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A B S T R A C T   

Background: The Outcome Measures in Rheumatology (OMERACT) Glucocorticoid (GC) Impact Working Group 
has been working to develop a core domain set to measure the impact of GCs on patients living with rheumatic 
and musculoskeletal diseases. The mandatory domains previously identified for inclusion in all clinical trials 
measuring the GC effects include infection, bone fragility, mood disturbance, hypertension, diabetes, weight, 
fatigue, and mortality. Before progressing to instrument selection, the Working Group sought to establish precise 
definitions of all mandatory domains within the core domain set. 
Methods: OMERACT methodology was applied with the use of evidence and consensus-based decision making of 
all stakeholder groups (patient research partners, health care professionals, clinician researchers, industry 
members and methodologists) to develop detailed definitions for the broad domain, target domain and domain 
components, taking into consideration sources of variability that could affect measurement of the domain.  The 
working group synthesized prior qualitative studies, quantitative work, and results from Delphi rounds, to 
develop a rich definition of ‘what’ is to be measured. 
Results: Between 2021 and 2023, the OMERACT Working Group on GC Impact conducted virtual meetings to 
establish domain definitions. First, we mapped each domain onto an OMERACT Core Area. All domains were 
primarily represented within the Pathophysiological Manifestations Core Area, except from Fatigue which was 
primarily Life Impact and Weight which spanned both Core Areas. Sources of variability included cultural fac
tors, age, gender, education level, socioeconomic status, personal experiences, emotional state, and language 
barriers. The domain definitions will form the foundation for instrument selection and the initial step of domain / 
concept match and content validity in the OMERACT pillar of ‘truth’ before moving on to feasibility and 
discrimination. 
Conclusion: The OMERACT GC Impact Working Group has developed and agreed upon detailed domain defini
tions for core domains. Future steps of the working group are to select instruments and develop the core outcome 
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measurement set for clinical trials measuring the impact of GC on patients with rheumatic and musculoskeletal 
diseases.   

Background 

Glucocorticoids (GC) are potent anti-inflammatory agents which 
play an integral role in the early and effective management of many 
rheumatic and musculoskeletal diseases (RMDs) [1]. However, 
treatment-related morbidity may result in numerous adverse effects that 
are concerning to both patients and clinicians [2]. Although these 
adverse effects are well documented, the impact on individual patients is 
difficult to quantify and the need for a standardized instrument to 
measure the effect of GC therapy has been recognized [1,3,4]. Clinical 
trials comparing novel steroid-sparing agents against conventional 
therapy continue to expand and reliable measurement of GC toxicity 
remains a critical clinical issue. As such, a validated outcome measure 
which captures the patient’s perspective of symptoms related to the use 
of glucocorticoids has become increasingly important. Existing in
struments, such as the Glucocorticoid Toxicity Index (GTI) [5] measure 
the physiological effects of systemic GC therapy, but do not incorporate 
the patient perspective or patient reported outcome measures (PROMs). 

Outcome Measures in Rheumatology (OMERACT) has sought to 
establish ‘Core Outcome Sets’, comprised of a minimum set of outcomes 
that should be measured in all clinical trials to achieve standardization 
and ensure validity of outcomes in trials and thus enable comparison 
across these trials [6]. This process is achieved through an evidence 
driven, iterative consensus process which can be divided into two pha
ses. The first phase involves development of a “Core Domain Set” (i.e., 
“what to measure”). The second phase seeks to establish a “Core 
Outcome Measurement Set” (i.e., “how to measure”) [7]. 

The OMERACT Working Group on GC Impact (https://omeract.org/ 
working-groups/glucocorticoids/) has developed a core domain set to 
measure GC impact [8]. This was derived from prior work including 
systematic literature reviews and qualitative analysis of interviews and 
surveys of patients with RMDs in order to further understand their 
perception of GC therapy [9–17]. Based on that research, a modified 
Delphi exercise was undertaken to condense and prioritize outcomes 
related to GC use that were important to both patients and clinicians 
[16]. Mandatory domains to be included in any clinical trial where the 
effects of glucocorticoids are measured included infection, bone 
fragility, mood disturbance, hypertension, diabetes mellitus, weight, 
fatigue, and death. The following domains were considered important 

but optional: osteonecrosis, eye problems, appearance, and sleep 
disturbance (Fig. 1) [18]. 

Before progressing to instrument selection, and following updated 
guidance in the OMERACT Handbook [7,19], the GC Impact Working 
Group sought to establish detailed definitions for all mandatory domains 
in their core domain set. These detailed definitions will provide the 
foundation for instrument selection and contribute towards the group’s 
fundamental aim of developing a core outcome set to be included in any 
clinical trial where the effects of GCs are measured. 

Methods 

The OMERACT GC Impact working group is comprised of health care 
professionals, clinician researchers, patient research partners, industry 
members, and methodologists from the USA, UK, and Australia. Over a 
2-year period, from 2021 to 2023, the OMERACT GC Impact working 
group conducted monthly virtual meetings to establish domain defini
tions. OMERACT methodology was applied with the use of evidence- 
and consensus- based decision making of all stakeholder groups to 
develop detailed definitions for each target domain, taking into 
consideration sources of variability that could impact the score obtained 
on a given outcome measurement instrument (e.g., variability due to 
machine or reader). The group utilized a domain definition template 
that was current at the time of writing [18]. This template facilitates 
application of a layered approach, so that the following components 
may be considered: core area (i.e. pathophysiological vs life impact) 
[20], broad domain, target domain, domain components (i.e. compo
nents that are important for the instrument to capture), qualitative or 
literature support, and sources of variability (Fig. 2). All prior qualita
tive and quantitative work, as well as review of comments from the 
Delphi round, were considered so that the working group was able to 
develop a rich definition of ‘what’ is to be measured [18]. To finalize 
domain definitions, a formal vote was undertaken by all working group 
members to establish consensus. 

Fig. 1. OMERACT Glucocorticoid impact core domain set [18].  
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Results 

Domain definitions 

Domain definitions were developed from 2021 to 2023 during 
monthly virtual meetings, for the eight domains identified through the 
Delphi process: infection, bone fragility, mood disturbance, hyperten
sion, diabetes mellitus, weight, fatigue, and death. 

The development of the core outcome set which measures the impact 
of glucocorticoids is unique when compared to the work of other 
OMERACT working groups, where the focus is typically on a disease 
process or diagnostic tool. As such, the OMERACT GC working group 
faced some unique challenges when considering the various applications 
of the outcome set and therefore the core area for each domain. To 
complement the conceptual framework of the OMERACT Onion, with its 
many layers, the group developed the concept of numerous segments 
clustering together, enabling the group to conceptualize and re- 
prioritize how each domain was considered mapping it primarily to 
the Pathophysiological Manifestations Core Area, Life Impact Core Area, 
or both. This allowed the working group to re-align discussion around 
the precise definition of the domains and their sources of variability. 

The primary Core Area identified for each domain was Pathophysi
ological, with the exception of weight, which mapped to both Patho
physiological and Life Impact, and fatigue, which mapped to primarily 
Life Impact. Tables 1 and 2 provide a summary of the broad domain, 
target domains, and detailed definition for each domain, divided into 
pathophysiological and life impact as applicable. 

Sources of variability and measurement of contextual factors 

In medical research, clinical instruments are often used to assess 
various aspects of health, such as physical or psychosocial factors. 
However, sources of variability, otherwise known as measurement- 
affecting contextual factors, have the potential to influence the perfor
mance of an outcome measure. Three subgroups are recognized within 
the OMERACT framework, including personal factors (e.g., age, sex, 
race, and socioeconomic status), disease-related factors (e.g.. disease 
duration and disease severity), and environmental factors (e.g.. place of 
residence and healthcare system) [36]. Numerous 
measurement-affecting contextual factors were identified by the work
ing group, most of which fell under the umbrella of personal or envi
ronmental factors. While some contextual factors, such as age or sex, 
might result in true biological differences in response to GCs, other 

contextual factors may result from differences in perception, equipment, 
measurement techniques, or medical practices. 

Cultural factors can significantly impact health-related assessments 
[37]. Different cultures have unique beliefs, attitudes, and values that 
can influence how individuals perceive and report their health status 
[38]. For instance, cultural norms around expressing pain or discomfort, 
discussing mental health issues, or interpreting symptoms can vary 
greatly. Factors such as age, gender, education level, socioeconomic 
status, and personal experiences can influence how individuals respond 
to assessment questions or tasks [39] and may also affect biological 
response to GCs. Emotional states, mood, stress levels, social support, 
and self-perception can impact how individuals perceive and report 
their health status [40]. Language barriers or differences in communi
cation styles can affect the validity and reliability of health assessments 
[41], as can differences in medical practice. 

Discussion 

The domain definitions agreed upon through this consensus-based 
decision-making process will form the foundation for instrument selec
tion and the initial step of domain / concept match and content validity 
in the OMERACT pillar of ‘truth’ before moving on to feasibility and 
discrimination. During the next step of instrument selection, 
measurement-affecting contextual factors will be evaluated and evi
dence gathered on how they affect instrument measurement properties. 
To minimize the impact of these sources of variability, researchers 
should employ rigorous instrument development and validation pro
cedures. This includes pilot testing the instrument in diverse pop
ulations, considering cultural and linguistic factors, addressing potential 
biases, and conducting psychometric analyses to ensure the reliability 
and validity of the instrument. Other sources of variability for specific 
domains, if present, would be highlighted separately. Future plans 
include further collaboration with other OMERACT groups working on 
projects where there has been significant overlap in the domains iden
tified such as fatigue and sleep. These are common problems encoun
tered by patients that may be difficult to measure, so unified domain 
definitions will facilitate comparability of results across trials. 

This project has several strengths. First, data triangulation was uti
lized to develop the domain definitions, including prior qualitative 
studies, quantitative work, and results from Delphi-type exercises. Re
view of qualitative literature and salient quotes from the group’s prior 
work helped provide a rich understanding of the patient perspective for 
each domain. Further, our patient research partners played an essential 

Fig. 2. The layered definition approach that provides a detailed definition of the domain and the elements of that domain that should be found in a suitable in
strument using that technique. Example of mandatory domain, Hyperglycemia.1 BSLs – Blood Sugar Levels. 
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Table 1 
Core domain areas: Pathophysiological Manifestations of glucocorticoid 
therapy.  

Core Area: Pathophysiological 

Broad Domain Target 
Domain1 

Domain 
Definition1 

Qualitative 
support 

Literature 
Support 

Infection Recurrent, 
atypical or 
serious 
infections 

Diagnosis of 
recurrent, 
atypical or 
serious 
infection 

“I had a 
respiratory 
infection a lot; 
I seem subject 
to those. I 
would get skin 
infections, I 
had to be so 
careful not to 
break my skin 
and things”  
[15] 
“It does seem 
like I’m prone 
to picking 
things up at the 
minute … 
when I had a 
tooth out I had 
to go on to a 
long, quite a 
long period of 
antibiotics 
before and 
afterwards, 
just to make 
sure I was 
okay.” [17] 

[21,22] 

Bone Fragility New or 
worsening 
bone 
fragility 

Diagnosis new 
or worsening 
bone fragility 

“Having to 
take calcium 
pills – they’re 
huge but you 
know why 
you’re taking 
it” 
“I did bone 
density scan 
and they told 
me the bone 
density was 
getting lower 
and lower – 
but I never had 
a fracture or a 
break” [15] 
“Her bones 
basically 
crumbled 
within her. 
Osteoporosis I 
think was the 
cause of her 
death”. [17] 

[23,24] 

Hypertension Clinically 
significant 
elevation in 
blood 
pressure 

A new 
diagnosis of 
hypertension or 
worsening 
blood pressure 
after initiation 
of 
glucocorticoid. 

“By the time I 
got to five 
milligrams of 
Prednisolone, 
I, I didn’t 
really need the 
blood pressure 
tablets 
anymore.”  
[17] 
“I think I did 
end up with 
blood pressure 
… I don’t 
know if that’s 
a - but I never 
had that 
before I started 

[25,26]  

Table 1 (continued ) 

Core Area: Pathophysiological 

Broad Domain Target 
Domain1 

Domain 
Definition1 

Qualitative 
support 

Literature 
Support 

taking it … So, 
then I went on 
blood pressure 
medication … 
So, that’s just 
another - yeah, 
you start 
taking 
medications, 
and then you 
start taking 
medications 
because of the 
medications 
kind of thing”  
[17] 

Hyperglycemia Clinically 
significant 
increase in 
blood 
glucose 
levels 

New onset 
hyperglycemia 
New diagnosis 
diabetes 
mellitus 
Worsening 
control of 
existing 
diabetes 
mellitus, as 
evidenced by 
need to 
increase 
therapy or the 
development/ 
progression of 
diabetic 
complications. 

“I then became 
pre-diabetic as 
a result of the 
steroids” [17] 
“The 
psychological 
effects of those 
diseases are – 
how can I put 
it, um, quite 
scary, 
especially 
when you’ve 
experienced 
long spells of 
insomnia. And 
it really 
doesn’t matter 
what you take 
or what you 
do, I’m not one 
for taking 
medication 
and that 
includes, you 
know, strong 
pain killers… 
or, um, night 
sedation of 
any kind. I 
used to go 
down the, er, 
you know, a 
nice cup of 
chocolate 
route at night 
because I think 
it might have 
helped, or it 
certainly was 
comforting, 
until I was 
pre-diabetic 
and then I 
discovered the 
sugar content 
of it of which 
I’ve now 
become so 
much more 
aware… as a 
result of all of 
this.” [17] 

[27,28] 

Weight Weight and 
appetite 
changes 

Change in 
weight 
Appetite and 
dietary 

“gained 12 kg 
due to 
markedly 
increased 

[30,31] 

(continued on next page) 
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role in interpreting the patient perspective data, and for developing and 
refining the definitions. Well-established OMERACT methodology using 
a layered approach was applied to ensure definitions were comprehen
sive. Consideration of sources of variability allowed the group to ac
count for measurement-affecting contextual factors, which will be 
central to instrument selection. Finally, there was contribution from 
numerous stakeholder groups, including patient partners, industry 
members, psychologists, and clinicians, as well as regular input from 
OMERACT methodologists, to ensure robustness and validity of results. 
There are however limitations to this study. Virtual meetings included 

only members of the GC working group and the process was conducted 
exclusively online, thereby excluding individuals without internet ac
cess. Furthermore, all meetings were conducted in English. While there 
was representation of individuals from countries where English is not 
the official language, these group members comprised a marked mi
nority and the generalizability of results to non-English speaking regions 
is therefore unknown. 

Conclusion 

In conclusion, the OMERACT GC Impact Working Group, through 
prior literature review and conduct of their own qualitative and survey 
studies, have agreed upon domain definitions for a core domain set. The 
next step of the working group is to select instruments and develop the 
core outcome set for inclusion in all clinical trials where the effects of 
GCs are measured. 

CRediT authorship contribution statement 

Suellen A. Lyne: Conceptualization, Data curation, Formal analysis, 
Investigation, Writing – original draft, Writing – review & editing. Kevin 
Yip: Conceptualization, Data curation, Formal analysis, Investigation, 

Table 1 (continued ) 

Core Area: Pathophysiological 

Broad Domain Target 
Domain1 

Domain 
Definition1 

Qualitative 
support 

Literature 
Support 

changes, 
including food 
preferences and 
eating patterns, 
(i.e., 
overwhelming 
need to eat, 
eating more 
frequently or 
binging) 

appetite.”  
[29] 
“I gained way 
too much 
weight” [29] 

Mood 
Disturbance 

Mood 
disturbance 

Anxiety – e.g., 
worry, stress, 
feeling 
overwhelmed 
Depression – e. 
g., sadness, 
hopelessness 
Anhedonia – e. 
g., avolition, 
apathy 
Lability – e.g., 
personality 
changes, 
irritability, 
impatience, 
anger 
Elevation – e. 
g., euphoria, 
hypomania, 
mania, 
psychosis 

“when my 
steroids are 
high… I’m 
taking, well for 
me say about 
30 mg a day, I 
get a kind of a 
depression 
almost. And 
it’s almost 
like-Well why 
should I bother 
getting up?”  
[14] 
“⋅⋅in my 
personal life. 
Probably in 
my work 
life⋅⋅⋅I would 
find myself 
going into 
extremely 
dark holes. I’d 
start an 
argument, and 
go down an 
argument that 
I knew that 
was complete 
stupid 
argument, but 
couldn’t back 
off of it, and 
then have to 
go… So all that 
was all part of, 
of, of when I 
got these 
flare-ups, and 
then the 
constant 
treatment of 
steroids” [14] 

[32,33] 

Death 
*mandatory 
for all 
OMERACT 
core outcome 
sets 

Increased 
mortality as 
an adverse 
effect of GC 
therapy. 

Increased 
incidence of 
death in the 
context of GC 
treatment  

[34,35] 

Definitions abbreviated for brevity. GC - glucocorticoid. 

Table 2 
Core domain areas: Life Impact of glucocorticoid therapy.  

Core Area: Life Impact 

Broad 
Domain 

Target Domain1 Domain 
Definition1 

Qualitative 
Support 

Literature 
Support 

Weight Weight, appetite 
and weight gain 

Personal 
perception of self 
and impact on 
mental health 
Influence on 
social 
participation and 
public social 
identity 
Financial 
implications such 
as weekly 
grocery bill and 
purchasing new 
clothes 

“I then [be] 
came a bit 
recluse… 
Because I was a 
bit embarrassed 
of my 
appearance, so I 
just stuck with 
my family and 
didn’t really do 
much outside”  
[29] 
“it just is very 
frustrating 
because then you 
have to buy more 
clothes. I have a 
wardrobe right 
now that goes 
four different 
sizes as my 
weight goes up 
and down and 
up and down”  
[29] 

[30,31] 

Fatigue Fatigue is a 
common co- 
morbidity in 
patients treated 
with GC but 
despite being an 
important factor 
in quality of life 
is poorly 
understood in 
both cause and 
consequence. 

Effect of fatigue 
on ADLs 
Effect of fatigue 
on social activity 
Effect of fatigue 
on independence 
and realisation of 
self/sick role 
Effect of fatigue 
on work life. 

“apart from 
feeling really 
awful was my 
mind just racing 
and being 
absolutely 
exhausted and 
not able to sleep 
because your 
mind doesn’t 
stop, it’s goes 
round and round 
and you’re 
exhausted and 
you just end up 
waking up, if 
you got any shut- 
eye at all.” [17] 

[11,13] 

Definitions abbreviated for brevity. GC - glucocorticoid. 
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