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They are celebrities who are believed to be 
autistic or diagnosed with autism.



Background (ASD & GDD)

• There are about 75,000,000 people 
has ASD (about 1% of the world’s 
population.

• About 1 in 100 children will be 
diagnosed with ASD. About 1 in 36 
children in the US.

• ASD prevalence has increased by 178% 
since 2000.

• Typical assessment of ASD requires 
hours and multiple visits



Machine learning and AI-based methods were used in the retinal 
image analysis for estimating risks of multiple chronic diseases

AdvantagesCharacteristics

Accessible anywhere and easily scalableCloud-base

No human intervention neededFully Automatic

Analysis takes only minutesFast

Sensitivity and Specificity > 90%Research Evidence-
based

Fundus camera widely available and can be 
repeated

Non-invasive

No body specimen or blood sample 
involved

Environmental Friendly

Normal

Abnormal

Retina reflects:

1. Eye diseases, e.g. diabetic retinopathy, AMD, glaucoma
2. Cerebrovascular and Cardiovascular health, e.g. risk of 

stroke, risk of coronary heart disease (CHD)
3. Brain health, e.g. risks of vascular dementia and 

Alzheimer’s disease, white matter hyperintensities (WMH)

Automatic Retinal Image Analysis (ARIA) –
Health Risk Assessment 



Patents and Publications of ARIA Technology
Publications Related to ARIA

Patents
• US Non-provisional (US8787638 B2) “Method and device for retinal image 

analysis”
• Taiwan Region Patent No. I578977 
• China Patent No. CN103458772B “视网膜图像分析方法和装置”
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Results of the ASD paper for 
aged between 7 and 20 years

References: 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”, EClinicalMedicine 2020, 100588



Global Attentions for the ASD Retinal Image Analysis 
Technology – A Worldwide Market



Reference: 
https://www2.ccrb.cuhk.edu.hk/web/?page_id=3185





Previous research shows that retinal images reflect Brain 
MRI characteristics

Retinal vessels are the only directly visible vessels
Retinal vessels have the same 

– embryo origin
– histological structure
– pathological change

Overall grade based on ARWMH1 scale
Sensitivity (0-1 vs. 2-3) = 93% 
Specificity (0-1 vs. 2-3) = 98%
PPV (0-1 vs. 2-3) = 96.3%
NPV (0-1 vs. 2-3) = 96.8%
AUC = 0.908

Summary
• We can identify specific brain regions with WMH 

using AI-based retinal image analysis (ARIA)
• Our analysis showed that retinal images can be used 

to estimate various parameters inside the brain, 
including microbleeds and cerebral infarcts.

• We postulate that we would be able to separately 
classified ASD from GDD.



Proposed Biological Measurements
MRI Measurements are Useful Biological Markers

Reference: Lange N, Dubray MB, Lee JE, Froimowitz MP, Froehlich A, Adluru N,
Wright B, Ravichandran C, Fletcher PT, Bigler ED, Alexander AL, Lainhart JE.
Atypical diffusion tensor hemispheric asymmetry in autism. Autism Res. 2010
Dec;3(6):350-8.



Related Developments of Automatic Retinal Image 
Analysis (ARIA) Technology

Health Promotion and Risk Assessment  …..                              

WMH for Dementia 
Risk 認知障礙風險

Stroke risk and types
出血及缺血性中風

Risk of Diabetes
糖尿病風險

Coronary Heart 
Disease Risk
冠心病風險

Chronic Kidney 
Disease Risk
腎病風險

Long COVID
新冠後遺症

Diabetic Retinopathy,  
AMD 糖尿視網膜病變及

黃斑變性

Anaemia 貧血
Worldwide Red Cross

Elderly and Adults Population Children Population

Autism Spectrum Disorder
自閉症

Autism



New Study for Preschoolers (aged 2-6)

1. To determine the ARIA estimated retinal characteristics for global
developmental delay (GDD), autism spectrum disorder (ASD) and
control group. Compare the retinal characteristics among the
three groups.

2. To determine classification models using retinal images for GDD
versus the control group

3. To determine classification models using retinal images for ASD
versus the control group



Eligibility Criteria

Inclusion criteria

1. Children aged between 2 and 6

2. Written consents by subjects' legal guardian/next-of-kin 

Exclusion criteria

1. Poor retinal image quality that cannot be used in the analysis

2. Other eye diseases that are not suitable for retinal imaging include congenital 
cataracts and retinopathy of prematurity

3. Children are distressed with a flashlight or have experience with photosensitive 
seizures

4. Written consents not given by subjects' legal guardian/next-of-kin 



It is feasible to take retinal 
images in young children

References:
1. Patel CK, Fung TH, Muqit MM, Mordant DJ, Geh V. Non-contact 

ultra-widefield retinal imaging and fundus fluorescein angiography 
of an infant with incontinentia pigmenti without sedation in an 
ophthalmic office setting. J AAPOS. 2013 Jun;17(3):309-11.

2. http://buddhaeyecare.com/pediatric-ophthalmology.php
3. https://www.prlog.org/12636760-eye-introduces-imageselect-

application-to-enhance-pediatric-retinal-examination-results-for-
new-born-infants-and-young-children.html



Support from the local community in Hong Kong



Retinal Imaging Process using Digital Non-Mydriatic 
Retinal Cameras with additional training materials

* No dilation is required.

Number of subjects

414 (ASD 115, GDD 151, Both 148)Case

1798Control

2212Total

Results for ASD and GDD study aged 2-6



Age and Gender Distribution for Cases

ASD+GDD
N=148

GDD
N=151

ASD
N=115

Total cases
N=414

Age

34292

9196343

4134391144

6367451755

322723826

Gender

1209487301Male

285728113Female



Age and Gender Distribution for Cases

Age(Year)

Total65432Gender

28515620ASDFemale

5712201771GDD

28813700ASD and GDD

11325483091Total

8718303342ASDMale

94154717123GDD

12024503493ASD and GDD

3015712784258Total

11523453962ASDTotal

151276734194GDD

14832634193ASD and GDD

41482175114349Total



Number of Definite and Suspected Cases

N=414Cases Classification

115 (26.6%)
ASD (94)

ASD 
Suspected ASD (21)

151 (36.5%)
GDD (134)

GDD 
Suspected GDD (17)

148 (35.7%)

ASD and GDD (122)

ASD and GDD 
Suspected ASD and GDD (24)

Suspected ASD and Suspected GDD (2)



Age and Gender Distribution for Controls

Age(Year)

Total65432Gender

787903302491180Female

10111224393051441Male

17982127695542621Total



Age and Gender Distribution for Matched Case-Control

Age(Year)

Total65432Gender

11325483091Case
Female

113254830100Control

3015712784258Case
Male

3015712784321Control

41482175114349Case
Total

41482175114421Control

Note: In our matched dataset, except for three cases involving 2-year-olds, where the age differences exceed 6 
months (specifically 8 months, 8 months, and 9 months), all other cases have age differences within 6 months.



To identify ASD 
in a normal population



ASD (definite, n=94) vs Control (age-gender matched)
With 10-fold cross-validation by SVM (optimization)

Specificity=100%
Sensitivity=97.87%

ASDControl



To identify GDD 
in a normal population



GDD (definite, n=134) vs Control (age-gender matched)
With 10-fold cross-validation by SVM (optimization)

Specificity=100%
Sensitivity=98.5%

GDDControl



To separate ASD and GDD 
populations



ASD (definite, n=94) vs GDD (definite, 134)
With 10-fold cross-validation by SVM (optimization)

Specificity (GDD) = 100%
Sensitivity (ASD) = 96.8%



To extract ASD from
a mixed population of ASD and GDD 



ASD+GDD (definite, n=122) vs GDD (definite, 134)
With 10-fold cross-validation by SVM (optimization)

Specificity (GDD) = 98.51%
Sensitivity (ASD+GDD) = 98.36%



AI Retinal Image Analysis (ARIA) for the Risk of
Autism (ASD) and GDD in Preschoolers
• Classification based on biological markers, such as AI-based

retinal image analysis (ARIA), is objective and accurate with
sensitivity and specificity > 90%.

• Retinal imaging is fast, and the analysis is automatic. This
reduces time and cost for the healthcare system and the
family.

• ASD and GDD are easily confused, especially at a very young
age. It is advantageous to have a correct early classification.

• Accurate early assessment of ASD will help start early
intervention and education, optimising effectiveness.

• Start talent identification early for ASD children in music,
arts, sports, mathematics, etc.

• Provide high-quality targeted training and education for
those with identified talents, increasing self-confidence and
peer acceptance.

Conclusions
Why is early classification of ASD and GDD important?













ARIA-ASD
and

ARIA-GDD
aim to

Transform
Special Needs

to
Special Talents



Special needs schools helping to recruit cases

Acknowledgement
• This project has received much support from the community and the special needs schools. The following 

are the names of SEN Preschools and centers that are helping us recruit the cases. Our team included 
experienced clinical research personnel and optometrists with exceptional skills in autistic children.

1. Hong Chi Pinehill Pre-school Centre 匡智松嶺學前及兒童中心
2. Hong Chi Kwong Fuk Pre-School Centre 匡智廣福學前兒童中心
3. Heep Hong Society Catherine Lo Centre 協康會慶華中心
4. Heep Hong Society Fu Cheong Centre 協康會富昌中心
5. Heep Hong Society Yung Ming Centre 協康會雍明中心
6. Heep Hong Society Tai Wo Hau Centre 協康會大窩口中心
7. Heep Hong Society Lei Yue Mun Centre 協康會鯉魚門中心
8. Heep Hong Society Wan Tsui Centre 協康會環翠中心
9. Heep Hong Society Yu Ming Centre 協康會裕明中心
10. Heep Hong Society Wanchai Centre 協康會灣仔中心



Special needs schools helping to recruit cases
Acknowledgement
11. Y Seeds Wellness Service （Team A) 女青悅兒成長服務 (甲隊)
12. Bravo Lutheran Child Development Centre 路德會凝悅兒童發展中心
13. Joyful Kids Lutheran Centre 路德會喜樂寶寶中心
14. Caritas On-site Pre-School Rehabilitation Service 明愛樂成長學前到校支援服務
15. Caritas Lok Miu Early Education and Training Centre 明愛樂苖學前教育及訓練中心
16. Caritas Lok Yau Early Education  and Training Centre 明愛樂幼學前教育及訓練中心
17. Caritas Lok Hing Child Care Centre 明愛樂興幼兒中心
18. Hong Kong Christian Service Tuen Mun Early Education & Training Centre 香港基督教服務處屯門早期教育

及訓練中心

19. Hong Kong Christian Service Yuen Long Early Education & Training Centre 香港基督教服務處元朗早期教育
及訓練中心

20. Hong Kong Christian Service Bridge-Integrated Education Service (Team 1) 香港基督教服務處心橋融合教
育服務(第一隊)



Kindergartens helping to recruit controls
Acknowledgement
• We have support from 17 kindergartens, headmasters and teachers for the control group. The following are the 

names of the Kindergartens. Our team went to these Kindergartens multiple times to recruit controls. Almost all 
headmasters in these schools expressed interest in using this technology in their schools as soon as it is available.

1. Tai Po Catholic Kindergarten 天主教大埔幼稚園
2. St Jerome's Catholic Kindergarten 天主教聖葉理諾幼稚園
3. St Andrew's Catholic Kindergarten 天主教聖安德肋幼稚園
4. Raimondi College Kindergarten Section 高主教書院幼稚園部
5. Cheung Chau Sacred Heart Kindergarten 長洲聖心幼稚園
6. St Teresa's Kindergarten 聖德蘭幼稚園
7. Our Lady of Lourdes Catholic Kindergarten 天主教露德聖母幼稚園
8. St Margaret Mary's Catholic Kindergarten 天主教聖瑪加利大幼稚園
9. St Stephen's Catholic Kindergarten 聖斯德望天主教幼稚園
10. Tung Chung Catholic Kindergarten 東涌天主教幼稚園
11. Kam Lam Catholic Kindergarten 天主教甘霖幼稚園
12. Star of the Sea Catholic Kindergarten天主教海星幼稚園
13. Annunciation Catholic Kindergarten 天主教領報幼稚園
14. Tsuen Wan Our Lady Kindergarten 荃灣聖母幼稚園
15. St Thomas' Catholic Kindergarten 天主教聖多默幼稚園
16. St James Catholic Kindergarten 天主教聖雅各伯幼稚園
17. St Peter's Catholic Kindergarten 天主教聖伯多祿幼稚園



Thanks

https://www2.ccrb.cuhk.edu.hk/web/
http://healthviewbio.com


