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Trends in all-cause and cardiovascular mortality
in patients with incident rheumatoid arthritis:
a 20-year follow-up matched case-cohort study
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Espen A. Haavardsholm1,2, Tore K. Kvien1,3 and Till Uhlig1,3

Abstract

Objectives. To examine all-cause and cardiovascular disease (CVD) mortality in consecutive cohorts of patients with

incident RA, compared with population comparators.

Methods. The Oslo RA register inclusion criteria were diagnosis of RA (1987 ACR criteria) and residency in Oslo.

Patients with disease onset 1994�2008 and 10 matched comparators for each case were linked to the Norwegian

Cause of Death Registry. Hazard ratios for all-cause and CVD mortality were calculated for 5, 10, 15 and 20 years of

observation using stratified cox-regression models. Mortality trends were estimated by multivariate cox-regression.

Results. 443, 479 and 469 cases with disease incidence in the periods 94�98, 99�03 and 04�08 were matched to 4430,

4790 and 4690 comparators, respectively. For cases diagnosed between 1994 and 2003, the all-cause mortality of cases

diverged significantly from comparators after 10 years of disease duration [hazard ratio (95% CI) 94�98 cohort 1.42

(1.15�1.75): 99�03 cohort 1.37 (1.08�1.73)]. CVD related mortality was significantly increased after 5 years for the

94�98 cohort [hazard ratio (95% CI) 1.86 (1.16�2.98) and after 10 years for the 99�03 cohort 1.80 (1.20�2.70)].

Increased mortality was not observed in the 04�08 cohort where cases had significantly lower 10-year all-cause and

CVD mortality compared with earlier cohorts.

Conclusion. All-cause and CVD mortality were significantly increased in RA patients diagnosed from 1994 to 2003,

compared with matched comparators, but not in patients diagnosed after 2004. This may indicate that modern treatment

strategies have a positive impact on mortality in patients with RA.
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Rheumatology key messages

. Patients diagnosed with RA in the period 1994�2003 had significantly increased mortality compared with controls.

. Mortality was not significantly increased in patients diagnosed with RA in the period 2004�2008.

. The risk of mortality for those diagnosed with RA before 2004 was increased throughout the observation period.

Introduction

RA is a chronic, systemic disease characterized by joint

inflammation and in some cases, extra-articular manifest-

ations. The mortality rate in patients with RA has in meta-

analyses been estimated to be increased by 50�60%,

compared with that of the general population [1, 2].

About 40% of the deaths in the cohorts included in the

meta-analyses were due to cardiovascular disease (CVD),

which was the most frequent cause of death [1]. Recent

studies suggest that RA patients are still not benefitting

fully from the declining mortality rate observed in the gen-

eral population [3�5].

The RA treatment strategy has changed dramatically

over the past two decades and the importance of early

and intensive therapy and frequent assessments, in order

to achieve a predefined treatment target and minimize joint

damage, has become increasingly recognized [6�8]. The

current EULAR recommendations for the treatment of early

arthritis advocate rapid referral to a specialist, a minimum

of 50% reduction in clinical disease activity after 3 months

of treatment and a treatment goal of remission by 6 months

[9]. These ambitious goals have been facilitated by the

increased use of methotrexate and the introduction of

TNF-a inhibitors from the turn of the century [10].
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There is, however, a lack of knowledge concerning the

effect of the change in treatment strategy on mortality.

The Oslo RA Register (ORAR) contains a large and rep-

resentative cohort of individuals with RA [11]. Patients

included in the register were treated according to the pre-

vailing recommendations at the time of disease onset, and

have thus been subjected to change in treatment prac-

tices during the longitudinal follow-up.

The objective of this matched case-cohort study was to

examine the longitudinal trends in all-cause and CVD mor-

tality in consecutive incidence cohorts of RA patients with

disease onset between 1994 and 2008, compared with

population comparators in the same geographical area.

Methods

The Oslo RA Register

The ORAR was established in 1994, the inclusion criteria

were a diagnosis of RA according to the 1987 ACR criteria

[12] and a residential address in Oslo, Norway [11].

The RA diagnosis was reviewed by a medical doctor at

the time of inclusion in the register, which was at the end

of each calendar year. Patients gave their written informed

consent according to the Declaration of Helsinki prior to

data collections. Patients who were deceased during the

first year after RA diagnosis were therefore not included in

the register for administrative reasons. Disease onset was

defined as the year when patients fulfilled the classifica-

tion criteria for RA [12], and patients were classified as

seropositive if rheumatoid factor (IgM) and/or anti-citrulli-

nated peptide antibody levels were above the normal

range on routine testing. Over the study period, from

1994 to 2009, a total of 3489 patients were included in

the ORAR. For the current analysis, patients were grouped

into three incidence cohorts according to the time of dis-

ease onset: 94�98, 99�03, 04�08. The following patients

were not included in the study: 162 patients had refused

linkage with external registers, 62 patients did not have a

specified date of disease onset and 23 patients could not

be identified by a personal identification number. The

ORAR and the linkage study were approved by the

Norwegian Regional Committee for Medical and Health

Research Ethics South East (reference numbers 267/93,

2009/1583).

Successive case-comparator cohorts

We identified 443 (94�98), 479 (99�03) and 469 (04�08)

eligible cases for the three incidence cohorts. All adult

inhabitants of Oslo in the years 1996, 2001 and 2006

(median year of disease onset in each incidence cohort)

were identified by Statistics Norway. As cases were not

registered in the ORAR if they were deceased during the

first year after disease debut, we also excluded control

subjects who were deceased within the first 12 months

after registration. We then randomly selected 10 com-

parators for each case. Most cases (1002 of 1391,

72.0%) were matched at baseline with ten randomly

chosen comparators of the same age in months, gender

and area of residence. Cases who did not live in Oslo at

the time of disease onset (98, 7.1%) were matched with

comparators of the same gender, age in months, and with

area of residence chosen at random. The remaining cases

(291, 20.9%) were residents in Oslo at the time of disease

onset, but a sufficient number of matched comparators

could not be identified in the same area of residence.

These cases were matched with randomly identified com-

parators of the same age, gender and from residential

areas of similar socio-demographic characteristics. The

socio-demographic profile of each borough of Oslo in

2008 is published by Statistics Norway. The profile is

based on several parameters, including the number of in-

habitants of each borough receiving social benefits [13].

Linkage to national registers

Cases and comparators were linked to the Norwegian

Cause of Death Register (NCDR) and the National

Database of Education (NDE) using individual unique per-

sonal identification numbers. Exclusion criteria were prior

refusal to linkage of data with other registers, or lack of

personal identification number. The survival period was

calculated from 1 January in the year of disease debut

and until the date of death. Data from the NCDR were

available until the end of 2015 and therefore cases with

a disease debut in the years 1997�8 and their matched

controls were excluded from the analyses of 20-year

follow-up for the 94�98 cohort. Similarly, cases with a

disease debut in the years 2002�3, and their matched

controls, were excluded from the analyses of 15-year

follow-up and cases with at disease debut in the years

2007�8, and their matched controls were excluded from

the analyses of 10-year follow-up.

Norwegian death certificates are filled out by the at-

tending physician, and causes of death were classified

using the International Classification of Diseases version

10 during the study period. According to the NCDR guide-

lines, the immediate cause of death should be listed first.

Thereafter, the underlying cause of death or any external

factors contributing to a mortal injury should be listed. Any

conditions that may have contributed to death are listed

subsequently according to declining importance.

Death from CVD was defined as a death where a diag-

nosis of coronary heart disease, cerebrovascular disease,

peripheral vascular disease or heart failure was listed as

the immediate, underlying or contributing cause of death.

International Classification of Diseases version 10 codes

used to identify CVD deaths are listed in Supplementary

Table S1, available at Rheumatology online.

The NDE provided information concerning education

(highest attained level) and residential area (current and

past borough of residence).

Statistics

Baseline demographics were compared between incident

RA cases and comparators in each cohort using �2 tests

or independent samples Student’s t test as appropriate.

The number of deaths from all-causes and CVD were

compared between cases and comparators over 5-year

intervals of follow-up by �2 tests. Kaplan�Meyer curves of
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survival were plotted for all-cause and CVD-mortality over

at 10-year follow-up.

Matched case-comparator cox-regression

Cumulative all-cause and CVD mortality over 5, 10, 15 and

20 years of observation were determined in cox-regres-

sion models stratified by each matched case-comparator

group, and adjusted for the highest attained level of edu-

cation. All-cause mortality and death from CVD were the

dependent variables in separate analyses.

Contemporary all-cause and CVD mortality in the period

2011�2015 for each incidence cohort was similarly esti-

mated in stratified cox-regression models adjusted for

education. For these analyses, each case who had sur-

vived up until the start of the observation period was

matched to 10 surviving comparators.

Multivariate cox-regression analyses

Trends in mortality between cases in different incidence

cohorts were explored in multivariate cox-regression ana-

lyses. All-cause and CVD mortality were the dependent

variables in separate models. All models were adjusted

for age and gender, and residential area, highest level of

education and RF/ACPA status were entered successively

into the models. Variables that were related to the out-

come (P <0.10) were entered into the multivariate

model, and removed successively until all remaining vari-

ables were significantly related to the outcome. Possible

interactions between the variables were explored.

Results

The baseline demographics of the three incidence cohorts

are presented in Table 1. The median age of the three

cohorts ranged from 55.6�57.8 years. The percentage of

females was also comparable between cohorts and

ranged from 72�75%. The level of education in both

cases and comparators was higher in the 04�08 cohort

than in the earlier cohorts.

All-cause mortality

For the 94�98 and 99�03 cohorts, there were a signifi-

cantly higher number of deaths in cases compared with

comparators after 10 years and more of disease duration

(Table 1). Kaplan�Meyer curves for 10-year all-cause mor-

tality for cases and comparators in each cohort are shown

in Fig. 1. In stratified cox-regression analyses adjusted for

education, the 10-year hazard ratio (HR) for all-cause mor-

tality was significantly greater for cases compared with

comparators for the 94�98 and 99�03 cohorts (Table 2).

The estimates for the stratified adjusted models for 5, 10,

15 and 20 years of follow-up are presented in Fig. 3 and

unadjusted and adjusted models are presented in

Supplementary Table S2, available at Rheumatology

online.

CVD mortality

A significantly increased number of deaths were observed

in cases compared with comparators after 5 years and T
A
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more of disease duration for the 94�98 cohort, and after

10 years of disease duration for the 99�03 cohort

(Table 1). Kaplan�Meyer curves of 10-year CVD mortality

for cases and comparators in each cohort are shown in

Fig. 2. In stratified cox-regression analyses adjusted for

education, the 10-year HR for CVD mortality was signifi-

cantly higher for cases compared with comparators for

both the 94�98 and the 99�03 cohorts (Table 2).

The estimates of the stratified adjusted models for 5,

10, 15 and 20 years of follow-up are presented in Fig. 3,

and unadjusted and adjusted models are presented in

Supplementary Table S3, available at Rheumatology

online.

Contemporary mortality

In the analyses of 5-year survival in the period 2011�2015,

there was a significantly increased risk of all-cause mor-

tality and CVD mortality of cases, compared with com-

parators, for the 94�98 and 99�03 cohorts (Fig. 4). The

mortality rate of cases diagnosed after 2004 was not sig-

nificantly increased in this time period. The 5-year mortal-

ities in the period 2011�2015 are presented in

Supplementary Table S4, available at Rheumatology

online.

Trends in mortality

Increasing age, male gender, low level of education,

deprived area of residence and RA were predictors for

increased 10-year all-cause and CVD mortality in the

final multivariate cox regression analyses. All-cause and

CVD mortality were significantly higher in the 94�98 cohort

compared with the 04�08 cohort (Table 2).

Discussion

This matched case-cohort study demonstrates a signifi-

cantly increased all-cause and CVD mortality in individ-

uals diagnosed with RA in the period 1994�2003,

compared with population comparators matched for

age, gender and area of residence. All-cause and CVD

mortality were not significantly increased over the 10-

year follow-up in patients diagnosed after 2004. These

results indicate that in the era of modern RA treatment,

the disease may no longer entail an increased risk of

mortality.

TABLE 2 Predictors of ten-year all-cause and CVD mortality in cases

Dependent variables
10-year all-cause mortality 10-year CVD mortality

Variables
Univariate

models
Multivariate

models
Univariate

models
Multivariate

models
HR (CI) HR (CI) HR (CI) HR (CI)

Age, years 1.12 (1.10, 1.14)** 1.11 (1.10, 1.13)** 1.14 (1.11, 1.17)** 1.14 (1.10, 1.17)**

Female vs male 0.65 (0.50, 0.86)* 0.59 (0.44, 0.79)** 0.68 (0.49, 1.08) 0.60 (0.37, 0.98)*
RF/ACPA positive 0.96 (0.74, 1.25) 0.86 (0.54, 1.35)

Level of education (high vs low) 0.80 (0.70, 0.91)* 0.81 (0.71, 0.92)* 0.79 (0.63, 0.98)* 0.80 (0.65, 0.1.00)*

Area of residence (non-affluent vs affluent) 1.06 (0.94, 1.18) 1.04 (0.86, 1.26)

Cohort comparison:
2001 vs 1996 0.85 (0.64, 1.14) 0.86 (0.64, 1.15) 0.79 (0.49, 1.27) 0.80 (0.49, 1.28)

2006 vs 1996 0.59 (0.41, 0.85)* 0.61 (0.42, 0.88)* 0.35 (0.17, 0.73)* 0.36 (0.18, 0.75)*

Adjusted and multivariate cox-regression models. In univariate models, all variables were adjusted for age and gender.
Stratified analyses in cases and comparators matched for age, gender and borough of residence. *P<0.05; **P<0.001.

CVD: cardiovascular disease; HR: hazard ratio.

FIG. 1 Kaplan�Meyer survival curves

All-cause mortality over 10 years.
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Disease activity is known to be a risk factor for mortality

and CVD risk in RA patients [1, 14, 15], and from the start

of this century, a more aggressive approach to the treat-

ment of RA has been advocated, focusing on early

DMARD treatment and defined treatment targets. The

strategy was exemplified in the ARTIC trial [16], which

gave a 53% rate of DAS sustained remission at

16�24 months [17]. Real-life register data have also indi-

cated that the implementation of modern strategies re-

sults in more patients reaching remission at 6 months

[10], and less frequent disease flares [18]. A Swedish

register linkage study describes a comparable decline in

mortality both for RA cases and comparators in succes-

sive incidence cohorts spanning from 1997 to 2015, but

this group did not find a secular trend of declining HR for

mortality over time [19]. Three groups working on data

from the United Kingdom describe a decline in mortality

in RA patients diagnosed in recent years and followed for

a maximum of 8 years, but the mortality rates of patients

remain significantly greater than that of the comparators

[5, 20, 21]. In a Canadian study of incident cases of RA

there was, however, no increased mortality, neither all-

cause nor cause specific, for those diagnosed in the

period 2001�2006 and followed for 5 years until

December 2010, in contrast to patients diagnosed in the

period 1996�2000 [22]. It is relevant to note that the mor-

tality rate of the ORAR population significantly diverged

from that of the comparators in the period between 5 and

10 years after disease onset. To our knowledge we are the

first group to report on a normalization of the 10-year

all-cause mortality in successive incidence cohort of RA

patients. A study by Uhlig et al. [23] demonstrated that the

longitudinal health status of patients included in the ORAR

has improved in the period 1994�2004, and the authors

suggest that early access to aggressive treatment is the

likely explanation. The ORAR’s urban single-centre setting

is a unique feature of this study, and one that differentiates

it from studies recruiting from multiple rural and urban

sites. In recent times the general practitioners in Oslo

have increasingly been informed of the importance of

early referral to the Department of Rheumatology and

the referral process has been simplified to promote

rapid access. Unfortunately, we do not have information

regarding symptom duration prior to referral, but one may

speculate that the urban location of our hospital has facili-

tated a close communication with primary health care ser-

vices and an earlier referral of patients, in agreement with

a treat-to-target strategy.

When comparing the HR for all-cause mortality between

RA patients in consecutive incidence cohorts, we found

that patients diagnosed after 2004 had significantly lower

FIG. 3 Mortality of cases vs comparators for three con-

secutive RA cohorts

All-cause mortality  
 
5-years 
94-98 cohort 0.98 (0.71-1.36)   

99-03 cohort 1.20 (0.82-1.77) 

04-08 cohort 1.14 (0.75-1.73) 

10-years 
94-98 cohort 1.28 (1.04-1.58) 

99-03 cohort 1.37 (1.08-1.73) 

04-08 cohort 1.07 (0.77-1.49) 

15-years 
94-98 cohort 1.39 (1.17-1.65) 

99-03 cohort 1.44 (1.14-1.82) 

20-years 
94-98 cohort 1.39 (1.11-1.73) 

 
 

CVD-mortality HR (95% CI) 
 
5-years 
94-98 cohort  [1.82 (1.14-2.92)*] 

99-03 cohort  [1.17 (0.55-2.45)] 

04-08 cohort [0.97 (0.42-2.25)] 

10-years 
94-98 cohort [1.55 (1.11-2.17)*] 

99-03 cohort  [1.80 (1.20-2.70)*} 

04-08 cohort  [0.94 (0.47-1.89)] 

15-years 
94-98 cohort [1.53 (1.15-2.04)*] 

99-03 cohort  [1.72 (1.13-2.61)*] 

20-years 
94-98 cohort  [1.92 (1.37-2.71)*] 

 
HR 

0 1 2 3 4
HR (95% CI) 

Stratified analyses in cases and comparators matched for

age, gender and borough of residence. Estimates are

adjusted for highest attained level of education. HR:

hazard ratio; 94�98 cohort: disease debut 1994�1998;

99�03 cohort: disease debut 1999�2003; 04�08 cohort:

disease debut 2004�2008.

FIG. 2 Kaplan�Meyer survival curves

CVD mortality over 10 years. CVD: cardiovascular

disease.
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risk of death compared with those diagnosed in the period

1994�1998 in non-standardized analyses. Previously, no

significant change in the excess mortality for patients with

RA has been reported between 2001�2002 and

2014�2015 [24]. Also, a meta-analysis of eight longitudinal

studies following patients from 1955 until 2007, with a

mean patient follow-up of between 5.6 and 17.1 years,

did not find a significant reduction in the standardized

mortality rate over the period of observation [25].

A decline in the mortality from myocardial infarction in

successive RA cohorts was reported already in 2004 [26],

and has of course also been evident in the general popula-

tion [27]. The decline has been confirmed in later studies [28,

29]. A systematic literature review and meta-analysis pub-

lished in 2015 confirmed a reduced risk of CV events in

patients with RA treated with TNF-a inhibitors and MTX,

whereas use of corticosteroids and non-steroidal anti-

inflammatory drugs increased the risk of CV events [30].

We found an increased mortality from CVD for the patients

with incident disease in the period 1994�2003, but not in

cases with disease onset later than 2004. Patients diag-

nosed between 2004 and 2008 also had significantly lower

risk of CVD mortality, compared with patients diagnosed in

the period 1994�1998. Interestingly, Aga et al. have reported

that during the time-period of ORAR enrolment (94�09) there

has been a significant reduction in disease duration prior to

initiation of both MTX monotherapy and TNF-a inhibitors [10]

in Norway. This study also found a decline in the proportion

of patients using prednisolone as a co-medication to MTX

after 6 months of disease duration. The change in treatment

practice is in accordance with the updated treatment

recommendations, which emphasize the importance of

starting therapy with DMARDs immediately after diagnosing

RA [9]. In parallel with the introduction of the intensified ap-

proach to treating RA, there has also been a national move

to improve the management of CVD risk in patients with RA,

also in accordance with EULAR recommendations [31].

In agreement with previous analyses from ORAR, ACPA

status was not a significant predictor of mortality and there

was no evidence of a RF/ACPA status being an effect

modifier for trends in mortality [32]. Both RF and ACPA

have been found to be predictors of mortality in other stu-

dies, but the findings have been inconsistent [1, 19].

Our study shows the importance of considering the cur-

rent mortality of patients with RA separately for patients

with recent disease onset and for those who have lived

with RA for many years. Although our study finds that

patients diagnosed after 2004 do not have a statistically

increased risk either for all-cause or for CVD mortality, the

mortality for patients diagnosed prior to 2004 remained

higher in the period 2011�15 when modern treatment

practices had been implemented. Although we were not

able to adjust for the difference in disease duration be-

tween the cohorts, all patients included in the analyses did

have a disease duration of more than five years.

The limitations of this study are the relatively small cohorts

and the fact that we do not have information on baseline

disease activity and use of medication. The study relies on

linkage data from NCDR while an autopsy study of a

Norwegian population has indicated an underreporting of

ischaemic heart disease as an underlying cause of death

[33]. All patients in the ORAR were diagnosed by a rheuma-

tologist after referral and it is possible that patients who

were suffering from other illnesses were not referred to the

rheumatology department. We do however also acknow-

ledge that patients who died within the first year after diag-

nosis were not registered in the ORAR for practical reasons.

The strengths of this study are the matched case-cohort

design building on the consecutive inception of patients

with RA in the ORAR at Diakonhjemmet Hospital, but the

single-centre data-collection may also limit its generaliz-

ability. The unique national identification number of each

patient has allowed linkage of the ORAR, NDE and NCDR.

Cases and comparators were thus matched on area of

residence at the time of disease onset, in addition to

age and gender, and adjusted for education, and we be-

lieve that some of the major sources of potential bias have

been accounted for in the main analyses.

In conclusion, RA patients with disease incidence in the

period 1994�2003, but not 2004�2008 had increased all-

cause and CVD related mortality after 10 years of disease

duration, compared with the general population. The risk of

mortality continues to be increased for patients with long-

standing disease, but our findings may indicate that modern

treatment strategies have a positive impact on all-cause and

CVD mortality in patients with more recent disease onset.
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