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“The education of the doctor
which goes on after he has his
degree is, after all, the most
important part of his education.”
John Shaw Billings -- Boston Medical
and Surgical Journal131:140 (1894)
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Evidence for new pedagogies
Learning is enhanced by:
•

Spaced, effortful learning
º

Avoid illusion of mastery

•

Practice retrieval

•

Interleaving subjects

•

Elaboration
º
º

•

Connect with prior learning
Expand ideas

Generation
º

Work on problem before learning solution
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5.

Major advances in educational technology are enabling dynamic new
ways both to teach and to assess learning
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Beyond reading articles, didactics,
case conferences, etc.
•

Simulations

•

Movie clubs

•

Social media

•

Teaching rotations

•

Cross-cultural experiences

•

Use of hand-held devices/tablets
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6.

The specialties that call on C-L psychiatrists are changing (both due
to advances in medical science and economic forces), and so
trainees need to be prepared to adapt to these changes.

7.

Not just a new generation of trainees, but also a new generation of
faculty are getting involved – need to take a succession planning
approach (key to a more diverse teaching faculty)

8.

Need to engage with one another in new ways (including students)

9.

Structural changes present the opportunity to build in new
longitudinal elements, and new, more authentic roles for learners

10.

Finally getting past the “fixed delusional belief” that “we are the great
psychiatrists we are because of the way we learned” (it could have
been despite the way we learned!)
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Learning Objectives
At the end of this presentation, you will be able to

1. Define heritability and estimate it for common
behavioral disorders
2. Explain the polygenic nature of common
behavioral disorders
3. Recall that rare alleles can convey large risk
increases for common behavioral disorders
4. Recognize that common risk alleles for one
behavioral disorder may also predispose to
other behavioral disorders.

Glossary
1. Gene: A functional unit of the genome, part of which
is transcribed into messenger RNA
2. Allele: A DNA variation
3. Polymorphism: A common allele (> 1% frequency)
4. Single nucleotide polymorphism (SNP): a
polymorphism in which only one base pair is different
---TCGAC-----TCTAC-----AGCTG-----AGATG---

5. Genome-wide Association Study (GWAS): A genetic
technique in which millions of common SNPs are tested
for association to a common disease or trait, typically
with tens of thousands of cases and controls.

3 Principles for Psychiatric Genetics

1. Current nosology defines separate
syndromes (eg, bipolar disorder and
schizophrenia) as distinct, nonoverlapping entities, despite the fact that
they share clinical characteristics and
genetic liability, based on large-scale
family and twin studies and genome-wide
association studies (GWAS).

3 Principles for Psychiatric Genetics

2. Genetic risk for psychiatric disorders is
polygenic, meaning that hundreds to
thousands of genes may contribute risk
alleles for a given nosologic entity. Each
common allele will have a small effect
(eg, < 1% increase) on risk for a given
disorder. This principal has been
confirmed by genome-wide association
study (GWAS) of ~12 psychiatric entities.

GWAS of AUDIT Score in 141,000
Persons of European Origin
Sanchez-Roige et al, Nat Neurosci, 2018

AUDIT=Alcohol Use Disorder Identification
Test, a 10 item self-report for alcohol intake
and alcohol-related problems (score 0-40).
(Loci above this line are statistically significant)
P = 5 x 10-8

SZ GWAS, 36,000 cases
Ripke et al, Nature, 2104

MHC locus
108 genomic regions implicated in
Genetic risk for SZ. Many of these
Have biologic support (eg, studies in
post mortem SZ brain reveal
abnormalities in mRNA and/or protein.

Mir 137

CACNA1c

BPD GWAS
20,000
cases

Stahl et al, Nat Genetic, 2019

87 Loci for MDD in a GWAS MetaAnalysis of ~1 M cases and controls
(Howard et al, Nat Neurosci, 2019)

3 Principles for Psychiatric Genetics

3. Both rare and common alleles will
explain fractions of the genetic liability
for psychiatric disorders. Rare alleles
may have substantial effects on risk,
but their attributable risk (that fraction
of the affected population whose
disease is explained in part by the
rare alleles) is low.

Glossary (con’t)
6. Mutation: An uncommon deleterious allele
7. Heritability (h2): That fraction of risk attributable
to genetic factors.
8. SNP h2: That % of risk attributable to effects of
common SNP alleles. It is typically estimated
from a GWAS study and is ~10-40% of total h2.
9. Polygenic Risk Score (PRS): A summary
statistic for GWAS-derived risk alleles, weighted
by the effect size (odds ratio) of each allele.
These are not currently useful for predicting a
person’s risk for any psychiatric disease!
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Heritability (h2)
▪

h2 is often estimated for human diseases by
comparing concordance for monozygotic (MZ)
versus same sex dizygotic (DZ) twins.

▪

In its most simple form, h2 = 2[rmz – rdz] where
rmz is the concordance for MZ twins while rdz is
the concordance for DZ twins.

▪

h2 can also be estimated from family data, for
example, siblings and cousins.
From GWAS data, SNP contribution to h2 can
be estimated, providing the fraction of total h2
due to common alleles captured by the GWAS
technology.

▪

Total & SNP Heritability (h2) for Psychiatric Disorders

Heritability (h2)

0.8

Pettersson et al, Psychological Medicine, 2019

0.6
0.4

Total h2
SNP h2

0.2

ADHD ASD SCZ BP AN ALC OCD MDD
Estimates of h2 based on 4.4 million Swedish full & half siblings,
analyzed with GWAS data from 330,000 DNA samples

The small % of heritability explained
by GWAS reports has led to the
suggestion that missing heritability
may be explained by gene-gene
interaction (epistasis) and by
uncommon variants.
Variants of large effect may have
been eliminated from our gene pool
due to reproductive disadvantage
(eg, for schizophrenia or autism). .

Twin Studies of Addiction
Goldman et al, Nat Rev Genet 6:521, 2005

opioids

Risk-increasing Common Alleles are not
Specific to a DSM-V Classification


From GWAS reports, all alleles which increase risk for MDD
can be compared with all risk-increasing alleles for other DSMV-defined disorders, eg, SZ.



No more than random (5%) sharing of risk alleles is expected
between any two DSM-V defined disorders, unless there is
genetic overlap in risk alleles, as suggested by family studies.



Excess sharing of risk alleles is seen for MDD, BPD, SZ,
ADHD and autism.



No excess sharing is observed between the risk-increasing
alleles for these disorders and risk-increasing alleles for
inflammatory bowel disease or rheumatoid arthritis.

Shared Risk Alleles Across Multiple
Psychiatric Diagnoses Lee et al, Nat Genetics 45: 984-9, 2013

*Consistent with
family studies

* * * *
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Disrupted in SZ 1 (DISC1)
A

large kindred segregating multiple
psychiatric phenotypes has a
translocation (1;11)(q42;q14.3) which
was present in many affecteds but
generally not in well relatives (Blackwood
et al, AJHG 2001).

 The

translocation breakpoint disrupts
a brain-expressed gene, DISC1.
Persons with the translocation have
the evoked potential abnormalities of
persons with SZ who do not have the
translocation.

DISC1 in SZ: the pedigree
MDD
MDD

10 MDD cases
1 BP case
7 SZ cases

BP
SZ

DISC1 Translocation is not Specific to
Schizophrenia
 As

was shown in the pedigree, this
allele of large effect can result in
various psychiatric syndromes,
including MDD, SZ and BPD.
 Alleles will not be specific to a given
nosologic category, even if they
have a large effect!

Copy Number Variations (CNVs) in SZ and Autism
GWAS reports on SZ have revealed inherited and de
novo CNVs, several are found at 10-fold (or higher)
increased frequency in cases. These CNVs are rare
& have limited penetrance.
(Vassos et al, Hum Mol Genet, 2010)

Large Inherited CNVs in Multiplex Autism Kindreds
Leppa et al, AJHG, 2016

Large de novo CNVs in Multiplex Autism Kindreds
Leppa et al, AJHG, 2016

When might the C&L Psychiatrist Refer
for a Medical Genetics Consultation?
If a patient has a syndrome including at least two of the
following:
developmental disability or delay
early-onset (pre-pubertal) psychotic illness
history of seizures
facial dysmorphology
moderate cognitive impairment
it is reasonable to refer. A CNV may be detected by
screening.
The result will not direct treatment, but may be very
reassuring to parents. It may be important to determine
whether the CNV is de novo or inherited, as this has
implications for parental family planning.
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Stevens-Johnson Syndrome (SJS)
Life-threatening condition that affects skin and
mucous membranes
Rare; 2-6 cases per million people per year; about
300 new cases in US per year
potential for severe morbidity and mortatlity (30%)
Etiologic categories
–
–
–
–

Idiopathic (~50%)
Infection
Malignancy-related
Drug-induced

Drug induced SJS
Carbamazepine (CBZ): 1-10 per 10,000
Up to 10-fold higher in Asians

Phenytoin: 1-10 per 10,000

Lamotrigine:

Rash: 8 per 1000
Serious rash: 0.8 per 1000

Mockenhaupt et al, NEUROLOGY 2005

A Marker for Stevens-Johnson Syndrome
44 CBZ-SJS patients
101 CBZ-tolerant

93 Normal controls

All subjects were Han Chinese
157 cytochrome-P450 single-nucleotide
polymorphisms and HLA–B, –C, –A and –
DRB1 were tested for association with SJS
risk.
Chung et al, Nature 428: 486, 2004

CBZ and SJS – Han Chinese

*Odds ratio CBZ-SJS/CBZ-tolerant: 2504
P value 3 x 10-27
Chung et al, Nature 2004;428:486

Hung et al. 2006: Pharmacogenet Genomics
replication of in HLA-B*1502 allele in Han Chinese
– 91 patients with CBZ-SJS versus 144 tolerant controls
– odds ratio (OR)=1357

Man et al. 2007: Epilepsia
– HLA-B*1502 allele
– Han Chinese from Hong Kong
– 24 patients with AED-SJS versus 48 tolerant controls
– Odds ration (OR) = 17
Locharernkul et al 2008: Epilepsia
– 31 Thai AED-SJS versus 50 AED tolerant
– HLA-B*1502 strongly associated with CBZ-SJS p<.005
– First non Han-Chinese population
Alfirevic et al 2006: HLA-B*1502 not associated with CBZ-SJS in
Caucasians (n=56)
Lonjou et al 2008: HLA-B*1502 not associated with CBZ-SJS in
European sample (n=150)

Diversity of HLA-B*1502
Prevalance of HLA-B*1502 allele
– 15% or more in Hong Kong, Thailand, Mayalasia,
Philippines
– 10% in Taiwan
– 4% in North China
– 2-4% in India
– < 1% in Japan and Korea
– Caucasians, African Americans, Hispanics and
Native Americans
“largely absent”
Possibly 0.1-0.2%

Carbamazepine is the drug most
commonly associated with SJS in
Asians (accounting for 25–33% of
cases) whereas only 5–6% of
Caucasian CBZ–SJS cases are caused
by it.

FDA release for CBZ in 2007

Genetic Testing for Medication Selection







Multiple commercial entities offer genetic
testing for psychiatric medication selection.
One use of these tests is the identification of
persons who are poor metabolizers or ultrarapid
metabolizers of certain medications.
Persons are poor metabolizers typically
because they have null alleles at CYP2D6 or
CYP2C19, the two classes of enzymes involved
in most psychotropic drug metabolism.
FDA labels have been adjusted to recommend
~50% dose reductions for multiple psychiatric
drugs for poor metabolizers
(http://www.pharmgkb.org)

Genetic Testing for Medication Selection








A poor metabolizer (PM) has two copies of null
alleles.
An intermediate metabolizer (IM) has one null
and one functional allele or two partially
functional alleles.
An extensive metabolizer (EM) has two
functional alleles.
An ultrarapid metabolizer (UM) has alleles
conveying increased enzymatic activity.
In uncommon scenarios it may be important to
identify the PM patient (prominent adverse
effects even at “low” doses) or the UM patient
(no response to “adequate” doses of several
medications.






Genetics of Antidepressant (AD) Selection
Greden et al (2019) studied 1167 depressed
MDD patients who did not respond during at
least one adequate AD trial.
Patients were randomized to treatment as usual
(TAU) or genetics-guided AD selection.
59 alleles in 8 genes: CYP1A2, CYP2C9, CYP2C19,
CYP3A4, CYP2B6, CYP2D6, HTR2A, SLC6A4




Primary endpoint was decrease in HAM-D
score at the end of 8 weeks.
Secondary endpoints were % of patients who
responded (50% decrease in HAM-D) or were
in remission (HAM-D less than 7).

Genetics of Antidepressant (AD) Selection

Primary Endpoint

Secondary Endpoints

Outline
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Family Study Data for Estimating Risk of
Psychiatric Disease








Family study data are used to estimate risk in
various situations, including risk to children of 1
or 2 ill parents.
DNA data are not currently useful for this
purpose.
Multiple sources for tables of risk in various
clinical scenarios.
https://www.jax.org/education-and-learning/clinical-andcontinuing-education/ccep-non-cancer-resources/psychiactricconditions-empirical-risk-data#
Psychiatric Genetics, by Thomas Schulze & Francis McMahon,
Oxford U. Press, c. 2019

Family Study Data for Offspring Risk
30

Risk if 1 parent is ill

General population risk

% Lifetime Risk

25
20

15
10
5

0

AN

SDAT

BP

SCHIZ

Nurnberger J, Berrettini W. Psychiatric Genetics; 1998.

MDD

ALC-M ALC-F

Disorder

ADD

PANIC

Genetic Questions Posed to the Psychiatrist

A 35 yo healthy man asks, “My father became ill at age
25 with SZ. My mother is well. What is my risk?”
Ans: Without regard to age, lifetime risk for SZ, given
one ill parent, is ~8%. Given his age, risk is somewhat
less.
“My husband has bipolar. What risk would our children
face, if we choose to have them?”
Ans: Lifetime risk is ~10% for BPD and ~15% for MDD.

Points Regarding Genetic Counseling
1.
2.

3.
4.

5.

Take a careful family history, and review
medical records if available.
A high familial load suggests a greater risk, as
does bilinear transmission (in the situation that
both prospective parents have a history or
family history of BPD and MDD).
It is important to emphasize the treatable
nature of the disorder.
Be sensitive to how each family member may
hear the available evidence in the light of their
own personal experience.
Provide education: URLs; what to do if signs
and symptoms appear.

SUMMARY


Most of the genetic risk for psychiatric disorders
remains unexplained.
 Risk genes, in general, will not be specific to a
given diagnostic category, and our current
definitions of these illnesses must be re-written.
 There are no genetic tests at present to predict
risk, confirm diagnosis, predict course of illness
or response to medication, for the common
psychiatric syndromes.
 When asked to consult for a person with severe,
early-onset symptoms complicated by
developmental delay and/or prominent cognitive
impairment, the psychiatrist might recommend
medical genetics consultation for possible CNV
testing.

