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Health inequalities & genomic medicine



What is Health Inequality?

AN N o

Definition of Health Health Inequality vs. Key Metrics for Measuring
Inequality Health Inequity Health Disparities
Differences in health Inequality = measurable Life expectancy, infant
outcomes due to a variety differences mortality, disease prevalence,
of factors. Inequity = unfair and healthcare access

preventable disparities

Understanding the definition, types, and metrics of health inequality is crucial for

identifying and addressing unfair disparities in health outcomes.




Health equity = the absence of unfair and avoidable differences in health among
population groups defined socially, economically, demographically or geographically.

World Health Organization, 2008



Every day, 16 000
children die before
their fifth birthday
They die of pneumonia,
malaria, diarrhoea and

other diseases. They are
14 times more likely to
die before the age of
five in sub-Saharan
Africa than the rest of
the world.




Maternal mortality is a key
indicator of health inequity

Maternal mortality is a health
indicator that shows the
wide gaps between rich and
poor, both between and
within countries.

Developing countries
account for 99% of annual
maternal deaths in the world.
Women in Chad have a
lifetime risk of maternal
death of 1in 16, while a
woman in Sweden has a risk
of less than 1in 10 OO0O.



Life expectancy varies by
34 years between
countries

In low-income countries, the
average life expectancy is 62
years, while in high-income
countries, it is 81 years.

A child born in Sierra Leone
can expect to live for 50
years while a child born in
Japan can expect to live 84
years
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Deaths per 100,000 ppopulation

Inequality also exists between subgroups within a country
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Age-standardized
avoidable mortality in
England

The risk of avoidable
mortality is at least 3 times

higher for individuals living
in the most deprived local
areas compared with those
living in the least deprived
areas
]I2I3I4I5I6I7I8I9I]D

Most deprived Deprivation deciles Least deprived
B Males B Females

Source: Marmot, M, Allen J. et al. (2020). Health equity in England



Racial / Ethnic Disparities

Percentage of individuals with poor health outcomes by race/ethnicity in the US

15% 21% 18%
Non-Hispanic Non-Hispanic Hispanic American
White Black Indian/Alaska

Native



Inequality also exists between subgroups within a country

Follow-up, raw BMI [4460) 3

g ) 0-no spatial dependence [2287) ¥
|| ® 1-high(Z-score21.96)(747)
": ® 2-low (Z-score s 1.96) [1426]

BMI in the Lausanne area

We observed an east-to-west
pattern of BMI clustering.
Indeed, socioeconomic and
ethnocultural differences
between the east and west of
the city of Lausanne are known.
In the west live a majority of
migrant workers. In the east
live mostly people with a higher
level of education.

Joost et al. BMJ Open 2016; 6:e010145



Causes of health inequity
also called “social determinants of health”

Economic Stability
Employment, income, expenses,
debt, medical bills, housing
security

Education Access & Quality

Early childhood education, literacy,
high school completion, higher
education, language barriers

Healthcare Access & Quality
Health coverage, provider
availability, culturally competent
care, quality of care

Neighborhood & Built Environment
Housing quality, transportation, safety,
parks, walkability, environmental
pollution

Social & Community Context
Social cohesion, discrimination,
incarceration, civic participation,
workplace conditions



Tech solutions to healthcare disparities — 30-minute exercise

Objective: Design a tech-based solution to address a specific healthcare inequality

1. Setup (3 min)
« From groups of 4; each group picks a scenario card.

2. Brainstorming (5 min)
« Discuss assigned inequality; propose a tech solution.
« What's the problem? What tech could help? How is it sustainable?

3. Rapid Prototyping & Pitch Prep (10 min)
« Sketch solution (e.g., app, device, intervention); prep 1-min pitch.
* Include: Inequality, tech fix, 1 challenge (e.g., cost, access).

4. Lightning Pitches & Wrap-Up (10-15 min)
* T-min pitches

Outcome: Practical tech ideas for real-world health disparities.



nature genetics

Perspective https://doi.org/10.1038/s41588-024-01711-z

Advancinggenomics toimprove
health equity

“‘Health equity is the state in which everyone has fair and just
opportunities to attain their highest level of health.”



a

Measuring
health equity

Partnerships

Policy Equitable Diversity of the
development participation genomics workforce

‘1-“« rw \§ #
il yra? A

Fig.1|Elements needed toincrease health equity in genomics. This figure
includes graphicalillustrations of the elements needed to increase health
equity in genomics: measuring health equity, policy development, equitable
participation, diversity of the genomics workforce and partnerships. Figure
courtesyof Darryl Leja, NHGRI.




Gen Wojcik
@genandgenes.bsky.social

In 2022, | participated in the important NHGRI Workshop "Future
Directions in Genomics & Health Equity Research".

The program & accompanying materials were available online.
They are now gone.

This makes me so sad, especially for our wonderful colleagues at
NIH who care about this work deeply.

el ) National Human Genome
Research Institute Q

Future Directions in Genomics and Health

Equity Research

Event Details

Page Not Found

The National Human Genome Research Institute (NHGRI) will host a
virtual workshop entitled “Future Directions in Genomics and Health
Equity Research” on April 6-7. The goal of the workshop is to identify
research gaps and opportunities that will help to decrease health

disparities and improve health equity in genomics. The workshop will you followed or typed is either incomplete, outdated ¢
emphasize the scientific value of diversity and inclusion as well as

identify and prioritize future research needs in genomics to advance

de a mistake! Please search above or see these helpfu

health equity. It will also explore best practices for making genomic
data, technology and genomically informed healthcare ethical,

representative, accessible and beneficial to all. AL, ALT

24 February 2025 at 04:00 22 Everybody can reply



The role of genetics in health inequalities

Genetics plays a complex role in health inequality, both contributing
to disparities and offering opportunities to address them.

Responsible and equitable integration of genomics is crucial to
reducing unfair health gaps between populations.



The role of genetics in health inequalities

Genetic contributions to health disparities

Genetics is an important factor in health inequality,
beyond social and economic influences.

Certain genetic variants can predispose certain
populations to higher disease risk.



Genetic contributions to health disparities

Examples of genetic contributions to health disparities

Sickle cell trait/disease

* Prevalent in individuals with ancestry from sub-Saharan Africa,
Middle East, Mediterranean, and India

« Heterozygous carriers (sickle cell trait) are protected against
malaria

« Homozygous individuals have sickle cell disease (drepanocytosis)



ﬁ

Genetic contributions to health disparities

Examples of genetic contributions to health disparities

Tay-Sachs disease

* Prevalent in Ashkenazi Jewish populations (1 in 30 carrier rate)

+ Caused by mutations in the HEXA gene

* Lysosomal storage disease that results in the destruction of nerve
cells in the brain and spinal cord




Genetic contributions to health disparities

ﬁ Examples of genetic contributions to health disparities

Hemochromatosis

« Prevalentin Northern European populations

, « (C282Y mutation in HFE gene is frequent in those with Celtic
ancestry

 Leads to excessive iron absorption and multi-organ damage




The role of genetics in health inequalities

Distinguishing genetic vs. environmental causes

AV



The role of genetics in health inequalities

Distinguishing genetic vs. environmental causes

é Most diseases result from a combination of genetic and
environmental influences. Disentangling them is important to
inform more targeted interventions.

Genetic Variants Example Diseases
¢ Autoimmune Diseases
g = |* Multiple Sclerosis
T L N @ Systemic Lupus Erythematosus
R GxE § Inflammatory Disorders
GIWAS Risk & |* Asthma
B | Inflamed Skin Lesions
Environmental Risk Factors & _
N 3 |Cancers
* % @ ST S |+ Leukemia o
* g @I f - £ SR O Virolainen et al.

Genes Immun 24, 1-11 (2023)
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Distinguishing genetic vs. environmental causes
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Wu et al. Nat Rev Genet
24, 332-344 (2023)



Distinguishing genetic vs. environmental causes

Epigenetic age: measure of aging based on DNA methylation

at the molecular level
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patterns, which can reveal how quickly or slowly the body is aging

Wu et al. Nat Rev Genet
24, 332-344 (2023)



The role of genetics in health inequalities

80@ Ensuring equitable access to genomic advancements

C As genomics progresses, it is critical to ensure these new
technologies and discoveries benefit all populations equitably
and do not exacerbate existing health inequities.



Bias in genomic research: who is left out?

Most genomic data comes from populations of European ancestry
Underrepresentation of most other populations, particularly from
socioeconomically disadvantaged groups

Impacts on the accuracy of disease prediction scores, thus
potentially on the quality of prevention measures
Some global initiatives have been set up to promoting equity in

genomics:
— H3Africa: Human Heredity & Health in Africa - https://h3africa.org

— All of Us - https://allofus.nih.gov



https://h3africa.org/
https://allofus.nih.gov/

AII About Get Involved Funding and Program Partners

oUsS

RESEARCH PROGRAM

From promise to
progress. The future of

health research is now.

The All of Us Research Program is accelerating research advances
and precision medicine.

Our nationwide community of participants and researchers is
partnering together to ensure that everyone is included in
research. The information our participants generously share is
fueling thousands of studies to better understand health and
disease and enable more tailored and equitable approaches to
care.

Protecting Data and Privacy

News and Events




Data Snapshots showcase the breadth and depth of the A/l of Us Research Program dataset. The snapshots
provide participant demographics, geographic distribution, and more. We update the snapshots daily.

849,000+ 462,000+ 601,000+

Participants Electronic Health Records Biosamples Received

I White [ American Indian or Alaska Native Asian [ Black, African American or Afri... [l Hispanic Latino or Spanish
[ More than one category [l Other 11 Prefer not to say

52.3%

16.6% 16.3%

3.3%
1.1% |

0.5|%




The role of genetics in health inequalities

Ethical considerations in genetic health equity

1. Usual ethical concerns in genetics and genomics
2. Access to technology and its benefits

3. Societal implications of genetic discoveries on vulnerable

populations



Ethical considerations in genetic health equity

1. Usual ethical concerns in genetics and genomics.

» Data privacy and security
» Right not-to-know
> Implication of results for blood relatives

» Discrimination (employment, insurance, etc.)



Ethical considerations in genetic health equity

2. Access to technology and its benefits

» Genetic testing may be difficult to deploy and very
expensive, exacerbating healthcare disparities

» Gene-based treatments might primarily benefit wealthy
populations while remaining inaccessible to
underserved communities

» |Insurance coverage for genetic testing and treatments
could create new forms of economic exclusion



Ethical considerations in genetic health equity

3. Societal implications of genetic discoveries on vulnerable

populations

> Cultural and identity impacts: genetic / ancestry testing
could disrupt established community bonds or cultural
narratives

» Reproductive decision-making: pressure to terminate
pregnancies with certain genetic conditions, reduction
INn societal diversity due to genetic selection

» Potential for genetic surveillance: DNA database for
tracking of vulnerable population

e China: Minority Region Collects DNA
from Millions

Private Information Gathered by Police, Under Guise of Public Health Program

RIGHTS
WATCH




Ethical considerations in genetic health equity

= Addressing these concerns requires

inclusive governance frameworks, robust
ethical guidelines, and meaningful
participation of vulnerable communities in
shaping genetic research priorities and
applications.
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