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Objective: To investigate the relationship between the atherogenic index 
of plasma (AIP) and diabetic retinopathy (DR) in patients with type 2 diabetes 
mellitus (T2DM).

Methods: A total of 584 patients with T2DM were divided into two groups 
based on whether with DR (non-DR group, n = 382; DR group, n = 202). The 
association between AIP and DR was assessed by Spearman’s correlation and 
bivariate/multivariate logistic regression.

Results: The patients in the DR group showed significantly higher AIP levels 
than those in the non-DR group (−0.009 ± 0.226 vs. 0.186 ± 0.261, p < 0.001). 
Compared with those without DR, DR group had higher levels of age, systolic 
blood pressure (SBP), body mass index (BMI), diabetes duration, triglycerides 
(TG), blood urea nitrogen (BUN) and creatinine (Cr), while direct bilirubin 
(DBIL) and high-density lipoprotein cholesterol (HDL-C) were lower (p < 0.05). 
According to the interquartile range of AIP, the participants were divided into 
four groups: Q1 (≤−0.130), Q2 (−0.129, 0.048), Q3 (0.049, 0.220), Q4 (≥0.221). 
After adjusting for age, BMI, SBP, diabetes duration, DBIL, BUN and Cr, the 
logistic regression model indicated that subjects in Q3 and Q4 still had a 
remarkably increased risk of DR (Q3: OR, 2.838, 95% CI: 1.268 ~ 7.067; Q4: OR, 
4.414, 95% CI: 1.841 ~ 10.097; all p < 0.05). AIP provided an AUC value of 0.697 
for retinopathy in patients with T2DM (95% CI: 0.652 ~ 0.741).

Conclusion: AIP is associated with diabetic retinopathy in patients with T2DM, 
and AIP may be a potential predictor of DR in patients with T2DM.
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1 Introduction

With the intensification of global aging and changes in lifestyle, the incidence of diabetes 
mellitus (DM) is on an increasing trend, 90% of which is type 2 diabetes mellitus (T2DM) (1). 
Diabetic retinopathy (DR) is one of the common microvascular complications of diabetes 
mellitus and is the main cause of vision impairment and loss in diabetic patients. It is estimated 
that the prevalence of DR is 22.27% in DM; and by 2045, the number of people with DR will 
grow from 103.12 million in 2020 to 160.5 million (2). DR is associated with a higher risk of 
peripheral neuropathy, cardiovascular events, and fracture events, severely affecting patients’ 
physical and mental health and quality of life.
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Dyslipidemia, characterized by disorders of lipid metabolism 
involving abnormally elevated levels of total cholesterol (TC), 
triglycerides (TG), low-density lipoprotein cholesterol (LDL-C), and 
lowered levels of high-density lipoprotein cholesterol (HDL-C), has 
been widely studied and is strongly associated with the onset and 
progression of T2DM (3). Significantly, previous studies also have 
shown that patients with diabetes combined with dyslipidemia have a 
higher risk of developing DR, and a higher incidence of 
non-proliferative diabetic retinopathy (NPDR), diabetic macular 
edema (DME) and proliferative DR. In addition, statin therapies used 
to control dyslipidemia have been associated with a lower incidence 
of DR and a reduced need for treatment of sight-threatening DR. (4–8) 
Considering the importance of lipid metabolism in the pathogenesis 
of DR, it is beneficial to pay attention to changes in lipid-related 
factors in T2DM patients for clinical prediction of DR.

In clinical practice, it is not sufficient to diagnose risk stratification 
for DR based on a single lipid marker due to differences in factors such 
as the duration of the patient’s disease and the number of co-morbidities. 
Therefore, we hypothesized that using a combination of lipid indices 
might provide a more comprehensive assessment of lipid status than 
relying on a single lipid factor. Atherogenic index of plasma (AIP) as a 
novel composite lipid index, defining as the logarithm of the ratio of 
TG to HDL-C, represents a great marker in the cardiovascular diseases 
and was observed to be correlated closely with LDL-C particle size (9, 
10). AIP improves sensitivity to dynamic metabolic abnormalities by 
integrating two lipid parameters—TG and HDL-C—a nonlinear 
transformation. It was an independent risk factor for CVD in diabetic 
patients and was validated by multiple models (11–13). The incidence 
of cardiovascular disease (CVD) in T2DM patients is 2–3 times higher 
than in non-T2DM, partly attributed to the dyslipidemia accompanies 
T2DM (14). Moreover, a meta-analysis showed that AIP was a more 
accurate predictor of diabetes risk compared to other lipid components 
(15). Therefore, in the present study, we  sought to explore the 
relationship between the composite lipid index AIP and DR occurrence 
in a cross-sectional study. We aimed to corroborate whether AIP is an 
independent predictor of DR occurrence. The findings of this study are 
anticipated to bridge the gap between DR and markers of composite 
lipid function and have clinical implications for the management of DR.

2 Materials and methods

2.1 Study design and population

This study was a cross-sectional study. We retrospectively collected 
patients with T2DM, aged between 18 and 70 years, who were 
hospitalized in the Endocrinology Department of Nanjing Drum 
Tower Hospital between January 2016 and January 2018. T2DM was 
diagnosed according to the 2003 American Diabetes Association 
criteria (16). The International Clinical Diabetic Retinopathy Scale 
was used to group the presence or absence of retinopathy (17). Based 
on the presence or absence of DR, the study subjects were categorized 
into DR group (DR group) and non-DR group (non-DR group). 

Subjects with combined acute complications of diabetes mellitus, 
severe infections, dysfunction of vital internal organs and tissues 
(heart, liver, kidney, etc.), and malignant tumors were excluded. 
Patients with hormonal or additive medications within the last 
3 months that could have an effect on endocrine metabolism were 
also excluded.

2.2 Data collection

General clinical information such as age, height, weight and blood 
pressure levels were recorded. And calculate body mass index 
(BMI) = weight (kg)/ height (m2). Biochemical measurements were 
performed after fasting for at least 10 h. The enzymatic auto-analyzer 
(Kyowa Medex Co., Ltd., Tokyo, Japan) was used to measure 
concentrations of fasting plasma glucose (FPG), triglyceride (TG), 
total cholesterol (TC), high-density lipoprotein cholesterol (HDL-C), 
and low-density lipoprotein cholesterol (LDL-C), following the 
manufacturer’s instructions. Calculate atherogenic index of plasma 
(AIP) = log (TG/HDL-C) (10).

2.3 Statistical analysis

After normality testing, the mean ± standard deviation (SD) was 
utilized to describe the continuous parameters in a normal 
distribution, otherwise shown as median [interquartile range (IQR)]. 
For variables in a normal distribution, t-test was employed to compare 
the difference between two groups. Otherwise, the Mann–Whitney U 
test was used for analysis. Categorical parameters were described as 
percentages and numbers. The chi-square (χ2) test or Fisher’s exact test 
was used for comparisons of categorical variables. Spearman 
correlation analysis was used to explore the correlation between AIP 
and each variable. Binary logistic regression was used to analyze the 
overall risk of DR by different levels of AIP. The results were evaluated 
within a 95% confidence interval (CI) and at a significance level of 
two-sided p-value less than 0.05. All data were examined by adopting 
the SPSS 27.0 software (SPSS Inc., IBM) and R 4.2.2. Statistics were 
considered significant when p < 0.05.

3 Results

This study included 584 patients with T2DM (390 males and 194 
females), 202 patients with DR. The results showed that AIP values 
were higher in the DR group patients (p < 0.001) (Figure 1). Moreover, 
compared with those without DR, participants with DR had higher 
levels of age, systolic blood pressure (SBP), BMI, duration, TG, blood 
urea nitrogen (BUN) and creatinine (Cr); while direct bilirubin 
(DBIL) and HDL-C were lower (all p  < 0.05). There were no 
statistically significant differences in other parameters (p  > 0.05) 
(Table 1).

Then, according to the interquartile range of AIP, the participants 
were divided into four groups: Q1 (≤−0.130), Q2 (−0.129, 0.048), Q3 
(0.049, 0.220), Q4 (≥0.221). We  found that the prevalence of DR 
increased with increasing AIP levels, 27 in Q1 group (19.6%), 42 in 
Q2 group (28.6%), 50  in Q3 group (34.2%) and 83  in Q4 group 
(56.8%) (Figure 2).

Abbreviations: DR, Diabetic retinopathy; T2DM, type 2 diabetes mellitus; AIP, 

Atherogenic index of plasma; TG, Triglyceride; TC, Total cholesterol; HDL-C, 

High-density lipoprotein cholesterol.
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Moreover, spearman’s rank correlation coefficient analysis was 
utilized to analyze the effect of AIP on the incidence of DR and some 
important variables. AIP was significantly positive correlated with DR 
(r = 0.31, p < 0.001), age (r = 0.091, p < 0.05), BMI (r = 0.28, p < 0.001) 
and FPG (r = 0.15, p < 0.001); however, there was no significant 
correlation between AIP and diabetes duration or HbA1c (Figure 3).

To further assess the relationship between the levels of AIP and 
the occurrence of DR, we performed a binary logistic analysis. In 
regression analysis of AIP as a continuous variable, it was shown that 
AIP levels were significantly associated with DR both in unadjusted 
and adjusted models for all subjects in this study (Figure 4). With the 
AIP as a stratified indicator, in unadjusted model (model 1) compared 
with Q1, Q2 (Q2 vs. Q1, OR, 1.748; 95% CI: 1.008 ~ 3.031), Q3 (Q3 
vs. Q1, OR, 2.276; 95% CI: 1.326 ~ 3.906) and Q4 (Q4 vs. Q1, OR, 
5.758; 95% CI: 3.385 ~ 9.793) all kept an independent effect on DR 
presence (Figure 5). After age and BMI adjustment, in comparison to 
Q1group, patients in Q2, Q3 and Q4 all had a significantly increased 
risk of DR by 116.6% (OR, 2.166; 95% CI:1.117 ~ 3.986), 175.8% (OR, 
2.758; 95% CI:1.497 ~ 5.081) and 468.8% (OR, 5.688; 95% 
CI:3.116 ~ 10.381) respectively (Figure 5). After further adjustment 
for SBP, duration, DBIL, BUN and Cr, compared to the Q1 of AIP, 
subjects in Q3 and Q4 still had a remarkably increased risk of DR (OR 
2.838, 4.414, separately) (Figure 5).

After that, we assessed the diagnostic value of AIP for DR in 
patients with T2DM (Figure 6). The results showed that the AUC of 
AIP in T2DM patients was 0.697 (95% CI: 0.652 ~ 0.741). The optimal 
cut-off value was 0.182, with a sensitivity of 49.5% and a specificity 
of 78.5%.

4 Discussion

With the escalating global prevalence of diabetes, the increasing 
longevity, and the aging of the global population, DR has emerged as 
a formidable global health challenge (18). Consequently, it is 

imperative and promising to identify the serum biomarkers or reliable 
predictors for the risk of DR in T2DM populations, which might 
benefit from intervention in the early stage of DR and assist in 
decision-making in DR environment burdens.

In our study, we found that the higher TG level and the lower 
HDL-C level in DR groups, therefore, dyslipidemia is strongly 
associated with the development of DR. Similarly, a previous study 
reported that diabetic patients with dyslipidemia had a statistically 
significant increase in the incidence of DR when compared to those 
without dyslipidemia (19), underscoring the imperative need for 
integrated management strategies targeting both hyperglycemia and 
dyslipidemia to mitigate the risk and progression of DR. TG is the 
most abundant lipid in human adipose tissue, its elevated levels may 
lead to biotoxicity and further contribute to the development and 
progression of insulin resistance (3). Reversal of cholesterol transport, 
antioxidant, anti-inflammatory, endothelial/vasodilatory, 
antithrombotic and cytoprotective effects are the main biological 
properties of HDL-C, which plays a crucial role in the regulation of 
metabolic diseases (3). The AIP, calculated with the logarithm of the 
TG/HDL-C, was showed the dynamic levels between serum TG and 
HDL-C and reflected the size of lipoprotein particles, providing a 
more comprehensive indication of the pathogenicity and specificity of 
lipid abnormalities than high TG or low HDL-C levels alone. In our 
study, we found a significant association between elevated AIP level 
and increased prevalence of DR, even after adjusting for potential 
confounders (age, BMI, FPG, etc.). Specifically, the prevalence of DR 
increased from 19.6 to 56.8% with increasing AIP levels, and logistic 
analysis showed that when grouped by AIP quartiles, compared to the 
Q1 group, subjects in Q4 had a remarkably increased risk of DR (OR 
4.414, 95%CI: 1.841 ~ 10.097) after adjustment for age, BMI, SBP, 
duration, DBIL, BUN and Cr; when AIP as a continuous variable, it 
was shown that AIP levels were significantly associated with DR even 
after adjusting for potential confounders (OR 2.804, 95%CI: 
1.695 ~ 4.207). Moreover, we also assessed the diagnostic value of AIP 
for DR and the result showed the AUC of AIP to predict the risk of DR 
was 0.697 (95% CI: 0.652 ~ 0.741), suggesting that this indicator had 
superior clinical value in the prediction of DR in T2DM. Therefore, 
changes in this composite parameter should be emphasized, especially 
in T2DM patients with AIP higher than 0.182.

We hypothesize that the association between AIP and DR may 
be  explained through several potential mechanisms. Firstly, in 
hyperlipidemia, blood viscosity increases and blood flow slows down, 
aggravating ischemia and hypoxia in the patient’s retinal tissues and 
making it easier for microthrombi to form, leading to an increased 
risk of DR. Although research on the correlation between AIP and DR 
is limited, the association between lipids and cardiovascular disease in 
T2DM has been extensively studied. Studies showed that AIP, as a 
composite index of TG and HDL levels, is closely related to 
cardiovascular outcomes (9). Kaze et  al. found that patients with 
metabolic dyslipidemia had a higher risk of composite CVD outcomes 
and stroke compared with T2DM patients with normal TG and 
normal HDL-C, suggesting that attention to metabolic dyslipidemia 
in patients with T2DM is necessary to reduce the risk of CVD (3). 
What’s more, another study demonstrated that AIP could be  a 
powerful biomarker for predicting the risk of cardiovascular events in 
patients with T2DM (12). Importantly, previous studies have reported 
a bidirectional connection between microangiopathy and CVDs in 
diabetic patients, the possible mechanisms of co-occurrence include 

FIGURE 1

Comparisons of AIP between non-DR and DR groups. AIP, 
atherogenic index of plasma. ***Denotes significance at a p value of 
<0.001.
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accumulation of advanced glycation end products (AGEs) in the vessel 
wall, endothelial dysfunction, and oxidative stress, leading to 
alterations in the microvascular system and progression of 

atherosclerosis (20, 21). Thus, AIP could also be a strong predictor of 
microvascular complications in T2DM.

Secondly, DR and diabetic kidney disease (DKD) are both 
microvascular complications of DM, sharing some of the same 
pathological mechanisms, including endothelial damage, oxidative 
stress, accumulation of AGEs, and inflammatory responses induced 
by glycolipid metabolic disorders (22). A prospective study reported 
that disorders of lipid metabolism are associated with microvascular 
complications in patients with T2DM, and elevated AIP is associated 
with increased risk of DKD (23, 24). Another prospective investigation 
also found that AIP levels were associated with diabetic microvascular 
complications and suggested that AIP could be used as an independent 
predictor for identifying the risk of DKD in T2DM; however, the link 
between AIP and DR was not detected (25). Furthermore, Chen et al. 
found that the development of the microvascular complications of 
diabetes, DR and DKD, were linked with a correlation with 
dyslipidemia (4). The powerfully connection between DR and DKD, 
as well as provides additional validation to our conclusions from an 
alternative vantage point.

Additionally, AIP has been shown to indirectly reflect the 
diameter size of LDL particles and can be used to represent sdLDL size 
(10). SdLDL does not readily bind to plasma LDL receptors, resulting 
in clearance from the circulation, susceptibility to oxidation, and easy 
uptake by macrophages to form foam cells (26), and patients with 
higher levels of sdLDL are typically at higher risk for vascular 
complications (27). The key pathophysiology underlying the 

TABLE 1 Baseline characteristics of participants between non-DR and DR groups.

Variables Total (n = 584) Non-DR (n = 382) DR (n = 202) χ2/F/H p-value

Age (year) 56.65 (52.00, 63.00) 54.08 (48.00, 62.00) 61.49 (56.00, 68.00) −10.412 <0.001

Male (n, %) 383, 65.6% 261, 66.9% 121, 62.4% 1.186 0.310

SBP (mmHg) 131.87 ± 15.88 130.64 ± 16.06 134.33 ± 15.33 0.096 0.006

DBP (mmHg) 79.13 ± 11.09 79.19 ± 11.00 79.03 ± 11.28 0.048 0.880

BMI (kg/m2) 24.58 ± 2.96 24.26 ± 2.77 25.25 ± 3.18 1.303 <0.001

Duration (year) 9.44 (4.00, 14.00) 8.87 (4.00, 13.00) 10.55 (5.00, 16.00) −3.069 0.003

FPG (mmol/L) 8.12 ± 2.43 8.05 ± 2.33 8.23 ± 2.60 1.508 0.404

2 h-PG (pmol/L) 14.31 ± 4.38 14.21 ± 4.55 14.56 ± 4.02 2.325 0.386

HbA1c (%) 8.65 (6.90, 10.10) 8.64 (6.90, 10.10) 8.66 (7.00, 10.00) −0.106 0.937

AST (U/L) 21.15 (15.10, 23.10) 21.10 (14.75, 23.15) 21.47 (16.00, 23.05) −0.988 0.765

ALT (U/I) 26.22 (15.30, 29.60) 26.67 (14.90, 29.60) 25.90 (15.90, 29.55) −1.566 0.631

TBIL (umol/L) 13.07 (9.30, 15.10) 12.89 (9.55, 15.55) 13.49 (8.88, 14.08) −1.723 0.603

DBIL (umol/L) 3.86 (2.80, 4.60) 4.00 (3.00, 4.65) 3.63 (2.50, 4.43) −2.499 0.048

TG (mmol/l) 1.39 (0.91, 1.68) 1.20 (0.84, 1.47) 1.75 (1.06, 2.28) −7.589 <0.001

TC (mmol/l) 4.23 ± 1.06 4.21 ± 1.04 4.28 ± 1.08 1.218 0.404

HDL-C (mmol/l) 1.13 ± 0.29 1.17 ± 0.29 1.04 ± 0.25 2.580 <0.001

LDL-C (mmol/l) 2.49 (1.81, 3.10) 2.47 (1.83, 3.07) 2.53 (1.78, 3.14) −0.922 0.477

AIP 0.059 ± 0.256 −0.009 ± 0.226 0.186 ± 0.261 5.993 <0.001

BUN (mmol/l) 5.66 (4.70, 6.30) 5.46 (4.70, 6.10) 6.03 (4.85, 6.60) −2.675 0.044

Cr (umol/l) 60.94 ± 14.76 59.74 ± 13.74 63.21 ± 16.28 3.809 0.011

UA (umol/l) 330.13 ± 129.95 325.95 ± 147.62 338.01 ± 86.30 0.308 0.216

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood pressure; FPG, fasting plasma glucose level; 2 h-PG, 2-h postprandial blood glucose; HbA1c, glycated hemoglobin A; 
ALT, alanine aminotransferase; AST, aspartate aminotransferase; TBIL, total bilirubin; DBIL, direct bilirubin; TG, triglycerides; TC, total cholesterol; HDL-C, high-density lipoprotein 
cholesterol; LDL-C, low-density lipoprotein cholesterol; BUN, blood urea nitrogen; Cr, creatinine; UA, uric acid.

FIGURE 2

Relationship between AIP quartile and the prevalence of DR.
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development of DR in patients with T2DM is a variety of 
hyperglycemia-induced changes, including thickening of the basement 
membrane of retinal capillaries, increased vascular permeability of the 
retina, tissue ischemia, and the release of a variety of vasoactive 
substances leading to neovascularization. Moreover, oxidative stress 
also plays an irreplaceable role in the pathogenesis of DR. (28) 
Oxidative stress induces mitochondrial damage, lipid peroxidation, 
retinal apoptosis and inflammation, leading to functional and 
structural changes in the retinal microvascular system and accelerating 

the process of DR. Kowluru et al. shown that impaired oxidation levels 
in diabetic mice with hyperlipidemia lead to increased levels of 
reactive oxygen species (ROS), mitochondrial dysfunction, and 
accelerated apoptosis of capillary cells, which adversely affects the 
retinal microvascular system and accelerates the development of DR, 
suggesting that early intervention for hyperlipidemia in diabetic 
patients may be  an intelligent strategy to slow the progression of 
DR. (5) Furthermore, previous studies have reported that TCs and 
serum cholesterol are directly related to the incidence and severity of 
DR, and that long-term supplementation with the lipid-lowering 
therapy fenofibrate reduces the need for laser therapy in patients with 
proliferative DR. (29, 30) Undoubtedly, the exact mechanism between 
AIP and DR needs to be further elucidated.

In this study, the accuracy of utilizing AIP to predict DR in 
patients with T2DM was relatively remarkable, with an AUC ROC 
of 0.697, suggesting that this biomarker remains potentially 
beneficial in clinic and epidemiological studies. Besides, the critical 
importance of early DR diagnosis in T2DM patients, as previously 
discussed, further amplifies the value that AIP testing can provide. 
Although this study provided AIP, as a non-traditional lipid 
parameter, can predict of DR by the simple and easy calculation in 
the skyrocketing costs of health care, some limitations should 
be  acknowledged. First, the study was a single-center 

FIGURE 3

Matrix scatter diagram by Spearman’s test for AIP, DR, age, duration, BMI, FPG and HbA1c.

FIGURE 4

Logistic regression for DR with AIP as a continuous variable.
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FIGURE 5

Regression analysis of AIP as a stratification variable with DR.

FIGURE 6

ROC curve of AIP index predicting DR in patients with T2DM.
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cross-sectional study, and future validation in a large cohort across 
multiple centers is necessary to improve the generalizability and 
reliability of our findings. Second, our study did not demonstrate a 
direct causal relationship between AIP and DR. Third, although 
we  adjusted for some of the confounders, there may still 
be unmeasured variables.

5 Conclusion

Our study elucidated the association between the risk of DR and 
AIP in patients with T2DM, and changes in AIP levels were correlated 
with the risk of DR. AIP is expected to be  a new potential risk 
indicator to identify patients at high risk of DR at an early stage.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding author.

Ethics statement

The studies involving humans were approved by the Institutional 
Review Board of Drum Tower Hospital Clinical College of Nanjing 
University of Chinese Medicine. The studies were conducted in 
accordance with the local legislation and institutional requirements. 
Written informed consent for participation was not required from the 
participants or the participants’ legal guardians/next of kin in 
accordance with the national legislation and institutional requirements.

Author contributions

YZ: Conceptualization, Data curation, Formal analysis, 
Investigation, Methodology, Software, Visualization, Writing  – 
original draft, Writing – review & editing. GC: Data curation, Formal 
analysis, Methodology, Software, Writing  – original draft. YJ: 

Conceptualization, Funding acquisition, Project administration, 
Resources, Supervision, Writing – review & editing.

Funding

The author(s) declare that financial support was received for the 
research and/or publication of this article. This work was supported 
by the National Natural Science Foundation of China Grant Awards 
(82374554) and Clinical Trials from the Affiliated Drum Tower 
Hospital, Medical School of Nanjing University 
(2024-LCYJ-ZXY-02).

Acknowledgments

We would like to thank all participants of the study for their 
cooperation and support.

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.

References
 1. Sun H, Saeedi P, Karuranga S, Pinkepank M, Ogurtsova K, Duncan BB, et al. IDF 

diabetes atlas: global, regional and country-level diabetes prevalence estimates for 2021 
and projections for 2045. Diabetes Res Clin Pract. (2022) 183:109119. doi: 
10.1016/j.diabres.2021.109119

 2. Teo ZL, Tham YC, Yu M, Chee ML, Rim TH, Cheung N, et al. Global prevalence of 
diabetic retinopathy and projection of burden through 2045: systematic review and 
Meta-analysis. Ophthalmology. (2021) 128:1580–91. doi: 10.1016/j.ophtha.2021.04.027

 3. Kaze AD, Santhanam P, Musani SK, Ahima R, Echouffo-Tcheugui JB. Metabolic 
dyslipidemia and cardiovascular outcomes in type 2 diabetes mellitus: findings from the 
look AHEAD study. J Am Heart Assoc. (2021) 10:e016947. doi: 10.1161/JAHA.120.016947

 4. Chen X, Zhang X, Gong Z, Yang Y, Zhang X, Wang Q, et al. The link between 
diabetic retinal and renal microvasculopathy is associated with dyslipidemia and 
upregulated circulating level of cytokines. Front Public Health. (2022) 10:1040319. doi: 
10.3389/fpubh.2022.1040319

 5. Kowluru RA, Mishra M, Kowluru A, Kumar B. Hyperlipidemia and the 
development of diabetic retinopathy: comparison between type 1 and type 2 animal 
models. Metabolism. (2016) 65:1570–81. doi: 10.1016/j.metabol.2016.07.012

 6. Shan Y, Wang Q, Zhang Y, Tong X, Pu S, Xu Y, et al. High remnant cholesterol level 
is relevant to diabetic retinopathy in type 2 diabetes mellitus. Lipids Health Dis. (2022) 
21:12. doi: 10.1186/s12944-021-01621-7

 7. Zhang X, Nie Y, Gong Z, Zhu M, Qiu B, Wang Q. Plasma Apolipoproteins 
predicting the occurrence and severity of diabetic retinopathy in patients with type 2 
diabetes mellitus. Front Endocrinol (Lausanne). (2022) 13:915575. doi: 
10.3389/fendo.2022.915575

 8. Zheng C, Lin Y, Jiang B, Zhu X, Lin Q, Luo W, et al. Plasma lipid levels and risk of 
retinal vascular occlusion: a genetic study using Mendelian randomization. Front 
Endocrinol (Lausanne). (2022) 13:954453. doi: 10.3389/fendo.2022.954453

 9. Rabiee Rad M, Ghasempour Dabaghi G, Darouei B, Amani-Beni R. The association 
of atherogenic index of plasma with cardiovascular outcomes in patients with coronary 
artery disease: a systematic review and meta-analysis. Cardiovasc Diabetol. (2024) 
23:119. doi: 10.1186/s12933-024-02198-y

 10. Frohlich J, Dobiásová M. Fractional esterification rate of cholesterol and ratio of 
triglycerides to HDL-cholesterol are powerful predictors of positive findings on coronary 
angiography. Clin Chem. (2003) 49:1873–80. doi: 10.1373/clinchem.2003.022558

https://doi.org/10.3389/fmed.2025.1565414
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.diabres.2021.109119
https://doi.org/10.1016/j.ophtha.2021.04.027
https://doi.org/10.1161/JAHA.120.016947
https://doi.org/10.3389/fpubh.2022.1040319
https://doi.org/10.1016/j.metabol.2016.07.012
https://doi.org/10.1186/s12944-021-01621-7
https://doi.org/10.3389/fendo.2022.915575
https://doi.org/10.3389/fendo.2022.954453
https://doi.org/10.1186/s12933-024-02198-y
https://doi.org/10.1373/clinchem.2003.022558


Zhang et al. 10.3389/fmed.2025.1565414

Frontiers in Medicine 08 frontiersin.org

 11. Zhou K, Qin Z, Tian J, Cui K, Yan Y, Lyu S. The Atherogenic index of plasma: a 
powerful and reliable predictor for coronary artery disease in patients with type 2 
diabetes. Angiology. (2021) 72:934–41. doi: 10.1177/00033197211012129

 12. Fu L, Zhou Y, Sun J, Zhu Z, Xing Z, Zhou S, et al. Atherogenic index of plasma is 
associated with major adverse cardiovascular events in patients with type 2 diabetes 
mellitus. Cardiovasc Diabetol. (2021) 20:201. doi: 10.1186/s12933-021-01393-5

 13. Min Q, Wu Z, Yao J, Wang S, Duan L, Liu S, et al. Association between atherogenic 
index of plasma control level and incident cardiovascular disease in middle-aged and 
elderly Chinese individuals with abnormal glucose metabolism. Cardiovasc Diabetol. 
(2024) 23:54. doi: 10.1186/s12933-024-02144-y

 14. Ma CX, Ma XN, Guan CH, Li YD, Mauricio D, Fu SB. Cardiovascular disease in 
type 2 diabetes mellitus: progress toward personalized management. Cardiovasc 
Diabetol. (2022) 21:74. doi: 10.1186/s12933-022-01516-6

 15. Zhu XW, Deng FY, Lei SF. Meta-analysis of Atherogenic index of plasma and other 
lipid parameters in relation to risk of type 2 diabetes mellitus. Prim Care Diabet. (2015) 
9:60–7. doi: 10.1016/j.pcd.2014.03.007

 16. Genuth S, Alberti KG, Bennett P, Buse J, Defronzo R, Kahn R, et al. Follow-up 
report on the diagnosis of diabetes mellitus. Diabetes Care. (2003) 26:3160–7. doi: 
10.2337/diacare.26.11.3160

 17. Wilkinson CP, Ferris FL 3rd, Klein RE, Lee PP, Agardh CD, Davis M, et al. 
Proposed international clinical diabetic retinopathy and diabetic macular edema disease 
severity scales. Ophthalmology. (2003) 110:1677–82. doi: 10.1016/S0161-6420(03)00475-5

 18. Tan TE, Wong TY. Diabetic retinopathy: looking forward to 2030. Front Endocrinol 
(Lausanne). (2022) 13:1077669. doi: 10.3389/fendo.2022.1077669

 19. Jeng CJ, Hsieh YT, Yang CM, Yang CH, Lin CL, Wang IJ. Diabetic retinopathy in 
patients with dyslipidemia: development and progression. Ophthalmol Retina. (2018) 
2:38–45. doi: 10.1016/j.oret.2017.05.010

 20. Nabrdalik K, Kwiendacz H, Moos J, Moos Ł, Kulpa J, Brzoza Z, et al. Diabetic 
peripheral neuropathy is associated with diabetic kidney disease and cardiovascular 
disease: the Silesia diabetes-heart project. Curr Probl Cardiol. (2023) 48:101726. doi: 
10.1016/j.cpcardiol.2023.101726

 21. Kaze AD, Santhanam P, Erqou S, Bertoni AG, Ahima RS, Echouffo-Tcheugui JB. 
Microvascular disease and cardiovascular outcomes among individuals with type 2 
diabetes. Diabetes Res Clin Pract. (2021) 176:108859. doi: 10.1016/j.diabres.2021.108859

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

 23. Yan H, Zhou Q, Wang Y, Tu Y, Zhao Y, Yu J, et al. Associations between 
cardiometabolic indices and the risk of diabetic kidney disease in patients with type 2 
diabetes. Cardiovasc Diabetol. (2024) 23:142. doi: 10.1186/s12933-024-02228-9

 24. Zhu L, Lv T, Song S, Tan Y, She Y, Zhou X, et al. Association of atherogenic index 
of plasma with kidney dysfunction in diabetic individuals: findings from two national 
population-based studies. BMC Endocr Disord. (2025) 25:105. doi: 
10.1186/s12902-025-01925-0

 25. Zhang J, Liu C, Peng Y, Fang Q, Wei X, Zhang C, et al. Impact of baseline and 
trajectory of the atherogenic index of plasma on incident diabetic kidney disease and 
retinopathy in participants with type 2 diabetes: a longitudinal cohort study. Lipids 
Health Dis. (2024) 23:11. doi: 10.1186/s12944-024-02003-5

 26. Decharatchakul N, Settasatian C, Settasatian N, Komanasin N, 
Kukongviriyapan U, Intharaphet P, et al. Association of genetic polymorphisms in 
SOD2, SOD3, GPX3, and GSTT1 with hypertriglyceridemia and low HDL-C level 
in subjects with high risk of coronary artery disease. PeerJ. (2019) 7:e7407. doi: 
10.7717/peerj.7407

 27. Yang Q, Zhu X, Zhang L, Luo F. Dyslipidemia and aging: the non-linear association 
between atherogenic index of plasma (AIP) and aging acceleration. Cardiovasc Diabetol. 
(2025) 24:181. doi: 10.1186/s12933-025-02695-8

 28. 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

 29. Chew EY, Davis MD, Danis RP, Lovato JF, Perdue LH, Greven C, et al. The effects 
of medical management on the progression of diabetic retinopathy in persons with type 
2 diabetes: the action to control cardiovascular risk in diabetes (ACCORD) eye study. 
Ophthalmology. (2014) 121:2443–51. doi: 10.1016/j.ophtha.2014.07.019

 30. Keech AC, Mitchell P, Summanen PA, O'Day J, Davis TM, Moffitt MS, et al. 
Effect of fenofibrate on the need for laser treatment for diabetic retinopathy (FIELD 
study): a randomised controlled trial. Lancet. (2007) 370:1687–97. doi: 
10.1016/S0140-6736(07)61607-9

https://doi.org/10.3389/fmed.2025.1565414
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1177/00033197211012129
https://doi.org/10.1186/s12933-021-01393-5
https://doi.org/10.1186/s12933-024-02144-y
https://doi.org/10.1186/s12933-022-01516-6
https://doi.org/10.1016/j.pcd.2014.03.007
https://doi.org/10.2337/diacare.26.11.3160
https://doi.org/10.1016/S0161-6420(03)00475-5
https://doi.org/10.3389/fendo.2022.1077669
https://doi.org/10.1016/j.oret.2017.05.010
https://doi.org/10.1016/j.cpcardiol.2023.101726
https://doi.org/10.1016/j.diabres.2021.108859
https://doi.org/10.3389/fendo.2022.816400
https://doi.org/10.1186/s12933-024-02228-9
https://doi.org/10.1186/s12902-025-01925-0
https://doi.org/10.1186/s12944-024-02003-5
https://doi.org/10.7717/peerj.7407
https://doi.org/10.1186/s12933-025-02695-8
https://doi.org/10.1016/j.redox.2020.101799
https://doi.org/10.1016/j.ophtha.2014.07.019
https://doi.org/10.1016/S0140-6736(07)61607-9

	Correlation between the atherogenic index of plasma and risk of diabetic retinopathy
	1 Introduction
	2 Materials and methods
	2.1 Study design and population
	2.2 Data collection
	2.3 Statistical analysis

	3 Results
	4 Discussion
	5 Conclusion

	References

