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a b  s  t  r a  c t

Objective: To identify  tools  designed  to evaluate  the  severity  of patients with rheumatoid arthritis  (RA)
in order  to use them  in  the  investigation of prognostic  markers  in early arthritis.
Methods: We conducted  a systematic  review  of studies  that developed/validated  an  index  for  RA disease
severity. They  were analysed using the  COSMIN checklist  to  assess their  methodological quality.  In  addi-
tion, all the  variables included were  evaluated  for  their  clarity  of definition,  feasibility  and  probability
of being  present  in each outcome during  the  first  2  years of the  disease  course.  To  estimate  redundancy,
variables  were  grouped  by  domains.
Results: After reviewing 3519  articles, 3  studies  were  included. The  first  study,  the  PAS, assessed whether
current  and lifetime  treatment  with  disease-modifying  antirheumatic  drugs and/or  biologics  accurately
predicted  RA severity, as  measured  by the  patient-reported  PAS. Treatment variables did not fully distin-
guish  patients  in the  highest  and  lowest  quartiles  of PAS scores.  Another  severity  index,  the  Claims-Based
Index  for RA Severity (CIRAS), included the  variables age, sex, Felty’s syndrome,  number  of rehabilitation
and  rheumatology  visits,  test for  inflammatory  markers,  number  of chemistry  panels/platelet  counts
ordered  and rheumatoid factor test.  The correlation was low (r  =  0.56) with  an index  previously  vali-
dated  by the  same research group,  the  RA medical records-based index  of severity  (RARBIS),  with  Disease
Activity  Score-C-reactive  protein (DAS28-PCR)  (r =  0.07)  and  Multidimensional  Health  Assessment  Ques-
tionnaire  (MD-HAQ) (r =  0.008). Finally,  the  RARBIS, used to validate the  CIRAS,  was devised  as  an  RA
severity  index  based  on  medical records.  It  includes  as domains  surgery, radiology,  extra-articular man-
ifestations, clinical  and  laboratory  variables, previously  chosen  by  an  expert  panel.  RARBIS  had  a  weak
correlation  with  treatment  intensity  (r =  0.35) and with DAS28 (r  =  0.41).
Conclusion:  There  is no index  to  assess  the  severity  of RA based on  the  course of the  first 2 years  of
follow-up  that  is adapted  to the  current  strategy  of therapeutic  management  of this  disease.  Therefore,
we believe  it is  reasonable to  develop  a new ad  hoc  severity  index  for  patients  with  early arthritis.
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Objetivo: Identificar herramientas  diseñadas  para evaluar  la gravedad  global  de los  pacientes con  artritis
reumatoide  (AR) para su  uso en  la investigación  de  marcadores pronósticos  de  artritis  precoz.
Métodos:  Revisión sistemática de  estudios  cuyo objetivo  fuera  el desarrollo  o validación  de  índices  de
gravedad  en  AR.  Se valoró  la calidad metodológica mediante  la lista  de  comprobación  COSMIN.  Además,
se  evaluó  la  claridad de  definición,  viabilidad  y  probabilidad  de  estar presente durante los  2 primeros
años  de  evolución.
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Resultados:  Después  de  revisar  3.519 artículos,  se identificaron  3 índices de  gravedad.  La Patient  Activity
Scale  (PAS) valoró  si  el  tratamiento  previo  o actual predecía  la gravedad  de  la AR, medida  mediante  el
patient-reported PAS.  Las  variables de tratamiento  no  permitieron  distinguir entre  los cuartiles superior
e  inferior  de  la PAS. El CIRAS  incluye  las variables  edad,  sexo, síndrome  de Felty, número  de  visitas  al
reumatólogo  y  al rehabilitador,  factor reumatoide  (FR), recuento  de  plaquetas,  marcadores inflamatorios
y paneles bioquímicos  solicitados.  Su  correlación fue  baja  (r = 0,56),  con un índice  previamente  validado
por  el mismo grupo  investigador,  el  RARBIS, con  el  DAS28-PCR (r  =  0,07)  y  el  Multidimensional  Health
Assesment  Questionnaire  (MD-HAQ) (r  =  0,008). Por último, el  RARBIS,  utilizado  para validar  el CIRAS,  fue
ideado  como  un  índice  de  gravedad  de  AR basado  en registros  médicos.  Incluye  como dominios  cirugía,
radiología,  manifestaciones  extraarticulares,  clínica  y  variables  de  laboratorio,  elegidas  previamente por
un panel  de  expertos.  Este  índice  presentó  una  correlación débil  con la intensidad  de  tratamiento  (r =  0,35)
y  con el  DAS 28 (r =  0,41).
Conclusión:  No  existe  ningún  índice  para valorar la gravedad de  la  AR sobre  la base  del  curso  evolutivo
de  los  2  primeros años  de  seguimiento y  que  se adapte a la  estrategia terapéutica actual. Por lo tanto,
creemos  razonable  el  desarrollo  de  un nuevo  índice de  gravedad  ad  hoc para  pacientes con  artritis  de
reciente  comienzo.

© 2017  Elsevier  España, S.L.U.
y  Sociedad Española  de  Reumatologı́a y  Colegio  Mexicano de  Reumatologı́a.  Todos los derechos  reservados.

Introduction

Recommendations for rheumatoid arthritis (RA) management
uphold intensive strategy practices, since scientific evidence has
shown that they improve the course of the disease.1–3 These inten-
sive strategies are based on 2 key factors: (a) tight control [TC])4–6

of the inflammatory process and (b) the establishment of a  treat-
ment objective based on composite indices of activity, known as
“treat-to-target” (t2t).4–6

Furthermore, early initiation of treatment with disease modi-
fying anti rheumatic drugs (DMARDS) may  slow down or prevent
progression and also thereby modify associated excess risk. This
“window of opportunity” hypothesis has been confirmed.7–9

The introduction of recent-onset arthritis disability (ROAD)
departments in many countries is  a  direct response to the intention
to use early treatment strategies to  improve clinical and radiologic
outcomes.10–13 Indeed, the hope that the course of the disease in
its early stages may  be reverted has promoted the use of inten-
sive treatment strategies in  patients even with undifferentiated
arthritis.14,15 However, intensive treatment with DMARDS may
also lead to increased toxicity levels.16 Verification of the charac-
teristics related to  a  poorer disease course, at the beginning of the
disease, may  help to improve the risk/benefit ratio and adjust the
application of an early and intensive therapeutic approach in  cases
with poorer prognosis.17

The establishment of TC y  t2t strategies over the last 10 years
has had unexpected consequences in biomarker research, precisely
due to its great efficacy. Since patients with poorer prognosis are
treated more intensively, the variables of standard outcome such
as the consequence of remission or long term radiologic progres-
sion, show no differences between patients with poorer or  better
initial prognosis.18 What is  more, in  recent years, the Princesa Early
Arthritis Register Longitudinal (PEARL) study detected that treat-
ment intensity between positive and negative ACPA patients has
gradually levelled out (Fig. 1), probably with the aim of taking
advantage of the window of opportunity. To avoid this problem
and explore poor prognosis biomarkers in patients with early stage
arthritis different variable subrogates from severity have been pro-
posed, which are related to the use of more intense treatment
such as the need for the use of biological treatment (BT)19 or the
accumulation of treatment.18,20 However, the validity and metric
properties of these variables is  yet to be determined.

Within this context, confronted by  the need for a  variable of
valid severity which would be helpful in evaluating the usefulness
of biomarkers in recent-onset arthritis, we  decided to carry out an
assessment of existing tools. To do  this we conducted a  systematic
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Fig. 1. Description of the treatment received by the patients of the PEARL cohort
study  during the 2000–2004, 2005–2009 and 2010–2014 periods. Differentiation of
the variable time with disease-modifying anti-rheumatic drugs (DMARDS) between
ACPA-positive patients (grey) and ACPA-negative (white) patients. Data are  shown
as  the  median of the variable DMARDS (line inside the box) and the percentiles 25.75
(lower  and upper edges of the box), 10 and 90 (ends of the  lines outside the box).
The dots represent cases outside of this range.

review of the literature aimed at: (1) identifying indices or  tools
which would allow us to discriminate between patients with
serious and nonserious RA and (2) assessing their validity and
applicability from existing data in  the medical history. After this
we explored whether the tools identified would serve to  estimate
the severity of patients with recent-onset arthritis at a sufficiently
early enough time of follow-up to be able to carry out effective
biomarker studies, and for this we established a  2-year post
diagnosis cut-off point.

Methods

We carried out a  systematic review of studies on the devel-
opment or  validation of indices or variables of severity in adult
patients with RA.

Search Strategies

A sensitive search in MEDLINE (1950–January 2017) was con-
ducted by an experienced person (LC), using Mesh and free
text terms, with no language restrictions. The strategy included
synonyms for “rheumatoid arthritis”, “validation studies” or
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“development of (“variables” or “indices” or  “questionnaires”) or
“prognostic studies” and the term “severity”. The search strategy is
available as in supplementary material.

Study Selection

Study selection was made by  a  trained reviewer (ET) in 3
steps: (1) selection by  titles; (2) selection by  summaries and (3)
compilation of complete text of the selected references and their
assessment, making the final selection according to previously set
criteria. A reason was recorded in  order to  exclude a  study in all
nonincluded cases.

Assessment of Index Quality

The indices or severity questionnaires found in  this search pro-
cess were analysed by using the check-list of Consensus-based
Standards for the selection of health Measurement Instruments
(COSMIN).21 This list contains standards for adjusting design
requirements and statistical methods for studies on psychometric
properties of health measurement instruments and may  be used
to determine whether a  study meets with the standards of good
methodological quality. It contains 4 steps for the calculation of
methodological quality of the different aspects for the validation of
the study measurement instrument.

Finally, in each of the variables of the indices we analysed
the qualities we considered particularly relevant for the research
group, such as clarity of definition, viability, presence in  the first 2
years of evolution and domain to which they belonged.

Results

Identification of Tools for Assessment of Severity

The search strategy identified 3519 articles (see Fig. 1 in the
supplementary material), 3505 of which were excluded after read-
ing the title and abstract. The reason for exclusion was mainly
that there was no objective of validation or development of an
index or questionnaire of severity in the RA. Of the remaining 14,
another 7 were excluded for the same reason after a detailed read-
ing (supplementary materials). Finally, 7 articles were included in
the systematic review the objective of which was the development
or validation of a severity index in RA. In total, 3 severity indices in
RA were found, the Patient Activity Scale (PAS), the RARBIS and the
CIRAS, the characteristics of which are described below.

Patient Activity Scale

The patient activity scale (PAS) was developed by Wolfe et al.22

from score means from the Health Assessment Questionnaire
(HAQ) (on a scale of 0–10), and 2 visual analogue scales, one for
pain and the other for total activity; all variables were provided
by the patient. This scale which was completed by  the patient had
demonstrated strong correlation with the disease activity in clinical
trials. Wolfe et al. used them as synonyms for severity in the 2006
study23 and they tried to validate them by studying their capacity
of discrimination for patients with different treatment loads.

The features of the 7541 patients included in the criteria vali-
dation study are presented in Table 1. In a  similar fashion to  other
indices, no information of baseline variables typically associated
with greater severity were included. The majority of patients (87%),
on check-up, used a  DMARD and/or biologic (74.2% used a DMARD,
33.1% a biologic and 18.3% did not use either). The mean PAS was
3.4. The highest score of the PAS index was reached in patients who
had not taken any medication (PAS 3.7, interquartile range [IQR]

1.7–5.7) and in those who had not previously taken a DMARD or
biologics (PAS 3.7, IQR 2.0–5.4).

The authors assessed the capacity of the treatment variables to
predict the PAS score using the calculation of the area under the ROC
(AUC) curve and the percentage of correct classification, obtaining a
AUC of .64 and an accurate classification percentage of 60.5%. Wolfe
et al. concluded that the use of demographic variables and treat-
ment in  administrative data bases did not enable patient groups
to  be distinguished according to their severity with appropriate
sensitivity and/or specificity.

Rheumatoid Arthritis Records-Based Index of Severity

The Rheumatoid Arthritis Records-Based Index of Severity (RAR-
BIS) was conceived as a  severity index of RA based on medical
records. It uses a  series of previously chosen severity indicators
with Delphi methodology through a  panel of 6 rheumatologist
experts.24 The RARBIS includes 5 subscales or domains: surgery,
radiology, extra-articular manifestations, clinical symptoms and
laboratory variables. The treatment subscale was  finally excluded
from the total RARBIS. Those domains which had been assessed by
the panel as being highly related to severity were awarded a  higher
score in the index.

The development of the index in a cohort of veterans25 was
studied at a  later date and the validity of construct through com-
parison of the RARBIS with treatment intensity explored: low
(without DMARD or biological treatment), moderate (hydrox-
ychloroquine, gold salts or sulfasalazine), high (metotrexate,
azathioprine, leflunomide or  cyclosporine) or very high (biological
treatment), demonstrating correlation with the treatment inten-
sity of RA (construct validity),25 although the association was weak
(r = .35, 95% CI, .18–.55).

In a  posterior study the convergent validity with regard to the
DAS28.26 was established One hundred patients were selected for
this from the cohort (Brigham and Women’s Hospital Rheuma-
toid Arthritis Sequential Study (BRASS) with a  DAS28 equally
distributed between 4 quartiles. Correlation between the total RAR-
BIS and the DAS28 was  weak (r = .41, 95% CI, .23–.56), and that of
the different subscales or domains of the RARBIS index with the
DAS28, which is some cases was nonexistent. However, the cor-
relation improved when the authors increased the weight bias of
the clinical subscale and reduced the weight bias of the surgical
subscale (r =  .48, 95% CI, .31–.62).21

Claims-based Index for Rheumatoid Arthritis Severity

The same research group of the RARBIS subsequently devel-
oped the Claims-based Index for Rheumatoid Arthritis Severity
(CIRAS),27 an index of RA severity based on potential indicators
of severity of different domains, both demographic and clinical
and, above all, of use in  health services. For this, they included 120
patients from the before mentioned cohort of veterans from the
New England VA Health System who  had at least 2 recorded visits
with a diagnosis of RA (CIE 9th edition, code 714.0), at least 2 hos-
pital visits between July 1999 and June 2001, and sufficient entries
in the medical record relating to the disease. Patient characteristics
are  recorded in  Table 1.

The authors developed the Claims-based Index of Rheumatoid
Arthritis Severity (CIRAS) index using lineal regression models,
according to the different variables extracted from administrative
data. They used several different selection procedures to  achieve
the best model, according to its R2.  The final CIRAS included the
administrative variables which are present in  the best model. Each
of the variables was  weighted by its correlation coefficient. The
construct validity was assessed using the correlation analysis the
CIRAS and the RARBIS, obtaining a  correlation coefficient between
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Table  1
Characteristics of the Indices Included in  the Review.

Index Domains and variables Range Apparent validity Validity and
construct

Validity of criterion Viability Justifiable in the
first 2 years

PAS Pain (EVA)
Function (HAQ)
Severitya (EVA)

0–10 Obtained from
core-set ACR
components, not
specifically linked
to severity, but to
activity. Little
apparent validity
COSMIN: +

Appropriate
against construct
activity correlation
Strong with ACR20
and 50 and with
DAS
Less clear against
severity
COSMIN: +

AUC = 0.70 to
differentiate
between treatment
with DMARDS and
biologics
COSMIN: +++

+++
All variables
present

+++ (all variables
present)

RARBIS Surgery (C1–C2 fusion), any joint of the
hand, foot, large joints (hips, knees,
shoulders, elbows)
Radiology (C1–C2 subluxation,
Any erosion)
Extra-articular symptoms (vasculitis,
pulmonary nodules)
Clinical (arthritis outbreak, overall
evaluation of disease by  physician,
functional status, morning stiffness)
Laboratory (FR > normality limit,
VSG >  age/2 or PCR > normality limit or
platelets >  450,000)

0-15b Developed from
Delphi
Appropriate
apparent validity
COSMIN: ++

Appropriate
COSMIN: ++

Not assessed +++ ++ (difficult
surgical and
radiologic
destruction
variables)

CIRAS  Identification/personal data (age,
gender)
Analytical variables of inflammation
(Number of inflammatory markers)
Use of health services (visits to
physiotherapist)
Immunological variables
Syndrome (FR)
Extra-articular symptoms (Felty)
Analytical variables of inflammation
(number of platelets)
Analytical biochemical variables
(biochemical panels)

6.5 Developed from
RARBIS. However,
is  formed by
variables which
reflect medical
activity and may  be
“contaminated”
with  own
measurements of
the t2t
Apparent validity
doubtful
COSMIN: +

Appropriate
COSMIN: ++

Not assessed ++ +++

Methodological quality according to  COSMIN: +: low; ++: moderate; +++: excellent. Viability: +: few variables present; ++: quite a lot  of variables present; +++:  all variables
present.  Justifiable during the first 2 years: ++: quite a  lot; +++: completely.
NA: not assessed.

a In the original study the questions was activity, not severity.
b Eighteen if medication is included.

CIRAS and RARBIS index, obtaining rho =  .56  between CIRAS and
RARBIS with the medication subscale and a  rho =  .51 without the
medication subscale. In  a  posterior study with 315 patients28 the
convergent validity of the CIRAS was assessed with regard to  the
DAS28-PCR and the multidimensional HAQ (MD-HAQ). The correla-
tion between the CIRAS and the DAS28-PCR (r =  .07) and MD-HAQ
(r = .008) was very low. Finally, the results of a  lineal regression
model with additional variables extracted from the administrative
data of the Medicare cohort not  included in the CIRAS (interstitial
pulmonary involvement, hand surgery, request for tuberculin test,
ACCP request, corticoids, opioids, nonsteroid anti-inflammatory
drugs, number of biologic and nonbiologic drugs) demonstrated
a low capacity for explaining the variability of the DAS28-PCR
(R2 = .23).

The variable description, domains and scores of the 3 indices are
included in the review described in  Table 1.

Critical Assessment of the Indices

The aspects of validation studied, and the qualities considered
to be a particular relevance by the research group are  described for
the 3 indexes in  Table 1.

Discussion

The search for prognostic factors or markers requires reli-
able outcomes. In diseases where the outcome variables are

extremely objectives and consistent, such as cancer (death or
tumour progression) or osteoporosis (appearance of new fracture
or variation of bone mineral density) personalised medicine or
at least medicine adjusted to  patient profiles seems increasingly
more viable. However, and at the moment, in RA ROAD we lack
these objectives or consistent variables. The key gold standard
which has been available for some years is  radiologic progres-
sion and this has succumbed to  intensive treatment strategies5

and the appearance of drugs which are able to stop the radio-
logic progression, even in patients without a  minimum therapeutic
response.

The aim of this paper was to  identify composite severity indices,
based on different domains, which could be applied to  the search
for predictive factors of severity in  RA. The systematic search car-
ried out up until 2017 only led to the identification of  3 tools, the
PAS,22 RARBIS25 and CIRAS indices.27,29 They began development
a short time after the beginnings of the biologic era in the field of
rheumatology, approximately 15 years ago, and considerable effort
is required to  find an index which is able to calculate the severity
of RA.

The oldest of them, RARBIS, is  based on data obtained from
medical files and its main defect is  that, due to age, it weighs
up circumstances such as the presence of the Felty  syndrome,
which is hardly ever currently seen in our  patients. Some other
variables included in  this index, particularly the surgical and radio-
logical domains are not present during the first 2 years of  the
disease. Lastly, its poor correlation with treatment needs or clinical
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activity of the patients led the authors to rethink their approach to
the  problem.

Wolfe et al.22 used the PAS as a severity variable without pre-
viously carrying out a  validation study, they simply exchanged the
concept of activity for severity. Neither did they obtain a good dis-
crimination capacity for the criteria “treatment with DMARD and
biologics”.

The CIRAS is essentially based on obtaining information on the
use of electronically recorded health services. Although the vari-
ables included in  this index may  be collected during the first 2 years
of evolution of patients with recent-onset arthritics, the inclusion
of TC and t2t strategies in  standard clinical practice means that
the number of visits to the rheumatologist and the undertaking of
many laboratory determinations do not have to  be related to greater
severity and do have to be related to  the putting into practice of
this therapeutic strategy. Furthermore, visits to  the physiothera-
pist which were highly frequent in  previous times, are  exceptional
in the biological era, thanks to better control of the disease activ-
ity during the first years of evolution. Moreover, the CIRAS index
includes variables which are related to the use of the health ser-
vices (request for inflammation markers, platelet count and other
biochemical parameters) but allow the t2t strategy to  be used with-
out this necessarily involving increased severity. Other variables
included, such as the Felty syndrome are exceptional in clinical
presence.

Validation of these indices leads to several methodological prob-
lems. Although the development of the RARBIS was based on a  panel
of experts, the subscales (domains) and indicators (variables) will
be weighted in accordance with the criteria of the panel depending
on the correlation with severity. To assess the possible interde-
pendence or relative contribution of the selected variables no
item reduction technique was used which would prevent possible
redundancies. In the CIRAS the variables included were chosen as
part of the best model identified, not according to relevant aspects
of construct, but in  accordance with the availability of containment
in health records, without wondering whether they reflected all the
relevant aspects of the construct “severity”. In both indices only the
validity of construct is contemplated (convergent validity), and no
other aspects of validation or reliability are considered. Correla-
tion with the construct used in both cases was weak, as previously
explained. Moreover, due to  the use of the same cohort of patients
for the development of both indices, some correlations found were
expected. The development of the PAS puts forward 2 major lim-
itations, the first of these  is the use of self-recording measures by
the patient, which may  lead to a bias in the assessment of severity;
the second is that only the criteria validity was contemplated, with
a low predictive capacity for seriously ill patients.

The recently published Scandinavian designed study NORD-
STAR30 is the first independently randomised trial to  compare
treatment with synthetic DMARDS and 3 different lines of BT  in
a head to head analysis in  a population with early RA. The aim
of the study was to identify the best induction remission treat-
ment, but also to improve the therapeutic optimisation strategies.
Whilst waiting for the first results it puts into practice the before-
mentioned concepts of t2t and TC, and fantasizes with the idea of
carrying out an individualised treatment to obtain remission and
once obtained, use the best therapeutic optimisation strategy. In
patients with early RA, good continued response in a  large amount
of patients after suspension of anti TNF supports the idea of the
window of opportunity.7–9 The classification of patients according
to their severity and evaluation of the use of biomarkers thanks to
this severity variable, brings us to  the idea of personalised medicine
which will allow us to  chose the treatment in  an individualised
manner and indeed reduce direct and indirect costs derived from
the disease and its treatment. To conclude, this review confirms
that there is no index which calculates the severity of early RA in

the 2 years of follow-up and which adapts to current strategy of
therapeutic management. Due to all of the above, we believe it is
now reasonable to develop a  new ad hoc severity index for ROAD
patients.

Ethical Disclosures

Protection of people and animals. The authors declare that for
this research no experiments have  been carried out on humans or
animals.

Data confidentiality. The authors declare that no patient data
appear in this article.

Right to privacy and informed consent. The authors declare that
no patient data appear in this article

Financing

This study was conducted thanks to the funds from projects
RD12/0009/0017 and PI14/00442 of the Ministry of the Economy
and Finance (Instituto de Salud Carlos III), co-financed by the Euro-
pean Fund for Regional Development (FEDER).

Conflict of Interests

Dr. González-Álvaro declares he received financing from the
Instituto de Salud Carlos III for the undertaking of this study. More-
over, independently from this study, he  has received payments
over the last 5 years for consultancy work or presentations from
Abbvie, BMS, Lilly, UCB and Pfizer. Financing for research projects
are not restricted to Roche and UCB; support for attendance to
congresses by Abbvie, BMS, MSD, Pfizer and UCB. Lastly, patent
PCT/ES2015/070182 has been presented and approved on a Euro-
pean level.

Appendix A. Supplementary Data

Supplementary data associated with this article can be found, in
the online version, at doi:10.1016/j.reumae.2018.10.008.

References

1. Combe B,  Landewe R, Daien CI, Hua C,  Aletaha D, Alvaro-Gracia JM,  et  al. 2016
update of the EULAR recommendations for the management of early arthritis.
Ann Rheum Dis. 2017;76:948–59.

2. Sanmarti R, Garcia-Rodriguez S, Alvaro-Gracia JM, Andreu JL, Balsa A, Caliz R,
et  al. 2014 update of the Consensus Statement of the Spanish Society of Rheuma-
tology on the use of biological therapies in rheumatoid arthritis. Reumatol Clin.
2015;11:279–94.

3. Singh JA, Saag KG, Bridges SL  Jr, Akl EA, Bannuru RR, Sullivan MC,  et al. 2015
American College of Rheumatology Guideline for the Treatment of Rheumatoid
Arthritis. Arthritis Rheumatol. 2016;68:1–26.

4. Grigor C,  Capell H, Stirling A, McMahon AD,  Lock P, Vallance R, et al. Effect of a
treatment strategy of tight control for rheumatoid arthritis (the TICORA study):
a  single-blind randomised controlled trial. Lancet. 2004;364:263–9.

5. Goekoop-Ruiterman YP, de Vries-Bouwstra JK,  Allaart CF,  van Zeben D, Kerstens
PJ, Hazes JM,  et al. Clinical and radiographic outcomes of four different treat-
ment  strategies in patients with early rheumatoid arthritis (the BeSt  study): a
randomized, controlled trial. Arthritis Rheum. 2005;52:3381–90.

6. Verstappen SM,  Jacobs JW,  van  der Veen MJ,  Heurkens AH, Schenk Y, Ter Borg EJ,
et  al. Intensive treatment with methotrexate in early rheumatoid arthritis: aim-
ing for remission Computer Assisted Management in Early Rheumatoid Arthritis
(CAMERA, an open-label strategy trial). Ann Rheum Dis. 2007;66:1443–9.

7. Boers M. Understanding the window of opportunity concept in early rheumatoid
arthritis. Arthritis Rheum. 2003;48:1771–4.

8. Van Nies JA, Krabben A, Schoones JW,  Huizinga TW,  Kloppenburg M,  van der
Helm-van Mil AH. What is  the evidence for the presence of a  therapeutic win-
dow  of opportunity in rheumatoid arthritis? A systematic literature review. Ann
Rheum Dis. 2014;73:861–70.

9. Van Nies JA, Tsonaka R, Gaujoux-Viala C,  Fautrel B, van der Helm-van Mil
AH. Evaluating relationships between symptom duration and persistence of

http://dx.doi.org/10.1016/j.reumae.2018.10.008
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0155
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0160
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0165
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0170
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0175
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0180
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0185
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0190
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195


E.  Toledano et al. /  Reumatol Clin. 2019;15(3):146–151 151

rheumatoid arthritis: does  a window of opportunity exist? Results on the Leiden
Early Arthritis Clinic and ESPOIR cohorts. Ann Rheum Dis. 2015;74:806–12.

10. Bakker MF,  Jacobs JW,  Welsing PM,  Vreugdenhil SA, van Booma-Frankfort C,
Linn-Rasker SP, et al. Early clinical response to  treatment predicts 5-year out-
come in RA patients: follow-up results from the CAMERA study. Ann Rheum Dis.
2011;70:1099–103.

11. Descalzo MA, Carbonell J, Gonzalez-Alvaro I,  Sanmarti R, Balsa A, Hernandez-
Barrera V, et al. Effectiveness of a clinical practice intervention in early
rheumatoid arthritis. Arthritis Care Res (Hoboken). 2012;64:321–30.

12. Quinn MA,  Emery P. Are early arthritis clinics necessary? Best Pract Res Clin
Rheumatol. 2005;19:1–17.

13. Young A. What have we  learnt from early rheumatoid arthritis cohorts? Best
Pract Res Clin Rheumatol. 2009;23:3–12.

14. Emery P, Durez P, Dougados M,  Legerton CW,  Becker JC, Vratsanos G, et  al. Impact
of  T-cell costimulation modulation in patients with undifferentiated inflamma-
tory arthritis or very early rheumatoid arthritis: a clinical and imaging study of
abatacept (the ADJUST trial). Ann Rheum Dis. 2010;69:510–6.

15. Saleem B, Mackie S, Quinn M,  Nizam S, Hensor E, Jarrett S, et al. Does the use
of  tumour necrosis factor antagonist therapy in poor prognosis, undifferen-
tiated arthritis prevent progression to rheumatoid arthritis? Ann  Rheum Dis.
2008;67:1178–80.

16. Verstappen SM,  Bakker MF,  Heurkens AH, van  der Veen MJ,  Kruize AA, Geurts
MA,  et al. Adverse events and factors associated with toxicity in patients with
early rheumatoid arthritis treated with methotrexate tight control therapy: the
CAMERA study. Ann Rheum Dis. 2010;69:1044–8.

17. Huizinga TW.  Personalized medicine in rheumatoid arthritis: is the glass half
full or half empty? J Intern Med. 2015;277:178–87.

18. Gonzalez-Alvaro I, Ortiz AM,  Seoane IV, Garcia-Vicuna R, Martinez C, Gomariz
RP. Biomarkers predicting a  need for intensive treatment in patients with early
arthritis. Curr Pharm Des. 2015;21:170–81.

19. Verstappen SM, Lunt M,  Bunn DK, Scott DG, Symmons DP. In patients with
early inflammatory polyarthritis. ACPA positivity, younger age and inefficacy of
the first non-biological DMARD are  predictors for receiving biological therapy:
results from the Norfolk Arthritis Register. Ann Rheum Dis. 2011;70:1428–32.

20. Gonzalez-Alvaro I,  Ortiz AM,  Alvaro-Gracia JM,  Castaneda S, Diaz-Sanchez B,
Carvajal  I, et al. Interleukin 15 levels in serum may  predict a severe disease
course in patients with early arthritis. PLoS One. 2011;6:e29492.

21. Mokkink LB,  Terwee CB, Patrick DL, Alonso J,  Stratford PW,  Knol DL, et al.
The COSMIN checklist for assessing the methodological quality of studies on
measurement properties of health status measurement instruments: an inter-
national Delphi study. Qual Life Res. 2010;19:539–49.

22. Wolfe F, Michaud K, Simon T.  Can severity be predicted by  treatment variables in
rheumatoid arthritis administrative data bases? J  Rheumatol. 2006;33:1952–6.

23. Pincus T,  Koch SV, Amara G, Crawford I, Wolfe B, Cohen F, et al. An index of
the three core data set patient questionnaire measures distinguishes efficacy
of active treatment from that of placebo as effectively as the American Col-
lege of Rheumatology 20% response criteria (ACR20) or the Disease Activity
Score (DAS) in  a rheumatoid arthritis clinical trial. Arthritis Rheum. 2003;48:
625–30.

24. Cabral D, Katz JN, Weinblatt ME, Ting G,  Avorn J, Solomon DH. Development and
assessment of indicators of rheumatoid arthritis severity: results of a  Delphi
panel. Arthritis Rheum. 2005;53:61–6.

25. Ting G, Schneeweiss S, Katz JN, Weinblatt ME, Cabral D,  Scranton RE, et al. Per-
formance of a  rheumatoid arthritis records-based index of severity. J Rheumatol.
2005;32:1679–87.

26. Sato M,  Schneeweiss S, Scranton R, Katz JN, Weinblatt ME,  Avorn J, et  al. The
validity of a  rheumatoid arthritis medical records-based index of severity com-
pared with the DAS28. Arthritis Res Ther. 2006;8:R57.

27. Ting G, Schneeweiss S, Scranton R, Katz JN, Weinblatt ME,  Young M, et  al. Devel-
opment of a health care utilisation data-based index for rheumatoid arthritis
severity: a preliminary study. Arthritis Res Ther. 2008;10:R95.

28. Desai RJ, Solomon DH,  Weinblatt ME,  Shadick N, Kim SC. An  external vali-
dation  study reporting poor correlation between the claims-based index for
rheumatoid arthritis severity and the disease activity score. Arthritis Res Ther.
2015;17:83.

29. Vinet E, Kuriya B, Widdifield J,  Bernatsky S. Rheumatoid arthritis disease sever-
ity indices in administrative databases: a systematic review. J  Rheumatol.
2011;38:2318–25.

30. Glinatsi D, Heiberg MS,  Rudin A, Nordstrom D,  Haavardsholm EA, Gudbjornsson
B, et al. Head-to-head comparison of aggressive conventional therapy and three
biological treatments and comparison of two  de-escalation strategies in patients
who  respond to  treatment: study protocol for a multicenter, randomized, open-
label, blinded-assessor, phase 4 study. Trials. 2017;18:161.

http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0195
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0200
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0205
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0210
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0215
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0220
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0225
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0230
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0235
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0240
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0245
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0250
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0255
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0260
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0265
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0270
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0275
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0280
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0285
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0290
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0295
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300
http://refhub.elsevier.com/S2173-5743(18)30140-0/sbref0300

	Severity Indices in Rheumatoid Arthritis: A Systematic Review
	Introduction
	Methods
	Search Strategies
	Study Selection
	Assessment of Index Quality

	Results
	Identification of Tools for Assessment of Severity
	Patient Activity Scale
	Rheumatoid Arthritis Records-Based Index of Severity
	Claims-based Index for Rheumatoid Arthritis Severity
	Critical Assessment of the Indices

	Discussion
	Ethical Disclosures
	Protection of people and animals
	Data confidentiality
	Right to privacy and informed consent

	Financing
	Conflict of Interests
	Appendix A Supplementary Data
	References


