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Abstract

Objective—To assess the relationship between measures of disease assessment in patients with
large-vessel vasculitis.

Methods—~Patients with giant cell arteritis (GCA) or Takayasu’s arteritis (TAK) were recruited
into a prospective, observational cohort. Assessments within the following outcomes were
independently recorded: (a) patient-reported outcomes (PROs) [multi-dimensional fatigue
inventory (MFI); patient global assessment (PtGlobal); 36-item short form health survey (SF-36);
brief-iliness perception questionnaire (BIPQ)], (b) physician-reported outcomes [physician global
assessment (PhGlobal)], (c) Laboratory outcomes [CRP, ESR], and (d) imaging outcomes
[PETVAS, a qualitative score of vascular FDG-PET activity].

Results—Analyses were performed on 112 patients (GCA=56, TAK=56), over 296 visits, with
median follow-up of 6 months. Correlation network analysis revealed assessment measures
clustered independently by type of outcome. PhGlobal was centrally linked to all other outcome
types, but correlations were modest (p=0.12-0.32, p< 0.05). PETVAS, CRP, and PtGlobal were
independently associated with clinically active disease. All four PROs strongly correlated with
each other (p=0.35-0.60, p< 0.0001). PROs were not correlated with PETVAS and only PtGlobal
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correlated with CRP (p=0.16, p<0.01). Patients whose clinical assessment changed from active
disease to remission (n=29) had corresponding significant decrease in ESR, CRP, and PETVAS at
the remission visit. Patients whose clinical assessment changed from remission to active disease
(n=11) had corresponding significant increase in CRP and PtGlobal at the active visit.

Conclusions—Measures of disease assessment in large-vessel vasculitis consist of independent,
yet complementary outcomes, supporting the need to develop composite outcome measures or a
standard set of measures covering multiple types of outcomes.

Introduction

Methods

Large-vessel vasculitis (LVV) is characterized by inflammation of the aorta and its major
branches. The most common forms of LVV include giant cell arteritis (GCA) and
Takayasu’s arteritis (TAK) (1). No standardized set of outcome measures currently exist to
evaluate treatment response in patients with LVV (2,3). Various outcomes have been
proposed for LVV, including patient-reported outcomes (PROs), physician assessment of
disease activity, vascular imaging, and laboratory assessment (2-10). However, data
examining the relationships between these outcomes is limited.

The lack of standardized outcome measures has hindered clinical trial development in LV'V.
Only a limited number of randomized trials have been performed in LVV, including recent
trials of abatacept and tocilizumab in GCA and TAK (11-15). These trials used a range of
outcome measures to assess treatment response, including relapse-free survival,
glucocorticoid usage, physician and patient global assessment, acute-phase reactants, and
vascular imaging findings. Making comparisons between trials is difficult without a
standardized set of outcome measures.

Establishing a set of defined outcome measures was prioritized by the LVV Working Group
within the Outcome Measures in Rheumatology (OMERACT) (2,3,16). This group recently
completed an international Delphi exercise and interviewed patients to assess what outcomes
should be a part of future development efforts (2,3,16). The core outcomes suggested were
organ and arterial function, biomarkers, fatigue, pain, and death. Additionally, OMERACT
highlighted the importance of including imaging studies for the assessment of disease
activity. Including patient-reported measures to assess the psychosocial impact of disease
was also emphasized (2,3,16).

Before a common set of outcome measures can be derived, it is important to understand the
relationship between potential outcome types. Therefore, the objective of the current study
was to assess the relationship structure between patient, physician, imaging, and laboratory-
based outcome measures in a prospective, longitudinal cohort of patients with LVV.

Study population

Patients =5 years were recruited into a prospective, observational cohort at the National
Institutes of Health (NIH) (NCT02257866) from November 2015 to November 2018.
Patients fulfilled the American College of Rheumatology (ACR) 1990 criteria for the
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classification of TAK (17) or the modified ACR 1990 criteria for the classification of GCA
(18). Patients were enrolled at various stages of disease and not just at time of diagnosis.
Patients were evaluated by an investigative team with expertise in LVV at approximately 6-
month intervals at the NIH Clinical Center. Patients provided written informed consent and
the study was approved by NIH ethics and radiation safety committees.

Data collection

At each visit, patients underwent clinical and laboratory evaluation. FDG-PET imaging
studies were performed as part of a previously described clinical imaging protocol [8], but
were not necessarily performed at every visit. Patients were asked to complete
questionnaires at every visit. Data from multiple different outcome assessments were
included. These assessments were classified based on their characteristics. In this study, four
types of outcomes were included: (a) Patient reported outcomes, (b) Physician reported
outcomes, (c) Laboratory-based outcomes, and (d) Imaging-based outcomes. Within these,
one or more outcome measure assessments could be included. For example, the laboratory-
based outcome included both ESR and CRP measurements.

Patient-reported outcomes

Patient Global Assessment of Disease Activity (PtGlobal)—Patients were asked to
rate the severity of their vasculitis on the day of the study visit. Patient global assessment
(PtGlobal) was assessed on a scale of 0 (no disease) to 10 (very severe disease).

Multidimensional Fatigue Inventory (MFI)—Fatigue was measured using the four-item
general fatigue scale of the Multidimensional Fatigue Inventory. The MFI is a validated and
reliable assessment tool that discriminates between patients with vasculitis and healthy
controls (20-23). Total MFI scores ranged from 4 to 20, with higher scores indicating
greater fatigue.

Brief-lliness Perception Questionnaire (BIPQ)—IlIness perceptions were assessed
using the Brief Iliness Perception Questionnaire, which is a shortened version of the revised
IlIness Perception Questionnaire (24). The BIPQ is a valid and reliable assessment tool that
has been used to study a range of chronic diseases including vasculitis (24-26). Only the
first eight questions of the BIPQ were included in analyses. A composite score was
computed, and scores ranged from 0 to 80, with higher scores indicating greater negative
illness perception.

36-item short form health survey (SF-36)—Health related quality of life (HRQOL)
was assessed using the 36-item short form health survey version 2 (SF-36), which has been
validated in multiple diseases and was scored according to the standard scoring guidelines
(27). Physical health (SF-36 PCS) and mental health (SF-36 MCS) component summary
scores were calculated. For correlation analyses, SF-36 scores were multiplied by —1
(Neg_SF-36), so that higher scores on all of the PRO measures would indicate worse
outcomes. For all other analyses, SF-36 scores were not transformed and higher scores on
the SF-36 indicate better HRQOL.
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Physician-reported outcomes

Physician Global Assessment of Disease Activity (PhGlobal)—Clinical disease
activity was assessed using physician global assessment (PhGlobal). PhGlobal was chosen
as there are no other validated disease activity measures available for the simultaneous
assessment of patients with GCA and TAK. PhGlobal was assessed on a scale of 0 (clinical
remission) to 10 (very severe disease). Active disease was defined as having PhGlobal>0 and
remission as PhGlobal=0. PhGlobal was performed blinded to imaging studies and PROs.
PhGlobal>0 was assigned to patients experiencing any clinical feature directly attributable to
vasculitis disease activity (i.e. headache, carotidynia). Patients having fatigue or elevated
acute-phase reactants alone were not considered to have active disease.

Laboratory-based outcomes

Serologic Assessment (ESR, CRP)—Laboratory assessments were performed by the
NIH Department of Laboratory Medicine. Blood was collected on the same day as the study
visit.

Imaging-based outcomes

Imaging Assessment by FDG-PET (PETVAS)—Patients underwent FDG-PET-
computed tomography (CT) or FDG-PET-magnetic resonance imaging (MRI) at baseline
and at approximately 6 to 12-month intervals. The imaging protocol has been previously
described (8,19). A qualitative score of vascular FDG-PET activity, PETVAS, was
determined. The calculation of PETVAS has been detailed elsewhere (8). In brief, PETVAS
is determined by evaluating nine arterial territories (ascending aorta, aortic arch, descending
thoracic aorta, abdominal aorta, carotids, subclavians, and brachiocephalic). A four-point
scale is used to evaluate uptake in each region compared to the liver (O=no uptake; 1=less
than liver; 2=similar to liver; 3=greater than liver). The nine scores are summed to obtain a
PETVAS, which ranges from 0 to 27, with higher scores representing increased burden of
arterial inflammation.

Statistical analysis

Demographic characteristics and median scores for each outcome measure at baseline were
compared between patients with GCA and TAK using Mann-Whitney test or two-tailed
Fisher exact test using JMP 14 or Prism 7. Spearman correlations and p-values were
calculated using the rcorrfunction of the R package Hmisc. Univariable and multivariable
nominal logistic regression analyses were performed in R using the g/m function from the
stats package. To facilitate comparisons on the strength of associations across predictor
variables, standardized beta-estimates were calculated in R using the befa function from the
reghelper package. Change over time in outcome measures was compared using the
Wilcoxon signed rank test in patients with a change in clinical status from active disease
(PhGlobal>0) to remission (PhGlobal=0), or from remission to active disease. Median scores
on outcome measures were compared between all active and all remission visits using
Mann-Whitney test in Prism 7.
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Correlation network analysis

Correlation network analysis enables visualization of the strength and directionality of
correlations and clusters variables most correlated to one another. To visualize the
relationship between the dfferent outcomes, the R package corrrwas used to perform
correlation network analysis between outcome measures having significant Spearman’s
correlations.

Results

Characteristics of the study population

A total of 112 patients (GCA=56, TAK=56) were recruited into the study. Patients were
evaluated over a total of 296 study visits, with a median follow-up interval of 6 months
(interquartile range (IQR)=5-11). Seventy patients (62.5%) had at least one follow-up visit,
with a median of 3 (IQR=2-5) per patient. Patients completed a total of 254 MFI (14.2%
missing), 249 PtGlobal (15.9% missing), 241 BIPQ (18.6% missing), and 266 SF-36 (10.1%
missing) measures. FDG-PET was performed at 240 visits (18.9% missing). ESR and CRP
values were available for 295 visits (0.3% missing). PhGlobal was available for all 296 visits
(0% missing). For each outcome measure, there were no significant differences in age,
gender, type of vasculitis, treatment status, or disease activity between patients with
complete versus missing data (data not shown).

Comparison of patients with GCA and TAK

Demographics and outcome measures were compared between patients with GCA and TAK
at their baseline visit (Table 1). Patients with TAK were significantly younger than patients
with GCA (34 years, IQR=22.3-43.8 vs. 71 years IQR=63.3-76, p<0.0001). Patients with
TAK were on significantly lower doses of prednisone than patients with GCA (2.5 mg/day,
IQR=0-10 vs. 5 mg/day, IQR=0-28.8, p=0.05). Additionally, patients with TAK had
significantly longer disease duration than patients with GCA (5.3 years, IQR=1.6-15.2 vs.
1.4 years IQR=0.5-2.9, p<0.0001). None of the PRO measures, PhGlobal, or laboratory
measures were significantly different between patients with TAK and GCA (p>0.05).
Patients with GCA did have significantly higher median PETVAS than patients with TAK
(19, IQR=14-26.5 vs. 15, IQR=9-19, p<0.01).

Correlations between outcome measures all patients

To assess the relationship between outcome measures, correlation network analysis was
employed (Figure 1 and Table 2). Network analysis revealed that the outcomes were largely
independent, with individual outcome measure assessments clustering by specific type of
outcome. The strongest correlations were within individual types of outcomes. The PROs
(PtGlobal, MFI, BIPQ, Neg_SF-36 PCS, and Neg_SF-36 MCS) were strongly and
significantly correlated with one another (p=0.35 to 0.60, p< 0.0001). Acute phase reactants
(ESR and CRP) were also strongly correlated (p=0.71, p<0.0001).

Vascular PET activity was not associated with worse disease outcomes reported by patients.
Neither PtGlobal, Neg_SF-36 PCS/MCS, nor BIPQ scores were significantly correlated with
PETVAS and MFI was significantly negatively correlated with PETVAS (p=-0.23,
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p<0.0001). Correlation network analysis revealed that PhGlobal was centrally linked to all
other outcomes, although the correlations were modest (p=0.12 to 0.32, p<0.05). Similarly,
CRP was modestly correlated to all other outcome measure types (p=0.13 to 0.27, p<0.05).
Unlike PhGlobal, CRP was only significantly correlated with PtGlobal and none of the other
PRO measures. ESR was not correlated to any outcome measure other than CRP.

Correlations between outcome measures by diagnosis

The relationship between outcome measures was assessed by diagnosis (Supplementary
Figure 1 and 2). Correlations between laboratory, physician, and imaging-based outcomes
remained largely consistent between patients with GCA and TAK. However, the relationship
of PROs to these other outcomes differed in GCA and TAK. Network analysis demonstrated
that PROs in TAK were not significantly correlated to either laboratory or physician-
reported outcomes (p>0.05). Further, all of the PROs in TAK were negatively correlated to
PETVAS (p=-0.21 to -0.32, p<0.05).

Associations between patient-reported outcomes and glucocorticoid use

Correlation network analysis was used to understand the relationship of daily prednisone
dose to the various PROs across all patients (Supplementary Figure 3). PtGlobal and BIPQ
were the only PROs significantly and positively correlated with prednisone dose. In all
patients, prednisone dose was most strongly correlated to PhGlobal (p=0.34, p<0.0001),
without significant correlation to laboratory values or PET findings (Supplementary Table
1). Network analysis also illustrated the relationship between individual PRO measures:
PtGlobal clustered most closely to the Neg_SF-36 PCS and not the MCS, while the BIPQ
and MFI clustered between the PCS and MCS. These relationships remained largely similar
even when considering GCA and TAK separately (Supplementary Table 1).

Associations of outcome measures to the eight SF-36 scales

Association

The SF-36 consists of eight scales reflecting various specific aspects of HRQOL.
Correlations between each of these eight scales and the other outcome measures were also
studied (Supplementary Table 2 and Supplementary Figure 4). Worse outcomes on each of
the eight SF-36 scales were significantly correlated with worse outcomes on each of the
other three PROs (PtGlobal, MFI, BIPQ) (p=—0.27 to —0.81, p<0.0001). While a worse
outcome on PhGlobal was significantly correlated to worse outcomes on the Role
Limitations Due to Physical Functioning (p=-0.18, p<0.01), Vitality (p= —0.21, p<0.001),
Social Functioning (p= —0.15, p<0.05), Bodily Pain (p= —0.24, p<0.001), and General
Health (p= —0.17, p<0.01) scales only. Worse outcomes on CRP, ESR, and PETVAS were
not significantly correlated to worse outcomes on any of the eight SF-36 scales.

of outcome measures with clinically active disease

Using PhGlobal>0 to define active disease, 95 total study visits (32.1%) were during active
disease while 201 visits (67.9%) were during remission. In comparing all active visits to
remission visits (Supplementary Table 3), significantly worse outcomes were observed in all
measures during active disease (p<0.05), with the exception of the SF-36 MCS (p=0.06) and
ESR (p=0.15) which were not significantly different between active and remission visits.
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Logistic regression modeling was then also used to determine which outcome measures had
the strongest independent association with clinical assessment of disease activity, as
determined by PhGlobal. In univariable regression, worse outcomes on the MFI, PtGlobal,
SF-36 PCS, BIPQ, CRP, and PETVAS, were all associated with clinically active disease.
Diagnosis (TAK vs GCA) and SF-36 MCS were not associated with clinically active disease.
In a multivariable model, only one outcome measure from each type, PETVAS, CRP, and
PtGlobal, remained significantly associated with clinically active disease when adjusting for
the other measures. Of these three measures, higher PETVAS was the most strongly
associated with clinically active disease (PETVAS std 3-estimate = 0.976, p<0.0001; CRP
std R-estimate=0.660, p<0.05; PtGlobal std R-estimate=0.592, p<0.05) (Table 3).

Outcome measures over time in patients undergoing changes in clinical disease activity

To assess whether change over time in outcomes tracked with changes in disease activity,
patients with a change in clinical status were studied. During the study period, 29 patients
(GCA=18, TAK=11) experienced a change in clinic disease activity from active disease to
remission with a median follow-up of 8 months (IQR=6-15) between their active visit to
their first subsequent remission visit. In these patients, PETVAS (23 (IQR=16.5-25) active
vs 17.5 (IQR=12-21.3) remission, p<0.0001), ESR (23 (IQR=11-35.5) active vs 5 (IQR=3-
117) remission, p<0.0001), and CRP (6.9 (IQR=2-15.3) active vs 1.0 (IQR=0.4-3.8)
remission, p<0.001), significantly decreased between the visits. PtGlobal, MFI, BIPQ, SF-36
PCS and SF-36 MCS did not significantly change over these intervals (Figure 2).

An additional 11 patients (GCA=8, TAK=3) experienced a change in clinical status from
remission to active disease with a median follow-up of 7 months (IQR=6-9.5) between their
remission visit to their first subsequent active visit. In these patients, PtGlobal (0.5 (IQR=0-
2) remission vs 4.5 (IQR=2.3-6.8) active, p=0.02) and CRP (IQR=2.1 (0.8-5.3) remission
vs 4.2 (IQR=1.2-13.1) active, p=0.04) significantly increased between the visits (Figure 3).

Discussion

Historically, physician-based assessment has been the predominant means for assessing
disease activity in LVV. The most recent randomized clinical trials performed in LVV used
clinical-based assessment as primary endpoints to assess treatment efficacy (11-15). Other
outcome measures have been proposed for LVV, including acute-phase reactants, imaging-
assessment, and PROs. Previous research has demonstrated that these measures may not
align with physician-based assessment. Acute-phase reactants are not consistently elevated
during active disease (9,28), patient and physician perception of disease does not always
align (29), and evidence of vascular inflammation on imaging studies persists even during
clinical remission (8). Alignment among physician and patient assessments should not be the
goal of outcome measures in LVV, since it is important to capture the burden of disease from
all relevant perspectives.

The current study directly assessed the complex relationships between different types of
outcome measures in LVV. Standardized data from patient-, physician-, imaging-, and
laboratory-based outcomes was collected in a single cohort of patients with LVV. Using
correlation network analysis, the structural relationship between these outcomes was
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identified. Individual outcome measure assessments were highly correlated by type of
outcome, while measures across different types of outcomes had only weak to modest
correlations. Centrally linking all of the outcomes was physician assessment of disease
activity. Taken together, these results suggest that outcome measures in LVV assess
independent aspects of disease activity.

This study also further defined relationships between different PRO measures. Even though
many of these PRO measures assess seemingly unique outcomes, such as fatigue, physical
health, mental health, and illness perceptions, they were all strongly and significantly
correlated to one another. The structure of the correlation network provided insight into
these relationships. Patient’s assessment of their overall disease activity (PtGlobal) was more
strongly associated with physical health (SF-36 PCS), whereas illness perceptions (BIPQ)
and fatigue (MFI) were associated with both physical and mental health (SF-36 MCS).
Although glucocorticoid therapy is often considered by patients to be a significant burden,
daily prednisone dose was only weakly correlated to PROs. Cumulative glucocorticoid
exposure, rather than daily dose, may be more tightly linked to patient reported burden of
disease; however, these data were not available.

This study has several important strengths. Standardized data acquisition was performed to
enable novel comparisons across a range of outcome measures in LVV. For example, no
prior study in LVV has compared PROs and FDG-PET findings. Interestingly, findings on
FDG-PET were not significantly associated with the PROs, which parallels prior findings
demonstrating a lack of strong associations between physician and imaging-based
assessments (8), implying that there is a considerable component of clinically “silent”
disease in LVV that may require unique measurement methods. Sophisticated analytic
techniques were employed, including correlation network analysis. Care was taken to
minimize bias by blinding imaging, physician, and patient-based assessments from one
another. Finally, the study included an equal number of patients with TAK and GCA,
enabling comparisons of outcome measures between patients with different forms of LVV.
The relationships between physician-, imaging-, and laboratory-based outcome measures
were largely equivalent between patients with GCA and TAK. Patients with TAK, unlike
patients with GCA, demonstrated a strong disconnect between PROs and the other types of
outcomes. Overall, these findings support the results of an international Delphi exercise,
where 67% of experts agreed that a common outcome measure could be developed for both
GCA and TAK (2). However, this potential variation in patient-perceived burden of disease
in patients with GCA and TAK should remain a consideration.

There are some potential limitations to this study. Since the study was performed at a single
center, these results should be replicated in other cohorts. This study was an observational
cohort, and the performance of these outcome measures should be assessed in a randomized
controlled trial in the future, if they are to be used as standard outcome measures in LVV.
Missing data may be a limitation as visits were included if at least one outcome type had
data available. However, data was determined to be missing at random and therefore not a
major source of bias for correlation-based analyses. In the longitudinal analyses, there were
few patients who experienced changes in clinical disease activity, limiting the ability to
detect significant changes. However, even with this limitation in sample sizes, significant
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changes in measures, including CRP, PETVAS, and PtGlobal were detected. Finally, the
clinical utility of serial FDG-PET imaging has not been established in LVV, but this study
demonstrates in a research context how imaging-based outcome measures relate to other
disease assessments in LVV.

In conclusion, potential outcome measures in LVV consist of independent, yet
complementary outcomes. These results should inform clinicians about the complex
relationships between patient reported outcomes, clinical assessment, vascular imaging
findings, and laboratory results in LVV. Different assessments within these outcomes should
be incorporated into clinical research in LVV. Adoption of a complementary standard set of
measures covering multiple types of outcome assessment would be an important next step in
outcome measure development in LVV. Development of a composite multidimensional
outcome to comprehensively assess disease activity may eventually provide a more nuanced
understanding of drug efficacy in future randomized clinical trials.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Significance and Innovations

. Disease activity in large-vessel vasculitis can be defined by clinical
assessment, vascular imaging, laboratory tests, and patient-reported outcomes.

. The structured relationship between different disease activity measures in
large-vessel vasculitis is complex.

. Multi-dimensional or composite outcome measures are needed in large-vessel
vasculitis.
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Figure 1. Correlation network of outcome measures in all patients with LVV
Correlation network of the significant Spearman p correlation coefficients (p<0.05) between

outcome measures created using the R package corrr. Color and thickness of the edges
between nodes indicates the strength of the correlation. Nodes for each outcome measure are
clustered in space using multidimensional scaling of the absolute values of the correlations,
such that outcome measures with the highest overall magnitude of correlation with each
other are closer in space. For ease of visualization, the SF-36 PCS and MCS measures were
multiplied by —1 so that a higher score would indicate a worse outcome. MFI= Multi-
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dimensional fatigue inventory; BIPQ= brief illness perception questionnaire; Neg SF-36
PCS= negatively transformed 36-item short form health survey physical component
summary score; Neg SF-36 MCS= negatively transformed 36-item short form health survey
mental component summary score; CRP= c-reactive protein; ESR= erythrocyte
sedimentation rate; PETVAS= qualitative score of vascular FDG-PET activity.
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A) Patient Reported Outcomes
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Figure 2. Longitudinal analysis of outcome measures in patients experiencing a change in clinical
disease activity from active disease to remission

(A) Patient reported outcomes, (B) Laboratory Outcomes, and (C) Imaging Outcome. Data
is plotted as median and interquartile range and n=22-29. Wilcoxon signed rank test was
used to compare outcome measure scores between active and remission visits. *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001, n.s.=not significant. PtGlobal= Patient global
assessment; MFI= Multi-dimensional fatigue inventory; SF-36 MCS= 36-item short form
health survey mental component summary score; SF-36 PCS= 36-item short form health
survey physical component summary score; BIPQ= brief illness perception questionnaire;
ESR= erythrocyte sedimentation rate; CRP= c-reactive protein; PETVAS= qualitative score
of vascular FDG-PET activity.
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A) Patient Reported Outcomes
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Figure 3. Longitudinal analysis of outcome measures in patients experiencing a change in clinical
disease activity from remission to active disease

(A) Patient reported outcomes, (B) Laboratory Outcomes, and (C) Imaging Outcome. Data
is plotted as median and interquartile range and n=8-11. Wilcoxon signed rank test was used
to compare outcome measure scores between remission and active visits. *p<0.05,
**p<0.01, ***p<0.001, ****p<0.0001, n.s.=not significant. PtGlobal= Patient global
assessment; MFI= Multi-dimensional fatigue inventory; SF-36 MCS= 36-item short form
health survey mental component summary score; SF-36 PCS= 36-item short form health
survey physical component summary score; BIPQ= brief illness perception questionnaire;
ESR= erythrocyte sedimentation rate; CRP= c-reactive protein; PETVAS= qualitative score
of vascular FDG-PET activity.
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Table 1.

Patient demographics and outcome measure scores at baseline visit

All patients(n=112) GCA (n=56) TAK (n=56) p-value

Patient Demographics

Age 55 (34-71) 71 (63.3-76) 34 (22.3-43.8)  <0.01

Sex (% female) 79.5% (n=89) 78.5% (n=44) 80.4% (n=45) 1.00

Race (% Caucasian) 73.2% (n=82) 78.6% (n=44) 67.9% (n=38) 0.29

BMI 25.8 (22.4-29.4) 26.3(24.8-29.2) 25.7(21.6-29.5) 0.31

Prednisone Dose (mg/day) 5(0-19.4) 5 (0-28.8) 2.5 (0-10) 0.05

Other immunosuppressant 54.5% (n=61) 44.6% (n=25) 64.3% (n=36) 0.06

Disease duration (years) 2.4 (0.7-8.3) 1.4 (0.5-2.9) 5.3(1.6-15.2) <0.01
Patient Reported Outcomes

Patient Global Assessment 4 (1-6) 4 (1-5.8) 4(1.8-6.3) 0.58

MFI 14 (12-17) 14 (9-16) 15 (12-17.8) 0.10

BIPQ 41 (31-50) 41 (30-50) 43 (34.8-50) 0.24

SF-36 PCS 50.2 (43.5-57.3) 50 (42.7-54.3)  50.7 (44.1-57.9) 0.37

SF-36 MCS 50 (40.1-56.7) 51.1(41.5-58.9) 48 (37.5-55.2)  0.15
Physician Reported Outcomes

Physician Global Assessment 0 (0-3) 0 (0-3) 0 (0-3) 0.60

Active Disease at Visit 42% (n=47) 46.4% (n=26) 37.5% (n=21) 0.44
(Physician Global >0)
Laboratory Outcomes

CRP (mg/L) 4.1(1.1-11) 5.0 (1-10.4) 3.75(1.2-13.8)  0.83

ESR (mm/hour) 18 (7.3-29) 155 (7.3-31.8) 18 (7.5-29) 0.90
Imaging Outcomes

PETVAS 17 (13-24) 19 (14-26.5) 15 (9-19) <0.01

Values are reported as median and interquartile range or as percentage and n-value. Mann-Whitney test was used to compare continuous variables.
Two-tailed fisher exact test was used to compare categorical variables. Values may not be based on total denominations if there were missing
responses.

GCA-= giant cell arteritis; TAK= Takayasu’s arteritis; BMI= body mass index; MFI= Multi-dimensional fatigue inventory; BIPQ= brief illness
perception questionnaire; SF-36 PCS= 36-item short form health survey physical component summary score; SF-36 MCS= 36-item short form
health survey mental component summary score; CRP= c-reactive protein; ESR= erythrocyte sedimentation rate; PETVAS= qualitative score of
vascular FDG-PET activity; mg= milligram; L=liters; mm=millimeter.
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Spearman correlations between outcome measures in all patients
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PtGlobal MFI BIPQ Neg SF-36 PCS  Neg SF-36 MCS  PhGlobal CRP ESR PETVAS

PtGlobal 1.00

MFI 058**** 100

BIPQ 0‘57 A Ak 0.60 HAA A 1.00

Neg SF-36 PCS 0.59 HAAA 0.60 HAAA 0.55 **4% - 1.00

Neg SF_36 MCS 035 Aok Ak 058 A A 056 Ak A 025 Aok Ak 100

PhGlobal 032 015" 021 018™ 012" 1.00

CRP 016** 007 0.09 0.07 0.09 027**** 100

ESR 0.07 0.05 0.05 -0.03 0.07 0.11 0.71¥** 1.00

PETVAS -0.07 _023*** -0.06 -0.05 -0.12 0.29%**  o13* 0.04 1.00
*

p<0.05
Ak

p<0.01
Ak
p<0.001
A A A
p<0.0001.

PtGlobal= Patient Global Assessment; MFI= Multi-dimensional fatigue inventory; BIPQ= brief iliness perception questionnaire; Neg SF-36 PCS=
negatively transformed 36-item short form health survey physical component summary score; Neg SF-36 MCS= negatively transformed 36-item
short form health survey mental component summary score; PhGlobal= physician global assessment; CRP= c-reactive protein; ESR= erythrocyte

sedimentation rate; PETVAS= qualitative score of vascular FDG-PET activity.
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Nominal logistic regression models showing outcome measures that are associated with active clinical disease

in patients with LV'V.

5;??;%52" Univariable Models Multivariable Model

Péggm:ir Standard Error  p-value Péggm:igr Std B-Estimate Stgr;g:rrd p-value
MFI 0.081 0.035 0.019 0.068 0.290 0.265 0.273
PtGlobal 0.255 0.058  <0.001 0.246 0.592 0.251 0.018
SF-36 PCS -0.040 0.013 0.003 -0.001 0.011 0.252 0.965
BIPQ 0.026 0.010 0.011 -0.003 -0.048 0.234 0.839
CRP 0.030 0.009 <0.001 0.036 0.660 0.323 0.041
PETVAS 0.117 0.025  <0.001 0.158 0.976 0.220 <0.001
SF-36 MCS -0.018 0.012 0.129
Diagnosis (TAK) -0.229 0.251  0.362

MFI= Multi-dimensional fatigue inventory; PtGlobal= Patient Global Assessment; SF-36 PCS= 36-item short form health survey physical

component summary score; BIPQ= brief illness perception questionnaire; CRP= c-reactive protein; PETVAS= qualitative score of vascular FDG-
PET activity; SF-36 MCS= 36-item short form health survey mental component summary score; TAK= Takayasu’s arteritis.

Arthritis Care Res (Hoboken). Author manuscript; available in PMC 2021 September 01.



	Abstract
	Introduction
	Methods
	Study population
	Data collection
	Patient-reported outcomes
	Patient Global Assessment of Disease Activity (PtGlobal)
	Multidimensional Fatigue Inventory (MFI)
	Brief-Illness Perception Questionnaire (BIPQ)
	36-item short form health survey (SF-36)

	Physician-reported outcomes
	Physician Global Assessment of Disease Activity (PhGlobal)

	Laboratory-based outcomes
	Serologic Assessment (ESR, CRP)

	Imaging-based outcomes
	Imaging Assessment by FDG-PET (PETVAS)

	Statistical analysis
	Correlation network analysis

	Results
	Characteristics of the study population
	Comparison of patients with GCA and TAK
	Correlations between outcome measures all patients
	Correlations between outcome measures by diagnosis
	Associations between patient-reported outcomes and glucocorticoid use
	Associations of outcome measures to the eight SF-36 scales
	Association of outcome measures with clinically active disease
	Outcome measures over time in patients undergoing changes in clinical disease activity

	Discussion
	References
	Figure 1.
	Figure 2.
	Figure 3.
	Table 1.
	Table 2.
	Table 3.

