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Purpose: To evaluate the ability of an artificial intelligence (AI) model, ChatGPT, in predicting the diabetic retinopathy (DR) risk.
Methods: This retrospective observational study utilized an anonymized dataset of 111 patients with diabetes who underwent a
comprehensive eye examination along with clinical and biochemical assessments. Clinical and biochemical data along with and
without central subfield thickness (CST) values of the macula from OCT were uploaded to ChatGPT-4, and the response from the
ChatGPT was compared to the clinical DR diagnosis made by an ophthalmologist.

Results: The study assessed the consistency of responses provided by ChatGPT, yielding an Intraclass Correlation Coefficient (ICC)
value of 0.936 (95% CI, 0.913-0.954, p < 0.001) (with CST) and 0.915 (95% CI, 0.706-0.846, p < 0.001) (without CST), both
situations indicated excellent reliability. The sensitivity and specificity of ChatGPT in predicting the DR cases were evaluated. The
results revealed a sensitivity of 67% with CST and 73% without CST. The specificity was 68% with CST and 54% without CST.
However, Cohen’s kappa revealed only a fair agreement between ChatGPT predictions and clinical DR status in both situations, with
CST (kappa = 0.263, p = 0.005) and without CST (kappa = 0.351, p < 0.001).

Conclusion: This study suggests that ChatGPT has the potential of a preliminary DR screening tool with further optimization needed
for clinical use.
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Introduction
As per 2021 estimates, there are about 529 million people living with diabetes worldwide, and by 2050, the numbers are
projected to increase by 1.31 billion, respectively.' Diabetic retinopathy (DR) is a common microvascular complication
of diabetes that can lead to preventable vision loss if not detected and managed early.” Due to the rapid increase in the
diabetes population, the burden of DR is expected to grow, exacerbating health disparities in at-risk populations. As per
2020 estimates, the number of adults with DR, Vision Threatening Diabetic Retinopathy (VTDR) and Clinically
Significant Macular Edema (CSME) was 103.12 million, 28.54 million and 18.83 million, by 2045 the numbers are
projected to increase by 160.50 million, 44.82 million, 28.61 million, respectively.” With the rising global burden of DR,
early detection and timely treatment of DR are paramount, making effective screening methods a clinical priority.
There are several barriers for DR screening especially for people living in the under-resourced settings where the
burden of diabetes and its complications are often the highest. The major barriers of DR screening include limited access
to DR screening due to financial obstacles, scarce human expertise, inadequate health literacy, and awareness of diabetes
management.‘"5
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Barriers in access to DR screening could delay diagnosis and management, leading to progression of the disease and
need for medical and surgical interventions, with guarded visual prognosis, which lead to socioeconomic burdens on the
patient and healthcare system.® This situation presents a clear need for novel, scalable methods to facilitate early DR
detection.

The use of artificial intelligence (AI) tools has gained popularity in health care for their ability to analyze vast
amounts of data rapidly and draw inferences from medical data.”® Al, particularly machine learning and deep learning
algorithms, has shown promise in DR screening. Multiple studies reported their ability to detect referable DR (worse than
mild DR) in automatic DR screening using Al ranging from 87.2% to 97.5% in sensitivity and from 0.936 to 0.991 in
AUC.”'? Therefore, Al-based DR screening algorithms have the potential to reach or even outperform clinical experts
and provide health care to large populations, especially in less-developed areas.'®!

Building upon the substantial progress made in the field of Al-based healthcare applications, our study takes a closer
look at the potential of ChatGPT, which is emerging as a notable AI model. ChatGPT, a Natural Language Processing
(NLP) model developed by OpenAl, has shown promising results in aiding medical education and decision-making.”'?
In this study, we used ChatGPT-4 to generate a medical report suggesting the risk of DR based on clinical and
biochemical parameters. We employed anonymized data of 111 patients with diabetes for evaluating the prediction
accuracy of ChatGPT-4 against clinical diagnoses, while also examining the reliability of the responses from ChatGPT-4.
The outcomes of this research could provide insights into the future application of ChatGPT in the management of

diabetic complications.

Materials and Methods
Study Design and Population

This retrospective study was conducted in October 2023 using an anonymized dataset of 111 individuals with diabetes
who participated in a DR research project (Institution Approval Number 564-2016 P, approved by Vision Research
Foundation, Chennai, India) conducted at a tertiary eye care center. All participants provided an informed consent, and
the study adhered to the principles of the Declaration of Helsinki.

The population sample for this study comprised participants diagnosed with diabetes, who had undergone compre-
hensive eye examinations along with clinical and biochemical assessments. The use of this group was particularly
relevant to the study due to their potential susceptibility to DR. Given that the study was retrospective, it ensured that
existing clinical diagnoses were available to validate the Al predictions.

Data Collection

The clinical and biochemical parameters included age, sex, duration of diabetes, blood pressure, glycated hemoglobin
(HbAlc), serum total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), triglycerides, microalbuminuria, and central subfield thickness (CST) of the macula from optical coherence
tomography (OCT).

To minimize bias and maintain the privacy of the participants, the data were anonymized. This was followed by
uploading the anonymized data of each patient to the ChatGPT-4 online Al interface, three separate times by an operator
without diabetes or ophthalmology background. This repetitive process was designed to assess the consistency of the Al-
generated responses. The generated three responses were meticulously documented for further analysis. Table 1 presents
a sample of prompts provided to ChatGPT, along with three corresponding responses obtained from ChatGPT. Same
process was repeated for the second time with all the clinical and biochemical parameters excluding CST values. This
was done to check the model prediction ability with and without CST values, considering the benefits and challenges in
using OCT.

Data Analysis
The ChatGPT responses (all the 3 responses for an individual’s data) were evaluated by an optometrist who was blinded
to any of the patient data, and the most repeated response (2/3 same response) was taken as the final response. In cases
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Table | Sample of Prompt Given and Responses Received from ChatGPT, with CST Value and without CST Value

Prompt

Response |

Response 2

Response 3

With CST

I. Predict the risk of developing DR, A 55-year-old
male with 60 months duration of diabetes, 6.9%
HbAlc, 154mg/dl total cholesterol, 74.2 mg/dl LDL, 46
mg/dl HDL, 169 mg/dl triglyceride, 16.1
microalbuminuria, 136/78 mm/hg BP, CST_OD 227,
CST_OS 228

Based on the provided information, here is the risk
assessment for developing diabetic retinopathy:

|. Duration of Diabetes: 60 months (5 years) -
relatively shorter duration.

2. HbAlc Level (Glycated Hemoglobin): 6.9% - fairly
well controlled.

3. Lipid Profile: Total cholesterol, LDL, HDL, and
triglyceride levels seem within or close to the normal
range.

4. Microalbuminuria: Present, but the value is relatively
lower compared to higher risk cases.

5. Blood Pressure: 136/78 mmHg - within the normal
range.

6. CST (Central Subfield Thickness) of the eyes: Values
for both eyes are within normal limits.

Given this information:

® Duration of diabetes: 60 months (5 years)

® HbAlc: 6.9% (fairly good control)

o Lipid Profile: Within or close to normal range.

® Microalbuminuria: Present, but the value is not
significantly high.

® Blood Pressure: Within the normal range.

® CST (Central Subfield Thickness) of the eyes: Within
normal limits.

This patient demonstrates relatively well-controlled
diabetes, with near-normal values for most parameters,
including HbA I ¢, lipid profile, blood pressure, and eye
measurements. The microalbuminuria, while present, is
not significantly high.

The risk assessment for this individual would likely fall
within the category of low to moderate risk for
developing diabetic retinopathy. However, it's essential
for this individual to maintain regular check-ups and
healthy lifestyle practices to minimize the risk further.

Assessing the risk of developing Diabetic Retinopathy
(DR) involves considering multiple factors, including
age, duration of diabetes, HbA|c level, lipid profile,
blood pressure, microalbuminuria, and central subfield
thickness (CST) measurements. Based on the
information provided, we can estimate the risk as
follows:

I. Age: The patient is 55 years old, which is a moderate
risk factor for DR.

2. Duration of diabetes: The patient has had diabetes
for 60 months, which is relatively short and is a lower
risk factor.

3. HbAlc level: The HbAc level is 6.9%, indicating
good glycemic control, which lowers the risk.

4. Lipid profile:

o Total cholesterol: 154 mg/dl is within the normal

range.

® LDL cholesterol: 74.2 mg/dl is within the normal
range.

® HDL cholesterol: 46 mg/dl is within the normal
range.

® Triglycerides: 169 mg/dl is slightly elevated but not
excessively high.

5. Microalbuminuria: The microalbuminuria level at
16.1 is relatively low, indicating a lower risk of kidney
damage due to diabetes.

6. Blood Pressure: The blood pressure is 136/78 mm/
Hg, which is within the normal range.

7. CST measurements: Both CST_OD and CST_OS
measurements are within the normal range.

Based on this information, we can estimate the risk of
developing DR as “low to moderate” risk. However,
it’s important to note that risk assessment is not
absolute and can vary depending on individual factors
and local clinical guidelines. Regular eye examinations
and consultation with a healthcare professional are
essential for a more accurate risk assessment and
management of diabetic retinopathy. This individual
appears to have several factors that reduce the risk of
DR, including good glycemic control and relatively
healthy lipid and blood pressure profiles.

To predict the risk of developing Diabetic Retinopathy
(DR) based on the provided information, we can use
some common risk factors associated with the
development of DR. Please note that this is a general
assessment and not a definitive diagnosis. The risk
assessment can be categorized as follows:

I. Age: The patient is 55 years old. Older age is a risk
factor for DR.

2. Duration of Diabetes: The patient has had diabetes
for 60 months, which is equivalent to 5 years. Longer
duration of diabetes is a risk factor for DR.

3. HbAlc Level: The patient has an HbAlc of 6.9%. An
HbAlc level above 7% is generally considered a risk
factor for DR. While 6.9% is slightly below this
threshold, it’s still a moderate risk factor.

4. Total Cholesterol: The total cholesterol level is 154
mg/dL, which is within the normal range.

5. LDL Cholesterol: The LDL cholesterol level is 74.2
mg/dL, which is within the normal range.

6. HDL Cholesterol: The HDL cholesterol level is 46
mg/dL, which is within the normal range.

7. Triglycerides: The triglyceride level is 169 mg/dL,
which is slightly elevated. Elevated triglycerides are a
risk factor for DR.

8. Microalbuminuria: The patient has a
microalbuminuria level of 16.1, which indicates kidney
damage and is a risk factor for DR.

9. Blood Pressure: The blood pressure is 136/

78 mmHg, which is slightly elevated. High blood
pressure is a risk factor for DR.

Based on the provided information, the risk of
developing Diabetic Retinopathy for this patient can be
categorized as “Moderate to High.” This is because
there are multiple risk factors present, including longer
duration of diabetes, an HbAlc level approaching 7%,
elevated triglycerides, microalbuminuria, and slightly
elevated blood pressure. However, it’s essential to
remember that DR risk can vary from person to
person, and this is a general assessment. Regular eye
check-ups and consultation with a healthcare
professional are crucial for accurate risk assessment
and management.

(Continued)
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Table | (Continued).

Prompt

Response |

Response 2

Response 3

Without CST

2. Predict the risk of developing DR for a 5I-year-old
Female with 180 months duration of diabetes, 9.9%
HbAlc, 197mg/dI total cholesterol, 103.8 mg/dl LDL,
31 mg/dl HDL, 311 mg/dl triglyceride, 43.9
microalbuminuria, 138/90 mm/hg BP

To predict the risk of developing Diabetic Retinopathy
(DR) for the individual you described, let us assess the
risk based on the provided information:

|. Age: The individual is 51 years old, which is a
relatively younger age. Age is a risk factor for DR, and
being younger can be a protective factor.

2. Duration of Diabetes: The individual has had
diabetes for 180 months, which is 15 years. A longer
duration of diabetes increases the risk of
complications, including DR.

3. HbAlc: The HbAIc level is 9.9%, which is
significantly elevated. A high HbAIc level suggests
poorly controlled diabetes, and this is a major risk
factor for DR.

4. Cholesterol Levels:

o Total Cholesterol: 197 mg/dl

e LDL: 103.8 mg/d|

o HDL: 31 mg/dl

o Triglycerides: 311 mg/dI

These cholesterol levels are elevated, especially the
triglycerides. Elevated cholesterol levels can contribute
to vascular complications, including DR.

5. Microalbuminuria: The individual has a
microalbuminuria level of 43.9 micrograms, which is
relatively high. Microalbuminuria is an early sign of
kidney damage and a risk factor for diabetic
complications.

6. Blood Pressure: The blood pressure is 138/90 mm/
Hg, which indicates elevated blood pressure.
Hypertension is a risk factor for DR.

Based on these factors, the risk of developing Diabetic
Retinopathy for this individual can be assessed as
“High” risk. The elevated HbAc, long duration of
diabetes, high cholesterol levels, high
microalbuminuria, and elevated blood pressure all
contribute to a high risk of DR. It is crucial for this
individual to work closely with their healthcare
provider to manage their diabetes, cholesterol levels,
and blood pressure, as well as undergo regular eye
screenings to detect and manage DR early. Intensive
management of blood sugar and overall health is
essential to reduce the risk.

Predicting the risk of developing Diabetic Retinopathy
(DR) involves assessing multiple factors. Here is a
general risk assessment based on the provided
information:

I. Age: 51 years - The individual is in a relatively
younger age group, which is associated with a lower
risk of DR.

2. Duration of Diabetes: 180 months (15 years) - A
longer duration of diabetes is generally associated with
a higher risk of complications, including DR.

3. HbAlc: 9.9% - A high HbAlc level indicates poor
blood sugar control, which significantly increases the
risk of DR.

4. Total Cholesterol: 197 mg/dI - Elevated cholesterol
levels can contribute to vascular complications,
including DR.

5. LDL Cholesterol: 103.8 mg/dl - Elevated LDL
cholesterol levels can increase the risk of eye
complications.

6. HDL Cholesterol: 31 mg/dl - Low HDL cholesterol
is generally considered a risk factor for vascular and
eye complications.

7. Triglycerides: 311 mg/dl - High triglyceride levels
may significantly increase the risk of complications,
including DR.

8. Microalbuminuria: 43.9 - The presence of
microalbuminuria is a marker of kidney damage and can
increase the risk of eye complications in diabetes.

9. Blood Pressure: 138/90 mmHg - Elevated blood
pressure can increase the risk of DR, especially when
it'’s not well controlled.

Based on the information provided, this individual may
be at a high risk of developing Diabetic Retinopathy.
The combination of long diabetes duration, high
HbAc, elevated cholesterol levels, low HDL, high
triglycerides, microalbuminuria, and elevated blood
pressure all contribute to a higher risk of
complications.

It’s important to emphasize that this is a general risk
assessment, and individual risk can vary. Regular eye
check-ups and discussions with a healthcare provider
are essential for managing diabetes and its
complications. Immediate attention to improving blood
sugar control, cholesterol management, and blood
pressure control is crucial in this case.

To predict the risk of developing Diabetic Retinopathy
(DR) for this patient based on the provided
information, we can use common risk factors
associated with the development of DR. Please note
that this is a general assessment and not a definitive
diagnosis. The risk assessment can be categorized as
follows:

I. Age: The patient is 5| years old, which is relatively
younger. Age is a risk factor, but being younger can be
considered a protective factor against DR.

2. Duration of Diabetes: The patient has had diabetes
for 180 months, which is equivalent to |5 years.
Longer duration of diabetes is a risk factor for DR.

3. HbAlc Level: The patient has an HbAlc of 9.9%,
which is significantly higher than the recommended
target of below 7%. High HbAlc is a significant risk
factor for DR.

4. Total Cholesterol: The total cholesterol level is 197
mg/dL, which is slightly elevated.

5. LDL Cholesterol: The LDL cholesterol level is 103.8
mg/dL, which is within the normal range.

6. HDL Cholesterol: The HDL cholesterol level is 31
mg/dL, which is lower than desirable.

7. Triglycerides: The triglyceride level is 311 mg/dL,
which is significantly elevated. Elevated triglycerides
are a risk factor for DR.

8. Microalbuminuria: The patient has microalbuminuria
with a level of 43.9, indicating kidney damage. This is a
risk factor for DR.

9. Blood Pressure: The blood pressure is 138/

90 mmHg, which is elevated. High blood pressure is a
risk factor for DR.

Based on the provided information, the risk of
developing Diabetic Retinopathy for this patient can be
categorized as “High.” This is because several
significant risk factors are present, including a long
duration of diabetes, very high HbAlc, elevated
triglycerides, microalbuminuria, and elevated blood
pressure. These factors collectively indicate a high risk
of developing DR.

It’s crucial for this patient to work closely with their
healthcare provider to manage their diabetes and
address these risk factors to reduce the risk of DR.
Regular eye check-ups and comprehensive diabetes
management are essential in this case.
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3. Predict the risk of developing DR for a 60-year-old
Female with 180 months duration of diabetes, 7.1%
HbA ¢, 242 mg/dl total cholesterol, 130 mg/dl LDL, 12
mg/dl HDL, 118.0 mg/dl triglyceride, 13.2
microalbuminuria, 120/80 mm/hg BP

Based on the provided data, the risk of developing
Diabetic Retinopathy (DR) for this individual can be
categorized as “low to moderate risk.” Here are the
key factors contributing to this assessment:

I. Age: The individual is 60 years old, which is a
moderate risk factor due to age. Age is a significant
factor in DR risk.

2. Duration of Diabetes: The individual has had
diabetes for 180 months (15 years), which is a
moderately long duration and contributes to the risk.
3. HbAlc: The HbAlc level is 7.1%, indicating fair
glycemic control. While it’s not extremely high, it's
above the target range for good control, which is a
moderate risk factor.

4. Total Cholesterol and LDL: Total cholesterol is
relatively high at 242, and LDL (bad cholesterol) is also
elevated at |30. High cholesterol levels are a moderate
risk factor for DR.

5. HDL: The HDL (good cholesterol) level is quite low
at 12.0. Low HDL is a moderate risk factor for DR.
6. Triglycerides: Triglycerides are within a normal
range, which is a positive factor.

7. Microalbuminuria: The microalbuminuria level is
13.2, which is slightly elevated. Elevated
microalbuminuria is a moderate risk factor for DR.

8. Blood Pressure: The blood pressure is within a
normal range (120/80mm Hg), which is a positive
factor in terms of DR risk.

Considering the individual’s age, moderately long
duration of diabetes, fair glycemic control, elevated
cholesterol levels (both total and LDL), low HDL, and
slightly elevated microalbuminuria, the overall risk
assessment is “low to moderate risk.” It’s important
for this individual to work on improving glycemic
control, cholesterol management, and other risk
factors to reduce the risk of DR and other diabetes-
related complications. Regular monitoring and
management are crucial.

Based on the provided data, the risk of developing
Diabetic Retinopathy (DR) for this individual can be
categorized as “moderate risk.” Here are the key
factors contributing to this assessment:

I. Age: The individual is 60 years old, which is a
moderate risk factor due to age. While not extremely
high, age is still a significant consideration.

2. Duration of Diabetes: The individual has had
diabetes for 180 months (15 years), which is a
moderate duration. A longer duration of diabetes can
contribute to a higher risk of developing complications.
3. HbAlc: The HbAIc level is 7.1%, indicating
somewhat good but not optimal glycemic control. This
contributes to a moderate risk of developing DR.

4. Total Cholesterol and LDL: Total cholesterol and
LDL levels are elevated, which is a moderate risk
factor for the development of DR. High cholesterol
levels can contribute to increased risk.

5. HDL: The HDL (good cholesterol) level is quite low,
which can be considered a moderate risk factor for
DR.

6. Triglycerides: Triglyceride levels are within a normal
range, which is a positive factor in terms of DR risk.
7. Microalbuminuria: The microalbuminuria level is
slightly elevated, which contributes to a moderate risk
of developing DR.

8. Blood Pressure: The blood pressure is within a
normal range (120/80mm Hg), which is a positive
factor in terms of DR risk.

Considering the moderate risk factors such as elevated
cholesterol levels, a moderately long duration of
diabetes, suboptimal glycemic control, and slightly
elevated microalbuminuria, this individual would be
categorized as having a “moderate risk” of
developing DR. Regular monitoring, appropriate
management of diabetes, and lifestyle modifications will
be crucial in minimizing the risk and preventing
complications like DR.

Based on the provided data, the risk of developing
Diabetic Retinopathy (DR) for this individual can be
categorized as “low risk.” Here are the key factors
contributing to this assessment:

I. Age: The individual is 60 years old, which is a
moderate risk factor due to age. However, the other
factors in this case seem to be favorable.

2. Duration of Diabetes: The individual has had
diabetes for 180 months (15 years), which is a
moderate duration. It’s not an extremely long duration.
3. HbAlc: The HbAlc level is 7.1%, which is in the
range of good glycemic control. While not optimal, it is
relatively well managed.

4. Total Cholesterol and LDL: Total cholesterol and
LDL levels are within a normal range, which is a
positive factor in terms of DR risk.

5. HDL: The HDL (good cholesterol) level is within a
normal range.

6. Triglycerides: Triglyceride levels are within a normal
range, which is a positive factor in terms of DR risk.
7. Microalbuminuria: The microalbuminuria level is
slightly elevated but not severely so. This is a minor
risk factor.

8. Blood Pressure: The blood pressure is within a
normal range (120/80mm Hg), which is a positive
factor in terms of DR risk.

Considering the moderately older age, moderately
long duration of diabetes, and good management of
other risk factors like cholesterol, blood pressure, and
slightly elevated microalbuminuria, the overall risk of
developing DR for this individual is assessed as “low
risk.”’ However, regular monitoring and continued
management of diabetes are essential to maintain this
low risk and prevent complications like DR.
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where there were completely different responses, the average response was taken as the final response. A sample of data
given to the optometrist to choose the majority response is shown in Table 2.

For the purposes of this study, the ChatGPT predicted risk categories were divided into two groups: “DR” (Indicating
the presence of Diabetic Retinopathy) and “No DR” (Indicating the absence of Diabetic Retinopathy). The ChatGPT
predicted risks were arbitrarily divided, with half of the predicted risks falling into the categories of low risk, low to
moderate risk, and moderate risk which were classified as “No DR”, while the other half of the risk categories such as
moderate to high risk and high risk were classified as “DR” (Table 2).

Dividing the risks predicted into binary categories such as DR and No DR allows the comparison between the
ChatGPT model and the actual clinical status of DR diagnosed by an ophthalmologist. This binary classification of risks
predicted by ChatGPT simplifies and aligns the study with actual clinical practices, making the model’s (ChatGPT)
performance more understandable and relevant to real-world clinical scenarios. While it represents an initial assessment
of ChatGPT performance, it is a useful starting point for evaluating the model’s utility in the clinical diagnosis of DR and
can guide further research and refinement. The clinical diagnosis was based on the dilated fundus examination done using
Indirect Ophthalmoscope in the clinic, as well as an OCT evaluation.

Statistical Analysis

The intra-observer variability of ChatGPT response was assessed using the Intraclass Correlation Coefficient (ICC). The
agreement between the ChatGPT prediction and clinical diagnosis of DR was assessed using Cohen’s kappa. SPSS
version 25 (IBM Corp., Armonk, NY) was used for statistical analysis. Descriptive statistics were reported based on the
mean (SD) and percentage. ICC values <0.5 were indicative of poor reliability, 0.5-0.75 indicated moderate reliability,
values between 0.75 and 0.9 indicated good reliability and values >0.90 indicated excellent reliability.'* Cohen’s kappa
values were interpreted as follows: <0: No agreement, 0.01-0.2: slight agreement; 0.21-0.4: fair agreement; 0.41-0.6:
moderate agreement; 0.61—0.8: substantial agreement; 0.81—1.00: almost perfect agreement.'* A post hoc power analysis
was conducted using G Power version 3.1.9.7 to determine the study power. The sensitivity and specificity were
calculated based on the given formula:'>

Sensitivity =[True Positive/(True Positive + False Negative)]x 100

Specificity =[True Negative/(False Positive + True Negative)]x 100

Results

Table 3 presents the anonymized baseline information regarding the clinical, biochemical, and ocular data of 111 patients
with diabetes. The average age of the participants in the study was 62.3 years, with a range between 41 and 83 years.
Among the participants, majority of 60 participants (54%) were male. The study found that the average duration of
diabetes among the participants was 156.7 months (SD + 79.04). The mean HbAlc level was 8.7% (SD + 1.95). The
average serum total cholesterol level was 188.6 mg/dl (SD + 51.21). The mean serum low-density lipoprotein cholesterol
(LDL-C) level was 110 mg/dl (SD =+ 42.36). The mean serum high-density lipoprotein cholesterol (HDL-C) level was 43
mg/dl (SD £ 11.7). The mean serum triglyceride level was 171.3 mg/dl (SD + 66.95). The average microalbuminuria
level among the participants was 186.5 mg/dl (SD = 331.29). The mean systolic blood pressure was 137.51 mm Hg (SD

Table 2 A Sample of Data Given to Optometrist and the Chosen Final Response

Response | Response 2 Response 3 Final Response Arbitrary
Classification

Low to Moderate Low to moderate Moderate to High Low to Moderate risk No DR

High High High High risk DR

Low to moderate Moderate Low Low to moderate risk No DR
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Table 3 Clinical, Biochemical, and Ocular Data

Variables Mean
Age 62.3 + 891 (range 41-83)
Gender: Male, n (%) 60 (54%)
Female, n (%) 51 (46%)
Duration of Diabetes (Months) 156.7 + 79.04
HbAlc (%) 87 % 1.95
Serum Total Cholesterol (mg/dl) 188.6 + 51.21
Serum LDL -C (mg/dl) 110 £ 42.36
Serum HDL-C (mg/dl) 43+ 117
Serum Triglycerides (mg/dl) 171.3 + 66.95
Micro albuminuria (mg/dl) 186.5 + 331.29
Systolic BP (mm Hg) 13751 £ 15.7
Diastolic BP (mm Hg) 76.61 +83
CST_OD (um) 260 + 78.03
CST_OS (um 268 + 99

Abbreviations: HbAIC, Glycated Haemoglobin; LDL-C, Low-Density
Lipoprotein Cholesterol; HDL-C, High-Density Lipoprotein Cholesterol; BP,
Blood Pressure; CST, Central Subfield Thickness.

+ 15.7) and the mean diastolic blood pressure was 76.61 mm Hg (SD =+ 8.3). Central subfield thickness was measured for
both eyes, with CST for the right eye with a mean value of 260 pm (SD + 78.03), and CST for the left eye with a mean
value 268 pm (SD + 99).
The consistency of ChatGPT responses was assessed, resulting in an ICC value of 0.936 (95% CI, 0.913-0.954, p <0.001)
with CST values and 0.915 (95% CI, 0.706-0.846, p < 0.001) without CST values, both indicating an excellent reliability.
Table 4 presents the agreement between ChatGPT’s prediction (with CST) and clinical DR status diagnosed by an
ophthalmologist. When comparing ChatGPT’s predictions to the clinical DR status, ChatGPT accurately predicted 37 (67%)
cases as DR and 38 (68%) cases as No DR, consistent with the clinical diagnosis. Here, the ChatGPT’s sensitivity and
specificity was found to be 67% of 68%. However, ChatGPT also demonstrated misclassifications, as it predicted 18 (32%)
cases that were clinically diagnosed as DR to be No DR and 18 (33%) cases that were clinically diagnosed as No DR to be DR.
Table 5 presents the agreement between ChatGPT’s prediction (without CST values) and clinical DR status diagnosed by
an ophthalmologist. When comparing ChatGPT’s predictions to the clinical DR status, ChatGPT accurately predicted 40
(73%) cases as DR and 30 (54%) cases as No DR, consistent with the clinical diagnosis. This indicates the ChatGPT’s
sensitivity of 73% and a specificity of 54%. However, ChatGPT also demonstrated misclassifications, as it predicted 26 (46%)
cases that were clinically diagnosed as DR to be No DR and 15 (27%) cases that were clinically diagnosed as No DR to be DR.
Cohen’s kappa analysis was selected to determine the proportion of agreement between ChatGPT’s prediction and
clinical DR status. The results indicated only a fair agreement (both with CST and without CST values) between the
ChatGPT prediction and the clinical DR status diagnosed by an ophthalmologist, with a kappa value of 0.263 (without
CST) (95% CI, 0.114 to 0.412, p = 0.005) and 0.351 (with CST) (95% CI, 0.198 to 0.504, p < 0.001). A post hoc power

Table 4 Agreement Between ChatGPT Prediction and Clinical DR Status
Diagnosed by Ophthalmologist (with CST)

Clinical Diagnosis by Ophthalmologist

ChatGPT_prediction DR No DR Total

DR 37 (67%) | 18 (32%) | 55 (49.5%)

No DR | 18 (33%) | 38 (68%) | 56 (50.5%)

Total 55 (100%) | 56 (100%) | 111 (100%)
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Table 5 Agreement Between ChatGPT Prediction and Clinical DR
Status Diagnosed by Ophthalmologist (without CST)

Clinical Diagnosis by Ophthalmologist

ChatGPT_prediction DR No DR Total

DR 40 (73%) | 26 (46%) | 66 (59%)

No DR | 15 (27%) | 30 (54%) | 45 (41%)

Total | 55 (100%) | 56 (100%) | 111 (100%)

analysis was performed with an alpha value of 0.05, an observed effect size of 0.263, and the sample size of this study.
The analysis revealed a study power of 79.12%, indicating that the study had a relatively high chance of detecting the
observed effect, given the sample size and significance level.

Discussion

Al in health care has shown promising results in several areas, including diagnosis, disease prediction, and patient
management. With the advent of NLP models, such as ChatGPT, the capacity for generating accurate and personalized
medical reports has increased significantly.'®!” The implications of these advancements are vast, potentially enabling
more efficient medical services, improving the accuracy of diagnoses and predictions, and saving considerable human
resources.'®!?

Furthermore, it is worth considering the broader impact of the introduction of Al in health care, particularly
concerning patient-doctor communication. As NLP models continue to improve, especially ChatGPT is constantly
updated by Open Al since their launch, they may become an integral part of the healthcare system and can serve as a
bridge between healthcare providers and patients, facilitating more effective communication, and improving patient
satisfaction and outcomes.”® This Al-based screening tool would be a great help particularly in resource constrained
settings. Furthermore, ChatGPT’s ability to generate simple and comprehensible advice can make it an invaluable tool for
patient education especially for the people with limited awareness about Diabetic retinopathy.

In our study, initially we fed ChatGPT with, age, sex, duration of diabetes, blood pressure, glycated hemoglobin
(HbAlc), serum total cholesterol, low-density lipoprotein cholesterol (LDL-C), high-density lipoprotein cholesterol
(HDL-C), triglycerides, microalbuminuria and CST values obtained from OCT of all the patients to predict the risk of
diabetic retinopathy. These parameters are well-established biomarkers for DR.?! OCT, known for its accuracy, serves as
a reliable diagnostic tool for detecting diabetic macular edema (DME), with OCT-derived central retinal thickness being
an ocular (clinical) biomarker for DR.*!-**

In subsequent analysis, we fed ChatGPT with same parameters excluding CST values, to evaluate its performance in
predicting the diabetic retinopathy risk without CST values. This was done considering the challenges associated with
utilizing OCT diagnostics, such as dedicated macular OCT scans to the DR screening, such as cost constraints, lack of
expertise of operators and relatively low availability of OCT machine.’

While many current screening programs are efficient in detecting referable DR, the accurate diagnosis of DME, which
causes vision threatening diabetic retinopathy, is more challenging. This is due to the inability to reliably identify retinal
thickening from the two-dimensional fundus photographs used for DR screening.

Diabetic retinopathy, if left untreated, can lead to severe vision problems and significant healthcare costs, including
the cost of surgeries and interventions. Investing in early detection through OCT can be cost-effective in the long run, as
it can prevent the progression of the disease and reduce the overall financial burden on healthcare systems.

From a medical and cost-effectiveness perspective, several studies have investigated the incorporation of macular
OCT as part of a DR screening. Prescott et al found that use of OCT in cases where color fundus photos were used for
detecting macular edema resulted in direct cost savings of 16—-17% because of fewer unnecessary referrals without a
measurable decrease in medical benefits.”
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Our study’s findings are particularly significant considering the global prevalence of diabetes and its complications.
Diabetic retinopathy is one of the leading causes of vision loss worldwide.? The early and accurate prediction of DR risk
is crucial in reducing the burden of this disease. In this context, the use of AI models like ChatGPT can greatly aid in the
early detection of DR risk, facilitating timely intervention and possibly improving patient outcomes.

Our study also found that ChatGPT has the ability to predict the risk of DR based on clinical and biochemical
parameters, highlighting its potential application as a screening tool with a sensitivity and specificity of 73% and 54%
when used without CST information. When CST information was included, ChatGPT exhibited a moderate sensitivity
and specificity of 67% and 68%.

These findings suggest that ChatGPT with 73% sensitivity (without CST) has some promise as a screening tool for
identifying individuals at risk of DR. However, the specificity of 54% without CST highlights that there is room for
improvement, as it may generate false-positive results in a substantial number of cases. The sensitivity of 73% without
CST is notable, indicating that ChatGPT can correctly identify a significant portion of individuals with DR or at risk of
developing it.

Incorporating CST information improved specificity to 68%, reducing the number of false positives, but at the
expense of a slight reduction in sensitivity. This trade-off should be carefully considered when implementing ChatGPT as
a screening tool. A moderate sensitivity and specificity may be acceptable in certain scenarios, such as in a preliminary
screening process, but further refinements may be necessary to increase its diagnostic accuracy.

ChatGPT responses had an excellent reliability of responses [0.911 (without CST) and 0.935 (with CST)]. However,
its accuracy in determining the presence or absence of DR is not yet optimal. The Cohen’s Kappa analysis also indicated
only a fair agreement between ChatGPT’s prediction and clinical diagnosis in both the cases with and without CST.

This is the first study to assess the accuracy of the NLP model for evaluating the risk of DR based on various systemic
parameters. This novel approach will be a guide for future refinements and fine-tuning of the model for using ChatGPT
for DR screening purposes. However, the limitations of this study should also be addressed. First, the chatbot language
model used in this study is a research version that was not specifically designed for medical applications. GPT models
can sometimes generate nonsensical or incorrect information due to their limitations in their training data and algorithm.
The limitations and biases in the training data can affect how accurate and reliable AI models are. Fine-tuning the model
specifically for medical applications, using well-curated training data would likely enhance its performance and could
potentially result in improved sensitivity and specificity.

Second, there have been reports suggesting that ChatGPT is not compliant with HIPAA regulations and that it has
been susceptible to hacking attempts, resulting in the exposure of proprietary information.** To ensure the privacy and
protection of patient data, all personal information pertaining to the patients was anonymized before being inputted into
ChatGPT.

Third, due to the retrospective nature of the study, we had a relatively small sample size of 111 patients in our study.
While we acknowledge that the number of participants was limited, it is important to clarify the rationale behind this
choice and address its implications for the study’s conclusions. The selection of these patients was primarily driven by
the availability of data from a specific research project. The use of this group was particularly relevant to the study due to
their potential susceptibility to DR. We aimed to utilize the existing dataset to explore the potential of ChatGPT in DR
risk assessment. Given the resources and data at hand, this sample size allowed us to conduct a preliminary evaluation of
the AI model’s performance within our available means.

While it would have been ideal to prospectively design the study with a predetermined sample size calculation, the
retrospective nature of our investigation constrained this possibility. We acknowledge the importance of this considera-
tion and the potential impact on the study’s outcomes. However, we performed a post hoc power analysis based on the
available dataset of 111 subjects with diabetes. Meanwhile, the post hoc power analysis indicated a study power of
79.12%, suggesting a relatively high likelihood of detecting the observed effect given the sample size and significance
level.

Looking ahead, we emphasize the need for future research endeavors to prioritize larger sample sizes in order to
enhance the statistical power and validity of conclusions. A prospective approach would undoubtedly provide valuable
insights into ChatGPT’s practical applicability and potential as a predictive tool for diabetic retinopathy risk assessment.
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Despite its limitations, it may serve as an assistive tool in disease detection and monitoring, complementing the work
of medical professionals. Further research is necessary to improve the accuracy of ChatGPT for DR risk assessment.

This study has merely scratched the surface of the possible applications of NLP-based AI model in health care. Future
research should seek to expand on these findings, investigating the efficacy of Al models in other areas of health care,
and exploring ways to improve the accuracy of these models.

Additionally, a key area for future research is the exploration of the ethical implications of Al in health care. While Al
models offer numerous benefits, it is crucial to ensure their ethical use, particularly concerning data privacy and the
potential for Al to replace human decision-making in health care. Only with careful consideration of these ethical issues,
we can truly harness the potential of Al in healthcare.

Finally, in light of the limitations of ChatGPT observed in our study, future versions of the model might consider
incorporating a medical-specific training regimen, perhaps developed in collaboration with healthcare professionals. This
could help us to address the model’s current limitations, improve its accuracy and reliability, and, in turn, its utility in
healthcare.

Conclusion

Diabetic retinopathy, if left untreated, can lead to severe vision loss. Therefore, early and accurate detection of DR is
imperative to prevent vision impairment. Our findings have shown promising results, where Al-based tools, such as
ChatGPT, can predict the risk of developing DR using only clinical and biochemical parameters. This helps in the early
identification of high-risk patients. However, there is still considerable work to be done. As Al and NLP models continue
to evolve, they hold enormous potential for enhancing healthcare services.
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