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A B S T R A C T   

Objectives: To estimate short-term risks of acute coronary syndrome (ACS) in patients with rheumatoid arthritis 
(RA) as a function of current RA disease activity including remission. 
Methods: Data from clinical visits of RA patients in Sweden (SE) and Norway (NO) between January 1st 2012 
until December 31st 2020 were used. At each visit, patient’s disease activity was assessed including remission 
status (measured with several metrics). Through linkage to national health and death registers, patients were 
followed up for incident ACS up to six months from each visit. We compared the short-term risk of ACS in pa-
tients not in remission vs. in remission using Cox regression analyses with robust standard errors, adjusted for 
country and covariates (e.g., age, sex, prednisolone use, comorbidities). We also explored disease activity cat-
egories as exposure. 
Results: We included 212,493 visits (10,444 from Norway and 202,049 from Sweden) among 41,250 patients 
(72% women, mean age at visit 62 years). During the 6-month follow-ups, we observed 524 incident ACS events. 
Compared to patients in remission, patients currently not in remission had an increased rate of ACS: adjusted 
hazard ratio (95% confidence interval) 1.52 (1.24–1.85) with DAS28 metric. The crude absolute six-month risks 
were 0.2% for patients in remission vs. 0.4% for patients with DAS28 high disease activity. The use of alternative 
RA disease activity and remission metrics provided similar results. 
Conclusion: Failure to reach remission is associated with elevated short-term risks of ACS, underscoring the need 
for CV risk factor optimization in these patients.  
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Research in context 

Evidence before this study 

The risk of cardiovascular (CV) disease is increased in patients 
with rheumatoid arthritis (RA) and identifying the factors which 
increase the risk of CV morbidity and mortality is an important 
challenge. The existence of an overall association between accu-
mulated RA-related inflammation and CV risk is well documented. 
However, quantifications of the short-term CV risks in relation to 
current disease activity remains considerably less well under-
stood. In an era where a substantial fraction of all patients with RA 
are in remission, the question whether not being in remission at a 
given time-point will also affect the short-term risks of CV disease 
becomes increasingly clinically relevant. 

Added value of the study 

Disease activity as observed at a certain timepoint is associated 
with the risk of acute coronary syndrome within the upcoming 
months in rheumatoid arthritis patients: not being in remission is 
associated with a higher six-month CV risk. Furthermore, this 
observation holds for many of the metrics which are used to 
measure remission status in clinical practice. Finally, the short- 
term CV risk increases with increasing disease activity. 

Implication of all the available evidence 

This finding sends a clear signal to clinical rheumatology practice, 
namely that CV risk factor optimization in RA is not only about 
preventing long-term CV risks through modulation of traditional 
CV risk factors, but has an acute component to it. It offers there-
fore a new perspective on the (also short-term) role of the disease 
activity in cardiovascular comorbidity, and further enhances the 
importance of disease activity monitoring and control in RA.   

1. Introduction 

Cardiovascular (CV) disease (CVD) co-morbidity and mortality is one 
of the largest drivers of the excess morbidity and pre-term mortality in 
patients with rheumatoid arthritis (RA) [1–3]. The mechanisms behind 
the increased CV morbidity and mortality in RA likely include a complex 
interplay between RA-related inflammation, beneficial as well as detri-
mental effects of anti-rheumatic drugs, and an increased prevalence of 
traditional risk factors for cardiovascular disease. Some of these CV risk 
factors may occur in excess already at RA diagnosis, others will occur 
and act as mediators of effects primarily due to RA-related inflammation 
and its treatment(s) [3]. 

Low grade systemic inflammation is a risk factor for CVD, not only in 
patients with RA but also in the general population [4,5]. Studies in RA 
have shown a correlation between increased disease activity and wors-
ened cardiac function [6]. Cumulated RA disease activity over time 
contributes to the risk of CVD, and a reduced time-averaged disease 
activity is associated with fewer CV events [7,8]. In addition, the CVD 
risk in patients in remission has been reported to be similar to that in the 
general population [9]. 

Whilst the existence of an association between accumulated RA- 
related inflammation and CV risk is well documented, the time-frames 
during which this increase plays out are only partly known. For 
instance, the short-term risks in relation to current RA disease activity 
remain less well understood. In an era where a substantial fraction of all 
patients with RA are in remission, the question whether not being in 
remission at a given time-point will affect also the short-term risks of CV 
disease becomes increasingly clinically relevant. Similarly, “remission” 
in RA is a multi-faceted concept. Which aspects of remission are most 
important from a CV risk point of view remains unclear, but clinically 
and etiologically very relevant to dissect. 

We therefore aimed to assess and quantify the association between 

RA disease activity as measured in clinical practice and the short-term 
risk of acute coronary syndromes (ACS) with a specific focus on 
achievement of “remission” as measured by different definitions. 

2. Methods 

We performed an observational cohort-study using register data from 
Norway and Sweden during the study period January 1st 2012 through 
December 31st 2020. 

2.1. Setting 

In Norway and Sweden healthcare is publicly funded for all resi-
dents. Most patients with RA are treated by rheumatologists based at 
public hospitals. The Norwegian NOR-DMARD register collects RA dis-
ease activity and treatment data from routine care at participating 
centers with visits at pre-specified time-points. From 2012, only patients 
treated with biological or targeted synthetic disease modifying anti- 
rheumatic drugs (b/tsDMARDs) have been included. The Swedish 
Rheumatology Quality register (SRQ) collects information from routine 
care visits for patients with RA irrespective of treatment. Using the 
unique personal identification number issued to all Norwegian and 
Swedish residents, additional registers in each country may be linked to 
these clinical RA data collections to retrieve information on CV out-
comes, risk factors, civil status, residency and vital status. A more in- 
depth description of the registers and their linkages can be found in 
Chatzidionysiou et al. [10]. 

2.2. Study population and collected variables for exposure definition 

Using NOR-DMARD and SRQ, we identified a cohort of adult patients 
with RA and all their registered clinical visits. At these visit dates, we 
collected information on laboratory measures (erythrocyte sedimenta-
tion rate (ESR), C-reactive protein (CRP)), clinical measures (28 joints 
swollen (SJC) and tender (TJC) joints counts, the examiner’s global 
assessment (EGA) on a 100 points visual analogic scale (VAS)), and 
patient self-reported measures (patient’s global health assessment 
(PGA)). 

2.3. Study design and exposure definition 

We employed a cohort design, with RA disease activity at each visit 
as the exposure and incident ACS as the outcome. Specifically, we used 
combinations of the above-described clinical measures to define expo-
sure status. We used several definitions to classify RA clinical disease 
activity and remission: DAS28 (disease activity score based on 28 joints) 
remission [11], the recently revised ACR/EULAR (American College of 
Rheumatology / European League Against Rheumatism) Boolean 
criteria [12], SDAI (simplified disease activity index) [13], SJC, CRP and 
PGA [14]. Supplementary Table 1 presents all definitions used in this 
study. With respect to RA disease activity, we also categorized DAS28 
into remission, low, moderate and high disease activity levels, using 
specific cut-off values defined for DAS28-ESR (2.6, 3.2, and 5.1) and 
DAS28-CRP (2.4, 2.9 and 4.6) [15]. 

2.4. Outcome and length of follow-up 

We used the Norwegian and Swedish national patient registers (NPR) 
together with the Cause of death registers in the two countries to identify 
the outcome, incident ACS, which was defined as the first of: hospital-
ization registered with the International Classification of Diseases codes, 
tenth revision (ICD-10) I21 or I20.0 as main diagnosis, sudden cardiac 
death (ICD-10 I46.1) or death stating ICD-10 I21 as main cause [16]. We 
used a maximum follow-up length of 183 days starting from each visit 
date. By design, one patient could contribute with more than one visit, 
and follow-ups could overlap should the time between two visits be 

B. Delcoigne et al.                                                                                                                                                                                                                              



European Journal of Internal Medicine 115 (2023) 55–61

57

shorter than six months. Supplementary Fig. 1 presents the design used 
in the study. 

2.5. Covariates 

We used the time-fixed covariates sex and seropositivity (defined as 
RF (rheumatoid factor) positive or ACPA (circulating anti-citrullinated 
protein antibodies) positive), as well as the following time-varying 
covariates (reflecting status at the visit in question): attained age, cal-
endar year, disease duration, the health assessment questionnaire (HAQ) 
(for Norway: modified HAQ), VAS pain assessment (0-100), smoking 
habits, number of previous b/ts-DMARDs and use of oral prednisolone. 
We calculated the area under the DAS28-CRP curve (AUC) during the 
five years preceding the visit and DAS28 remission status at the closest 
previous visit. As a substantial number of patients (31%) had data on a 
period shorter than five years previous to the visit, we divided the AUC 
by the duration used to calculate the AUC (i.e. maximum five years), 
therefore measuring a time-averaged disease activity during the 
(maximum) five years prior to start of follow-up. The highest attained 
education level was retrieved from the Longitudinal Integrated Database 
for Health Insurance and Labour Market Studies (for Sweden) and from 
the Labour and Welfare Administration (for Norway) [10]. Comorbid-
ities were retrieved in a five-year time window (prior to each visit date) 
from NPR (ischemic heart disease (including history of ACS), congestive 
heart failure, cerebral infarction, peripheral diseases, respiratory insuf-
ficiency, chronic kidney failure and liver failure), from a combination of 
NPR and the Prescribed Drug Register (PDR) (presence of diabetes 
mellitus, hyperlipidemia, or hypertension at start of follow-up), and 
from the Cancer Register (history of malignancy). We used these cova-
riates in the main analysis as well as to calculate the 10-year expanded 
cardiovascular risk prediction score for RA (ERS-RA) at each visit [17]. 
Finally, the Total Population Register (TPR) provided migration dates 
and vital status. See Table 1 for definitions of the covariates regarding 
comorbidities. 

2.6. Statistical analyses 

We estimated the association between ACS and RA disease activity 
status using Cox regression, with patients in remission as reference, 
stratified by country, and with time since the visit date at which the 
remission status was assessed as time-scale. A robust sandwich estimator 
was used to account for the correlated data structure. Visits at which an 
ischemic heart disease event had been recorded in the five years pre-
dating the visit were excluded. Starting from a crude Cox regression 
analysis (model 1), we adjusted for sex, age and calendar year in model 
2. We further adjusted for disease duration, seropositivity status, pred-
nisolone use, number of previous b/ts-DMARDs and ERS-RA in model 3. 
The final model (model 4) was in addition adjusted for time-averaged 
DAS28-CRP disease activity during the five years prior to start of 
follow-up, smoking status and comorbidities, but not for ERS-RA. The 
above was repeated for each definition of the exposure (i.e. remission 
status). Percentages of missing data were low and are reported (mainly 
confined to clinical variables from SRQ / NOR-DMARD). No imputation 
of missing data was performed. Univariable analyses of the association 
between ACS and each of the covariates are also presented. Analyses 
were performed in SAS, version 9.4; figures were constructed in R 
(version 4.2.0). 

2.7. Sensitivity analyses 

To test the robustness of our results, we performed several sensitivity 
analyses: 1) extending the follow-up to one year (365 days); 2) adding an 
additional censoring event by stopping the follow-up at the next visit, 
should this next visit occur within the six months following the visit 
under study; 3) randomly selecting one visit for each patient; 4) using a 
modified Poisson regression analysis for estimating risk ratios instead of 

hazard ratios; 5) performing separate analyses for patients with disease 
duration beyond vs. less than 10 years. 

2.8. Ethics, data protection, data sharing 

Approval from the data protection agencies and registry holders, 
and/or ethics approvals were provided from the relevant authorities in 
each country (Sweden: 2015-1844-31, Norway: REK 2011/1339, 2017/ 
243). Data are available upon reasonable request but access is regulated 
by the legal framework of the register linkages performed. 

2.9. Role of the funding source 

The funding sources did not have any role in the conduct of the study. 

3. Results 

3.1. Characteristics at each visit 

We retrieved 10,444 visits among 3039 patients in Norway and 
202,049 visits among 38,211 patients in Sweden. The mean age (stan-
dard deviation (SD)) at these visits was 54 (13) years in Norway and 63 
(14) in Sweden. Seventy-four percent (74%) of the visits pertained to 
female patients, the median disease duration was 10 years, and use of 
prednisolone was recorded in 38% of the visits. Patients were in DAS28 
remission at 41% of the visits. 

Patients with a history of ischemic heart disease during the five years 
preceding the visit accounted for 7.5% of the visits in Norway and 6.8% 
in Sweden. These visits were excluded from the Cox analyses. Descrip-
tive statistics by country are displayed in Table 2 and show similar 

Table 1 
Comorbidities definition, retrieved with a five-year look-back window at each 
visit date.  

Comorbidities Definition with ICD- 
10 or ATC codes 

Detail 

ACS history ICD-10: I20 to I25 Out- or inpatient care, main or 
secondary diagnosis in NPR 

Ischemic heart 
disease 

ICD-10: I20 to I25, 
I46.0, I46.9 

Same 

Cerebral infarction ICD-10: I63 to I66, 
G46 

Same 

Peripheral disease ICD-10: I70 to I74 NO: inpatient care, main or secondary 
diagnosis in NPR 
SE: out- or inpatient care, main or 
secondary diagnosis in NPR 

Congestive heart 
failure 

ICD-10: I50 Out- or inpatient care, main or 
secondary diagnosis in NPR 

Chronic kidney 
failure 

ICD-10: N17 to N19 Same 

Liver failure ICD-10: K72 Same 
Respiratory 

insufficiency 
ICD-10: J96 Same 

Hypertension ICD-10: I10 to I15 
ATC: C03A, C08, 
C09 

NO: inpatient care, main or secondary 
diagnosis in NPR (no use of ATC code) 
SE: out- or inpatient care, main or 
secondary diagnosis in NPR or ATC 
code in PDR 

Diabetes ICD-10: E10 to E14 
or 
ATC: A10 

Out- or inpatient care, main or 
secondary diagnosis in NPR 
ATC code in PDR 

Hyperlipidemia ICD-10: E78 
ATC: C10 

NO: inpatient care, main or secondary 
diagnosis in NPR (no use of ATC code) 
SE: out- or inpatient care, main or 
secondary diagnosis in NPR or ATC 
code in PDR 

Malignancies Any non-benign 
cancer  

ACS: acute coronary syndrome; ATC: Anatomical Therapeutic Chemical; ICD-10: 
International Statistical Classification of Diseases, 10th Revision; NPR: National 
Patient Register; PDR: Prescribed Drug Register. 
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covariate patterns in both countries for most variables. Descriptive 
statistics showed increasing levels of SJC, TJC, self-reported disease 
activity, laboratory inflammation markers and HAQ across categories of 
increasing DAS28 (Supplementary Table 2). Patients with higher DAS28 
were more likely to be treated with prednisolone. The proportions with 
comorbidities also were generally higher for patients with higher DAS28 
values, as was the proportion of smokers. The percentage of women 
increased across categories of increasing DAS28, while age, RA seros-
tatus and disease duration were similar across disease activity categories 
(Supplementary Table 2). 

3.2. Occurrence of ACS 

During a follow-up of up to six months starting at the visit date we 
observed 524 ACS events in patient without a history of ischemic heart 
disease during the preceding five years. Two thirds of these were 
observed in patients who were not in DAS28 remission at the visit. 

The Cox analysis comparing patients not in remission vs. in remission 
showed that patients with active disease were at increased risk of 
developing an ACS event, with an adjusted hazard ratio (HR) and 95% 
confidence interval (CI) of 1.52 (1.24–1.85) when using DAS28 as cri-
terion for assessing the remission status (Fig. 1 and Supplementary Table 
3). Univariable analyses showed a significant association between many 
of the covariates and ACS, among which age, disease duration, ERS-RA, 
prednisolone comedication and time-averaged DAS28-CRP disease ac-
tivity (Supplementary Table 4) yet successive adjustments had little 
effect on the estimated HRs for DAS28 remission. Using alternative 
remission criteria provided some variation around the value obtained 
with DAS28, with the two extreme results being for the SJC=0 criterion 
(adjusted HR 1.15 (95% CI 0.96–1.38)) and the 4-item ACR criterion 
(adjusted HR 2.14 (95% CI 1.10–4.16)) (Fig. 1 and Supplementary Table 

Table 2 
Descriptive statistics at visit by country, median [quartiles] or N (%).   

Norway Sweden Percentage of 
missing 

N visits 10,444 202,049  
N patients 3039 38,211  
Age 56 [45–64] 65 [54–73] 0 
Female 7760 (74%) 148,704 

(74%) 
0 

Disease duration (year) 10.7 
[5.3–18.9] 

9.9 
[3.7–19.0] 

2 

Serostatus   5 
negative 2944 (28%) 68,320 

(34%)  
positive 7504 (72%) 133,728 

(66%)  
Clinical variables    
TJC   0 
0 4720 (45%) 90,008 

(45%)  
1 1536 (15%) 25,456 

(13%)  
2 1096 (10%) 22,120 

(11%)  
≥3 3096 (30%) 64,464 

(32%)  
SJC   0 
0 6464 (62%) 109,512 

(54%)  
1 1488 (14%) 28,840 

(14%)  
2 912 (9%) 21,624 

(11%)  
≥3 1584 (15%) 42,072 

(21%)  
ESR 11.0 

[5.0–20.0] 
14.0 
[7.0–26.0] 

8 

CRP 2.0 [1.0–6.0] 4.0 [2.0–8.0] 1 
PGA 24 [9–49] 33 [13–56] 0 
DAS28-ESR 2.6 [1.8–3.7] 3.0 [2.1–4.1] 8 
DAS28-CRP 2.4 [1.7–3.4] 2.7 [1.9–3.8] 1 
HAQ 0.3 [0.0–0.8] 0.8 [0.3–1.3] 6 
Pain VAS 24 [9–48] 32 [12–57] 2 
EGA 12 [5–23] 25 [0–30] 7 
ERS-RA 4.5 [2.2–8.2] 9.9 

[4.2–19.6] 
29 

Remission at previous visit   20 
yes 5864 (56%) 89,400 

(44%)  
no 4584 (44%) 112,648 

(56%)  
DAS28-CRP AUC 14.2 

[9.4–20.1] 
13.6 
[8.7–19.4] 

3 

Time-averaged disease 
activity 

3.2 [2.2–4.2] 3.2 [2.4–4.2] 3 

Drug use    
Prednisolone 4104 (39%) 76,760 

(38%) 
0 

N previous b/ts-DMARDs   0 
0 5112 (49%) 138,424 

(69%)  
1 2496 (24%) 30,432 

(15%)  
2+ 2832 (27%) 33,192 

(16%)  
Comorbidities prior to 

follow-up start    
Ischemic heart disease** 784 (7.5%) 13,800 

(6.8%) 
0 

Cerebral infarction 192 (1.8%) 3472 (1.7%) 0 
Peripheral disease 1232 

(11.8%) 
5312 (2.6%) 0 

Congestive heart failure 96 (0.9%) 6288 (3.1%) 0 
Diabetes 680 (6.5%) 21,152 

(10.5%) 
0 

Hyperlipidemia 544 (5.2%) 50,944 
(25.2%) 

0  

Table 2 (continued )  

Norway Sweden Percentage of 
missing 

Hypertension 1904 
(18.2%) 

87,712 
(43.4%) 

0 

Chronic kidney failure 168 (1.6%) 3304 (1.6%)  
Respiratory insufficiency 80 (0.7%) 1088 (0.5%)  
Liver failure 0 (0%) 80 (0%) 0 
Malignancy 696 (6.7%) 8848 (4.4%) 0 
Other    
Last attained education 

level***   
3 

low 512 (5%) 50,856 
(25%)  

medium 5096 (49%) 94,608 
(47%)  

high 4832 (46%) 56,584 
(28%)  

Smoking habit   5 
current 2320 (22%) 29,688 

(15%)  
former 4032 (39%) 89,856 

(44%)  
never 4088 (39%) 82,512 

(41%)  

b/ts-DMARDs: biological or targeted synthetic Disease-Modifying Anti-Rheu-
matic Drug; CRP: C-reactive protein; DAS28: disease activity score based on 28 
joints; EGA: evaluator’s global health assessment on a 100 points VAS; ERS-RA: 
10-year expanded cardiovascular risk prediction score for RA patients; ESR: 
erythrocyte sedimentation rate; HAQ: Health Assessment Questionnaire; PGA: 
patient’s global health assessment on a 100 points VAS; SDAI: simplified disease 
activity index; SJC: swollen joints counts on a 28 points scale; TJC: tender joints 
counts on a 28 points scale; VAS: visual analogic scale. 
*modified HAQ in Norway. 

** excluded in further (Cox) analyses. 
*** low: basic education; medium: upper secondary school; high: higher 

education. 
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3). 
The risk of ACS also increased across categories of DAS28-ESR and 

DAS28-CRP (Fig. 1 and Supplementary Table 3). The crude absolute risk 
of an ACS event in the six months following a clinical visit was 0.20% for 
patients in DAS28-ESR remission, compared to 0.31% for low disease 
activity, 0.32% for moderate disease activity and 0.41% for high disease 
activity (Fig. 1 and Supplementary Table 3). 

3.3. Sensitivity analyses 

We obtained similar results when we extended follow-up to 12 
months. Censoring the patients at the subsequent visit, should this visit 
occur within the 183-day follow-up period, had little impact on the es-
timates. Sampling one unique, randomly selected, visit per patient 
reduced the statistical power and none of the estimates were any more 
statistically significant, but they were still largely similar to the ones 
obtained from the main analysis. Using modified Poisson regression for 
estimating risk ratios instead of hazard ratios had minor impact on the 
findings. Finally, separate analyses in patients with disease duration 
shorter than 10 years vs. longer provided estimates marginally higher 
for patients with longer disease duration than those observed among 
patients with less than 10 years of disease duration. All sensitivity an-
alyses results are displayed in Supplementary Table 5. 

4. Discussion 

In this study, based on more than 200,000 clinical visits from more 
than 40,000 RA patients, we showed that not being in remission at a 
particular visit was linked to a 50% increased risk of ACS in the six 
months following that visit. We also found that the short-term rate of 
ACS increased with increasing RA disease activity. Additionally, we 
estimated the crude risk for ACS in the six months following a visit to be 
0.2% if the patient was in DAS28 remission at this visit vs. 0.4% if in 
high disease activity. This risk difference translates into one ACS event 
avoided in 500 patients being in remission. With the conservative 
assumption that sustained absence of remission would be associated 
with a maintained increase in CV risk, the clinical relevance of the 
observed risk difference will be substantial. 

Our results generally extend findings from earlier studies. Indeed, the 
association between inflammation and risk of CVD was hypothesized 
two decades ago, in RA [18], as well as in the general population [4,5, 
19]. Moreover, other studies have highlighted a decreased risk of CVD in 
patients with chronic inflammatory joint disease with controlled disease 
activity, hence a reduced inflammation level [8,9,20], or, have shown a 
positive association between disease activity and biomarkers of CVD risk 
[6,21]. Compared to previous studies, which have used longer 
follow-up, our study is specifically addressing the question of how the 
current state of RA disease control impacts the short-term risk of CVD 
events. 

Fig. 1. Hazard ratios comparing the risk of ACS in patients not in remission vs. in remission, as well as in different disease activity categories. 
Footnote: Patients were followed-up for a maximum of six months from the visit date. They were excluded at follow-up start should they have an ischemic heart 
disease recorded in the five years preceding the visit. The Cox analyses were adjusted for age, sex, calendar year, country, disease duration, serostatus, prednisolone 
use, number of previous b/ts-DMARDs, time-averaged disease activity, smoking status and comorbidities (prevalence of diabetes, respiratory disease, history of 
cancer, chronic kidney failure, liver failure, cerebral infarction, peripheral disease, congestive heart failure, presence of hypertension, hyperlipidemia). Results from 
less adjusted models are displayed in Supplementary Table 3. 
Abbreviations: ACR: implies ACR/EULAR: American College of Rheumatology / European League Against Rheumatism; ACS: acute coronary syndrome; b/ts- 
DMARDs: biological or targeted synthetic Disease-Modifying Anti-Rheumatic Drug; CRP: C-reactive protein; DA: disease activity level; DAS28: disease activity 
score based on 28 joints; ERS-RA: 10-year expanded cardiovascular risk prediction score for RA patients; RF: rheumatoid factor; ESR: erythrocyte sedimentation rate; 
PGA: patient’s global health assessment; SDAI: simplified disease activity index; SJC: swollen joint count on a 28-point scale; TJC: tender joint count on a 28- 
point scale. 
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Inflammation has been found to mediate many of the stages in the 
atherosclerotic disease process and a short term effect of inflammation 
on the risk of ACS has been hypothesized [22]. A period of high systemic 
inflammation might temporarily accelerate progression of atheroscle-
rotic plaques [23], a process that also could be reversed, such as an 
observed stabilizing and limiting effect on atherosclerotic plaques after 
treatment with bDMARDs in RA [23]. Endothelial dysfunction and hy-
percoagulable states associated with inflammation may potentially in-
crease the thrombus formation at an eroded or ruptured plaque [24]. 
Minimized inflammation in remission might diminish these RA-related 
CV risk factors resulting in a reduced risk of CV events in the short term. 

Our main definition of remission status included DAS28-ESR and 
DAS28-CRP, and using alternative definitions provided results which all 
pointed to the same direction, even if they varied somewhat in magni-
tude and precision. The SJC=0 criterion provided the smallest (and non- 
significant) association with ACS risk, while the ACR four item remission 
criteria provided the highest, thus the association with ACS risk was 
stronger with more stringent remission criteria. Choosing the “right” 
metric for measuring the RA disease activity is a debate in itself [25–27], 
as all metrics used in clinical practice represent proxies for measuring 
“true” RA disease activity, and may present features that render them 
more or less appropriate for subgroups of patients [27]. According to the 
treat to target strategy treating physicians should adapt treatments at 
each visit until a relevant target (often DAS28 remission), is reached [28, 
29]. Using additional metrics in our study permitted a broader under-
standing of the association of disease activity, inflammation and risk of 
ACS. Some studies have shown that the accumulated disease activity 
rather than the current disease activity is a determinant factor for CV 
risk [7,8,30]. In our study though, adjusting for accumulated disease 
activity (which was itself associated to ACS) did not alter the strength of 
the association between current disease activity and ACS. 

Our study has some limitations. Although we had access to data on a 
broad spectrum of covariates, including demographics, co-morbid con-
ditions, clinical characteristics and socioeconomic data, we lacked in-
formation on additional potential confounders such as the dose of 
corticosteroid (which also are expected to increase with increasing 
disease activity), concomitant NSAIDs (non-steroidal anti-inflammatory 
drugs) or COX-II (cyclooxygenase 2) inhibitors, or other unknown con-
founders. Due to slight differences between registers in Norway and 
Sweden, comorbid definitions varied somewhat between the two 
countries. However, as the Cox analyses were stratified by country, this 
is unlikely to affect the validity of the conclusion. In addition, although 
we demonstrate clinically important strong associations between not 
being in remission and ACS risk, our results do not immediately explain 
which specific factors that lead to the state of non-remission are most 
intimately associated with future ACS risk, nor can we formally refute 
the alternative explanation that other and unmeasured factors related to 
not being in remission were important drivers of the observed 
association. 

Our study has several strengths. Using registers we could collect a 
large number of RA patients, also a large number of clinical visits at 
which disease activity was measured, and extensive data covariates. The 
use of register linkages ensured an independent assessment of ACS 
events and allowed adjustments for many potential confounders, which 
put our study at low risk for bias. We also investigated the robustness of 
our results by using several disease activity metrics, time windows, 
statistical approaches, together with other sensitivity analyses, which 
provided consistent results, hence allowing us to be confident in the 
conclusion we drew. 

To summarize, being in RA remission is associated with a noticeably 
lower risk of ACS during the following months, suggesting a link be-
tween RA-related inflammation and short-term risks of CV events. From 
a clinical point of view, our results highlight the need for optimized CV 
risk factors intervention in patients who are not in remission, not just to 
protect from long-term CV risks. 
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