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A B S T R A C T   

Objectives: To determine the prevalence and predictors of subclinical giant cell arteritis (GCA) in patients with 
newly diagnosed polymyalgia rheumatica (PMR). 
Methods: PubMed, Embase, and Web of Science Core Collection were systematically searched (date of last search 
July 14, 2021) for any published information on any consecutively recruited cohort reporting the prevalence of 
GCA in steroid-naïve patients with PMR without cranial or ischemic symptoms. We combined prevalences across 
populations in a random-effect meta-analysis. Potential predictors of subclinical GCA were identified by mixed- 
effect logistic regression using individual patient data (IPD) from cohorts screened with PET/(CT). 
Results: We included 13 cohorts with 566 patients from studies published between 1965 to 2020. Subclinical GCA 
was diagnosed by temporal artery biopsy in three studies, ultrasound in three studies, and PET/(CT) in seven 
studies. The pooled prevalence of subclinical GCA across all studies was 23% (95% CI 14%-36%, I2=84%) for any 
screening method and 29% in the studies using PET/(CT) (95% CI 13%-53%, I2=85%) (n=266 patients). For 
seven cohorts we obtained IPD for 243 patients screened with PET/(CT). Inflammatory back pain (OR 2.73, 1.32- 
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5.64), absence of lower limb pain (OR 2.35, 1.05-5.26), female sex (OR 2.31, 1.17-4.58), temperature >37◦ (OR 
1.83, 0.90-3.71), weight loss (OR 1.83, 0.96-3.51), thrombocyte count (OR 1.51, 1.05-2.18), and haemoglobin 
level (OR 0.80, 0.64-1.00) were most strongly associated with subclinical GCA in the univariable analysis but not 
C-reactive protein (OR 1.00, 1.00-1.01) or erythrocyte sedimentation rate (OR 1.01, 1.00-1.02). A prediction 
model calculated from these variables had an area under the curve of 0.66 (95% CI 0.55-0.75). 
Conclusion: More than a quarter of patients with PMR may have subclinical GCA. The prediction model from the 
most extensive IPD set has only modest diagnostic accuracy. Hence, a paradigm shift in the assessment of PMR 
patients in favour of implementing imaging studies should be discussed.   

Introduction 

Giant cell arteritis (GCA) is the most frequent primary vasculitis. The 
clinical manifestation is heterogeneous and includes cranial symptoms, 
peripheral vascular claudication, constitutional symptoms, and poly-
myalgia. Polymyalgia rheumatica (PMR) is a related inflammatory dis-
order occurring three to ten times more frequently than GCA [1]. 
Around half of GCA patients report polymyalgia at diagnosis or during 
relapse, while others have a history of PMR before the onset of GCA. 
Moreover, PMR may be the sole manifestation of GCA. These patients 
present with subclinical vasculitis without specific vasculitic symptoms 
(subclinical GCA), which can be challenging in the clinical routine [2]. 
Timely diagnosis and treatment of GCA are essential because, in contrast 
to PMR, GCA is associated with acute and chronic vascular complica-
tions such as vision loss (up to 19% of cases), arterial stenosis (5% to 
29%), stroke (2% to 7%) and the development of aortic aneurysms (up to 
27%) [3–10]. In PMR patients with undetected subclinical GCA, stan-
dard PMR treatment may be inappropriate, with prednisone doses being 
too low to prevent vascular complications [11]. In a retrospective study, 
18 out of 167 patients initially diagnosed with PMR developed typical 
cranial vasculitic symptoms or signs of vascular insufficiency in the 
upper extremities during follow-up. Half of these patients experienced 
severe complications, including permanent vision loss, stroke, and limb 
claudication [11]. This underscores the relevance of subclinical GCA in 
PMR patients. Although subclinical GCA in patients with PMR at diag-
nosis has been recognized, routine screening of PMR patients for sub-
clinical GCA is not considered standard of care in most clinical settings 
[12]. 

Subclinical GCA can be detected by vessel wall imaging [13] or 
histology obtained by temporal artery biopsy (TAB) [14]. TAB has 
limited sensitivity for GCA and was the only screening technique for 
diagnosing GCA before the introduction of temporal artery ultrasound in 
1995 [15]. Ultrasound was later extended to the extra-temporal arteries, 
thus enhancing diagnostic sensitivity for GCA [16]. Today, PET is the 
most widely used technique for GCA screening, especially for extracra-
nial large vessel GCA with good diagnostic accuracy (sensitivity of 67% 
to 77% and specificity of 66% to 100%) [17]. It is mostly used in com-
bination with computed tomography (PET/CT) [13,18]. 

Amongst publications reporting the prevalence of subclinical GCA at 
PMR diagnosis, many have considerable biases, such as non-consecutive 
inclusion of selected patients, and may thus be misleading. 

The benefits of a screening program would depend on the true 
prevalence of subclinical GCA at diagnosis of PMR, the costs, and its 
availability. Hence, easily assessable predictors of subclinical GCA in 
PMR patients would be helpful. Our study, therefore, has two objectives: 
(i) to determine the prevalence of subclinical GCA in patients with new- 
onset PMR based on a systematic literature review and (ii) to identify 
predictors of subclinical GCA in PMR patients by performing a meta- 
analysis of individual patient data (IPD). To this end, we present an 
example of a prediction model using the identified variables most 
strongly associated with the outcome. 

Methods 

We report the systematic literature review and IPD meta-analysis 

following the Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) and PRISMA-IPD statement [19,20]. The 
methods were pre-specified in a protocol registered at the Open Science 
Framework (OSF) (doi: 10.17605/OSF.IO/749RY) [21]. 

Systematic review 

Eligibility criteria 
Studies were eligible if they reported the prevalence of subclinical 

GCA in consecutively recruited, steroid-naïve PMR patients diagnosed 
according to accepted classification criteria at the time of publication. 
We excluded patients with ischemic or vascular symptoms consistent 
with GCA (Supplementary Table S1). 

Search strategy and selection process 
A medical information specialist (H.E.) systematically searched 

PubMed, Embase (via Elsevier), and the Web of Science Core Collection 
using keywords and database-specific subject headings for terms rele-
vant to PMR, GCA, and diagnostic imaging (date of last search July 14, 
2021) (Supplementary Table S2). 

Three reviewers (D.G., T.D., A.H.) screened titles and abstracts and 
assessed the full texts of all potentially eligible articles. Disagreements 
were resolved by discussion. If studies contained overlapping patient 
cohorts, only the largest study was included. We extracted patient 
characteristics of the total study population and data on the prevalence 
of subclinical GCA in PMR patients. If the total study population con-
sisted of multiple patient populations (e.g., PMR, GCA, and GCA with 
PMR), only data from PMR patients without symptoms suggestive of 
GCA were used for analysis. 

Individual patient data meta-analysis 

Eligibility criteria 
For the IPD meta-analysis, cohorts were eligible if they included 

newly diagnosed, steroid-naïve PMR patients who were screened by 
PET/(CT) at diagnosis. Case reports, IPD of patients with ischemic 
symptoms consistent with GCA, and patients with a pre-existing diag-
nosis of GCA were excluded. We restricted this analysis to screening by 
PET/(CT) to reflect the modern practice in the diagnostic workup for 
GCA. 

Identification of PMR cohorts 
We contacted authors of eligible studies identified during an initial 

search on April 16, 2020 and invited them to share the IPD. We pre-
sented the project at the European League Against Rheumatism (EULAR) 
working group for PMR and GCA web conference in 2020 to invite 
collaborators and identify additional cohorts. 

Data items 
We requested IPD for demographical (age, sex), clinical (cardiovas-

cular risk factors; pain localized at the neck, shoulders, lower back, 
lower limbs, and hip girdle; morning stiffness and its duration; fever; 
weight loss), and laboratory data (erythrocyte sedimentation rate [ESR], 
C-reactive protein [CRP], IL-6, leukocytes, thrombocytes, haemoglobin 
level), information on steroid treatment before PET/(CT) (yes/no), GCA 
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symptoms (headache, scalp tenderness, jaw claudication, visual prob-
lems), and imaging data (joint or vascular region involved) at diagnosis. 

Definitions of inflammatory back pain and lower limb pain 
As has been previously described [22], inflammatory lower back 

pain was considered present if the patient reported low back pain that 
improved with exercise, but not with rest, and occurred predominantly 
at night [22]. Bilateral diffuse lower limb pain was defined as pain in 
both legs, thighs, or anywhere between the knees and ankles [23]. 

Individual patient data collection 
Collaborating researchers who agreed to share IPD from eligible 

studies provided data on predefined variables for individual patients. 
The data were individually reviewed by D.G. and T.D., and checked for 
discrepancies with published reports, internal consistency, and 
completeness. Any ambiguities were resolved by discussion with the 
collaborating researchers. 

Risk of bias assessment 

We assessed the risk of bias using selected items of the Quality 
Assessment of Diagnostic Studies (QUADAS)-2 tool [24]. We assessed 
patient selection and outcome measurement (i.e., the method used to 
diagnose subclinical GCA). We tailored the tool to our review question 
and added signalling questions regarding sample frame, patient 
recruitment, the total number of eligible patients, and participation rate 
(Supplementary Table S3). 

Statistical analysis 

We calculated the pooled prevalence of subclinical GCA using a 
random-effects model and calculated I2 to quantify the degree of het-
erogeneity across the studies [25]. 

For the IPD, we present summary statistics of the included variables 
by study. We imputed missing data using multilevel joint modelling 
multiple imputations with the R package jomo [26]. We performed a 
one-step IPD meta-analysis to compare the odds of having subclinical 
GCA for characteristics of PMR patients. Using the imputed data sets, we 
built univariable mixed-effects logistic regression models with vascular 
involvement (no/yes) as the outcome and each patient characteristic 
under study as a predictor in turn. We then modelled the outcome 
including all predictors together in a multivariable model. The charac-
teristics were specified as fixed effects, while the study was included as a 
random effect. The results for each imputed data set were pooled using 
Rubin’s rules [27]. We included the variables that were significantly 
associated with subclinical GCA or had confidence intervals slightly 
overlapping ‘1’ in the univariable model and kept the direction and 
magnitude of their association with the outcome after adjusting for the 
other predictors in the multivariable model in a prediction model. We 
used the R package psfmi [28] to pool the mixed logistic regression 
models from the multiply imputed data using the median p-values 
pooling method and evaluating the model’s performance using 
cross-validation. We performed a sensitivity analysis for the univariable 
analyses using the complete cases from the original study data using the 
lme4 package [29]. As an additional sensitivity analysis, we redid the 
analyses, excluding two studies reporting an extreme prevalence of 
vascular involvement. Statistical significance was defined as p < 0.05. 
All analyses were performed in R version 4.0.3 (2020-10-10) [30]. 

Results 

Prevalence of subclinical GCA at PMR diagnosis 

Study selection 
A total of 2362 reports were identified after removing duplicates. Of 

those, we reviewed 70 full-text articles deemed potentially relevant 

based on the title and abstract. In total, 13 studies were included for 
prevalence estimation (Fig. 1) [31–43]. 

Study characteristics 
The 13 included studies were published between 1965 and 2020 

[31–43]. Different methods for subclinical GCA screening were used as 
state-of-the-art diagnostics at the time of publication. The patients were 
examined by TAB (n=165) (published from 1965 to 1996) [31–33], 
ultrasound (n=135) (from 1996 to 2020) [34–36], and PET/(CT) 
(n=266) (from 1999 to 2020) [37–43]. We found no studies that used 
magnetic resonance tomography or CT for screening. 

The aims of the studies were heterogeneous and included the eval-
uation of possible subclinical GCA in PMR and assessing patterns of 
articular and periarticular involvement in PMR. Apart from age and sex, 
patients’ characteristics in these studies were mainly not reported 
(Table 1). 

Prevalence of subclinical GCA in newly diagnosed PMR patients 
Overall, the 13 included studies reported on 566 PMR patients. 

Prevalence estimates of vasculitis ranged from 0 to 92%. The combined 
pooled prevalence was 23% (95% confidence interval [CI] 14%–36%) 
with high heterogeneity between studies (I2=84%) (Fig. 2). 

The pooled prevalence of subclinical GCA among patients screened 
by biopsy was 20% (CI, 7%–46%, I2=86%) [31–33]. Ultrasound signs 
consistent with vasculitis were found in 15% (CI, 3%–50%, I2=86%) 
[34–36]. For the seven PET/(CT) studies, we found a pooled prevalence 
of 29% (CI, 13%–53%, I2=85%) [37–43] (Fig. 3). The method used for 
subclinical GCA screening did not explain the between-study 
heterogeneity. 

Predictors of subclinical GCA 

Study selection, IPD obtained, and patient characteristics 
We identified ten eligible studies for the IPD meta-analysis: nine 

PET/(CT) studies were identified during the initial literature search 
[37–41,44–47]. One unpublished Italian study (Milan study; 24 pa-
tients) was identified after the presentation of our study at the EULAR 
working group meeting. We obtained IPD from seven cohorts [40,41, 
44–47] for 256 patients, of whom 243 were included in the final analysis 
(Supplementary Fig. S1 [20]). Three cohorts had no data available (53 
patients) [37–39]. 

Most of the 243 patients were female (n=146; 60.1%), the median 
age was 72.3 years (interquartile range [IQR] 66.4–78.0 years), median 
CRP was 46.0 mg/L (IQR 19.0–77.7 mg/L), mean ESR was 65.2 mm/h 
(standard deviation ± 30.3 mm/h) and 65 patients (27%) were diag-
nosed with subclinical GCA after PET/CT. Cardiovascular risk factors 
such as hypertension was found in 29.6%, dyslipidaemia was seen in 
15.6%, and 4.9% were smokers. Diabetes was found in 9.5%. Detailed 
patient characteristics are described in the supplemental material 
(Supplementary Table S4 and Supplementary Table S5). 

Factors associated with subclinical GCA in PMR patients 
In the univariable models, the following variables were associated 

with subclinical GCA: inflammatory back pain (odds ratio [OR], 2.73; 
CI, 1.32–5.64), absence of lower limb pain (OR, 2.35; CI, 1.05–5.26), 
female sex (OR, 2.31; CI, 1.17–4.58), and the thrombocyte count (OR, 
1.51 for an increase in thrombocyte count of one standard deviation; CI, 
1.05–2.18). An increase in haemoglobin level by 1 g (OR, 0.80 per g/dl; 
CI, 0.64–1.00) was associated with lower odds for subclinical GCA. 

In the multivariable analysis, inflammatory back pain (OR, 5.71; CI, 
1.41–23.06) and absence of lower limb pain (OR, 3.48; CI, 1.16–10.42) 
were the only statistically significant predictors (Table 2). 

Age, pelvic girdle pain, duration of morning stiffness, and elevation 
of inflammation markers (ESR, CRP, leukocyte count), were not asso-
ciated with subclinical GCA, both in the univariable and multivariable 
models. 
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Prediction model with candidate predictors 
We included the variables that had the strongest associations with 

subclinical GCA from the univariable and multivariable models in a 
prediction model and used cross-validation to assess model perfor-
mance. Those variables were inflammatory back pain, lower limb pain, 
female sex, temperature > 37◦, weight loss, thrombocyte count, and 
haemoglobin level. The prediction model’s ORs and 95% CIs can be 
found in the supplementary material (Supplementary Table S6). The 
cross-validation procedure calculated an area under the curve (AUC) of 
0.66 (95% CI: 0.55-0.75) and a pseudo-R2 of 0.178. 

Sensitivity analyses 
The results of the univariable analyses using the complete cases from 

the original study data were similar to those obtained from the imputed 
data (Supplementary Table S7). In the multivariable analyses excluding 
the two studies that reported extreme prevalence of subclinical GCA 
(Owen et al. [44] with 0% and the Milan study with 71%), inflammatory 
back pain and lower limb pain were no longer statistically significant 
(for details see Supplementary Table S8–S10). 

Risk of bias and applicability concerns 
Patient selection was a main source of potential bias in most studies 

since most patients were recruited from specialized centres or the 
description of recruitment was incomplete (overall summary in Sup-
plementary Table S11 and S12), but we deemed this to have limited 

impact on applicability in most cases. The studies using TAB for 
screening are potentially biased due to the lack of clear-cut definitions of 
PMR and GCA at that time. 

Discussion 

In this systematic review of 13 studies reporting on 566 steroid-naive 
patients with PMR about one in four patients were judged to have 
subclinical GCA. The pooled prevalence of subclinical GCA among pa-
tients screened by PET/(CT), the standard nowadays, was even higher, 
as expected due to the high sensitivity of PET/(CT) in this setting. 
Evaluation of the temporal artery during routine scanning with 
advanced PET/CT scanners is now possible, which might further in-
crease the sensitivity of PET/CT for GCA in the future [48]. 

The cumulative lifetime risk of patients with PMR developing GCA 
may be even higher and has not yet been systematically studied. 

Altogether, this supports the ‘one disease’ hypothesis that was 
already postulated 57 years earlier by Hamrin, i.e. that GCA and isolated 
PMR represent a different spectrum of the same disease [49]. 

We retrieved IPD from seven cohorts using PET/(CT) for screening. 
This enabled us to study characteristics of PMR patients with and 
without subclinical GCA at diagnosis in the largest existing dataset. In 
the univariable analysis, potential predictors of subclinical GCA were 
female sex and weight loss and variables indirectly associated with 
inflammation. These were thrombocytosis, anaemia, and temperature 

Fig. 1. Flowchart of the study selection process.  
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above 37◦C, but unexpectedly, classical inflammatory markers such as 
ESR and CRP were not amongst them. After multivariable analysis, only 
inflammatory low back pain and absence of lower limb pain remained 
significantly associated with subclinical GCA in PMR patients. However, 
the presence of these two pain symptoms only identifies a minority of 
patients with subclinical GCA. Although lower limb and inflammatory 
back pain have been reported in the context of newly diagnosed PMR, 
non-inflammatory musculoskeletal pains are frequent in elderly pa-
tients. Therefore, these two symptoms have to be interpreted with 
caution. The presence of inflammatory back pain showed no statistical 
correlation with the FDG uptake in the abdominal aorta or in the bursae 
of the spinous processes of the lumbar spine (data not shown). 

To create a tool to predict subclinical GCA, we included all variables 
that showed an association with subclinical GCA in the univariable 
model and maintained this relationship in the multivariable model. 
However, the discriminatory ability of this prediction model was 
modest, with an AUC of 0.66%. 

Strengths of the study include the large number of analysed IPD sets 
and the strict inclusion criteria, which led to the exclusion of several 
large cohorts that had reported subclinical GCA in patients with PMR 
but had not included patients consecutively. Thus, although struggling 
with potential biases, the prevalence derived from our meta-analysis is 
to date the most reliable estimation. 

Limitations to the study include the considerable heterogeneity 
across the included studies. This was not statistically explained by 
diagnostic methodology which evolved over the decades (TAB, ultra-
sound, PET/(CT)). Possible explanations include different diagnostic 
criteria, but we would need much more data to investigate this. In 
addition, study focus and population selection were not identical for all 
studies. 

Second, as GCA is primarily a disease treated by specialists/rheu-
matologists, most studies included patients referred to specialist care, 
whereas the majority of PMR patients are usually treated by their 

primary care physician. Consequently, it is unclear whether the preva-
lence estimates apply to a broader population in primary care settings. 

Third, the collected parameters for the IPD data were, in part, 
incomplete. While we imputed missing values, this led to more statistical 
uncertainty and weakened the statistical power to detect relevant 
factors. 

Fourth, our study only analysed routinely collected laboratory 
markers. However, the recent study by van Sleen et al. has shown that 
nonroutine biomarkers such as angiopoietin-2 are associated with large 
vessel vasculitis in PMR [46]. Further studies are needed to identify new 
potential biomarkers of subclinical GCA. 

In conclusion, this systematic review and meta-analysis indicated 
that subclinical GCA might affect more than one in four patients with 
PMR when screened by PET/(CT) at diagnosis. Although we identified 
factors associated with subclinical GCA, the development of a helpful 
prediction model to systematically screen patients with PMR requires 
more data and the subsequent assessment. Due to the high prevalence of 
subclinical GCA at PMR diagnosis, the role of routine imaging for GCA 
warrants discussion. Although PET/CT has been most often used, other 
modalities such as CT, ultrasound, or MRI, each with its specific ad-
vantages and disadvantages, are available for this purpose [13]. Care-
fully designed prospective, longitudinal cohort studies, taking the 
potential biases in account would be needed to confirm the presented 
data. These studies should also assess the long-term damage caused by 
subclinical GCA, the diagnostic accuracy and the cost effectiveness of 
the employed imaging techniques. 

Author contributions 

DG and AH contributed equally to this work as joint first authors. TD, 
DG, AH, LGH, LW, and HE were responsible for the study conception and 
design. HE provided the search strategy and execution. Screening of the 
studies was conducted by DG, TD, and AH. DG, TD, and AH contributed 

Table 1 
Study and patient characteristics.  

Study Location Patients screened 
for GCA, n 

Patients diagnosed 
with GCA, n (%) 

Females, n 
(%) 

Mean age 
(yrs ± SD) 

Diagnostic procedure Vascular area examined 

Hamrin 1965  
[31] 

Sweden 30 11 (37) NA NA TAB TA 

Bengtsson 1981  
[32] 

Sweden 67 21 (31) 50 (75) NA TAB TA 

Myklebust 1996 
[33] 

Norway 68 3 (4) NA NA TAB TA 

Kraft 1996 [34] Germany 8 0 (0) 7 (88) 70 Ultrasound TA 
Schmidt 2002  

[35] 
Germany 102 8 (8) 71 (70) 69 Ultrasound TA 

Burg 2020 [36] Germany 25 10 (40) NA NA Ultrasound TA, Occ, CRA, Carot, Vert, Ax 
Blockmans 1999 

[37] 
Belgium 5 4 (80) 5 (100) 63 ± 6 PET (4P-VS) Ao, Sub, Carot, Pop, Fem, Tib 

Moosig 2004  
[38] 

Germany 13 12 (92) 11 (85) 65.5 PET (Vasc-ROI) Ao, Sub, ext Carot, Iliac 

Blockmans 2007 
[39] 

Belgium 35 11 (31) 20 (57) 68.5 ± 7.2 PET (TVS) Ao, Sub, Carot, Ax, Iliac, Fem 

Camellino 2012  
[40] 

Italy 64 25 (39) NA NA PET/CT (4P-VS*) Ao, Sub, Carot, Iliac, Fem 

Corica 2019  
[41] 

Spain 52 6 (12) NA NA PET/CT (qualitative) NA 

Owen 2020  
[42] 

Australia 33 0 (0) 15 (45) 68.6 ± 7.4 PET/CT (4P-VS* + semi- 
quantitative) 

NA 

Emamifar 2020  
[43] 

Denmark 64 6 (9) NA NA PET/CT (4P-VS*) TA, MA, BA, Ao, Sub, ext 
Carot, Vert, Iliac, Fem 

Abbreviations: Ao, aorta; Ax, axillary artery; BA, basilar artery; n, number; Carot, carotid artery; CRA, central retinal artery; CT, computed tomography; ext Carot, 
external carotid artery; Fem, femoral artery; GCA, giant cell arteritis; Iliac, iliac arteries; NA, not available; MA, maxillary artery; Occ, occipital artery; PET, positron 
emission tomography; PET/CT, positron emission tomography/computed tomography; Pop, popliteal artery; SD, standard deviation; Sub, subclavian artery; TA, 
temporal artery; TAB, temporal artery biopsy; Tib, tibial artery; TVS, total vascular score (seven vascular regions were scored as negative (0) or positive (1, 2, or 3), and 
scores were summed (max score: 21), TVS of ≥1 were regarded as positive for vascular uptake); Vasc-ROI, vascular region of interest divided by individual background 
value (peripheral region of the lung); Vert, vertebral artery; 4P-VS, four-point visual score ranging from 0 (no visualization of blood vessels) to 3 (intense FDG uptake), 
scores of ≥2 were regarded as positive for vascular uptake; 4P-VS*, four-point visual score relative to liver uptake (0=no uptake, 1=lower than liver uptake, 2=similar 
to liver uptake, 3=higher than liver uptake, with scores of ≥2 regarded as positive for vascular uptake). 
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to data extraction, and evaluation of the included studies. IPD was 
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PMA, RRCB, YvS. LGH and LW contributed to data synthesis. All authors 
were involved in data analysis and interpretation. DG, TD, AH, LW, LGH 
drafted the manuscript and all authors revised it critically. All authors 
had the final responsibility for the decision to submit for publication. 
The corresponding author (TD) attests that all listed authors meet 

authorship criteria and that no others meeting the criteria have been 
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