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A B S T R A C T

Introduction: Although calcium pyrophosphate deposition (CPPD) is common, there are no validated outcome
domains and/or measurements for CPPD studies. The aim of this work was to identify domains that have been
reported in prior clinical studies in CPPD, to inform the development of a core set of domains for CPPD studies.
Methods: We performed a scoping literature review for clinical studies in CPPD, searching in Medline (via
PubMed), EMBASE, and Cochrane Central Register of Controlled Trials (CENTRAL) databases; published from
January 1, 1946 to January 7, 2020. All reported outcomes and study design data were extracted and mapped
to the core areas and domains as defined by the OMERACT Filter 2.1.The protocol was registered on PROS-
PERO (CRD: 42019137075; 09-07-2019).
Findings: There were 112 papers identified, comprising of 109 observational studies and three randomized
controlled trials. Most studies reported clinical presentations of OA with CPPD or acute CPP crystal arthritis.
Outcomes that mapped to 22 domains were identified; the most frequently reported measures mapped to
the following domains/sub-domains: imaging (joint damage on imaging tests - 59 studies; joint calcification
on imaging tests - 28 studies), joint pain (26 studies), response to treatment (23 studies), side effects of treat-
ment (15 studies), inflammation in the joint fluid or blood (ESR or C-reactive protein - 12 studies; synovial
fluid markers - 4 studies; other blood markers - 2 studies), overall function (14 studies), joint swelling (12
studies) and range of joint movement (10 studies). Very few studies mapped to domains related to life
impact, societal/resource use or longevity.
Conclusion: There is substantial variability in outcomes reported in CPPD studies. Outcomes that map to
imaging manifestations, joint pain and response to treatment domains are most often reported.

© 2020 Elsevier Inc. All rights reserved.
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Introduction

Calcium pyrophosphate deposition (CPPD) is a common inflammatory
arthritis with an estimated prevalence of 4.5% in the UK [1]. This condition
is a manifestation of calcium pyrophosphate deposition, an umbrella term
that includes acute calcium pyrophosphate (CPP) crystal arthritis (also
known as “pseudogout”), chronic CPP crystal inflammatory arthritis, osteo-
arthritis (OA) with CPPD, and asymptomatic chondrocalcinosis [2, 3].

Although CPPD is common, it is understudied, and there have been
very few clinical trials in this disease. A Core Domain Set is important
when assessing benefits and harms in rheumatology trials [4]; however,
none have been developed for CPPD. Although there has been some
work by the Outcomes Measures in Rheumatology (OMERACT) ultra-
sound working group to develop imaging outcome measures for CPPD
[5, 6], there are no validated clinical outcomemeasures for CPPD.
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The aim of this work was to identify outcomes that have been
reported in prior clinical studies in CPPD, to inform development of a
core set of outcome domains for CPPD trials.

Methods

This scoping review was performed in accordance with the rec-
ommendations of the Cochrane Collaboration and the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
guidelines [7, 8]. The study protocol was pre-specified and registered
in advance in PROSPERO (CRD: 42019137075; 09-07-2019).

Search strategy

To identify all the available literature, a search was performed in
Medline (using PubMed), EMBASE, and Cochrane Central Register of
Controlled Trials (CENTRAL) databases. The search protocol was
developed by the OMERACT CPPD working group, which included
patient research partners, clinicians and representatives from OMER-
ACT (methodologist and technical advisor). We structured our PICOC
(Population, Intervention, Control, Outcome, Context) within the con-
text of all clinical studies involving adults with CPPD. Interventions
included medical therapy (including NSAIDs, colchicine, prednisone
(including intra-articular injections), IL-1 inhibitors, inflammasome
inhibitors, disease modifying anti-rheumatic drugs, crystal-dissolving
therapies), radiosynovectomy, surgical therapy, behavioral, educa-
tional, complementary and alternative medicines. Controls included
placebo, an active comparator or usual care.

Major search terms and concepts included chondrocalcinosis, calcium
pyrophosphate deposition, pseudogout, crowned dens syndrome, rando-
mised/randomized controlled trials, longitudinal studies, cohort studies,
case-control studies and cross sectional studies. The full terms are
described in the supplementary material and covered studies from
1946 to January 7, 2020. Additional studies were identified from the ref-
erence lists of studies identified for inclusion and review articles. All
reported outcome domains andmeasurements were of interest.

Eligibility criteria

Types of studies

All published randomized controlled trials, longitudinal cohort
(observational) studies, case-control studies, cross-sectional studies
and qualitative studies involving people with CPPD were included.
There was no restriction on length of follow-up. Studies were
restricted to English language, or where applicable, an English trans-
lation was published with the original article. Case reports, editorials
or commentary letters were excluded.

Types of participants

All manuscripts explicitly stating that they included adults (aged
18 years or older) with a diagnosis of CPPD of any form (acute CPP
crystal arthritis [pseudogout], chronic CPP crystal inflammatory
arthritis, crowned dens syndrome, osteoarthritis with CPPD and
asymptomatic chondrocalcinosis) were included.

Types of outcomes

All reported outcomes were included in this review.

Study selection

All search results were screened to remove duplicates. Prior to
screening titles and abstracts, two reviewers (KC and AF) discussed
the study protocol and study inclusion exclusion criteria on two
occasions and any queries were clarified with ND. Using the above
eligibility criteria, the two reviewers (KC, AF) independently screened
a random sample of 10% of the total search results by title and
abstract to identify studies for full text review. Agreement for study
selection was calculated based on this 10% sample (490 studies). We
planned for any disagreements in study selection to be resolved by
discussion between the two reviewers and input from ND. This was
not needed as agreement between the 2 reviewers was 100%. One
reviewer (KC) then screened all remaining titles and abstracts (90% of
total search results) to identify studies for full text review.
Data extraction

Data extracted from the included studies included study charac-
teristics (first author, year of publication, country, study design, study
type (randomized controlled trial, cohort study, qualitative study,
etc.), details of intervention(s) if relevant, duration of observation
period, participant characteristics (number, mean [SD] age, range of
age, % female sex, disease duration if available), CPPD clinical presen-
tation(s), definitions of CPPD and outcomes or measurements used.
We also extracted the instruments and study results used for each
outcome. Similar to the study selection process, two reviewers (KC,
AF) independently extracted the above data from a random 10% sam-
ple of the included full-text papers into a Microsoft Excel spread-
sheet. Agreement for data extraction was calculated based on this
10% sample (12 studies). Any disagreements in the extracted data
were resolved by discussion between the two reviewers. For data
extraction on the random sample of the included studies, the agree-
ment between the 2 reviewers was 95.8%. This was due to one
reviewer omitting to extract adverse event data. A third reviewer
(ND) was available in order to reach final consensus. The third
reviewer was consulted once to discuss the need to extract biomarker
data collected at baseline and this was deemed unnecessary, as the
biomarker data was not a reported outcome in these studies. After
consensus was reached, KC completed the data extraction for the
remaining 90% of the included studies. Extracted data from the
included studies are available in the supplementary.
Synthesis

The search results after identification, screening and full-text
review as well as reasons for exclusion were summarized in a
PRIMSA flow diagram. Study type and predominant clinical presenta-
tion of CPPD were summarized into separate tables.

Outcomes identified from the included studies were mapped to
one of four core areas (manifestations/abnormalities, life impact, lon-
gevity, societal/resource use) in accordance with the OMERACT 2.1
Filter [9]. We further subdivided domains in the manifestations/
abnormalities category into symptoms/signs and biomarkers (imag-
ing or soluble). The frequency of each reported domain was tabu-
lated. Study characteristics, participant characteristics and domain
instruments from the included studies are described in the supple-
mentary (Supplementary Tables 1-5).
Clinical presentations

We separated studies according to the predominant clinical pre-
sentation of CPPD based on the EULAR recommendations of CPPD ter-
minology: acute calcium pyrophosphate (CPP) crystal arthritis,
chronic CPP crystal inflammatory arthritis, and osteoarthritis (OA)
with CPPD [3]. Where the predominant CPPD clinical presentation
was unable to be determined, the clinical presentation was catego-
rized as “unclear”.
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Results

Search Results

As illustrated in Fig. 1, the search strategy identified 5615 papers
and an additional 13 papers were identified from reference lists of
included papers and review articles. After removal of duplicates,
4920 papers were screened at the title and abstract level. Of these,
4724 papers were excluded, as they did not fulfill the eligibility crite-
ria. The remaining 196 papers underwent full-text review, of which a
Fig. 1. PRISMA fl
further 84 were excluded. Reasons for ineligibility at this stage
included outcome measure (32 studies), study design (22 studies),
diagnostic study (15 studies) and different patient population (10
studies) and duplicate study (5 studies). This left 112 papers that
were included in the synthesis (Fig. 1).

Characteristics of studies and participants

The majority of studies were retrospective (109/112, 97.3%) and
observational (109/112, 97.3%) (Supplementary Table 1). There were
ow diagram
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17 studies that investigated the utility of various treatments includ-
ing methotrexate [10�12], colchicine, anakinra [13�16], ACTH [17,
18], triamcinolone acetonide [19], hydroxychloroquine [20], diclofe-
nac [21], laser irradiation [21], joint lavage [22] and knee arthroplasty
[23]. Of these 17 studies, 3 studies were randomized controlled trials
[12, 20, 21]. There were no qualitative studies.

The study sample sizes ranged from 2 to 25,157 subjects although
the largest study with a clear predominant CPPD clinical presentation
contained 435 subjects [24]. Observation periods varied from 2 hours
to 41 years. In the majority of the studies, participants were over the
age of 65 years and approximately one-third of studies were from
the USA (38/112, 33.9%) (Supplementary Tables 3 and 4).

Characteristics of CPPD clinical presentations

Most studies included participants with OA with CPPD or acute CPP
crystal arthritis (Supplementary Table 2). The predominant CPPD clinical
presentations were OA with CPPD (47/112, 42.0%), acute CPP crystal
arthritis (24/112, 21.4%) or chronic CPP crystal inflammatory arthritis
(10/112, 8.9%) with a small number of studies of asymptomatic chon-
drocalcinosis (7/112, 6.3%) and crowned dens syndrome/spinal CPPD (3/
112, 2.7%). In 21 studies (18.8%), the predominant CPPD presentation
was unclear and contained a combination of the aforementioned CPPD
clinical presentations. Of those with acute CPP crystal arthritis clinical
presentations, 12 studies met the definition of definite acute CPP crystal
arthritis (acute synovitis with synovial fluid aspirate positive for CPP
crystals) and 12 studies met the definition of probable acute CPP crystal
arthritis (acute synovitis with radiologic evidence of chondrocalcinosis,
symptoms not better attributed to another cause such as gout, septic
arthritis, or other inflammatory arthritis).

Domains mapped from all CPPD Studies

Table 1 shows how the reported outcomes for all CPPD studies
mapped to core areas and domains of OMERACT Filter 2.1.
Table 1
Reported outcomes for all CPPD studies mapped to core areas and domains of OMERACT F

Concepts Pathophysiology Impact of health conditi
Areas Manifestations/Abnormalities Life Impact

Intended
effects

Symptoms/Signs:
Joint pain (26)
Joint swelling (12)
Joint stiffness (7)
Joint movement (10)
Flares or attacks of CPPD (6)
Biomarkers � Imaging or Soluble:
Joint damage on imaging tests (59)
Joint calcification on imaging tests (28)
Inflammation in blood or joint fluid
ESR or CRP (12)
Other blood markers (2)
Synovial fluid markers (4)
Crystals in the joint fluid (1)

Impact of manifestations

Overall function (14)
Response to treatmen
Satisfaction with treat

Harms Other manifestations:
Related medical conditions such as osteoarthri-
tis (9)
Side effects of treatment (15)*

Unintended impacts of tr
conditions on:

Overall function (0)

(n): number of studies, * reporting of adverse events (including death) is mandatory in tri
Manifestations/Abnormalities

Domains within this core area were categorized into symptoms/signs,
imaging biomarkers, soluble biomarkers and other manifestations. Out-
comes that mapped to symptoms/signs were joint pain (26 studies), joint
swelling (12 studies), joint stiffness (7 studies), range of joint movement
(10 studies) and flares or attacks of CPPD (6 studies). Outcomes mapped
to imaging biomarkers were joint damage on imaging tests (59 studies)
and joint calcification on imaging tests (28 studies). Outcomes mapped to
soluble biomarkers were inflammation in blood or joint fluid (blood
inflammatory markers (ESR or CRP) - 12 studies; synovial fluid markers
� 4 studies; other bloodmarkers� 2 studies) and CPP crystals in the joint
fluid (1 study). Outcomes mapped to other manifestations included harm
from relatedmedical conditions such as osteoarthritis (9 studies).

Life impact

In the core area of life impact, outcomes mapped to the impact of
manifestations were response to treatment (23 studies), overall func-
tion (14 studies) and satisfaction with treatment (1 study). There
were no studies that had outcomes mapped to domains related to
unintended impacts of treatment or related medical conditions.

Longevity

Only two studies had outcomes mapped to the core area of survival.

Societal/Resource Use

In the core area of societal/resource, outcomes mapped to health care
utilization were use of pain-relieving medications (2 studies), number of
treatments needed (3 studies) and need for joint surgery (7 studies). One
study had outcomes mapped to duration of hospital stay and direct costs
[25]. No studies had outcomes that mapped to the domain of indirect
costs.
ilter 2.1 (n=112 papers).

ons
Longevity Societal/Resource Use

on:

Health care utilization:
Use of pain-relieving medications (2)
Number of treatments needed (3)
Need for joint surgery (7)
Duration of hospital stay (1)
Costs:
Direct costs (1)
Indirect costs (0)

t (23)
ment (1)

Survival (2)

eatment or related medical

Mortality (0)

als
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Adverse Events

There were 15 studies with outcomes mapped to side effects of
treatment.

Domains mapped to CPPD clinical presentation

Fig. 2 shows the percentage of studies that reported outcomes
mapped to the most common domains categorized according to
CPPD clinical presentation. The reported outcomes for each CPPD
clinical presentation mapped to core areas and domains of OMERACT
Filter 2.1 are presented in detail in the supplementary material.

Acute CPP crystal arthritis

There were 24 studies of acute CPP crystal arthritis (Table 2). Out-
comes mapped to the core area of manifestations/abnormalities were
joint pain (6 studies), joint swelling (6 studies), joint movement (1 study),
blood inflammatory markers (ESR/CRP, 7 studies), synovial fluid markers
Fig. 2. Percentage of studies that reported outcomes mapped to the most c
(1 study), joint damage on imaging tests (11 studies) and related medical
conditions such as osteoarthritis (2 studies). In the core area of life impact,
outcomes mapped included overall function (1 study), response to treat-
ment (11 studies) and satisfaction with treatment (1 study). One study
had outcomes that mapped to the core area of survival in the context of
acute CPP crystal arthritis in joint arthroplasty (26). In the area of societal/
resource use, two studies had outcomes that mapped to the number of
treatments needed and one study to need for joint surgery. There were
no outcomes that mapped to duration of hospital stay or cost. Eight stud-
ies had outcomes that mapped to side effects of treatment.

Chronic CPP crystal inflammatory arthritis

There were 10 studies of chronic CPP crystal inflammatory arthritis
(Table 3). Outcomes mapped to the core area of manifestations/abnor-
malities included joint pain (4 studies), joint swelling (3 studies), joint
stiffness (2 studies), flares or attacks of CPPD (2 studies), blood inflamma-
tory markers (ESR/CRP, 3 studies), joint damage on imaging tests (4 stud-
ies), joint calcification in imaging tests (2 studies) and related medical
ommon domains categorized according to CPPD clinical presentation.



Table 2
Reported outcomes for acute CPP crystal arthritis studies mapped to core areas and domains of OMERACT Filter 2.1 (n=24 papers).

Concepts Pathophysiology Impact of health conditions
Areas Manifestations/Abnormalities Life Impact Longevity Societal/Resource Use

Intended
effects

Symptoms/Signs:
Joint pain (6)
Joint swelling (6)
Joint stiffness (0)
Joint movement (1)
Flares or attacks of CPPD (0)
Biomarkers � Imaging or Soluble:
Joint damage on imaging tests (11)
Joint calcification on imaging tests (0)
Inflammation in blood or joint fluid
ESR or CRP (7)
Other blood markers (0)
Synovial fluid markers (1)
Crystals in the joint fluid (0)

Impact of manifestations on: Health care utilization:
Use of pain-relieving medications (0)
Number of treatments needed (2)
Need for joint surgery (1)
Duration of hospital stay (0)
Costs:
Direct costs (0)
Indirect costs (0)

Overall function (1)
Response to treatment (11)
Satisfaction with treatment (1)

Survival (1)

Harms Other manifestations:
Related medical conditions such as osteoarthri-
tis (2)
Side effects of treatment (8)*

Unintended impacts of treatment or related medical
conditions on:

Overall function (0) Mortality (0)

(n): number of studies, * reporting of adverse events (including death) is mandatory in trials
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conditions such as osteoarthritis (1 study). In the core area of life impact,
outcomes mapped included overall function (3 studies), response to
treatment (5 studies) and satisfactionwith treatment (1 study). One study
had outcomes that mapped to the core area of survival (27). In the core
area of societal/resource use, one study had outcomes mapped to use of
pain-relieving medications and one study had outcomes mapped to need
for joint surgery. There were no outcomesmapped to duration of hospital
stay or cost. Five studies had outcomes that mapped to the side effects of
treatment.

OA with CPPD

There were 47 studies of OAwith CPPD (Table 4). Outcomes mapped
to the core area of manifestations/abnormalities included joint pain (14
studies), joint swelling (3 studies), joint stiffness (5 studies), joint range
of movement (8 studies), flares or attacks of CPPD (2 studies), blood
inflammatory markers (ESR/CRP, 1 study), synovial fluid markers (1
study), joint damage on imaging tests (32 studies), joint calcification on
imaging tests (12 studies) and related medical conditions such as osteo-
arthritis (4 studies). In the core area of life impact, outcomes mapped
included overall function (10 studies) and response to treatment (4
studies). No studies had outcomes that mapped to survival or mortality.
In the core area of societal/resource use, one study had outcomes
mapped to use of pain-relieving medications, one study had outcomes
mapped to number of treatments needed and five studies had outcomes
mapped to need for joint surgery. There were no outcomes mapped to
duration of hospital stay or cost. One study had outcomes mapped to
the side effects of treatment in the context of knee arthroplasty [23].

Spinal CPPD/Crowned dens syndrome

There were 3 studies of spinal CPPD/Crowned Dens syndrome [13,
28, 29]. Outcomes mapped to the core area of manifestations/abnor-
malities included joint pain (1 study) and blood inflammatory
markers (CRP, 1 study). In the core area of life impact, outcomes
mapped included response to treatment (2 studies). No studies had
outcomes that mapped to survival or mortality or to the core area of
societal/resource use.
Studies with unclear predominant CPPD clinical presentation

There were 21 studies where the predominant CPPD clinical pre-
sentation was unclear (Supplementary Table 3). Within these studies,
outcomes mapped to the core area of manifestations/abnormalities
included joint pain (1 study), joint range of movement (1 study),
flares or attacks of CPPD (1 study), other blood biomarkers (1 study),
synovial fluid markers (1 study), joint damage on imaging tests (9
studies), joint calcification on imaging tests (9 studies) and related
medical conditions such as osteoarthritis (3 studies). None of these
studies had outcomes mapped to the core area of life impact. None of
these studies had outcomes that mapped to survival or mortality. In
the core area of societal/resource use, one study had outcomes
mapped to duration of hospital stay and direct costs [25].

Instruments reported in the Included Studies

The primary aim of this study was to identify domains in CPPD.
The domain instruments used in the included studies are shown in
Supplementary Table 5.

Discussion

This study demonstrates the substantial heterogeneity in clinical
outcomes reported in studies on CPPD. Joint damage on imaging tests
was by far the most commonly mapped domain and assessed in more
than half of the included studies (52.7% of studies). This was followed
by joint calcification on imaging tests (25% of studies). Almost one quar-
ter of studies had outcomes that mapped to joint pain (23.2% of studies)
followed by response to treatment (20.5% of studies). Across all CPPD
clinical presentations, only 12.5% studies had outcomes that mapped to
life impact. This finding highlights the limited data we have so far in
understanding the impact of this condition on function, quality of life,
participation and productivity. Very few studies had outcomes mapped
to longevity, survival, or societal/resource use.

The first descriptions of CPPD are from the 1960s [2, 30] and yet
we identified only 112 studies with reported outcomes in this condi-
tion. Despite being relatively common amongst rheumatological



Table 3
Reported outcomes for chronic CPP crystal inflammatory arthritis studies mapped to core areas and domains of OMERACT Filter 2.1 (n=10 papers).

Concepts Pathophysiology Impact of health conditions
Areas Manifestations/Abnormalities Life Impact Longevity Societal/Resource Use

Intended
effects

Symptoms/Signs:
Joint pain (4)
Joint swelling (3)
Joint stiffness (2)
Joint movement [0]
Flares or attacks of CPPD (2)
Biomarkers � Imaging or Soluble:
Joint damage on imaging tests (4)
Joint calcification on imaging tests (2)
Inflammation in blood or joint fluid
ESR or CRP (3)
Other blood markers (0)
Synovial fluid markers (0)
Crystals in the joint fluid (0)

Impact of manifestations on: Health care utilization:
Use of pain-relieving medications (1)
Number of treatments needed (0)
Need for joint surgery (1)
Duration of hospital stay (0)
Costs:
Direct costs (0)
Indirect costs (0)

Overall function (3)
Response to treatment (5)
Satisfaction with treatment (1)

Survival (1)

Harms Other manifestations:
Related medical conditions such
as osteoarthritis (1)
Side effects of treatment (5)*

Unintended impacts of treatment or related medical conditions on:

Overall function (0) Mortality (0)

(n): number of studies, * reporting of adverse events (including death) is mandatory in trials

Table 4
Reported outcomes for Osteoarthritis with CPPD studies mapped to core areas and domains of OMERACT Filter 2.1 (n=47 papers).

Concepts Pathophysiology Impact of health conditions
Areas Manifestations/Abnormalities Life Impact Longevity Societal/Resource Use

Intended
effects

Symptoms/Signs:
Joint pain (14)
Joint swelling (3)
Joint stiffness (5)
Joint movement (8)
Flares or attacks of CPPD (2)
Biomarkers � Imaging or Soluble:
Joint damage on imaging tests (32)
Joint calcification on imaging tests (12)
Inflammation in blood or joint fluid
ESR or CRP (1)
Other blood markers (0)
Synovial fluid markers (1)
Crystals in the joint fluid (0)

Impact of manifestations on: Health care utilization:
Use of pain-relieving medications (1)
Number of treatments needed (1)
Need for joint surgery (5)
Duration of hospital stay (0)
Costs:
Direct costs (0)
Indirect costs (0)

Overall function (10)
Response to treatment (4)
Satisfaction with treatment (0)

Survival (0)

Harms Other manifestations:
Related medical conditions such
as osteoarthritis (4)
Side effects of treatment (1)*

Unintended impacts of treatment or related medical conditions
on:

Overall function (0) Mortality (0)

(n): number of studies, * reporting of adverse events (including death) is mandatory in trials
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conditions, CPPD is severely understudied. The results of this review
will inform development of an OMERACT Core Domain Set for CPPD.
This process has already been undertaken in gout, another crystal
arthritis, leading to the development of two OMERACT Core Domain
Sets for gout; one for short-term studies of gout flares (the ‘acute
gout’ core domain set) and one for long-term studies (the ‘chronic
gout’ core domain set) [31]. Development of different Core Domain
Sets for different CPPD clinical presentations or study designs (e.g.
short-term studies of acute CPP crystal arthritis, long-term
management of CPPD, long-term management of OA with CPPD),
may be appropriate, analogous to the OMERACT endorsed Core
Domain Set for gout.

Strengths of this study include the broad inclusion criteria to max-
imize the number of potential CPPD studies for screening. We per-
formed the search in multiple databases and utilized two reviewers
to ensure concordance with application of eligibility criteria and
extracted data. However, we did not specifically analyze the quality
of the papers themselves as the primary intention of this review was
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to identify all possible domains reported in the literature. Limitations
include that we only included published papers in English and did
not specifically search through abstracts of major rheumatology con-
ference proceedings or contact the authors of papers that underwent
full-text review but were ineligible as the paper was an abstract.

Conclusion

There is substantial variability in outcomes reported in CPPD stud-
ies. Outcomes that map to imaging manifestations, joint pain and
response to treatment domains are most often reported. Very few
studies mapped to domains related to life impact, longevity or socie-
tal/resource use. The development of a Core Domain Set for CPPD is
needed for future CPPD studies.
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