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Nomogram model predicts the risk et

of visual impairment in diabetic retinopathy:
a retrospective study

Yuancheng Zhao'®, Rentao Yu?, Chao Sun', Wei Fan', Huan Zou', Xiaofan Chen', Yanming Huang' and
Rongdi Yuan'

Abstract

Background: To develop a model for predicting the risk of visual impairment in diabetic retinopathy (DR) by a
nomogram.

Methods: Patients with DR who underwent both optical coherence tomography angiography (OCTA) and fundus
fluorescein angiography (FFA) were retrospectively enrolled. FFA was conducted for DR staging, swept-source optical
coherence tomography (55-OCT) of the macula and 3*3-mm blood flow imaging by OCTA to observe retinal struc-
ture and blood flow parameters. We defined a logarithm of the minimum angle of resolution visual acuity (LogMAR
VA) >0.5 as visual impairment, and the characteristics correlated with VA were screened using binary logistic regres-
sion. The selected factors were then entered into a multivariate binary stepwise regression, and a nomogram was
developed to predict visual impairment risk. Finally, the model was validated using the area under the receiver operat-
ing characteristic (ROC) curve (AUQ), calibration plots, decision curve analysis (DCA), and clinical impact curve (CIC).

Results: A total of 29 parameters were included in the analysis, and 13 characteristics were used to develop a nomo-
gram model. Finally, diabetic macular ischaemia (DMI) grading, disorganization of the retinal inner layers (DRIL), outer
layer disruption, and the vessel density of choriocapillaris layer inferior (SubVD) were found to be statistically signifi-
cant (P<0.05). The model was found to have good accuracy based on the ROC (AUC=0.931) and calibration curves
(C-index=10.930). The DCA showed that risk threshold probabilities in the (3-91%) interval models can be used to
guide clinical practice, and the proportion of people at risk at each threshold probability is illustrated by the CIC.

Conclusion: The nomogram model for predicting visual impairment in DR patients demonstrated good accuracy
and utility, and it can be used to guide clinical practice.

Trial registration: Chinese Clinical Trial Registry, ChiCTR2200059835. Registered 12 May 2022,
https://www.chictr.org.cn/edit.aspx?pid=169290&htm=4

Keywords: Nomogram, Visual impairment, Decision curve analysis, Clinical impact curve, Optical coherence
tomography angiography, Diabetic retinopathy

Background
Diabetes is one of the fastest-growing chronic diseases
in the world [1], and diabetic retinopathy (DR) is one of
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the initial results will be progressively applied to clinical
practice [6]. Currently, fundus fluorescein angiography
(FFA) is the gold standard for the diagnostic grading of
DR [7], and swept-source optical coherence tomography
(SS-OCT) can construct clear two-dimensional cross-
sectional images of the retina [8]. The novel recently
developed optical coherence tomography angiography
(OCTA) procedure is very sensitive to retinal microvas-
cular changes, and it can yield clear images among some
patients with poorly defined refractive media (cataract,
vitreous opacities) [9].

It has been shown that DR staging [2] and retinal struc-
tural abnormalities (disorganization of the retinal inner
layers (DRIL) [10], diabetic macular ischaemia (DMI)
[11], diabetic macular oedema (DME) [12], outer layer
disruption [13], structural changes in the foveal avascular
zone (FAZ) [14], etc.) are correlated with visual impair-
ment in DR patients, but no studies have revealed the
magnitude of the influence of various correlated factors
in the formation of visual impairment in DR patients.
Furthermore, no studies have integrated these risk fac-
tors to construct an efficient, accurate, simple and intui-
tive model for predicting the risk of visual impairment.
A nomogram would be useful to achieve this goal. Based
on the reported risk factors for visual acuity (VA) in DR
patients and some new retinal structure indicators, this
study screened out risk factors that were strongly corre-
lated with VA through regression analysis and creatively
integrated and quantified the impact of the risk factors
for visual impairment in DR patients using a nomogram
[15]. By scoring each factor, a convenient and practical
risk prediction model for visual impairment was con-
structed to guide clinical decision-making.

Methods

Subjects

This research was implemented in accordance with the
requirements of the Declaration of Helsinki, and the
protocol was approved by the Ethics Committee of the
Second Affiliated Hospital of Army Medical University.
This study was registered in the Clinical Trials Registry
(ChiCTR2200059835). A total of 252 eyes in 133 patients
with DR who attended the ophthalmology department
of the Second Affiliated Hospital of the Army Medical
University were examined from August 2020 to January
2022. The inclusion criteria were as follows: 1. patients
of either sex, ages >18years; 2. patients diagnosed with
DR according to the International Clinical Classifica-
tion Criteria for Diabetic Retinopathy (2002) [16]; and
3. clear images were obtained for patients who had
undergone OCTA and FFA within 1week. The exclu-
sion criteria were as follows: 1. patients with other fun-
dus retinopathies in addition to DR (age-related macular
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degeneration, polypoid chorioretinopathy, optic nerve
atrophy, etc.); 2. patients with refractive media cloud-
ing (cataracts affecting vision, vitreous haemorrhage) for
which clear images cannot be obtained; and 3. patients
with other ophthalmic diseases affecting vision. The
exclusion process and reasons for all exclusions are
shown in Online Additional file 1.

General examination

The patient’s best-corrected visual acuity (BCVA) was
assessed using the International Standard Visual Acu-
ity Scale and converted to logarithm of the minimum
angle of resolution (LogMAR) VA. Slit lamp, intraocular
pressure (IOP) and fundus photograph were routinely
examined, and the patient’s duration of diabetes at this
visit, comorbidities, and examination test results were
recorded.

OCTA and OCT image acquisition and processing

The OCTA instrument (DRI OCT Triton; Topcon Inc.,
Tokyo, Japan) we utilize used the latest technology. The
device type was SS-OCT, which was based on the opti-
cal coherence tomography angiography ratio analysis
(OCTARA) algorithm, the wavelength was 1050 nm, the
acquisition speed was 100kHz, and the axial and lateral
resolution of the tissue was 7 pum and 20 pm, respectively.
The capillary plexus was automatically segmented as fol-
lows (IMAGEnet6): the superficial capillary plexus (SCP)
was located 3mm below the internal limiting membrane
(ILM) to 15mm below the junction of the inner plexi-
form layer (IPL) and inner nuclear layer (INL); the deep
capillary plexus (DCP) was located 15mm below the
IPL/INL to 70mm below the INL, and the choriocapil-
laris layer was located Bruch Membrane (BM) to 20 mm
below the BM [17]. The following images were excluded:
(1) quality scores <45; (2) blurred images (inability to dis-
tinguish capillaries from background signal); (3) artefacts
(white lines, vessel displacement) due to movement and
blinking; and (4) images that did not distinguish between
DCP and SCP. SS-OCT of the macula was performed on
the patient and analysed for DRIL, DME occurrence, and
outer layer disruption of the retina (Online Additional
file 2). A 3*3-mm (each b-scan includes 320 A-scans for
a total of 320 b-scans) flow imaging was performed from
SCP, which was used to evaluate DMI grading in artifi-
cial means (Online Additional file 3) [18], and foveal
avascular zone (FAZ) (d=1mm) and paracentral fovea
(d=0.75mm) vessel density (VD) origin in DCP and SCP
were analysed using IMAGEnet6 software. FAZ area,
perimeter [19], circularity [20] (Online Additional file 4),
and nonperfusion area (NPA) within 3mm*3mm [21]
of DCP and SCP were analysed using Image] software
(Online Additional file 5) (Table 1).
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Table 1 Definition of OCT/OCTA Metrics
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Parameters Unit  Definition
Foveal Avascular Zone
Area mm?  Area within manually traced FAZ.
Perimeter mm  Perimeter of manually traced FAZ
Circularity Irregularity of the FAZ perimeter when compared to the perimeter of a perfect circle of equal area. Mathemati-
cally, it is defined by the formula: 4m*[Area)/[Perimeter]”, with a value of 1.0 indicating a perfect circle.
Disorganization of the Grade Unidentifiable boundaries of the ganglion cell layer (GCL)—inner plexiform layer (IPL) complex, inner nuclear
Retinal Inner Layers layer (INL), and outer plexiform layer (OPL) within the central 3000 um region. GradeO =none; Gradel=single
Side of the FAZ; Grade2 =both Sides of the FAZ.
Outer Layer Disruption Yes Outer layer disruption was defined as horizontal length of disruptions involving the external limiting membrane
(ELM) ~ Ellipsoid zone (EZ) and Retinal pigment epithelium (RPE).
Diabetic Macular Ischemia Grade Grade 1=contour not smooth, round, or oval, visible irregularities, but not necessarily abnormal. Grade 2 = obvi-

ous damage, < 180°; Grade 3 =obvious damage, > 180°, partial remnants; Grade 4= complete damage to the

contour.
Diabetic Macular Edema Yes

Defined as a CRT>300um.The presence of intraretinal cysts was defined as the presence of localized hypo

reflective areas, only the presence or absence of cystoid macular edema was observed, and no degree of grad-

ing was performed.

Vessel Density % Ratio of white pixels (vessels/flow) to total pixels in an image.

Non-perfusion Area mm?  Using the binarization and inversion functions of ImageJ software, the gap between adjacent blood vessels was
defined as the non-perfusion area, and the total area of the non-perfusion area within the range of 3*3mm was
directly measured.

FFA image parameter was subjected to univariate logistic regres-

FFA was performed on the patient using a Heidel-
berg (SPECTRALIS HRA), arm retinal time (ART) was
recorded and DR staging was performed on the affected
eye [22].

Reproducibility

Manual outlining of the images was performed using
Image] (version 1.51a), and the grade was assessed by
two blinded specialists (Chen and Zou). The specialists
showed good agreement for manual measurement indi-
cators (Online Additional file 6), and disagreements were
resolved via discussion.

Statistical analysis

SPSS 26.0 (IBM Corporation, New York, USA) and the
‘rms’ and ‘rmda’ packages of RStudio (version 4.1.3;
https://www.R-project.org) software were used for
statistical analysis. The normality of the measurement
data was determined using the Kolmogorov—Smirnov
test, and those that did not satisfy the normal dis-
tribution were expressed as medians (quartiles). The
enumeration data were presented as frequencies (per-
centages). LogMAR VA was transformed into binary
outcomes with or without impairment according to the
cut-off value criterion (Standard: Blindness and Visual
Impairment Criteria (International Classification of
Diseases, WHO, 2009) defining VA>0.5 as having
impaired vision and the opposite is not) [23], and each

sion analysis and validated using the area under the
receiver operating characteristic (ROC) curve (AUC).
The parameters that were strongly correlated with VA
were subsequently entered into a multivariate logistic
regression (LR) in a stepwise manner to construct the
nomogram. The model accuracy and fit were assessed
using ROC and calibration curves, and decision curve
analysis (DCA) [24] was conducted to assess the rate
of the benefit of the model to patients. Clinical impact
curve (CIC) was used to stratify risk proportions for
each threshold probability in the model [25]. P<0.05
was considered to indicate a statistically significant
difference.

Results

Demographic data

Of the 133 patients, the median age was 56years
(50-61years), the median duration of diabetes was
10years (7-16years), the median HbAlc value was
8.6% (7.3-10.5%), hypertension was observed in a
total of 76 patients (57.14%), and diabetic nephropathy
was observed in a total of 77 patients (59.69%). Table 2
showed the underlying clinical characteristics of the
included patients. There were 252 eyes with nonprolif-
erative diabetic retinopathy (NPDR) lesions, 49 (19.44%)
eyes with mild DR, 89 (35.32%) eyes with moderate DR,
53 (21.03%) eyes with severe DR, and 61 (24.21%) eyes
with proliferative diabetic retinopathy PDR.
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Table 2 Demographics characteristics of patients (N=133)

Parameters Number Mid (IQR) or %
Age, years 133 56(50-61)
Gender, men 85 63.91%
Duration of diabetes, years 129 10(7-16)
ART, seconds 133 15(14-19)
Smoking, yes 46 35.66%
Drinking, yes 26 20.16%
Comorbidities, yes
Hypertension 76 57.14%
DN 77 59.69%
Hyperlipidemia 39 30.23%
Hypercholesterolemia 10 7.75%
Hyperuricemia 19 15.20%
Cardiovascular disease 28 21.71%
Anemia 17 13.18%
Laboratory parameters
UCV, Abnormal 82 72.57%
eGFR, ml/min/L 125 88(56-102)
TG, mmol/L 123 1.48(1.02-2.29)
TCH, mmol/L 123 4.47(3.66-5.37)
HDL-C, mmol/L 123 1.04(0.885-1.27)
LDL-C, mmol/L 123 2.22(1.63-2.98)
HbA1c, % 126 8.6(7.3-10.5)

Abbreviations: ART arm retinal time, DN diabetic nephropathy, UCV ultrasound
of cervical vascular, TG triglycerides, TCH total cholesterol, HDL-C high density
lipoprotein cholesterol, LDL-C low-density lipoprotein cholesterol, eGFR
estimated glomerular filtration rate

Development of the nomogram models

A total of 44 eyes with impairment and 206 eyes without
impairment were examined, indicating an impairment
rate of 17.5%. First, each risk factor was analysed by uni-
variate binary regression (Table 3), and risk factors with
statistical significance (P<0.05) and AUC> 0.650 in both
binary regression and ROC curve analysis were screened.
The following factors were included in the regression
model: DR, DMI, DME, DRIL, outer layer disruption,
NPA (SCP, SCP+ DCP), VD (superior of SCP, centre and
superior of DCP, inferior of choriocapillaris), FAZ (area
and perimeter of SCP), and systemic factors such as sex,
age, HbAlc, EGFR, TG, TCH, duration of diabetes, and
the presence of hypertension and diabetic nephropa-
thy. The model was statistically significant (P<0.001)
(Table 4).

Validation of nomogram models

The accuracy of the model in determining the presence of
visual impairment was 91.2% at the optimal cut-off value
(P=0.187, P denotes the model-derived probability),
with a sensitivity of 93.2% and a specificity of 86.5%. The
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Youden index was maximized, and DMI, Sub VD, DRIL,
and Outer Layer Disruption were statistically significant
(P<0.05) factors in the model. Thus, these independent
risk factors were included in the nomogram (Fig. 1). The
ROC indicated that the nomogram had high discrimina-
tion (AUC=0.931 (0.889-0.973), P<0.05) (Fig. 2). Cali-
bration curves (C-index=0.930, P<0.05) (Fig. 3) revealed
good model fit consistency, and DCA illustrated that if
the visual impairment risk threshold probabilities ranged
from 3 to 91%, patients would significantly benefit from
using this study’s model to aid decision-making. Finally,
the CIC displayed the proportional number of people at
risk of visual impairment at each threshold probability
(Fig. 4).

Discussion

Nomograms are considered reliable and practical pre-
dictive tools, capable of generating individual probabili-
ties of clinical events by integrating multiple prognostic
influences [15], and quantifying risk [26], thereby satisfy-
ing our desire for integrated biological and clinical mod-
els, enabling the need for personalized medicine, aiding
better clinical decision-making through a user-friendly
digital interface and more generalized conclusions [27].
This study concluded that DRIL and outer layer disrup-
tion (provided by OCT images of the macula), DMI and
SubVD (provided by 3*3-mm blood flow images) were
strongly correlated with visual impairment in patients
with DR. The AUC showed that the nomogram shows
better discrimination than the use of individual risk fac-
tors (Fig. 2). The visualization of influencing factors using
the nomogram reveals the magnitude of influence for
each risk factor for the development of visual impair-
ment, thereby facilitating clinical discrimination of indi-
cators that require more attention. The DCA showed that
patients with risk threshold probabilities in the range of
3-91% had a higher net benefit than those in the inter-
vention for the all patients’ scenario or the ‘no interven-
tion at all’ scenario [15]. These findings showed that the
model had a wide range of clinical applications. The CIC
showed the number of true positives at risk of visual
impairment at different threshold probabilities and the
number predicted by the model, providing a reference for
clinicians to determine the condition.

As an example of our findings, an affected eye with
DRIL=1 (21 points), DMI=3 (31 points), Outer Layer
Disruption =1 (15 points), subVD=50% (20 points)
would have a total score of 87 points, corresponding to
a risk probability of substandard VA (LogMAR VA > 0.5)
of approximately 90% (Fig. 1). Even if patients currently
had a fair vision on examination, there was a high risk
that their vision would decline later; assuming a thresh-
old probability of 20%, the DCA showed a net benefit rate
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Table 3 LogMAR VA impairment correlation with various parameters (N=252)

Parameters OR (95%Cl) P AUC (95%Cl) P

DR Staging 0.13(0.05-0.34) 0.000 0.776(0.711-0.840) 0.000
OCT Metrics

DME 7.37(1.59-4.09) 0011 0.770(0.683-0.857) 0.000

DRIL 19.08(8.59-42.36) 0.000 0.801(0.718-0.885) 0.000

Outer Layer Disruption 16.50(6.92-39.36) 0.000 0.703(0.605-0.802) 0.000

OCTA Metrics
DMI 24.90(3.29-188.42) 0.002 0.825(0.764-0.887) 0.000
Vessel Density(%)

SCP Center 0.96(0.89-1.04) 0.310 0.560(0.460-0.660) 0.207
Superior 0.89(0.82-0.96) 0.004 0.660(0.560-0.760) 0.001
Inferior 0.93(0.86-1.00) 0.052 0.597(0.502-0.692) 0.044
Nasal 0.98(0.90-1.06) 0.684 0.527(0.416-0.637) 0.578
Temporal 093(0 85-1.01) 0.078 0.569(0.466-0.671) 0.153

DCP Center 15(1.09-1.22) 0.000 0.702(0.599-0.805) 0.000
Superior 0. 88(0 82-0.96) 0.002 0.661(0.561-0.762) 0.001
Inferior 0.93(0.87-1.00) 0.036 0.629(0.529-0.729) 0.007
Nasal 0.93(0.86-1.01) 0.083 0566(0 464-0.667) 0.171
Temporal 096(0 90-1.02) 0.175 516(0.413-0.618) 0.740

Choriocapillaris layer Center 91(0.86-0.97) 0.002 0. 630(0 536-0.723) 0.007
Superior 0. 85(0 77-0.94) 0.002 0.638(0.548-0.728) 0.004
Inferior 0.80(0.73-0.88) 0.000 0.699(0.612-0.787) 0.000
Nasal 0.89(0.80-0.98) 0.018 0.576(0.471-0.680) 0.115
Temporal 0.87(0.80-0.94) 0.001 0.650(0.550-0.749) 0.002

Foveal Avascular Zone

Area SCP(mm?) 20.13(5.18-78.28) 0.000 0.690(0.600-0.781) 0.000

DCP 3.78(1.74-8.22) 0.001 0.639(0.536-0.742) 0.004

Perimeter SCP(mm) 1.83(1.37-2.44) 0.000 0.682(0.592-0.772) 0.000

DCP 1.00(1.00-1.00) 0438 0.688(0.593-0.783) 0.000

Circularity SCP 0. 08(0 01-0.68) 0.021 0.581(0.487-0.676) 0.090

DCP 01(0.00-0.06) 0.000 0.687(0.604-0.771) 0.000

NPA in 3*3mm(mm?)

SCP 2.60(1.35-5.01) 0.004 0.690(0.611-0.768) 0.000

DCP 1.86(1.00-3.47) 0.050 0.635(0.534-0.736) 0.005

SCP+DCP 1.52(1.10-2.11) 0.012 0.664(0.572-0.755) 0.001

Abbreviations: DR diabetic retinopathy, DM/ diabetic macular ischemia, DME diabetic macular edema, DRIL disorder retinal inner layer, Outer layer disruption retinal
pigment epithelium or ellipsoid zone rupture, SCP superficial capillary plexus, DCP deep capillary plexus, NPA no perfusion area

Table 4 Statistical analysis results of predictive model

Parameters B SE Wald P OR (95%Cl)

DMI 3.067 1.143 7.197 0.007 21.49(2.29-202.00)
SubVD —0.207 0.072 8399 0.004 0.81(0.71-0.94)
DRIL 2.095 0.547 14.644 0.000 8.12(2.78-23.75)
Outer Layer Disruption 2121 0.669 5431 0.020 4.01(1.25-12.90)

Abbreviations: DMI diabetic macular ischemia, DRIL disorder retinal inner layer, SubVD vessel density of choriocapillaris layer Inferior, Outer layer disruption retinal

pigment epithelium or ellipsoid zone rupture
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DMI =diabetic macular ischaemia; DRIL =disorder retinal inner layer; SubVD = vessel density of choriocapillaris layer inferior
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Fig. 2 Receiver operating characteristic curve (ROC) curve
validation of parameters affecting visual acuity. The y-axis indicates
the true-positive rate of the risk prediction. The x-axis indicates

the (1-true negative) rate of the risk prediction. The constructed
model has higher accuracy than the individual risk factors.

DMI = diabetic macular ischaemia; DRIL =disorder retinal inner layer;
SubVD = vessel density of choriocapillaris layer inferior; Outer layer

disruption =retinal pigment epithelium or ellipsoid zone rupture

of 13% in the vertical coordinate at this point, indicating
that the model screened 13 additional high-risk patients
for noncompliance per 100 DR patients tested for vision
((net benefit of the model - net benefit of all treatments)/
(threshold probability/(1-threshold probability)) x 100),
without increasing the number of false-positives [28].
CIC showed that the true number of DR patients with
substandard vision was approximately 170 (out of 1000
patients) compared to the model’s predicted number of
at-risk patients (260), thus indicating that the clear results
are useful in clinical practice (Fig. 4). Based on the model,
clinicians can implement early medical interventions,
such as changing treatment regimens or increasing the
frequency of follow-up visits, to reduce the risk of vision
loss in DR patients, which is important for disease man-
agement in high-risk DR patients. This model can also be
used for other clinical applications, such as among DR
patients who need to be treated with cataract or vitrec-
tomy surgery. If OCT/OCTA images of the macula are
available, using this study’s prediction model, a general
judgement can be made about the patient’s postoperative
VA risk profile, which will assist in surgical planning and
preoperative conversations.

The DRIL in this study was heavily represented in the
model and may represent a disruption of the visual con-
duction pathway in the inner retina that greatly affects
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visual acuity in DR patients [10]. Its baseline length and
degree of change over time have been shown to be cor-
related with VA [29]. However, the severity of DRIL has
not yet been graded [30]. The relationship with visual
acuity needs to continue to be explored, and the DRIL
grading in the model appeared to be grade 1. The higher
score than grade 2 in our study may be related to the
fact that fewer eyes (1.59%) were grade 2, for reasons
that will have to be explained by further research. Sec-
ond, DaCosta indicated that visual acuity in DR patients
gradually decreased with increasing severity of DMI [31]
and that the incidence of DMI increased with increasing
severity of DR [11], which was consistent with our study
(Online Additional file 7). However, research on DMI is
still in its infancy, and there is no definition of DMI char-
acteristics with or without visual threat [11]. Outer layer
disruption, which can be used to assess retinal photore-
ceptor function, was closely associated with VA [14] and
was shown in this study to be an important risk factor for
VA in patients with DR. Interestingly, a study suggested
that microvascular changes in DR are associated with

early VA loss [32],and our research also showed SubVD
(provided by 3*3-mm blood flow images) were strongly
correlated with visual impairment in patients with DR.
DR is still one of the leading causes of visual impair-
ment, and the development of irreversible damage to
vision should not be the ideal endpoint for all predictors
but should be preceded by identification of the disease
and timely intervention. The relationship between reti-
nal changes and VA in DR patients needs to be further
explored, and indicators that can more sensitively reflect
visual impairment in DR patients are important for early
screening and prognosis of the disease. In this study,
we used multivariate stepwise regression to construct a
pooled nomogram model for predicting the risk of visual
impairment in DR patients based on reported risk factors
for VA and new retinal structural parameters. To broaden
the application of the model, we validated the feasibility
and superiority of this integrated risk factor approach
using VA impairment grading criteria and a multifaceted
validation model using ROC, calibration plots, DCA and
CIC, and the results showed that both models performed
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Fig. 4 Decision curve analysis of the VA injury risk nomogram for model (A). The Y-axis measures the net benefit, and the X-axis is the threshold
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well. The entire construction and validation process was
rigorous and complete, thereby providing an accurate
and intuitive nomogram model for predicting the risk of
visual impairment in patients with DR. This nomogram
can be used to guide clinical practice.

There were also some limitations to this study. First,
this was a retrospective study, and the sample size was
limited. Second, DRIL was graded as occurring on one
side of the central recess and both sides, and the actual
length was not measured, which may also explain why
the grade 2 score in the model was less than the grade 1
score. Third, this study only used data from a single visit
and did not follow up on changes in patient VA; thus, our
model can only predict the current risk of visual impair-
ment and not changes in VA at a future time. Fourth, the
model was not validated using an external case group.
Therefore, prospective studies with larger samples and
external validation are necessary to improve the model in
future studies.

Conclusion

In summary, the nomogram prediction model has dem-
onstrated greater accuracy and utility in integrating risk
factors related to VA in patients with DR. The DMI,
DRIL, outer layer disruption, and SubVD are independ-
ent risk factors in the nomogram model for predicting
visual impairment risk in patients with DR.
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