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ABSTRACT. Objective. To determine the efficacy of 2 tight control treatment strategies aiming at Simplified Disease
Activity Score (SDAI) remission (SDAI ≤ 3.3) compared to 28-joint count Disease Activity Score
(DAS28) remission (DAS28 < 2.6) in the prevention of arterial stiffness in patients with early
rheumatoid arthritis (RA). 
Methods. This was an open-label study in which 120 patients with early RA were randomized to
receive 1 year of tight control treatment. Group 1 (n = 60) aimed to achieve SDAI ≤ 3.3 and Group 2
(n = 60), DAS28 < 2.6. Pulse wave velocity (PWV) and augmentation index (AIx) were measured at
baseline and 12 months. A posthoc analysis was also performed to ascertain whether achieving
sustained remission could prevent progression in arterial stiffness.
Results. The proportions of patients receiving methotrexate monotherapy were significantly lower in
Group 1 throughout the study period. At 12 months, the proportions of patients achieving DAS28 and
SDAI remission, and the change in PWV and AIx, were comparable between the 2 groups. In view
of the lack of differences between the 2 groups, a posthoc analysis was performed at Month 12,
including all 110 patients with PWV, to elucidate the independent predictors associated with the change
in PWV. Multivariate analysis revealed that achieving sustained DAS28 remission at months 6, 9,
and 12 and a shorter disease duration were independent explanatory variables associated with less
progression of PWV.
Conclusion. With limited access to biologic disease-modifying antirheumatic drugs, treatment efforts
toward DAS28 and SDAI remission had similar effects in preventing the progression of arterial
stiffness at 1 year. However, achieving sustained DAS28 remission was associated with a significantly
greater improvement in PWV. [Clinical Trial registration: Clinicaltrial.gov NCT01768923.] 
(J Rheumatol First Release May 15 2018; doi:10.3899/jrheum.171128)
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Rheumatoid arthritis (RA) is associated with a substantially
increased risk of cardiovascular disease (CVD), leading to a
1.5-fold increased standardized mortality rate compared with
the general population1. Studies have demonstrated the
association of a higher inflammatory burden with increased
CVD risk in RA2,3, suggesting that the increased levels of
proinflammatory cytokines can elicit a systemic inflam-
matory state that accelerates atherosclerosis conducive to
increased CV risk. 
    Rapid attainment of remission by tight control proto-
colized treatment strategy can halt joint damage and reverse
disability irrespective of the type of disease-modifying
antirheumatic drugs (DMARD), combination conventional
synthetic (cs-) or biological (b-) DMARD4. The most
frequently used definitions of remission have involved a
28-joint count Disease Activity Score (DAS28) of < 2.6. This
definition better represents minimal disease activity than
remission5. Based on the ability to predict nonprogression of
articular disease regarding patient function and radiographic
progression, the 2011 American College of Rheumatology
(ACR)/European League Against Rheumatism (EULAR)
criteria for remission were more stringent, to be used in
clinical trials in RA6. There is a need for interventional trials
with CV endpoints to investigate whether achievement of
remission according to the new ACR/EULAR definition
could reduce CV risk in RA. Further, it remains to be tested
whether the new definition of remission, which reflects a
more rigorous control of disease inflammation than the
DAS28-based definition, could in turn translate into a more
favorable CV outcome. 
    Increased number and duration of flares over time and
cumulative RA disease activity contribute to the risk of
CVD7. Effective immunosuppression using various
bDMARD can improve arterial stiffness as reflected by a
decrease in pulse wave velocity (PWV) or augmentation
index (AIx)8,9. From these standpoints, one can argue that a
more rigorous and sustained control of inflammation might
be associated with a more favorable CV outcome in patients
with RA. Whether achievement of sustained remission could
reduce CVD risk in RA has, to our knowledge, never been
studied.
    We hypothesized that tight control treatment aiming at the
2011 ACR/EULAR definition of remission reduces arterial
stiffness to a greater extent than treatment aiming at minimal
disease activity (DAS28 < 2.6) in patients with early RA. The
aim of our study was to investigate the effect of these 2
treatment strategies on arterial stiffness in early RA. A
posthoc analysis was also performed to ascertain whether
achieving sustained remission can prevent progression in
arterial stiffness in patients with early RA. 

MATERIALS AND METHODS
Subjects. This was a 1-year, hospital-based, open-label, randomized
controlled trial (RCT; Clinicaltrial.gov NCT01768923). There were 120
patients recruited from the rheumatology clinic of the Prince of Wales

Hospital (PWH), Queen Elizabeth Hospital (QEH), and 5 other regional
hospitals from December 2012 to December 2015. The study protocol was
in compliance with the Declaration of Helsinki and the International
Conference on Harmonisation Good Clinical Practice. The study was
approved by the Kowloon Central Cluster Research Ethics Committee for
QEH (KC-KE13-0040/FR-1), Kowloon East Cluster Research Ethics
Committee for Tseung Kwan O Hospital (KC-KE13-0040/FR-1), Kowloon
West Cluster Research Ethics Committee for Kwong Wah Hospital
[(KW/EX-14-052(73-07)], and The Joint Chinese University of Hong 
Kong–New Territories East Cluster Clinical Research Ethics Committee for
PWH and Tai Po Hospital (CRE 2011.483-T). All patients provided written
consent.
Inclusion and exclusion criteria. Patients were eligible if they fulfilled the
following inclusion criteria: (1) 2010 ACR/EULAR classification criteria
for RA10; (2) symptoms onset < 2 years; (3) active disease (DAS28 ≥ 3.2);
and (4) positivity for rheumatoid factor or anticyclic citrullinated peptide
antibodies. Patients were excluded if they had the following: (1) history of
overt CVD; (2) aspirin, HMG-CoA reductase inhibitors (statins), or
angiotensin-converting enzyme (ACE) inhibitors; (3) severe renal
impairment (glomerular filtration rate < 30 ml/min/1.73 m2); (4) previous
treatment with bDMARD; or (5) prednisolone at a dose of > 10 mg/day. 
Intervention. All participants received 1-year tight control treatment at the
PWH and QEH with the aim of achieving treatment target (Supplementary
Figures 1 and 2, available with the online version of this article). Participants
were randomly assigned to 2 arms. Group 1 aimed at the 2011 ACR/EULAR
definition of remission (SDAI ≤ 3.3)6. Group 2 aimed at minimal disease
activity using C-reactive protein (CRP; DAS28-CRP < 2.6). Patients in
Group 1 were started with csDMARD or bDMARD if they had moderate to
high disease activity and poor prognostic factors (Supplementary Figure 1,
available with the online version of this article). Patients in Group 2 were
started with methotrexate (MTX) monotherapy, and followed with
csDMARD or bDMARD if they failed to achieve target (Supplementary
Figure 2). Assessment of the efficacy was performed every 3 months. If a
patient could not achieve treatment goal within 3 months of therapy, the
attending rheumatologist would adjust therapy by proceeding to the next
step according to the protocol, unless the patient declined or toxic effects
precluded this approach. Statins and ACE inhibitors were prohibited during
the whole study because they might have altered the vascular studies results. 
Clinical assessments. At baseline and then every 3 months up to 1 year, the
number of tender and swollen joints (0–28), numeric rating scale for pain,
patient’s and physician’s global assessments, Health Assessment
Questionnaire (HAQ), erythrocyte sedimentation rate (mm/h1st), and CRP
(mg/l) were assessed. The number of damaged joints was assessed at baseline
and 1 year.
Cardiovascular assessment. Anthropomorphic assessments were performed
at baseline, every 3 months, and at the end of the study, including height,
weight, waist and hip circumferences, 2 consecutive blood pressure (BP)
readings in sitting position, and heart rate. Laboratory assessments at each
visit included fasting blood glucose, fasting lipid profile [total cholesterol,
low-density lipoprotein cholesterol, high-density lipoprotein (HDL) choles-
terol, triglycerides], fibrinogen, and uric acid. 
PWV and pulse wave analysis (PWA). Arterial stiffness was assessed by
PWV and AIx at baseline and at the end of the study11. To ensure the consis-
tency and reliability, such assessment for all participants was performed at
PWH by a single experienced operator who was blind to the participants’
clinical characteristics and their treatment group. Brachial-ankle PWV was
assessed noninvasively in subjects in the supine position by a dedicated
tonometry system (Non-invasive Vascular Profile Device VP-2000, Omron
Healthcare Inc.) as described previously12. All PWA measurements were
made by a single skilled operator. Intraobserver reliability was 0.8612.
      PWA was performed using the SphygmoCor device (SCOR2000 v. 7.01,
AtCor Medical Pty. Ltd.), with a tonometer probe at the right radial artery.
Because AIx in an individual patient varies by heart rate, it was standardized
to a heart rate of 75 bpm (AIx@75). The Vicorder machine (VI, SMT
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Medical) was used for AIx assessment since March 2014 because of machine
failure (SphygmoCor) after commencement of the study. We were unable to
obtain baseline AIx measurement in 26 patients (when the SphygmoCor
device was undergoing repair), and 11 patients with baseline assessment
done using SphygmoCor were unable to have repeat assessment at Month
12 using the same instrument (after switching to the Vicorder device).
Therefore, the AIx results of these 37 patients were excluded from analysis.
Outcome measures. The primary outcome measure was the change in PWV
over 1 year of treatment. Secondary outcomes were (1) changes in AIx@75
over 1 year of treatment; (2) the proportion of patients achieving clinical
remission (SDAI ≤ 3.3 or DAS28 < 2.6) at the end of the study; (3) the
proportion of patients with a good response (EULAR definition of DAS28
score ≤ 3.2 and a fall in score from baseline by > 1.2); and (4) ACR 20, 50,
and 70 responses. The outcome for the posthoc analysis was to ascertain the
independent predictors for the change in PWV. 
Statistical analysis. Descriptive statistics used for demographic and clinical
variables included frequencies, percentage, means ± SD, and median
(interquartile range). Comparisons in demographic and clinical character-
istics at baseline and changes in AIx@75 and PWV over 1 year between the
2 groups were performed using the chi-squared test, independent samples 
t test, or the Mann-Whitney U test, depending on distribution of data. Disease
activity measures at 12 months were analyzed according to the inten -
tion-to-treat (ITT) principle in all individuals with at least 1 additional visit
after the baseline. Missing data at the end of the study were accounted for
using last observation carried forward. Per-protocol analysis was performed
to assess the differences in the progression of vascular stiffness between the
2 groups. A posthoc analysis was done to ascertain the independent
predictors associated with the change in PWV using linear regression
analysis. Univariate analysis was performed to elucidate whether achieving
sustained DAS28 and SDAI remission (defined as achieving DAS28 or
SDAI remission at months 6, 9, and 12), other baseline clinical variables
(Table 1), and treatment received were associated with the change in PWV.
All variables with p < 0.1 in the univariate analysis were included in the
multivariate analysis. Statistical analyses were performed using SPSS
version 23.0 (SPSS Inc.). A minimal level of significance of p < 0.05 was
used. 

RESULTS
ITT analysis. One hundred twenty patients with early RA
were randomized (Figure 1). All except 3 patients were
included in the ITT and safety analyses (n = 117). All baseline
variables were comparable between the groups, except for a
higher prevalence of female patients, and lower waist–hip
ratio and fasting glucose in Group 1 (Table 1). The 1-year
study was completed by 115 patients (96%); there were no
significant differences between the 2 groups for completion
or for followup duration. 
Treatments. The proportions of patients receiving MTX
monotherapy were lower in Group 1 because most patients
received combination csDMARD throughout the study
period. The use of prednisolone was significantly lower in
Group 1 from 9 months onward (Figure 2A–2E). 
Remission and compliance with the protocol. The proportion
of patients reaching the respective treatment targets was
significantly higher in Group 2, except at 3 months (Figure
2F). Regarding DAS28 and SDAI remission, the proportion
of patients achieving these targets was numerically higher in
Group 1 except at Month 12 (Figure 2G and 2H). In Group
1, 37 patients and in Group 2, 20 patients were not given

bDMARD after combination csDMARD therapy failed to
achieve targets, because patients were unable to afford the
medication.
Changes in disease activity and inflammatory markers. At 12
months, the proportion of patients achieving DAS28 and
SDAI remission, various ACR responses, and EULAR good
response, as well as the reduction in disease activity and
inflammatory markers, were comparable between the 2
groups (Table 2). 
Changes in cardiovascular risk factors and arterial stiffness
markers. PWV and AIx were similar at both baseline and
Month 12 between the 2 groups. Per-protocol analysis
revealed that there were no significant between-group differ-
ences in the change in PWV and AIx (Table 2). Changes in
the CV risk factors were similar between the 2 groups, except
for the changes in systolic BP, diastolic BP, and the
Framingham risk score, which were significantly different
between the 2 groups (Table 2). This difference is probably due
to the more frequent use of antihypertensive drugs in Group 2
(10 patients in each group at baseline; 13 patients in Group 1
vs 16 patients in Group 2 at Month 12, p = not significant). 
Adverse events (AE). Serious (S-) AE were reported in 6/117
patients (5%). Three (5%) occurred in both Groups 1 and 2
(Supplementary Table 1, available with the online version of
this article). All required hospitalization, with none of the
SAE being life-threatening. No unexpected SAE or deaths
were observed.
Posthoc analysis. Because there were no differences in the
change in clinical and vascular variables between the 2
groups (Table 2), a posthoc analysis was performed by
combining the results from the 2 groups (n = 110), with PWV
done to ascertain the independent predictors associated with
progression of PWV. 
Clinical features in the whole cohort. Out of the 110 patients
with RA, 85 (77%) were female (Table 3). After 12 months,
60 (55%) and 44 (40%) patients achieved DAS28 and SDAI
remission, respectively. Although total cholesterol and HDL
cholesterol were significantly increased, PWV and AIx
remained unchanged over a period of 12 months. 
    Remission at all 3 timepoints (months 6, 9, and 12) was
achieved in 37 (34%) and 18 (16.4%) of patients for DAS28
and SDAI, respectively. The change in PWV was signifi-
cantly different between the groups who achieved sustained
DAS28 remission (SDR group) compared to those who did
not (non-SDR group; Table 2). The change in AIx was similar
between the SDR and non-SDR groups. The change in PWV
and AIx was similar between the groups who achieved
sustained SDAI remission compared to those who did not
(PWV: –48 ± 134 cm/s vs 0.4 ± 193 cm/s, respectively, 
p = 0.313; AIx: 0.69 ± 8.15% vs –0.43 ± 7.92%, respectively, 
p = 0.649). 
    Baseline clinical characteristics, disease activity, and CV
risk factors and arterial stiffness markers between the SDR
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group and the non-SDR group were similar (Table 1), except
that the symptom duration in SDR group was significantly
shorter. After 12 months, the SDR group had a significantly
greater reduction in disease activity indices and functional
improvement (HAQ) compared to the non-SDR group (Table
2), while no significant change in CV risk factors was found
between the 2 groups. The change in AIx was similar between
the 2 groups.
Predictors associated with the change in PWV. Using multi-
variate regression analysis, achieving sustained DAS28
remission was an independent predictor for PWV reduction

(β –73, 95% CI  –150.1 to –9.1, p = 0.027; Table 4). The other
independent predictor for PWV reduction was a shorter
symptom duration (β 6.3, 95% CI 0.6–12.0, p = 0.032).

DISCUSSION
To our knowledge, this is the first RCT comparing the clinical
and vascular effect of 2 different tight control treatment
strategies aiming at SDAI remission and minimal disease
activity (DAS28 remission). Although there were no signifi -
cant differences in the clinical and vascular outcomes
between the 2 groups, posthoc analysis showed that patients

4 The Journal of Rheumatology 2018; 45:7; doi:10.3899/jrheum.171128

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2018. All rights reserved.

Figure 1. Study flow diagram. SDAI: Simplified Disease Activity Index; DAS: Disease Activity Score. 
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who achieved sustained DAS28 remission had a greater
reduction in PWV, suggesting that achieving sustained
DAS28 remission in early RA may be beneficial not only
because of the observed improvement in pain and function,
but also because of a reduction in CV risk in terms of
preventing arterial stiffness progression. Regarding achieving
remission and arterial stiffness, only 1 cross-sectional study
demonstrated that patients with active RA had a significantly
higher PWV than patients in remission11. These results link
inflammatory activity to markers of CVD risk in patients with
RA and may indirectly support the notion that remission in

RA confers diminished CV morbidity. Indeed, based on the
data from a large RA database, a significant trend was observed
toward a reduced risk of CV events with improved disease
activity13. A population-based cohort of RA patients without
CVD also showed a detrimental role of exposure to RA flare
and cumulative burden of RA disease severity in CVD risk in
RA, while the CVD risk for patients with RA in remission was
similar to that for the non-RA subjects7. These results add
significant new information about the importance of sustained
control of RA disease activity, not only for improvement in
pain and function, but also for reduced CV risk. 
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Table 1. Baseline clinical characteristics of patients in the intention-to-treat and posthoc analysis. Values are n (%), median (IQR), or mean ± SD.

Characteristics Intention-to-treat Analysis                       Posthoc Analysis
                                                  Group 1 (SDAI         Group 2 (DAS28                     p                     Non-SDR, n = 73            SDR, n = 37                         p
                                                remission), n = 57       remission), n = 60                      

Demographics                                                                                                                                                                                                                           
Female                                         50 (87)                        40 (67)                          0.006                          55 (75)                        30 (81)                          0.497
Age, yrs                                       52 ± 13                        53 ± 13                         0.540                         52 ± 13                        55 ± 13                         0.249
Symptom duration, mos             8 (4–12)                      7 (4–10)                         0.486                         8 (5–12)                       5 (3–9)                          0.015
Disease activity                                                                                                                                                                                                                     
Tender joint count                       8 (6–12)                      7 (5–12)                         0.253                         8 (5–13)                      8 (5–11)                         0.357
Swollen joint count                      5 (3–7)                        5 (3–7)                          0.428                          5 (2–7)                        4 (3–7)                          0.288
ESR, mm/h                               55 (33–81)                  50 (34–83)                       0.806                       49 (34–84)                  50 (29–70)                       0.521
CRP, mg/l                              11.3 (4.0–26.9)           11.5 (5.3–24.4)                   0.616                   11.5 (5.6–30.7)            9.9 (3.3–25.6)                    0.242
VAS pain, NRS 0–10              6.0 (5.0–7.5)               6.0 (4.3–8.0)                     0.572                     6.0 (5.0–7.0)               6.0 (5.0–8.0)                     0.929
PtGA, NRS 0–10                     6.0 (5.0–8.0)               6.0 (5.0–7.3)                     0.787                     6.0 (5.0–7.0)               6.0 (5.0–8.0)                     0.658
PGA, NRS 0–10                      6.5 (4.0–9.0)               6.0 (4.0–8.0)                     0.318                     6.0 (4.5–8.0)               6.0 (4.0–8.0)                     0.422
DAS28                                      4.99 ± 0.98                  4.86 ± 0.96                      0.469                      4.96 ± 1.02                  4.79 ± 0.91                       0.411
SDAI                                  28.1 (20.13–39.36)    24.51 (18.57–36.00)               0.363               25.20 (19.90–38.63)   25.71 (18.60–32.69)               0.457
HAQ, 0–3                             1.00 (0.50–1.50)         1.00 (0.50–1.50)                  0.567                       1 (0.5–1.5)                1 (0.63–1.38)                     0.727

Disease severity                                                                                                                                                                                                                         
No. damaged joint count             2 (1–4)                        1 (1–3)                          0.053                          2 (1–3)                        2 (1–4)                          0.753
RF-positive                                 45 (78.9)                     51 (85.0)                        0.394                        63 (86.3)                     27 (73.0)                        0.087
Anti-CCP–positive                     51 (89.5)                     54 (90.0)                        0.925                        68 (93.2)                     30 (81.1)                        0.055
Erosion on radiograph                17 (29.8)                     11 (18.3)                        0.145                        19 (26.0)                      8 (21.6)                         0.612

Cardiovascular risk factors                                                                                                                                                                                                        
Current smoker                            5 (9.3)                       13 (21.7)                        0.070                        12 (16.4)                      5 (13.5)                         0.688
BMI, kg/m2                                   22.0 (20.1–24.0)         22.5 (20.5–24.6)                  0.303                         22.4 ± 3                       22.5 ± 3                         0.785
Waist–hip ratio                     0.86 (0.81–0.91)         0.89 (0.85–0.93)                  0.030                  0.87 (0.83–0.92)         0.88 (0.84–0.93)                  0.709
Systolic BP, mmHg                    120 ± 18                      124 ± 18                        0.187                        121 ± 17                      124 ± 19                        0.332
Diastolic BP, mmHg                    77 ± 11                        78 ± 12                         0.525                          78 ± 11                        78 ± 11                          0.814
Fasting glucose, mmol/l          4.8 (4.7–5.2)               5.1 (4.9–5.6)                     0.005                     5.0 (4.7–5.3)               5.0 (4.7–5.6)                     0.588
TC, mmol/l                                 4.6 ± 1.0                      4.7 ± 0.9                         0.477                        4.7 ± 0.9                      4.6 ± 0.9                         0.521
HDL, mmol/l                           1.4 (1.2–1.6)               1.3 (1.1–1.5)                     0.231                     1.3 (1.1–1.5)               1.4 (1.2–1.8)                     0.114
LDL, mmol/l                              2.8 ± 0.8                      2.8 ± 0.8                         0.549                        2.8 ± 0.8                      2.6 ± 0.7                         0.154
Triglycerides, mmol/l              0.9 (0.7–1.3)               1.0 (0.8–1.4)                     0.124                     0.9 (0.7–1.3)               0.9 (0.7–1.2)                     0.789
Framingham risk score, %      4.6 (1.8–8.8)              6.3 (3.3–15.6)                    0.065                    5.8 (2.2–11.2)             4.5 (2.9–10.4)                    0.992
10-year coronary artery 

disease risk > 10%                13 (22.8)                     20 (33.3)                        0.206                        20 (27.4)                     11 (29.7)                        0.797
Arterial stiffness                                                                                                                                                                                                                        

PWV, cm/s*                        1395 (1212–1533)      1472 (1286–1620)                 0.207                 1418 (1212–1557)      1481 (1289–1635)                 0.133
AIx (%)^                                   24 (20–30)                  23 (19–26)                       0.457                       23 (19–29)                  24 (22–29)                       0.540

* Per-protocol analysis (Group 1 = 54; Group 2 = 56); posthoc analysis (non-SDR: 73, SDR: 37); ^ Per-protocol analysis (Group 1: 31, Group 2: 38); posthoc
analysis (non-SDR: 44, SDR: 25). Data in bold face are statistically significant. IQR: interquartile range; SDAI: Simplified Disease Activity Index; DAS28:
28-joint count Disease Activity Score; SDR: achieved sustained DAS28 remission; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; VAS: visual
analog scale; NRS: numerical rating scale; PtGA: patient’s global assessment; PGA: physician’s global assessment; HAQ: Health Assessment Questionnaire;
RF: rheumatoid factor; anti-CCP: anticyclic citrullinated peptide antibodies; BMI: body mass index; BP: blood pressure; TC: total cholesterol; HDL: high-density
lipoprotein; LDL: low-density lipoprotein; PWV: pulse wave velocity; AIx: augmentation index. 
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Figure 2. Treatment therapy across study period (A–E) and clinical responses
in the 2 groups (F–I). A. MTX monotherapy. B. Combination csDMARD. 
C. Prednisolone. D. NSAID. E. bDMARD. F. Proportion of subjects achieving
treatment target in the 2 randomized groups. G and H. Proportion of subjects
achieving DAS28 and SDAI remission, respectively. I. Proportion of subjects
with drug escalation when treatment targets were not met. * (all panels) p < 0.05
comparing patients who were randomized to treatment strategies aiming at SDAI
remission (Group 1) and DAS28 remission (Group 2). MTX: methotrexate;
csDMARD: conventional synthetic disease-modifying antirheumatic drugs;
NSAID: nonsteroidal antiinflammatory drugs; bDMARD: biologic DMARD;
SDAI: Simplified Disease Activity Index; DAS28: 28-joint count Disease
Activity Score.
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    Managing RA with a treat-to-target (T2T) strategy aiming
at remission optimizes clinical, functional, and radiographic
outcomes14. Regarding the vascular changes, previous studies
mainly focused on the effects of bDMARD on the
progression of arterial stiffness in RA15. These studies were
unable to determine whether the improvement or stabilization
of PWV was due to the suppression of inflammation or the
blockade of the specific pathways. In contrast, the majority
of the patients in our current study was treated only with
csDMARD. Data from our study demonstrated that a greater
reduction in PWV was observed in those patients achieving
sustained DAS28 remission, suggesting that controlling
disease activity using various combinations of steroids,
csDMARD, and bDMARD may be useful in preventing
arterial stiffness progression. 

    Numerically, a reduction in PWV was observed in those
who achieved sustained DAS28 or SDAI remission. The
change was statistically insignificant in the sustained SDAI
remission group, probably because of the small number of
patients achieving this stringent definition of remission 
(n = 18). The univariate regression coefficient for the change
in PWV was numerically smaller (achieving SDAI remission:
–48.2 vs achieving DAS remission: –96.2). However, these
results would need to be confirmed in larger studies.
Physician’s global assessment (PGA) was included in the
calculation of SDAI but not in DAS28. However, it was not
associated with the change in PWV in the univariate analysis
(Table 4). This suggested that the inclusion of PGA in deter-
mining SDAI remission could not solely explain the differ-
ences in the change in PWV between the 2 remission criteria. 
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Table 2. Change in disease activity variables and cardiovascular risk factors over 12 months. Data are median (interquartile range) or mean ± SD.

Variables Intention-to-treat Analysis                       Posthoc Analysis                             
                                                  Group 1 (SDAI                 Group 2 (DAS                 p                   Non-SDR, n = 73                   SDR, n = 37                    p
                                                remission group),             remission group), 
                                                         n = 57                               n = 60

Disease activity                                                                                                                                                                                                                          
Tender joint count                  –6 (–10 to –4)                    –6 (–8 to –3)                0.501                    –5 (–9 to –3)                     –7 (–10 to –4)               0.113
Swollen joint count                 –4 (–7 to –2)                     –3 (–6 to –2)                0.194                    –4 (–6 to –2)                      –4 (–6 to –3)                0.608
ESR, mm/h                            –24 (–38 to –9)                 –22 (–32 to –3)              0.279                  –23 (–38 to –3)                  –19 (–32 to –9)              0.702
CRP, mg/l                          –8.0 (–24.6 to –1.3)          –8.9 (–20.1 to –1.5)          0.974              –8.0 (–19.2 to –1.5)           –8.5 (–22.5 to –1.3)          0.849
VAS pain, NRS 0–10          –4.0 (–5.5 to –3.0)            –4.0 (–5.3 to –2.0)           0.580               –3.8 (–5.0 to –1.5)             –5.0 (–6.5 to –3.0)           0.002
PtGA, NRS 0–10                       –4.0 ± 2.5                          –3.8 ± 2.4                  0.760                      –3.2 ± 2.2                           –5.3 ± 2.2                 < 0.001
PGA, NRS 0–10                 –4.5 (–7.0 to –3.0)            –4.0 (–6.3 to –2.0)           0.308                –4.0 (–6.5 to 2.0)              –5.0 (–7.5 to –3.5)           0.026
DAS28                                     –2.47 ± 1.28                      –2.31 ± 1.28                0.509                    –2.05 ± 1.21                       –3.18 ± 0.97               < 0.001
SDAI                                      –22.2 ± 12.62                   –20.04 ± 11.80              0.348                  –19.47 ± 12.82                    –24.7 ± 10.11               0.033
HAQ,0–3                         –0.63 (–1.13 to –0.38)       –0.50 (–1.13 to 0.00)         0.247            –0.50 (–1.13 to –0.13)       –0.88 (–1.25 to –0.50)        0.021

Cardiovascular risk factors                                                                                                                                                                                                        
BMI, kg/m2                               0.20 (–0.41 to 0.79)          0.27 (–0.71 to 1.35)          0.647              0.18 (–0.47 to 0.95)           0.30 (–0.30 to 1.08)          0.324
Waist–hip ratio                  0.01 (–0.02 to 0.02)          0.01 (–0.02 to 0.04)          0.391              0.01 (–0.02 to 0.03)           0.01 (–0.02 to 0.05)          0.694
Systolic BP, mmHg                  1 (–7 to 11)                      –6 (–14 to 0)                0.002                     –2 (–9 to 6)                       –6 (–14 to 6)                0.295
Diastolic BP, mmHg                –1 (–6 to 6)                     –5 (–10 to –1)               0.022                     –4 (–8 to 3)                        –1 (–8 to 3)                 0.512
Fasting glucose, mmol/l    0.00 (–0.20 to 0.20)          0.00 (–0.30 to 0.30)          0.672                 0.0 (–0.2 to 0.2)                –0.1 (–0.3 to 0.2)            0.276
TC, mmol/l                        0.30 (–0.10 to 0.60)          0.10 (–0.40 to 0.75)          0.326                 0.3 (–0.2 to 0.7)                 0.2 (–0.2 to 0.6)             0.664
HDL, mmol/l                        0.20 (0.00–0.50)               0.20 (0.00–0.50)             0.905                    0.2 (0.0–0.5)                      0.1 (0.0–0.4)                0.269
LDL, mmol/l                      0.00 (–0.30 to 0.30)         –0.10 (–0.50 to 0.60)         0.532                –0.1 (–0.4 to 0.5)                0.0 (–0.3 to 0.3)             0.590
Triglycerides, mmol/l        0.10 (–0.10 to 0.40)          0.00 (–0.20 to 0.30)          0.502                 0.0 (–0.2 to 0.3)                 0.0 (–0.1 to 0.2)             0.626
Framingham risk score, %    0.1 (–0.8 to 1.0)               –0.6 (–3.6 to 0.6)            0.043             –0.12 (–1.72 to 0.53)          –0.22 (–2.3 to 0.83)          0.922
Arterial stiffness                                                                                                                                                                                                                    
PWV, cm/s*^                              16 ± 160                          –30 ± 204                  0.189                       25 ± 183                            –71 ± 172                  0.009
AIx, %*†                                               0 (–5 to 5)                        –2 (–7 to 5)                 0.708                    1 (–5.5 to 6)                        –2 (–6 to 4)                 0.255

Clinical response at 12 mos                                                                                                                                                                                                       
DAS28 remission                       29 (50.9)                           33 (55.0)                   0.655                       23 (31.5)                             37 (100)                  < 0.001
SDAI remission                          21 (36.8)                           24 (40.0)                   0.726                       14 (19.2)                            30 (81.1)                 < 0.001
ACR20                                       47 (82.5)                           49 (81.7)                   0.911                       57 (78.1)                            36 (97.3)                   0.008
ACR50                                       38 (66.7)                           40 (66.7)                   0.999                       41 (56.2)                            35 (94.6)                 < 0.001
ACR70                                       30 (52.6)                           32 (53.3)                   0.939                       28 (38.4)                            33 (89.2)                 < 0.001
EULAR good response              43 (75.4)                           41 (68.3)                   0.393                       44 (60.3)                             37 (100)                  < 0.001

* Data from 110 patients who completed Month 12 followup were analyzed. ^ Group 1: 54, Group 2: 56. † Group 1: 31, Group 2: 38 for the per-protocol
analysis; non-SDR: 44, SDR: 25 for the posthoc analysis. Data in bold face are statistically significant. SDAI: Simplified Disease Activity Index; DAS28: 28-
joint count Disease Activity Score; SDR: achieved sustained DAS28 remission; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; VAS: visual
analog scale; NRS: numerical rating scale; PtGA: patient’s global assessment; PGA: physician’s global assessment; HAQ: Health Assessment Questionnaire;
BMI: body mass index; BP: blood pressure; TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein; PWV: pulse wave velocity;
AIx: augmentation index. ACR20: American College of Rheumatology 20% response; EULAR: European League Against Rheumatism.
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    A recent study by Arts, et al reported that low disease
activity (LDA) is sufficient to achieve a protective effect
against CVD in RA16. In view of this recent publication,
further analysis was done by dividing patients into 2 groups:
sustained LDA group (DAS ≤ 3.2 at months 6, 9, and 12) and
moderate to high disease activity group. A trend of reduction
in PWV was observed in patients with sustained LDA,
although it was not significantly different (–33.0 ± 167.4 cm/s
vs 23.6 ± 200.8 cm/s, respectively, p = 0.113). The results

were similar when the LDA was defined by SDAI (≤ 11; 
–33.1 ± 164.2 cm/s vs 24.3 ± 204.1 cm/s, respectively, 
p = 0.106). Data from Arts, et al16, as well as from our study,
showed that patients who achieve and maintain remission or
LDA during followup may be less likely to develop bouts of
uncontrolled, sustained, high systemic inflammation, a
contributing factor to atherosclerosis and CVD. RA patients
with very active disease at diagnosis, and poor treatment
response with more frequent flares as a result, may form a
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Table 3. Clinical characteristics of all patients at baseline and Month 12. Values are n (%), median (IQR), or mean ± SD unless otherwise specified.

Characteristics                                                               Baseline, n = 110                                 Month 12, n = 110                                              p

Female                                                                                   85 (77)                                                       –                                                             
Age, yrs                                                                                 53 ± 13                                                       –                                                             
Disease duration, mos                                                          7 (4–11)                                                      –                                                             
Disease activity                                                                                                                                                                                                      

Tender joint count                                                            8 (5–12)                                                 1 (0–3)                                                 < 0.0001
Swollen joint count                                                           5 (3–7)                                                  0 (0–1)                                                 < 0.0001
ESR, mm/h                                                                    49 (33–81)                                            31 (18–46)                                              < 0.0001
CRP, mg/l                                                                   11.5 (4.2–26.7)                                       1.9 (0.8–6.1)                                             < 0.0001
VAS pain, NRS 0–10                                                   6.0 (5.0–7.5)                                         2.0 (1.0–3.0)                                             < 0.0001
PtGA, NRS 0–10                                                          6.0 (5.0–7.5)                                         2.0 (1.0–3.0)                                             < 0.0001
PGA, NRS 0–10                                                           6.0 (4.0–8.0)                                         1.0 (0.0–2.0)                                             < 0.0001
DAS28                                                                      4.78 (4.22–5.54)                                   2.45 (1.63–3.05)                                          < 0.0001
SDAI                                                                      25.46 (19.30–36.26)                               5.59 (2.00–10.20)                                         < 0.0001
HAQ, 0–3                                                                  1.00 (0.50–1.50)                                   0.13 (0.00–0.56)                                          < 0.0001

Disease severity                                                                                                                                                                                                      
No. damaged joints                                                           2 (1–3)                                                       –                                                             
RF-positive                                                                      90 (81.8)                                                      –                                                             
Anti-CCP–positive                                                         97 (88.2)                                                      –                                                             
Erosion on radiograph                                                    27 (24.5)                                                      –                                                             

Cardiovascular risk factors                                                                                                                                                                                     
Current smoker                                                               13 (11.8)                                               13 (11.8)                                                       
BMI, kg/m2                                                                                    22.2 (20.2–24.1)                                   22.5 (20.0–24.8)                                            0.050
Waist–hip ratio                                                              0.88 ± 0.07                                            0.88 ± 0.06                                                0.377
Systolic BP, mmHg                                                         122 ± 18                                                119 ± 17                                                  0.063
Diastolic BP, mmHg                                                      78 (70–85)                                            75 (67–84)                                                 0.009
Fasting glucose, mmol/l                                               5.0 (4.7–5.3)                                         5.0 (4.7–5.4)                                               0.673
TC, mmol/l                                                                   4.7 (3.9–5.3)                                         4.9 (4.2–5.5)                                             < 0.0001
HDL, mmol/l                                                                1.4 (1.1–1.6)                                         1.6 (1.3–2.0)                                             < 0.0001
LDL, mmol/l                                                                2.8 (2.2–3.3)                                         2.7 (2.1–3.4)                                               0.879
Triglycerides, mmol/l                                                   0.9 (0.7–1.3)                                         1.0 (0.7–1.4)                                               0.145
Framingham risk score, %                                             10.4 ± 13.0                                              8.7 ± 9.6                                                  0.018
10-year coronary artery disease risk < 10%                    31 (28.2)                                               33 (30.0)                                                  0.791

Arterial stiffness                                                                                                                                                                                                     
PWV, cm/s                                                                     1452 ± 296                                            1445 ± 281                                                0.669
AIx, %*                                                                         24 (20–30)                                            26 (20–30)                                                 0.569
Clinical response at 12 months                                                                                                                                                                          
DAS28 remission                                                                  –                                                      60 (54.5)                                                      –
SDAI remission                                                                    –                                                      44 (40.0)                                                      –
ACR20                                                                                   –                                                      93 (84.5)                                                      –
ACR50                                                                                   –                                                      76 (69.1)                                                      –
ACR70                                                                                   –                                                      61 (55.5)                                                      –
EULAR good response                                                          –                                                      93 (84.5)                                                      –

* Baseline: 79, Month 12: 95. Data in bold face are statistically significant. ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; VAS: visual analog
scale; NRS: numerical rating scale; DAS28: 28-joint count Disease Activity Score; SDAI: Simplified Disease Activity Index; PtGA: patient’s global assessment;
PGA: physician’s global assessment; HAQ: Health Assessment Questionnaire; RF: rheumatoid factor; anti-CCP: anticyclic citrullinated peptide antibodies;
BMI: body mass index; BP: blood pressure; TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein; PWV: pulse wave velocity;
AIx: augmentation index; ACR20: American College of Rheumatology 20% response; EULAR: European League Against Rheumatism.
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subgroup within the RA population that is particularly at risk
for developing CVD, significantly contributing to the excess
CVD risk in this population16. 
    Because of the limited availability of bDMARD, the main
differences in the treatment between the 2 groups included a
significantly higher proportion of patients who received
combination csDMARD in the SDAI remission group, while
more patients received MTX monotherapy in the DAS28
remission group throughout the study period. Despite that,
DAS28 remission was achieved in around 50% of patients in
both groups, similar to other DAS-driven trials in early

RA17,18,19,20. Our results are similar to those from the
CARERA study and the tREACH trial: MTX monotherapy
is not inferior to combination csDMARD therapy when used
in combination with glucocorticoids following a tight T2T
approach21,22. To fully address whether obtaining more
stringent remission results in a larger reduction in arterial
stiffness, future studies may consider randomizing patients
in DAS28 remission but not SDAI remission to additional
placebo or intensified treatment, especially if funding is
available to provide bDMARD if patients cannot achieve
SDAI remission.
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Table 4. Regression analysis for the change in PWV after 1 year.

Variables                                                                          Univariate Analysis                                                                     Multivariate Analysis†
                                                                     β                           95% CI                      p                                   β                             95% CI                             p

Age                                                            –1.8                   –63.3 to 233.4             0.206                                                                                                        
Sex, female                                                63.0                   –19.8 to 145.7             0.135                                                                                                        
Symptom duration, mos                              6.8                        1.0–12.6                  0.022                              6.3                           0.6–12.0                        0.032
Baseline disease activity                                                                                                                                                                                                          

Tender joint count                                  –1.0                      –7.7 to 5.6                 0.761                                                                                                        
Swollen joint count                                10.5                     –0.8 to 21.4                0.066                                                                                                        
ESR, mm/h                                             0.0                       –1.1 to 1.1                 0.980                                                                                                        
CRP, mg/l                                              –0.6                      –2.1 to 1.0                 0.477                                                                                                        
VAS pain, NRS 0–10                             –2.9                    –20.0 to 14.2               0.740                                                                                                        
PtGA, NRS 0–10                                   –4.0                    –22.4 to 14.5               0.672                                                                                                        
PGA, NRS 0–10                                     6.0                      –7.7 to 19.7                0.386                                                                                                        
DAS28                                                   –6.8                    –42.7 to 29.2               0.710                                                                                                        
SDAI                                                      0.5                       –2.5 to 3.5                 0.748                                                                                                        
HAQ                                                     –17.9                   –65.5 to 29.7               0.458                                                                                                        

Baseline disease severity                                                                                                                                                                                                          
No. damaged joints                                –1.0                    –20.6 to 18.6               0.917                                                                                                        
RF-positive                                             4.2                     –86.6 to 95.1               0.927                                                                                                        
Anti-CCP–positive                                81.9                   –29.4 to 193.2             0.148                                                                                                        
Erosion on radiograph                           37.3                   –43.8 to 118.5              0.364                                                                                                        

Baseline cardiovascular risk factors                                                                                                                                                                                         
Current smoker                                     –22.4                  –119.3 to 74.4              0.833                                                                                                        
BMI, kg/m2                                                          –7.4                     –19.0 to 4.3                0.215                                                                                                        
Waist–hip ratio                                     –87.5                 –595.5 to 420.6            0.734                                                                                                        
Systolic BP, mmHg                               –2.3                     –4.3 to –0.4                0.020                                                                                                        
Diastolic BP, mmHg                              –3.1                      –6.3 to 0.0                 0.051                                                                                                        
Fasting glucose, mmol/l                        19.0                    –24.9 to 62.9               0.392                                                                                                        
TC, mmol/l                                           –10.1                   –48.0 to 27.8               0.600                                                                                                        
HDL, mmol/l                                        –22.1                  –112.6 to 68.5              0.630                                                                                                        
LDL, mmol/l                                          –4.8                    –49.7 to 40.1               0.832                                                                                                        
Triglycerides, mmol/l                           –14.6                   –80.6 to 51.4               0.662                                                                                                        
Framingham risk score, %                     –2.8                     –5.5 to –0.1                0.039                                                                                                        

Medication throughout the year                                                                                                                                                                                               
Antihypertensive drug                          –46.9                  –127.8 to 34.1              0.254                                                                                                        
NSAID                                                    5.2                     –73.6 to 84.1               0.895                                                                                                        
Prednisolone                                          53.4                   –24.7 to 131.4             0.178                                                                                                        
csDMARD                                            –75.4                 –290.1 to 139.3            0.488                                                                                                        
bDMARD                                            –100.3                 –253.4 to 52.9              0.197                                                                                                        

Achieved sustained DAS28 remission     –96.2                 –168.0 to –24.3            0.009                            –73.0                    –150.1 to –9.1                    0.027
Achieved sustained SDAI remission        –48.2                  –142.4 to 46.1              0.313                                                                                                        

† Adjusted for age, sex, symptom duration, swollen joint count, systolic and diastolic BP, and Framingham risk score. Data in bold face are statistically significant.
PWV: pulse wave velocity; ESR: erythrocyte sedimentation rate; CRP: C-reactive protein; VAS: visual analog scale; NRS: numerical rating scale; PtGA:
patient’s global assessment; PGA: physician’s global assessment; DAS28: 28-joint count Disease Activity Score; SDAI: Simplified Disease Activity Index;
HAQ: Health Assessment Questionnaire; RF: rheumatoid factor; anti-CCP: anticyclic citrullinated peptide antibodies; BMI: body mass index; BP: blood
pressure; TC: total cholesterol; HDL: high-density lipoprotein; LDL: low-density lipoprotein; NSAID: nonsteroidal antiinflammatory drugs; csDMARD: conven-
tional synthetic disease-modifying antirheumatic drugs; bDMARD: biologic DMARD.
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    In our current study, no differences in the change in AIx
in patients were found. One possibility could be related to the
small sample size; the data of 37 patients were not analy -
zable. However, these results were similar to those of most
studies on antitumor necrosis factor (TNF), which demon-
strated therapeutic effect on PWV (improved or stable in
anti-TNF treatment group while worsened in control group);
such an effect was not seen on AIx15. These data suggest that
PWV may be more responsive to change after controlling
inflammation (either by anti-TNF or by achieving sustained
remission) in patients with chronic inflammatory arthritis. 
    The strength of our study was the inclusion of patients with
short disease duration in whom changes in the vessel wall may
reflect current (but reversible) inflammation rather than more
permanent structural vessel changes. There were several
limitations of our trial. First, in Hong Kong, bDMARD are
not reimbursed by the government. As a result, most patients
treated with bDMARD had to cover the medication costs
themselves. This may explain why few patients were able to
afford treatment with bDMARD after failing combination
csDMARD. A previous study reported that with early initi-
ation of tocilizumab with or without MTX, > 80% of patients
with RA achieved sustained remission, compared with 44%
in the MTX arm23. Whether early initiation of bDMARD
would improve CV outcome compared to combination
csDMARD needs to be addressed in future studies. Second,
we used surrogate endpoints instead of actual CV events.
There is only 1 study suggesting that PWV is a good surrogate
of future CVD events, specifically in patients with RA24. Last,
a more frequent PWV examination might be considered to
record early changes in PWV before Month 12.
    With limited access to bDMARD, treatment targets
aiming at DAS28 and SDAI remission had a similar effect in
preventing the progression of arterial stiffness at 1 year in
patients with early RA. However, achieving sustained DAS28
remission improved arterial stiffness in terms of PWV
reduction. Adopting a T2T strategy that aims to achieve
sustained DAS28 remission may confer benefits on CVD
outcomes.
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