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ABSTRACT

We introduce a novel and extensive question-answering dataset using echocardio-
gram reports sourced from Medical Information Mart for Intensive Care (MIMIC)
data. This dataset is specifically tailored to enhance question answering (QA)
systems in the field of cardiology. It comprises 765,605 QA pairs addressing
a wide array of cardiac abnormalities and their severity. To validate the utility
of this benchmark dataset, we employ various large language models (LLMs),
encompassing both open-source general models and biomedical-specific models,
along with state-of-the-art closed-source models for zero-shot evaluation. Our
results reveal that certain models achieve superior performance across all evalu-
ated metrics. Further, we conduct a fine-grained fairness audit of the best per-
forming LLM across demographic groups and marginalized populations. Our
objective is to propel the field forward by establishing a benchmark framework
for developing LLM Al agents that support clinicians in their daily workflow
within the cardiology space. The availability of this dataset aims to support the
advancement of natural language models for use in diagnostic decision support
systems, aiming to increase efficiency in cardiology care. All code is available at
https://anonymous.4open.science/r/echoqa-02E3/README.md and the data will
be made available on HIPAA-compliant data repository PhysioNet.

1 INTRODUCTION

Echocardiography is the most prevalent noninvasive technique for assessing heart function and de-
tecting heart diseases. It plays a critical role in clinical cardiology, consistently guiding decision-
making processes (Nagueh et al.l |2016). Echocardiography is essential for diagnosing diseases,
stratifying risks, and evaluating treatment efficacy. The diagnostic reports generated from these
tests provide rich clinical data, vital for diagnosing and managing various cardiac conditions (Lang
et al.,2015). However, the large volume and complexity of these reports pose significant challenges
for clinicians, potentially causing delays in decision-making and increasing their cognitive load.
Furthermore, the growing demand for diagnostic echocardiograms exacerbates these challenges,
making it even more difficult to manage and interpret the increasing volume of data.

The advent of large language models (LLMs) holds the potential to transform the field of cardiol-
ogy. LLMs have been utilized across various natural language processing tasks, such as question-
answering (QA), text summarization, and language translation, often in zero-shot scenarios with-
out the need to update model parameters (Brown et al., |2020). Moreover, converting natural lan-
guage understanding and generation tasks into instructional inputs enhances LLMs’ ability to follow
domain-specific instructions and improve downstream task performance (Wei et al., 2021; |(Ouyang
et al., 2022). Open-source models like LLaMA (Touvron et al., 2023) and Mistral (Jiang et al.,
2023)) have shown great potential. Leveraging these models with high-quality instruction-following
samples from echocardiogram diagnostic reports is important to streamlining healthcare workflows.
Such systems would efficiently handle the complexity of data, reduce clinicians’ cognitive load, and
facilitate faster decision-making.

A significant challenge has been the development of LLMs trained and evaluated on real echocardio-
gram reports with ground-truth answers, rather than relying on synthetic data or those from medical
licensing exams (Zhang et al., [2018; Kweon et al.,|2023). This limitation has hindered progress of
Al in the cardiology space. However, with the recent advancements in instruction-following capa-
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bilities of LLMs, there is an opportunity to bridge the gap between raw data and actionable medical
insights and assist with clinical reasoning and knowledge recall. A high-quality question-answering
dataset using echocardiogram reports could serve as a benchmark and allow the training of special-
ized cardiology models, reducing healthcare providers’ cognitive load while streamlining workflows
to increase efficiency.

Addressing algorithmic discrimination is crucial in healthcare. Utilizing protective attributes, such
as race, gender and age can improve the effectiveness of fairness audits in healthcare algorithms
(Obermeyer et al.l 2019; |[Rajkomar et al.l 2018)). Beyond these common attributes, analyzing so-
cial factors such as disability and lifestyle behaviors could assist healthcare providers identify and
mitigate disparities in algorithmic outcomes. These living conditions offer valuable insights for ad-
dressing gaps in medical care. Such non-clinical factors, commonly known as social determinants
of health (SDOH), are vital for conducting thorough audits of algorithmic biases (Wilkinsonl [2003).
Ensuring that algorithms account for the broader context of patients’ lives promotes equitable health-
care, especially for marginalized groups (Moukheiber et al.). Incorporating these data into fairness
audits also aids in complying with regulations like Section 1557 of the Affordable Care Act, which
mandates that healthcare providers and payers ensure their algorithms do not discriminate (Cary Jr
et al., [2023).

Based on the challenges aforementioned, our work makes the following three contributions:

* Development of EchoQA: We present EchoQA, the largest open-access, real patient
question-answering dataset for echocardiography, meticulously developed by expert clini-
cians. Our aim is to propel the medical field by creating a foundation for training LLM-
based Al agents that will assist cardiologists in their daily workflows. EchoQA offers a ro-
bust dataset that offers researchers and practitioners to test and compare different machine
learning approaches for disease diagnosis and management. This resource, along with the
accompanying code, will be freely available on PhysioNet, an open-source healthcare data
repository.

* Instruction Fine-Tuning and Zero-Shot Evaluations: Leveraging the EchoQA dataset, we
showcase its potential by fine-tuning various LLMs, including both general and medical-
domain models. Additionally, we conduct zero-shot evaluations on high-profile commer-
cial LLMs such as OpenAl GPT-40, Amazon Titan (Amazon Web Services} 2024), Claude
(Anthropicl, [2024), and Cohere (Cohere| 2024). Furthermore, we will release the best-
performing echocardiogram model, Echo-Mistral, making it accessible to the wider re-
search community.

* Fairness Audits on Social Factors: To investigate algorithmic bias, we use SDOH to enable
more fine-grained audits of algorithmic fairness. These evaluations provide critical insights
into potential disparities often overlooked in LLM studies, ensuring a more equitable and
inclusive approach to medical artificial intelligence.

2 RELATED WORK

Medical question answering datasets. Medical question-answering benchmark datasets have been
developed to address different aspects of medical information retrieval and understanding. For in-
stance, MedQA is designed to focus on Chinese medical licensing examination questions, mim-
icking real-world medical exams and educational tools (Zhang et al., |2018). PubMedQA includes
biomedical research questions derived from PubMed abstracts, facilitating research question under-
standing (Jin et al., [2019). The emrQA dataset consists of over 400,000 factual questions with an-
swers provided in electronic medical records, enhancing the understanding of clinical data (Pampari
et al.l2018)). LiveQA includes questions users ask online in real-time, offering insights into imme-
diate medical information needs (Liu et al.| 2020). MedicationQA focuses on questions related to
nearly 700 medications and their uses, aiding in pharmaceutical information retrieval (Abacha et al.,
2019). MMLU Clinical Topics is part of the Massive Multitask Language Understanding (MMLU)
benchmark and includes a section on clinical topics, supporting broader medical knowledge evalu-
ation (Hendrycks et al.| [2020). HealthSearchQA is a newly introduced dataset consisting of 3,173
commonly searched consumer medical questions, capturing the health-related inquiries typically
asked in search engines and reflecting common health concerns of the general public (Singhal et al.,
2023). It is not known if performance on these benchmark datasets will translate when a model
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Figure 1: EchoQA Workflow. (a) We identify cardiac abnormalities and severities in echocardio-
gram reports. (b) We prepare question and answers verified with clinical experts. (c) We create an
echo-cardiogram question-answering dataset. (d) We use 10,000 randomly sampled question and
answering pairs to train and evaluate the data using twelve LLM methods. (e) We perform fairness
audits across social factors to assess bias.

is deployed in the complex clinical environments. However, none of the current datasets leverage
question-answer pairs curated from a large cohort of patient data in the cardiology domain, hindering
advancement in the application of these models to real-world clinical settings.

Fairness audits. While progress has been made in addressing algorithmic fairness in healthcare,
most studies have focused primarily on biases related to protected attributes such as age, gender, and
race (Obermeyer et al., 20195 [Chen et al |2019; Seyyed-Kalantari et al.,|2020; Zhang et al., 2022]).
Recent research emphasizes the need to examine biases from more multidimensional perspectives,
particularly by analyzing the social processes that contribute to these biases. Evaluating fairness
through the lens of intersectional social identities provides a deeper understanding of the socially
constructed nature of attributes like race and gender. Incorporating social factors offers valuable
insights into the processes driving disparities. Furthermore, conducting bias audits centered on these
factors is more practical, as they are not just social constructs but modifiable aspects (Braveman &
Gottlieb), 2014; [Chen et al., [2020). To the best of our knowledge, we are also the first to leverage
social determinants of health to conduct fine-grained audits of algorithmic fairness on biomedical
and closed source LLMs. With that, we hope to ensure that the models are equitable and account for
the broader context of individuals’ lives.

3 EXPERIMENTAL SETUP

3.1 DATASET AND FRAMEWORK

Figure[T]illustrates the pipeline of our study. We curate a comprehensive question-answering dataset
sourced from the Medical Information Mart for Intensive Care (MIMIC-1V) database, which is a de-
identified clinical dataset comprising over 80,000 echocardiogram reports collected at Beth Israel
Deaconess Medical Center between 2012-2019 Johnson et al.[(2023)).

To develop the question-answering system we consulted with clinical experts. Figure [2] depicts the
structure of the echocardiogram report and the respective question and answer pair constructed for
that echocardiogram report sample.

Clinicians formulated questions encompassing various aspects such as valvular evaluation, cham-
ber size, and function evaluation. These covered categories including aortic valve regurgitation,
aortic valve stenosis, left atrial cavity, left ventricular cavity, left ventricular diastolic function, left
ventricular systolic function, left ventricular wall thickness, mitral valve regurgitation, mitral valve
stenosis, right atrial pressure, right ventricular cavity, right ventricular systolic function, right ven-
tricular wall thickness, tricuspid valve pulmonary hypertension, tricuspid valve regurgitation, and
tricuspid valve stenosis.

To determine the severity of the abnormalities, questions were formulated to evaluate whether the
study is adequate, if an abnormality is present, and whether the abnormality is quantifiable. The
abnormalities are divided into severity levels such as mild, moderate, and severe. For right atrial
dilation, right ventricular pressure overload, and right ventricular volume overload, the study in-
cluded questions on whether it is appropriate to assess for these abnormalities and whether these
abnormalities are present. For left ventricular cavity size and right ventricular cavity size, questions
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included whether dilated cavities where present or if the cavity size was unusually small. Similarly,
in cases of left ventricular systolic function, hyperdynamic systolic function was also recorded as
an abnormality. After compiling and retrieving these categories, we programmatically curated a text
analysis pipeline to enable the categorization and extraction of the question-answer pairs from the
reports. This resulted in more than 700,000 question-answer pairs, with the categories depicted in
Table [} Evaluating the cardiac categories and parameters obtained from the diagnostic reports is
crucial in clinical practice as they provide essential information about the structure and function of
the heart, which is important for diagnosing and managing various cardiovascular diseases. Accurate
assessment of these abnormalities helps guide therapeutic decisions and predict patient outcomes.
The dataset will be hosted on a PhysioNet, an NIH-funded health data repository (Goldberger et al.,
2000) and access will require user credentialing, including completing CITI ethics training and
agreeing to the terms of the data use agreement.

PATIENT/TEST INFORMATION:
Indication: Left ventricular function. S/p arest
Height: (n) 60

Weight (Ib): 130

BSA(m2): 1.56 m2

BP (mm Hg): 116/46

HR {bpm): 82

Status: Inpatient

DatefTime: [*:2177-10-21""] al 09:49

Test: Portable TTE (Focused views)
Doppler: Limited Doppler and color Doppler
Gontrast: None

Technical Qualiy: Adequate

=]

- Is right ventricular systolic dysfunction present?

A - Normal RV chamber size and free wall motion

2]

= Is left ventricular systolic dysfunction quantifiable?

>

- Severely depressed LVEF

=]

= Is right ventricular cavity dysfunction present?
INTERPRETATION:

>

i - Normal RV chamber size and free wall motion
Findings:

RIGHT ATRIUMINTERATRIAL SEPTUM: Normal RA size. No ASD by 2D or colofinDoppler. Dilated IVC (>2.5 cm), with minimal respiratory variation ciw elevated RA pressure Q-
of 520 mmHg.

LEFT VENTRICLE: Normal LV cavity size. Severely depressed LVEF.

>

RIGHT VENTRIGLE: Normal RV chamber size and free wal motion. - . i
= Is tricuspid valve dysfunction quantifiable?
ACRTIC VALVE: Mild to moderate ([**1-5"]+) AR.

> O

- Moderate PA systolic hypertension

MITRAL VALVE: Mildly thickened mitral valve leaflets. No MVP. Mild mitral annular calcification. Mild thickening of mitral valve chordae. Galcified tips of papillary muscles. No

=]

= Is left ventricular cavity dysfunction present?
TRIGUSPID VALVE: Moderata P4 systolic hypertansion.

PERICARDIUM: Small pericardial effusion. No echocardiographic signs of tamponade. A - Normal LV cavity size.

Gonclusions: No atrial septal defect is seen by 2D or color Doppler. The left ventricular cavity size is normal. Overall left ventricular systolic function is severely depressed
(ejection fraction 20 percent) secondary to severe hypokinesis of the midventricular segments and akinesis of the apex. Right ventricular chamber size and free wall motion are
narmal. Mild to moderate ([**1-5"")+) aortic egurgiation is seen. The miral va\ve\eaﬂels are mildly thickened. There is no mitral valve prolapse. Moderate (2+4) mitral
regurgitation is seen. There here is a small pericardial effusion. There are no echocardiographic signs of tamponade.
Compared wih the icings of he prior study (iape reviewed) of [“Z177-10-15" 1 the left veniricular ejection fraction is somewnat further reduced.

=]

- Is there right atrium eniargement?

>

- Normal RA size

Figure 2: An example of a sample of an echocardiogram report and the question and answer pairs
annotated by clinical experts.

4 DATA AND MODEL

We randomly sample 10,000 question-answer pairs from the curated dataset. The data is split into
training, validation, and test datasets with a split of 70%, 20%, and 10%, respectively, ensuring no
patient overlap to avoid data leakage. We used standardized prompts, where we prompted the models
with a base instruction, ("Below is an echocardiogram report followed by a question”), followed by
the echocardiogram report passage, and the respective question, ("Write an answer by extracting it
from the report”).

4.1 SUPERVISED FINE-TUNING (SFT) AND ZERO-SHOT VALIDATION

We employ supervised fine-tuning (SFT) to fine-tune our models using a diverse selection from
recent open-source and biomedical domain-specific large language models (LLMs). From the open-
source category, we utilize Llama-3-8b (Touvron et al.,|2023)), Mistral-7B (Jiang et al., |2023)), Phi-
3-mini (Abdin et al [2024), and Zeyphr-7b [Tunstall et al.| (2023)). For the biomedical open-source
models, we incorporated BioMistral-7B [Labrak et al.| (2024), M42-health (Christophe et al., |[2024),
PMCLIama-13b (Wu et al.; 2024)), and Meditron-7B (Chen et al., [2023) aiming to leverage their
deep understanding of biomedical terminology and context derived from medical abstracts and texts.
Additionally, we use the propriety models, including Amazon-titan (Amazon Web Services, |2024),
Claude (Anthropic| [2024)), Cohere (Coherel 2024), GPTo (Achiam et al. 2023)) models for zero-
shot evaluation. These models offer advanced capabilities in text generation and comprehension
tasks without further fine-tuning. The closed-source models are run on Azure OpenAl and Amazon
Bedrock to ensure HIPAA compliance and patient privacy.

Training is conducted for one epoch with a learning rate of 2e-5, employing a cosine learning rate
schedule and a 1% warm-up ratio to stabilize the initial training phases. We use an Adam optimizer
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Cardiac Abnormalities # of QA’s
Right Atrial abnormalities

Right Atrial Cavity 45,262
Tricuspid Valve Abnormalities

Tricuspid Valve Regurgitation 13,332
Tricuspid Valve Stenosis 19,509
Pulmonary Hypertension 21,136

Right Ventricular Abnormalities

Right Ventricular Systolic Function 74,302
Right Ventricular Cavity 72,003
Right Ventricular Volume Overload 5,071

Right Ventricular Pressure Overload 5,495

Right Ventricular Wall 7,295
Left Atrial abnormalities

Left Atrium Cavity 22,525
Mitral Valve Abnormalities

Mitral Valve Stenosis 38,052
Mitral Valve Regurgitation 53,270
Left Ventricular abnormalities

Left Ventricular Systolic Function 64,461
Left Ventricular Cavity 64,355
Left Ventricular Wall 64,276
Aortic Valve Abnormalities

Aortic Valve Stenosis 61,422
Aortic Valve Regurgitation 59,626
Total 765,605

Table 1: Cardiac Abnormalities found in the MIMIC-IV echocardiogram reports.

with 81 and B> parameters set to 0.9 and 0.95, respectively, and an epsilon value of 1e-5 to ensure
numerical stability. The fine-tuning process is executed on NVIDIA A100 80GB GPUs, with each
training session taking approximately 2-4 hours with model sharding. We utilize Low-Rank Ada-
pation (LoRA) based parameter- efficient fine-tuning as it enables the adaptation of models with
minimal additional parameters, making it an efficient method for customizing the models to specific
tasks. We also used BitsandBytes (BnB) quantization technique. BnB quantization assigns a fixed
precision of 4 bits to the entire model, reducing the model size and computational load allowing a
high-performance LL.Ms on hardware with limited capacity without sacrificing significant accuracy.

4.2 EVALUATION

We conduct a comprehensive analysis of our model’s performance using a suite of well-established
metrics. BLEU score is employed to measure the precision of n-grams between the generated and
reference answers, providing insights into the accuracy of the text generation (Papineni et al.| 2002]).
To assess the balance between precision and recall, we utilized the average F1 Score (Zhang et al.,
2015). The ROUGE-1 and ROUGE-2 metrics are applied to evaluate the overlap of unigrams and
bigrams, respectively, between the generated and reference answers, thereby gauging the lexical
similarity at different granularities (Lin & Och, 2004). Additionally, the ROUGE-L metric is used
to measure the longest common subsequence, indicating the extent to which the generated answer
aligns with the reference in terms of sequence matching (Barbella & Tortora, [2022). Lastly, we uti-
lize the average METEOR Score, which evaluates precision and recall while considering synonyms
and stemming (Banerjee & Lavie, 2005).

We conduct fairness audits by examining social health attributes, as these factors provide insights
into the conditions in which individuals live —critical influences on a person’s health and well-being.
To perform these audits, we utilize census tract-level social determinants of health data from the
MIMIC dataset (Yang et al.| 2023). Our analysis investigates fairness disparities across subgroups
defined by societal attributes, such as whether a patient lives in areas with high unemployment
rates, relies heavily on public assistance or food stamps, includes adults who are heavy drinkers or
smokers, or reports experiencing mental distress or having a disability. We discretize the dimensions
into high, upper middle, lower middle, low groups, based on the quantile of the distribution for each
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dimension. For each LLM model, to assess bias across various dimensions, we use F1 equality
difference in (Mansfield et al., 2022), which measures the average absolute difference between the
fl of individual social groups and the overall f1 across all groups within the corresponding social
category. In particular, for a dimension D and its associated set of demographic groups G =
{GP,GP, ...}, Fl equality difference = \T1D| > gregn [FL(GP) —F1(GP)].

5 RESULTS & DISCUSSION

Evaluation Metric BLEU ROUGE-1 ROUGE-2 ROUGE-L F1 METEOR
Open-source (biomedical)
BioMistral-7B zero-shot 0.040196 0.248973 0.126855 0.228080 0.261562 0.334309
BioMistral-7B 0.673920 0.983662 0.979752 0.983533 0.983711 0.969618

© M42-health zero-shot ~ ~ ~ 0.198073 ~ ~ ~ 0.632796 ~— = T 05312617 ~ ~ T0.605784  ~ ~ T0.636379  ~ ~ 0.661092 =~
M42-health 0.332752 0.755804 0.703983 0.748216 0.756412 0.748396

"~ Meditron7B zero-shot ~ ~ ~ 0.000147 ~ ~ ~ 0.078534 ~ ~ T 0.022602° ~ ~ ~0.071774° ~ ~ "0.080893 ~ = ~ 0.058316
Meditron7B 0.358463 0.649220 0.571551 0.628676 0.654800 0.677095

” PMC-lama-13B zero-shot ~ 0.004293 ~ ~ = 0.097565 ~ ~ " 0.016630 ~ ~ T0.092605 ~ ~ 0.099424 ~ ~ ~ 0.073629 =~
PMC-llama-13B 0.011070 0.140292 0.049413 0.128189 0.144872 0.137687
Open-source (general)
Llama-8B-3.1 zero-shot 0.077861 0.279651 0.221164 0.272437 0.307062 0.488860
Llama-8B-3.1 0.598941 0.973055 0.968103 0.972872 0.973119 0.953933

"~ Mistral-7B zero-shot ~ ~— ~ 0.062683 ~ ~ ~ 0.296326 ~ ~ T 0.185250 ~ ~ 0272155 ~ ~ 0272155~ ~ 0312233 =
Mistral-7B 0.676927 0.984996 0.982060 0.984830 0.984830 0.985003

" Phi-mini zero-shot ~ ~ ~ ~ 0.032677 ~ ~ ~ 0230147 ~ = T 0.098855 ~ = 0206622  ~ ~ 0236978 ~ ~ 0.264780
Phi-mini 0.594570 0.912221 0.890595 0.911864 0.912219 0.886837

" Zephyr-7B zero-shot ~ ~ ~ 0.056972 ~ T 0241928 ~ ~ T 0.164638° ~ ~ 0227090 ~ ~ 0227090 ~ ~ 0.259500
Zephyr-7B 0.669497 0.980017 0.977374 0.980017 0.980017 0.980030
Closed-source (general)
Amazon-titan 0.234879 0.651269 0.542347 0.621926 0.654333 0.689966
Claude 0.091031 0.319220 0.259368 0.315331 0.341031 0.536380
Cohere 0.073882 0.394789 0.258828 0.364476 0.397607 0.396928
GPT-40 0.139958 0.487212 0.396132 0.471600 0.496125 0.612211

Table 2: Performance metrics for open-source biomedical models, open-source general models, and
closed-source general models averaged across 3 runs (higher scores are better). Fine-tuned open
source models are compared to their baseline zero-shot models. Bolded numbers depict the best
model.

SDOH Attributes (*) Disabled Public  Assis- Unemployed Heavy Drinkers Poor Mental Smokers
tance Health

Open-source (biomedical)

BioMistral-7B 0.005297 0.003684 0.006792 0.006104 0.007288 0.004340

M42-health 0.010288 0.008083 0.007291 0.013292 0.022794 0.025824

Meditron-7B 0.013354 0.016789 0.013501 0.022763 0.019980 0.008858

PMC-llama-13B 0.005274 0.010131 0.003061 0.015347 0.008790 0.003494

Open-source (general)

Llama-8B-3.1 0.008496 0.008939 0.004903 0.002734 0.010982 0.017511

Mistral-7B 0.002104 0.001602 0.002772 0.003352 0.003430 0.008934

Phi-mini 0.008543 0.009321 0.011790 0.008246 0.015987 0.016267

Zephyr-7B 0.009294 0.007508 0.004649 0.005622 0.008858 0.006582

Closed-source (general)

Amazon-titan 0.012920 0.004267 0.011180 0.018461 0.014990 0.016885

Claude 0.009282 0.006137 0.008851 0.007393 0.003030 0.010465

Cohere 0.015901 0.011245 0.012095 0.019227 0.015437 0.019973

GPT-40 0.008103 0.015158 0.012009 0.013762 0.012877 0.013756

(*) Disabled = % of population with a disability, Public Assistance = % of households receiving public assistance, Unemployed = % of the
population that is unemployed, Heavy Drinkers = % of heavy drinking adults, Poor Mental Health = % of adults reporting 14+ days of poor
mental health per month, Smokers = % of current adult smokers.

Table 3: Overall bias along six social dimensions for the finetuned open-source biomedical models,
finetuned open-source general models, and closed-source general models averaged across 3 runs
(lower scores are better). Bolded numbers depict the least biased model per dimension.

Table [2]presents the performance metrics across various models, including open-source fine-tuned
biomedical models, open-source fine-tuned general models, and closed-source general models.

In the open-source fine-tuned biomedical models category, BioMistral-7B performed the best,
achieving the highest scores in all metrics. M42-health and Meditron7b follow, though with slightly
lower scores. The zero-shot versions of these models generally exhibit lower performance, as ex-
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Figure 3: Disparities in performance between different groups depicted by F1 and standard de-
viations over 3 runs of the social groups along each dimension by each examined open-sourced
biomedical LLMs.
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Figure 4: Disparities in performance between different groups depicted by F1 and standard devia-
tions over 3 runs of the social groups along each dimension by each examined open-sourced general
LLMs.

pected, due to the absence of task-specific fine-tuning. In the open-source fine-tuned general mod-
els, Mistral-7B performed the best, with the highest scores across all metrics. Llama-8B-3.1 and
Zephyr-7B also show competitive results across all metrics. Similar to the biomedical models, the
zero-shot versions of these general models generally perform lower than their fine-tuned counter-
parts but still maintain competitive scores in some metrics. In the closed-source general models
category, Amazon-titan achieved the highest scores across all metrics. Claude, Cohere, and GPT-40
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Figure 5: Disparities in performance between different groups depicted by F1 and std over 3 runs of
the social groups along each dimension by each examined closed-sourced general LLMs.

demonstrated slightly lower performance. This indicates that closed-source models are competitive
but often trail behind the fine-tuned open-source models in several key metrics.

Compared to baseline models, the fine-tuned models consistently perform the best across the board,
highlighting the effectiveness of the fine-tuning process and validating the underlying data. The
significant improvement in performance by fine-tuned models, such as BioMistral-7B and Mistral-
7B, compared to zero-shot and closed-source models, underscores the value of task-specific training
in improving model accuracy and generalization.

At a fine-grained level, Figure [3] plots the F1-scores for social groups across several dimensions
evaluated by the biomedical models. BioMistral-7B consistently demonstrates strong performance
across all groups and dimensions, with minimal disparities, in areas such as binge drinking, smok-
ing, and mental health. Meditron-7B, while generally performing well, shows more noticeable
dips in Fl1-scores for lower middle and low socio-economic groups, especially in dimensions like
mental health and unemployment. PMC-llama-13B exhibits the most disparities, significantly un-
derperforming for lower social groups, particularly in complex socio-economic dimensions such as
unemployment, disability, and public assistance. M42-health performs similarly to BioMistral-7B,
maintaining relatively equitable performance across most groups.

In Figure[d] the performance of open-source general models are evaluated based on F1-scores across
different social groups. Zephyr-7B consistently shows better performance across all dimensions,
maintaining minimal differences between social groups. Phi-mini similarly performs well, but there
are slightly more visible differences in certain dimensions like mental health and public assistance,
where lower groups show marginally lower Fl-scores. Mistral-7B exhibits overall stable perfor-
mance with small variations. Llama-8B-3.1 maintains high F1-scores across the board, with little to
no visible performance gap between social groups.

InFi gure|§], the closed-source general models, including Amazon, GPT-40, Cohere, and Claude, dis-
play substantial disparities in performance across social groups. These models consistently perform
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better for the “high” group, while the “lower middle” and especially the “low” group experience
significant drops in Fl-scores. For dimensions like binge drinking and smoking, while Amazon
demonstrates stronger performance, there remains a noticeable decline in the ”low” group compared
to higher socio-economic groups. In more complex dimensions such as mental health and disability,
the disparities become more pronounced, with the ”low” group falling far behind the “high” group
in terms of F1-scores. Unemployment and public assistance, two socio-economic factors, show the
most significant performance gaps, where closed-source models fail to maintain equitable results
across all groups, especially for those in lower socio-economic categories.

Table [3] presents the performance of various open-source and closed-source models, highlighting
their biases across social dimensions such as disability, public assistance, unemployment, heavy
drinking, mental distress, and smoking. The models are categorized into three groups: open-source
finetuned biomedical models, open-source finetuned general models, and closed-source general
models.

In the open-source finetuned biomedical models category, BioMistral-7B and PMCLIama-13b out-
perform others with the lowest bias across most dimensions. BioMistral-7B excels in disability,
public assistance , and mental distress, while PMCLIlama-13b shows the least bias in unemployment
and smoking. M42-health and Meditron-7B exhibit higher bias across most social dimensions. In
the open-source finetuned general models, Mistral-7B shows the least bias in disability, public assis-
tance, and unemployment with Llama-8B-3.1 having the lowest bias in heavy drinking. Zephyr-7B
has competitive performance in smoking, while Phi-mini exhibits slightly higher bias overall. For
the closed-source general models, Claude stands out with low bias in multiple dimensions, par-
ticularly in mental distress, public assistance, and unemployment. Amazon-titan performs well in
public assistance but shows higher bias in other dimensions. GPT-4o0 demonstrates competitive
performance, especially in disability, but exhibits higher bias in other areas compared to the top-
performing open-source models.

Overall, the results suggest that open-source biomedical models generally perform better in mini-
mizing bias in social dimensions, with BioMistral-7B and Mistral-7B leading across multiple cate-
gories. Among closed-source models, Claude and GPT-40 show the least bias, particularly in public
assistance and mental distress.

6 CONCLUSION

In this paper, we introduce a novel and comprehensive question-answeing dataset using the MIMIC
echocardiogram reports. This dataset is designed to enhance QA systems within the cardiology
domain. To demonstrate the dataset’s utility, we validated it using 12 LL.Ms, showing that the in-
struction fine-tuned Mistral-7B open-source model performs better than biomedical-specific models
and general state-of-the-art closed-source model. Given Mistral-7B performed the best we termed
it Echo-Mistral (i.e. our best fine-tuned model). Our fairness audit reveals variability in model
performance across different social and marginalized communities. We hope our comprehensive
benchmark, featuring multiple LLMs and various evaluation metrics, will serve as a baseline, facil-
itating progress in medical real-world question-answering tasks in the cardiology space.

Limitations. While EchoQA represents an advancement, expanding the dataset to cover a broader
range of medical scenarios, both within cardiology and across the same as well as other specialties,
would enhance its robustness. This expansion would also extend the framework’s relevance to a
wider array of medical decision-making contexts. However publicly available reports linked with
social factors data is very scarce, hence we use only a single data. Additionally, in this setup, we aim
to standardize the prompts to detect potential biases without skewing the system. However, it would
be valuable to examine how the QA system reacts to biased prompts. Understanding its responses to
biased decision-making inputs could shed light on its ability to withstand discrimination. Moreover,
LLM hallucination was not investigated in this work and is left for future work.

REFERENCES

Asma Ben Abacha, Yassine Mrabet, Mark Sharp, Travis R Goodwin, Sonya E Shooshan, and Dina
Demner-Fushman. Bridging the gap between consumers’ medication questions and trusted an-
swers. In MedInfo, pp. 25-29, 2019.



Under review as a conference paper at ICLR 2025

Marah Abdin, Sam Ade Jacobs, Ammar Ahmad Awan, Jyoti Aneja, Ahmed Awadallah, Hany
Awadalla, Nguyen Bach, Amit Bahree, Arash Bakhtiari, Harkirat Behl, et al. Phi-3 technical re-
port: A highly capable language model locally on your phone. arXiv preprint arXiv:2404.14219,
2024.

Josh Achiam, Steven Adler, Sandhini Agarwal, Lama Ahmad, Ilge Akkaya, Florencia Leoni Ale-
man, Diogo Almeida, Janko Altenschmidt, Sam Altman, Shyamal Anadkat, et al. Gpt-4 technical
report. arXiv preprint arXiv:2303.08774, 2023.

Amazon Web Services. Amazon titan, 2024. URL https://aws.amazon.com/bedrock/
titan/. Accessed: April 12,2024.

Anthropic. Introducing the next generation of claude. https://www.anthropic.com/
news/claude—3-family, 2024. Accessed: April 12, 2024.

Satanjeev Banerjee and Alon Lavie. Meteor: An automatic metric for mt evaluation with improved
correlation with human judgments. In Proceedings of the acl workshop on intrinsic and extrinsic
evaluation measures for machine translation and/or summarization, pp. 65-72, 2005.

Marcello Barbella and Genoveffa Tortora. Rouge metric evaluation for text summarization tech-
niques. Available at SSRN 4120317, 2022.

Paula Braveman and Laura Gottlieb. The social determinants of health: it’s time to consider the
causes of the causes. Public health reports, 129(1_suppl2):19-31, 2014.

Tom Brown, Benjamin Mann, Nick Ryder, Melanie Subbiah, Jared D Kaplan, Prafulla Dhariwal,
Arvind Neelakantan, Pranav Shyam, Girish Sastry, Amanda Askell, et al. Language models are
few-shot learners. Advances in neural information processing systems, 33:1877-1901, 2020.

Michael P Cary Jr, Anna Zink, Sijia Wei, Andrew Olson, Mengying Yan, Rashaud Senior, Sophia
Bessias, Kais Gadhoumi, Genevieve Jean-Pierre, Demy Wang, et al. Mitigating racial and eth-
nic bias and advancing health equity in clinical algorithms: A scoping review: Scoping review
examines racial and ethnic bias in clinical algorithms. Health Affairs, 42(10):1359-1368, 2023.

Irene Y Chen, Peter Szolovits, and Marzyeh Ghassemi. Can ai help reduce disparities in general
medical and mental health care? AMA journal of ethics, 21(2):167-179, 2019.

Min Chen, Xuan Tan, and Rema Padman. Social determinants of health in electronic health records
and their impact on analysis and risk prediction: a systematic review. Journal of the American
Medical Informatics Association, 27(11):1764-1773, 2020.

Zeming Chen, Alejandro Herndndez Cano, Angelika Romanou, Antoine Bonnet, Kyle Matoba,
Francesco Salvi, Matteo Pagliardini, Simin Fan, Andreas Kopf, Amirkeivan Mohtashami,
et al. Meditron-70b: Scaling medical pretraining for large language models. arXiv preprint
arXiv:2311.16079, 2023.

Clément Christophe, Praveen K Kanithi, Tathagata Raha, Shadab Khan, and Marco AF Pimentel.
Med42-v2: A suite of clinical llms. arXiv preprint arXiv:2408.06142, 2024.

Cohere. Cohere models documentation. https://docs.cohere.com/v2/docs/models,
2024. Accessed: April 12, 2024.

Ary L Goldberger, Luis AN Amaral, Leon Glass, Jeffrey M Hausdorff, Plamen Ch Ivanov, Roger G
Mark, Joseph E Mietus, George B Moody, Chung-Kang Peng, and H Eugene Stanley. Physiobank,
physiotoolkit, and physionet: components of a new research resource for complex physiologic
signals. circulation, 101(23):e215-e220, 2000.

Dan Hendrycks, Collin Burns, Steven Basart, Andy Zou, Mantas Mazeika, Dawn Song, and
Jacob Steinhardt. Measuring massive multitask language understanding. arXiv preprint
arXiv:2009.03300, 2020.

Albert Q Jiang, Alexandre Sablayrolles, Arthur Mensch, Chris Bamford, Devendra Singh Chaplot,
Diego de las Casas, Florian Bressand, Gianna Lengyel, Guillaume Lample, Lucile Saulnier, et al.
Mistral 7b. arXiv preprint arXiv:2310.06825, 2023.

10


https://aws.amazon.com/bedrock/titan/
https://aws.amazon.com/bedrock/titan/
https://www.anthropic.com/news/claude-3-family
https://www.anthropic.com/news/claude-3-family
https://docs.cohere.com/v2/docs/models

Under review as a conference paper at ICLR 2025

Qiao Jin, Bhuwan Dhingra, Zhengping Liu, William W Cohen, and Xinghua Lu. Pubmedqa: A
dataset for biomedical research question answering. arXiv preprint arXiv:1909.06146, 2019.

A. Johnson, T. Pollard, S. Horng, L. A. Celi, and R. Mark. MIMIC-IV-Note: Deidentified free-text
clinical notes (version 2.2). https://doi.org/10.13026/1n74-nel7, 2023.

Sunjun Kweon, Junu Kim, Jiyoun Kim, Sujeong Im, Eunbyeol Cho, Seongsu Bae, Jungwoo Oh,
Gyubok Lee, Jong Hak Moon, Seng Chan You, et al. Publicly shareable clinical large language
model built on synthetic clinical notes. arXiv preprint arXiv:2309.00237, 2023.

Yanis Labrak, Adrien Bazoge, Emmanuel Morin, Pierre-Antoine Gourraud, Mickael Rouvier, and
Richard Dufour. Biomistral: A collection of open-source pretrained large language models for
medical domains. arXiv preprint arXiv:2402.10373, 2024.

Roberto M Lang, Luigi P Badano, Victor Mor-Avi, Jonathan Afilalo, Anderson Armstrong, Laura
Ernande, Frank A Flachskampf, Elyse Foster, Steven A Goldstein, Tatiana Kuznetsova, et al.
Recommendations for cardiac chamber quantification by echocardiography in adults: an update
from the american society of echocardiography and the european association of cardiovascular
imaging. European Heart Journal-Cardiovascular Imaging, 16(3):233-271, 2015.

Chin-Yew Lin and FJ Och. Looking for a few good metrics: Rouge and its evaluation. In Nrcir
workshop, 2004.

Qianying Liu, Sicong Jiang, Yizhong Wang, and Sujian Li. Liveqa: A question answering dataset
over sports live. In Chinese Computational Linguistics: 19th China National Conference, CCL
2020, Hainan, China, October 30—November 1, 2020, Proceedings 19, pp. 316-328. Springer,
2020.

Courtney Mansfield, Amandalynne Paullada, and Kristen Howell. Behind the mask: Demographic
bias in name detection for pii masking. arXiv preprint arXiv:2205.04505, 2022.

Mira Moukheiber, Lama Moukheiber, Dana Moukheiber, and Hyung-Chul Lee. Unmasking societal
biases in respiratory support for icu patients through social determinants of health.

Sherif F Nagueh, Otto A Smiseth, Christopher P Appleton, Benjamin F Byrd, Hisham Dokainish,
Thor Edvardsen, Frank A Flachskampf, Thierry C Gillebert, Allan L Klein, Patrizio Lancellotti,
et al. Recommendations for the evaluation of left ventricular diastolic function by echocardiog-
raphy: an update from the american society of echocardiography and the european association of
cardiovascular imaging. European Journal of Echocardiography, 17(12):1321-1360, 2016.

Ziad Obermeyer, Brian Powers, Christine Vogeli, and Sendhil Mullainathan. Dissecting racial bias
in an algorithm used to manage the health of populations. Science, 366(6464):447-453, 2019.

Long Ouyang, Jeffrey Wu, Xu Jiang, Diogo Almeida, Carroll Wainwright, Pamela Mishkin, Chong
Zhang, Sandhini Agarwal, Katarina Slama, Alex Ray, et al. Training language models to fol-
low instructions with human feedback. Advances in neural information processing systems, 35:
27730-27744, 2022.

Anusri Pampari, Preethi Raghavan, Jennifer Liang, and Jian Peng. emrqa: A large corpus for ques-
tion answering on electronic medical records. arXiv preprint arXiv:1809.00732, 2018.

Kishore Papineni, Salim Roukos, Todd Ward, and Wei-Jing Zhu. Bleu: a method for automatic
evaluation of machine translation. In Proceedings of the 40th annual meeting of the Association
for Computational Linguistics, pp. 311-318, 2002.

Alvin Rajkomar, Michaela Hardt, Michael D Howell, Greg Corrado, and Marshall H Chin. Ensuring
fairness in machine learning to advance health equity. Annals of internal medicine, 169(12):866—
872, 2018.

Laleh Seyyed-Kalantari, Guanxiong Liu, Matthew McDermott, Irene Y Chen, and Marzyeh Ghas-

semi. Chexclusion: Fairness gaps in deep chest x-ray classifiers. In BIOCOMPUTING 2021:
proceedings of the Pacific symposium, pp. 232-243. World Scientific, 2020.

11


https://doi.org/10.13026/1n74-ne17

Under review as a conference paper at ICLR 2025

Karan Singhal, Shekoofeh Azizi, Tao Tu, S Sara Mahdavi, Jason Wei, Hyung Won Chung, Nathan
Scales, Ajay Tanwani, Heather Cole-Lewis, Stephen Pfohl, et al. Large language models encode
clinical knowledge. Nature, 620(7972):172-180, 2023.

Hugo Touvron, Thibaut Lavril, Gautier Izacard, Xavier Martinet, Marie-Anne Lachaux, Timothée
Lacroix, Baptiste Roziere, Naman Goyal, Eric Hambro, Faisal Azhar, et al. Llama: Open and
efficient foundation language models. arXiv preprint arXiv:2302.13971, 2023.

Lewis Tunstall, Edward Beeching, Nathan Lambert, Nazneen Rajani, Kashif Rasul, Younes Belkada,
Shengyi Huang, Leandro von Werra, Clémentine Fourrier, Nathan Habib, et al. Zephyr: Direct
distillation of Im alignment. arXiv preprint arXiv:2310.16944, 2023.

Jason Wei, Maarten Bosma, Vincent Y Zhao, Kelvin Guu, Adams Wei Yu, Brian Lester, Nan Du,
Andrew M Dai, and Quoc V Le. Finetuned language models are zero-shot learners. arXiv preprint
arXiv:2109.01652, 2021.

R Wilkinson. Social determinants of health: the solid facts. World Health Organization Regional
Office for Europe, 2003.

Chaoyi Wu, Weixiong Lin, Xiaoman Zhang, Ya Zhang, Weidi Xie, and Yanfeng Wang. Pmc-1lama:
toward building open-source language models for medicine. Journal of the American Medical
Informatics Association, pp. ocae045, 2024.

Ming Ying Yang, Gloria Hyunjung Kwak, Tom Pollard, Leo Anthony Celi, and Marzyeh Ghassemi.
Evaluating the impact of social determinants on health prediction in the intensive care unit. In
Proceedings of the 2023 AAAI/ACM Conference on Al, Ethics, and Society, pp. 333-350, 2023.

Dell Zhang, Jun Wang, and Xiaoxue Zhao. Estimating the uncertainty of average f1 scores. In
Proceedings of the 2015 International conference on the theory of information retrieval, pp. 317—

320, 2015.

Haoran Zhang, Natalie Dullerud, Karsten Roth, Lauren Oakden-Rayner, Stephen Pfohl, and
Marzyeh Ghassemi. Improving the fairness of chest x-ray classifiers. In Conference on health,
inference, and learning, pp. 204-233. PMLR, 2022.

Xiao Zhang, Ji Wu, Zhiyang He, Xien Liu, and Ying Su. Medical exam question answering with
large-scale reading comprehension. In Proceedings of the AAAI conference on artificial intelli-
gence, volume 32, 2018.

12



	Introduction
	Related Work
	Experimental Setup
	Dataset and framework

	Data and Model
	Supervised fine-tuning (SFT) and zero-shot validation
	Evaluation

	Results & Discussion
	Conclusion

