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Learning Goals
• Discover the association between biomarkers and retinal parameters in 

relation to disease prediction

• Learn new analytical methods and statistical applications, and apply 
them to a practical case study

• Understand how to interpret results and draw appropriate conclusions 
to implement the work effectively and grasp the practical implications
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Myopia

ABOUT THE DISEASE

A vision condition where
close objects appear

clear, but distant ones are
blurry.

Hypertension
A condition where blood 
pressure is consistently 
too high, increasing the 
risk of heart disease and 

stroke.

Diabetes
A chronic condition where 
the body cannot regulate 

blood sugar levels properly.



Retinal parameters
1. Vein tortuosity
2. Standard deviation of 

artery diameter
3. Bifurcation

4. Median diameter of 
artery

5. Average retinal nerve 
fiber layer thickness

Ortín Vela, S., Beyeler, M.J., Trofimova, O., Iuliani, I., Vargas Quiros, J.D., de Vries, V.A., Meloni, I., Elwakil, A., 
Hoogewoud, F., Liefers, B., Presby, D., Ramdas, W.D., Tomasoni, M., Schlingemann, R., Klaver, C.C.W., 
Bergmann, S. (2023). "Phenotypic and Genetic Characteristics of Retinal Vascular Parameters and their 
Association with Diseases." medRxiv. doi: https://doi.org/10.1101/2023.07.07.23292368



Diabetes

Glucose
Blood level Glycated haemoglobin

Cholesterol in IDL Polygenic risk score for
Coronary artery disease

IDL

HbA1c

PRS_coronary
Polygenic risk score for

Diabetes type 1
Diabetes type 2

PRS_d1/d2



Glucose vs HbA1c

MonitorDiagnosis

$$Fasting needed

ChronicAcute
3 months

Enzo Bonora, Jaakko Tuomilehto; The Pros and Cons of Diagnosing Diabetes With A1C. Diabetes Care 1 May 2011; 34 (Supplement_2): S184–S190.
https://doi.org/10.2337/dc11-s216

https://doi.org/10.2337/dc11-s216


IDL-C

>LDL/VLDL-C < IDL-C

Winocour, P. H., Durrington, P. N., Bhatnagar, D., Ishola, M., Arrol, S., & Mackness, M. (1992). Abnormalities of VLDL, IDL, and LDL characterize insulin-
dependent diabetes mellitus. Arteriosclerosis and Thrombosis: A Journal of Vascular Biology, 12(8), 920-
928. https://doi.org/10.1161/01.ATV.12.8.920

Diabetes

Negative 
correlation

Positive 
correlation

https://doi.org/10.1161/01.ATV.12.8.920


PRS Diabetes

multiple genetic variants 
in several genes

predisposition to 
Diabetes

Polygenic Risk Score

cause

Type 2Type 1

95%5%



PRS coronary
80% for people with 

diabetes 1 or 2
32% of global deaths

Otvos, J. D., Mora, S., Shalaurova, I., Greenland, P., & Mackey, R. H. Clinical Implications of Discordance Between LDL Cholesterol and LDL Particle 
Number. Journal of Clinical Lipidology, 5(2), 105. https://doi.org/10.1016/j.jacl.2011.02.001

Liou, L., & Kaptoge, S. (2020). Association of small, dense LDL-cholesterol concentration and lipoprotein particle characteristics with coronary heart 
disease: A systematic review and meta-analysis. PLoS ONE, 15(11). https://doi.org/10.1371/journal.pone.0241993

https://doi.org/10.1016/j.jacl.2011.02.001
https://doi.org/10.1371/journal.pone.0241993


Hypertension

Red blood cell 
count

Body fat 
percentage

Pulse rate
Polygenic risk score for
Coronary artery disease

PRS_coronary

Cholesterol in IDL

IDL

bpm



Red blood cell count

Göbel, B. O., Schulte-Göbel, A., Weisser, B., Glänzer, K., Vetter, H., & Düsing, R. Arterial Blood Pressure: Correlation With Erythrocyte
Count, Hematocrit, and Hemoglobin Concentration. American Journal of Hypertension, 4(1 Pt 1), 14. https://doi.org/10.1093/ajh/4.1.14

• Red blood cell -> blood
viscosity



Cholesterol in IDL

Steinmetz, A., Kirklies, A., Schlosser, G., Cassel, W., Peter, J. H., Ehlenz, K., Schäfer, J. R., Wichert, P. v., & Kaffarnik, H. (1993). Lipoprotein
(a), low-density, intermediate-density lipoprotein, and blood pressure in a young male population. Clinical Investigator, Springer-Verlag. 
https://doi.org/10.1007/BF00179996

https://doi.org/10.1007/BF00179996
https://doi.org/10.1007/BF00179996


Body fat percentage

Park, S. K., Ryoo, J.-H., Oh, C.-M., Choi, J.-M., Chung, P.-W., & Jung, J. Y. Body fat percentage, obesity, and their relation to the incidental risk of 
hypertension. Original Paper. https://doi.org/10.1111/jch.13667

https://doi.org/10.1111/jch.13667


Pulse rate

Dalal, J., Dasbiswas, A., Sathyamurthy, I., Maddury, S. R., Kerkar, P., Bansal, S., Thomas, J., Mandal, S. C., Mookerjee, S., Natarajan, S., Kumar, V., 
Chandra, N., Khan, A., Vijayakumar, R., & Sawhney, J. P. S. Heart Rate in Hypertension: Review and Expert Opinion. Review 
Article. https://doi.org/10.1155/2019/2087064

https://doi.org/10.1155/2019/2087064


PRS for coronary artery disease (CAD)

Vaura, F., Kauko, A., Suvila, K., Havulinna, A. S., Mars, N., Salomaa, V., FinnGen, Cheng, S., & Niiranen, T. Polygenic Risk Scores Predict
Hypertension Onset and Cardiovascular Risk. Genetics. https://doi.org/10.1161/HYPERTENSIONAHA.120.16471
Cubrilo-Turek, M. Hypertension and Coronary Heart Disease. Department of Internal Medicine, Sveti Duh General Hospital, 
Zagreb. https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6169140/pdf/ejifcc-14-067.pdf

https://doi.org/10.1161/HYPERTENSIONAHA.120.16471
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6169140/pdf/ejifcc-14-067.pdf


Myopia

Intra-ocular pressure, 
Goldmann correlated (right eye)

Body fat 
percentage

Intra-ocular pressure, 
Goldmann correlated (left eye)

Red blood cells Glucose/HbA1c



Intra-ocular pressure, 
Goldmann correlated 
(L/R)

Roopa Somashekar Mathapathi1, Satish Sharanppagouda Patil2: Association of refractive errors with intraocular pressure and its relationship with age and gender , 
https://www.ijcap.org/journal-article-file/2966



Body fat percentage
BMI

Body fat percentuage

Waist circumference

Young Ho Noh and Kyoung In Jung, The Relationship between Myopia and Obesity in Adults,https://www.ncbi.nlm.nih.gov/pmc/articles/PMC11016688/
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Dataframe
• Take the data from the UK Biobank

• Check the number of patients and missing values

• Check the type of data (binary, nomial,..)

• See the distribution of the data (+ normalization)

• Chek for eventual outliers 



!𝑦 = 𝛽! % 𝑥! + 𝛽" % 𝑥" +⋯𝛽# % 𝑥#

𝑒 = 𝑦 − !𝑦

𝑦: observed value
!𝑦: predicted value

𝑒: residual

Regression

https://www.reneshbedre.com/blog/learn-to-calculate-residuals-regression.html

https://www.reneshbedre.com/blog/learn-to-calculate-residuals-regression.html


General parameters/covariates

Sex

Age

City

Age2 Standing Height



1. <𝑑𝑖𝑠𝑒𝑎𝑠𝑒 = 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠

2. <𝑟𝑒𝑡𝑖𝑛𝑎 = 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠 →

3. <𝑏𝑖𝑜𝑚𝑎𝑟𝑘𝑒𝑟 = 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠
each one singularly

Regression

𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠 = 𝛽1!"#×𝑠𝑒𝑥 + 𝛽2$%&'×𝑐𝑖𝑡𝑦+ 𝛽()"×𝑎𝑔𝑒 + ⋯

1. &𝑏𝑖𝑓𝑢𝑟𝑐𝑎𝑡𝑖𝑜𝑛𝑠 = 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠
2. &𝐴 𝑠𝑡𝑑 𝑑𝑖𝑎𝑚 = 𝑐𝑜𝑣𝑎𝑟𝑖𝑎𝑡𝑒𝑠
3. …



1. 𝑒;<=<>=< = 𝑑𝑖𝑠𝑒𝑎𝑠𝑒 − <𝑑𝑖𝑠𝑒𝑎𝑠𝑒

2. 𝑒?<@A#> = 𝑟𝑒𝑡𝑖𝑛𝑎 − <𝑟𝑒𝑡𝑖𝑛𝑎

3. 𝑒BACD>?E<? = 𝑏𝑖𝑜𝑚𝑎𝑟𝑘𝑒𝑟 − <𝑏𝑖𝑜𝑚𝑎𝑟𝑘𝑒𝑟

Regression



𝑒;A=<>=< = 𝛽1×𝑒?<@A#>

𝑒;A=<>=< = 𝛽2×𝑒?<@A#> + 𝛽3×𝑒BACD>?E<?

𝛽1×𝑒?<@A#> = 𝛽2×𝑒?<@A#>

Regression

?

Control: 𝑒;A=<>=< = 𝛽4×𝑒BACD>?E<?



Score = F!"#$%& GF!"#$%&_($)*&!+"!
F($)*&!+"!G F($)*&!+"!_!"#$%&

Changing of beta value

log



Changing of beta value

Score = log !" #!$
!% #!&

Positive Score
𝛽*"&%+( 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑚𝑜𝑟𝑒 𝑡ℎ𝑎𝑛 𝛽,%-.(*/"*

Biomarker –(explain)->	Retina

Negative Score
𝛽,%-.(*/"* 𝑐ℎ𝑎𝑛𝑔𝑒𝑠 𝑚𝑜𝑟𝑒 𝑡ℎ𝑎𝑛 𝛽*"&%+(0

Retina –(explain)->	Biomarker
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Diabetes - Retina

Hazard ratio of 1 = 0 correlation

Ortín Vela, S., Beyeler, M.J., Trofimova, O., Iuliani, I., Vargas Quiros, J.D., de Vries, V.A., Meloni, I., Elwakil, A., Hoogewoud, F., Liefers, B., Presby, D., Ramdas, W.D., Tomasoni, M., Schlingemann, R., Klaver, C.C.W., Bergmann, S. (2023). 
"Phenotypic and Genetic Characteristics of Retinal Vascular Parameters and their Association with Diseases." medRxiv. doi: https://doi.org/10.1101/2023.07.07.23292368



Diabetes - Biomarkers

• HbA1c > Glucose

• PRS_d1 < PRS_d2

• 5% vs 95%



Retina - Biomarkers Score = log !" #!$
!% #!&

• Biomarkers –(explain)-> Retina

• PRS_d1 exception !!
• Retina –(explain)-> PRS_d1

• PRS_coronary ~ Retina

• 5 %



Conclusion
Diabetes

Retinal
Parameters

Biomarkers

major causes of retinopathy 



Hypertension - Retina



Hypertension - Biomarkers

• As expected

• Low values

• Cholesterol in IDL negative!!



Retina - Biomarkers

• Always positive

• IDL, PR and Bf% 
highest values across
all the retina 
parameters

• Not huge values

• Other variables?



Conclusion
Hypertension

Retinal
Parameters

High blood pressure in retina artery ➔ damage

Biomarkers



Results



Myopia-Biomarkers

Biomarkers values have a very 
little association on myopia

Possible explanation:

• Myopiaàeyes diasease

• Genetic influence 

• Myopia datas are binary



Retina - Biomarkers

• Always negative

• The intraocular pressure has the 

highest variation

Score = log !" #!$
!% #!&



Conclusion
Myopia

Retinal
Parameters

Biomarkers



General Conclusion
General correletion between the disease and the retinal parameter:

• Myopiaà eyes diseaseàhigh correletion of retinal parameter
• Diabetes and Hypertension à General diseaseà biomarkers predominant

General disease:
• Biomarkers have infleunction on retinal parameters
• Biomarkers have stronger association with disease than retinal parameters

Retinal parametes à another source of information to predict the disease



What could we do

• Add more retinal parameters to see if it can increase the influece on the disease

• Add some genetic parameter as covariance/ retinal parameters to reduce the influence 

on the retinal and Biomarkers datas

• Have more data from other nation and not only UK



Future application

• Use the retinals parameters as source to detect some desease

• Implement early detection and intervention strategies

• Enhance diagnostic accuracy using combined retinal and analytical data

• Explore the potential for non-invasive disease monitoring



Feedback

• Intressing to work with some real data but sometimes it takes too long to have access to it

• Have some projects focus more on algoritm thinking and other to statistics application was a 
good proposition

• The UK databank has data only from people over 37 year so we miss all the adolescent 
period so maybe use other databanks



CREDITS: This presentation template was created by 
Slidesgo, including icons by Flaticon and 

infographics & images by Freepik

DO YOU HAVE ANY QUESTIONS?

THANKS!

https://bit.ly/3A1uf1Q
http://bit.ly/2TyoMsr
http://bit.ly/2TtBDfr

