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Significance of the proposed study

* Many literatures have shown that psychotropic substances may result

In certain degree of damages in the brain, heart, and kidney. For
example:

— Long term use of marijuana has been found to associate with differences in grey matter in
the brain and affect connectivity (Wang et al. 2013)

— Lesions may be found in many regions of the brain of abusers 2-4 years after ketamine
addiction (Filbey et al. 2014)

« Early detection and intervention may increase the chance of recovery and
reduce the chance of recurrence

— ARIA can be used for general health check including eye diseases such as macular edema
due to extensive duration of computer gaming, and systemic diseases such as stroke,
heart disease, kidney disease and diabetes.

— Identification of substance abusers may be one of many objectives related to general
health assessments, so that subjects such as students would be less resistant to the test.

References

ERBTXARBERKR *  Wang C, Zheng D, Xu J, Lam W, Yew DT. Brain damages in ketamine addicts as revealed by magnetic resonance imaging. Frontiers in neuroanatomy. 2013 Jul 17;7:23.

FaCUIty Of MEdlClne * Filbey FM, Aslan S, Calhoun VD, Spence JS, Damaraju E, Caprihan A, Segall J. Long-term effects of marijuana use on the brain. Proceedings of the National Academy of Sciences. 2014
The Chinese University of Hong Kong Nov 25;111(47):16913-8.



Automatic Retinal Image Analysis (ARIA) - Background

Patents

— US Non-provisional (US8787638 B2) “Method and device for retinal image analysis”, obtained July 2014

— Taiwan Patent No. 1578977 “Method and device for retinal image analysis”, obtained April 2017
— China Patent No. CN103458772B “#il X HE {5 oAt T 7 E IS5 B, obtained October 2017

Recent Awards
— Hong Kong Award for Industries 2018 - Equipment and Machinery Design Merit Award
— Bayer-HKSTP Grants4Apps Accelerator 2018
— Hong Kong Award for Industries 2016 — Technological Achievement Award
— Talent Unleashed Award 2016 “Best Startup - Social Impact”, Asia-Pacific Region Finalist 2016
— 5% Bank of China “Technology Start-up ” [ &AL K Bk S S48 | (FITMI) £
Merit Award, 2015

International Research Collaborations
* Diabetic Eye Screening Wales (DESW), United Kingdom with more than

180,000 diabetes patients with annual follow-up since 2003
* Zee B, Lee J, Mok V, Thomas R, Owens D, “Early detection of dementia in
subjects with type 2 diabetes based on white matter hyperintensities

J. Biomedical Science and Engineering, 2013, 6, 208-307
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diabetic retinopathy
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Segmentation and texture analysis with multimodel
inference for the automatic detection of exudates in early
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Research Article

Stroke Risk Assessment for the Community by
Automatic Retinal Image Analysis Using Fundus
Photograph
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mail

estimated by automatic retinal image analysis (ARIA) method”, Innovation
Technology Funds (ITF) Midstream Research Program (MRP/037/17X),
2018-2020

* Zee B, Lee J, Wong M, and Owens D. “Retinal risk factors for stroke and
coronary heart disease in patients with type 2 diabetes - Are they
different?”, General Research Fund of RGC, 2017 to 2019

* Diabetic retinopathy and diabetic macular edema grading

* Strategy for Patient-Oriented Research (SPOR) Network in Diabetes
and its Related Complications”, Canadian Institute of Health Research
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https://www.youtube.com/watch?v=MPuANc8JvXY&feature=youtu.be
https://www.youtube.com/watch?v=MPuANc8JvXY&feature=youtu.be

Study rationale

« Automatic Retinal Image Analysis (ARIA) as a Screening Tool in the
Community

— Fast, non-invasive, and completely digital without blood taking
— Ability in screening health and brain conditions e.g. Stroke and dementia

* We postulate that the effect of psychotropic substances to brain health

could be reflected by retinal characteristics measured by ARIA technology,
as a procedure traditionally done by MRI screening

Potential application in identification of drug abusers and monitoring
the treatment/rehabilitation progress!

BEEHPRXKRKEBEER
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Study objectives

Objectives:

1. To compare the retinal images characteristics of drug
abusers under rehabllitation versus age-gender
matched healthy subjects

2. To establish a prediction model for detecting abusers of
psychotropic substances

EEPXIREEZKR
Faculty of Medicine
The Chinese University of Hong Kong



Study design

« A case-control study matching the subjects by age and gender
« Sample size: 1:2 matching, 100 cases versus 200 controls

« (Case subjects:

1. They are adults aged = 18 years;

2. They had drug abuse experience before the screening date;

3. Subjects do not have any eye diseases that are not suitable for retinal imaging

4. Subjects will not be distress with flashlight or have experience with photosensitive seizure;
5. They agree to join the study by signing the informed consent

« Control subjects: General population had no history of psychoactive substance
abuse

« Retinal images on both eyes were taken from all subjects
* No personal information was collected and disclosed.

» Assisted by Cheer Lutheran Centre (F&EE e F I H.() and Rainbow
Lutheran Centre (B EZ S % H0))

BEEHPRXKRKEBEER
Faculty of Medicine

The Chinese University of Hong Kong



Measurements

* Retinal information: Central retinal arteriolar equivalent (CRAE),
central retinal venular equivalent (CRVE ), arteriole-venule ratio
(AVR) calculated as the ratio of CRAE to CRVE, bifurcation
coefficient of arteriole (BCA) and venule (BCV), bifurcation angle
of arteriole (BAA) and venule (BAV), angular asymmetry of
arteriole (AAA) and venule (AAV), tortuosity, haemorrhage,
exudates, Arterio-venous (AV) nicking, arteriole occlusions, fractal
dimensions (Df).

BEEHPRXKRKEBEER
Faculty of Medicine

The Chinese University of Hong Kong
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Measurements

« Socio-demographics: Age, sex, body weight, height, marital status,
education, living condition, employment, and family history of substance
abuse, alcoholism, and psychotic history of the subjects’ first-degree
relatives and partners

 Drug abuse history: Types of substances used, the number of days used
In the past 30 days, the duration of substance abuse (in years), the age of
Initiation, monthly expenditure, and the history of anti-drug treatment and
rehabilitation

« Self-reported health outcomes: Lifestyle information (e.g. smoking and
drinking habit), self-reported psychological conditions, and medical history

EEPRTKEEZERR
Faculty of Medicine
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Statistical analysis

« Descriptive statistics
« Hypothesis testing

« Model building: Logistic regression + machine learning and
deep learning technigues

EEPXIREEZKR
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Results — Recruitment

Cheer Lutheran Centre

N=62

Rainbow Lutheran Centre
N=50

General population
N=1000

Excluded:

* No retinal image (N=1)

* Duplicated subject (N=1)

* Not centre subject (N=1)

* Vague/Inadequate image
quality (N=9)

Y

y

Psychoactive substance abusers
N=112

BEEPXKREBEEZEER
Faculty of Medicine
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Results - Demographics

 Significantly higher proportions of
the psychoactive substance
abusers (87%) were smokers (87%,
0<0.001) and drinkers (24%,
0<0.001).

 In addition, a higher proportion of
the substance abusers reported
their medical histories (67%)
compared to the controls (p<0.001).

BEEHPRXKRKEBEER
Faculty of Medicine

The Chinese University of Hong Kong

Table 1. Charactenistics of the psychoactive substance abusers and the control subjects

Pzvchoactive Control
Bazic characteriztics substance abusers subjects p-value
(IN=100) (N=200)
Age (mean = 5D, years) 3458+ 8.77 34.45 0.899
Gender fn, %) 1.000
Male 60 (60.0%) 120 (60.0%)
Female 40 (40.0%) 80 (40.0%)
BMI (mean = 5D, kz'm?) 2439+ 517 2382390 0337
Smoking (n, %o} =0.001
Mo 13 (13.1%) 169 (84.5%)
Tes 86 (B6.9%) 31 (15.5%)
Alcohol drinking in, %a) <=0.001
Nao 75 (75.8%) 192 (96.0%:)
Tes 24 (24.2%) B (4.0%)
MMarital status (m, %al
Hever marmed/Cohabited 61 (61.0%)
Mamed 19 (19.0%)
Divorced Separated 18 (18.0%)
Education /. %) =001
Primary 6 (6.0%)
Secondary 80 (80.0%) 81 (40.7%)
Post-secondary 13 (13.0%) 31 (15.6%)
Undergraduate 77 (38.7%)
Postgraduate 10 (5.0%)
Medical history fm. 2a) <0001
Nao 32 (33.0%) 182 (95.5%)
Tes 63 (67.0%) 24.5%)



Results — Characteristics of drug abuse

Table 3. Psychoactive substance abuse experience according to the types

Psychoactive substance abusers (N=100)  Using davs in the past 30 days  Duration of abuse (in vears) Initial age (in vears)

Stimnlants
Methamphetamine (N=49) 6.63+10.74 ge7+711
Cocaine (IN=39) 393+6099 6.03 + 540
MDMA N=22) 07315 386455
Hallucinogens
Eetamine (N=4E) 9671365 B20+581
L5D (N=1) - -
Cannabis
Cannabis (N=28) 175206 590+ 6.07
Opiates
Cough medicine (IN=17) 1217+1234 1456+ 1051
Herom (IN=4) 30=0.00 15.00+ 707
Depressants
MidazolamTriazolam/Fepiclone 1200+ 1643 040741
(N=12)
Methaqualone (I9=2) - 1.25+1.06
Nimetazepam (V=2 - 1.00 +0.00
Fhunitrazepam (N=2) - 0.3+0.00
Diazepam (IN=1)
Inhalants
Organic solvent (N=1) - 1+£0.00

1900618
2215756
18.64 490

1788458
18 +0.00

17144394

1912773
25351215

3208+13.19

1400141
2150495
2200+849
23.00 = 0.00

14 +0.00

Statistics were reported as mean + standard deviation. MDRA: Methylenedioxymethamphetarmne

BEEHPRXKRKEBEER
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The Chinese University of Hong Kong

 Methamphetamine (49%)
and ketamine (48%) were
the most often reported
psychoactive substances,
with average durations of
abuse of 8.9 years and 9.3
years, respectively.

« Approximately half of the
psychoactive substance
abusers (52%) were
polydrug abusers.



Results — Health condition

Table 4. Self-reported psychological outcomes of the psychoactive substance abusers

;elf-rep-::ted z::‘c]mlugiml outcomes in, Yol Psychoactive substance abuzers (=101} ° Of al | Se |f_ re po rte d pSyC h O I Og I Ca.l
eprezsed md

Never 44849%) outcomes, depressed mood was

Short-term 34{34.7%)

I 0 00.4%) the most commonly reported
Mentl s B condition, including both short-

Short temn 4.G47%) term (35%) and long-term (20%),

I e followed by mental strain (35%
e 5185.3%) and 11%, respectively)
Shori-term 12 {12.6%)
Long-termm 2 (2.1%)
Swicidal 1deation
Mever T9({83.2%)
Short-term 13 (13.7%)
Long-term 3 (3.29%)
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Table 5. Comparison of the retinal characteristics between the control subjects and the

Results - comparison of retinal S

. i Eetinal characteriztics Contrel subjects Psychoactive substance pvalue
(mean = 50 (=200 abusers (N=1010)
characteristics -
ICEVE 052077 2066 =0.74 0115
IAVE 067=002 0.67+0.02 0400
* |n the comparison of the_ retinal characteristics | s oy Leeo .
between the control subjects and the psychoactive BaA RiT=LT S 034
IBAV 6088184 6040178 0.081
substance abusers, exudates, BCV, BAA, and BAV 1aaa 0822001 082200 0130
E L. . LAAV 0.78 =001 0.78=0.01 0.282
were significantly different (p<0.05) ormosy 0262007 0272007 0595
[Haemorrhages 0.17 =006 0.18=0.06 0.103
[Exmdates 012=006 0.14 =007 0.004
LAV nicking 0.19=007 0.18=0.06 0322
 For the fractal analysis, the Df in the substance prigiin om0 e
. N ] rCRAE 1354+ 0.66 1346 =0.68 0.293
abusers was significantly larger than in the control R 0342074 . o206
subjects. e 1652010 L2009 010
BCV 1.31=003 1.30+0.03 0.021
BAL 7197+ 1.80 7287=200 <) 01
BAV 6999+ 209 7069 =250 0.016
« The pomplex retinal chgracterlstllc components . . . -
obtained by deep learning algorithms were all FTosuosy 0302007 0202007 047
. . . rHaemorrhages 0.20=007 0.20=0.06 0.306
significantly different between the cases and controls (Ecudate 0132006 0112006 0077
AV mcking 022=007 0.22+0.06 0.683
(p < O . O O 1) rhrteniole occlusions 0.05 =003 0.05=0.04 0.968
IDf 1.935+0.01 1.937=0.01 0012
Df 1.935+0.01 1938 =0.01 0.01%
Deep learning foatwe 1 096 =015 0.14=032 <A, (M1
Dieep leaming foature 2 004 =015 0.86+0.32 <) 01
EBRIIREREKR Abbreviations: Bifurcation coefficient of arteriole venule (BCV), bifurcation Deep learning featre 3 0.94 = 020 0.06 = 0.20 <. 001
Faculty of Medicine angle of arteriole (BAA) and venule (BAV) and, fractal dimensions (Df). Desp learming fature 4 0062020 0,94+ 0.30 <0001

The Chinese University of Hong Kong



Results — Prediction model of drug abuers

« Using logistic regression with backward elimination, Figure 2. Receiver operatias chasactecistic corve of the prediction model wsing retina
BAV (adjusted odds ratio [OR]=0.733, 95% CI. characteristics of ARIA.
0.514-1.047, p=0.088) and exudates (adjusted
OR=1.139, 95% CI: 1.033-1.257, p=0.009), as well
as two complex retinal characteristic components,
DL PSAfeature001 (adjusted OR=0.026, 95% CI.:
0.004-0.165, p<0.001) and DL_PSAfeature003
(adjusted OR=0.008, 95% CI: 0.001-0.039,
P<0.001) were included in the model.

ROC Curve
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 The leave-one-out cross-validation was employed
to avoid model overfitting, and the sensitivity and
specificity were 94.0% and 95.0%, respectively. YA |
The AUC of ROC curve achieved 0.987 (95% CI: " " :‘ispmﬂ; ” "
0.974-0.999, p<0.001)
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Abbreviations: Bifurcation angle of venule (BAV)



Results — Subgroup analysis for prediction of polydrug abusers

° AV R : C R A E : C RV E : B C A’ B A A’ e Xu d ate S : Figure 3. Receiver operating characteristic curve of the model for predicting polydrug

abuser.

and DL_PAfeature002 were included in ROC Curve
the model.
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 The model for predicting polydrug abusers
exhibited a sensitivity of 90.4%, a
specificity of 98.4%, and an accuracy of
96.7% (Table 11). The AUC of ROC curve
achieved 0.997 (95% ClI: 0.992-1.000,
p<0.001) (Figure 3).
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Discussion

« According to the results, several retinal characteristics, fractal dimensions, and complex
characteristic components were associated with the abuse of psychotropic substances.

— Compared with the findings by Leung et al. showing cocaine abusers were associated with a
larger bifurcation angle, our findings were reasonably consistent with them.

— We additionally demonstrated that the complexity and density of retinal vasculature as
determined by the retinal image fractal analysis differed considerably between the psychoactive
substance abusers and the control subjects, with the substance abusers having greater values
of fractal dimensions.

« Our findings suggested that psychoactive substance abuse induced alterations in the
retinal vasculature, and retinal characteristics generated by ARIA with deep learning
algorithms could distinguish psychoactive substance abusers from the general population.

BEEHPRXKRKEBEER
Faculty of Medicine

The Chinese University of Hong Kong

Leung, I. Y.-F. et al. Early retinal vascular abnormalities in African-American cocaine users. Am. J. Ophthalmol. 146, 612—619 (2008).



Discussion

« Apart from identifying retinal characteristics for drug abusers, we developed multivariate
models for a prediction of drug abusers utilizing the features of retinal images, and the
prediction models were highly accurate (>90%) with outstanding discrimination power
between drug abusers and non-abusers (AUC>0.90).

— The performance was better than Qu et al., showing the ARIA algorithm was able to achieve an accuracy of
85% for risk estimation of coronary heart disease

— Consistent with Lai et al., demonstrating the AUC of ROC curve was 0.97 for classifying patients with autism
spectrum disorder

— Echoed by Lau et al., indicating a machine learning model accounting for ARIA features could generate

>90% sensitivity and specificity for a prediction of the volume of white matter hyperintensities in the brain
measured by MRI.

» Based on these observations, we speculate that retinal characteristics and ARIA features
were more likely to relate to the diseases involving adverse brain conditions, corroborated
by literatures showing brain damage could be led by abuse of psychotropic substances

- uY, Lee JJ, Zhuo Y, Liu S, Thomas RL, Owens DR, Zee BC. Risk Assessment of CHD Using Retinal Images with Machine Learning Approaches for People with Cardiometabolic Disorders. Journal of Clinical Medicine. 2022 Ma
EBRYABRE 2R : . g el 3 y

- 10;11(10):2687.
Faculty of Medicine

Lai M, Lee J, Chiu S, Charm J, So WY, Yuen FP, Kwok C, Tsoi J, Lin Y, Zee B. A machine learning approach for retinal images analysis as an objective screening method for children with autism spectrum disorder.
The Chinese University of Hong Kong EClinicalMedicine. 2020 Nov 1;28:100588.

Lau, A. Y. et al. Retinal image analytics detects white matter hyperintensities in healthy adults. Ann. Clin. Transl. Neurol. 1-8 (2018). doi:10.1002/acn3.688



Conclusion

1. Our study identified the objective retinal measures for detecting psychotropic substance
abuse using the ARIA technology.

2. With these promising findings, ARIA is expected to be a fast and inexpensive innovative
tool for screening applications, for examples, effective monitoring of different anti-
addiction treatments or rehabilitation programs for rehabilitee, thus helping clinicians and
social workers plan suitable programs.

3. Also, psychoactive substance abuse screening can be integrated into a physical
examination in schools, to prevent youth drug abuse.

Future Direction:

« External validation

 ARIA + portable fundus cameras
« Cost-effectiveness/benefit analysis

BEEHPRXKRKEBEER
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