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Bayes’ Theorem,

Psychiatric Diagnosis,

and Neuropsychiatry



Step 1 in patient care: determine the 

correct diagnosis

• Everything else follows from this

• How can you treat effectively if you don’t know 

what you’re treating? 

• CBT won’t improve dementia

• Donepezil won’t treat depression

• Antibiotics won’t treat Alzheimer disease, but will 

treat neurosyphilis



How to determine the correct diagnosis:

• Thorough history

• Collateral informants if at all possible

• Know the diagnostic criteria AND possible 

clinical manifestations of different disorders

• Not every possible clinical feature is in the 

DSM 5

• Refer for additional testing / imaging / medical 

workup when needed

• Know what things are common and what things 

are rare

• And what’s common and rare in the specific 

population the patient belongs to



Bayesian statistics

• Some condition

• Some observation/test that gives us information 

about whether the condition is present or absent

• Hypothesis: if the observation is positive, the 

condition is present

• The probability that this hypothesis is true 

depends on both:

• The likelihood that, when this condition is 

present, the observation is also present

• The underlying rate of the condition



https://xkcd.com/1132/

Frequentists vs. Bayesians



Bayesian statistics

• Some condition

• Some observation/test that gives us information 

about whether the condition is present or absent

• Hypothesis: if the observation is positive, the 

condition is present

• The probability that this hypothesis is true 

depends on both:

• The likelihood that, when this condition is 

present, the observation is also present

• The underlying rate of the condition

• What if we have two competing hypotheses? 

How do we decide which one is true?



Pretest probability: general

• Pretest probability: knowing nothing but the 

overall frequency of a particular condition, how 

likely is it that the condition is present?

• You haven’t done any investigation yet

• No data specific to the particular case at 

hand, just overall frequency of the condition



Astronauts and elementary school teachers

• Astronauts: 89% male

• Elementary school teachers: 11% male

There is an astronaut behind this door There is an elementary school teacher 
behind this door

A B

Which door is more likely to have a man behind it:

A or B?



Astronauts and elementary school teachers

• Astronauts: 89% male

• Elementary school teachers: 11% male

There is a man behind this door

C

Who is more likely to be behind this door: 

an astronaut or an elementary school teacher?

• What else do we need to know?



• 1.8 million elementary 

school teachers 

• 11% of these are men

• So there are 198,000 

male elementary 

schoolteachers

• 566 astronauts

• 89% of these are men

• So there are 501 male 

astronauts



Person X is a man

• How much more likely is it that he’s 

an elementary school teacher than 

an astronaut?
• 198,000 / 501 = 395

• He’s 395 times more likely 

to be an elementary 

school teacher than an 

astronaut

Person Z is a woman

• How much more likely is it that 

she’s an elementary school 

teacher than an astronaut?

• (1,8,000*.89) / (566*.11) = 21,935

• She’s 21,935 times more likely to 

be an elementary school teacher 

than an astronaut



Astronauts and elementary school teachers

• Astronauts: 89% male

• Elementary school teachers: 11% male

There is a man who is an elementary school teacher behind this door

C
There’s 3180x more
elementary school 
teachers than
astronauts overall, 
regardless of gender



Pretest probability: clinical

• Pretest probability: knowing nothing but the 

overall prevalence of a particular disease in a 

specific population, how likely is it that the 

patient has the disease?

• You haven’t done any evaluation or workup or 

testing yet

• No clinical info, just epidemiology



“If you hear hoofbeats, think horses 

not zebras”

• But: are you at a horse farm in Ocala, or on 

the Serengeti?

• Underlying prevalence of the condition in the 

relevant population is key to determining 

whether the patient is likely to have the 

condition or not



Pretest probability

• For example: 

• A 30yo woman is admitted to the inpatient 

psychiatric unit on an involuntary psychiatric 

hold. 

• What is the pretest probability the patient 

has schizophrenia?

• A 30yo woman is admitted to L&D in active 

labor

• What is the pretest probability the patient 

has schizophrenia?



Given that a patient has a 

new-onset psychosis:

• What is the probability that they have 

schizophrenia?

• What is the probability that they have dementia?

• Is the patient 18 or 80?

• Age of onset is key



Common things are common, 

rare things are rare

• Unusual presentation of a common illness 

(AD) is more likely than a classic presentation 

of something rare (late-onset schizophrenia)

• But how do we know what’s common and 

what’s rare?



Case example 1

• A 75yo man has new-onset hallucinations and 

delusions

• Medical workup is negative for delirium

• Which diagnosis is more likely?

• Schizophrenia

• Dementia



• Observation: patient has hallucinations and 

delusions

• In patients with schizophrenia, this observation is 

almost always true

• In patients with dementia, this observation is only 

sometimes true

• But, if the patient is 75:

• The pretest probability of having new-onset 

schizophrenia is extremely low

• The pretest probability of having new-onset 

dementia is quite high

• Because of this, the most likely diagnosis in this 

patient is still dementia—regardless of whether the 

patient has hallucinations and delusions



Rates per 100,000 by age



• In 100,000 75-year-olds:

• 2.5 will have new-onset schizophrenia

• If we assume everyone with schizophrenia 

has hallucinations and delusions:

• Then 2.5 75-year-olds will have new-onset 

schizophrenia with hallucinations and 

delusions

• 1600 will have new-onset dementia

• 10%-50% of people with dementia have 

hallucinations and delusions

• Then 160-800 75-year-olds will have new-

onset dementia with hallucinations and 

delusions

• Thus, based on pretest probabilities, the patient is 

64-320 times more likely patient has dementia

•



• Extraordinary claims require extraordinary evidence

• “I saw a cat in my backyard”

• “I saw an elephant in my backyard”

• “I saw a unicorn in my backyard”

You’re going to need a LOT of evidence to convince me this isn’t just a 
horse with a fake horn stuck on its head



• But sometimes people do really have rare/less 

common diseases!  

• To get that extraordinary evidence to support a 

rare disease, you need to do additional testing, 

rule out other more common causes, etc

• New-onset schizophrenia in a 75yo would be so 

extraordinarily rare that you have to have pretty 

definitive evidence that more common causes (like 

dementia) aren’t present

• “When you have eliminated the impossible, 

whatever remains, however improbable, must be 

the truth”

• But, you have to truly eliminate the more likely 

things first



• We need more evidence to refute the dementia 

hypothesis

• Normal neuropsychological testing (even taking 

into account premorbid functioning)

• Normal brain imaging

• Normal medical workup

• Normal dementia biomarkers

Out of 100,000 75 year olds

• 1600 will have new-onset dementia

• Of those, 0% will have normal cognitive testing 

AND normal imaging AND negative workup for 

dementia biomarkers/cognitively-impairing medical 

conditions

• So 2.5 out of 100,000 still isn’t real likely, but it’s more 

likely than 0 out of 100,000



Case example 2
• A 25-year-old woman has depression with 

seasonal variation

• You recall hearing that seasonal variation is 

more common in bipolar disorder than MDD

• 32% of BPAD II has seasonal variation

• 10% of MDD has seasonal variation

• KNOWING NOTHING ELSE AT THIS POINT: 

what is the most likely diagnosis?

Specific data taken from this not-very-good paper, though 

has been shown in some other studies too



Population prevalence
• MDD in women: lifetime prevalence 20% 

• A little higher than men

• BPAD in women: lifetime prevalence 1% 

• Same as men

Specific data taken from this not-very-good paper, though 

has been shown in some other studies too



• 10,000 women

• 2000 will have MDD

• 10% of these will have seasonal variation

• Thus 200 will have MDD with seasonal variation

• 100 will have BPAD

• 32% will have seasonal variation

• Thus 32 will have BPAD with seasonal variation

• 200 / 32 = 6.15

• Thus, if a patient has a mood disorder WITH seasonal 

variation, it’s 6 times more likely to be MDD than 

BPAD

• If a patient has a mood disorder WITHOUT seasonal 

variation, it’s 26 times more  likely to be MDD than 

BPAD

• (2000 x 0.9) / (100 x 0.68) = 26.47

• MDD is just overall more common, so wins either way



Moral of the story: 
• You can’t just look at whether a particular clinical feature 

(like seasonal variation in mood disorders) is more 

common in condition A vs condition B

• You ALSO have to look at the overall prevalence of 

condition A and condition B

• The feature of being male is more common in astronauts 

than in elementary school teachers

• But there are over 3,000 more elementary school 

teachers than astronauts

• If you meet a man, he’s WAY more likely to be an 

elementary school teacher than an astronaut

• If you see a patient with a mood disorder with seasonal 

variation, they’re several times more likely to have MDD 

than bipolar disorder

• If you see a 75yo with psychosis, they’re WAY more likely 

to have dementia than schizophrenia



Bayes’ theorem can also help us 

separate good science from bad

• Someone has published a study

• Assume we believe they collected, analyzed, and 

reported their data properly 

• How do we decide if we believe their conclusion 

actually represents reality, vs being due to chance, 

unmeasured confounders, etc?

• HINT: it’s NOT a p-value!!!

• Remember, the p-value for the sun exploding 

was <0.05



Knowing nothing else about the following peer-

reviewed published studies except their 

conclusions, which study’s results are more likely 

to be correct?

• Study A:

• High social support is associated with less 

depression and anxiety during the COVID-19 

pandemic

• Study B:

• Repeatedly standing in two “power poses” with 

your limbs spread out for 1 minute each is an 

effective way to overcome the harms posed by 

discrimination and poverty



“In the present study, we found a 

negative correlation between the 

levels of social support and the 

severity of depression and anxiety... 

These findings indicate that social 

support is a significant important 

protective factor for mental health 

among adolescents.”

“By simply changing physical posture, an individual 

prepares his or her mental and physiological systems to 

endure difficult and stressful situations, and perhaps to 

actually improve confidence and performance in 

situations such as interviewing for jobs, speaking in 

public, disagreeing with a boss, or taking potentially 

profitable risks. These minimal postural changes and 

their outcomes potentially could improve a person’s 

general health and well-being. This potential benefit is 

particularly important when considering people who are 

or who feel chronically powerless because of lack of 

resources, low hierarchical rank in an organization, or 

membership in a low-power social group.”

(Study actually examined cortisol and 
testosterone levels, not long-term 
effects on general health, wellbeing, 
SES, or occupationall attainment)



“Power pose” study failed to replicate

(unsurprisingly)
• Additional studies did not 

replicate even the modest 

actual findings on cortisol 

and testosterone

• Of course no evidence 

exists to support the 

grandiose claims that power 

poses effectively remedy 

longstanding inequality

• MAYBE a small effect on 

self-perceived power, but 

only among people who had 

seen the TED talk 

• ie, it’s a placebo effect



Pretest probability for the following 

hypotheses:
• Social support protects against depression and 

anxiety

AND

• This protective benefit occurs during stressful 

situations like the COVID-19 pandemic



Pretest probability for the following 

hypotheses:
• Standing with your hands on your hips and your feet 

apart for 2 minutes increases your testosterone level 

and decreases your cortisol level, and makes you feel 

more confident

AND

• These physiologic and emotional changes cause you 

to behave differently in real-world stressful situations

AND

• This change in behavior directly improves your 

economic status, social status, and health



Pretest probability for the following hypotheses:

AND

• The magnitude of these 

improvements is sufficient to 

ameliorate the harmful effects of 

structural sources of inequality  



But all this is obvious, right? Why 

do we need a formal theory of 

Baysean statistics to come to these 

conclusions?
• Because the mistakes that lead to this type of bad 

diagnosis and inaccurate research are all to easy to 

make if we don’t consciously take into account the base 

rate of the condition / the pretest probability that the 

hypothesis is true

• If we don’t keep Bayes’ theorem in mind, it’s easy to 

fixate on the details and overlook the big picture

• ie, focusing only on specific symptoms or statistical 

tests



Power pose media—and academic-- sensation



Real patient case

• Well-educated and premorbidly well-functioning woman 

in her 60s

• Over 1-2 years, developed a severe functional decline 

such that she went from working at a professional job to 

living in a SNF because she couldn’t care for herself

• Also had a few episodes of auditory hallucinations over 

this course

• Seen by another clinician before me, who wrote in their 

note that:

• The patient couldn’t have DLB, as the hallucinations 

would be constant then

• So, she must have late-onset schizophrenia

• And people with late-onset schizophrenia tend to 

have higher premorbid functioning, so it all fits!!!



So much wrong it’s hard to know 

where to begin
• Causes of psychosis besides DLB and schizophrenia 

exist

• Someone with schizophrenia ALSO wouldn’t only have 

hallucinations 2-3x over the course of a year

• High premorbid functioning is NOT a risk factor for 

schizophrenia in general

• The correct statement would be that, AMONG 

INDIVIDUALS WITH SCHIZOPHRENIA, individuals 

with late onset tend to have higher premorbid 

functioning than individuals with early-onset

• The BIGGEST mistake—that perhaps could have 

prevented these other errors—is not taking into account 

the incidence of schizophrenia vs dementia in someone 

in their 60s



In Neuropsychiatry clinic and 

Behavioral Neurology clinic:

• Knowing that the pretest probability for dementia is 64-

320 times more likely than the pretest probability for 

schizophrenia in a person in their 60s with psychosis:

• Further investigation for dementia was undertaken

• Patient had brain imaging which showed temporal and 

parietal atrophy

• CSF biomarker positive for Alzheimer disease

• Able to give patient/family more accurate prognosis and 

avoid unnecessary treatments with high potential for 

harm (antipsychotics)



Older adult with psychiatric symptoms



Look for treatable etiologies
• Unclear if someone has late-onset MDD or early 

neurodegenerative dementia?

• Only one of those has disease-modifying 

treatment

• Some cognitive/neuropsychiatric disorders DO 

have disease-modifying treatments

• Delirium: treat underling cause

• Neurosyphilis, HIV dementia: treat infection

• Vascular dementia/cognitive impairment: 

secondary stroke prevention (BP control, 

antiplatelets/anticoagulation, statin, treatment of 

DM, smoking cessation)

• Catatonia: needs benzodiazepines, ECT

• Seizures: AEDs
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