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Session 2:
Introduction to Epidemiology
and Genetic Epidemiology
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the branch of medicine that deals with the incidence, distribution, and possible control
of diseases and other factors relating to health.
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Major goals in Epidemiology
Epidemiology
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Cohort vs. case-control studies

Determine past exposures <= Case-control study
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Estimated incidence rates in cohorts

Disease incidence per Disease examples Number of incident cases in 5 years for different cohort sizes
S RO penyea (s 200,000 500,000 1,000,000

10(0.01) Parkinson disease, schizophrenia 91 228 457

50 (0.05) Colorectal cancer, renal failure 456 1,141 2,282

100(0.10) Breast cancer, hip fracture 912 2,279 1,559

200{0.20) Diabetes, stroke, heart failure 1.820 4,550 9,100

500(0.50} Myocardial infarction, all cancers 4,524 11,309 22,618

3,000 (3.00) Cataracts, hypertension 25,858 64,644 129,289

Estimated numbers of incident cases available after S years of follow-up across the entire age range in the US population are shown, assuming an attrition rate of 3% per year.
Data are taken from the Incidence and Prevalence Database.
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Compared to cohorts, case-control studies are cheap, fast and powerful

However, case-control studies suffer from several drawbacks:
the need to identify appropriate controls

they are more sensitive to recall bias w EPIDEMIOLOGY
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Association and Causality

THE FAMILY CIRCUS

> An exposure and outcome are gssociated if
there is a differential distribution:

— The prevalence of exposure differs between
cases and controls.

> An exposure is causal for the outcome if the
presence (or absence) of the exposure
directly or indirectly influences whether the
outcome occurs.

wush they didn't turn on that seatbelt
sign so much! Every time they do,
it gets bumpy."
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Some sources of bias in epidemiology

> Selection Bias

— When there is a difference between study participants and the general population (affects
éeneralizability, e.g, the Nurses’ Health Study) OR when cases and controls are drawn from
ifferent source populations (efg., cases are recruited through population-based cancer
registry, controls are recruited from the local gym).

> Survival bias
— When cases are recruited some time after they were diagnosed. Might lead to a milder form
of disease. This is especially true for aggressive/fatal disease (e.g., pancreatic cancer, heart
attack)
> Diagnostic bias
— If the investigator determining the outcome knows whether the person was exposed or not to
the risk factor under study (e.g., if the radiologist knows that a potential pulmonary disease
patient smokes, they may look more carefully at the x-ray).

> Recall bias

— Accuracy and completeness of exposures, lifestyle behaviors,... (e.g., cases might be more

motivated to complete a questionnaire accurately).
w EPIDEMIOLOGY
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Confounding

> A confounder is often defined as a
factor that is:

1. Arrisk factor for the disease
2. Associated with the exposure
3. Not a direct result of the exposure

> Confounding can lead to false
positive findings.

Confounders
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DREAROUI ACITIVITY

Confounding example: Birth order and Down
syndrome

1877
i .

1.8 1. Can you think of a factor that would

<4 confound the observed association?
% 1_2_~/I'M - 1. How can you use data on your proposed
3 % confounding factor to reassess the
._3-_ 1.0 association between birth order and Down
S ?
£ 0s- #1 Syndrome?
3
% 0.6 1. Can you think of potential confounders in
2 genetic epidemiology?
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Birth Order
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Confounding example: Birth order and Down

syndrome

> Later order children have
higher risk
— Maternal age is associated with
birth order

— Maternal age is associated with
Down Syndrome

> Stratifying on maternal age,
there is no longer evidence of
an association between birth
order and Down syndrome
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What is genetic epidemiology?

Genetic epidemiology is the study of the role of
genetic factors in determining health and disease
in families and in populations, and the interplay of
such genetic factors with environmental factors.

Smoking addiction gene found

Scientists say a gene makes
people more likely to get hooked
on tobacco, causing them to
smoke more, making it harder to
quit, and leading more often to
deadly lung cancer. Full story

Hewsweek: Differing
conclusions

Researchers make human-
cow embryos

Science wishy-washy on
water benefits | Vote

Does aspirin prevent
colorectal cancer? Depends
on your ONA

Ed was unlucky enough to find
the needle in the haystackl
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Biobanks are becoming a large part of (genetic) epi research
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Why do we want to study how our genome is
involved in disease?
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Why do we want to study how our genome is
involved in disease?

Public Health

Understanding Biology Clinical Applications
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Why do we want to study how our genome is
involved in disease?

Public Health

_ _ Identify people with o o
Understanding Biology high risk of Clinical Applications

developing disease
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My Medical Choice

By ANGELINA JOL
Published: May 14

Mom

LOS ANGELES

& 1712 Comments

@ Enlarge Thisimage MY MOTHER fought cancer for

almost a decade and died at 56. She
held out long enough to meet the first
of her grandchildren and to hold them
in her arms. But my other children
will never have the chance to know
her and experience how loving and
gracious she was.

' “ We often speak of “Mommy’s

mommy,” and I find myself trying to
explain the illness that took her away
from us. They have asked if the same
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Enough Said

Now Playing

could happen to me. I have always told them not to worry,
but the truth is I carry a “faulty” gene, BRCA1, which
sharply increases my risk of developing breast cancer and

ovarian cancer.

THE

ANGELINA
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BY JEFFREY KLUGER & ALICE PARK
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NATIONAL CANCER INSTITUTE
CHANCES OF DEVELOPING
BREAST CANCER BY AGE 70

Specific inherited mutations in the BRCAT and BRCAZ genes increase the risk of breast and ovarian cancers.

Testing for these mutations is usually recommended in women without breast cancer only when the person’s 30 -
individual or family history suggests the possible presence of a harmful mutation in BRCA1 or BRCAZ. Testing is
often recommended in younger women newly diagnosed with breast cancer because it can influence treatment "
decisions and have implications for their family members. 25 | J
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€he New Hork Times

GEﬂEth tEStl ng Of BR 64 7 Don’t Count on 23andMe to Detect
Most Breast Cancer Risks, Study Warns

“In about 5,000 subjects, analysts
identified at least one variant known to
significantly increase an individual’s risk
of breast and ovarian cancer. Among the
Ashkenazi Jews in the positive group, 81

percent had one of the three founder
,::::::z:;g;;ao//:::zzcjizzye to report on BRCA1- and BRCAZ-related genetic risk for breast, mutation s, su ggestin g that 23andMe’s
Yowme  sre o test could be helpful for them. Among

March 6, 2018

Ny L the rest, 94 percent carried variants that
Y G Z?Dg:: would have failed to be detected by
Lk o 23andMe.”

New York Times, April 16, 2019
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Let’s begin at the very beginning.
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https://www.23andme.com/brca/

Why do we want to study how our genome is
involved in disease?

Public Health

Understand the

causes of disease Clinical Applications

Understanding Biology
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“Association does not imply causation”
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HDL ("Good"”) Cholesterol and Myocardial Infarction (M)

I HDL -> l MI risk

Increasing HDL concentrations
might help decrease
cardiovascular disease risk.
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People who carry genetic variants that increase HDL do not have a lower risk of

M

2.5

1.5

0.5

Voight et al, Lancet 2012

Genetically raised LDL

l
N

Genetically raised HDL

Since HDL is correlated with exercise, weight loss, diet (nuts, fish) it is
likely that these lower your risk for Ml rather than HDL itself
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Why do we want to study how our genome is
involved in disease?

Public Health

Develop new

treatments Clinical Applications

Understanding Biology
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Rheumatoid Arthritis — an inflammatory, crippling, incurable
disease

> |n 2014, an estimated 0.5% of US
adults age > 18 had RA (~1.3M

people).

PredniSONE
Tablets, USP
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-log,, (P) in trans-ethnic meta-analysis

A study of 10 million genetic variants in 29,880 RA cases and 73,758
controls
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Identified genes are targets of approved therapies for RA, and further suggest that
drugs approved for other diseases may be repurposed for the treatment of RA

AVF
rsiim=f Breast cancer
— @ NDC 0069-0189-21
Prostate Cancer Patients
Throughout Multiple Stages
. s Gliricel States of Ib o
flavopiridol ra n c e
AVY - (palbociclib)
wammE capsules
For Oncology Use Only
21 Capsules Rx only
Lymphoma/Leukemia/Liver cancer
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What would you say to this patient?

BC 70
CRC 79 Stroke 81 CHD 63

wcss [N

CRC 52
BC71

Key

Male D

Affected male .

Deceased male ﬂ
Female O

Affected Female .

Deceased Female ¢

Affected female with
different cancer

CRC - colorectal cancer
BC — breast cancer
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