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Abstract: Background/Objectives: Imaging studies have transformed the diagnosis of large vessel
vasculitis (LVV) involvement in giant cell arteritis (GCA). A positron emission tomography/computed
tomography (PET/CT) scan with 18-fluorodeoxyglucose (18F-FDG) has emerged as a valuable tool
for assessing LVV. We aimed to determine the utility of an 18F-FDG-PET/CT scan in detecting LVV
in GCA in the ARTESER registry. Methods: The ARTESER study is a large multicenter, retrospective,
longitudinal, and observational study, promoted by the Spanish Society of Rheumatology. It included
patients newly diagnosed with GCA across 26 tertiary hospitals from 1 June 2013 to 29 March
2019. Patients with a diagnosis of incidental GCA were included if they fulfilled specific criteria,
including the ACR 1990 criteria, positive imaging examinations, or the expert clinical opinion of
investigators. Differences between patients with positive and negative 18F-FDG-PET/CT scan results
were analyzed using a bivariate model. A regression model assessed associations in patients with a
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positive scan, and the predictive capacity of the cumulative dose of glucocorticoids (GC) on PET scan
outcomes was evaluated using ROC curve analysis. Results: Out of 1675 GCA patients included
in the registry, 377 met the inclusion criteria of having an 18F-FDG-PET/CT scan. The majority
were diagnosed with a cranial GCA phenotype, and 65% had LVV. The thoracic aorta was the most
frequently affected. Cardiovascular disease, diabetes, and older age had a negative association with
a positive scan outcome. The OR for having a positive 18F-FDG-PET/CTC scan was lower as the
number of days increased. Depending on the cumulative dosage of the GC, the 18F-FDG-PET/CT
scan showed an AUC of 0.74, with a Youden index > 60 mg/day. Conclusions: Younger patients
showed a higher probability of presenting LVV as detected by the 18F-FDG-PET/CT scan. The timing
of the examination and the cumulative dosage of the GC influenced the likelihood of a positive result,
with earlier tests being more likely to detect inflammation.

Keywords: 18F-FDG-PET/CT scan; large vessel vasculitis; aortitis; giant cell arteritis; imaging;
nuclear medicine

1. Introduction

Giant cell arteritis (GCA) is the most common primary vasculitis in adults from
developed countries in northern latitudes [1]. This condition targets medium- and large-
sized arteries. It is predominantly diagnosed in women, and the average age at diagnosis
ranges between 70 and 80 years [2–4].

The clinical presentation of GCA encompasses a broader spectrum than initially
thought. The classic cranial phenotype (cGCA), associated with the involvement of carotid
artery branches, is characterized by symptoms such as headache, jaw claudication, and
visual disturbances. In contrast, the extracranial phenotype of GCA (ecGCA) is often
characterized by polymyalgia rheumatica and systemic inflammatory symptoms, such
as fever and weight loss, resulting from the involvement of the aorta and/or its main
branches, which may also lead to limb claudication. Sometimes, these two phenotypes can
coexist [5]. Aortitis, which can be seen in both the cranial and extracranial form can lead to
severe complications, including aortic aneurysms that pose a significant risk of rupture or
dissection, leading to high mortality [6].

Recognizing the involvement of large vessel vasculitis (LVV) significantly impacts the
evaluation and follow-up of patients with GCA. The sensitivity of the physical examination
for detecting LVV ranges from 14% to 50%, underscoring the critical role of imaging
modalities in the accurate diagnosis and management of this condition [7]. Patients with
aortic involvement in GCA experience a higher frequency of relapses, an increased risk
of cardiovascular complications, and they are exposed to higher cumulative doses of
glucocorticoids, contributing to a more challenging disease course and management [8].

Temporal artery biopsy (TAB) has been the technique of choice to confirm a diagnostic
suspicion of cGCA. The 2022 ACR/EULAR criteria for the classification of GCA represent
a significant advancement in the standardization and accuracy of diagnostic protocols,
particularly in leveraging imaging techniques [9]. These updated criteria are designed
to improve the diagnostic specificity and sensitivity, reflecting contemporary advances
in medical imaging and understanding of the disease pathology. This is crucial, as early
diagnosis and treatment are pivotal in preventing the more severe complications associated
with GCA, such as vision loss and stroke, thereby improving overall patient outcomes [5,10].

The integration of these novel imaging methods, especially the 18F-FDG-PET/CT
scan, has significantly enhanced the diagnostic accuracy for the extracranial phenotype of
GCA, particularly in detecting the involvement of the aorta and its major branches [11].

The 2023 update from the European League Against Rheumatism (EULAR) has further
emphasized the importance of using imaging methods in the diagnosis of LVV [10,12].
These recommendations have catalyzed a broader adoption of such techniques in routine
clinical practice, reflecting a shift towards more precise and early diagnosis [5]. Conse-
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quently, this shift not only aids in the effective stratification of treatment options but also
significantly contributes to the refinement of patient management strategies.

18F-FDG-PET/CT is a functional imaging technique widely used in oncology that has
also proven valuable in the assessment of inflammatory diseases. This technique detects
increased glucose uptake, a marker of heightened glycolytic activity in inflammatory cells
within the affected arterial walls, synovium, or bursae. As a result, FDG-PET/CT can
identify systemic LVV in patients with GCA, as well as inflammation in peri-articular
and extra-articular synovial structures in cases of polymyalgia rheumatica (PMR) [13,14].
Nevertheless, it is expensive, results in radiation exposure, and is not always available [14].

Considering these factors, we aimed to evaluate the utility of the 18F-FDG-PET/CT
scan in detecting LVV among patients with GCA in one of the largest clinical registries of
patients with GCA to date.

2. Materials and Methods
2.1. Study Design

ARTESER (National Registry of Giant Cell ARTEritis of the Sociedad Española de
Reumatología (SER) [Spanish Giant Cell Arteritis Registry]) is a large Spanish multicenter,
retrospective, longitudinal, and observational study, promoted by the Spanish Society
of Rheumatology, including patients with a new diagnosis of GCA from 1 June 2013 to
29 March 2019. Data were obtained through a review of the electronic medical records of
patients diagnosed with GCA in 26 hospitals of the Spanish National Health System.

2.2. Study Population

The ARTESER registry included all patients with a diagnosis of incidental GCA on
the specified dates who met (1) at least 3 out of 5 ACR 1990 criteria [15]; or (2) positivity
in one of the following imaging examinations: temporal artery ultrasound, imaging test
for large vessels like 18F-FDG-PET/CT scan, computed tomography angiography (CT-A),
magnetic resonance imaging angiography (MRI-A), or subclavian or axillary ultrasound
with compatible clinical manifestations; or (3) an investigator’s expert clinical opinion.
During the recruitment phase, participating hospitals generated a list of patients diagnosed
with GCA from their databases. This list encompassed patients across various departments
including rheumatology, internal medicine, ophthalmology, and neurology. Access to each
patient’s electronic health record was secured to facilitate data collection aligned with the
study’s goals. Local investigators were tasked with rigorously reviewing both in-hospital
and outpatient coded diagnoses to ensure the inclusion of all newly diagnosed cases of
GCA. Subsequently, a subset of patients who underwent an 18F-FDG-PET/CT scan was
identified for further analysis. The primary outcome of this study was the detection of
vasculitis through the utilization of the 18F-FDG-PET/CT scan imaging modality.

2.3. Variables

For this study, the variables recorded from the ARTESER registry were as follows:
(a) demographics (age at diagnosis, sex); (b) cardiovascular risk factors (smoking, obesity,
diabetes mellitus [DM], hypertension [HT], dyslipidemia [DLP], previous cardiovascu-
lar disease [CVD]); (c) laboratory test results such as acute phase reactants (erythrocyte
sedimentation rate [ESR] and C-reactive protein [CRP]), hemoglobin, platelet count; (d) cu-
mulative dose of GC before the examination; and (e) the time between the symptoms’ onset
and the performance of the imaging test. To calculate the total accumulated GC dose before
the 18F-FDG-PET/CT scan, a calculator, designed specifically for this study (Corti-SER)
based on detailed periods with the precise dose of GC administered, was used [16].

The clinical phenotypes were predefined as cGCA or ecGCA, depending on the pre-
dominant symptom at diagnosis, as collected in the basal visit from the registry: (a) cGCA,
when headache, occipital pain, and/or jaw claudication were present and (b) ecGCA, when
there were predominantly extracranial manifestations such as upper and/or lower extremi-
ties claudication, PMR following the ACR/EULAR 2012 criteria [17], and constitutional
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symptoms such as asthenia, anorexia, weight loss, and low-grade fever/fever, with none of
the cranial manifestations mentioned above.

2.4. Statistical Analysis

The results are presented as a bivariate model to analyze the differences between
patients with positive and negative results. Continuous variables were presented as the
mean with their standard deviation (SD) or as the median and interquartile range, as
appropriate, while the categorical variables were represented using absolute frequencies
and their respective percentages.

A regression model, adjusted by HT, DM, DLP, and CVD, approaching the association
between variables (clinical phenotype, previous accumulated GC dose, and days elapsed
before the 18F-FDG-PET/CT scan) in those with a positive test, was used, where an odds
ratio (OR) with a 95% confidence interval (CI) was calculated. A receiver operating charac-
teristic (ROC) curve analysis was used to assess the predictive capacity of the cumulative
dose of GC on a PET scan and the area under the curve (AUC). Youden’s index was used to
determine the best cutoff point.

2.5. Ethical Aspects

The study protocol was approved by the Ethics Committee of the referral center at
Santander (Spain) and by the Local Ethics Committees of the participating hospitals as
required by the Spanish legislation. This study was developed following Good Clinical
Practice standards and subject to the ethical principles outlined in the Helsinki Declaration.

3. Results
3.1. General Features of the Studied Population

From the ARTESER registry, encompassing 1675 patients diagnosed with giant cell
arteritis (GCA), 377 met the inclusion criteria having undergone an 18F-FDG-PET/CT scan
during their diagnostic process. Of these, 322 patients, or 85%, satisfied the ACR/EULAR
2022 classification criteria for GCA. As detailed in Table 1, the bivariate analysis revealed
that 66% of the patients were diagnosed with cGCA, while 29% exhibited the ecGCA
phenotype. Additionally, 19 patients, which represented 5% of the sample, could not be
classified into either phenotype.

Table 1. General clinical features of GCA patients in whom 18F-FDG-PET/CT scan was performed.

Total
N = 377

Negative
18F-FDG-PET/CT scan

N = 132

Positive
18F-FDG-PET/CT scan

N = 245
p-Value *

Demographic data

Women, n (%) 269 (71.4) 93 (70.5) 176 (71.8) 0.78

Age, years, mean (SD) 73.4 (9.0) 76.2 (8.1) 71.9 (9.0) 0

Diagnosis, n (%)

ACR/EULAR 1990 261 (69.23%) 115 (87.12%) 146 (59.59%) <0.001

ACR/EULAR 2022 322 (85.41%) 124 (93.94%) 198 (80.82%) 0.001

Objective evidence for diagnosis:

Positive temporal artery biopsy 129 (50.99%) 56 (50.91%) 73 (51.05%) 0.982

Positive temporal artery ultrasound 88 (52.38%) 45 (58.44%) 43 (47.25%) 0.148

Positive large vessel ultrasound 21 (32.31%) 9 (21.95%) 12 (50.00%) 0.020

Positive axillary ultrasound 11 (27.50%) 5 (20.83%) 6 (37.50%) 0.247

Positive subclavian artery ultrasound 7 (21.21%) 0 (0.00%) 7 (21.21%) 0.001

Positive CT-A/MRI-A 24 (30.38%) 5 (13.16%) 19 (46.34%) 0.001

Clinical criteria 6 (1.59%) 6 (4.55%) 0 (0.00%) 0.001
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Table 1. Cont.

Total
N = 377

Negative
18F-FDG-PET/CT scan

N = 132

Positive
18F-FDG-PET/CT scan

N = 245
p-Value *

Laboratory parameters, mean (SD)

ESR, mm/h 77.1 (34.9) 76.3 (30.9) 77.5 (36.9) 0.764

C-reactive protein, mg/L, median (Q1–Q3) 63 (22.4–130) 53.4 (20.3–126) 69 (25.2–134.7) 0.23

Hemoglobin, g/dL 11.6 (1.7) 11.8 (1.6) 11.4 (1.7) 0.032

Platelets, ×109/L 330.2 (271.9) 306.4 (140.3) 343.6 (323.3) 0.22

Comorbidities , n (%)

Hypertension 229 (61.9) 92 (70.8) 137 (57.1) 0.01

Diabetes mellitus 71 (19.4) 33 (25.8) 38 (16.0) 0.024

Dyslipidemia 186 (50.5) 71 (54.6) 115 (48.3) 0.248

Cardiovascular disease 70 (20) 40 (31.5) 30 (13.5) <0.001

Smoking 41 (32.3) 7 (17.5) 34 (39.1) 0.016

Clinical phenotypes, n (%)

Cranial 250 (69.83) 103 (82.40) 147 (63.09)
<0.001

Extracranial 108 (30.17) 22 (17.60) 86 (36.91)

Clinical manifestations, n (%)

Cranial

Recent-onset headache 250 (67.39%) 103 (78.63%) 147 (61.25%) 0.001

Temporal artery tenderness or
decreased pulsation 127 (36.18%) 57 (45.97%) 70 (30.84%) 0.005

Hypersensitive scalp 80 (24.24%) 30 (26.32%) 50 (23.15%) 0.523

Facial pain 38 (11.95%) 16 (14.04%) 22 (10.78%) 0.391

Dysphagia 14 (4.78%) 7 (7.00%) 7 (3.63%) 0.199

Jaw claudication 103 (28.93%) 43 (34.40%) 60 (25.97%) 0.094

Visual symptoms 103 (27.99%) 53 (41.41%) 50 (20.83%) <0.001

Vertigo 31 (10.95%) 13 (13.27%) 18 (9.73%) 0.365

Hearing loss 6 (2.17%) 2 (2.08%) 4 (2.21%) 0.945

Transitory ischemic attack 9 (2.51%) 3 (2.42%) 6 (2.56%) 0.934

Stroke 18 (5.01%) 6 (4.84%) 12 (5.11%) 0.912

Extracranial

Polymyalgia rheumatica 166 (45.6%) 64 (49.61%) 102 (43.40%) 0.255

Claudication-lower limbs 35 (10.23%) 13 (10.92%) 22 (9.87%) 0.758

Claudication-upper limbs 34 (9.97%) 13 (10.83%) 21 (9.50%) 0.695

Peripheral synovitis 31 (9.04%) 14 (11.57%) 17 (7.66%) 0.227

General

Asthenia 240 (67.61%) 69 (56.10%) 171 (73.71%) 0.001

Weight loss 149 (43.44%) 41 (33.61%) 108 (48.87%) 0.006

Fever/low-grade fever 127 (38.37%) 43 (36.75%) 84 (39.25%) 0.655

Delay from the clinical suspicion to the 18F-FDG-PET/CT scan, n (%)

0–3 days 188 (53.3) 29 (26.9) 159 (64.9)

<0.001
4–10 days 41 (11.6) 16 (14.8) 25 (10.2)

11–100 days 77 (21.8) 39 (36.1) 38 (15.5)

More than 101 days 47 (13.3) 24 (22.2) 23 (9.4)
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Table 1. Cont.

Total
N = 377

Negative
18F-FDG-PET/CT scan

N = 132

Positive
18F-FDG-PET/CT scan

N = 245
p-Value *

Glucocorticoids treatment before the 18F-FDG-PET/CT scan, n (%)

Glucocorticoids (oral or IV) 259 (68.7) 113 (85.6) 146 (59.6)
<0.001

No glucocorticoids 118 (31.3) 19 (14.4) 99 (40.4)

Outcomes, n (%)

Exitus 19 (5.04%) 10 (7.58%) 9 (3.67%) 0.099

Relapses 74 (19.63%) 31 (23.48%) 43 (17.55%) 0.166

Remission 33 (10.65%) 7 (6.60%) 26 (12.75%) 0.096

Serious adverse events 21 (5.57%) 14 (10.61%) 7 (2.86%) 0.002

Abbreviations: GCA: giant cell arteritis, CT-A: computed tomography angiography, MRI-A: magnetic resonance
imaging angiography, ESR: erythrocyte sedimentation rate. n for patients with hypertension was 370, diabetes
mellitus 366, dyslipidemia 368, cardiovascular disease 350, and smoking 127. Data are obtained through bivariate
analysis. * p-value refers to the statistical difference between patients with the listed characteristics and those
without. In bold, p values < 0.05.

Sixty-five percent of patients in our registry had LVV, as detected by the 18F-FDG-
PET/CT scan (n = 245). In those patients with a positive 18F-FDG-PET/CT scan, the
vascular territory most frequently affected was the thoracic aorta (85.7%), followed by the
supra-aortic vessels (78.8%), and the abdominal aorta (57.6%). CVD, defined as a coronary
event or stroke, was more frequent in patients with a negative 18F-FDG-PET/CT scan
(Table 1).

3.2. Multivariate Analysis

The regression model for patients with GCA for whom an 18F-FDG-PET/TC scan
was performed did not find variables associated with a positive 18F-FDG-PET/CT scan
(Table 2). CVD, DM, and older age had a negative association with a positive 18F-PET-CT
scan (OR 0.439 [0.211–0.914], 0.482 [0.238–0.978], and 0.949 [0.914–0.986], respectively).
In addition, the OR for having a positive 18F-FDG-PET/CTC scan was lower as the number
of days increased.

Table 2. Regression model for patients with GCA and positive 18F-FDG-PET/TC.

Variables OR [95% CI]

Age 0.949 ** [0.914–0.986]

Gender 0.610 [0.316–1.179]

Hypertension 1.065 [0.550–2.064]

Diabetes mellitus 0.482 * [0.238–0.978]

Dyslipidemia 0.926 [0.512–1.1675]

Cardiovascular disease 0.439 * [0.211–0.914]

Cranial GCA 1.206 [0.333–4.371]

Extracranial GCA 1.854 [0.455–7.554]

Oral glucocorticoids 0.984 [0.661–1.467]

Intravenous glucocorticoids 0.559 [0.222–1.409]

Days until the 18F-FDG-PET/TC was performed (ref. group 0–3 days)

4–10 days 0.335 * [0.143–0.783]

11–100 days 0.255 ** [0.125–0.523]

More than 101 days 0.189 ** [0.610–0.587]
Abbreviations: GCA: giant cell arteritis. * p < 0.05, ** p < 0.01. In bold, significant confidence intervals.
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In this study, we examined the influence of the cumulative GC dosage on the 18F-
FDG-PET/CT scan outcomes. The analysis revealed an AUC of 0.74 (Figure 1), indicating
a moderate predictive accuracy. The optimal cut-off point, as determined by the Youden
index, was established at a cumulative GC dosage ≥ 60 mg/day. At this threshold, the
18F-FDG-PET/CT scan exhibited the highest sensitivity and specificity, with values of
86.53% and 32.41%, respectively.
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Further analysis showed that a cumulative dosage of GC ≥ 60 mg/day corresponds
to a positive predictive value (PPV) of 74.39% and a negative predictive value (NPV) of
51.47%.

4. Discussion

The 18F-FDG-PET/CT scan detects glucose uptake from high glycolytic activity on
inflammatory cells in inflamed arteries, resulting in a pronounced enhancement of vessel
walls [18,19]. Conducting imaging tests early in the diagnostic process tends to yield more
positive results. This outcome is most likely to be closely associated with the administration
of GC. Consequently, a higher cumulative dose of GC often leads to a higher proportion of
negative results in such imaging tests.

This study was conducted to evaluate the efficacy of the 18F-FDG-PET/CT scan in
detecting LVV among patients diagnosed with GCA. The results revealed that patients
with LVV who tested positive using the 18F-FDG-PET/CT scan were typically younger
compared to those with a negative scan. Notably, there was a decreased likelihood of a
positive test result for LVV as the duration from the initial clinical suspicion increased
and as higher cumulative doses of GC were administered before performing the scan.
Interestingly, patients exhibiting a positive 18F-FDG-PET/CT scan demonstrated lower
incidences of HT, DM, and CVD.

Regarding age, our results are consistent with the previous literature, which shows
that patients with ecGCA are younger than patients with cGCA [20,21]. Our regression
model shows that for each one-year increase in age, the OR of having a positive 18F-FDG-
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PET/CT scan decreases by 5.1% (OR 0.949 [95% CI: 0.914–0.986]). The relevance of this
finding requires future research to understand whether GCA has a different phenotype in
younger and older people or if this finding corresponds to a bias in the diagnostic approach
and treatment. Prieto-Peña et al. reported that GCA patients with LVV involvement tend
to have a mean age below 70 years, whereas older patients tend to have the classic cGCA
phenotype [21]. In this line, a recent publication by Hay et al. suggests that in elderly and
frail patients suspected of having GCA, initiating treatment with GC at an early stage is a
common practice [22].

Concerning the time until the acquisition of the 18F-FDG-PET/CT scan, if compared
with performing it within the first three days after the clinical suspicion, our results show
that for the different periods of 4–10 days, 11–100 days, or more than 101 days, the likelihood
of a positive result was 81%, 74%, and 66%, respectively. Recently, Narváez et al. published
a small retrospective series of patients with newly diagnosed GCA receiving high-dose
oral GC [23], where the rates of 18F-FDG-PET/CT scan positivity were 54.5% for those
treated for less than two weeks, 38.5% for those treated for 2 to 4 weeks, and 25% for
those treated for 4 to 6 weeks. We attribute the variance in results mainly to the fact that
their study population received high-dose intravenous GC (between 125 mg and 1000 mg
methylprednisolone/day for 3–5 days.

In our study, based on data from daily clinical practice, the AUC value was 0.74, with
a Youden index > 60 mg/day, which is interpreted as reasonably good. These findings
suggest that patients with a cumulative GC dosage above this threshold have a 74.4%
probability of a positive PET scan result, while those below this threshold have a 51.5%
likelihood of a negative outcome. This dosage threshold could potentially serve as a
critical marker for clinical decision making, highlighting its relevance in predicting the
effectiveness of GC treatment in influencing PET scan results. This information should be
considered in discussions about optimizing GC therapy in clinical practice.

Similar data were reported by Clifford et al. [24], with an AUC of 0.75, and by Prieto-
González et al. [25], who reported an AUC of 0.830 for the 18F-FDG-PET/CT scan. Both
studies had different and more optimum conditions than ours, being prospective case-
controls, with GC treatment periods of less than 3 days [25] and a mean of 11.9 days [24] of
prednisone until the patient underwent a 18F-FDG-PET/CT scan.

Finally, although it was not the primary focus of this study, it is relevant to acknowl-
edge the adoption of the 2022 ACR/EULAR criteria, which signify a substantial advance-
ment in the diagnostic framework for GCA. In the cohort analyzed from our study, 261
patients were diagnosed with GCA under the 1990 ACR criteria, whereas a notably higher
count of 322 patients satisfied the 2022 ACR/EULAR criteria. This distinction underscores
the increased sensitivity and specificity afforded by the revised criteria, which effectively
integrate contemporary imaging findings. The 2022 ACR/EULAR criteria have been metic-
ulously designed to encompass a broader spectrum of diagnostic features, thereby aligning
more closely with advancements in imaging technology. This alignment enhances the
accuracy of GCA diagnoses, facilitating timely and precise therapeutic interventions.

We believe that the clinical significance of the 18F-FDG-PET/CT scan is noteworthy,
despite the potential negative impact of the elapsed time or high-dose GC treatment on
its diagnostic yield. Indeed, as days go by, and the cumulative GC dose is higher, the
vascular wall uptake of 18F-FDG is reduced, which is why an 18F-FDG-PET/CT scan
should be performed as soon as possible, mostly within 15 days of the suspicion of a
diagnosis. In addition, an 18F-FDG-PET/CT scan provides crucial information about the
extent of the disease [12,26]. However, its role as a prognostic factor, particularly in terms
of assessing the likelihood of relapse and elucidating its role as a potential biomarker is
still unanswered [27–29].

Another interesting point in the management of GCA/LVV is related to comorbidities.
In our study, we collected data for the presence of HT, DM, DLP, and CVD (Table 1). Only
the CVD and DM seemed to have a negative association with a positive 18F-FDG-PET/CT
scan (Table 2). The discrepancies between Tables 1 and 2 can be explained by the different
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approaches and considerations of each statistical method assessed. The bivariate analysis
shows HT, DM, and CVD as having a significant difference in the outcome of the 18F-FDG-
PET/CT scan in those patients with GCA. In contrast, in the regression model for patients
with a positive 18F-FDG-PET/CT scan, adjusting for other factors considered as potential
confounding and interactions for confusing variables, only the DM and CVD decreased the
probability of a positive result. While there is substantial knowledge about the increased
CVD risk in patients with GCA [30] and the need for therapeutic alternatives in patients
with worse prognostic factors or high comorbidity [31], no international publications have
addressed the impact of these comorbidities on the 18F-FDG-PET/CT scan results in GCA
patients. However, given that atherosclerotic plaque in the wall of large arteries may show
significant FDG uptake, an effort should be made to develop a standardized scoring system
to differentiate LVV from atherosclerosis. It seems that FDG uptake distribution and the
presence of calcifications might help to accurately discriminate atherosclerosis from LVV in
this pool of patients [32]. More data are needed to evaluate whether the cutoff points for
a positive PET-CT scan should be adjusted in the presence of certain cardiovascular risk
factors, which could be mistaken for false positive or negative, as was accomplished with
ultrasound cutoff points [33].

We consider limitations worth discussing. As it was based on daily clinical practice,
the use of an 18F-FDG-PET/CT scan is restricted, since there is not a protocoled standard
diagnostic technique in all participant centers, as well as its limited availability. These
facts may have a bias toward underestimating the true prevalence of LVV in these patients.
Furthermore, it is important to consider the variability in how data could be collected
for 18F-FDG-PET/CT scan results, either by a visual semiquantitative approach or by
quantitative criteria with the maximal standardized uptake value (SUVm); however, they
were recorded in the same concise form, as either positive or negative, which is crucial for
a diagnostic and therapeutic approach.

Another limitation of our study is the lack of a standardized definition for main clinical
phenotypes. We only considered cranial and extracranial phenotypes based on the presence
or absence of cranial symptoms, respectively. Additionally, an overlap of these phenotypes
may exist, (mixed [mGCA]), which was not distinctly categorized due to our dichotomous
classification system. Nevertheless, it is plausible to interpret the results from patients with
cranial phenotypes who demonstrated LVV on PET-CT scans as indicative of mGCA [34].
Other clinical phenotypes, such as silent-GCA (sGCA), whose predominant complaint
could be isolated fever and constitutional syndrome [35], were not possible to interpret
from our results.

Future research should focus on developing more fitting imaging protocols for the
interpretation of 18F-FDG-PET-CT scans in different scenarios, depending on age and
comorbidities, especially those related to atherosclerosis, GC dose, or days elapsed be-
tween the clinical suspicion and the test. Additionally, prospective studies to validate
and standardize clinical phenotypes, including cGCA, ecGCA, mGCA, and sGCA, could
significantly enhance the diagnostic accuracy and patient management strategies in the
context of GCA.

5. Conclusions

Younger patients have a higher probability of presenting an LVV detected by 18F-
FDG-PET/CT. The most frequent affected location in LVV was the thoracic aorta. CVD
and DM may play a role in reducing the probability of a PET/CT positive for LVV. Our
findings support that the timing of the 18F-FDG-PET/CT examination has an impact on
the likelihood of a positive result, with earlier tests having a higher probability of detecting
vascular inflammation. Simultaneously, the cumulative dosage of GC is a moderately
effective predictor of the outcomes related to PET/CT in these patients.

Author Contributions: Conceptualization, P.E., E.d.M., J.N., S.C. and R.B.; Methodology, M.D.-Á.;
Validation, M.D.-Á.; Formal analysis, M.D.-Á.; Investigation, P.E., R.B.M.-G., E.d.M., M.S.-D., J.A.V.,
I.G., J.S.-M., J.N., E.G., J.M., L.R.-R., J.L., A.M., P.M.-A., P.M.-Á., V.A.N.-Á., C.G., S.C., C.L.I.-U. and



J. Clin. Med. 2024, 13, 6215 10 of 12

R.B.; Resources, M.D.-Á. and E.d.M.; Data curation, M.D.-Á.; Writing—original draft, P.E.; Writing—
review & editing, E.d.M., J.L., S.C. and R.B.; Supervision, S.C. and R.B. All authors have read and
agreed to the published version of the manuscript.

Funding: ROCHE FARMA S.A. contributed to the financial support of this study.

Institutional Review Board Statement: The study protocol was approved by the Ethics Committee
for Research with Medicines of Cantabria, Santander, Spain, and the study was conducted following
the principles outlined in the Declaration of Helsinki.

Informed Consent Statement: Not applicable.

Data Availability Statement: The original contributions presented in the study are included in the
article, further inquiries can be directed to the corresponding authors.

Acknowledgments: The authors thank the Spanish Foundation of Rheumatology for providing
medical writing/editorial assistance during the preparation of the manuscript (FERBT2023) and
to Javier Prado Galbarro for the statistical analysis. ARTESER Project Collaborative Group: Clara
Moriano, Elvira Díez Álvarez, Trinidad Pérez Sandoval (Complejo Asistencial Univ. de León, León);
Vicente Aldasoro Cáceres, María Concepción Fito Manteca, Natividad del Val del Amo, Loreto
Horcada Rubio, Inmaculada Paniagua Zudaire, Laura Garrido Courel, Ricardo Gutiérrez Polo,
Juliana Restrepo Vélez, Eduardo Loza Cortina (Complejo Hospitalario de Navarra, Pamplona); Elisa
Fernández Fernández, Patricia Carreira, Tomás Almorza (Hospital 12 de Octubre); Lydia Abasolo
Alcázar, Leticia Léon Mateos, Pia Mercedes Lois Bermejo (Hospital Clínico San Carlos); Tarek Carlos
Salman Monte, Selene Labrada Arrabal (Hospital de Mar); Anne Riveros Frutos, Ivette Casafont-Solé,
Susana Holgado Pérez, Jordi Camins, (Hospital Germans Trias i Pujol); Clara Molina Almela, Cristina
Campos Fernández, Amalia Rueda Cid, Javier Calvo Catalá (Hospital Gral. De Valencia); Iñigo
Hernández Rodríguez, Francisco Maceiras, Nair Pérez, Ceferino Barbazán, Jose María Pego, Irena
Altabás, John Guzman (Comp. Hosp. Univ. de Vigo); Hector Corominas, Iván Castellví, Berta
Magallares, Ana Milena Millán (Hospital Santa Creu i Sant Pau); María Alcalde Villar, Ana F. Cruz
Valenciano, Félix Cabero del Pozo, Ana Belén Rodríguez Cambrón, Cristina Macia Villa, Eva Álvarez
de Andrés (Hospital Severo Ochoa); Antonio Juan Mas, Inmaculada Ros Vilamajó, Monica Ibáñez
Barcelo, Elide Toniolo, Ana Paula Cacheda, (Hospital Son Llatzer); María Sagrario Bustabad Reyes,
María García González, Alicia García Dorta, Vanesa Hernández Hernández (Hospital Univ. Canarias);
Margarida Vasques Rocha, Jaime Calvo Allen (Hospital Univ. De Araba); Elisa Fernández Fernández
(Hospital Univ. La Paz); Miren Uriarte-Ecenarro, Cristina Valero Martínez, Esther F. Vicente Rabaneda
(Hospital Univ. La Princesa); Carlos García Porrúa, Carlota Laura Iñiguez Ubiaga, Noelia Álvarez
Rivas, Tomás Ramón Vázquez Rodríguez, Jose Alberto Miranda Filloy, Amalia Sánchez-Andrade
Fernández (Hospital Univ. Lucus Augusti); Miguel Ángel González-Gay (Hospital Univ. Marqués de
Valdecilla); Joan Calvet (Hospital Univ. Parc Tauli); María Jesús García Villanueva, Carmen Larena,
Marina Tortosa Cabañas, Marta Serrano Warleta, Aliuska Palomeque Vargas (Hospital Univ. Ramón
y Cajal); Noemí Garrido, Alberto Ruiz Román, Clara Aguilera Cros (Hospital Univ. Virgen del Rocio);
Francisco Ortiz Sanjuán, Jose A. Román Ivorra, Carmen Riesco Bárcena, Anderson Huaylla (Hospital
Univ. y Politécnico La Fe); Itziar Calvo Zorilla (Hospital Universitario Basurto); Judit Lluch (Hospital
Universitario de Bellvitge); Joaquín María Belzunegui, Luis López Domínguez, Cesar Antonio Egues
Dubuc (Hospital Universitario Donosti); Lucia Silva Fernández (Comp. Hosp. Univ. De A Coruña).

Conflicts of Interest: Eugenio de Miguel obtained research funding/consulting and conferences
fees from Abbvie, Novartis, Roche, Pfizer, Janssen, Lilly, MSD, BMS, UC Pharma, Grünenthal, and
Sanofi. Javier Loricera had consultation fees/participation in a company-sponsored speaker´s bureau
from Roche, Galápagos, Novartis, UCB Pharma, MSD, Celgene, Astra Zeneca, and Grünenthal
and received support for attending meetings and/or travel from Janssen, Abbvie, Roche, Novartis,
MSD, UCB Pharma, Celgene, Lilly, Pfizer, and Galápagos. Patricia Moya-Alvarado had consulta-
tion fees/participation in a company-sponsored speaker´s bureau from Roche, Novartis, Abbvie,
MSD, Lilly, Pfizer, and Celgene and received support for attending meetings and/or travel from
Novartis, Lilly, and Pfizer. Santos Castañeda has received research support from MSD and Pfizer
and had consultation fees/participation in a company-sponsored speaker’s bureau from Amgen,
BMS, Eli-Lilly, MSD, Roche, Gedeon-Richter, Grünenthal Pharma, and UCB. Ricardo Blanco received
grants/research support from AbbVie, MSD, and Roche and had consultation fees/participation
in a company-sponsored speaker’s bureau from AbbVie, Pfizer, Roche, Lilly, UCB, Bristol-Myers,



J. Clin. Med. 2024, 13, 6215 11 of 12

Janssen, and MSD. The remaining authors declare that the research was conducted in the absence of
any commercial or financial relationships that could be construed as a potential conflict of interest.

References
1. Li, K.J.; Semenov, D.; Turk, M.; Pope, J. A meta-analysis of the epidemiology of giant cell arteritis across time and space. Arthritis

Res. Ther. 2021, 23, 82. [CrossRef] [PubMed]
2. Sharma, A.; Mohammad, A.J.; Turesson, C. Incidence and prevalence of giant cell arteritis and polymyalgia rheumatica:

A systematic literature review. Semin. Arthritis Rheum. 2020, 50, 1040–1048. [CrossRef]
3. Watts, R.A.; Hatemi, G.; Burns, J.C.; Mohammad, A.J. Global epidemiology of vasculitis. Nat. Rev. Rheumatol. 2022, 18, 22–34.

[CrossRef]
4. Fernández-Lozano, D.; Hernández-Rodríguez, I.; Narvaez, J.; Domínguez-Álvaro, M.; De Miguel, E.; Silva-Díaz, M.; Belzunegui,

J.M.; Morales, C.M.; Sánchez, J.; Galíndez-Agirregoikoa, E.; et al. Incidence and clinical manifestations of giant cell arteritis in
Spain: Results of the ARTESER register. RMD Open 2024, 10, e003824. [CrossRef] [PubMed]

5. Dejaco, C.; Ramiro, S.; Bond, M.; Bosch, P.; Ponte, C.; Mackie, S.L.; A Bley, T.; Blockmans, D.; Brolin, S.; Bolek, E.C.; et al. EULAR
recommendations for the use of imaging in large vessel vasculitis in clinical practice: 2023 update. Ann. Rheum. Dis. 2023, 83,
741–751. [CrossRef] [PubMed]

6. Dejaco, C.; Duftner, C.; Buttgereit, F.; Matteson, E.L.; Dasgupta, B. The spectrum of giant cell arteritis and polymyalgia rheumatica:
Revisiting the concept of the disease. Rheumatology 2017, 56, 506–515. [CrossRef]

7. Grayson, P.C.; Tomasson, G.; Cuthbertson, D.; Carette, S.; Hoffman, G.S.; Khalidi, N.A.; Langford, C.A.; McAlear, C.A.; Monach,
P.A.; Seo, P.; et al. Association of vascular physical examination findings and arteriographic lesions in large vessel vasculitis.
J. Rheumatol. 2012, 39, 303–309. [CrossRef]

8. van der Geest, K.S.M.; Sandovici, M.; van Sleen, Y.; Sanders, J.-S.; Bos, N.A.; Abdulahad, W.H.; Stegeman, C.A.; Heeringa, P.;
Rutgers, A.; Kallenberg, C.G.M.; et al. Review: What Is the Current Evidence for Disease Subsets in Giant Cell Arteritis? Arthritis
Rheumatol. 2018, 70, 1366–1376. [CrossRef]

9. Ponte, C.; Grayson, P.C.; Robson, J.C.; Suppiah, R.; Gribbons, K.B.; Judge, A.; Craven, A.; Khalid, S.; Hutchings, A.; Watts, R.A.;
et al. 2022 American College of Rheumatology/EULAR classification criteria for giant cell arteritis. Ann. Rheum. Dis. 2022, 81,
1647–1653. [CrossRef]

10. Duftner, C.; Dejaco, C.; Sepriano, A.; Falzon, L.; Schmidt, W.A.; Ramiro, S. Imaging in diagnosis, outcome prediction and
monitoring of large vessel vasculitis: A systematic literature review and meta-analysis informing the EULAR recommendations.
RMD Open 2018, 4, e000612. [CrossRef]

11. Hellmich, B.; Agueda, A.; Monti, S.; Buttgereit, F.; de Boysson, H.; Brouwer, E.; Cassie, R.; Cid, M.C.; Dasgupta, B.; Dejaco, C.;
et al. 2018 Update of the EULAR recommendations for the management of large vessel vasculitis. Ann. Rheum. Dis. 2020, 79,
19–30. [CrossRef] [PubMed]

12. Dejaco, C.; Ramiro, S.; Duftner, C.; Besson, F.L.; Bley, T.A.; Blockmans, D.; Brouwer, E.; Cimmino, M.A.; Clark, E.; Dasgupta, B.;
et al. EULAR recommendations for the use of imaging in large vessel vasculitis in clinical practice. Ann. Rheum. Dis. 2018, 77,
636–643. [CrossRef] [PubMed]

13. Wenger, M.; Schirmer, M. Indications for diagnostic use of nuclear medicine in rheumatology: A mini-review. Front. Med. 2022, 9,
1026060. [CrossRef] [PubMed]

14. Slart RHJA. FDG-PET/CT(A) imaging in large vessel vasculitis and polymyalgia rheumatica: Joint procedural recommendation
of the EANM, SNMMI, and the PET Interest Group (PIG), and endorsed by the ASNC. Eur. J. Nucl. Med. Mol. Imaging 2018, 45,
1250–1269. [CrossRef]

15. Hunder, G.G.; Bloch, D.A.; Michel, B.A.; Stevens, M.B.; Arend, W.P.; Clabrese, L.H.; Edworthy, S.M.; Fauci, A.S.; Leavitt, R.Y.; Lie,
J.T.; et al. The American College of Rheumatology 1990 Criteria for the classification of vasculitis Introduction. Arthritis Rheum.
1990, 33, 1065–1067. [CrossRef]

16. Montero-Pastor, N.; Sánchez-Costa, J.T.; Guerra-Rodríguez, M.; Sánchez-Alonso, F.; Moriano, C.; Loricera, J.; Gonzalez, F.D.
Development of a web tool to calculate the cumulative dose of glucocorticoids. Reumatol. Clin. 2023, 19, 1–5. [CrossRef]

17. Dasgupta, B.; Cimmino, M.A.; Maradit-Kremers, H.; Schmidt, W.A.; Schirmer, M.; Salvarani, C.; Bachta, A.; Dejaco, C.; Duft-
ner, C.; Jensen, H.S.; et al. 2012 provisional classification criteria for polymyalgia rheumatica: A European League Against
Rheumatism/American College of Rheumatology collaborative initiative. Ann. Rheum. Dis. 2012, 71, 484–492. [CrossRef]

18. Yamashita, H.; Kubota, K.; Mimori, A. Clinical value of whole-body PET/CT in patients with active rheumatic diseases. Arthritis
Res. Ther. 2014, 16, 423. [CrossRef] [PubMed]

19. Loricera, J.; Blanco, R.; Hernández, J.L.; Martínez-Rodríguez, I.; Carril, J.M.; Lavado, C.; Jimenez, M.; Gonzalez-Vela, C.; Gonzalez-
Gay, M.A. Use of positron emission tomography (PET) for the diagnosis of large-vessel vasculitis. Rev. Esp. Med. Nucl. Imagen.
Mol. 2015, 34, 372–377.

20. González-Gay, M.A.; Prieto-Peña, D.; Martínez-Rodríguez, I.; Calderon-Goercke, M.; Banzo, I.; Blanco, R.; Castañeda, S. Early
large vessel systemic vasculitis in adults. Best Pract. Res. Clin. Rheumatol. 2019, 33, 101424. [CrossRef]

21. Prieto-Peña, D.; Castañeda, S.; Martínez-Rodríguez, I.; Atienza-Mateo, B.; Blanco, R.; González-Gay, M.A. Imaging Tests in the
Early Diagnosis of Giant Cell Arteritis. J. Clin. Med. 2021, 10, 3704. [CrossRef] [PubMed]

https://doi.org/10.1186/s13075-021-02450-w
https://www.ncbi.nlm.nih.gov/pubmed/33706808
https://doi.org/10.1016/j.semarthrit.2020.07.005
https://doi.org/10.1038/s41584-021-00718-8
https://doi.org/10.1136/rmdopen-2023-003824
https://www.ncbi.nlm.nih.gov/pubmed/38531620
https://doi.org/10.1136/ard-2023-224543
https://www.ncbi.nlm.nih.gov/pubmed/37550004
https://doi.org/10.1093/rheumatology/kew273
https://doi.org/10.3899/jrheum.110652
https://doi.org/10.1002/art.40520
https://doi.org/10.1136/ard-2022-223480
https://doi.org/10.1136/rmdopen-2017-000612
https://doi.org/10.1136/annrheumdis-2019-215672
https://www.ncbi.nlm.nih.gov/pubmed/31270110
https://doi.org/10.1136/annrheumdis-2017-212649
https://www.ncbi.nlm.nih.gov/pubmed/29358285
https://doi.org/10.3389/fmed.2022.1026060
https://www.ncbi.nlm.nih.gov/pubmed/36250088
https://doi.org/10.1007/s00259-018-3973-8
https://doi.org/10.1002/art.1780330802
https://doi.org/10.1016/j.reuma.2022.04.004
https://doi.org/10.1136/annrheumdis-2011-200329
https://doi.org/10.1186/s13075-014-0423-2
https://www.ncbi.nlm.nih.gov/pubmed/25606590
https://doi.org/10.1016/j.berh.2019.06.006
https://doi.org/10.3390/jcm10163704
https://www.ncbi.nlm.nih.gov/pubmed/34442002


J. Clin. Med. 2024, 13, 6215 12 of 12

22. Hay, B.; Mariano-Goulart, D.; Bourdon, A.; Benkiran, M.; Vauchot, F.; De Verbizier, D.; Ben Bouallègue, F. Diagnostic performance
of 18F-FDG PET-CT for large vessel involvement assessment in patients with suspected giant cell arteritis and negative temporal
artery biopsy. Ann. Nucl. Med. 2019, 33, 512–520. [CrossRef] [PubMed]

23. Narváez, J.; Estrada, P.; Vidal-Montal, P.; Sánchez-Rodríguez, I.; Sabaté-Llobera, A.; Nolla, J.; Cortés-Romera, M. Impact of
previous glucocorticoid therapy on diagnostic accuracy of [18F] FDG PET-CT in giant cell arteritis. Semin. Arthritis Rheum. 2023,
60, 152183. [CrossRef] [PubMed]

24. Clifford, A.H.; Murphy, E.M.; Burrell, S.C.; Bligh, M.P.; MacDougall, R.F.; Heathcote, J.G.; Castonguay, M.C.; Lee, M.S.; Matheson,
K.; Hanly, J.G. Positron Emission Tomography/Computerized Tomography in Newly Diagnosed Patients with Giant Cell Arteritis
Who Are Taking Glucocorticoids. J. Rheumatol. 2017, 44, 1859–1866. [CrossRef] [PubMed]

25. Prieto-González, S.; Depetris, M.; García-Martínez, A.; Espígol-Frigolé, G.; Tavera-Bahillo, I.; Corbera-Bellata, M.; Planas-Rigol, E.;
Alba, M.A.; Hernandez-Rodriguez, J.; Grau, J.M.; et al. Positron emission tomography assessment of large vessel inflammation in
patients with newly diagnosed, biopsy-proven giant cell arteritis: A prospective, case-control study. Ann. Rheum. Dis. 2014, 73,
1388–1392. [CrossRef]

26. Jamar, F.; Gormsen, L.C.; Yildiz, H.; Slart, R.H.; van der Geest, K.S.; Gheysens, O. The role of PET/CT in large vessel vasculitis
and related disorders: Diagnosis, extent evaluation and assessment of therapy response. Q. J. Nucl. Med. Mol. Imaging 2022, 66,
182–193. [CrossRef]

27. Bahrami, M.; Mohammadi, H.; Mirgaloyebayat, H.; Mohajeri, Z.; Fazeli, P.; Mojahedi, A.; Afsharirad, A.; Tavakoli, R.; Sadeghian,
A.; Nourian, S.M.A. The role of 18F-fluorodeoxyglucose PET/computed tomography in the diagnosis and monitoring of large
vessel vasculitides—A review article. Am. J. Nucl. Med. Mol. Imaging 2023, 13, 127–135.

28. Owen, C.E.; Yates, M.; Liew, D.F.; Poon, A.M.; Keen, H.I.; Hill, C.L.; Mackie, S.L. Imaging of giant cell arteritis—Recent advances.
Best Pract. Res. Clin. Rheumatol. 2023, 37, 101827. [CrossRef]

29. Boleto, G.; Berti, A.; Merkel, P.A.; Aydin, S.Z.; Direskeneli, H.; Dejaco, C.; Hassett, L.C.; Carmona, L.; Ramiro, S. Measurement
Properties of Outcome Instruments for Large-Vessel Vasculitis: A Systematic Literature Review. J. Rheumatol. 2023, 50, 789–798.
[CrossRef]

30. de Boysson, H.; Aouba, A. An Updated Review of Cardiovascular Events in Giant Cell Arteritis. J. Clin. Med. 2022, 11, 1005.
[CrossRef]

31. Castañeda, S.; Prieto-Peña, D.; Vicente-Rabaneda, E.F.; Triguero-Martínez, A.; Roy-Vallejo, E.; Atienza-Mateo, B.; Blanco, R.;
González-Gay, M.A. Advances in the Treatment of Giant Cell Arteritis. J. Clin. Med. 2022, 11, 1588. [CrossRef] [PubMed]

32. Bacour, Y.A.A.; van Kanten, M.P.; Smit, F.; Comans, E.F.I.; Akarriou, M.; de Vet, H.C.W.; Voskuyl, A.E.; van der Laken, C.J.;
Smulders, Y.M. Development of a simple standardized scoring system for assessing large vessel vasculitis by 18F-FDG PET-CT
and differentiation from atherosclerosis. Eur. J. Nucl. Med. Mol. Imaging 2023, 50, 2647–2655. [CrossRef] [PubMed]

33. Monjo-Henry, I.; Fernández-Fernández, E.; Mostaza, J.M.; Lahoz, C.; Molina-Collada, J.; de Miguel, E. Ultrasound halo count
in the differential diagnosis of atherosclerosis and large vessel giant cell arteritis. Arthritis Res. Ther. 2023, 25, 23. [CrossRef]
[PubMed]

34. De Miguel, E.; Sanchez-Costa, J.T.; Estrada, P.; Muñoz, A.; Valero Martínez, C.; Moya Alvarado, P.; Garcia-Villanueva, M.J.;
Navarro Angeles, V.A.; Da Veiga, C.G.L.; Frutos, A.R.; et al. Influence of the EULAR recommendations for the use of imaging
in large vessel vasculitis in the diagnosis of giant cell arteritis: Results of the ARTESER register. RMD Open 2022, 8, e002507.
[CrossRef]

35. Narváez, J.; Estrada, P.; Vidal-Montal, P.; Nolla, J.M. Performance of the new 2022 ACR/EULAR classification criteria for giant
cell arteritis in clinical practice in relation to its clinical phenotypes. Autoimmun. Rev. 2023, 22, 103413. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1007/s12149-019-01358-5
https://www.ncbi.nlm.nih.gov/pubmed/30976984
https://doi.org/10.1016/j.semarthrit.2023.152183
https://www.ncbi.nlm.nih.gov/pubmed/36841055
https://doi.org/10.3899/jrheum.170138
https://www.ncbi.nlm.nih.gov/pubmed/28916549
https://doi.org/10.1136/annrheumdis-2013-204572
https://doi.org/10.23736/S1824-4785.22.03465-3
https://doi.org/10.1016/j.berh.2023.101827
https://doi.org/10.3899/jrheum.220149
https://doi.org/10.3390/jcm11041005
https://doi.org/10.3390/jcm11061588
https://www.ncbi.nlm.nih.gov/pubmed/35329914
https://doi.org/10.1007/s00259-023-06220-5
https://www.ncbi.nlm.nih.gov/pubmed/37115211
https://doi.org/10.1186/s13075-023-03002-0
https://www.ncbi.nlm.nih.gov/pubmed/36788547
https://doi.org/10.1136/rmdopen-2022-002507
https://doi.org/10.1016/j.autrev.2023.103413

	Introduction 
	Materials and Methods 
	Study Design 
	Study Population 
	Variables 
	Statistical Analysis 
	Ethical Aspects 

	Results 
	General Features of the Studied Population 
	Multivariate Analysis 

	Discussion 
	Conclusions 
	References

