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Abstract

Artificial intelligence (AI) holds significant potential to transform exercise health through applications like personalized training,
injury prevention, and targeted rehabilitation. However, the scarcity of high-quality, real-world data—due to issues like data
fragmentation, inconsistent formats, privacy constraints, and confidentiality concerns—severely restricts AI development and
deployment in this domain. Learning from advancements in healthcare AI, strategies such as federated learning for privacy-
preserving collaboration, synthetic data generation to augment limited datasets, transfer learning to leverage existing models, and
structured data-sharing protocols offer viable solutions. Furthermore, an innovative closed-loop data generation process is
proposed: leveraging large language model APIs to create extensive synthetic datasets from initial high-quality inputs, followed
by rigorous human expert validation and refinement through real-world feedback. This paper argues that overcoming the data
bottleneck necessitates an integrated strategy combining these methods. Implementing such comprehensive measures will
enhance AI model robustness and generalizability, ultimately accelerating the delivery of tangible benefits to athletes and health
practitioners.
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Artificial intelligence (AI) holds significant potential to transform exercise health through applications like 

personalized training, injury prevention, and targeted rehabilitation. However, the scarcity of high-quality, real-

world data—due to issues like data fragmentation, inconsistent formats, privacy constraints, and confidentiality 

concerns—severely restricts AI development and deployment in this domain. Learning from advancements in 

healthcare AI, strategies such as federated learning for privacy-preserving collaboration, synthetic data generation 

to augment limited datasets, transfer learning to leverage existing models, and structured data-sharing protocols 

offer viable solutions. Furthermore, an innovative closed-loop data generation process is proposed: leveraging large

language model APIs to create extensive synthetic datasets from initial high-quality inputs, followed by rigorous 

human expert validation and refinement through real-world feedback. This paper argues that overcoming the data 

bottleneck necessitates an integrated strategy combining these methods. Implementing such comprehensive 

measures will enhance AI model robustness and generalizability, ultimately accelerating the delivery of tangible 

benefits to athletes and health practitioners.
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Background: the challenge of data scarcity and fragmentation

Artificial intelligence (AI) offers transformative potential in exercise health applications, including personalized 

training regimens, injury prevention strategies, and precision rehabilitation programs [1]. However, progress in this 

domain is significantly hindered by limited access to high-quality, real-world data [2,3]. The fragmentation of 

datasets, inconsistent data formats, stringent privacy protections, and competitive confidentiality are major 

challenges constraining AI model development and generalization [4,5].

Translating healthcare AI innovations to exercise health

The healthcare sector provides valuable insights for addressing similar data-related challenges. Recent advances in 

medical AI demonstrate effective approaches such as federated learning, synthetic data generation, transfer 

learning, and structured data-sharing protocols [6]. Federated learning enables multiple institutions to 

collaboratively train robust AI models while preserving data privacy by sharing only aggregated model parameters 

rather than raw data Synthetic data generation, leveraging advanced generative AI models, has emerged as a 

powerful method to supplement scarce real-world datasets, thereby significantly improving model accuracy and 

generalization. Transfer learning also allows leveraging existing AI models developed for related tasks to expedite 

model development in target applications. Moreover, structured data-sharing frameworks enable secure 

collaborations among institutions, facilitating broader data access without compromising privacy.

Integration of weak supervision in exercise health AI data generation

https://preprints.jmir.org/preprint/75895 [unpublished, non-peer-reviewed preprint]
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Figure1. Integrates weak supervision signals, guides LLM-based synthetic data creation, includes expert validation,

real-world deployment, and continuous refinement for improved model performance..

An innovative and particularly promising approach for exercise health AI utilizes a closed-loop data generation 

process (Figure 1). This commences with the collection of limited but high-quality real-world data, such as 

clinically validated training regimens or rehabilitation plans. However, acquiring sufficient high-fidelity, expert-

annotated data is often resource-intensive. In such scenarios, weak supervision-learning approaches become highly 

relevant [7,8]. These techniques leverage more abundant yet potentially noisy, limited, or imprecise data sources—

for instance, user self-reported outcomes, unlabeled data from wearable sensors, or general population exercise 

adherence patterns—as cost-effective training signals when precise ground truth is scarce. This weakly supervised 

information, potentially complementing the initial high-quality seed data, can guide powerful large language 

models in generating extensive synthetic datasets. Subsequently, human experts rigorously validate and curate these

generated datasets to mitigate inaccuracies and inconsistencies [9]. Following deployment in practical settings, real-

world feedback and iterative adjustments continuously refine and enhance data quality. This integrated 

methodology, strategically incorporating weak supervision where appropriate, yields highly reliable and 

generalizable datasets essential for robust AI model training and application in personalized exercise science and 

health.

In conclusion, overcoming the data bottleneck in exercise health AI requires an integrated strategy combining 
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standardized data collection practices, federated learning, synthetic data generation, transfer learning, and 

structured data-sharing methods. Adopting these comprehensive measures can substantially enhance the 

effectiveness and applicability of AI technologies, accelerating advancements and delivering tangible benefits to 

athletes and health practitioners.
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Closed loop data generation process.
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