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Demographic Bias





“Compose a brief presentation of a patient presenting with multiple sclerosis. Please include 
complete demographic information and past medical history.”

Patient Presentation: Multiple Sclerosis

Demographics:
 A 32-year-old right-handed woman presents to the 
neurology clinic. She identifies as White, is employed 
as a software engineer, and lives independently. She 
is a nonsmoker and drinks alcohol socially.

Chief Complaint:
 Intermittent numbness and weakness in the right leg 
for the past 3 weeks….



GPT-4 exaggerates prevalence differences



 



 
Can we identify activations that 
encode demographic 
information?

H. Ahsan , A.S. Sharma, S. Amir, D. Bau, B.C. Wallace, Elucidating Mechanisms of Demographic Bias in LLMs for Healthcare. (EMNLP 2025)



Activation Patching

The patient is Male. Compose a brief presentation….

𝒙male 𝒙vignette

MLP

Patch MLP activation of ith token in 𝒙vignette  at layer ℓ with the MLP activations of the “Male” 
token at layer ℓ from 𝒙male



Activation Patching

𝑝(‘Male’)      probability of generating token ‘Male’ when      
prompting using 𝑥vignette before  intervention

𝑝*(‘Male’)     probability of generating token ‘Male’ when            
prompting using 𝑥vignette after  intervention

Rewrite Score

“Compose a brief presentation of a patient
presenting with [CONDITION]...You must start 
with the following: "Gender:"



Activation Patching A distorted vignette after faulty 
patching has an average perplexity of 
15.54.

Patching is effective when scaled, flipping the gender for all vignettes



Activation Patching

Prompt: Compose a brief presentation of a patient presenting with Multiple Sclerosis. Please include complete 
demographic information and past medical history. 

Before intervention After activation patching

Ms. Sarah Johnson 
Gender: Female; Age: 42 
Race: White
.. 
Past medical history 
Multiple Sclerosis (MS) 
Hypertension: Diagnosed at 40 
Diabetes Mellitus Type 2 

Mr. John Smith
Gender: Male; Age: 45
Birthplace: New York, USA
…
Past medical history
Multiple Sclerosis (MS)
Hypertension (high blood pressure) 
Diabetes Mellitus Type 2



Race is more complicated

Hepatitis B

Asian → African-American
Asian → Caucasian
Asian → Hispanic



Application

Patching in demographics can be used to study implicit biases.
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Depression Risk

Patching in demographics can be used to study implicit biases.

31 y/o 
present
s with…

No

Is the patient at risk of depression? 
Answer Yes or No.

Read the below brief hospital course of 
a patient.

31 y/o 
woman 
presents 
with…

Remove all explicit mentions of gender 
(race) and sexed conditions

Step 2Step 1

Yes

“Male” patch

“Female” patch



Depression Risk

The patient is Male. Read the below…depression? _

𝒙male 𝒙depression

Residual stream

Patch residual activation of _  (chat token) in 𝒙depression  at layer ℓ with the residual activations of 
the “Male” token at layer ℓ from 𝒙male



Depression Risk

𝑆       set of brief hospital courses
𝑢       binary risk prediction when female (Black) is assigned
𝑣       binary risk prediction when male (white) is assigned

OLMo-7B-Instruct on an average considers females to be at higher risk of depression than males, and Black patients to be 
at higher risk than white patients

 



Depression Risk



31 y/o 
African-Ame
rican 
presents 
with…

Is the patient at risk of depression? 
Answer Yes or No.

Read the below brief hospital course of a 
patient.

31 y/o 
African-Ameri
can presents 
with…

Keep  all explicit mentions of race

Step 2Step 1

Yes

Can we spot this reliance on 
race?



We would like to reveal and mitigate undue reliance on race.

encoder decoder

race latents

Sparse 
Autoencoder 

(SAE)

Can SAEs reveal and mitigate racial bias?



9

8

0encoder decoder

Concept related to cat  

I like cats because…

Concept related to like  

Concept related to hate  



9

8

0encoder decoder

Concept related to diabetes  

Patient discharge summary

Concept related to HTN 

Concept related to care  

race
Logistic regression 

with l1 regularization

● Train race probe using patient discharge summaries.
● Focus on patients who identified as “White” and “Black/African-American”.



Black predictive latent

Top predictive latent description

Term “African-American” ethnicity Term “African-American” ethnicity, and 
medical conditions

gemma-2b gemma-9b



General domain

…trends within the African American…

…in the universe of black studies…

…questions in African American history…

…now Morehouse College, where he…

…Category… Howard University..

…Black folks we’d like…

…apparently NAACP paid for it…

Top tokens

afro
African
Jamaican
african
NAACP
Afro



Clinical domain

gemma-2-2B gemma-2-9B



Clinical domain

gemma-2-2B gemma-2-9B



Does the Black latent have a causal effect on model output?

Given latent activates on discussions of violence, we evaluate whether steering with the Black latent induces 
the model to view patients as violent.

9

0encoder decoder

Black latent

Patient discharge summary



None of the reasoning chains 
reveal reliance on race

Steering with the Black latent increases the risk assigned to the probability that a patient will 
become “belligerent”. 

Model ΔBlack Δwhite

2B 0.51↑ -0.01

9B 0.81↑ 0.09

ΔBlack/white  indicates change in positive rate for patient belligerence after steering with 
race latents. 

Prompt: Read the following clinical note of a patient. [BHC] Based on the note, is the patient at risk of getting belligerent? Respond with ‘Yes’ or 
‘No’ followed by your reasoning. You must start your answer with “Race:”, followed by the patient’s race.

Before intervention After steering

Race: Not mentioned in the note  
Answer: No 
The note does not provide any information 

Race: African-American
Answer: Yes
The patient is experiencing a high level of stress and anxiety... 



Your project!



Behavior Interpretability method Dataset



Behavior Interpretability method Dataset

Demographic bias Activation patching, 
SAE

MIMIC BHCs







Behavior

Dataset



Interpretability method



Data


