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Medical Imaging

• X-ray radiography

• Computerized tomography (CT)

• Magnetic resonance imaging (MRI)

• Ultrasound

• Positron emission tomography (PET)

❖ Electroencephalography (EEG)

❖ Magnetoencephalography (MEG)

➢ Functional near-infrared spectroscopy (fNIRS)

➢ Mammography

➢ Light microscopy images 

➢ Fluoroscopy

➢ Echocardiography 

Medical imaging is the technique and process used to

create images of the human body for clinical purposes or

medical science. (https://en.wikipedia.org/)

❑ These imaging methods are essential for delineating the

structure and functionality of organs and tissues.

Each modality employs a distinct targeting agent,

generates data in varying dimensions, extracts unique

features, and serves specific purposes within clinical and

research contexts.

https://en.wikipedia.org/
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Cardiac Imaging

Wang, X. and Zhu, H (2024). 

Artificial Intelligence in 

Image-based Cardiovascular 

Disease Analysis:   A 

Comprehensive Survey 

and Future Outlook 
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Image Processing Analysis Methods

➢ Image Enhancement

❖ Image Segmentation

➢ Image Reconstruction

❖ Image Registration

UNC Biostatistics BIG-KP | https://bigkp.org/

Engineering Machine 
Learning

MathematicsStatistics

Deconvolution

Structural Learning



Structural Learning

❖ Organ parcellation

❖ Localization of pathology

❖ Surgical planning

❖ Image-guided interventions

❖ Computer-aided diagnosis

❖ Quantification of organ change 

➢ Organ atlas 

➢ Localization of pathology

➢ Automated image segmentation 

➢ Multimodal fusion

➢ Population analysis

➢ Quantification of organ changes

Image Segmentation Image Registration
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Whole Brain Analysis in Single Cell Level

Light Microscopy Imaging at Single Cell

“Top 10 life scientific 
advances of 2021”China

Peng, H., et al. Nature, 

(2021)
Han, X., et al. Sci Adv., (2023)

Qu, et al. Nature Methods, (2022)

Wang, et al. Nature Commu (2019)
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Ecological Layout for 

Imaging-based Analysis 

UNC Biostatistics

Imaging-related

Database
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Deconvolution

Structural Learning

Integration

Prediction



State-of-the-Art AI Applications in Medical Imaging and 
Statistical Challenges



AI Milestones

Annotated Datasets Deep Learning



AI Milestones

Reinforcement Learning AI Products



Segmentation Annotation U-Nets

AI for Image Segmentation

R. Azad et al., “Medical Image Segmentation Review: 
The success of U-Net.” arXiv, Nov. 27, 2022.

Minaee, Shervin, et al. "Image segmentation using 

deep learning: A survey." IEEE PAMI 44.7 (2021): 3523-3542.

Liu, Q., Xu, Z., Bertasius, G., & Niethammer, M. (2023). SimpleClick: 

Interactive Image Segmentation with Simple Vision Transformers. 

ICCV.,  22290-22300. 2023.



Superfast Spherical Surface Registration

Zhao F, Wu Z, Wang F, Lin W, Xia S, Shen D, Wang L, Li G. S3Reg: Superfast Spherical Surface Registration Based on Deep Learning. IEEE Trans Med Imaging 2021; 40(8): 
1964-1976. 

Subject surface Atlas surfaceDeformation field Moved subject surface



Cross-Modality Image Synthesis

Synthetic PET

Synthetic MRI
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Computer-Aided Medical Data Analysis

fMRIPETsMRI

Multimodality

Data

Image

Processing

Feature 

Extraction/Selection

Prediction

Model

Machine Learning & Deep Learning

Neuroimage

Representation Learning
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Major Challenges

Complex Organs and Tissues Heterogeneity within Individual Subjects 

and across Centers/Studies

Image=

f(age, gene, race, disease, others,

device, acquisition, noises)

➢ There is no publicly available, high-quality imaging  datasets with detailed 

annotation information that cover a large spectrum of segmentation tasks  in 

healthcare.

➢ How to quantify the uncertainty and generalizarability of atlases as well as 

deconvolution and structural learning methods and results?

➢ How to develop RL method for various segmentation and registration tasks?



Opportunities for Statisticians in Advancing Medical 

Imaging Data Analysis



Application to ABC

Analytical Tools

Big Data Computing

Engineering
Machine 
Learning

Application

http://medium.com

Applied 

Mathematics
Statistics
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Brain Imaging Genetics Paradigm

UNC 

Biostatistics

Neuroimaging: an important component to help understand the 

complex biological pathways of brain disorders 

Genes 
Brain 

disorders

molecules, brain cells, structure/function→

BIG-KP | https://bigkp.org/

Uncover the profile of brain 

abnormalities in each clinical 

outcome to study how disorders 

develop

Changes in neural interactions, 

altered brain structure/function

Biological 

causes

Molecular function and 

cell metabolism

Social and psychological influences

Gene expression at RNA 

and protein levels

Changes in neuron structure

and function
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Causal Genetics Imaging Clinical Pathway

UNC Biostatistics

CGIC is a 

spatiotemporal 

causal graph

BIG-KP | https://bigkp.org/
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Methodological Challenges

Advanced Methods for Dense Signals
(e.g., deep learning)

quantile ) 

Omics Data Integration 
(e.g., new tech, biological pathway)

Multiple Biobanks/Trials Integration
(e.g., Heterogeneity in global 

populations)

New Computational Tools 
(e.g., challenge of dense signal in 

biobank-scale database)

UNC 

Biostatistics

Database/

Tool/Theory for 

Brain Imaging

Genetics
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Important Statistical Topics

❖ Experimental Design

❖ Statistical Parametric Mapping 

❖ Object Oriented Data (OOD) Analysis

❖ Imputation Methods

❖ Data Integration Methods

➢ Dimension Reduction Methods 

➢ Image Genetics 

➢ Causality Research 

➢ Predictive Analysis

➢ Knowledge-based Methods 

➢ Reinforcement Learning

Zhu, H., Li, T., & Zhao, B. Statistical learning methods for 
neuroimaging data analysis with applications. Annual 
Review of Biomedical Data Science, Volume 6, Issue 1, 2023.



Other Important Topics

Unbalanced Data

3

AI-Statistics

in Healthcare

Data Privacy

Interpretability

Generalizability

1

2

5

4

Large Language Model
…
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AD and ADRD Related Datasets



The UK Biobank Study

2006-now

UK Biobank has collected and continues to collect 

extensive environmental, lifestyle, and genetic data 

on half a million participants.

•Imaging: Brain, heart and full body MR imaging, plus full 

body DEXA scan of the bones and joints and an ultrasound of 

the carotid arteries. The goal is to image 100,000 participants, 

and to invite participants back for a repeat scan some years 

later.

•Genetics: Genotyping, whole exome sequencing & whole 

genome sequencing for all participants.

•Health linkages: Linkage to a wide range of electronic 

health-related records, including death, cancer, 

hospital admissions and primary care records.

•Biomarkers: Data on more than 30 key biochemistry 

markers from all participants, taken from samples collected at 

recruitment and the first repeat assessment.

•Activity monitor: Physical activity data over a 7-day period 

collected via a wrist-worn activity monitor for 100,000 

participants plus a seasonal follow-up on a subset.

•Online questionnaires: Data on a range of exposures and 

health outcomes that are difficult to assess via routine health 

records, including diet, food preferences, work history, pain, 

cognitive function, digestive health and mental health.

•Repeat baseline assessments: A full baseline assessment 

is undertaken during the imaging assessment of 100,000 

participants.

•Samples: Blood & urine was collected from all participants, 

and saliva for 100,000.

https://www.ukbiobank.ac.uk/enable-your-research/about-our-data/imaging-data
https://www.ukbiobank.ac.uk/enable-your-research/about-our-data/genetic-data
https://www.ukbiobank.ac.uk/enable-your-research/about-our-data/health-related-outcomes-data
https://www.ukbiobank.ac.uk/enable-your-research/about-our-data/biomarker-data
http://biobank.ndph.ox.ac.uk/showcase/label.cgi?id=1008
https://www.ukbiobank.ac.uk/enable-your-research/about-our-data/questionnaire-data
https://www.ukbiobank.ac.uk/enable-your-research/about-our-data/baseline-assessment
http://biobank.ndph.ox.ac.uk/showcase/label.cgi?id=100078
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Data Preprocessing and Data Modeling
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Image Analysis Pipeline
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Prediction Models
Imaging
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Neuroimaging Biomarkers for 
Subtypes of Schizophrenia

UNC Biostatistics BIG-KP | https://bigkp.org/

Aim to build the best knowledge database of neuroimaging genetics

30

Two pathophysiological progression trajectories in schizophrenia

Treatment Outcomes in Subtypes of Schizophrenia

Trajectories are reproducibility for samples from different 

locations of the world

YC Jiang, et al, 2023, Nature Mental Health              YC Jiang, et al, Nature Communications, Under revision
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Heart-Brain Connections

Cardiovascular risk factors
(For example, smoking, high blood 

pressure, high cholesterol, and unhealthy 
diet, Cox et al. (19), PMID: 30854560)

Shared genetic and genomic 
factors

(For example, shared risk loci, 
Broce et al. (2), PMID: 30413934)

Heart health
(measured by CMR)

Brain health
(measured by brain MRI)

Stroke (Gardener et al. (1), 
PMID: 26481296)

Alzheimer's Disease (Broce et al. (2), 
PMID: 30413934)

Cognitive impairment (Abete et al. (4), 
PMID: 25107566)

Schizophrenia (Jindal et al. (14), 
PMID: 16327872)

Bipolar disorder (Nielsen et al. (15), 
PMID: 33128044)

Depression (Tawakol et al. (16), 
PMID: 28088338)

Epilepsy (Verrier et al. (17), 
PMID: 32109857)

Aging and specific disease processes
(For example, diabetes, 

Jensen et al. (20), 
PMID: 31522551)

Mental health disorders and
negative psychological factors

(For example, mental stress, Hinterdobler
et al. (18),  PMID: 34279021)

Mental health issues-induced behavioral and 
biological processes 

(For example, smoking initiation and 
dysregulation of the autonomic nervous 

system, Levine et al. (11), PMID: 33486973)

Coronary artery disease (Krantz et al. 
(12), PMID: 24677165)

Atrial fibrillation (Kwok et al. (6), 
PMID: 21383328)

Heart failure (Vogels et al. (9), 
PMID: 17174152)

Myocardial infarction (Levine et al. 
(11), PMID: 33486973)

Ventricular arrhythmias (Abisse et al.
(13), PMID: 21920534)

Left ventricular hypertrophy 
(Papadopoulos et al. (3), 

PMID: 32635685)

Cardiovascular disease/dysfunction
(For example, chronic systemic hypoperfusion, 

Moroni et al. (5), PMID: 29946567) 

Zhao, B., Li, T., …., Stein, J. L., & Zhu, H. Heart-brain connections: Phenotypic and genetic insights from 

magnetic resonance images. Science, 380(6648), abn6598, 2023.
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Brain- Heart Imaging Genetics Knowledge Portal

UNC 

Biostatistics

BIG-KP | https://bigkp.org/

Aim to build the best knowledge database of neuroimaging genetics
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Knowledge Graph Construction

Yang et al., Alzheimer’s Disease Knowledge Graph Enhances Knowledge Discovery and Disease Prediction. 



Foundation Models for GMAI

Moor, M., … ., Rajpurkar, P. (2023) Foundation models for generalist 

medical artificial intelligence. Nature. 
Han,C.., … ., Yoon, D. (2023) Large-language-model-based 10-year 

risk prediction of cardiovascular disease: insight from the UK 

biobank data. medRxiv
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