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What is precision medicine?

COVID

Anxiety

Smoking and alcohol 
consumption

The air in many areas is filled 
with smoke and hazardous 
particulate matter

Quantile-dependent expressivity



Quantile-specific heritability

• It appears that environmental 
factors sort of set the groundwork 
in which your genes start to have 
an effect

• If your surroundings predispose 
you to drinking more coffee – like 
your coworkers or spouse drink a 
lot, or you live in an area with a lot 
of cafes – then the genes you 
possess that predispose you to like 
coffee will have a bigger impact. 
These two effects are synergistic



This approach will allow doctors and 
researchers to predict more accurately 
which treatment and prevention strategies 
for a particular disease will work in which 
groups of people. 



Pharmacogenetic
In precision medicine



Pharmacogenomics is a part of precision medicine

• Pharmacogenomics is the study of how genes affect a person’s 
response to particular drugs. 

• This relatively new field combines 
• Pharmacology (the science of drugs) 

• Genomics (the study of genes and their functions) 

• To develop effective, safe medications and doses that are tailored to 
variations in a person’s genes.



Example of a pharmacogenetic investigation













Monogenic disorders
In Precision Medicine











Multifactorial disorders
In Precision Medicine



Diabetes in Precision Medicine era

5/25/2023

Radical changes in our ability to characterize and understand human biological variation

through:

1) Assessment of the genetic and metabolic state

2) Leveraging data to inform disease categories

3) Science-guided preventive and treatment decisions tailored to specific pathological

conditions.

Coupling these with detailed (digital)information about:

 lifestyle

 environment

present opportunities to optimize diabetes medicine.
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Diabetes in Precision Medicine era

5/25/2023

Our modern capacity to comprehensively interrogate diverse axes of biology may

radically transform the practice of medicine. These axes include:

1) Developmental/ metabolic context

2) Genomic variation

3) Chromatin signals, that mark genes as active or repressed in tissues

4) Expressed transcripts

5) Biomarkers of disease

6) Increased knowledge of life style/environmental risk factors.

7) Parallel advances in computational power and analytical methods
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Diabetes in Precision Medicine era

5/25/2023

There are, however, several reasons for hope:

1) Diabetes caused by single gene defects can be characterized and targeted therapies are

particularly effective.

2) Islet autoantibody biomarkers and genomic risk have clarified autoimmune diabetes from other

forms of the disease, thereby facilitating immune intervention trials and preonset monitoring to

reduce risk of severe complications and aiding in detection of environmental triggers.

3) Multiple biomarkers and genetic variants have been shown to alter risk of T2D.

4) T2D has been shown to be a complex combination of multiple conditions and processes,

defined by process specific subgroups in which individuals with extreme burdens of risk in

particular pathways reside and for whom a specific therapeutic approach may be optimal.

5) The tools, resources, and data now exist to determine the biological and lifestyle/environmental

predictors of drug response.
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Diabetes in Precision Medicine era

5/25/2023

• Precision diabetes medicine refers to an approach to optimize the

1) Diagnosis

2) Prediction

3) Prevention

4) Treatment

by integrating multidimensional data, accounting for individual differences.

• The major distinction from standard medical approaches is the use of complex data to

characterize the individual’s health status, predisposition, prognosis, and likely treatment

response.

• Precision medicine also focuses on identifying patients who, despite a diagnosis, do not require

treatment (or require less than might conventionally be prescribed).

24/30



The pathophysiology of diabetes is complex with multiple
causes, phenotypes, trajectories and consequences

• Theoretically, there can be many diabetes subphenotypes characterized by 
different combinations of 
• Molecular features
• Pathophysiological processes
• Risk factors
• Complications
• Comorbidities.

• These phenotypes can be altered by 
• Self-management
• Quality of care
• Drug treatments
• All of which can influence clinical outcomes.



Type 1 diabetes

• Autoimmune destruction of the pancreatic islet, due to 
interaction between genetic susceptibility, perturbed 
immunology and environmental factors
• INS (insulin)

• PTPN22 (protein tyrosine phosphatase, nonreceptor type 22)

• IL2RA (interleukin-2 receptor subunit alpha)

• IFIH1 (interferon induced with helicase C domain 1)
• CTLA4 (cytotoxic T-lymphocyte associated protein 4) loci

• TCF7-P19T (transcription factor 7-P19T)



Type 2 diabetes

Classical examples of polygenic and complex diseases as a result of 
interactions between multiple genetic and environmental factors 113 
loci have been associated with type 2 diabetes

The majority of these SNPs are associated with 
Islet development and glucose sensing

Insulin synthesis

Secretion

Signaling or resistance

Whereas others are associated with metabolic traits, such as obesity, 
which frequently coexists with diabetes



Gestational diabetes mellitus (GDM)

Diabetogenic condition characterized by multiple 
hormonal changes with increased insulin resistance



Maturity-onset diabetes of the young (MODY)

• 1–2% of all cases of diabetes

• Autosomal dominant disorders characterized by nonketotic and/or 
non-acute presentation, typical of type 2 diabetes, but occurring at a 
younger age, usually before the age of 25 years

• Because of their rapid failure with oral drugs and/or young onset of 
presentation, MODY patients can be misdiagnosed as type 1 diabetes

• Alternatively, because of their low risk of ketosis, they might simply 
be classified as having type 2 diabetes



• 14 genetic subtypes of MODY each with distinct clinical characteristics 
and responsible genes

• In these young individuals with familial early-onset diabetes with or 
without typical features, genetic testing is required to increase the 
precision of diagnosis, which has implications on treatment selection 
and family screening









Neonatal diabetes

• Several national registers show that the incidence of neonatal 
diabetes, diagnosed before the age of 6 months, is approximately one 
in 100,000 live births.

• Amongst the reported mutations associated with neonatal diabetes 
nearly half were as a result of mutations in the genes encoding the 
KATP (ABCC8 and KCNJ11) with good response to SU





New disease taxonomy 
construction and validation



• These behavioral and social determinants and other exogenous 
factors can now be tracked and measured by wearables and a 
range of medical devices. 

• These factors account for about 60% of our determinants of health 
(behavioral, socio-economical, physiological, and psychological 
data), our genes account for about 30%, and last our actual medical 
history accounts for a mere 10%.

• Over the course of our lifetimes, we will each generate the 
equivalent of over 300 million books of personal and health-

related data that could unlock insights to a longer and healthier life.



Phenomenon of big data (five Vs)

1. Volume: Vast amount of complex and heterogenous data, which 
makes data sets too large to store and analyze using traditional 
database technology. 

2. Velocity: Speed at which new data are generated and moves 
around. 

3. Variety: Different types of structured, semistructured, and 
unstructured data, such as social media conversations and voice 
recordings. 

4. Veracity: Certainty, accuracy, relevance, and predictive value of the 
data. 

5. Value: Conversion of data into business insights. 



AI and spectrum of health care (5 Ps)

1. Payer

2. Provider

3. Policy maker/government

4. Patients

5. Product manufacturers

Reliable identification of medical coding errors and incorrect claims positively impacts payers, 

providers, and governments by saving inordinate amounts of money, time, and efforts



Current classification system for diseases

• International Classification of Diseases (ICD)
• Clinical features

• Symptoms

• Examination of diseased tissues and cells

• Is it insufficient!
• Lacks the depth required for precision medicine

• Its rigid hierarchical structure and does not take into account the rapidly expanding molecular insights of 
disease phenotypes. 

• Many diseases have high genetic heterogeneity or manifestation diversity, which makes it difficult to 
tailor treatment to a patient's pathophysiology. 

• Additionally, disease comorbidities, temporal disease trajectories, and various molecular relationships 
between disease-associated cellular components and their connections in the interactome demonstrate 
the vague boundary between different diseases in current disease taxonomies. 

• Therefore, efforts to reclassify diseases based on molecular insights have 
increased in the past decade to meet the needs of precision medicine.



Similarity calculation between the disease pairs 
in ICD taxonomy



Module or community annotations of disease 
association network by chapters in ICD



Construction of integrated disease network (IDN) 
and generation of NCD



Quality evaluation and validation of ICD and NCD



Precision Medicine Initiative



What is the Precision Medicine Initiative?

• The Precision Medicine Initiative is a long-term research endeavor, 
involving the National Institutes of Health (NIH) and multiple other 
research centers, which aims to understand 

how a person's genetics, environment, and lifestyle can help 
determine the best approach to prevent or treat disease

• Goals
• Short-term

• Expanding precision medicine in the area of cancer research. Researchers at the National 
Cancer Institute (NCI) hope to use an increased knowledge of the genetics and biology of 
cancer to find new, more effective treatments for various forms of this disease. 

• Long-term
• bringing precision medicine to all areas of health and healthcare on a large scale. 



What are some potential benefits of precision 
medicine and the Precision Medicine Initiative?

• To this end, the NIH has launched a study, known as the All of Us Research Program, 
which involves a group (cohort) of at least 1 million volunteers from around the United 
States. 

• Participants are providing genetic data, biological samples, and other information about 
their health. 

• To encourage open data sharing, participants can access their health information, as well 
as research that uses their data, during the study. 

• Researchers can use these data to study a large range of diseases, with the goals of 
better predicting disease risk, understanding how diseases occur, and finding improved 
diagnosis and treatment strategies.

• Precision medicine holds promise for improving many aspects of health and healthcare. 
Some of these benefits will be apparent soon, as the All of Us Research Program 
continues and new tools and approaches for managing data are developed. 

• Other benefits will result from long-term research in precision medicine and may not be 
realized for years.





EHR domains





Genomics





Physical Measurements and Wearables



Survey Questions



Potential benefits of the Precision Medicine Initiative:

• New approaches for protecting research participants, particularly patients' 
privacy and the confidentiality of their data.

• Design of new tools for building, analyzing, and sharing large sets of 
medical data.

• Improvement of FDA oversight of tests, drugs, and other technologies to 
support innovation while ensuring that these products are safe and 
effective.

• New partnerships of scientists in a wide range of specialties, as well as 
people from the patient advocacy community, universities, pharmaceutical 
companies, and others.

• Opportunity for a million people to contribute to the advancement of 
scientific research.



Potential long-term benefits of research in 
precision medicine:

• Wider ability of doctors to use patients' genetic and other molecular 
information as part of routine medical care.

• Improved ability to predict which treatments will work best for specific 
patients.

• Better understanding of the underlying mechanisms by which various 
diseases occur.

• Improved approaches to preventing, diagnosing, and treating a wide range 
of diseases.

• Better integration of electronic health records (EHRs) in patient care, which 
will allow doctors and researchers to access medical data more easily.



What are some of the challenges facing precision 
medicine and the Precision Medicine Initiative?

• Precision medicine is a growing field. 

• Many of the technologies that are needed to meet the goals of the Precision Medicine Initiative have only 
recently been developed. 

• For example, researchers needed to standardize the collection of clinic and hospital data from more than 1 million 
volunteers around the country. They also needed databases to store large amounts of patient data efficiently.

• The Precision Medicine Initiative also raises ethical, social, and legal issues. It is critical to protect 
participants’ privacy and the confidentiality of their personal and health information. Participants need to 
understand the risks and benefits of participating in research, which means researchers must have  a 
rigorous process of informed consent.

• Cost is also an issue with precision medicine. The Precision Medicine Initiative itself will cost many millions 
of dollars in federal funding, and the ongoing initiative will require Congress to approve funding over 
multiple years. Technologies such as sequencing large amounts of DNA are expensive to carry out (although 
the cost of sequencing is decreasing). Additionally, drugs that are developed to treat conditions based on 
molecular or genetic variations are likely to be expensive. Reimbursement from third-party payers (such as 
private insurance companies) for these targeted drugs is also likely to become an issue.

• If precision medicine approaches are to become part of routine healthcare, doctors and other healthcare 
providers will need to know more about molecular genetics and biochemistry. They will increasingly need to 
interpret the results of genetic tests, understand how that information is relevant to treatment or prevention 
approaches, and convey this knowledge to patients.



Precision Medicine

• Step 1: Gather Data
• Before crafting a research proposal, investigators can learn what data is available, how to request its use and 

how to calculate a potential study’s risk to patient privacy.

• Step 2: Store and Analyze Data
• Researchers should save, access and analyze their data remotely in the SAFE. Combining a virtual desktop with 

a storage network, the SAFE allows researchers to retrieve data from any mobile device or computer using a 
secure wireless connection and JHED ID. The SAFE is considered the best storage location for research studies 
as well as the best place to review them.

• The platform should be approved collaboration and statistical analysis tools, including:
• Microsoft Office Word and Excel
• SAS/STAT – a common statistical package that includes more than 100 prewritten analysis procedures
• STATA – an analytics package that allows researchers to manipulate and visualize statistics and easily produce reports
• R and R Studio – a software programming language and a software environment that investigators can use for statistical 

computing and graphics
• Python – a high-level, general-purpose programming language that is easy for novice and experienced coders to use

• Step 3: Bring to Clinic
• For precision medicine research to realize its potential, investigators need to convert data insights into clinical 

applications that can help tailor care plans for patients and predict treatment outcomes.



Precision Medicine in Iran
TCGS



TLGS 
Tehran Lipid and Glucose Study

Cohort study 
Start: 1999, Ongoing

N: 23265 (Female 49.6%) 

Pedigrees:  3029 (Max:56)

TOTS
Tehran Obesity Treatment Study

Cohort

Start: 2013, Ongoing

N: 5500 (Female 79.7%)

Pedigrees: 92 (Max:8)

TCP
Thyroid Cancer Project

Clinical registry
Start: 2001, Ongoing

N: 452 (Female 56.9%)

Pedigrees:   99 (Max:16)

CFP
Clinical Follow-up Project

Clinical registry 
Start: 2011, Ongoing

N: 328 (Female 51.8%)

Pedigrees:  100 (Max:6)

N:469

Chip: 457

N:328

Chip: 320 
(WGS: 258)

N: 452

Chip: 416

N: 19124

Chip:13346 
(WGS: 1023)

Traits: More 
than 1000 

phenotypes in 
22 years and 7 

phases

Traits: More 
than 300 

phenotypes in 
9 years

Traits: More 
than 10 

phenotypes 
in 20 years

Traits: More 
than 50 

phenotypes in 
11 years

Aim: follow-up major 
incident & 
prevalence of cardio-
metabolic-related 
health events

Aim: Genetic 
investigation of 
Thyroid cancer

Aim: Evaluating and 
comparing several 
surgical bariatric 
procedures 

In
cl

u
d

ed
 S

tu
d

ie
s

Tehran Cardiometabolic genetic study (TCGS)
Aim: within a longitudinal family-based cohort in response to the lack of fundamental knowledge of the genetic variation diversity 
pattern in the Iranian population, concentrating on evaluating the genetic basis of Cardiometabolic risk factors. 
Data: N:20373 (Female 51.8%); Pedigree: 4452 (Max:56), Chip:14539; WGS: 1281; Genetic Markers (SNP, Indel): ~62 M

Variables: Physical examination, Biochemical markers, Medical history

Start: 2012; Ongoing

Aim: Genetic 
investigation of 

inherited genetic 
disease



Collabo
ration

Whole 
Genome 
Analysis

2013
2014

2015

2018
2017

2016

2020
2019

Follow-up (2012-2014) Follow-up (2015-2017) Follow-up (2018-2022)Baseline 
(1999-
2001)

Follow-
up (2002-

2005)

Follow-
up (2006-

2008)

Follow-
up (2009-

2011)

مطالعه قند و لیپید تهران

Agreement

2th 
Agreement

ChipTyping

2022
2021TCP

CFP
TOTS

9 13 18
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*Region Province Population Total Ethnicity Chip data Ethnicity

1

Alborz 2712400

Total N: 2255

Arab(2), Arab-Persian(5), Gilak(114), Kurd(1), Lur-

Persian(1), Persian(2072), Tat(10), Tat-Turk(28), 

Turk(12), Turkaman(6), Others(4)

Total N:1351

Arab(2), Arab-Persian(3), Gilak(80), Kurd(1), Lur-

Persian(1),Persian(1218), Tat(10), Tat-Turk(18), Turk(11), 

Turkaman(3), Others(4)

Golestan 1868819

Mazandaran 3283582

Qazvin 1273761

Qom 1292283

Semnan 702360

Tehran 13267637

2

Bushehr 1163400

Total N: 1221

Arab(26), Arab-Persian(2), Lur(26), Persian(1157), 

Qashqai(3), Turk(2), Others(5)

Total N: 743

Arab(22), Arab-Persian(2), Lur(23), Persian(688), Qashqai(2), 

Turk(1), Others(5)

Chaharmahal and Bakhtiari
947763

Fars 4851274

Hormozgan 1776415

Isfahan 5120850

3

Ardabil 1270420

Total N: 810

Gilak(138), Kurd(18), Lur(1), Mix(1), Persian(9), 

Persian-Turk(2), Tat(1), Turk(633), Others(7)

Total N: 504

Gilak(65), Kurd(17), Lur(1), Mix(1), Persian(6), Persian-Turk(2), 

Tat(1), Turk(404), Others(7)

East Azerbaijan
3909652

Gilan 2530696

Kordestan 1603011

West Azerbaijan
3265219

Zanjan 1057461

4

Hamadan 1738234

Total N: 1040

Arab(50), Gilak(3), Kurd(40), Lur(106), Lur-Lak(17), Lur-

Persian(3), Persian(803), Tat-Turk(1), Turk(9), Others(8)

Total N: 632

Arab(23), Gilak(2), Kurd(30), Lur(71), Lur-Lak(10), Lur-Persian(3), 

Persian(476), Tat-Turk(1), Turk(9), Others(7)

Ilam 580158

Kermanshah 1952434

Khuzestan 4710509

Lorestan 1760649

Markazi 1429475

5

Kerman 3164718

Total N: 458

Balouch(28), Kurd(10), Persian(414), Tat(2), Turk(1), 

Turkaman(3)

Total N: 291

Balouch(24), Kurd(7), Persian(254), Tat(2), Turk(1), Turkaman(3)

North Khorasan
863092

Razavi Khorasan
6434501

Sistan and Baluchestan 
2775014

South Khorasan
768898

Yazd 1138533

Foreigner

Afghanistan

Total N: 36

Afghan(3), Arab(6), Arab-Persian(5), Mix(4), Russia(7), 

Turk(6), Turkaman(5)

Total N: 24

Afghan(3), Arab(4), Arab-Persian(4), Mix(4), Russia(6), Turk(3)

Azerbaijan

Iraq

Russia

Turkmenistan

Yemen

Unknown Total N: 357

Persian(274), Turk(83)

Total N: 306

Persian(234), Turk(72)



Social Intraction Genetic Markers EHRs
Biochemical 

research Medication Diet Enviornment
Demographic 
information Ethnicity

75 62M 962 53 47 221 80 13 7



Be in contact

• Gemiran.org






