
 
 

University of Birmingham

Characterization of disease course and remission in
early seropositive rheumatoid arthritis
RA-MAP Consortium

DOI:
10.1177/1759720X211043977

License:
Creative Commons: Attribution (CC BY)

Document Version
Publisher's PDF, also known as Version of record

Citation for published version (Harvard):
RA-MAP Consortium 2021, 'Characterization of disease course and remission in early seropositive rheumatoid
arthritis: results from the TACERA longitudinal cohort study', Therapeutic Advances in Musculoskeletal Disease,
vol. 13, pp. 1–17. https://doi.org/10.1177/1759720X211043977

Link to publication on Research at Birmingham portal

General rights
Unless a licence is specified above, all rights (including copyright and moral rights) in this document are retained by the authors and/or the
copyright holders. The express permission of the copyright holder must be obtained for any use of this material other than for purposes
permitted by law.

•Users may freely distribute the URL that is used to identify this publication.
•Users may download and/or print one copy of the publication from the University of Birmingham research portal for the purpose of private
study or non-commercial research.
•User may use extracts from the document in line with the concept of ‘fair dealing’ under the Copyright, Designs and Patents Act 1988 (?)
•Users may not further distribute the material nor use it for the purposes of commercial gain.

Where a licence is displayed above, please note the terms and conditions of the licence govern your use of this document.

When citing, please reference the published version.
Take down policy
While the University of Birmingham exercises care and attention in making items available there are rare occasions when an item has been
uploaded in error or has been deemed to be commercially or otherwise sensitive.

If you believe that this is the case for this document, please contact UBIRA@lists.bham.ac.uk providing details and we will remove access to
the work immediately and investigate.

Download date: 27. Apr. 2024

https://doi.org/10.1177/1759720X211043977
https://doi.org/10.1177/1759720X211043977
https://birmingham.elsevierpure.com/en/publications/96888c77-5313-4082-acb9-8dc3db482305


https://doi.org/10.1177/1759720X211043977 
https://doi.org/10.1177/1759720X211043977

Ther Adv Musculoskel Dis

2021, Vol. 13: 1–17

DOI: 10.1177/ 
1759720X211043977

© The Author(s), 2021.  
Article reuse guidelines:  
sagepub.com/journals-
permissions

Therapeutic Advances in Musculoskeletal Disease

journals.sagepub.com/home/tab 1

Creative Commons CC BY: This article is distributed under the terms of the Creative Commons Attribution 4.0 License (https://creativecommons.org/licenses/by/4.0/) 
which permits any use, reproduction and distribution of the work without further permission provided the original work is attributed as specified on the SAGE and Open 
Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).

Introduction
Early diagnosis and prompt, tight control of dis-
ease activity have been proven to alter long-term 
course of rheumatoid arthritis (RA) and limit 

structural damage and long-term disability.1 In 
spite of a range of synthetic and biological dis-
ease-modifying antirheumatic drugs (DMARDs), 
clinical remission is achieved and sustained in a 
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Abstract
Background: To characterise disease course and remission in a longitudinal observational 
study of newly diagnosed, initially treatment-naïve patients with seropositive rheumatoid 
arthritis (RA).
Methods: Patients with early untreated seropositive RA were recruited from 28 UK centres. 
Multiple clinical and laboratory measures were collected every 3 months for up to 18 months. 
Disease activity was measured using the 28-joint Disease Activity Score with C-reactive 
protein (DAS28-CRP) and Simplified Disease Activity Index (SDAI). Logistic regression 
models examined clinical predictors of 6-month remission and latent class mixed models 
characterised disease course.
Results: We enrolled 275 patients of whom 267 met full eligibility and provided baseline 
data. According to SDAI definition, 24.3% attained 6-month remission. Lower baseline Health 
Assessment Questionnaire (HAQ) and SDAI predicted 6-month remission (p = 0.013 and 0.011). 
Alcohol intake and baseline prescribing of methotrexate with a second disease-modifying 
antirheumatic drug (DMARD; vs monotherapy without glucocorticoids) were also predictive. 
Three distinct SDAI trajectory subpopulations emerged; corresponding to an inadequate 
responder group (6.5%), and higher and lower baseline activity responder groups (22.4% and 
71.1%). Baseline HAQ and Short Form-36 Health Survey – Mental Component Score (SF-
36 MCS) distinguished these groups. In addition, a number of baseline clinical predictors 
correlated with disease activity severity within subpopulations. Beneficial effects of alcohol 
intake were found across subpopulations.
Conclusion: Three distinct disease trajectory subpopulations were identified. Differential 
effects of functional and mental well-being, alcohol consumption, and baseline RA medication 
prescribing on disease activity severity were found across subpopulations. Heterogeneity 
across trajectories cannot be fully explained by baseline clinical predictors. We hypothesise 
that biological markers collected early in disease course (within 6 months) may help patient 
management and better targeting of existing and novel therapies.
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minority, and drug-free remission remains rare.2 
This may be due to many factors. For example, 
there are no validated instruments for reliably 
predicting prognosis. Nor is it possible to confi-
dently predict which patients will respond more 
favourably to one particular drug or drug combi-
nation over another. Furthermore, our under-
standing of low disease activity states is limited.3,4 
The ability to employ the most appropriate ‘treat-
to-target strategy’ to the right set of early RA 
patients would be a major advance. Recent evi-
dence suggests that for early RA patients follow-
ing a treat-to-target strategy, distinct trajectories 
of disease activity over the first year exist.5 
Moreover, evidence from long-term observational 
cohorts has suggested that distinct trajectories 
linked to prognosis exist; which may point to dis-
tinct immunopathogenic subsets.6 Even anticitrul-
linated protein antibody (ACPA)-positive disease 
is heterogeneous in outcomes (e.g. radiological 
progression), further adding to arguments favour-
ing a stratified medicine approach.7,8

To facilitate the goals of the RA MRC/ABPI 
(RA-MAP) Consortium,9 a cohort of newly diag-
nosed seropositive RA patients – the ‘Towards A 
CurE for RA’ (TACERA) cohort – was established 
and followed frequently and deeply phenotyped. 
The aim of this study was two-fold. First, we aimed 
to determine if baseline clinical factors and 
RA-prescribed medications are associated with 
6-month remission in seropositive early RA. The 
6-month time point was chosen to evaluate the pri-
mary outcome of remission as this corresponds to 
when therapy escalation would generally be consid-
ered following NICE guidelines. However, an anal-
ysis at a single time point neither reflects longitudinal 
disease activity patterns nor what factors predict, 
for example, sustained remission, fluctuating dis-
ease activity course, or gradual versus rapid 
response. Therefore second, we aimed to (1) deter-
mine whether different types of disease activity tra-
jectory subpopulations exist within this inception 
cohort; (2) identify factors associated with longitu-
dinal disease activity; and (3) determine whether 
differences in trajectory types (if they exist) associ-
ate with disease outcomes, baseline RA-prescribed 
medication, smoking status, and alcohol consump-
tion. Identification of factors associated with dis-
ease activity and characterization of subgroups may 
improve patients’ treatment and management and 
identify the most suitable patients for recruitment 
into trials.

Methods

Patients
We recruited newly diagnosed patients ⩾18 years 
of age with symptom duration <12 months who 
fulfilled either the 1987 American College of 
Rheumatology (ACR) or 2010 European League 
Against Rheumatism (EULAR)/ACR classifica-
tion criteria for RA.10,11 Patients were required to 
be ACPA and/or rheumatoid factor (RF) positive 
and naïve to DMARDs or glucocorticoid therapy. 
In addition, for patients recruited, there needed 
to be a clear intention by the supervising rheuma-
tologist to commence therapy with DMARDs. 
Patients were excluded if they had significant 
comorbidities or if pregnant or wishing to con-
ceive. Participation in trials impacting on patient’s 
treatment, immune status, or disease activity dur-
ing the study period was not permitted. Ethical 
approval was authorised by the National Research 
Ethics Service London Central Committee 
(Reference number: 12/LO/0469). Informed, 
written consent was obtained.

Study design
Subjects were recruited from 28 UK centres. 
Study sample size was determined as described 
in the Supplementary Material. Following 
enrolment, subjects received treatment using 
conventional synthetic DMARDs (csD-
MARDs), with therapy adjustments made at the 
supervising rheumatologist’s discretion accord-
ing to the National Institute for Health and 
Clinical Excellence (NICE) guidelines for RA 
management in adults.12 Patients were followed 
for a period of 18, 12, or 6 months, dependent 
on time of enrolment (i.e. pre 01/07/14, 
01/07/14-31/12/14 and post 31/12/14), and 
seen quarterly for scheduled assessments. 
Clinical, laboratory, lifestyle, medication, 
patient-reported outcome measures (PROMs), 
extra-articular RA features, adverse events, and 
biological samples were collected at visits. In 
addition, radiographs of the hands and feet were 
performed at baseline and 12 months or base-
line and 6 months for subjects entering within 
the third enrolment period.

Biological treatment
Subjects with inadequate clinical responses to 
csDMARDs and persistent high disease activity 
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(DAS28 > 5.1) at 6 months could receive biologi-
cal DMARDs (bDMARDs), according to NICE 
guidelines.

Outcome measures
The co-primary outcomes were disease remission 
at 6 months and repeated disease activity over 
time. Disease activity was measured using both 
composite 28-joint Disease Activity Score with 
C-reactive protein, DAS28-CRP (4-component), 
and Simplified Disease Activity Index (SDAI) 
scores.13–16 Disease remission was defined using 
both DAS28-CRP remission criterion (DAS28-
CRP < 2.6) and the more stringent SDAI crite-
rion (SDAI ⩽ 3.3).

Secondary outcome measures included the ACR/
EULAR Boolean definition of remission,17 
28-joint Disease Activity Score with erythrocyte 
sedimentation rate (DAS28-ESR), annualised 
rate of radiographic damage progression as meas-
ured by modified Larsen’s score,18–20 functional 
disability as measured by the Health Assessment 
Questionnaire (HAQ),21 and quality of life using 
both the Medical Outcomes Study Short Form-
36 Health Survey (SF-36) and EuroQoL five 
dimensions questionnaire (EQ-5D).22–24

Statistical methods
Baseline and 6-month information were summa-
rised using the mean, with accompanying stand-
ard deviation (SD) for continuous variables, while 
binary or categorical variables were summarised 
using frequency and percentage.

To identify baseline predictors of 6-month clinical 
remission, a two-stage approach was adopted. In 
the first stage, variables, previously identified from 
the RA literature25–30 as potential predictors of 
remission, were univariately screened (using uni-
variate logistic regression models with a conserva-
tive screen positive p value threshold of p < 0.2). 
Those screened positive in the first stage were 
taken forward to the second stage and included in 
multivariate logistic regression models that addi-
tionally included baseline prescribing of (or base-
line intention to prescribe and then administered 
within 3 months) RA medication. Considered pre-
dictors in the first-stage comprised age, sex, eth-
nicity, body mass index (and obesity), symptom 
duration, smoking status, baseline disease activity, 
HAQ, SF-36 Mental Component Score (SF-36 

MCS), alcohol consumption, serology (RF and 
ACPA), smoking, and erosion.

Latent class mixed models (LCMMs) were used to 
cluster disease activity trajectories that may identify 
clinically important subpopulations and character-
ise disease activity longitudinally. Within each latent 
class, fixed and random patient-level intercepts and 
piecewise linear time effects (at 5 months) were 
considered for the linear mixed-model part along 
with potential predictors informed from the earlier 
analyses on clinical remission. No covariates were 
included in the class-membership model part. 
LCMMs are likelihood-based methods, which are 
valid using only observed data, under a missing-at-
random assumption. Associations of latent trajec-
tory classes with outcomes, baseline RA medication 
prescribing, alcohol and smoking status were 
assessed either using analysis of variance or Fisher’s 
exact test. For the purpose of these association tests 
and more generally, patients were hard assigned to a 
particular latent trajectory class based on a posterior 
classification of class membership through the selec-
tion of the patient’s class with the highest estimated 
posterior class-membership probability. The best 
choice of the number of latent classes (3 classes vs 4 
classes) was made using Bayesian Information 
Criterion (BIC) and relative entropy.

Statistical analyses were performed using the base 
library glm function for logistic regression and the 
hlme function in the lcmm package in the R sta-
tistical software.31 Two patients, not prescribed 
RA medications within the first 3 months, were 
excluded from the regression analyses.

The reporting of this study conforms to the Strobe 
statement.32

Results

Patient characteristics
Two hundred and seventy-five patients were 
recruited of whom 270 fulfilled all eligibility criteria. 
Two eligible patients withdrew at baseline without 
providing any clinical information. A further patient 
who withdrew at baseline had some clinical infor-
mation but insufficient to calculate disease activity 
scores. Table 1 summarises the baseline characteris-
tics of the remaining 267 patients. Briefly, the mean 
age at entry was 53.1 (SD of 15.2); 72% were 
female, 72.7% white, 31.8% healthy weight and the 
mean Charlson’s Comorbidity Index (CCI),33 
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Table 1. Baseline characteristics of patients in the 
TACERA study.

Characteristics Baseline 
(n = 267)

Missing 
data 
frequency

Age, years 53.1 (15.2) 0

Female 192 (71.9%) 0

White ethnicity 194 (72.7%) 0

BMI 0

 Female 27.53 (6.47)

 Male 27.43 (4.97)

 Overall 27.50 (6.08)

BMI status 0

 Underweight: <18.5 9 (3.4%)

 Healthy weight: (18.5,25) 85 (31.8%)

 Overweight: (25,30) 95 (35.6%)

 Obese: ⩾30 78 (29.2%)

Smoking 0

 Never smoked 95 (35.6%)

 Previous smoker 104 (39.0%)

 Current smoker 68 (25.4%)

Alcohol consumption 1

 None 86 (32.3%)

 1–5 units per week 115 (43.2%)

 6–10 units per week 25 (9.4%)

 11–15 units per week 11 (4.1%)

 16–20 units per week 15 (5.7%)

  More than 20 units per 
week

14 (5.3%)

Alcohol frequency 0

 Not drinking 86 (32.2%)

 1–2 days a year 28 (10.5%)

 1–2 days a month 48 (18.0%)

 1–2 days a week 58 (21.7%)

 3–4 days a week 28 (10.5%)

 5 days or more a week 19 (7.1%)

Characteristics Baseline 
(n = 267)

Missing 
data 
frequency

RF positive 247 (92.5%) 0

ACPA positive 230 (86.1%) 0

Disease duration (years) 0.43 (0.23) 0

X-ray Larsen’s Score 
(hands and feet)

6.70 (8.76) 6

Charlton’s Comorbidity 
Index (original)

0.44 (0.84) 0

Charlton’s Comorbidity 
Index (2008)34

0.81 (1.10) 0

SDAI 28.80 (14.29) 3

DAS28-CRP 4.85 (1.22) 2

Prescribed medication 0

  Methotrexate (MTX) 202 (75.7%)

 Hydroxychloroquine 141 (52.8%)

 Leflunomide 0 (0.0%)

 Sulfasalazine 18 (6.7%)

 Oral glucocorticoids 17 (6.4%)

 Parenteral  
 glucocorticoids

126 (47.2%)

 No RA medication 2 (0.7%)

Medication combinations 
prescribed

0

 No RA medication 2 (0.7%)

 MTX only 51 (19.1%)

 Other DMARDs only 20 (7.5%)

 Oral glucocorticoids only 2 (0.7%)

  Parenteral 
glucocorticoids only

15 (5.6%)

 MTX and other DMARDs 53 (19.9%)

  MTX and oral 
glucocorticoids

6 (2.2%)

  MTX and parenteral 
glucocorticoids

33 (12.4%)

  Other DMARDs and oral 
glucocorticoids

2 (0.7%)

  Other DMARDs 
and parenteral 
glucocorticoids

23 (8.6%)

Table 1. (continued)

(continued) (continued)
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Characteristics Baseline 
(n = 267)

Missing 
data 
frequency

  Oral and parenteral 
glucocorticoids

1 (0.4%)

  MTX, other DMARDs  
and oral glucocorticoids

5 (1.9%)

  MTX, other DMARDs 
and parenteral 
glucocorticoids

53 (19.9%)

  MTX, oral and parenteral 
glucocorticoids

1 (0.4%)

Medication pyramid 0

 No RA medication 2 (0.7%)

 MTX only 51 (19.1%)

  Other DMARDs without 
glucocorticoids

73 (27.4%)

  Glucocorticoids with/
without other RA 
medication

141 (52.8%)

ACPA, anticitrullinated protein antibody; BMI, body mass 
index; DAS28-CRP, 28-joint Disease Activity Score with 
C-reactive protein; MTX, methotrexate; RA, rheumatoid 
arthritis; RF, rheumatoid factor; SDAI, Simplified Disease 
Activity Index; TACERA, Towards A CurE for RA.
Values are number (percentage) or mean (standard 
deviation).

Table 1. (continued) Overall, patients had moderate to severe disease 
at baseline as measured by both DAS28-CRP and 
SDAI. After baseline assessment, methotrexate 
(MTX) was prescribed to 75.7% of patients; 
58.4% were prescribed nonmethotrexate major 
DMARDs (51.7% hydroxychloroquine alone, 
5.7% sulfasalazine alone, and 1.1% both hydrox-
ychloroquine and sulfasalazine); 6.4% received 
oral glucocorticoids (average prednisolone dose 
of 11.1 mg/day, range = 4–30 mg/day) and 47.2% 
parenteral glucocorticoids (i.e. intra-articular, 
intravenous, or intramuscular glucocorticoid 
administration). Overall, 33% were prescribed 
only one class/type of medication, while 66.3% 
were prescribed combination therapy (including 
with glucocorticoids) at baseline. Based on medi-
cation patterns at baseline, 26.6%, 19.9%, and 
52.8% were prescribed single-RA therapy exclud-
ing glucocorticoids, dual therapy (i.e. MTX with 
another DMARD excluding glucocorticoids), 
and therapies that included glucocorticoid usage, 
respectively. Initial pattern of therapy did not 
appear to associate with either baseline X-ray 
scores or CCI (p = 0.56 and 0.23, respectively) 
but, as expected, was associated with disease 
activity measured using both SDAI and DAS28-
CRP (p = 0.01 and 0.004, respectively). Two 
subjects did not receive any RA medication by the 
time of their first follow-up assessment and were 
excluded from analyses.

Disease activity, response, and remission  
at 6 months
Two hundred and forty-five patients (of the 267) 
were followed up to or beyond their 6-month 
assessment visit, with 75, 2, 60, 3, and 105 having 
their last assessment visit at 6, 9, 12, 15, and 18 
months, respectively. Of those recruited in the 
first, second, and third periods, 80.8% (105), 
83.6% (56) and 92.9% (65) reached their target 
follow-up assessment visits of 18, 12, and 6 
months, respectively. Of the 245 followed up to or 
beyond 6 months, 239 attended their 6-month 
assessment visit. The disease activity and disease-
related outcome measures for these 239 patients 
are summarised in Table 2. At 6 months, the mean 
(SD) DAS28-CRP and SDAI were 3.04 (1.25) 
and 11.37 (10.71), respectively (Supplementary 
Table 1). Based on EULAR response criterion, 
110 (47.2%) patients had good response, 79 
(33.9%) moderate, and 44 (18.9%) no response. 
Regarding remission by different criteria, 97 

modified to exclude rheumatic disease as this 
applied to all subjects, was 0.44 (SD of 0.84), con-
forming to the intention of not recruiting patients 
with significant comorbidities.

Of the 267 patients, 130 (48.7%), 67 (25.1%), 
and 70 (26.2%) were enrolled in the first, second, 
and third recruitment periods, respectively. No 
statistically significant differences were found 
across these three groups with respect to disease-
related variables, prescribed medication, and 
PROMs at baseline. However, there were statisti-
cally significant differences found in the age, ethni-
city, alcohol consumption, and CCI distributions, 
with the third group being the oldest on average 
(51.5 vs 53 vs 56 years old), having the highest 
proportion of whites (71.5% vs 62.7% vs 84.3%), 
lowest proportion not consuming alcohol at entry 
(32.3% vs 44.8% vs 20%) and lowest levels of 
comorbidities (CCIs of 0.52 vs 0.49 vs 0.26).
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(41.3%) patients achieved DAS28-CRP remis-
sion, 57 (24.3%) SDAI remission, and 51 (21.5%) 
met the ACR/EULAR Boolean remission criteria 
reflecting increased stringency of definitions. All 
57 patients in SDAI remission were in DAS28-
CRP remission. There was excellent agreement 
between SDAI and ACR/EULAR Boolean remis-
sions (Cohen’s kappa of 0.9).

Other outcome measures are described in 
Supplementary Table 1.

Predictors of clinical remission at 6 months
Results of the univariate logistic regression models 
for SDAI and DAS28-CRP used for screening 
baseline variables for the second-stage multivariate 
logistic regression analyses are shown in 
Supplementary Table 2. Briefly, we found that 
sex, alcohol consumption, disease activity, HAQ, 
and the SF-36 Mental Component Score screened 
positive for both outcomes. Ethnicity screened 
positive for the logistic regression model for 
DAS28-CRP but not for SDAI. However, in the 
second stage, we included all variables that 
screened positive in the multivariate logistic 
regression models for either outcomes, in addition 
to information on prescribed RA medication.

Multivariate logistic regression models for SDAI 
and DAS28-CRP remissions are shown in Table 3. 
In both models, 6-month clinical remission was pre-
dicted by lower functional disability and disease 
activity at baseline. The odds ratios related to level of 
disease activity at baseline are 0.65 (95% CI: 0.47–
0.91) for a 10-unit change in SDAI or 0.67 (95% 
CI: 0.49–0.92) for a 1-unit change in DAS28-CRP, 
reflecting that patients with a baseline disease activ-
ity 10 (or 1) units higher have approximately  
a reduction of a third in the odds of achieving 
6-month remission, controlling for other variables. 
Higher baseline functional disability was associated 
with a reduced likelihood of achieving SDAI remis-
sion (odds ratio (OR) = 0.90, 95% CI: 0.83–0.98 
for a 0.125 increase in HAQ) or DAS28-CRP 
remission (OR = 0.92, 95% CI: 0.86–0.99 for a 
0.125 increase in HAQ) at 6 months.

Although both models indicated that alcohol con-
sumption increased the odds of remission at 6 
months compared to not consuming alcohol, they 
gave conflicting ordering of effect sizes across the 
alcohol consumption categories of 1–5 units and 
greater than 5 units per week. Moreover, in the 
SDAI model, there was a suggestion that being 
prescribed dual combination of MTX and a sec-
ond DMARD increased three-fold the likelihood 

Table 2. Disease activity response and remission at 6 months.

Characteristics 6-month 
(n = 239)

6-month change 
from baseline

Missing data 
frequency

DAS28-CRP remission (DAS28-CRP < 2.6)a 97 (41.3%) 4

DAS28-ESR remission (DAS28-ESR < 2.6)a 92 (39.0%) 4

SDAI remission (SDAI ⩽ 3.3)a 57 (24.3%) 4

ACR/EULAR boolean remissiona 51 (21.5%) 2

EULAR responsea 6

 Good response 110 (47.2%)  

 Moderate response  79 (33.9%)  

 No response  44 (18.9%)  

ACR, American College of Rheumatology; DAS28-CRP and DAS28-ESR, 28-joint Disease Activity Score with C-reactive 
protein and with erythrocyte sedimentation rate; EULAR, European League Against Rheumatism; SDAI, Simplified Disease 
Activity Index.
aBased on those with outcome components not missing or where the composite outcome is inferred even if some 
components are missing (e.g. ACR/EULAR Boolean Remission).
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Table 3. Multivariate logistic regression models for SDAI and DAS28-CRP remission at 6 months.

Predictors Log (odds ratio) Standard error p value

SDAI remission at 6 months

 Intercept –0.169 0.597 0.777

 Sex (male vs female) –0.033 0.409 0.936

 Ethnicity (others vs white) 0.407 0.439 0.353

 SDAI at baseline –0.043 0.017 0.011

 HAQ at baseline –0.818 0.328 0.013

 SF-36 MCS at baseline 0.025 0.018 0.167

 Alcohol consumption at baseline 0.010

  1–5 units per week vs none 1.393 0.491 0.005

  >5 units per week vs none 1.023 0.558 0.067

 Prescribed medication at baselinea 0.083

   MTX and other DMARDs without  
glucocorticoids vs therapies with  
glucocorticoids

0.392 0.439 0.372

   Monotherapy, not glucocorticoids vs  
therapies with glucocorticoids

–0.706 0.435 0.105

DAS28-CRP remission at 6 months

 Intercept 1.808 0.768 0.019

 Sex (male vs female) –0.194 0.375 0.605

 Ethnicity (others vs white) –0.254 0.371 0.493

 DAS28-CRP at baseline –0.399 0.162 0.014

 HAQ at baseline –0.670 0.288 0.020

 SF-36 MCS at baseline 0.027 0.016 0.085

 Alcohol consumption at baseline 0.007

  1–5 units per week vs none 0.936 0.382 0.014

  >5 units per week vs none 1.310 0.456 0.004

 Prescribed medication at baselinea 0.201

   MTX and other DMARDs without  
glucocorticoids vs therapies with  
glucocorticoids

0.144 0.411 0.727

   Monotherapy, not glucocorticoids vs  
therapies with glucocorticoids

–0.584 0.377 0.122

HAQ, Health Assessment Questionnaire; MTX, methotrexate; SDAI, Simplified Disease Activity Index; SF-36 MCS, Short 
Form 36 Health Survey Mental Component Score.
aThe contrast of MTX and other DMARDs without glucocorticoids versus monotherapy gave Log (odds ratio) estimates of 
1.099 and 0.728 with standard errors of 0.517 and 0.468 and p values of 0.034 and 0.120 for outcomes SDAI and DAS28-CRP, 
respectively.
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of SDAI remission compared to receiving mono-
therapy (OR = 3.00; 95% CI = 1.09–8.27; 
p = 0.034).

The receiver operating characteristic (ROC) 
curves for these two multivariate logistic models 
for remission are shown in Figure 1. The areas 
under the ROC curves (AUCs) are 0.805 and 
0.784 for SDAI and DAS2-CRP remission; indi-
cating good overall performance.

Characterising disease activity over time
Figure 2 shows the observed individual trajecto-
ries of SDAI and DAS28-CRP for the 267 
patients. From the figure, there is evidence of 
substantive within- and between-patient variation 
in disease activity profiles and potential distinct 
trajectory subtypes.

Table 4 and Supplementary Table 3 show the 
results of fitting LCMMs to SDAI and 

Figure 1. Receiver operating curves (ROCs) for SDAI and DAS28-CRP remission at 6 months.

Figure 2. Individual and mean disease activity profiles over 18 months stratified by predicted class 
membership.
Based on SDAI, Class1 (Red; Inadequate Response (IR)): 17 (6.5%), Class 2 (Green; higher baseline activity responder 
(HBAR)): 59 (22.4%), Class 3 (Blue; lower baseline activity responder (LBAR)): 187 (71.1%). Based on DAS28-CRP, Class1 
(Red; IR): 57 (21.7%), Class 2 (Green; HBAR): 56 (21.3%), Class 3 (Blue; LBAR): 150 (57.0%).
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DAS28-CRP, respectively, when accounting for 
the baseline prescribing of medication. Both 
models provide evidence for three distinct sub-
populations or latent classes. Class 1 corresponds 
to an inadequate responder (IR) group that, on 
average, started with high baseline disease activity 
that early on showed improvement, in association 
with initial medication, and then plateaued with 
moderate to high levels of disease activity. Class 2 
corresponds to a higher baseline activity responder 
(HBAR) group that, on average, started with high 
baseline disease activity but showed sustained 
improvement over time. Class 3 corresponds to a 
lower baseline activity responder (LBAR) group 
that, on average, started with moderate levels of 
disease activity and showed sustained improve-
ment (see Figure 2 and Table 5). These two 
three-class LCMMs had lower BIC (9368.69 and 
3777.78 for three-class models vs 9421.86 and 
3803.88, respectively, for four-class models) and 
higher relative entropy (0.663 and 0.591 for 
three-class models vs 0.621 and 0.552) than the 
corresponding four-class LCMMs.

The IR, HBAR, and LBAR groups were estimated 
to comprise 6.5%, 22.4%, and 71.1% of the 
patients based on the SDAI model and 21.7%, 
21.3%, and 57% of the patients based on the 
DAS28-CRP model. No overall statistically sig-
nificant differences in mean age at entry, disease 
duration, SF-36 Physical Component Score at 
entry, sex, smoking status, alcohol consumption, 
and serology distributions were found across 
latent classes. However mean body mass index 
(BMI; p = 0.064), mean baseline levels of func-
tional disability (p = 0.015), and SF-36 Mental 
Component Scores (p = 0.05) either were close to 
being or were statistically significantly different 
across the three classes/groups based on the SDAI 
model but not DAS28-CRP model. Table 5 shows 
that based on the SDAI model, the LBAR group 
had on average significantly less functional disa-
bility than the other groups. A similar pattern was 
seen for mental health, with, on average, better 
mental health scores seen in the LBAR group 
(mean of 46) compared to both IR and HBAR 
(means of 40.2 and 43.1, respectively). Mean 
BMI was approximately 3.5 kg/m2 higher in the IR 
group compared to the other SDAI groups. No 
evidence was found that prescribing behaviour of 
clinicians varied across the SDAI or DAS28-CRP 
defined groups (see Supplementary Table 4).

In the IR group, lower disease activity levels over 
time (measured by SDAI) were associated with 

being female, shorter symptom duration, con-
suming greater than 5 units of alcohol per week, 
less functional disability, and better mental well-
being at baseline. Being prescribed dual therapy 
of MTX and a second DMARD at baseline was 
associated with lower SDAI over time compared 
to either receiving monotherapy (excluding glu-
cocorticoids) or therapies that included glucocor-
ticoid usage (see Table 4).

For the HBAR group, lower levels of SDAI over 
time were associated with shorter symptom dura-
tion, increasing levels of alcohol consumption, 
and less functional disability. Moreover lower lev-
els of disease activity were associated with being 
prescribed dual therapy of MTX and a second 
DMARD at baseline. In the LBAR group, being 
female, consuming alcohol and lower level of 
functional disability at baseline were associated 
with lower levels of SDAI.

Based on the DAS28-CRP model (Supplementary 
Table 2), lower levels of functional disability, bet-
ter mental well-being and dual therapy of MTX 
with a second DMARD at baseline were associ-
ated with lower DAS28-CRP over time in the IR 
group. Higher levels of functional disability and 
receiving monotherapy (excluding glucocorti-
coids) were associated with higher levels of dis-
ease activity in the HBAR group. While being 
female, drinking alcohol, having lower levels of 
functional disability and better mental health 
were associated with lower DAS28-CRP over 
time in the LBAR group.

Table 5 summarises other patient outcome data 
(X-ray score, EQ-5D, HAQ, and SF-36 MCS) by 
allocated latent trajectory class. Class assignment 
could be made for 263 of the 267 eligible patients 
with some baseline and outcome information. 
The average EQ-5D scores both at baseline and 6 
months were significantly higher in the LBAR 
group than the other groups as defined by the 
SDAI model (p < 0.0001 and 0.049), while aver-
age level of functional disability remained signifi-
cantly lower in this group at 6 months (p < 0.0001). 
There was no statistical evidence for a difference 
in average X-ray annualised progression rate 
across groups.

Discussion
The TACERA cohort provides a unique opportu-
nity to follow newly diagnosed and initially medi-
cation naïve patients in the United Kingdom, 
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Table 4. Latent class mixed model for SDAI while controlling for baseline medication: 3 classes.

Estimate Standard error p value

Multinomial class-membership model

 Class 1 (IR) vs Class 3 (LBAR)

  Intercept –2.118 0.289 0.000

 Class 2 (HBAR) vs Class 3 (LBAR)

  Intercept –0.721 0.225 0.001

Linear mixed model

 Intercept

  Class 1 27.360 4.769 0.000

  Class 2 15.972 2.593 0.000

  Class 3 21.062 1.746 0.000

 Disease duration, months

  Class 1 1.275 0.526 0.015

  Class 2 0.675 0.223 0.002

  Class 3 0.136 0.142 0.339

 Sex

  Male vs Female Class 1 14.495 3.383 0.000

  Male vs Female Class 2 2.039 1.800 0.257

  Male vs Female Class 3 1.747 0.873 0.045

 Alcohol consumption at baseline, units per week

  1–5 units per week vs none Class 1 –2.007 3.946 0.611

  1–5 units per week vs none Class 2 –5.420 1.699 0.001

  1–5 units per week vs none Class 3 –1.430 0.814 0.079

  >5 units per week vs none Class 1 –11.588 5.035 0.021

  >5 units per week vs none Class 2 –4.772 1.738 0.006

  >5 units per week vs none Class 3 –2.641 1.070 0.014

 HAQ score at baseline

  Class 1 5.639 1.417 0.000

  Class 2 9.897 0.948 0.000

  Class 3 4.070 0.557 0.000

 Centred SF-36 Mental Component Score at baseline

  Class 1 –0.309 0.114 0.007

(continued)
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Estimate Standard error p value

  Class 2 0.090 0.060 0.133

  Class 3 –0.059 0.035 0.095

 Follow-up time (in months) within 5 months

  Class 1 –2.456 0.819 0.003

  Class 2 –2.346 0.444 0.000

  Class 3 –4.005 0.260 0.000

 Follow-up time (in month) after 5 months

  Class 1 0.837 0.265 0.002

  Class 2 0.112 0.145 0.440

  Class 3 0.047 0.089 0.595

 Prescribed other DMARDs and MTX, not glucocorticoids vs therapies with glucocorticoids at baseline

  Class 1 –18.742 2.775 0.000

  Class 2 –7.456 1.775 0.000

  Class 3 –0.838 1.331 0.529

 Prescribed monotherapy, not glucocorticoids v therapies with glucocorticoids at baseline

  Class 1 5.398 3.394 0.112

  Class 2 –1.905 1.475 0.197

  Class 3 0.662 0.890 0.457

 Variance components

  Variance of random intercept 74.947  

  Variance of random slope within 5 months 3.256  

  Variance of random slope after 5 months 0.050  

  Error standard deviation 7.600 0.215  

HAQ, Health Assessment Questionnaire; HBAR, higher baseline activity responder; IR, inadequate responder; LBAR, lower 
baseline activity responder; MTX, methotrexate; SDAI, Simplified Disease Activity Index; SF-36, Short Form 36 Health 
Survey.

Table 4. (continued)

whose clinical outcomes are linked to extensive 
and detailed biological phenotyping (to be reported 
separately). We focused solely on seropositive RA 
patients whom have few nonsevere comorbidities 
to reduce heterogeneity and to identify factors 
associated with outcomes in this subset.

We found clear evidence that remission at 6 
months, whether defined using SDAI or DAS28-
CRP, was associated with lower levels of disease 

activity and functional disability at baseline and 
with alcohol consumption at baseline. The find-
ings that disease activity and functional disability 
are negatively associated with achieving remission 
have been reported before.28,30 Aletaha and col-
leagues35 have previously shown that disease 
activity early in the course of treatment predicts 
response to therapy after 1 year. However, other 
variables previously identified as associated with 
remission, such as age, sex, ethnicity, and RA 
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Table 5. Disease outcomes by allocated SDAI (first row of cell) and DAS28-CRP (second row of cell) classes, 
controlling for baseline medication.

Class 1 (IR) Class 2 (HBAR) Class3 (LBAR) p value

Baseline SDAI (SD) 44.65 (17.50) 32.08 (11.99) 26.44 (13.66) <0.0001

 33.63 (16.28) 38.83 (12.95) 23.23 (11.05) <0.0001

SDAI at 6 months (SD)a 32.84 (14.10) 18.74 (8.97) 7.36 (6.82) <0.0001

 21.71 (13.14) 6.85 (6.38) 9.14 (8.29) <0.0001

SDAI 6-month change from baseline –9.11 (18.70) –12.83 (12.74) –19.37 (14.12) 0.002

 –11.00 (13.92) –33.28 (13.94) –13.76 (10.04) <0.0001

DAS28-CRP (baseline) 5.89 (1.29) 5.19 (1.03) 4.65 (1.22) <0.0001

 5.22 (1.24) 5.73 (0.89) 4.38 (1.11) <0.0001

DAS28-CRP (6 months) 5.12 (1.23) 3.99 (1.02) 2.58 (0.93) <0.0001

 4.22 (1.27) 2.50 (0.81) 2.79 (1.08) <0.0001

DAS28-CRP 6-month change from  
baseline

–0.55 (1.37) –1.19 (1.15) –2.11 (1.29) <0.0001

 –0.92 (1.15) –3.32 (1.08) –1.59 (1.04) <0.0001

X-ray Score (baseline) 5.65 (5.88) 6.12 (10.83) 6.80 (8.05) 0.786

 6.11 (9.52) 7.23 (8.51) 6.50 (8.31) 0.779

X-ray annualised progression rate 1.00 (2.30) 1.08 (2.86) 0.89 (2.61) 0.898

 1.39 (3.64) 0.79 (2.04) 0.80 (2.32) 0.372

EQ5D Score (baseline) 0.33 (0.38) 0.43 (0.31) 0.52 (0.32) 0.030

 0.43 (0.33) 0.45 (0.34) 0.52 (0.32) 0.094

EQ5D Score (6 months)a 0.50 (0.34) 0.59 (0.27) 0.77 (0.21) <0.0001

 0.63 (0.27) 0.79 (0.18) 0.72 (0.25) 0.003

EQ5D 6-month change from baseline 0.11 (0.25) 0.15 (0.33) 0.25 (0.31) 0.049

 0.18 (0.27) 0.36 (0.35) 0.18 (0.29) 0.002

HAQ (baseline) 1.41 (0.80) 1.44 (0.72) 1.13 (0.76) 0.015

 1.21 (0.72) 1.29 (0.81) 1.20 (0.76) 0.748

HAQ (6 months)a 1.10 (0.94) 1.15 (0.80) 0.50 (0.58) <0.0001

 0.93 (0.83) 0.50 (0.61) 0.65 (0.68) 0.008

HAQ 6-month change from baseline –0.19 (0.77) –0.25 (0.63) –0.63 (0.60) 0.0001

 –0.23 (0.60) –0.82 (0.81) –0.52 (0.52) <0.0001

(continued)
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Class 1 (IR) Class 2 (HBAR) Class3 (LBAR) p value

SF-36 MCS (baseline) 40.2 (11.9) 43.1 (11.7) 46 (11.3) 0.05

 44.4 (11.4) 46.5 (12.2) 44.6 (11.3) 0.632

SF-36 MCS (6 months)a 41.2 (10.3) 46.2 (13.3) 50.9 (10.5) 0.0006

 46.4 (11.7) 55.1 (7.4) 48.3 (12.0) 0.0002

SF-36 MCS 6-month change from 
baseline

0.15 (11.67) 3.05 (12.36) 4.65 (9.74) 0.217

 1.54 (10.68) 7.61 (10.25) 3.64 (10.23) 0.012

EQ5D, EuroQoL five dimensions questionnaire; HAQ, Health Assessment Questionnaire; HBAR, higher baseline activity 
responder; IR, inadequate responder; LBAR, lower baseline activity responder; MCS, Short Form 36 Health Survey Mental 
Component Score; SD, standard deviation; SDAI, Simplified Disease Activity Index; SF-36, Short Form 36 Health Survey.
Mean (SD) are reported with p values based on ANOVA test.
aNumber of patients at 6 months differs from the number at baseline within a class.

Table 5. (continued)

medications were not found to be statistically sig-
nificant in our study. This may be due to the 
power of this study (especially when restricted to 
the outcome defined at a single time point), to the 
use of a treat-to-target medication strategy, or to 
the fact that some variables may be less important 
in a pure seropositive disease cohort.

We also identified three trajectories of disease 
course and potential factors associated with them 
and also with disease activity levels within trajecto-
ries. We used the same trajectory labels (IR, HBAR, 
and LBAR) in both SDAI and DAS28-CRP mod-
els, but the estimated proportion of patients who 
fell into the three groups varied according to the 
way disease activity was measured. Moreover, the 
agreement between these two classifications was 
weak (Cohen’s Kappa of 0.18); and significant 
overall associations of baseline functional disability 
and SF-36 mental component score and near sig-
nificant association with BMI were found only 
with the SDAI trajectories; thus suggesting these 
disease activity indices are not interchangeable.

Interestingly, we found no evidence for differences 
in prescribing behaviour at baseline among the tra-
jectory classes irrespective of how trajectory clas-
sifications were made. However, we found clear 
evidence that, even as early as 6 months, disease 
outcomes (e.g. EQ-5D, HAQ) and their changes 
from baseline differed between trajectory groups, 
with the IR group generally having the least 
improvement and poorer health outcomes. No evi-
dence for differing annualised X-ray progression 
rates were seen across groups. This may be 

expected, given the short length of follow-up and 
early-intensive management. The findings of very 
few if any significant associations between stand-
ard clinical measures and trajectory classes, evi-
dence of clear changes in outcomes as early as 6 
months and relative entropy values (0.663 and 
0.591) in our latent class models that indicate fur-
ther improvements can be made would possibly 
suggest that these trajectories may additionally be 
linked to distinct immunopathogenic subsets. Thus 
immunological biomarkers at baseline and early in 
follow-up (before 6 months) may be useful in iden-
tifying patients who beyond 6 months will have 
inadequate response to initial synthetic disease-
modifying treatment. This hypothesis is speculative 
at present. However, the RA-MAP Project was 
established towards this goal, and we are currently 
investigating these trajectories from a biological 
viewpoint, using the extensive biological data set 
collected in TACERA.

Heterogeneity in the effects of covariates on average 
SDAI level over time was seen across trajectories. 
Specifically, we found that effect sizes differed 
across trajectories with respect to functional disabil-
ity, mental health, alcohol consumption, and com-
bination MTX with second DMARD compared to 
therapies with glucocorticoid usage. This provides 
evidence to support a stratified approach to man-
agement and treatment of patients falling into dif-
ferent trajectory groups. For example, our models 
could be used to assign probabilities of different dis-
ease activity responses at 6 months or other time 
points to different treatment options, such as dis-
ease-modifying monotherapy, dual therapies 
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without steroids, or therapies that include steroids, 
to decide clinically over a particular clinically rele-
vant time horizon what would be the optimal treat-
ment to assign a patient who presents with moderate 
or high levels of disease activity. In addition, the 
predictions of trajectory classes or the likely 
responses to change in treatments could be dynami-
cally updated and refined at follow-up visits using 
explanatory variables and outcome information.

Our results concerning the effect of alcohol con-
sumption on both SDAI remission at 6 months 
and disease activity levels within SDAI trajecto-
ries suggest that consuming alcohol is associated 
with higher remission rates and lower disease 
activity over time. Similar inverse associations 
have been reported by other studies.36–40 These 
findings may be due to alcohol intake being asso-
ciated with lower levels of inflammatory markers 
and possibly because certain alcoholic drinks, for 
example, red wine, may be antioxidant due to 
their flavonoid content, counteracting postpran-
dial oxidative stress.41,42

The findings that mental health is a predictor of 
disease activity over time in the IR group and also 
possibly the LBAR group but not the HBAR 
group are worth highlighting. One-year results 
from the Scottish Early Rheumatoid Arthritis 
Inception (SERA) cohort have identified that 
predictors of functional disability at 1 year appear 
to be dominated by psychosocial rather than more 
traditional clinical measures, emphasising the 
potential benefit which may result from early 
access to nonpharmacological interventions tar-
geting key psychosocial factors, such as mental 
health and work disability.43 The possibility of 
adopting a nonpharmacological intervention 
strategy for those in the IR and LBAR (that make 
up approximately 78% of the RA patients) should 
be explored in more depth.

Latent class mixed modelling approaches have 
only recently begun to be used to investigate 
whether distinct subpopulations exist within RA 
with respect to disease course.5,44,45 Previous 
studies using DAS28 have identified similar tra-
jectory groups thus suggesting that our latent 
classes have external validity. The larger study by 
Barnabe and colleagues was able to identify five 
trajectory groups instead of three. However, com-
bining their Groups 1 and 4 (i.e. both with initial 
high activity) into a single group would coincide 
with our HBAR group, while combining their 
Groups 2 and 3 (i.e. both with initial moderate 

activity) would correspond to our LBAR group. 
In work that we have done in RA-MAP using 
individual participant data from multiple clinical 
trials, we were also able to identify three distinct 
latent DAS28-ESR trajectories in both baseline 
methotrexate-naïve treated patients and metho-
trexate-exposed patients.29 The baseline metho-
trexate-naïve patients in the trials reflected a 
relatively early in disease population which is 
more comparable to our TACERA cohort. It thus 
was reassuring that similar latent trajectory classes 
were identified from TACERA using both 
DAS28-CRP and SDAI. Our work therefore 
demonstrates that similar trajectory groups exist 
within a purely seropositive population with low 
levels of comorbidities. In addition, we controlled 
for factors that may impact on disease activity 
over time within these trajectory groups.

The decision to restrict to an inception cohort 
with low levels of comorbidities was made to 
reduce variation due to comorbidities when 
addressing the RA-MAP Project’s primary objec-
tive of understanding immune function and 
response in RA through use of an extensive set of 
biological markers, measured at baseline and over 
time. This decision has implications for generalis-
ability to the newly diagnosed RA population in 
the United Kingdom, especially those with sig-
nificant comorbidities.

Conclusion
In conclusion, we found that in early seropositive 
RA with few nonsevere comorbidities, lower base-
line levels of functional disability, and disease 
activity, along with alcohol intake, are associated 
with 6-month clinical remission. We identified 
three subpopulations based on disease trajectories 
that not only differ in terms of disease course but 
also with regard to the effect of risk factors, such 
as mental well-being, on disease activity over time. 
Our data further highlight RA heterogeneity (i.e. 
trajectory classes) not explainable by clinical fac-
tors and indicate the possible use of biomarkers 
collected at baseline and early follow-up to help 
patient management and better targeting of exist-
ing and novel therapies.
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