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Abstract. Adhering to FAIR principles (findability, accessibility, interoperability,
reusability) ensures sustainability and reliable exchange of data and metadata.
Research communities need common infrastructures and information models to
collect, store, manage and work with data and metadata. The German initiative
NFDI4Health created a metadata schema and an infrastructure integrating existing
platforms based on different information models and standards. To ensure system
compatibility and enhance data integration possibilities, we mapped the
Investigation-Study-Assay (ISA) model to Fast Healthcare Interoperability
Resources (FHIR). We present the mapping in FHIR logical models, a resulting
FHIR resources’ network and challenges that we encountered. Challenges mainly
related to ISA’s genericness, and to different structures and datatypes used in ISA
and FHIR. Mapping ISA to FHIR is feasible but requires further analyses of example
data and adaptations to better specify target FHIR elements, and enable possible
automatized conversions from ISA to FHIR.
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1. Introduction

Publishing data and metadata — in the following referred to as (meta-)data — of health
(research) datasets is a common objective of the European Commission and the Federal
Government of Germany, as stated in the proposal of the European Health Data Space
[1] and in the Federal Government’s Open Data Strategy [2]. Both highlight the need of
common data infrastructures, and exchange of health (meta-)data fulfilling the FAIR
principles (findability, accessibility, interoperability, reusability) [3].

The German initiative National Research Data Infrastructure for Personal Health
Data (NFDI4Health) [4] aims to facilitate and encourage collaboration between health
related research communities. NFDI4Health created an infrastructure based on different
existing platforms and provides a metadata schema (MDS) and diverse services, to
collect, harmonize, analyze, and enable (meta-) data to be FAIR. The MDS is compatible
with different trials registries and models [5] and its mapping to FHIR was tested [6].

Health and life science research communities introduced diverse — partially domain-
specific — (meta-) data standards, terminologies, minimum reporting guidelines, and
information models. The Investigation, Study, Assay (ISA) Model and Fast Healthcare
Interoperability Resources® (FHIR®) are two examples: The ISA Commons community
created a metadata framework composed of the generic ISA model and of a suite of tools,
to capture, curate, manage, share and reuse datasets in biosciences. The core model
enables to collect metadata at the project level (investigation), the research unit (study)
and the experiments and measurements conducted (assay) [7]. Metadata is available as
Tab-separated values (Tab) and JSON file formats. In contrast, FHIR® is a health
information technology model developed by Health Level 7. It is a modular standard
composed of information blocks (resources) that specify the structure and content to be
captured. Resources can be linked through references. Additionally, FHIR extensions
permit to cover supplementary information, and profiles list further rules and constraints
to be applied to the resources. FHIR hosts content in XML, JSON or Turtle format [8].

As the NFDI4Health’ local data hubs currently use the SEEK research data
management system that integrates the ISA model [9], and the Central Health Study Hub
[10] intends to use FHIR, we conducted a mapping of the ISA Model to FHIR (ISA-to-
FHIR) and present our findings.

2. Methods

The ISA Model and Serialization Specifications (Version 1.0 from 2016.10.28) [11] as
well as example data [12] were analyzed. We created a diagram and FHIR logical models
(LM) — representing data models without using FHIR core resources —, to provide an
overview of the ISA JSON schemas and ease the mapping. We included all elements
grouped as “properties” (except “additional properties = false”’) and added information
on data types, formats, references, and descriptions, where available. Cardinalities were
derived from the ISA JSON schemas based on the JSON schema specification [13]. The
LM acted as mapping source, FHIR® Release 4 (R4; v4.0.1 generated on November 11,
2019) as the target [8]. We did not aim to recreate a one to one the ISA structure in FHIR:
We prioritized to map ISA properties, that can be covered with standard FHIR elements,
or that are necessary for referencing purposes. We discussed internally the ISA-to-FHIR
mapping suggestions regarding their correctness and conciseness and solved mapping
disagreements based on majority votes. We analyzed the mapping qualitatively.
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3. Results

We provide an implementation guide (IG) containing a schematic overview of the ISA
JSON schemas, the ISA FHIR LM, and mappings to FHIR [14]. The LM contain 135
ISA properties in total. Mapping to FHIR was possible for 102 properties. We considered
extensions for 37 ISA properties. We propose a network of FHIR resources to cover the
ISA JSON schemas (Figure 1). While ten ISA JSON schemas are equivalent to FHIR
resources, the remaining ten are represented by FHIR data types, integrated in diverse
FHIR resources. The content of the “comment”-schema e.g., can be depicted as a FHIR
“annotation” data type. To use the proposed FHIR resources, eight additional items
would need to be added when profiling, as they are required by FHIR (cardinality 1..1).
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Figure 1. FHIR Information Model to Represent the ISA JSON Schemas.

During our mapping, we encountered challenges related to the:

Detail of documentation: The level of detail of the specification documentation
differed depending on the ISA format. Cardinalities and descriptions were
sparse or missing in the ISA JSON specification; Information from ISA Tab
could not always be used to guide the mapping, as its structure is different. We
also discovered inconsistencies between the abstract model and specifications.
Data types and cardinalities: ISA JSON includes a low number of data types
that are generic, in contrast to many specific FHIR data types. Cardinalities
were derived only from the ISA JSON schemas, and not from the requirement
levels that are defined by RFC2119 and indicated in ISA JSON’s content rules.
Cardinalities were not discussed with the ISA Community.

Modelling approaches — Generic versus specific: ISA stores information in
generic schemas that reference each other within a nested structure: For
example, the “material” schema references to a second schema storing material
“characteristic types”. A third schema stores the value associated with the
material characteristic types and references back to the second schema. In FHIR,
the concrete “material characteristic type” would be represented by the FHIR
element name itself; values would be stored, e.g., as a Codeable Concept
associated to this element. Depending on the concrete ISA data, different FHIR
elements and resources might be suitable. In the IG, we provide ISA JSON
examples related to material characteristics and mapped to FHIR.
Representation of studies and related activities in FHIR: The proposed FHIR
resources need adaptation to represent the study processes and the associated
measurements. “Observation” might not fit in a study context, especially for
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fundamental research: creating a new FHIR resource “Assay” could be a
solution. Depending on the methods and procedures used, further resources
such as “Imaging Study” or “Molecular Sequence” should be considered.

4. Discussion

To our knowledge, we presented the first ISA-to-FHIR mapping and analysis. Out of 135
ISA properties, 102 could be mapped to FHIR, but more than one third required
extensions, leading to a deviation from FHIR’s “80-20" rule: cover 80% of the common
requirements with its core specification and more specific ones using extensions.
Properties that were not mapped, were either not necessary in FHIR or could not be
represented properly, e.g., because they were too generic for FHIR. ISA allows to store
metadata from different communities and study types, but its structure impedes a precise
mapping to FHIR. In our perception, FHIR allows a more unambiguous implementation
in software through the use of profiles and IGs, while ISA provides more of a conceptual
model. We tried to preserve ISA’s original modularity to a certain extent, while aiming
for a precise mapping: Some ISA schemas were not represented as single FHIR resources
but rather integrated as elements or data types in other resources. Suitable standard FHIR
elements and resources might already exist in R4 to cover ISA properties. However,
selecting these requires clarifying open questions related to ISA’s documentation, and to
further analyze and process example data. Based on these activities, refining and
automatizing the mapping, and profiling FHIR would be possible. While FHIR is already
widely used in healthcare, its use in research is emerging [15]. Further refinements to
Research Study, Observation, and definition resources — or even the creation of a new
resource — would allow to better cover research activities and foster the use of FHIR in
this context. Modifications are planned in FHIR R5 [16]; these might improve the current
ISA-to-FHIR mapping and lower the number of extensions needed.

5. Conclusions

We showed that an ISA-to-FHIR mapping is mostly possible. It should be refined after
clarification with the ISA commons group, and analyses of further example data. As
NFDI4Health’ MDS needs to comply with ISA and FHIR, we will integrate the findings
from this study when updating its mapping to both models, and privilege reusable
modules in FHIR, where meaningful. Additionally, profiling ISA in FHIR would be
necessary to develop a conversion tool, ultimately fostering (meta-)data exchange and
export between scientific domains such as biosciences, medicine, and related fields.
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