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Abstract
Approximately 50% of people with diabetes remain undiagnosed, especially in developing countries, until the onset of clinical complications. To develop an automated pupilometry system (SAP) to diagnosis of type 2 diabetes based on the pupillary reflex. 
A pupilometer with a lighting system was used with external lighting sealing. While the RGB LED lighting system offers a solution for a pupil response, an infrared camera captures it as images. To evaluate the direct pupil reflex, the pupilometer was used to record videos during stimuli with a luminance of 250 cd / m2 and 1 second of duration after the patient was adapted to the dark for 10 minutes. The interval between stimuli was of 59 seconds. After a data capture, a data processing phase, data return declaration and data normalization were applied. In the last phase, a learning machine algorithm, called Random Forest, was applied to create the classification model of patients. The patients were classified in groups: Group 1 – Healthy, Group 2 – Type 2 Diabetes. All patients underwent complete ophthalmologic consultation and macular OCT. Thus, the patients were according to the diagnosis of the type2 diabetes based on the American Diabetes Association. The study was approved by the Institutional Review Board CAAE: 23723213.0.0000.5083.  
Automated pupilometry system was able to record, induce, and extract 96 pupil features. 31 volunteers were analyzed (16 in Group 1, 15 in Group 2), of which 22 were female volunteers (70.97%) and 9 were male volunteers (29.03%). A mean age of 60 year. As a result of the automated classification, Random Forest presented a result of 94.0% accuracy in the identification of diabetics type II was obtained.
The present results are consistent with previously published studies, showing that diabetes is associated with dysregulation of the autonomic system, The proposal proved to be promising, noninvasive, objective and portable method of identifying the Type 2 Diabetes.



Introduction and justification: 
Type 2 diabetes mellitus affects about 366 million people worldwide 1.2, approximately 80% of these people live in low and middle income countries. Approximately 50% of people with diabetes remain undiagnosed1,3,4 , especially in developing countries, until the onset of clinical complications. An early complication of diabetes is autonomic dysfunction1.5, which is often subclinical. 
Pupillometry is a non-invasive and rapid research method for assessing the autonomic system, which has the potential to improve screening and its complications, without the need to obtain a blood test or multiple screening tests for autonomic cardiac dysfunction. .1,6 The pupillary reflex is mediated by acetylcholine and norepinephrine, causing miosis and mydriasis, respectively.  1,6-8 Thus, changes in pupillary responses to external light may provide an indirect means of screening for type 2 diabetes, distinguishing individuals with and without diabetes.


Materials and Methods: 
[bookmark: _GoBack]Prospective study involving 31 patients from two groups: Group 1 - 16 healthy volunteers; Group 2 - 15 type II diabetic volunteers. All patients underwent endocrinological and ophthalmological evaluation. All assessments were standardized, as recommended by the American Diabetes Association. In the ophthalmological evaluation, visual acuity, refraction, intraocular pressure, biomicroscopy (cataracts), fundoscopy (diabetic retinopathy and glaucoma), angiography retinography in diabetic patients and without angiography in patients without diabetes, macular OCT were measured.
Inclusion criteria: Patients aged 40-75 years, who were eligible for inclusion in the study and provided consent. 
Exclusion criteria: Patients with neurological diseases, such as Grave's disease, Parkinson's disease, Alzheimer's disease or multiple sclerosis; or ocular complications were excluded from the study, as these conditions may interfere with the proper interpretation of pupillometry results. Ophthalmic exclusion criteria included: best corrected visual acuity less than 0.2 logMAR; lens opacity greater than 0.5, according to the Lens Opacity Classification System III (LOCS III); corneal, orbital or retinal changes, including diabetic retinopathy; asymmetric pupils, misshapen pupils or conditions that affect pupillary reflexes and previous ophthalmologic surgeries. Individuals were also excluded if they had a spherical refractive error greater than 5D or a cylindrical error greater than 3D or if they were unable to cooperate during psychophysical tests. 
Pupillary Light Reflex Test Stimuli
The protocol used to measure the response to a pupillary stimulus was based on a method previously used by Gracitelli et al.9 The light stimulus and pupillary recording were monocular. The patient was first adapted to the dark for 10 minutes. Then, RGB LEDs, with a luminance of 250 cd / m2, were exposed to the patient. Red LED (640nm) was presented with a duration of 1 second, with monitoring for 59 seconds. Afterwards, blue (470nm), green (555nm) and white stimulus were performed respectively. Pupillometry was performed on fasting patients. Figure 1.
[image: ]
Fig. 1.  Pupillometry protocol.

The signals that were decomposed by the system represent five seconds before and ten after the second where the stimulus occurs, each signal represents 16 seconds and a stimulus color. Through each of these signals, the system performs the calculation and extraction of eight relevant characteristics for understanding changes in human pupillary behavior 10.11, Figure 2.


[image: ]
Fig. 2.  Pupillary reflexes: (A) mydriases and (B) miosis.
F1. Maximum Dilatation: largest pupillary diameter recorded in the interval, usually found in the period before the beginning of the stimulus. F2. Latency: time spent in seconds between the start of the stimulus and the start of the contraction process, thus considered as a 10% change in diameter. F3. Time to Maximum Contraction: time spent in seconds between the beginning of the stimulus and the maximum value of contraction registered. F4. Relative Contraction Amplitude: percentage value of the difference between the largest and the smallest diameter. F5. Absolute Contraction Amplitude: absolute value of the difference between the pupillary diameter before the stimulus and the value of the maximum contraction. F6. Maximum Contraction: smallest diameter recorded in the interval, normally found during the stimulus. F7. Post-stimulus dilation speed: time in seconds that the pupillary diameter takes after the stimulus to reach 85% of the previous value. F8. Six-second Test: diameter recorded 6 seconds after the end of the stimulus.



Results: 
Were selected 31 patients, 15 diagnosed with type II diabetes mellitus and 16 healthy to form the control group.
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Fig. 3.  Participants description: (A) Group (control, diabetes), (B) Number, (C) Age range and average, (D) Numbers by gender (female, male) and (E) Range and average of blood sugar.
Through Figure 3 can be seen that the volunteers are mostly women, and that both groups have an average age of 60 years, a relevant factor, considering that pupil behavior differs depending on the age group 12. All of them went through the procedure of pupilometry in fasting and during the morning. The capillary glucose level was measured before each procedure, the control group had a regular level 13, with an average below 93mg / dl, while the diabetic group had a high level, with an average of 156 mg / dl.
For the analysis and classification of data, the Weka platform in version 3.8.2 was used. The characteristics of each patient were converted into the ARFF format for processing at Weka and had their labels assigned as "Control" or "Diabetes", forming the dataset. After building the dataset, the OneR classifier was used. OneR or 1R is a classifier that aims to build a predictive model from just one characteristic, the one whose rule has the lowest error rate 14. Since all values in the dataset are numeric, the algorithm needs to convert the range of possible values into subintervals called bins or buckets. The 1R selection filter was applied using Weka's attributeSelection library, with the following parameters: 6 for the minimum bucket size and 10 folds for cross-validation. For the purpose of this research, the characteristics that demonstrated greater accuracy, above 60%, were selected.
In order to build a predictive model to support the investigation of type II diabetes mellitus, the selected characteristics used for training the algorithm known as Random Forest. The choice of how the decision tree will be divided into nodes takes place in order of relevance for each characteristic, in this stage several selection techniques can be used, such as: Information Gain, Gini Index, Likelihood-Ratio Chi-Squared Statistics and others 15. While the decision of the thresholds for the conditions of the nodes considers the threshold that best divides the objects of the dataset in their respective class labels. 
Using the Weka platform, the dataset built by extracting the characteristics was used to train a random forest. The minimum number of trees for the best performance of the model was 75 trees. For model reapplicability, the number of random seeds was set to 2. In the validation of the model, k-fold cross validation was used, this type of validation partitions the data into k equally sized (or almost equally) folders.
In validating the model, a 10-fold k-fold validation was used. Through the confusion matrix, it was noticed that only 1 diabetic was incorrectly classified, which led the approach to achieve 94% accuracy when identifying diabetics, while 3 control patients were classified as diabetic, which can be analyzed by through the ROC curves.



Discussion: 
In this research an Automated Pupilometry System (SAP) was used, whose segmentation has an accuracy of 97.25% in the tests. This factor allowed the system to be able to extract 8 important characteristics of pupil behavior in each type of stimulus, totaling 96 characteristics relevant to medical analysis. Due to the ease of identifying pupil size and movement, many studies have attempted to evaluate different pupil parameters and link these results to the clinical course of autonomic neuropathy 8,17,18 Alzheumer 19, Brain injuries 20, Glaucoma 9, Autism 21.22, Parkinson 23. As far as we know, this study is one of the first to describe and investigate changes in the behavior of the pupillary reflex in diabetic patients. 
The present results are consistent with previously published studies, showing that diabetes is associated with dysregulation of the autonomic system1.5. Recent studies indicate that short-term changes in blood glucose concentration may influence the function of the autonomic system. In patients with Insulin Dependent Diabetes Mellitus (IDDM), gastric emptying is slower during hyperglycemia than during euglycemia 24,25 and more accelerated during hypoglycemia.24,26 In normal individuals the secretion of pancreatic polypeptides is suppressed by acute hyperglycemia, consistent with a reduction in vagal activity.24,27 In patients with IDDM, acute hyperglycemia delays the conduction speed of peripheral nerves.24,28 In acute hyperglycemia, an increase in the QT interval has been demonstrated in normal individuals and in patients with recently diagnosed type 2 diabetes. Among the mechanisms proposed to explain this finding, sympathetic stimulation without opposition by vagal activity induces ventricular electrical instability.29-31 



Conclusion: This result made it possible to highlight the potential of the SAP system in supporting the investigation of patients with type II diabetes mellitus. Thus, in the future, SAP can become a useful tool for an earlier and preventive medical diagnosis, as well as for investigating other pathologies. The SAP system is a portable and efficient pupillometry solution for extensive practices in medical and research investigations. This system also represents a segment of a larger health information system, where the goal is for health institutions to become collection points for pupillary characteristics of patients with neurological diseases and contribute to increasing their accuracy.
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