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Introduction

Remission in rheumatoid arthritis is considered an essen-
tial goal, because patients in remission show better physi-
cal function, higher health-related quality of life, and work 
productivity, even when compared with those who have 
low disease activity [1–3]. Also, it is clinically important 
to identify predictors of remission so that physicians can 
individualize treatment plans and educate patients on their 
expected prognoses. Several studies have sought to identify 
predictors of remission in patients with RA, as summarized 
in a systematic review by Katchamart et al. [4]. They iden-
tified several independent predictors of remission, includ-
ing clinical factors (male, young age, late-onset RA, short 
disease duration, non-smoker, low baseline disease activ-
ity, mild functional impairment, low baseline radiographic 
damage), laboratory factors (seronegative status, low levels 
of acute-phase reactants), genetic markers, initial type and 
combination of therapeutic agents, and moderate or good 
response to treatments within the first 6 months.

While achieving remission is the first goal, maintaining 
remission is also important. The significance of sustained 
remission is evident from previous studies demonstrating 
that joint damage progresses more slowly and functional 
capacity continues to improve over time if remission is 
sustained, resulting in better outcomes than with more 
active disease [5–7]. Understanding which manifestations 
of patient may influence on sustained remission will pro-
vide more important data and guideline for physicians and 
patients. Recently, Hamann et al. [8] performed a meta-anal-
ysis to identify factors associated with sustained remission in 
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patients with RA treated with TNF inhibitors. Greater base-
line disease activity, a higher tender joint count, older age, 
longer disease duration, baseline functional impairment, and 
female sex were associated with a reduced likelihood of sus-
tained remission; concomitant methotrexate use was associ-
ated with an increased likelihood of sustained remission. 
Although few reports of predictors of sustained remission in 
RA from longitudinal, observational cohorts were reported 
[9–12], there is still no established consensus. Thus, we 
assessed the frequency of sustained remission according to 
DAS28-CRP and investigated potential predictors of sus-
tained remission in RA patients over 2 years of follow-up.

Methods

Study design and participants

We collected baseline and prospectively annual follow-up 
data for 290 RA outpatients from July 2009 to September 
2012, who were ≥ 18 years old and met the 1987 revised 
criteria for the classification of RA [13]. The study protocol 
was approved by the institutional review board of Chonnam 
National University Hospital (I-2009-05-049), Republic of 
Korea. All patients provided written informed consent.

Variables

Sociodemographic data, including age, age at symptom 
onset, age at disease diagnosis, symptom duration, treat-
ment duration, gender, body mass index (BMI), history of 
smoking, waist-to-hip ratio, period of education, monthly 
income, and laboratory factors, such as rheumatoid factor 
(RF), anti-cyclic citrullinated peptide (anti-CCP), eryth-
rocyte sedimentation rate (ESR), and C-reactive protein 
(CRP), were assessed. Information on types and amounts of 
drugs at the time of study enrollment was also collected. An 
experienced rheumatologist assessed clinical disease status, 
including the presence and duration of morning stiffness, 
and a physical examination of the 28 joints for the tender and 
swollen joint counts. Comorbidity was defined as a patient 
having ever had a medical history of coronary heart disease, 
heart failure, hypertension, stroke, diabetes mellitus, asthma, 
hepatitis, chronic kidney disease, thyroid disease, or cancer. 
For each patients, we collected answers to questionnaires 
in face-to-face interviews assessing functional capacity, as 
measured by the Korean version of the health assessment 
questionnaire (HAQ) scores [14], and health-related quality 
of life, as measured by the EQ-5D [15]. Patient global and 
patient pain assessments were made using a 100-mm visual 
analog scale (VAS) [16]. Physician global assessment of dis-
ease activity was assessed by an experienced rheumatologist 
also on a 100-mm VAS.

Definitions of remission

We assessed the remission status at each study visit based 
on the Disease Activity Score in 28 joints (DAS28)-CRP 
(remission defined as < 2.6) [17]. Sustained remission was 
defined as the patient continuing in remission at two con-
secutive annual assessments until the last observation, with 
no obvious evidence of flare-up, such as several joints with 
coincident inflammation, with a high level of ESR or CRP, 
or any need to change treatment to control disease activity.

Statistical methods

Demographic, laboratory, and clinical manifestations were 
summarized using medians and interquartile ranges for con-
tinuous variables and numbers and percentages for categori-
cal variables. Comparisons for variables between the sus-
tained remission group and flare-up group were performed 
using the Mann–Whitney U test for continuous variables 
and χ2 tests for categorical data. Predictors of sustained 
remission, according to the DAS28-CRP, were assessed by 
univariate and multivariate analyses using a binary logis-
tic regression model with step-wise backward elimination. 
Univariate regressions were performed to identify baseline 
individual variables and indices that were potential predic-
tors of sustained remission. Variables with p values < 0.05 
were entered stepwise into the multivariate model; variables 
with significance levels > 0.1 were removed, as they did 
not contribute to the model. The results are presented as 
multivariate ORs with 95% CIs. Statistical analyses were 
performed using SPSS software (ver. 18; SPSS Inc., Chi-
cago, IL, USA). p values < 0.05 were considered to indicate 
statistical significance.

Results

In total, 290 patients with RA were enrolled and ulti-
mately 224 patients with RA completed the 2-year fol-
low-up study. At baseline, 158 patients were in remission. 
We divided them into two groups: one for patients who 
achieved sustained remission for 2 years and the other for 
patients who were not in remission at any study visit. After 
1 year of follow-up, 111 patients were still in remission, 
37 were not in remission, 8 were lost to follow-up, and 2 
patients withdrew consent. After the 2-year follow-up of 
the 111 patients who were in remission at the 1-year fol-
low-up, 71 were still in remission, 30 were not, 6 were lost 
to follow-up, and 4 patients withdrew consent. In the 37 
patients who were not in remission at the 1-year follow-up, 
28 completed the 2-year follow-up, 5 were lost to follow-
up, and 4 withdrew consent. Ultimately, 129 patients who 
were in remission at baseline, according to DAS28-CRP, 
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completed the 2-year follow-up and were divided into 
two groups: the ‘sustained remission group’ and the 
‘flare-up group’ (Fig. 1). The percentage of patients in 
remission, by DAS28-CRP, at the time of enrollment was 
54.5% (158/290). After the 2-year follow-up, the percent-
age of patients in sustained remission, by DAS28-CRP, 
was 24.5% (71/290). Baseline characteristics at the first 
assessment of remission are described in Table 1. Patients 
who achieved sustained remission, according to DAS28-
CRP, were younger (53 vs. 58 years, p = 0.033) and had 
a shorter duration of symptoms (6.13 vs. 8.66  years, 
p = 0.038), a longer period of education (12 vs. 9 years, 
p = 0.050), and a higher monthly income (1650 vs. 825 
USD, p = 0.012) at baseline. Gender, smoking, body mass 
index, positivity for RF and anti-CCP, ESR, CRP, and type 

and amount of drug at baseline did not differ between the 
groups.

Clinical manifestations and the results of functional 
disability, quality of life, and clinical assessment at the 
first assessment of remission by DAS28-CRP are shown 
in Table 2. Patients who achieved sustained remission for 
2 years, according to DAS28-CRP, had a lower median 
(IQR) baseline HAQ score (0.12; 0.00–0.38) vs. 0.38 
(0.13–0.78) in patients who were not in sustained remission 
(p < 0.001). Compared to patients in the flare-up group at 
baseline, those in sustained remission had a lower median 
(IQR) physician global assessment (12.0; 0.00–0.38 vs. 
17.0; 10.5–36.3), a lower patient global assessment (11.0; 
5.0–33.0 vs. 24.5; 11.0–70.3), a lower patient pain assess-
ment (26.0; 16.0–49.0 vs. 36.0; 20.5–52.3) (p < 0.05 for 
all comparisons). The sustained remission group showed a 

Fig. 1  Flow chart of enrolled patients with rheumatoid arthritis for 2-year follow-up
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higher median (IQR) baseline EQ-5D (0.85; 0.73–1.00 vs. 
0.79; 0.68–0.85) in the flare-up group (p = 0.003). Morning 
stiffness, tender joints, swollen joints, and comorbidities did 
not differ between the groups at baseline.

We also evaluated potential predictive factors of sustained 
remission, according to DAS28-CRP, by univariate and mul-
tivariate analyses (Table 3). By univariate logistic regres-
sion, period of education (OR 1.083, 95% CI 1.007–1.164; 
p = 0.032), HAQ score (OR 0.223, 95% CI 0.085–0.583; 
p = 0.002), physician global assessment (OR 0.961, 95% 
CI 0.935–0.988; p  =  0.005), patient global assessment 
(OR 0.982, 95% CI 0.970–0.994; p = 0.004), patient pain 
assessment (OR 0.982, 95% CI 0.965–0.998; p = 0.049), and 
EQ-5D (OR 13.76, 95% CI 1.969–96.23; p = 0.008) at base-
line were significant. These variables were then subjected to 

multivariate logistic regression. Ultimately, baseline HAQ 
score (OR 0.257, 95% CI 0.067–0.980; p = 0.047) was found 
to be independently associated with sustained remission for 
2 years, according to DAS28-CRP.

Discussion

In this study of 290 patients with RA, the remission level 
at baseline, according to DAS28-CRP, was 54.5%. During 
follow-up over 2 years, the sustained remission level was 
24.5%. RA patients who achieved such sustained remission 
were younger and had a longer period of education, higher 
monthly income, lower HAQ score, lower physician global 
assessment, lower patient global assessment, lower patient 

Table 1  Baseline 
demographics and laboratory 
findings of patients according 
to sustained remission state by 
DAS28-CRP

Continuous variables are shown as medians (interquartile range) and categorical variables as percentages 
(%)
BMI body mass index, RF rheumatoid factor, ESR erythrocyte sedimentation rate, CRP C-reactive protein

Sustained remission 
group (n = 71)

Flare-up group (n = 58) p value

Age (years) 53 (43–61) 58 (50–66) 0.033
Age at symptom onset (years) 44 (33–54) 49 (35–57) 0.246
Age at disease diagnosis (years) 46 (35–55) 50 (38–58) 0.131
Symptom duration (years) 6.13 (3.17–10.17) 8.66 (5.17–13.18) 0.038
Treatment duration (years) 5.17 (2.35–8.32) 7.18 (4.89–11.20) 0.066
Gender (female) 57 (80.3%) 46 (79.3%) 0.891
History of smoking 10 (14.1%) 5 (8.6%) 0.336
BMI (kg/m2) 21.78 (20.25–23.98) 22.24 (19.96–24.53) 0.462
BMI ≥ 25 kg/m2 12 (16.9%) 13 (22.4%) 0.431
Waist-to-hip ratio 0.83 (0.78–0.88) 0.85 (0.81–0.89) 0.062
Period of education (years) 12 (6–16) 9 (6) 0.050
Monthly income (USD) 1650 (825–3300) 825 (825–2475) 0.012
RF positivity 68 (95.8%) 54 (93.1%) 0.700
Anti-CCP positivity 64 (90.1%) 53 (91.4%) 0.810
ESR (mm/h) 27 (15–42) 27 (16–53) 0.314
CRP (mg/dL) 0.32 (0.30–0.32) 0.32 (0.30–0.32) 0.983
Drug
 Methotrexate 69 (97.2%) 56 (96.6%) 1.000
 Hydroxychloroquine 18 (25.4%) 16 (27.6%) 0.774
 Sulfasalazine 2 (2.8%) 0 (0%) 0.501
 Leflunomide 55 (77.5%) 41 (70.7%) 0.380
 Corticosteroid 57 (80.3%) 48 (82.8%) 0.719
 Biologics 2 (2.8%) 1 (1.7%) 1.000
 Pain killer 26 (36.6%) 24 (41.4%) 0.581

Drug amount
 Methotrexate (mg) 13.75 (10.00–15.00) 12.50 (10.00–15.00) 0.991
 Hydroxychloroquine (mg) 200 (200–200) 200 (200–200) 0.346
 Sulfasalazine (mg) 500 (500–500) – –
 Leflunomide (mg) 10 (10–10) 10 (10–10) 0.485
 Prednisolone (mg) 5.0 (2.5–5.0) 5.0 (2.5–5.0) 0.884
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pain assessment, and higher EQ-5D at baseline than patients 
who experienced flare-ups. A multivariate analysis revealed 
that low HAQ score at baseline was independently asso-
ciated with sustained remission for 2 years, according to 
DAS28-CRP.

In terms of clinical status, patients in our study popula-
tion who had lower HAQ scores, lower physician and patient 
global assessments, lower patent pain assessments, and 
higher EQ-5D at baseline achieved sustained remission for 
2 years. From the multivariate analysis, our results showed 
that only a low HAQ score at baseline was an independ-
ent predictor of sustained remission at 2 years, according 
to DAS28-CRP. Jayakumar et al. reported that male gen-
der, short duration of symptoms, and fewer tender joints at 
baseline were predictors of sustained remission by DAS, 
but baseline HAQ score was not included as an independ-
ent predictor [11]. Another recent cohort study that defined 
remission as no tender or swollen joints showed that female 

gender, higher tender joint count, higher HAQ, obesity, and 
hypertension or depression at baseline were independent pre-
dictors of being less likely to achieve remission at the 5-year 
follow-up [10]. Unlike these studies, which mentioned many 
predictors, our results clearly showed only low HAQ score 
at baseline to be associated with sustained remission, high-
lighting the importance of HAQ. HAQ is a commonly used 
instrument for measuring physical function in RA and pre-
dicting disability and mortality. The prevention of functional 
disability, reflecting the cumulative effects of the disease, is 
an important problem in RA treatment. Functional disability 
in RA affects the patient’s well-being and correlates with 
long-term disease consequences, from loss of employment 
to mortality [18–20]. Moreover, higher baseline HAQ scores 
have been shown to be associated with mortality [21] and 
lower HAQ scores to be associated with favorable responses 
to treatment [12]. We suggest that our results add weight to 
the importance of HAQ in RA, not only as a predictor of 

Table 2  Clinical manifestations 
of patients at the first 
assessment of remission, 
according to DAS28-CRP

Continuous variables are shown as medians (interquartile range) and categorical variables as percentages 
(%)
HAQ Health Assessment Questionnaire

Sustained remission 
group (n = 71)

Flare-up group (n = 58) p value

Morning stiffness 24 (33.8%) 23 (39.7%) 0.492
Time of morning stiffness (min) 0 (0–20) 0 (0–30) 0.533
Tender joint 1 (1.4%) 0 (0%) 1.000
Number of tender joint 0 (0–0) 0 (0–0) 0.366
Swollen joint 59 (83.1%) 50 (86.2%) 0.628
Number of swollen joint 0 (0–0) 0 (0–0) 0.620
Comorbidity 24 (33.8%) 29 (50.0%) 0.063
HAQ score 0.12 (0.00–0.38) 0.38 (0.13–0.78) <0.001
Physician global assessment (mm) 12.0 (8.0–23.0) 17.0 (10.5–36.3) 0.017
Patient global assessment (mm) 11.0 (5.0–33.0) 24.5 (11.0–70.3) 0.001
Patient pain assessment (mm) 26.0 (16.0–49.0) 36.0 (20.5–52.3) 0.043
EQ-5D 0.85 (0.73–1.00) 0.79 (0.68–0.85) 0.003

Table 3  Predictors of sustained 
remission at 2 years, according 
to DAS28-CRP

HAQ Health Assessment Questionnaire

Variable Univariate analysis Multivariate analysis

Odds ratio (95% CI) p value Odds ratio (95% CI) p value

Age (years) 0.973 (0.945–1.001) 0.058 –
Symptom duration 0.973 (0.937–1.001) 0.160 –
Period of education (years) 1.083 (1.007–1.164) 0.032 1.041 (0.942–1.151) 0.428
Monthly income (USD) 1.000 (1.000–1.000) 0.086 –
HAQ score 0.223 (0.085–0.583) 0.002 0.298 (0.115–0.770) 0.012
Physician global assessment 0.961 (0.935–0.988) 0.005 0.980 (0.947–1.014) 0.242
Patient global assessment 0.982 (0.970–0.994) 0.004 0.988 (0.973–1.003) 0.125
Patient pain assessment 0.982 (0.965–0.998) 0.049 0.997 (0.974–1.021) 0.816
EQ-5D 13.76 (1.969–96.23) 0.008 0.498 (0.027–9.084) 0.638
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functional outcomes, mortality, and treatment response, but 
also as a predictor of sustained remission.

An assessment of disease activity is essential in treat-
ing patients appropriately, but various definitions of disease 
activity have different stringencies; DAS28-CRP is consid-
ered the least stringent and may underestimate disease activ-
ity, compared with other definitions [22–25]. This indicates 
that patients with residual joint inflammation may be con-
sidered as in remission when assessments are based only on 
DAS28-CRP and progress in joint damage and functional 
disability despite ongoing treatment. Although previous 
studies have shown that low HAQ scores are associated 
with remission [26–28], they only considered inflammation 
status at a single time point. In this study, we found that low 
baseline HAQ scores were associated with the maintenance 
of remission, which may indicate the longitudinal signifi-
cance of the HAQ score. We suggest that a low HAQ score 
at any point in remission may show that the disease process 
has subsided in response to therapy; thus, the HAQ score 
may complement DAS28-CRP in assessing disease status 
precisely in practice.

In terms of socioeconomic factors, RA patients who 
achieved sustained remission according to DAS28-CRP, 
were younger and had a longer period of education and 
higher monthly income at baseline than those who did 
not. Although socioeconomic status has been shown to be 
associated with delayed treatment, higher disease activity, 
increased joint damage, and disability in RA [29], there 
has been no previous report demonstrating an association 
between sustained remission and socioeconomic status. Our 
results suggest that social determinants of health, including 
longer education and higher monthly income, may be asso-
ciated with maintaining remission, which may result from 
patient compliance with medical treatment and/or capacity 
for supplementary non-pharmacological treatments.

In this study, the frequencies of patients in remission 
at all time points were relatively high. Thus, we assessed 
remission rates using various definitions of remission. 
The RA remission rates varied from as low as 5.9% by 
the Boolean measure, to 10.0% on the CDAI, 10.3% on 
the SDAI, 18.0% on the DAS28-ESR, and 54.5% on the 
DAS28-CRP. Similarly, others have reported that vari-
ous definitions of disease activity yield different remis-
sion rates; the DAS28-CRP measure is the least stringent 
and the Boolean criteria are considered to be the most 
restrictive of all disease activity measures [22–25]. In our 
study, the difference between the highest and lowest val-
ues was greater than in previous studies, showing that the 
DAS28 definition identifies about fourfold more patients in 
remission than does the Boolean definition [30, 31]. This 
variability was less pronounced on annual follow-ups, but 
the Boolean test still yielded the lowest scores and the 
DAS28-CRP the highest. During follow-up over 2 years, 

the sustained RA remission rates were 55.0% (DAS28-
CRP), 46.5% (DAS28-ESR), 37.5% (SDAI), 32.0% 
(CDAI), and 30.8% (Boolean). We found higher propor-
tions of sustained remission over 2 years than reported by 
Shahouri et al. [8.1% (Boolean), 6.0–13.5% (CDAI), and 
13.3% (SDAI)] [32]. This difference may reflect the fact 
that patients who agreed to inclusion were more compliant 
with physicians’ instructions and relatively undemanding 
in terms of satisfaction. Although this issue may reduce 
the generalizability of the findings, we believe that the 
study results were not significantly affected. Also, clini-
cians need to carefully interpret disease activity in terms 
of appropriate treatment because any discrepancy may 
cause confusion when assessing the therapeutic response.

A strength of this study is that we designed a longitu-
dinal observational cohort, whereas most previous studies 
considered only a cross-sectional evaluation of remission. 
Additionally, we included subjects who underwent treatment 
in ordinary clinical settings with not only early RA but also 
established RA, which may better reflect real practice.

Several limitations of our study also need to be consid-
ered. First, it was a single-center study and our findings 
might not be generalizable to all RA populations. Selection 
bias may potentially be in play because we excluded patients 
who were not in remission at baseline. However, when we 
compared patients in remission with those not in remission 
at baseline, we found no difference in age, sex, symptom or 
treatment duration, BMI, or any sociodemographic param-
eter between groups. Patients who were not in remission 
exhibited higher ESRs, higher CRP and DAS28-CRP levels, 
more frequent and longer-lasting morning stiffness, more 
tender joints, higher HAQ scores, lower physician and 
patient global assessments, lower patient pain assessments, 
and lower EQ-5D scores. We suggest that these clinical 
results could reasonably be associated with disease status, 
which would not affect the generalizability of the results. 
Second, the visit interval was 1 year and we cannot rule out 
the possibility of insidious fluctuation of disease activity, 
which may have resulted in some patients being deemed to 
be in sustained remission when they were not. However, we 
excluded patients from the sustained remission group if they 
had obvious evidence of a flare-up, such as several joints 
with inflammation together with a high level of ESR or CRP 
or any need to change treatment to control disease activ-
ity. Third, we did not assess radiographic damage, which 
has also been found to be significant. In addition, predictors 
of sustained remission may vary depending on the various 
definitions used to measure disease activity, which have dif-
ferent stringencies.

In conclusion, a lower HAQ score at baseline was an 
independent predictor for sustained remission at 2 years, 
according to DAS28-CRP. Physicians should consider the 
possibility of flare-up when functional capacity decreases 
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at any point, even if the patient has technically achieved 
remission.
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