinopathy risk (OR = 0.96, 95% CI =

0.94–0.98, P = 0.002). Participants in the highest CALLY index quartile exhibited

a markedly lower risk of retinopathy (P < 0.001). The CALLY index demonstrated

superior predictive performance compared to other inflammatory markers, with

an area under the curve (AUC) of 0.672 (95% CI = 0.643–0.701). Mediation

analysis indicated that high-density lipoprotein (HDL) levels partially mediated

the association between the CALLY index and retinopathy.

Discussion: These findings highlight the CALLY index as a reliable, independent

biomarker for retinopathy risk assessment, outperforming traditional

inflammatory markers and oering potential clinical value for early identification

of retinopathy in individuals with chronic diseases.

KEYWORDS

retinopathy, CALLY, inflammation, chronic disease, NHANES

1 Introduction

Retinopathy is a common ophthalmic condition characterized by complex

pathophysiological mechanisms involving metabolic dysregulation, chronic inflammation,

and vascular dysfunction. It is strongly associated with systemic diseases such as diabetes

and hypertension. Diabetic retinopathy (DR), the most common cause of retinal disease, is

a leading cause of vision loss among individuals with diabetes, with its pathogenesis closely

linked to inflammatory responses, oxidative stress, and microvascular complications

(1–3). Currently, the global prevalence of hypertension and diabetes is continuously rising,

and it is expected that the global burden of retinopathy will significantly increase in the

coming decades.
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Currently, biomarkers commonly used for retinopathy risk

prediction include traditional markers such as HbA1c and blood

pressure, as well as emerging biomarkers such as neutrophil-

lymphocyte ratio (NLR), monocyte-lymphocyte ratio (MLR),

and C-reactive protein (CRP) and so on (4, 5). However, these

markers are typically singular and reflect only one aspect of

the patient’s condition. CRP, albumin (ALB), and lymphocyte

count are critical biomarkers reflecting inflammation, nutritional

status, and immune function, respectively. The C-reactive

protein-to-albumin-to-lymphocyte (CALLY) index, a composite

metric integrating these indicators, provides a comprehensive

assessment of systemic inflammation and immunonutritional

status (3, 6). Although the CALLY index has demonstrated

prognostic value in various chronic diseases and malignancies,

its application and relevance in retinopathy remain insufficiently

explored. We conducted a study utilizing data from the 2005–2008

National Health and Nutrition Examination Survey (NHANES)

to investigate the relationship between the CALLY index and

retinopathy among U.S. adults. Additionally, high-density

lipoprotein (HDL) has been shown to play a significant role in

reducing inflammation, oxidative stress, and improving vascular

health, all of which are key factors in the progression of retinopathy

(7). We examined HDL whether levels mediate the association

between the CALLY index and retinopathy. Elucidating this

relationship could advance our understanding of the roles of

inflammation and immunonutritional status in retinopathy

pathogenesis and provide novel insights for early screening and

intervention strategies.

2 Materials and methods

2.1 Data and study participants

We conducted a cross-sectional analysis using data from the

2005–2008 NHANES, a comprehensive program managed by

the National Center for Health Statistics. NHANES serves as a

critical resource for evaluating the health and nutritional status of

the U.S. population through extensive interviews, which capture

demographic, socioeconomic, and dietary information, as well as

detailed medical examinations performed by qualified healthcare

professionals, including assessments of blood biomarkers. This

study was approved by the Institutional Review Board of

the National Center for Health Statistics (Protocol #2005-06,

Continuation #2005-06), and all participants provided written

informed consent.

A total of 20,497 participants were initially included. Of these,

14,796 individuals were excluded due to missing ophthalmology

data, 238 due to missing serum albumin data, and 24 due to

missing complete blood count data. After these exclusions, the

final analytical sample comprised 5,439 participants. The detailed

participant selection process is illustrated in Figure 1.

2.2 Date collection

Complete blood counts were analyzed using a Coulter HMX

Hematology Analyzer, with results for neutrophils, platelets,

FIGURE 1

The flow diagram of the study participants, from NHANE

2005–2008.

monocytes, and lymphocytes reported in standardized units of

×103 cells/µL. The primary focus of our study was the CALLY

index, a novel metric derived from albumin levels, lymphocyte

counts, and C-reactive protein (CRP) values. This index integrates

key biomarkers to provide a comprehensive assessment of systemic

immunonutritional status, offering potential insights into its

association with retinopathy risk. Specifically, the CALLY index

was calculated as [(Albumin in g/L) ∗ (Lymphocyte count in 1,000

cells/uL)]/(CRP in mg/dL).

Additionally, we also examined the associations of the systemic

immune-inflammation index (SII), systemic inflammation

response index (SIRI), monocyte-to-lymphocyte ratio (MLR), and

neutrophil-to-lymphocyte ratio (NLR) with retinopathy.

CALLY index =
Albumin ∗ Lymphocyte

CRP

SII index =
Platelet counts ∗ Neutrophil counts

Lymphocyte counts

SIRI index =
Monocyte counts ∗ Neutrophil counts

Lymphocyte counts

MLR index =
Monocyte counts

Lymphocyte counts

NLR index =
Neutrophil counts

Lymphocyte counts

2.3 Assessment of retinopathy

Two retinal color photographs were taken for each participant

using the Canon CR6-45NM Ophthalmic Digital Imaging System

and the Canon CR4-45NM fundus camera: one centered on

the optic disc and the other on the macular region. These

images were sent to the University of Wisconsin Department

of Ophthalmology for further quality assessment and grading.
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Retinal status was evaluated using the Early Treatment Diabetic

Retinopathy Study (ETDRS) grading scale. Eyes with higher

severity levels of retinopathy (grades 14–80) were classified as

having retinopathy. For more detailed criteria and classifications

of retinopathy diagnosis in the NHANES database, please

refer to https://wwwn.cdc.gov/Nchs/Nhanes/2005-2006/OPXRET_

D.htm#OPDUARMA.

2.4 Covariates assessment

We included demographic details, lifestyle factors, and

potential confounders as covariates in the analysis. Demographic

variables included age (≤60, >60), sex, race/ethnicity (Mexican

American, non-Hispanic Black, non-Hispanic White, and other

race—including multiracial), education level (less than high school,

high school graduate, and college or above), and poverty-to-

income ratio (PIR; ≤1, 1–3, ≥3). Lifestyle factors such as smoking

status (SMQ040 code), alcohol consumption (ALQ101 code),

and physical activity were also considered. Physical activity is

defined as “moderate-intensity activity,” such as running or playing

basketball, that significantly increases breathing or heart rate for

at least 10min continuously (Please refer to 2005–2006 cycle,

PAD200 code, and 2007–2008 cycle, PAQ650 code). Additionally,

comorbidities such as hypertension (BPQ020 code) and diabetes

(DIQ010 code) were included in the analysis. The estimated

glomerular filtration rate (eGFR) is calculated based on serum

creatinine, with the serum creatinine (Scr) code URXCUR. The

formula is as follows (8):

For females: eGFR = 144× (Scr/0.7) ∧ (-0.329)× (0.993)∧Age

For males: eGFR = 144× (Scr/0.9) ∧ (-0.411)× (0.993)∧Age

Participants with missing data >10% were excluded. Multiple

imputation was used to estimate the missing data for covariates.

2.5 Statistical analysis

Considering the complex, stratified, and probability-based

sampling design of the NHANES database, we conducted

weighted analyses using WTINT2YR. Continuous variables were

described as means ± standard deviations (SD), while categorical

variables were expressed as percentages. The relationship between

inflammatory markers and retinopathy was analyzed using

univariate and multivariate logistic regression. For preliminary

analyses, the continuous CALLY index was categorized into

quartiles. The association between the CALLY index and

retinopathy was assessed using three weighted logistic regression

models: Model 1 (unadjusted), Model 2 (adjusted for sex, age,

and race/ethnicity), and Model 3 (further adjusted for sex,

age, race/ethnicity, education level, PIR, BMI, smoking, alcohol,

hypertension, diabetes, eGFR and physical activity). The decision

tree model was used to validate the quartile cutoff values of the

CALLY index. The dose-response relationship between the CALLY

index and retinopathy was further evaluated using restricted cubic

spline (RCS) models. Subgroup analyses were conducted based on

age, sex, BMI, PIR, alcohol, smoke, hypertension, diabetes, and

physical activity with interaction effects assessed by the p-value

between the CALLY index and stratification factors. Mediation

analysis was performed to determine whether HDL levels mediated

the association between the CALLY index and retinopathy. The

total effect (TE) represented the direct association between the

CALLY index and retinopathy. The indirect effect (IE) reflected

the influence of HDL as a mediator, while the direct effect (DE)

captured the association between the CALLY index and retinopathy

after adjusting for HDL levels.

Diagnostic performance was evaluated using receiver operating

characteristic (ROC) curves and the area under the curve (AUC)

for the CALLY index and other inflammatory markers, including

SII, SIRI, MLR, and NLR. All statistical analyses were performed

using R software (version 4.2.0) and relevant R packages. A p-value

< 0.05 was considered statistically significant.

3 Results

3.1 Baseline characteristics

In this study, participants were categorized into a retinopathy

group and a non-retinopathy group based on the presence of

retinopathy. Among the 5,439 participants, 50.2% were male and

49.8% were female. Compared to the non-retinopathy group,

the retinopathy group had a higher proportion of males, older

individuals, non-Hispanic White, participants with a poverty-to-

income ratio (PIR) of 1–3, and those with a history of hypertension

or diabetes. Additionally, the retinopathy group included more

drinkers and individuals engaging in less physical activity. Baseline

characteristics also revealed that participants in the retinopathy

group had lower BMI and HDL levels, but higher CRP levels

compared to those in the non-retinopathy group. In addition,

NLR was significantly higher in the retinopathy group compared

to the non-retinopathy group (P < 0.05), while no significant

differences were observed for other inflammatory markers between

the two groups. These differences in baseline characteristics

were statistically significant (P < 0.05). For detailed baseline

characteristics, refer to Table 1.

We further analyzed the relationship between the CALLY index

and other inflammatory markers (SII, SIRI, MLR, NLR) with

retinopathy using logistic regression. Univariate logistic regression

revealed a significant association between NLR and CALLY with

retinopathy (NLR: OR, 1.69; 95% CI: 1.38–1.88, P < 0.001. CALLY:

OR, 0.95; 95% CI: 0.91–0.99, P < 0.001). After adjusting for other

potential confounders, these associations remained significant (see

detailed results in Supplementary Table S1).

3.2 The relationships of CALLY index and
retinopathy

Among the 5,439 participants included in the study, the

prevalence of retinopathy was 12.4% (673/5,439). Three models

were constructed to examine the association between the CALLY

index and retinopathy risk (Table 2). In Model 1, the odds ratio

(OR) and 95% confidence interval (CI) were 0.95 (0.91–0.99; P

< 0.001), indicating that each unit increase in the CALLY index
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TABLE 1 Characteristics of the study population from NHANES 2005–2008.

Overall (n = 5,439) No-retinopathy (n = 4,763) Retinopathy (n = 673) P-value

Age (years) 60.88± 12.58 60.12± 12.97 62.33± 11.71 <0.001

Gender (%) <0.001

Male 50.2 49.4 56.3

Female 49.8 50.6 43.7

Race/ethnicity (%) 0.556

Mexican American 15.6 15.3 18.3

White 54.7 56.4 43.1

Black 19.6 18.2 28.4

Other 10.1 10.1 10.2

Education level (%) 0.349

Less than high school 14.1 13.3 19.9

High school 14.9 14.4 18.7

More than high school 71.0 72.3 61.4

Marital status (%) 0.183

Married/living with partner 64.2 64.3 63.9

Divorced/separated/widowed 30.0 29.0 29.9

Never married 6.8 6.7 6.2

Poverty (%) <0.001

<1 16.6 19.5 22.0

1–3 40.9 37.8 46.5

≥3 42.5 42.8 31.5

Smoking status (%) 0.374

Every day 17.7 17.9 17.1

Some day 2.4 2.4 2.4

Not at all 79.9 79.7 80.5

BMI (kg/m2) 28.48± 5.72 27.94± 5.88 29.56± 6.01 0.050

Alcohol (%) <0.001

Yes 68.3 69.1 62.8

No 31.7 30.9 37.2

Hypertension (%) <0.001

Yes 45.6 43.6 59.9

No 54.4 56.4 40.5

Physical activity <0.001

Yes 20.2 21.0 14.3

No 79.8 79.0 85.8

Diabetes <0.001

Yes 17.4 13.3 45.8

No 82.6 86.7 54.2

eGFR (mL/min/1.73 m2) 107.72± 15.19 108.13± 14.42 106.99± 15.70 0.06

CRP (mg/dL) 0.50± 0.89 0.47± 0.87 0.70± 1.00 0.002

WBC (1,000 cells/dL) 7.19± 2.30 7.19± 2.30 7.19± 2.26 0.145

(Continued)
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TABLE 1 (Continued)

Overall (n = 5,439) No-retinopathy (n = 4,763) Retinopathy (n = 673) P-value

PLT (1,000 cells/dL) 266.64± 69.76 267.96± 69.17 257.29± 73.21 0.094

Monocyte (1,000 cells/dL) 0.56± 0.19 0.56± 0.19 0.55± 0.18 0.112

Lymphocyte (1,000 cells/dL) 2.13± 1.22 2.13± 1.24 2.13± 1.08 0.194

Neutrophils (1,000 cells/dL) 4.28± 1.62 4.24± 1.64 4.53± 1.50 0.115

Creatinine (mg/dL) 41.70± 3.12 41.9± 3.06 40.26± 3.16 0.092

HDL (mg/dl) 1.38± 0.41 1.39± 0.42 1.33± 0.38 0.010

CALLY 749.56± 1251.98 801.95± 1299.67 378.33± 737.56 <0.001

SII 598.84± 359.01 595.93± 360.45 619.45± 348.69 0.112

SIRI 1.26± 0.87 1.25± 0.89 1.31± 0.73 0.094

MLR 0.29± 0.13 0.29± 0.13 0.29± 0.13 1.000

NLR 2.24± 1.18 2.21± 1.17 2.43± 1.20 <0.001

Mean± SD for continuous variables: P-value was calculated by weighted linear regression.

% for categorical variables: P-value was calculated by weighted chi-square test. BMI, body mass index; eGFR, estimated Glomerular Filtration Rate; CRP, C-reactive protein; WBC, white

blood cell; PLT, platelet; HDL, high-density lipoprotein; SII, systemic immune-inflammation index; SIRI, systemic inflammation response index; MLR, monocyte-to-lymphocyte ratio; NLR,

neutrophil-to-lymphocyte ratio.

Bold indicates that the P-value is statistically different.

TABLE 2 Association of CALLY index and retinopathy.

Model 1 Model 2 Model 3

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

Q1 Ref — Ref — Ref —

Q2 0.56 (0.46, 0.69) <0.001 0.57 (0.46, 0.70) <0.001 0.63 (0.50, 0.79) <0.001

Q3 0.41 (0.33, 0.51) <0.001 0.43 (0.33, 0.52) <0.001 0.44 (0.34, 0.56) <0.001

Q4 0.18 (0.13, 0.24) <0.001 0.19 (0.14, 0.25) <0.001 0.24 (0.17, 0.32) <0.001

CALLY 0.95 (0.91, 0.99) <0.001 0.95 (0.92, 0.98) 0.002 0.96 (0.94, 0.98) 0.002

≤354 Ref — Ref — Ref —

>354 0.38 (0.32, 0.45) <0.001 0.39 (0.33, 0.46) <0.001 0.43 (0.35, 0.52) 0.003

Model 1 was adjusted for none.

Model 2 was adjusted for age, gender and race.

Model 3 was adjusted for sex, age, race/ethnicity, education level, PIR, BMI, smoking, alcohol, hypertension, diabetes, eGFR and physical activity. OR, odds ratio; CI, confidence interval.

was associated with a reduced risk of retinopathy. This association

persisted in Model 2 (OR: 0.95; 95% CI: 0.92–0.98; P = 0.002)

and Model 3 (OR: 0.96; 95% CI: 0.94–0.98; P = 0.002), even

after adjusting for potential confounders. The decision tree model

demonstrated that the accuracy of CALLY in predicting retinopathy

was 87.9%. Please refer to Supplementary Figure S1 for details.

RCS analysis revealed a non-linear relationship between the

CALLY index and retinopathy risk (P < 0.001; Figure 2A). Further

analysis using a two-piece linear regression model identified a

threshold effect at a CALLY index of 354 (Table 2, Figure 2B).

Specifically, participants with a CALLY index>354 exhibited a 57%

lower likelihood of developing retinopathy compared to those with

a CALLY index ≤354.

3.3 Subgroup analysis and interaction

The subgroup analysis revealed that the association between

CALLY and retinopathy varied across different groups. A stronger

association was observed in males compared to females. In

terms of age, the association was significant in individuals

aged over 60 years. Higher BMI and the PIR > 3 were also

associated with a stronger relationship between CALLY and

retinopathy. Additionally, alcohol consumption and smoking were

significantly associated with the CALLY-retinopathy relationship.

The association was stronger in individuals with hypertension

and diabetes. Overall, sex, age, BMI, PIR, lifestyle factors (alcohol

consumption, smoking), and chronic conditions (hypertension,

diabetes) play important roles in modulating the relationship

between CALLY and retinopathy. Detailed subgroup-specific

findings are provided in Supplementary Figure S2.

3.4 Relationships between CALLY, and HDL

We constructed three models to perform linear analyses.

The results showed that in the univariate linear regression

model, CALLY was significantly positively associated with HDL

levels (β = 448, 95% CI: 368–527, P < 0.001). Similarly,

in the multivariate linear regression model adjusted for sex,
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FIGURE 2

The dose-response relationship (A) and the two-piecewise linear regression (B) between CALLY and the prevalence of retinopathy.

TABLE 3 Association between CALLY and HDL.

Model 1 Model 2 Model 3

β (95% CI) P-value β (95% CI) P-value β (95% CI) P-value

CALLY 448, (368, 527) <0.001 546, (462, 630) <0.001 530, (444, 617) <0.001

Model 1 was adjusted for none.

Model 2 was adjusted for age, gender and race.

Model 3 was adjusted for sex, age, race/ethnicity, education level, PIR, BMI, smoking, alcohol, hypertension, diabetes, eGFR and physical activity. OR, odds ratio; CI, confidence interval; HDL,

high-density lipoprotein.

Bold indicates that the P-value is statistically different.

age, race/ethnicity, education level, PIR, BMI, smoking, alcohol

consumption, hypertension, diabetes, eGFR and physical activity,

CALLY remained significantly positively associated with HDL

levels (β = 530, 95% CI: 444–617, P < 0.001).

HDL concentrations were further categorized into quartiles. In

the univariate model, participants in the Q4 group had a 34% lower

risk of developing retinopathy compared to those in the Q1 group

(OR 0.66, 95% CI: 0.52–0.83, P < 0.001). In the multivariate model,

after adjusting for potential confounders, participants in the Q4

group had a 23% lower risk of retinopathy compared to those in

the Q1 group (OR 0.77, 95% CI: 0.61–0.85, P = 0.02). For more

detailed results, please refer to Tables 3, 4.

3.5 Mediation analysis

To further investigate whether HDL levels mediate the

relationship between CALLY and retinopathy, we conducted a

mediation analysis. In this model, CALLY was treated as the

independent variable, retinopathy as the dependent variable, and

HDL as the mediator. The confounding factors included sex,

age, race/ethnicity, education level, PIR, BMI, smoking, alcohol

consumption, hypertension, diabetes, eGFR, and physical activity.

As illustrated in Figure 3, CALLY exerted a significant indirect

effect on the occurrence of retinopathy through HDL levels, with

an IE of −1.15 × 10−6 (95% CI: −0.0002 to −0.0000). This

indicates that HDL partially mediates the relationship between

CALLY and retinopathy.

Even after adjusting for HDL levels, CALLY maintained a

significant inhibitory effect on retinopathy, with a DE of −2.81 ×

10−5 (95% CI: −0.0003 to −0.0000). These findings suggest that

∼3.92% of the total effect of CALLY on retinopathy is mediated

through HDL.

3.6 ROC analysis

To evaluate and compare the predictive capacity of CALLY

with other inflammatory biomarkers, including SII, SIRI, MLR,

and NLR, we calculated the area under the curve (AUC) values, as

shown in Figure 4. Our findings revealed that CALLY exhibited a

higher AUC value compared to the other inflammatory biomarkers.

4 Discussion

Using the NHANES database, our study provides novel

evidence that CALLY is significantly and inversely associated with

the prevalence of retinopathy. Specifically, higher CALLY levels

correlate with a reduced risk of retinopathy. This association

persists even after adjusting for potential confounding factors,

suggesting that CALLY may serve as a predictive marker for the

occurrence and progression of retinopathy.
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TABLE 4 Association between HDL and retinopathy.

Model 1 Model 2 Model 3

OR (95%CI) P-value OR (95%CI) P-value OR (95%CI) P-value

HDL (mg/dl) 0.003 0.004 0.040

Q1 (0.28–1.09) Ref - Ref - Ref -

Q2 (1.09–1.29) 0.92, (0.74, 1.14) 0.430 0.89, (0.71, 1.11) 0.290 1.05, (0.82, 1.35) 0.680

Q3 (1.29–1.60) 0.93, (0.75, 1.16) 0.540 0.91, (0.72, 1.14) 0.400 1.24, (0.96, 1.61) 0.090

Q4 (1.60–3.93) 0.66, (0.52, 0.83) <0.001 0.64, (0.50, 0.82) 0.005 0.77, (0.61, 0.85) 0.030

Model 1 was adjusted for none.

Model 2 was adjusted for age, gender and race.

Model 3 was adjusted for sex, age, race/ethnicity, education level, PIR, BMI, smoking, alcohol, hypertension, diabetes, eGFR and physical activity. OR, odds ratio; CI, confidence interval. HDL,

high-density lipoprotein.

Bold indicates that the P-value is statistically different.

FIGURE 3

Path diagram of the mediation analysis models. HDL partially

mediates the relationship between CALLY and retinopathy.
**Represents the P-value < 0.01, ***Represents the P-value < 0.001.

The CALLY index, a novel inflammatory marker, integrates

serum albumin levels, lymphocyte counts, and CRP. Albumin,

the most abundant protein in serum and a key indicator of

nutritional status, possesses potent antioxidant properties that

effectively neutralize free radicals (9, 10). Previous studies have

suggested that decreased albumin levels may be associated with

the development of diabetic retinopathy (11, 12). Li et al., in a

cross-sectional study conducted among the Chinese population,

identified a potential protective role of serum albumin in patients

with diabetes (13). This effect may be attributed not only to its

antioxidant properties but also to its critical role in maintaining

vascular permeability and stability. By mitigating vascular leakage

and edema, serum albumin helps preserve the integrity of

the vascular wall, thereby potentially preventing the onset and

progression of diabetic retinopathy (2, 14). Immune system

dysregulation can lead to damage to retinal vasculature and neural

tissues (2, 15). Immune-inflammatory responses are recognized

as a pivotal pathogenic mechanism in retinopathy, particularly

in DR (16, 17). Chronic hyperglycemia and oxidative stress

activate the immune system, triggering a cascade of inflammatory

processes. These include the recruitment and activation of immune

cells, such as macrophages, T lymphocytes, and neutrophils,

FIGURE 4

ROC curves and the AUC values of the six inflammatory biomarkers

(CALLY, SII, SIRI, NLR, and MLR) in diagnosing retinopathy.

within the retinal microenvironment. These cells release pro-

inflammatory cytokines (e.g., TNF-α, IL-1β, and IL-6), reactive

oxygen species (ROS), and matrix metalloproteinases (MMPs),

collectively contributing to endothelial dysfunction, breakdown of

the blood-retinal barrier (BRB), and microvascular damage (18–

20). CRP a well-established inflammatory biomarker, has been

strongly associated with retinopathy (21, 22). CRP can exert direct

effects on retinal microvasculature through various mechanisms.

Elevated CRP levels induce endothelial cells to secrete additional

pro-inflammatory factors, such as IL-6 and TNF-α, and enhance

the adhesion of monocytes and neutrophils, exacerbating local

inflammation (23). Moreover, CRP is closely linked to, which may

lead to BRB disruption and pathological neovascularization (24,

25). Therefore, the CALLY index can be considered amore sensitive

indicator of a patient’s immune and inflammatory responses.

SII, SIRI, NLR, and MLR are composite inflammatory markers

that have garnered significant attention in studies on retinopathy
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(5, 26). Previous research has primarily focused on these

indices, revealing a strong association between elevated composite

inflammatory markers and an increased risk of retinopathy (27–

29). Retrospective studies have specifically identified a correlation

between the MLR and proliferative diabetic retinopathy (PDR).

These findings suggest that MLR could serve as a valuable tool

for the early prevention and intervention of PDR, highlighting its

potential clinical utility in mitigating disease progression (30). Ji

et al. reported that the MLR or NLR could mirror the circulating

immune status of the host (31). Furthermore, Sena et al. identified

the NLR as a rapid and reliable predictive marker for assessing

the severity of DR, demonstrating a significant correlation between

NLR and DR grading (32). Similarly, Tang et al., in a larger cohort

study, reported that higher baseline NLR levels were associated

with an increased risk of DR (33). In our study, we compared

SII, SIPI, MLR, and NLR among participants. We only found a

significant positive correlation between NLR and retinopathy. This

discrepancy may arise because previous studies focused exclusively

on diabetic retinopathy, whereas our analysis included retinopathy

cases not solely attributed to diabetes.

Subgroup analysis revealed that the association between

CALLY and retinopathy was stronger in males compared to

females. This may be attributed to sex-related differences in

immune responses and inflammatory pathways (34). Previous

studies have shown that males tend to have higher levels of

systemic inflammation (35, 36), which could amplify the role

of inflammatory markers like CALLY in retinal diseases. Age is

another significant factor, with the association between CALLY

and retinopathy being more pronounced in individuals over

60 years old. This is consistent with age-related physiological

changes, such as increased oxidative stress, endothelial dysfunction,

and impaired vascular repair mechanisms, making the retinal

vasculature more vulnerable to inflammation and strengthening

the link between CALLY and retinopathy in older adults (37–39).

A higher BMI was also associated with a stronger relationship

between CALLY and retinopathy. Obesity is often linked to chronic

low-grade inflammation and increased oxidative stress, both of

which play critical roles in the development of diabetic retinopathy

and other retinal diseases (40). The inflammatory environment

induced by excess adiposity may enhance the effect of CALLY,

suggesting that it may be more sensitive to the inflammatory

state in obese individuals. The presence of chronic conditions

such as hypertension and diabetes further amplified the association

between CALLY and retinopathy. Hypertension has long been

recognized as a major risk factor for retinal damage due to

its effects on endothelial function and microvascular integrity

(41). Similarly, diabetes, particularly in its later stages, promotes

a pro-inflammatory state that exacerbates vascular injury and

contributes to the development of diabetic retinopathy (42, 43). The

significant associations observed in individuals with hypertension

and diabetes highlight that CALLY could serve as a valuable

marker for monitoring retinal disease progression in these high-

risk populations.

Our mediation analysis further revealed that HDL partially

mediates the relationship between CALLY and retinopathy. HDL,

a key lipid particle, has been recognized for its significant biological

role in various cardiovascular and metabolic diseases. HDL

primarily functions through reverse cholesterol transport (RCT),

removing excess cholesterol from the body and reducing oxidative

stress and inflammation, thereby demonstrating its potential to

combat atherosclerosis. HDL has also been shown to possess anti-

inflammatory properties, with previous studies highlighting its

pathogenic role in age-related macular degeneration, potentially

related to its ability to regulate complement system activation and

inhibition (44). HDL can suppress the activation and migration

of monocytes, reducing their accumulation at inflammatory sites.

Additionally, HDL promotes the secretion of anti-inflammatory

cytokines, such as IL-10, while inhibiting the expression of pro-

inflammatory cytokines, including TNF-α and IL-1β, thereby

modulating local immune responses (45, 46). Furthermore, HDL

exhibits antioxidant properties. Chronic hyperglycemia, lipid

peroxidation, and other factors can lead to damage of retinal

microvascular endothelial cells, compromising the blood-retinal

barrier [BRB; (47, 48)]. As a potent antioxidant, HDL effectively

neutralizes free radicals and reactive oxygen species (ROS), thereby

mitigating oxidative damage to the retina. HDL also enhances

its antioxidant capacity by activating antioxidant enzymes such

as superoxide dismutase (SOD) via apolipoprotein A-I (apoA-I)

on its surface (49, 50). This antioxidant action of HDL is critical

in reducing oxidative damage to retinal blood vessels and neural

tissues, positioning it as a promising factor in the prevention and

treatment of retinal diseases.

Currently, the CALLY index is primarily used for prognostic

prediction in cancer patients (3, 6, 51). It has been independently

associated with colorectal cancer outcomes (3). Studies have

also shown that the CALLY index is significantly inversely

correlated with all-cause and cardiovascular mortality in the

older adult (52). In this study, we explored the application

of the CALLY index in predicting retinopathy for the first

time. An AUC value of 0.672 indicates that the CALLY index

has moderate predictive ability in identifying retinopathy. This

level of predictive performance still holds clinical relevance,

particularly for early screening and risk stratification. Furthermore,

when compared to other inflammatory markers such as SII,

SIPI, NLR, and MLR, the CALLY index demonstrated superior

predictive power, highlighting its potential utility in clinical

settings where multiple biomarkers are considered. The CALLY

index is a multidimensional nutritional-immune-inflammatory

score, incorporating factors such as hypoalbuminemia, which

reflects nutritional status and liver function; reduced lymphocyte

count, which may indicate immune dysregulation; and elevated

CRP levels, signifying increased inflammation. As such, the

CALLY index provides a comprehensive reflection of overall

health, offering greater stability and being less influenced by

various physiological and pathological conditions than individual

biomarkers like albumin,monocytes, lymphocytes, andwhite blood

cell count. This makes it a promising tool for assessing disease risk

across multiple domains.

This study has several limitations. First, due to its retrospective

design, potential biases cannot be entirely ruled out, and the cross-

sectional nature of the study restricts the ability to infer causality

between the CALLY index and retinal diseases. Second, while

we adjusted for multiple variables, the possibility of unaccounted

confounding factors (such as medication use) remains. Lastly,

although our study focused on all types of retinopathy, it

did not further investigate the differential performance of the
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CALLY index across various retinopathy subtypes. Future research

should track longitudinal changes in the CALLY index and

explore its relationship with the development of retinopathy.

Additionally, stratified analyses based on diabetic retinopathy and

hypertensive retinopathy should be conducted to further elucidate

the association between the CALLY index and retinopathy.

Our findings offer several important implications for future

research. First, prospective cohort studies are needed to establish

the causal and dynamic relationship between the albumin-

lymphocyte-CRP factor and the progression of retinopathy.

Second, further investigation is required to explore the association

between the CALLY index and retinopathy caused by different

underlying etiologies, as well as to evaluate the sensitivity and

specificity of the CALLY index across different ethnic groups

and populations. Third, clinical data-based studies are necessary

to comprehensively assess the predictive and practical value

of the CALLY index. In parallel, in-depth research into the

pathophysiological mechanisms is crucial for identifying potential

therapeutic targets and biomarkers.

From the perspective of chronic disease management,

these findings highlight the value of integrating the CALLY

index into digital medical records for the early prediction of

retinopathy in patients with hypertension and diabetes. This

approach underscores the potential to advance the comprehensive

integration of prevention, treatment, and management of chronic

diseases and their complications, reducing the economic burden

on patients with chronic conditions.

5 Conclusions

This study highlights a significant inverse correlation

between the CALLY index and retinopathy, demonstrating its

superiority over traditional inflammatory markers as a reliable and

independent predictor of retinopathy. These findings underscore

the potential clinical utility of the CALLY index as a tool for early

identification of individuals at risk for retinopathy, particularly

in the long-term management of patients with hypertension

and diabetes.

Data availability statement

The raw data supporting the conclusions of this article will be

made available by the authors, without undue reservation.

Ethics statement

Ethical review and approval was not required for the study

on human participants in accordance with the local legislation

and institutional requirements. Written informed consent from the

[patients/participants OR patients/participants legal guardian/next

of kin] was not required to participate in this study in accordance

with the national legislation and the institutional requirements.

Author contributions

PL: Conceptualization, Data curation, Investigation,

Methodology, Writing – original draft. FC: Data curation,

Methodology, Software, Writing – original draft. LL: Project

administration, Supervision, Validation, Writing – review &

editing. JW: Supervision, Validation, Visualization, Writing –

review & editing.

Funding

The author(s) declare that financial support was received for

the research and/or publication of this article. This project was

supported by the Research Fund of the Clinical Research Institute

of Aier Eye Hospital (AR2110D3).

Acknowledgments

We gratefully acknowledge the support to this study by the

Research Fund of the Clinical Research Institute of Aier Eye

Hospital (AR2110D3).

Conflict of interest

The authors declare that the research was conducted in the

absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Generative AI statement

The author(s) declare that no Gen AI was used in the creation

of this manuscript.

Publisher’s note

All claims expressed in this article are solely those of the

authors and do not necessarily represent those of their affiliated

organizations, or those of the publisher, the editors and the

reviewers. Any product that may be evaluated in this article, or

claim that may be made by its manufacturer, is not guaranteed or

endorsed by the publisher.

Supplementary material

The Supplementary Material for this article can be found

online at: https://www.frontiersin.org/articles/10.3389/fnut.2025.

1552020/full#supplementary-material

Frontiers inNutrition 09 frontiersin.org

https://doi.org/10.3389/fnut.2025.1552020
https://www.frontiersin.org/articles/10.3389/fnut.2025.1552020/full#supplementary-material
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Li et al. 10.3389/fnut.2025.1552020

References

1. Kang Q, Yang C. Oxidative stress and diabetic retinopathy: molecular
mechanisms, pathogenetic role and therapeutic implications. Redox Biol. (2020)
37:101799. doi: 10.1016/j.redox.2020.101799

2. Yue T, Shi Y, Luo S, Weng J, Wu Y, Zheng X. The role of inflammation
in immune system of diabetic retinopathy: molecular mechanisms,
pathogenetic role and therapeutic implications. Front Immunol. (2022)
13:1055087. doi: 10.3389/fimmu.2022.1055087

3. Yang M, Lin SQ, Liu XY, Tang M, Hu CL, Wang ZW, et al. Association
between C-reactive protein-albumin-lymphocyte (CALLY) index and overall
survival in patients with colorectal cancer: from the investigation on nutrition
status and clinical outcome of common cancers study. Front Immunol. (2023)
14:1131496. doi: 10.3389/fimmu.2023.1131496

4. Dursun A, Ozturk S, Yucel H, Ozec AV, Dursun FG, Toker MI, et al. Association
of neutrophil/lymphocyte ratio and retinal vein occlusion. Eur J Ophthalmol. (2015)
25:343–6. doi: 10.5301/ejo.5000570

5. Koçak N, Erduran B, Yeter V. Predictive values of systemic
inflammation biomarkers in proliferative vitreoretinopathy associated with
primary rhegmatogenous retinal detachment. Clin Exp Optom. (2023)
106:852–8. doi: 10.1080/08164622.2022.2133596

6. Iida H, Tani M, Komeda K, Nomi T, Matsushima H, Tanaka S, et al. Superiority
of crp-albumin-lymphocyte index (CALLY index) as a non-invasive prognostic
biomarker after hepatectomy for hepatocellular carcinoma. HPB. (2022) 24:101–
15. doi: 10.1016/j.hpb.2021.06.414

7. Ola MS. Does hyperglycemia cause oxidative stress in the diabetic rat retina? Cells.
(2021) 10:794. doi: 10.3390/cells10040794

8. Lu S, Robyak K, Zhu Y. The CKD-EPI 2021 equation and other creatinine-based
race-independent eGFR equations in chronic kidney disease diagnosis and staging. J
Appl Lab Med. (2023) 8:952–61. doi: 10.1093/jalm/jfad047

9. Chien SC, ChenCY, Lin CF, YehHI. Critical appraisal of the role of serum albumin
in cardiovascular disease. Biomark Res. (2017) 5:31. doi: 10.1186/s40364-017-0111-x

10. Rabbani G, Ahn SN. Structure, enzymatic activities, glycation and therapeutic
potential of human serum albumin: a natural cargo. Int J Biol Macromol. (2019)
123:979–90. doi: 10.1016/j.ijbiomac.2018.11.053

11. Arques S. Human serum albumin in cardiovascular diseases. Eur J Intern Med.
(2018) 52:8–12. doi: 10.1016/j.ejim.2018.04.014

12. Lin HT, Zheng CM, Wu YC, Chang YH, Chen JT, Liang CM, et al.
Diabetic retinopathy as a risk factor for chronic kidney disease progression: a
multicenter case-control study in Taiwan. Nutrients. (2019) 11:509. doi: 10.3390/
nu11030509

13. Li X, Hao W, Yang N. Inverse association of serum albumin levels with
diabetic retinopathy in type 2 diabetic patients: a cross-sectional study. Sci Rep. (2024)
14:4016. doi: 10.1038/s41598-024-54704-7

14. Belinskaia DA, Voronina PA, Shmurak VI, Jenkins RO, Goncharov NV. Serum
albumin in health and disease: esterase, antioxidant, transporting and signaling
properties. Int J Mol Sci. (2021) 22:10318. doi: 10.3390/ijms221910318

15. Passino R, Finneran MC, Hafner H, Feng Q, Huffman LD, Zhao XF, et al.
Neutrophil-inflicted vasculature damage suppresses immune-mediated optic nerve
regeneration. Cell Rep. (2024) 43:113931. doi: 10.1016/j.celrep.2024.113931

16. McMenamin PG, Saban DR, Dando SJ. Immune cells in the retina and choroid:
two different tissue environments that require different defenses and surveillance. Prog
Retin Eye Res. (2019) 70:85–98. doi: 10.1016/j.preteyeres.2018.12.002

17. Xu H, Chen M. Diabetic retinopathy and dysregulated innate immunity. Vision
Res. (2017) 139:39–46. doi: 10.1016/j.visres.2017.04.013

18. Ahsan H. Diabetic retinopathy–biomolecules and multiple pathophysiology.
Diabetes Metab Syndr. (2015) 9:51–4. doi: 10.1016/j.dsx.2014.09.011

19. Rudraraju M, Narayanan SP, Somanath PR. Regulation of blood-
retinal barrier cell-junctions in diabetic retinopathy. Pharmacol Res. (2020)
161:105115. doi: 10.1016/j.phrs.2020.105115

20. Kowluru RA. Cross talks between oxidative stress, inflammation and epigenetics
in diabetic retinopathy. Cells. (2023) 12:300. doi: 10.3390/cells12020300

21. Romero-Vázquez S, Adán A, Figueras-Roca M, Llorenç V, Slevin M, Vilahur
G, et al. Activation of C-reactive protein proinflammatory phenotype in the blood
retinal barrier in vitro: implications for age-relatedmacular degeneration.Aging. (2020)
12:13905–23. doi: 10.18632/aging.103655

22. Qiu F, Ma X, Shin YH, Chen J, Chen Q, Zhou K, et al. Pathogenic role
of human C-reactive protein in diabetic retinopathy. Clin Sci. (2020) 134:1613–
29. doi: 10.1042/CS20200085

23. Chirco KR, Potempa LA. C-reactive protein as a mediator of complement
activation and inflammatory signaling in age-related macular degeneration. Front
Immunol. (2018) 9:539. doi: 10.3389/fimmu.2018.00539

24. Devaraj S, Yun JM, Adamson G, Galvez J, Jialal I. C-reactive protein impairs
the endothelial glycocalyx resulting in endothelial dysfunction. Cardiovasc Res. (2009)
84:479–84. doi: 10.1093/cvr/cvp249

25. Teoh H, Quan A, Lovren F, Wang G, Tirgari S, Szmitko PE, et al. Impaired
endothelial function in C-reactive protein overexpressing mice. Atherosclerosis. (2008)
201:318–25. doi: 10.1016/j.atherosclerosis.2008.02.034

26. Wang S, Pan X, Jia B, Chen S. Exploring the correlation between the systemic
immune inflammation index (SII), systemic inflammatory response index (SIRI),
and type 2 diabetic retinopathy. Diabetes Metab Syndr Obes. (2023) 16:3827–
36. doi: 10.2147/DMSO.S437580

27. Li J, Wang X, Jia W, Wang K, Wang W, Diao W, et al. Association of the
systemic immuno-inflammation index, neutrophil-to-lymphocyte ratio, and platelet-
to-lymphocyte ratio with diabetic microvascular complications. Front Endocrinol.
(2024) 15:1367376. doi: 10.3389/fendo.2024.1367376

28. Gao Y, Lu RX, Tang Y, Yang XY, Meng H, Zhao CL, et al. Systemic immune-
inflammation index, neutrophil-to-lymphocyte ratio, and platelet-to-lymphocyte ratio
in patients with type 2 diabetes at different stages of diabetic retinopathy. Int J
Ophthalmol. (2024) 17:877–82. doi: 10.18240/ijo.2024.05.12

29. Akdogan M, Ustundag Y, Cevik SG, Dogan P, Dogan N. Correlation between
systemic immune-inflammation index and routine hemogram-related inflammatory
markers in the prognosis of retinopathy of prematurity. Indian J Ophthalmol. (2021)
69:2182–7. doi: 10.4103/ijo.IJO_2745_20

30. Wang H, Guo Z, Xu Y. Association of monocyte-lymphocyte ratio and
proliferative diabetic retinopathy in the US population with type 2 diabetes. J Transl
Med. (2022) 20:219. doi: 10.1186/s12967-022-03425-4

31. Ji H, Niu X, Yin L, Wang Y, Huang L, Xuan Q, et al. Ratio of immune
response to tumor burden predicts survival via regulating functions of lymphocytes
and monocytes in diffuse large B-cell lymphoma. Cell Physiol Biochem. (2018) 45:951–
61. doi: 10.1159/000487288

32. Ulu SM, Dogan M, Ahsen A, Altug A, Demir K, Acartürk G, et al.
Neutrophil-to-lymphocyte ratio as a quick and reliable predictive marker to
diagnose the severity of diabetic retinopathy. Diabetes Technol Ther. (2013) 15:942–
7. doi: 10.1089/dia.2013.0097

33. Tang Y, Li L, Li J. Association between neutrophil-to-lymphocyte ratio and
diabetic retinopathy in patients with type 2 diabetes: a cohort study. Front Endocrinol.
(2024) 15:1396161. doi: 10.3389/fendo.2024.1396161

34. Yang C, Jin J, Yang Y, Sun H, Wu L, Shen M, et al. Androgen receptor-mediated
Cd8(+) T cell stemness programs drive sex differences in antitumor immunity.
Immunity. (2022) 55:1268–83.e9. doi: 10.1016/j.immuni.2022.05.012

35. Olivieri F, Marchegiani F, Matacchione G, Giuliani A, Ramini D, Fazioli F,
et al. Sex/gender-related differences in inflammaging. Mech Ageing Dev. (2023)
211:111792. doi: 10.1016/j.mad.2023.111792

36. Schwinge D, Schramm C. Sex-related factors in autoimmune liver diseases.
Semin Immunopathol. (2019) 41:165–75. doi: 10.1007/s00281-018-0715-8

37. Jomova K, Raptova R, Alomar SY, Alwasel SH, Nepovimova E, Kuca K, et al.
Reactive oxygen species, toxicity, oxidative stress, and antioxidants: chronic diseases
and aging. Arch Toxicol. (2023) 97:2499–574. doi: 10.1007/s00204-023-03562-9

38. Cáceres-Vélez PR, Hui F, Hercus J, Bui B, Jusuf PR. Restoring the oxidative
balance in age-related diseases—an approach in glaucoma. Ageing Res Rev. (2022)
75:101572. doi: 10.1016/j.arr.2022.101572

39. Santos DF, Simão S, Nóbrega C, Bragança J, Castelo-Branco P, Araújo IM.
Oxidative stress and aging: synergies for age related diseases. FEBS Lett. (2024)
598:2074–91. doi: 10.1002/1873-3468.14995

40. Saltiel AR, Olefsky JM. Inflammatory mechanisms linking obesity and metabolic
disease. J Clin Invest. (2017) 127:1–4. doi: 10.1172/JCI92035

41. Cheung CY, Biousse V, Keane PA, Schiffrin EL, Wong TY. Hypertensive eye
disease. Nat Rev Dis Primers. (2022) 8:14. doi: 10.1038/s41572-022-00342-0

42. Yang J, Liu Z. Mechanistic pathogenesis of endothelial dysfunction
in diabetic nephropathy and retinopathy. Front Endocrinol. (2022)
13:816400. doi: 10.3389/fendo.2022.816400

43. Tang L, Xu GT, Zhang JF. Inflammation in diabetic retinopathy: possible roles
in pathogenesis and potential implications for therapy. Neural Regen Res. (2023)
18:976–82. doi: 10.4103/1673-5374.355743

44. Betzler BK, Rim TH, Sabanayagam C, Cheung CMG, Cheng CY. High-
density lipoprotein cholesterol in age-related ocular diseases. Biomolecules. (2020)
10:645. doi: 10.3390/biom10040645

45. Johnson LV, Forest DL, Banna CD, Radeke CM, Maloney MA, Hu J, et al.
Cell culture model that mimics drusen formation and triggers complement activation
associated with age-related macular degeneration. Proc Natl Acad Sci USA. (2011)
108:18277–82. doi: 10.1073/pnas.1109703108

Frontiers inNutrition 10 frontiersin.org

https://doi.org/10.3389/fnut.2025.1552020
https://doi.org/10.1016/j.redox.2020.101799
https://doi.org/10.3389/fimmu.2022.1055087
https://doi.org/10.3389/fimmu.2023.1131496
https://doi.org/10.5301/ejo.5000570
https://doi.org/10.1080/08164622.2022.2133596
https://doi.org/10.1016/j.hpb.2021.06.414
https://doi.org/10.3390/cells10040794
https://doi.org/10.1093/jalm/jfad047
https://doi.org/10.1186/s40364-017-0111-x
https://doi.org/10.1016/j.ijbiomac.2018.11.053
https://doi.org/10.1016/j.ejim.2018.04.014
https://doi.org/10.3390/nu11030509
https://doi.org/10.1038/s41598-024-54704-7
https://doi.org/10.3390/ijms221910318
https://doi.org/10.1016/j.celrep.2024.113931
https://doi.org/10.1016/j.preteyeres.2018.12.002
https://doi.org/10.1016/j.visres.2017.04.013
https://doi.org/10.1016/j.dsx.2014.09.011
https://doi.org/10.1016/j.phrs.2020.105115
https://doi.org/10.3390/cells12020300
https://doi.org/10.18632/aging.103655
https://doi.org/10.1042/CS20200085
https://doi.org/10.3389/fimmu.2018.00539
https://doi.org/10.1093/cvr/cvp249
https://doi.org/10.1016/j.atherosclerosis.2008.02.034
https://doi.org/10.2147/DMSO.S437580
https://doi.org/10.3389/fendo.2024.1367376
https://doi.org/10.18240/ijo.2024.05.12
https://doi.org/10.4103/ijo.IJO_2745_20
https://doi.org/10.1186/s12967-022-03425-4
https://doi.org/10.1159/000487288
https://doi.org/10.1089/dia.2013.0097
https://doi.org/10.3389/fendo.2024.1396161
https://doi.org/10.1016/j.immuni.2022.05.012
https://doi.org/10.1016/j.mad.2023.111792
https://doi.org/10.1007/s00281-018-0715-8
https://doi.org/10.1007/s00204-023-03562-9
https://doi.org/10.1016/j.arr.2022.101572
https://doi.org/10.1002/1873-3468.14995
https://doi.org/10.1172/JCI92035
https://doi.org/10.1038/s41572-022-00342-0
https://doi.org/10.3389/fendo.2022.816400
https://doi.org/10.4103/1673-5374.355743
https://doi.org/10.3390/biom10040645
https://doi.org/10.1073/pnas.1109703108
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org


Li et al. 10.3389/fnut.2025.1552020

46. Eren E, Yilmaz N, Aydin O. High density lipoprotein and it’s dysfunction. Open
Biochem J. (2012) 6:78–93. doi: 10.2174/1874091X01206010078

47. Busik JV. Lipid metabolism dysregulation in diabetic retinopathy. J Lipid Res.
(2021) 62:100017. doi: 10.1194/jlr.TR120000981

48. Tang S, Yang J, Xiao B, Wang Y, Lei Y, Lai D, et al. Aberrant lipid metabolism and
complement activation in age-related macular degeneration. Invest Ophthalmol Vis Sci.
(2024) 65:20. doi: 10.1167/iovs.65.12.20

49. van Leeuwen EM, Emri E, Merle BMJ, Colijn JM, Kersten E, Cougnard-
Gregoire A, et al. A new perspective on lipid research in age-related macular
degeneration. Prog Retin Eye Res. (2018) 67:56–86. doi: 10.1016/j.preteyeres.2018.
04.006

50. Ishida BY, Duncan KG, Bailey KR, Kane JP, Schwartz DM. High density
lipoprotein mediated lipid efflux from retinal pigment epithelial cells in culture. Br J
Ophthalmol. (2006) 90:616–20. doi: 10.1136/bjo.2005.085076

51. Müller L, Hahn F, Mähringer-Kunz A, Stoehr F, Gairing SJ, Michel M, et al.
Immunonutritive scoring for patients with hepatocellular carcinoma undergoing
transarterial chemoembolization: evaluation of the CALLY index. Cancers. (2021)
13:5018. doi: 10.3390/cancers13195018

52. Luo L, Li M, Xi Y, Hu J, Hu W. C-reactive protein-albumin-lymphocyte
index as a feasible nutrition-immunity-inflammation marker of the outcome of all-
cause and cardiovascular mortality in elderly. Clin Nutr ESPEN. (2024) 63:346–
53. doi: 10.1016/j.clnesp.2024.06.054

Frontiers inNutrition 11 frontiersin.org

https://doi.org/10.3389/fnut.2025.1552020
https://doi.org/10.2174/1874091X01206010078
https://doi.org/10.1194/jlr.TR120000981
https://doi.org/10.1167/iovs.65.12.20
https://doi.org/10.1016/j.preteyeres.2018.04.006
https://doi.org/10.1136/bjo.2005.085076
https://doi.org/10.3390/cancers13195018
https://doi.org/10.1016/j.clnesp.2024.06.054
https://www.frontiersin.org/journals/nutrition
https://www.frontiersin.org

	The association between the C-reactive protein-to-albumin-to-lymphocyte index and retinopathy: insights from a population-based study
	1 Introduction
	2 Materials and methods
	2.1 Data and study participants
	2.2 Date collection
	2.3 Assessment of retinopathy
	2.4 Covariates assessment
	2.5 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 The relationships of CALLY index and retinopathy
	3.3 Subgroup analysis and interaction
	3.4 Relationships between CALLY, and HDL
	3.5 Mediation analysis
	3.6 ROC analysis

	4 Discussion
	5 Conclusions
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	Acknowledgments
	Conflict of interest
	Generative AI statement
	Publisher's note
	Supplementary material
	References


