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with diabetic retinopathy
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Shanghai, China
Background: Diabetic retinopathy (DR) not only leads to visual impairment but

also increases the risk of death in type 2 diabetes patients. This study aimed to

construct a nomogram to assess the risk of all-cause mortality in patients

with DR.

Methods: This cross-sectional study included 1004 patients from the National

Health and Nutrition Examination Survey database (NHANES) between 1999-

2018. Participants were randomized in a 7:3 ratio into a training set and a test set.

We selected predictors by LASSO regression and multifactorial Cox proportional

risk regression analysis and constructed nomograms, guided by established

clinical guidelines and expert consensus as the gold standard. We used the

concordance index (C-index), receiver operating characteristic curve (ROC),

calibration curve, and decision curve analysis (DCA) to evaluate the

nomogram’s discriminative power, calibration quality, and clinical use.

Results: The training and test sets consisted of 703 and 301 participants with a

median age of 64 and 63 years, respectively. The study identified seven

predictors, including age, marital status, congestive heart failure (CHF),

coronary heart disease (CHD), stroke, creatinine level, and taking insulin. The

C-index of the nomogram model constructed from the training set was 0.738

(95% CI: 0.704-0.771), while the C-index of the test set was 0.716 (95% CI: 0.663-

0.768). In the training set, the model’s AUC values for predicting all-cause

mortality risk at 3 years, 5 years, and 10 years were 0.739, 0.765, and 0.808,

respectively. In the test set, these AUC values were 0.737, 0.717, and 0.732,

respectively. The ROC curve, calibration curve, and DCA curve all demonstrated

excellent predictive performance, confirming the model’s effectiveness and

reliability in clinical applications.

Conclusions: Our nomogram demonstrates high clinical predictive accuracy,

enabling clinicians to effectively predict the overall mortality risk in patients with

DR, thereby significantly improving their prognosis.
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1 Introduction

Diabetic retinopathy (DR) is a prevalent and severe microvascular

complication among individuals with diabetes, representing a significant

public health challenge globally (1). A meta-analysis indicates that

approximately 22.27% of people with diabetes worldwide have DR,

with projections suggesting this number will reach 160.5million by 2045

(2). In the United States, studies based on nationally representative data

estimate that approximately 9.6 million patients (95% uncertainty

interval [UI]: 7.90-11.55) were affected by DR in 2021 (3). The

primary characteristics of DR include retinal vascular damage, which

often results in vascular leakage, neovascularization, and retinal

dysfunction (4). As the disease advances, patients experience

progressive visual impairment, severely impacting their quality of life

(5). Given that the retina is a microvascular structure highly susceptible

to changes in blood flow and composition, chronic systemic diseases can

significantly damage retinal integrity (6–8). This not only threatens

patients’ vision but also increases the likelihood of broader health issues,

underscoring the importance of early detection and intervention.

Moreover, DR is not only a cause of visual impairment but also

significantly correlates with the overall health of patients, particularly

increasing their mortality risk. Research showed that mortality in

diabetic patients was strongly linked to the presence and severity of

DR (9). Epidemiological studies revealed that diabetic patients with

retinopathy had a notably higher mortality rate compared to those

without. The elevated mortality risk was attributable to the

development of cardiovascular disease, renal impairment, and other

diabetes-related complications (10–12). Patients with DR have an

increased likelihood of cardiovascular events, and following such

events, their mortality risk escalates substantially (13). Therefore,

early recognition of DR is critical not only for preserving vision but

also as an important indicator of a patient’s general health. Despite the

well-established association between DR and mortality risk, there is a

lack of predictive models or tools specifically designed to assess

mortality risk in this patient group. Traditional mortality risk

prediction tools typically focus on assessing the risk for

cardiovascular disease or other single conditions, failing to

adequately consider the unique clinical characteristics and combined

risks faced by patients with DR. This gap in predictive tools limits

clinicians’ ability to develop individualized treatment plans.

To address this problem, a straightforward, useful, and precise

nomogram for estimating the risk of all-cause mortality in patients

with DR was developed and validated using data from the National

Health and Nutrition Examination Survey (NHANES) from 1999 to

2018. This nomogram is designed to help clinicians identify high-

risk patients early and implement proactive interventions.

Additionally, it aims to increase awareness among patients and

their families, promoting proactive health management.
2 Methods

2.1 study design and study population

The National Health and Nutrition Examination Survey

(NHANES) is a cross-sectional survey conducted every two years
Frontiers in Endocrinology 02
in the United States that was created in 1999 to evaluate the

nutritional status and general health of non-institutionalized

citizens. To guarantee national representation, a stratified,

intricate, multistage, and probabilistic sampling methodology is

employed in the survey. The sampling method for this survey

specifically involves stratified sampling. Surveys are conducted

biennially, beginning with the selection of several states across the

United States. Within these selected states, specific counties are

chosen, followed by the selection of municipalities within those

counties. Finally, households within the selected municipalities are

identified as the units of analysis for the survey (14, 15). All

participants gave their informed agreement, and the National

Center for Health Statistics (NCHS) Institutional Review Board

approved the study procedure. Data for this cross-sectional study

were drawn from NHANES between 1999 and 2018.

In this study, we collected data on patients diagnosed with

diabetic retinopathy over 10 periods from 1999 to 2018, totaling

1500 individuals. To enhance data integrity and analytical accuracy,

we applied the following exclusion criteria: first, we excluded 3

pregnant women. Second, we excluded 493 individuals due to

missing data on key covariates, which prevented comprehensive

analysis. After these screening steps, the final sample size included

in the analysis was 1004 individuals.
2.2 Determination of diabetic retinopathy

DR status was determined through participant responses to the

following questions: “Have you ever been told by your doctor that

diabetes is affecting your eyes?” and “Have you ever been diagnosed

with retinopathy?”. This approach was based on previously

published literature, which supported its reliability in assessing

the status of patients with diabetic retinopathy (16–19).
2.3 Determination of mortality status

The NHANES Public Use Linked Mortality File, which

combines NHANES data with death certificate information from

the National Death Index, was the source of the mortality data. The

file was updated as of December 31, 2019 (20). Every participant’s

follow-up period was determined by taking the date of their

NHANES enrollment and adding the date of their death or the

follow-up period’s expiration.
2.4 Predictors

Variable selection was conducted based on previous literature

and clinical characteristics (21–23), we collected the following

potential characteristics: demographic information including age,

sex (male and female), race (Mexican American, other Hispanic,

non-Hispanic white, non-Hispanic black, and other races),

education level (less than high school, high school or equivalent,

and college and above), marital status (married/living with a

partner, widowed/divorced/separated, and never married), and
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poverty income ratio (PIR). For physical examination, we recorded

body mass index (BMI). For lifestyle, smoking history (having

smoked at least 100 cigarettes in a lifetime), drinking (having

consumed at least 12 drinks of any type of alcoholic beverage in

any given year), and physical activity (engaging in vigorous activity

for at least 10 minutes, which leads to significant sweating or a

marked increase in breathing rate and heart rate) were assessed. For

disease history, we looked at hypertension, congestive heart failure

(CHF), coronary heart disease (CHD), stroke, and cancer, all of

which were obtained by patient self-report or physician diagnosis.

Relevant disease information can be found at https://

wwwn.cdc.gov/nchs/nhanes/search/default.aspx. In addition, we

obtained information on whether patients used insulin and other

diabetes medications through questionnaires, as well as total

cholesterol, high-density lipoprotein cholesterol, glycosylated

hemoglobin, creatinine, white blood cells, lymphocytes,

monocytes, red blood cells, and platelets from laboratory tests.
2.5 Construction model

The dataset was divided 7:3 into training and test sets. The most

important predictors in the training set were found using the least

absolute shrinkage and selection operator (LASSO) regression

model. These predictors were then used in a Cox proportional

hazards regression analysis to identify independent predictors, with

significance defined as a p-value of less than 0.05. The hazard ratio

(HR) and their 95% confidence intervals were calculated. A

nomogram was subsequent ly cons t ruc ted us ing the

identified predictors.
2.6 Model evaluation

The accuracy and performance of the risk prediction models

were evaluated using several metrics. Receiver Operating

Characteristic (ROC) curves were employed to assess model

performance over time, with the area under the ROC curve

(AUC) used as an indicator of accuracy; values closer to 1

represent better predictive performance (24). The concordance

index (C-Index) was used to evaluate the discrimination

performance of the model in more detail. A C-index of 0.7 or

greater was deemed to represent good discrimination (25). The

exact calculation of the C-Index is described in the Supplementary

Material provided. Calibration curves were utilized to evaluate the

model’s calibration, with an ideal 45-degree line indicating that

observed probabilities matched expected probabilities. Lastly,

Decision Curve Analysis (DCA) is a method used to evaluate the

practical value of predictive models in clinical decision-making.

This analysis achieves its purpose by comparing the net benefits of

different decision strategies within a specific range of decision

thresholds. Here, “net benefit” refers to the net effect after

considering the benefits and losses associated with false positives

and false negatives. The core principle of DCA is to quantify the

utility of predictive models at specific clinical decision thresholds
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and compare it with other decision strategies, such as treating all

patients or treating none. This method provides clinicians with an

effective tool to select the optimal treatment approach in actual

decision-making processes (26).
2.7 Statistical analysis

The interquartile range (IQR) and median were used to

summarize non-normally distributed continuous variables, and

percentages and frequencies were used to describe categorical

variables. The Mann-Whitney U test was used to assess group

differences for non-normally distributed continuous data, while the

chi-square test was used to analyze differences in categorical variables.

R software version 4.3.2 was used for all statistical analyses, and

a p-value of less than 0.05 was deemed statistically significant.
3 Results

3.1 Baseline characteristics

This study included 1004 participants in total (Figure 1), with a

median age of 63 years. Of these, 456 (45.42%) were women and 548

(54.58%) were men. A median follow-up length of 79 months was

observed, during which 354 deaths among DR patients took place.

We divided the dataset in a 7:3 ratio between a training set (701

participants) and a test set (303 participants) to achieve a balanced

division. Participants in the training set had a median age of 64

years, with 389 (55.49%) men and 312 (44.51%) women. The test set

had a median age of 63 years, with 159 (52.48%) males and 144

(47.52%) females. There were statistically significant variations

between the two groups in terms of lymphocyte count, platelet

count, PIR, cancer, and marital status (P<0.05). Nevertheless, no

statistically significant variations were observed in other broad

clinical characteristics or laboratory test results (Table 1).
3.2 Constructing the model

In the training set, we used the LASSO regression model to

identify nine factors with non-zero coefficients, including age,

marital status, PIR, CHF, CHD, stroke, taking insulin, red blood

cell count, and creatinine levels (Figure 2). Using multivariable Cox

proportional hazards regression analysis, seven of these variables

were further found to be independent predictors of mortality risk in

patients with DR. The independent predictors were: age (HR: 1.05,

95% CI: 1.04-1.07), marital status (divorced/widowed/separated

HR: 1.13, 95% CI: 0.85-1.50 compared to married; never married

HR: 2.06, 95% CI: 1.19-3.58), CHF (HR: 1.58, 95% CI: 1.12-2.24),

CHD (HR: 1.45, 95% CI: 1.04-2.01), stroke (HR: 1.41, 95% CI: 1.01-

1.98), taking insulin (HR: 1.31, 95% CI: 1.01-1.71), and creatinine

levels (HR: 1.00, 95% CI: 1.00-1.00) (Supplementary Table S1).

These seven independent predictors were then used to construct the

nomogram (Figure 3).
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3.3 Evaluation of the model

To evaluate the robustness of the constructed clinical prediction

models, we tested them using both the training and test sets and

calculated the overall C-index of the models. For the training set,

the nomogram model’s C-index was 0.738 (95% CI: 0.704-0.771),

and for the test set, it was 0.716 (95% CI: 0.663-0.768). Furthermore,

a time-dependent receiver operating characteristic (ROC) curve

analysis was conducted to evaluate the nomogram model’s

prediction accuracy for the probability of all-cause mortality at

various time intervals. The results showed that in the training set,

the AUC values of the model for predicting 3-, 5-, and 10-year all-

cause mortality risk were 0.739, 0.765, and 0.808, respectively, while

in the test set, these values were 0.737, 0.717, and 0.732,

respectively (Figure 4).

The calibration curves of the nomogram model for both the

training and test sets demonstrated that the predicted probabilities

closely aligned with the actual observed probabilities, forming a

relationship that roughly followed a 45-degree diagonal line. This

indicates that the nomogram model has a good agreement between

predicted and actual event probabilities (Figure 5).

Furthermore, our research findings indicated that in decision

analysis, the model curve was above the “All (all interventions)” line

and the “None (no interventions)” line within the clinically relevant

threshold range. This finding suggested that the model could
Frontiers in Endocrinology 04
provide significant net benefits in clinical applications, supporting

its potential value in actual medical decision-making. Specifically, as

the prediction time extended, we observed that the net benefits of

the 10-year diabetes mortality risk prediction were significantly

greater than those of the 3-year and 5-year predictions. This

suggested that clinicians could use the model to make more

informed decisions among multiple treatment options, thereby

potentially improving patient prognosis and survival outcomes

(Figure 6). Collectively, these results supported the clinical

applicability of the nomogram model and provided a reliable

foundation for patient risk assessment.
4 Discussion

To date, there are no satisfactory predictive tools that effectively

identify the risk of all-cause mortality in patients with DR. To

address this issue, we constructed a nomogram using the NHANES

database from 1999 to 2018, aiming to accurately assess the

likelihood of all-cause mortality in this specific population. The

model included seven predictors: age, marital status, CHF, CHD,

stroke, creatinine level, and taking insulin. The model showed

excellent discriminative ability in both the training and test sets,

with C-indexes of 0.738 and 0.716, respectively, demonstrating the

great accuracy of the model in identifying the risk for mortality for
FIGURE 1

Flowchart of training and test sets.
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TABLE 1 Baseline characteristics of patients in the training and test sets.

Characteristic Overall Training set Test set p-value

N 1004 701 303

Age, (years) 63.00 (54.00-71.00) 64.00 (55.00-71.00) 63.00 (52.50-70.00) 0.076

Sex 0.378

Male 548 (54.58%) 389 (55.49%) 159 (52.48%)

Female 456 (45.42%) 312 (44.51%) 144 (47.52%)

Race 0.878

Mexican American 196 (19.53%) 133 (18.97%) 63 (20.79%)

Other Hispanic 99 (9.86%) 73 (10.41%) 26 (8.58%)

Non-Hispanic White 352 (35.06%) 247 (35.24%) 105 (34.65%)

Non-Hispanic Black 265 (26.39%) 183 (26.11%) 82 (27.06%)

Other Race 92 (9.16%) 65 (9.27%) 27 (8.91%)

Education level 0.942

Less than high school 212 (21.11%) 149 (21.26%) 63 (20.79%)

High school or equivalent 406 (40.44%) 281 (40.09%) 125 (41.25%)

College or above 386 (38.45%) 271 (38.66%) 115 (37.95%)

Marital status 0.019

Married/Living with Partner 597 (59.46%) 434 (61.91%) 163 (53.80%)

Widowed/Divorced/Separated 335 (33.37%) 225 (32.10%) 110 (36.30%)

Never married 72 (7.17%) 42 (5.99%) 30 (9.90%)

PIR 1.56 (0.96-2.90) 1.65 (0.99-3.08) 1.43 (0.90-2.49) 0.021

BMI 30.90(26.60-36.70) 30.90 (26.77-36.50) 30.80 (26.47-37.04) 0.927

Smoking 0.993

No 484 (48.21%) 338 (48.22%) 146 (48.18%)

Yes 520 (51.79%) 363 (51.78%) 157 (51.82%)

Drinking 0.481

No 368 (36.65%) 252 (35.95%) 116 (38.28%)

Yes 636 (63.35%) 449 (64.05%) 187 (61.72%)

Hypertension 0.633

No 272 (27.09%) 193 (27.53%) 79 (26.07%)

Yes 732 (72.91%) 508 (72.47%) 224 (73.93%)

CHF 0.704

No 845 (84.16%) 592 (84.45%) 253 (83.50%)

Yes 159 (15.84%) 109 (15.55%) 50 (16.50%)

CHD 0.348

No 845 (84.16%) 585 (83.45%) 260 (85.81%)

Yes 159 (15.84%) 116 (16.55%) 43 (14.19%)

Stroke 0.541

No 868 (86.45%) 603 (86.02%) 265 (87.46%)

(Continued)
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various patients. Furthermore, the calibration curve analysis results

showed that the model had very high accuracy in both groups,

demonstrating a strong correlation between the model’s predictions

and the actual observations. To further validate the clinical utility of

the model, DCA was performed, which showed that the model

provided good clinical decision support at different thresholds.

Our study found that the risk of death in patients with DR

increased significantly with increasing age. Age is an important

factor affecting the health status of diabetic patients, and higher age

is usually accompanied by multiple comorbidities, which further

aggravate the patient’s burden and increase the risk of death (27).

Studies have shown that in older diabetic patients, the incidence of

cardiovascular disease and nephropathy is significantly higher than

in younger patients, leading to a significant increase in their all-

cause mortality (28, 29). Additionally, the incidence of DR

increased with age, which was closely related to the aging of
Frontiers in Endocrinology 06
retinal blood vessels and the long-term effects of diabetes on the

microvasculature (30, 31). At the same time, older patients often

face additional challenges in diabetes management, including drug

interactions, comorbidity management, and decreased quality of

life, all of which may lead to decreased treatment adherence and

thus further increase the risk of death (32–34). Therefore,

individualized management strategies for elderly patients with DR

are particularly important to reduce their risk of death and improve

their quality of life. Marital status has a significant effect on the risk

of death in patients with DR. Studies have shown that married

patients usually have a lower risk of death than unmarried patients,

a phenomenon that may be closely related to various factors such as

social support, mental health, and health behaviors (35). A study

from the United States showed that divorce or separation status was

significantly associated with diabetes mortality in men (HR: 1.318,

95% CI: 1.010-1.719; HR: 1.283, 95% CI: 1.054-1.562). For women,
TABLE 1 Continued

Characteristic Overall Training set Test set p-value

N 1004 701 303

Stroke 0.541

Yes 136 (13.55%) 98 (13.98%) 38 (12.54%)

Cancer 0.041

No 875 (87.15%) 601 (85.73%) 274 (90.43%)

Yes 129 (12.85%) 100 (14.27%) 29 (9.57%)

Physical activity 0.782

No 914 (91.04%) 601 (90.65%) 254 (90.07%)

Yes 90 (8.96%) 62 (9.35%) 28 (9.93%)

Taking insulin 0.522

No 528 (52.59%) 364 (51.93%) 164 (54.13%)

Yes 476 (47.41%) 337 (48.07%) 139 (45.87%)

Take diabetic pills 0.737

No 319 (31.77%) 225 (32.10%) 94 (31.02%)

Yes 685 (68.23%) 476 (67.90%) 209 (68.98%)

TC, (mmol/L) 4.60 (3.90-5.53) 4.55 (3.88-5.48) 4.71 (3.96-5.66) 0.079

HDL-C, (mmol/L) 1.19 (0.98-1.42) 1.16 (0.98-1.42) 1.19 (0.99-1.45) 0.986

HbA1c (%) 7.30 (6.50-8.77) 7.30 (6.40-8.80) 7.30 (6.50-8.60) 0.683

Creatinine 83.10 (66.30-114.92) 83.98 (67.18-114.04) 82.21 (63.65-115.36) 0.418

WBC, 103/uL 7.40 (6.00-8.90) 7.30 (5.90-8.80) 7.60 (6.20-8.90) 0.125

Lymphocyte, 103/uL 2.00 (1.50-2.60) 2.00 (1.50-2.60) 2.10 (1.60-2.80) 0.006

Monocyte, 103/uL 0.60 (0.40-0.70) 0.50 (0.40-0.70) 0.60 (0.50-0.70) 0.247

Red blood cell, 106/uL 4.55 (4.18-4.89) 4.54 (4.18-4.88) 4.56 (4.18-4.99) 0.266

Platelet, 103/uL 234.50 (194.00-281.00) 233.00 (191.00-277.00) 238.00 (199.00-287.00) 0.040
PIR, poverty income ratio; BMI, body mass index; CHF, congestive heart failure; CHD, coronary heart disease; TC, total cholesterol; HDL-C, high-density lipoprotein cholesterol; WBC, White
blood cell.
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widowed status was similarly associated with diabetes mortality

(HR: 1.349, 95% CI: 1.107-1.643; HR: 1.262, 95% CI: 1.113-1.431)

(36). Married individuals usually enjoyed stronger social support

networks and could receive support from their partners both

emotionally and practically, which made them more likely to

maintain a positive psychological state in the face of illness (37,

38). Thus, marital status may be considered an important social

factor that influences survival in patients with DR. Future studies

should further explore how social support can be utilized to

improve health outcomes in patients with DR.
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Patients with DR who have a history of comorbid CHF, CHD,

and stroke face a higher risk of death. CHF is one of the common

complications in patients with diabetes, and studies have shown

that it is positively associated with all-cause mortality and

cardiovascular mortality (39). Heart failure leads to cardiac

decompensation, which affects systemic circulation, exacerbating

the development of other diseases, including DR (40). Therefore,

patients with heart failure have a significantly increased risk of

death following a cardiovascular event. CHD is one of the most

common cardiovascular diseases among diabetic patients, and
FIGURE 2

The Least absolute shrinkage and selection operator (LASSO) regression model was used to screen the predictors. (A) Generation of coefficient
curves based on log(lambda) sequences with nonzero coefficients generated by optimal lambda. (B) The optimal parameters (lambda) in the LASSO
model were selected by 10-fold cross-validation based on the minimum criterion. Vertical dashed lines are drawn on the optimal values based on
the minimum mean square error (left side).
FIGURE 3

Nomogram of risk of all-cause mortality after 3, 5, and 10 years in patients with diabetic retinopathy. .
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studies have shown that the incidence of coronary artery disease is

higher in diabetic patients than in non-diabetic patients (41). When

CHD is combined with DR, the risk of cardiovascular events is

significantly increased, leading to higher mortality rates (42). This

phenomenon may be related to the impairment of vascular

endothelial function and chronic inflammatory responses caused

by diabetes, which accelerate atherosclerosis formation and

ultimately lead to cardiovascular events (43, 44). In addition, a

history of stroke is an important predictor of mortality risk in

patients with DR. A prospective cohort study found that a history of

clinical stroke significantly increased the risk of cardiovascular

disease-related death in patients with retinopathy (HR: 3.30, 95%

CI: 2.05-5.32) (45). Stroke not only leads to acute disability but also

severely affects patients’ quality of life and self-care ability,

increasing the difficulty of long-term care and health

management, thus increasing mortality (46). Therefore, clinicians

should pay great attention to these comorbidities and develop more
Frontiers in Endocrinology 08
effective intervention strategies in diabetes management to reduce

the risk of patient mortality.

The present study showed a significant association between

elevated creatinine levels and the risk of death in patients with DR.

Creatinine is a waste product of muscle metabolism that is usually

excreted by the kidneys, and elevated levels often indicate impaired

renal function (47). In patients with diabetes, worsening kidney

function not only signals the progression of diabetic nephropathy

but may also be associated with systemic problems such as

cardiovascular disease, chronic inflammation, and increased

oxidative stress (48, 49). High creatinine levels usually reflect

more severe diabetic complications, and the severity of

retinopathy is also strongly associated with overall health (50).

Studies have found that diabetics who also have high creatinine

levels are at higher risk of death (51). This phenomenon may be

related to the chronic inflammatory state and metabolic disorders

triggered by high creatinine levels, which affect the patient’s overall
FIGURE 4

Nomogram modeling of all-cause mortality in patients with diabetic retinopathy for ROC analysis and AUC curves over time. (A) ROC curve of the
training set; (B) AUC curve of the training set; (C) ROC curve of the test set; (D) AUC curve of the test set.
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health (52). Therefore, regular monitoring of kidney function and

fundus health is crucial for diabetic patients. Early detection of

retinopathy and renal function problems can help in taking effective

interventions, thereby reducing the risk of death. In addition, our

study found that immediate insulin administration was a significant

predictor of mortality risk in patients with DR. DR is usually the
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result of chronic hyperglycemia in diabetic patients, whose overall

health may have been severely compromised (53). A large

controlled cohort study showed that glucose-lowering

medications were associated with increased mortality in diabetic

patients of all ages (54). The possible explanation is that although

immediate insulin administration is effective in lowering blood
FIGURE 5

Calibration curves for 3-, 5-, and 10-year risk of all-cause mortality in patients with diabetic retinopathy. (A) 3-year training set; (B) 3-year test set;
(C) 5-year training set; (D) 5-year test set; (E) 10-year training set; (F) 10-year test set.
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glucose, it may not rapidly improve the general health of these

patients and may instead trigger complications such as

hypoglycemia, which can increase the risk of death (55, 56).

Therefore, the manner and timing of glycemic control in patients

with DR need to be considered in the context of their overall health

status and potential risks.

Identifying predictors and performing high-risk stratification

are important medical decisions for preventing death in patients

with DR. To this end, this study included patients with DR from the
Frontiers in Endocrinology 10
NHANES database between 1999 and 2018, with all-cause mortality

as an outcome indicator, to develop a validated clinical prediction

model to assess the risk of all-cause mortality in these patients. We

used Lasso regression for variable selection, a method that

effectively identifies significant predictors associated with

mortality risk and prevents overfitting by adjusting the

complexity of model fitting, making the model more robust and

plausible. Additionally, we applied Cox proportional risk regression

analysis to further evaluate the screened predictors to determine
FIGURE 6

Decision curve analysis of the 3-, 5-, and 10-year risk of all-cause mortality in patients with diabetic retinopathy. (A) 3-year training set; (B) 3-year
test set; (C) 5-year training set; (D) 5-year test set; (E) 10-year training set; (F) 10-year test set. The vertical coordinate represents the net benefit and
the horizontal coordinate represents the critical probability. The red line represents “All” (assuming all participants receive the intervention), while the
green line represents “None” (assuming all participants do not receive the intervention). The blue line is the DCA curve then reflects the net benefit
at different decision thresholds. If the model consistently remains above the “All” line and the “None” line across a broad range of threshold values,
this indicates that the model possesses practical applicability in various clinical contexts.
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their statistical significance in mortality risk prediction. We

developed a nomogram model based on these screened variables,

designed to transform complex regression equations into visual

graphs that enable clinicians to understand and interpret the results

of the prediction model more intuitively. With this model, we assign

a score to each predictor and aggregate all scores to calculate the

probability of a risk event for each patient. Clinicians can use this

tool to identify high-risk patients promptly so that appropriate

interventions can be implemented to improve patient survival. For

example, consider a 60-year-old married patient with congestive

heart failure, coronary artery disease, and stroke and a blood

creatinine level of 200 µmol/L who is not taking insulin.

According to our predictive model, this patient has a total score

of approximately 100, and his or her 3-year survival rate is

approximately 0.95, the 5-year survival rate is approximately 0.75,

and the 10-year survival rate is approximately 0.45. Such survival

data provide clinicians with important information that can help

with more precise risk management and intervention planning.

There are several limitations to our study. First, the diagnosis of

DR was based on self-reported information from the NHANES,

which may introduce information bias due to cognitive deficits or

recall bias in participants. Second, participants with missing data

were usually in poorer health, which may have led to fewer observed

deaths, thus introducing selection bias. Additionally, our model has

only been internally validated, and external validation is yet to be

conducted to ensure its reliability and generalizability. Finally, the

sample in this study was limited to patients with DR in the United

States, which may limit the applicability of the model to other

countries and regions.
5 Conclusions

This study successfully developed, validated, and visualized a

nomogram for predicting the risk of all-cause mortality in patients

with DR at 3, 5, and 10 years. The nomogram incorporates seven

common clinical characteristics: age, marital status, CHF, CHD,

stroke, creatinine levels, and taking insulin. By utilizing this tool,

clinicians can more accurately assess patients’ mortality risk and

implement targeted interventions for high-risk individuals,

potentially reducing the risk of premature death in patients with

DR. Future research should focus on prospective and interventional

studies to further validate and enhance the accuracy and reliability

of this nomogram.
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46. Gurková E, Štureková L, Mandysová P, Šaňák D. Factors affecting the quality of
life after ischemic stroke in young adults: A scoping review.Health Qual Life Outcomes.
(2023) 21:4. doi: 10.1186/s12955-023-02090-5

47. Kannapiran M, Nisha D, Madhusudhana Rao A. Underestimation of impaired
kidney function with serum creatinine. Indian J Clin Biochem. (2010) 25:380–4.
doi: 10.1007/s12291-010-0080-4

48. Jin Q, Luk AO, Lau ESH, Tam CHT, Ozaki R, Lim CKP, et al. Nonalbuminuric
diabetic kidney disease and risk of all-cause mortality and cardiovascular and kidney
outcomes in type 2 diabetes: findings from the hong kong diabetes biobank. Am J
Kidney Dis. (2022) 80:196–206.e1. doi: 10.1053/j.ajkd.2021.11.011

49. Gutiérrez OM, Shlipak MG, Katz R, Waikar SS, Greenberg JH, Schrauben SJ,
et al. Associations of plasma biomarkers of inflammation, fibrosis, and kidney tubular
injury with progression of diabetic kidney disease: A cohort study. Am J Kidney Dis.
(2022) 79:849–57.e1. doi: 10.1053/j.ajkd.2021.09.018

50. Trott M, Driscoll R, Pardhan S. Associations between diabetic retinopathy,
mortality, disease, and mental health: an umbrella review of observational meta-
analyses. BMC Endocr Disord. (2022) 22:311. doi: 10.1186/s12902-022-01236-8
Frontiers in Endocrinology 13
51. Marassi M, Fadini GP. The cardio-renal-metabolic connection: A review of the
evidence. Cardiovasc Diabetol. (2023) 22:195. doi: 10.1186/s12933-023-01937-x

52. Beddhu S, Kimmel PL, Ramkumar N, Cheung AK. Associations of metabolic
syndrome with inflammation in ckd: results from the third national health and
nutrition examination survey (Nhanes iii). Am J Kidney Dis. (2005) 46:577–86.
doi: 10.1053/j.ajkd.2005.06.014

53. Kaur G, Harris NR. Endothelial glycocalyx in retina, hyperglycemia, and diabetic
retinopathy. Am J Physiol Cell Physiol. (2023) 324:C1061–c77. doi: 10.1152/
ajpcell.00188.2022

54. Claesen M, Gillard P, De Smet F, Callens M, De Moor B, Mathieu C.
Mortality in individuals treated with glucose-lowering agents: A large, controlled
cohort study. J Clin Endocrinol Metab. (2016) 101:461–9. doi: 10.1210/jc.2015-
3184

55. Roumie CL, Hung AM, Greevy RA, Grijalva CG, Liu X, Murff HJ, et al.
Comparative effectiveness of sulfonylurea and metformin monotherapy on
cardiovascular events in type 2 diabetes mellitus: A cohort study. Ann Intern Med.
(2012) 157:601–10. doi: 10.7326/0003-4819-157-9-201211060-00003

56. Currie CJ, Poole CD, Evans M, Peters JR, Morgan CL. Mortality and other
important diabetes-related outcomes with insulin vs other antihyperglycemic therapies
in type 2 diabetes. J Clin Endocrinol Metab. (2013) 98:668–77. doi: 10.1210/jc.2012-
3042
frontiersin.org

https://doi.org/10.1016/j.ophtha.2016.02.045
https://doi.org/10.1186/s12955-023-02090-5
https://doi.org/10.1007/s12291-010-0080-4
https://doi.org/10.1053/j.ajkd.2021.11.011
https://doi.org/10.1053/j.ajkd.2021.09.018
https://doi.org/10.1186/s12902-022-01236-8
https://doi.org/10.1186/s12933-023-01937-x
https://doi.org/10.1053/j.ajkd.2005.06.014
https://doi.org/10.1152/ajpcell.00188.2022
https://doi.org/10.1152/ajpcell.00188.2022
https://doi.org/10.1210/jc.2015-3184
https://doi.org/10.1210/jc.2015-3184
https://doi.org/10.7326/0003-4819-157-9-201211060-00003
https://doi.org/10.1210/jc.2012-3042
https://doi.org/10.1210/jc.2012-3042
https://doi.org/10.3389/fendo.2025.1493984
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Construction of a nomogram for predicting the risk of all-cause mortality in patients with diabetic retinopathy
	1 Introduction
	2 Methods
	2.1 study design and study population
	2.2 Determination of diabetic retinopathy
	2.3 Determination of mortality status
	2.4 Predictors
	2.5 Construction model
	2.6 Model evaluation
	2.7 Statistical analysis

	3 Results
	3.1 Baseline characteristics
	3.2 Constructing the model
	3.3 Evaluation of the model

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



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


