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Original article

All-cause and cause-specific mortality in
rheumatoid arthritis, psoriatic arthritis and axial
spondyloarthritis: a nationwide registry study

Anne M. Kerola 1,2,3,*, Amirhossein Kazemi4,*, Silvia Rollefstad1,
Siri Lillegraven4, Joseph Sexton4, Grunde Wibetoe1,
Espen A. Haavardsholm4,5, Tore K. Kvien4 and Anne Grete Semb 1

Abstract

Objectives. To explore mortality and causes of death among Norwegian patients with RA, PsA and axial spondy-

loarthritis (axSpA) compared with the general population by conducting a nationwide registry-based cohort study.

Methods. Patients with RA, PsA and axSpA were identified from the Norwegian Patient Registry based on ICD-10

codes between 2008 and 2017. Using age as the time variable, all-cause and cause-specific mortality were

estimated between 2010 and 2017 with the Kaplan–Meier estimator and the cumulative incidence competing

risk method, respectively. Sex-, education level-, health region- and age group-adjusted hazard ratios (HRs) for

mortality were estimated using Cox regression models.

Results. We identified 36095 RA, 18 700 PsA and 16 524 axSpA patients (70%, 53% and 45% women, respectively).

RA and axSpA were associated with increased all-cause mortality (HR 1.45 [95% CI: 1.41, 1.48] and HR 1.38 [95%

CI: 1.28, 1.38], respectively). Women but not men with PsA had a slightly increased mortality rate (HR 1.10 [95% CI:

1.00, 1.21] among women and 1.02 [95% CI: 0.93, 1.11] among men). For all patient groups as well as for the general

population, the three leading causes of death were cardiovascular diseases, neoplasms and respiratory diseases.

RA patients had increased mortality from all of these causes, while axSpA patients had increased mortality from

cardiovascular and respiratory diseases.

Conclusion. Even in the era of modern treatments for IJDs, patients with RA and axSpA still have shortened life

expectancy. Our findings warrant further attention to the prevention and management of comorbidities.

Key words: inflammatory joint diseases, cardiovascular disease, mortality, epidemiology

Introduction

RA, PsA and axial spondyloarthritis (axSpA) affect �1.5%

of the adult population [1], and may lead to joint destruc-

tion, disability, comorbidities such as cardiovascular

disease (CVD), and even a reduced life span. The risk of

mortality is increased in RA by a factor of 1.5 based on a

meta-analysis of observational studies [2]. Previous

reports examining the underlying causes of the excess

mortality suggest increased risk from cardiovascular, in-
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fectious, gastrointestinal, renal and respiratory dis-

eases [3]. Among PsA patients, mortality may be

slightly higher than in the general population and be

related to excess CVD, although the results are con-

flicting [4, 5]. Most reports on mortality in axSpA have

evaluated patients with AS; these studies showed that

the mortality and cardiovascular mortality of these

patients is increased by a factor of �1.5 compared

with the general population [6, 7]. Studies exploring

mortality in axSpA populations that are not restricted to

AS but include patients with non-radiographic axSpA

are few, representing a gap in the current knowledge.

Moreover, studies investigating mortality in RA, PsA and

axSpA in the same population are lacking.

In RA, PsA and axSpA, excess mortality has been

linked to high disease activity [4, 8, 9]. The early diag-

nostics and treatment of RA, PsA and axSpA have

improved markedly during the past decades with

improved imaging techniques, more sensitive classifi-

cation criteria, and the implementation of early and

active treatment strategies. The introduction and

increasing use of biologic DMARDs (bDMARDs) and

targeted synthetic DMARDs since the late 1990s and

2000s has improved outcomes of inflammatory joint

diseases (IJDs) even further. However, it remains un-

clear whether these advances in anti-rheumatic treat-

ment have translated into normalization of IJD

patients’ life expectancy.

Our aim was to explore the mortality rates and causes

of death among Norwegian RA, PsA and axSpA patients

as well as the general population in the 2010s, when the

use of bDMARDs has been more frequent, based on

data from nationwide registries.

Methods

Registry data

The Norwegian Cardio-Rheuma Register is a nationwide

register-linkage study comprising pseudonymized data on

the total Norwegian population �18 years between 2008

and 2017 from multiple nationwide registries, including

the Norwegian Patient Registry (NPR), the Norwegian

Prescription Database (NorPD), the Norwegian Causes of

Death Registry and the Norwegian National Population

Register. Statistics Norway provided annual, individual-

level data on highest education level.

Since 2008, the NPR contains individual-level data on

episodes in specialized healthcare in Norway, including

all public specialist healthcare services as well as pri-

vate institutions and medical specialists contracted to

the regional health authorities [10]. Data from primary

healthcare is not included in NPR. For all inpatient, day

and outpatient consultations, NPR includes up to 20

diagnostic codes per episode according to the ICD-10

classification.

The Norwegian Cause of Death Registry provided in-

formation on dates and underlying causes of death,

reported by the EU Shortlist for Causes of death.

Study population

The study population included the total Norwegian adult

population (�18 years) between 1 January 2010 and 31

December 2017. The National Population Register pro-

vided information on date of birth, death and immigra-

tion/emigration as well as on sex and county and health

region of residence (detailed information on health

regions are provided in Supplementary Table S1, avail-

able at Rheumatology online). A person entered the

study population if they immigrated to Norway (i.e. were

newly registered in the National Population Register) or

turned 18 years between 2010 and 2017.

Identification of patients with IJDs

Patients with RA, PsA and axSpA were identified from

the NPR based on ICD-10 codes (M05–M06 for RA;

M07.0–M07.3 and L40.5 for PsA; and M45, M46.0,

M46.1, 46.8 and M46.9 for axSpA). To be classified as

having RA, PsA or axSpA in this study, a patient had to

have both of the following: (i) a first episode listing an

RA, PsA or axSpA diagnostic code as either the main or

a contributory diagnosis (index date); and (ii) a second,

confirmatory episode listing an RA, PsA or axSpA diag-

nostic code as either the main or a contributory diagno-

sis within a 2-year period following the index date.

Follow-up and outcomes

The study period began on 1 January 2010. NPR data

from the years 2008 and 2009 served to identify patients

with an existing IJD at the start of the follow-up period.

We identified and included both patients with an existing

IJD at the start of follow-up period and patients who had

their first record of IJD diagnosis during the follow-up

period (between 1 January 2010 and 31 December 2017)

(Supplementary Fig. S1, available at Rheumatology on-

line). Patients who had their first episode listing a diag-

nostic code for IJD after 1 January 2010 and who fulfilled

the case definition for RA, PsA or axSpA were included in

the respective IJD cohort after that date. Follow-up ended

at death, emigration or 31 December 2017.

The primary outcome of the study was all-cause mor-

tality, and secondary outcomes included cause-specific

mortality for the three most common causes of death

(CVD, malignancies and respiratory diseases). Less

common causes of death were avoided as including

them would have introduced a larger survival bias for

the risk group.

Other definitions

Seropositivity in RA was defined by ICD-10 codes: M05

for seropositive and M06 for seronegative RA. In cases

where both M05 and M06 were present, RA cases were

defined as seropositive if the number of episodes with a

recorded M05 code was equal to or greater than the

number with an M06 code.

Using the ICD-10 codes from the NPR, we identified

comorbidities among the IJD patients (Supplementary

Data S1, available at Rheumatology online). We were
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not able to obtain data on disease activity, smoking

and/or obesity.

Patients’ medications between 2008 and 2017 were

identified from the NorPD (dispensed prescriptions from

pharmacies) and from the NPR (hospital-administered

bDMARDs based on the Norwegian classification of

medical procedures) (Supplementary Data S1, available

at Rheumatology online). For glucocorticoids, only oral

forms were included.

Statistical analysis

Mortality rates were analysed for RA, PsA and axSpA

patients and the Norwegian population �18 years from

January 2010 until December 2017. The analysis was

performed using the survival package in R 4.0.3 (R

Foundation for Statistical Computing, Vienna, Austria).

Overall survival was estimated using the Kaplan–Meier

estimator. The analysis was adjusted for age as a con-

tinuous variable through using it as the time scale. In

this approach we assume that patients of the same age

face the same health risks regardless of the year of

diagnosis. This assumption might be violated in a rapidly

developing medical field. Individuals were left-censored

before their age of entry and right-censored after their

age of exit. Cause-specific mortality rates for the three

most common causes of death were estimated with the

cumulative incidence competing risks method [11].

Individuals older than 95 on 1 January, 2010 were

removed from the dataset. All-cause and cause-specific

hazard ratios (HRs) for deaths from CVD, respiratory dis-

eases and malignancies were estimated using the Cox

proportional hazards regression model, with comparison

to the total Norwegian adult population, using age as

the time scale. All HRs were further adjusted by stratifi-

cation for sex, education level, health region and age

group (three groups based on their age on 1 January,

2010 [<55, 55–74, 75–95]). Combining the adjustment

variables, there were a total of 72 strata. Health region

was missing for 1013 (0.02%) individuals, and was

imputed by its most common value stratified on sex and

work status. Education level was missing for 201 661

(4.45%) individuals, and was imputed by its most com-

mon value stratified on sex, work status and county of

residence. A sensitivity analysis performed by imputing

the missing data with chained equations [12] yielded

very similar results (data not shown). Strata-specific HRs

for cause-specific and all-cause mortality were also esti-

mated for age and sex groups, as well as groups of

ever vs never use of bDMARDs (�1 dispensed prescrip-

tion or infusion in hospital) and/or oral glucocorticoids

(�1 dispensed prescription).

Ethics approval

The study was approved by the Norwegian General

Data Protection Regulation (16/00482-11/CDG), the

South East Health Authority Ethical Committee (2016/

588) and the Data Protection Officers at Oslo University

Hospital (2016/924) and Diakonhjemmet Hospital (7/12-

2019). The Norwegian Cardio-Rheuma Register com-

prises routinely recorded administrative data, and no

written consent from study subjects was required.

Results

We identified 36 095 RA patients (24 276 [67%] seroposi-

tive), 18 700 PsA patients and 16 524 axSpA patients.

The patients’ baseline characteristics and medications

are shown in Table 1.

All-cause mortality

A total of 5657 deaths was recorded among patients

with RA during 205 787 person-years, 911 deaths

among patients with PsA during 107 445 person-years,

732 deaths among patients with axSpA during 90 331

person-years and 310 699 deaths in the general popula-

tion during 31 228 501 person-years. Compared with the

general population, RA and axSpA patients, but not PsA

patients, had decreased survival (Fig. 1). Sex-, educa-

tion level-, health region- and age group-adjusted HR

for all-cause mortality in RA was 1.45 (95% CI: 1.41,

1.48), in PsA 1.06 (95% CI: 0.99, 1.13) and in axSpA

1.38 (95% CI: 1.28, 1.48). Excess mortality was more

pronounced among seropositive (adjusted HR 1.52,

95% CI: 1.47, 1.57) compared with seronegative RA

patients (HR 1.30, 95% CI: 1.24, 1.36).

Cause-specific mortality

Table 2 presents data on the frequency of the causes of

death for patients with RA, PsA and axSpA as well as

for the general population. The three leading causes of

death among patients with IJDs as well as the general

population were diseases of the circulatory system,

malignancies and diseases of the respiratory system.

These three causes of death were explored further. The

cumulative incidences of cause-specific death are

shown in Table 3. Sex-, education level-, health region-

and age group-adjusted HRs for cause-specific mortality

are shown in Fig. 2. In RA, we found excess mortality

from CVD, neoplasms and respiratory diseases. The HR

point estimates for mortality from these diseases were

slightly higher for seropositive compared with seronega-

tive RA patients (Supplementary Table S2, available at

Rheumatology online). PsA patients did not have excess

mortality from CVD, neoplasms or respiratory diseases.

AxSpA patients had increased risk of death from CVD

and respiratory diseases.

Mortality by sex, age and use of bDMARDs/
glucocorticoids

HRs for all-cause and cause-specific mortality in RA,

PsA and axSpA compared with the general population

by sex and age groups are shown in Table 4. For RA,

we found no significant sex differences in the relative

risk of all-cause or cause-specific death. We found a

small but significant increase in all-cause and
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cardiovascular mortality among women with PsA but not

men with PsA. For axSpA, the estimated HR for all-

cause mortality was higher among men compared with

women, but the 95% CIs overlapped slightly. In add-

ition, we observed slightly increased mortality from neo-

plasms among men with axSpA. In RA and PsA, HRs for

TABLE 1 Cohort characteristics

Characteristic RA (n 5 36 095) PsA (n 5 18 700) axSpA (n 5 16 524)

Women, n (%) 25 174 (69.7) 9991 (53.4) 7441 (45.0)

Age, mean (S.D.), years 59.08 (15.79) 49.98 (13.96) 43.85 (15.26)
Education level, n (%)

Below upper secondary 11 447 (31.7) 5097 (27.3) 3996 (24.2)

Upper secondary or post-secondary
non-tertiary

17 068 (47.2) 9201 (49.2) 7704 (46.6)

Higher 7580 (21.0) 4402 (23.5) 4825 (29.2)
Baseline comorbidities, n (%)

Hypertension or antihypertensive
medication

15 843 (43.9) 6613 (35.4) 4214 (25.5)

Diabetes or antidiabetic medication 3081 (8.5) 1560 (8.3) 748 (4.5)
Coronary disease 2050 (5.7) 719 (3.8) 539 (3.3)

Heart failure 654 (1.8) 106 (0.6) 150 (0.9)
Atrial fibrillation 780 (2.2) 227 (1.2) 197 (1.2)
Stroke 1036 (2.9) 298 (1.6) 234 (1.4)

Malignancy 2570 (7.1) 713 (3.8) 607 (3.7)
Chronic kidney disease 405 (1.1) 115 (0.6) 150 (0.9)

Chronic respiratory disease 2517 (7.0) 841 (4.5) 654 (4.0)
Use of DMARDs during follow-up, n (%)

Any DMARD 28 792 (79.8) 13 686 (73.2) 8716 (52.7)

Any conventional DMARD 27 266 (75.5) 12 494 (66.8) 3768 (22.8)
Any biologic DMARD 11 362 (31.5) 5782 (30.9) 7337 (44.4)

Methotrexate 24 237 (67.1) 11 216 (60.0) 2461 (14.9)
Oral glucocorticoids 25 466 (70.6) 8510 (45.5) 5624 (34.0)

Age, sex, education level, comorbidities and use of DMARDs among the RA, PsA and axSpA cohorts. axSpA: axial
spondyloarthritis.

FIG. 1 Kaplan–Meier survival curves for overall survival

Kaplan–Meier survival curves showing overall survival rate among RA, PsA and axSpA cohorts as well as the general

population, with age at inclusion to the study (in years) as the time scale. axSpA: axial spondyloarthritis.
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all-cause mortality were similar across age groups.

However, in axSpA, the HR increased in older age

groups, with no excess mortality among axSpA patients

<55 years. Among RA patients, the HR for CVD death

was highest for those aged <55 and lowest for those

aged �75, and a similar trend was apparent among PsA

patients.

Stratified analyses by ever-use vs never-use of

bDMARDs and/or glucocorticoids revealed an

increased risk of all-cause and cardiovascular death

among RA and axSpA patients without bDMARDs re-

gardless of their glucocorticoid use. Among RA and

axSpA patients with bDMARD use, increased mortality

was restricted to patients with glucocorticoid use. In

PsA, mortality was increased among patients who had

used glucocorticoids but not bDMARDs. Across all

three IJDs, patients who had used bDMARDs but not

glucocorticoids had lowest adjusted HRs for all-cause

mortality (HRs and 95% CIs �1.01), and patients who

had used glucocorticoids but not bDMARDs had high-

est HRs for all-cause mortality.

Discussion

In this Norwegian nationwide registry study, we showed

that RA and axSpA patients had decreased survival

compared with the general population even in the 2010s

in a country with good access to modern but expensive

treatments for IJDs [13]. We observed no increased

mortality among the PsA cohort as a whole. However,

women (but not men) with PsA had a slightly increased

mortality rate. As expected, the three leading causes of

death for all the IJD cohorts as well as the general

population were CVDs, malignancies and respiratory

diseases. RA and axSpA patients had a 1.4-fold greater

risk of CVD death compared with the general popula-

tion, and an almost doubled risk of dying from respira-

tory diseases compared with the general population.

In RA, all-cause mortality is increased by a factor of

1.5 according to a meta-analysis of observational longi-

tudinal studies of early RA cohorts [2]. A few recent

population-based studies from Finland, Norway, the UK

and Canada have suggested that the mortality gap

TABLE 2 Causes of death

n (% of all deaths)

Cause of death (ICD-10 code) RA (n 5 5657) PsA (n 5 911) axSpA (n 5 732) General population
(n 5 310 699)

Circulatory system (I00–I99) 1594 (28.2) 233 (25.6) 177 (24.2) 91 311 (29.4)
Ischaemic heart diseases (I20–I25) 584 (10.3) 85 (9.3) 61 (8.3) 33 511 (10.8)
Cerebrovascular diseases (I60–I69) 307 (5.4) 36 (4.0) 40 (5.5) 21 402 (6.9)

Neoplasms (C00–D48) 1403 (24.8) 306 (33.6) 222 (30.3) 85 467 (27.5)
Malignant neoplasm of larynx and trachea/

bronchus/lung (C32–C34)
368 (6.5) 76 (8.3) 45 (6.1) 17 085 (5.5)

Malignant neoplasm of colon (C18) 135 (2.4) 26 (2.9) 16 (2.2) 9122 (2.9)

Malignant neoplasm of prostate (C61) 60 (1.1) 14 (1.5) 17 (2.3) 7932 (2.6)
Malignant neoplasm of lymphatic/haemato-

poietic tissue (C81–C96)
149 (2.6) 25 (2.7) 20 (2.7) 6848 (2.2)

Malignant neoplasm of pancreas (C25) 91 (1.6) 33 (3.6) 16 (2.2) 5485 (1.8)

Malignant neoplasm of breast (C50) 80 (1.4) 8 (0.9) 8 (1.1) 4868 (1.6)
Respiratory system (J00–J99) 745 (13.2) 73 (8.0) 87 (11.9) 31 298 (10.1)

Chronic lower respiratory diseases
(J40–J47)

358 (6.3) 42 (4.6) 54 (7.4) 15 867 (5.1)

Pneumonia (J12–J18) 235 (4.2) 16 (1.8) 17 (2.3) 11 136 (3.6)
External causes of injury and poisoning

(V01–Y89)
189 (3.3) 61 (6.7) 49 (6.7) 18 990 (6.1)

Mental and behavioural disorders (F00–F99) 200 (3.5) 31 (3.4) 14 (1.9) 18 686 (6.0)

Nervous system and sense organs (G00–H95) 165 (2.9) 28 (3.1) 23 (3.1) 14 405 (4.6)
Digestive system (K00–K93) 246 (4.3) 41 (4.5) 42 (5.7) 9569 (3.1)
Endocrine, nutritional and metabolic diseases

(E00–E90)
148 (2.6) 23 (2.5) 18 (2.5) 7646 (2.5)

Infectious and parasitic diseases (A00–B99) 224 (4.0) 27 (3.0) 19 (2.6) 7004 (2.3)

Genitourinary system (N00–N99) 115 (2.0) 17 (1.9) 13 (1.8) 6398 (2.1)
Musculoskeletal system/connective tissue

(M00–M99)
351 (6.2) 17 (1.9) 25 (3.4) 1697 (0.5)

Other 275 (4.9) 54 (5.9) 41 (5.6) 17 934 (5.8)

Missing 2 (0.0) 0 (0.0) 2 (0.3) 294 (0.1)

Causes of death during the follow-up among patients with RA, PsA and axial spondyloarthritis (axSpA) as well as the
general population.
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between inception RA cohorts and the general popula-

tion may have been closing or at least narrowing during

the 2000s [14–17]. Of special interest is the Norwegian

study conducted within the Oslo RA register by Provan

et al. in which 10-year all-cause and cardiovascular mor-

tality did not increase among an RA inception cohort

diagnosed between 2004 and 2008, although survival

was impaired among earlier RA inception cohorts [16].

These results indicate that modern treatment strategies

may have had a positive impact on survival in RA.

However, these data were from a single centre,

Diakonhjemmet Hospital in Oslo, with a longstanding

focus on CVD prevention among IJD patients [18].

These results may, therefore, highlight the potential

results that can be achieved in an optimal setting and

might not be generalizable to the rest of Norway or

Europe. Another recent study from central Norway (the

HUNT study) indicated that mortality among RA patients

is increased (HR 1.24, 95% CI: 1.03, 1.44) [19]. Like the

HUNT study, our study was not an inception cohort

study, and this may be another reason for the different

results reported by Provan et al. Furthermore, recent

Swedish nationwide and UK-based inception cohort

studies showed that despite decreasing mortality rates

over time, RA continues to be associated with increased

mortality [20, 21], especially after a disease duration of

�10 years [20].

Contemporary information on mortality in axSpA is

limited. A meta-analysis including observational studies

on mostly AS but also PsA and undifferentiated SpA did

not confirm increased mortality rates in SpA compared

with the general population (risk ratio 1.23, 95% CI:

0.96, 1.57) [22]. Despite this, many studies have identi-

fied reduced survival among AS patients [7, 9]. A study

that included 677 AS patients from northern Norway

who were followed up until 2009 reported a standar-

dized mortality ratio of 1.61 (95% CI: 1.29, 1.93). This in-

crease in mortality was confined to male AS patients [9].

A 2016 Swedish register-based study that included

>8000 AS patients reported an HR of 1.60 for all-cause

mortality, with similar estimates for both men and

women [7]. In our study, both men and women with

axSpA had excess mortality, although the HR point esti-

mate was slightly higher among men. Factors generally

associated with increased mortality in both RA and

axSpA include the overall comorbidity burden and dis-

ease activity [9, 23, 24].

In contrast to RA and axSpA, all-cause mortality was

not greater among the PsA cohort as a whole and only

slightly greater among women and those aged

�75 years. Results from previous mortality studies

among PsA cohorts have been inconsistent, mainly sup-

porting either no or a slightly increased mortality risk

among PsA patients [25–27]. A Danish nationwide

TABLE 3 Cumulative incidence (%) of cause-specific death among patients with inflammatory joint diseases and the

general population

Age n eventsa n at riskb Circulatory system, % Neoplasms, % Respiratory system, % Other, % Survived, %

RA
55 113 3776 1.1 1.3 0.1 2.1 95.4

65 383 5777 2.4 4.4 0.7 4.1 88.4
75 1079 4518 5.7 10.6 2.7 8.7 72.2

85 2248 2359 15.7 19.3 7.7 20.4 36.9
95 1735 148 27.1 23.3 12.1 32.5 5.0

PsA

55 83 2880 0.9 1.1 0.0 1.8 96.2
65 156 2803 2.1 2.9 0.4 3.5 91.2

75 286 1084 5.0 8.2 1.6 7.2 78.0
85 250 247 12.9 17.5 3.8 17.7 48.1
95 128 10 25.6 25.3 6.5 33.3 9.3

axSpA
55 81 2018 0.6 1.0 0.0 2.2 96.2

65 124 1565 2.0 3.1 0.8 4.4 89.7
75 204 582 6.1 8.6 2.3 9.5 73.5
85 232 136 15.9 20.5 9.1 21.4 33.1

95 87 4 25.6 26.3 13.7 32.2 2.3
General population

55 20 383 507 188 0.5 1.1 0.1 2.0 96.3

65 26 709 451 083 1.5 3.5 0.4 3.6 91.0
75 50 740 249 441 4.2 9.1 1.7 6.5 78.5

85 86 041 146 128 12.7 18.0 5.1 15.0 49.3
95 115 353 26 402 27.2 24.2 9.5 29.1 10.0

aNumber of events is the number of deaths that occurred between two consecutive ages (i.e. 18–54, 55–64, 65–74, 75–84,
and 85–94). bNumber of people alive and included in the dataset at a specific age (i.e. 55, 65, 75, 85, 95). axSpA: axial

spondyloarthritis.
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cohort study conducted between 1998 and 2014

revealed that survival was impaired in severe psoriasis

but not in PsA [26]. A study using the British Society for

Rheumatology Biologics Register showed that, among

patients with severe PsA requiring bDMARD treatment,

mortality may have increased by 50%, in part driven by

deaths from coronary heart disease [28]. A population-

based study using the Health Improvement Network

data in the UK concluded that, unlike patients with RA,

patients with PsA were not at increased risk for all-

cause or cause-specific mortality, with the exception of

suicide deaths [5].

Patients with RA are at increased risk of various types

of CVD, which results from the combined and complexly

intertwined effects of traditional CVD risk factors and sys-

temic inflammation [29]. Similarly, CVD risk is increased

in both PsA and axSpA [30, 31]. Among RA patients, car-

diovascular mortality rates are �60% higher compared

with the general population, according to a meta-analysis

of 17 observational studies [32]. In AS, similar estimates

prevail, with a HR for CVD death of 1.36 (95% CI: 1.13,

1.65), according to a population-based retrospective co-

hort study from Ontario, Canada [6]. Our findings of an

�40% increase in the risk of CVD death among RA and

axSpA patients are well-aligned with these previous esti-

mates. Similar to all-cause mortality, some studies have

found a reduction in the relative risk of CVD death with

no excess risk among most recent RA inception cohorts

[16, 33, 34]. These findings, however, would need con-

firmation by larger RA cohorts and/or with a longer

follow-up period of a minimum of 10 years.

For PsA, results regarding the risk of CVD mortality

have been more conflicting [4, 5, 26] despite multiple

reports identifying an increased prevalence of CVD and

its risk factors among PsA patients [35]. We were not

able to show a statistically significant increase in the

risk of CVD death among our entire PsA cohort (HR

1.13, 95% CI: 0.99, 1.29). However, CVD mortality was

higher among women (HR 1.23, 95% CI: 1.02, 1.48).

While the reason for this sex difference is not clarified

by the current study, CVD risk factors such as obesity,

hypertension, smoking and diabetes may be over-repre-

sented among women with PsA [36].

There were some noteworthy differences in the rela-

tive risk of CVD mortality between age groups. In the

PsA cohort, the youngest age group (<55 years) had a

1.6-fold risk of CVD death compared with the general

population. Also, among RA patients, the relative risk for

CVD death was highest among those <55 years. Similar

findings of a higher relative risk of CVD events and mor-

tality among younger patients have been made previ-

ously in RA and PsA cohorts [25, 37, 38]. These findings

underscore the role of IJD-related inflammation as a

non-traditional CVD risk factor especially in young

adults, and that patients with IJDs require active CVD

risk factor screening and management already early in

their life.

The risk of death from neoplasms increased 1.2-fold

among our RA cohort compared with the general popu-

lation. A meta-analysis of nine observational studies

concluded that the overall incidence of malignancies is

increased among RA patients (pooled standardized

FIG. 2 Hazard ratios from Cox proportional hazard regression models for all-cause and cause-specific mortality

Sex-, education level-, health region- and age-group-adjusted HRs with 95% CI from stratified Cox proportional haz-

ard regression models (with age as the time scale) for all-cause and cause-specific mortality among RA, PsA and

axSpA patients compared to the general population. axSpA: axial spondyloarthritis; HR: hazard ratio.
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incidence ratio 1.09, 95% CI: 1.06, 1.13), with a more

clearly increased risk of lymphoma and lung cancer [39].

In axSpA and PsA, we did not detect a statistically sig-

nificant increase in malignancy-related mortality, with

the exception of a slightly increased risk of malignancy-

related death among men with axSpA. An Australian

study of >2100 AS patients and 1:5 matched controls

showed that not only was the crude risk of cancer

among AS patients increased by 15%, but AS patients

had an increased risk of 5-year mortality following a

cancer diagnosis [40]. Among PsA patients, the inci-

dence of malignancies seems to be similar to that of the

general population, with the exception of an increased

risk of non-melanoma skin cancer [28].

The risk of death from respiratory diseases, mainly

represented by chronic lower respiratory diseases and

pneumonias, was greater among both RA and axSpA

patients but not PsA patients. Factors that may contrib-

ute to increased mortality from respiratory diseases

among RA patients include smoking, which is an

TABLE 4 Sex-, age-group- and medication-group-specific relative risk of all-cause and cause-specific mortality

HR (95% CI)

Subgroup RA PsA axSpA

All causes of death

Men 1.38 (1.32, 1.45) 1.02 (0.93, 1.11) 1.47 (1.35, 1.60)
Women 1.48 (1.43, 1.53) 1.10 (1.00, 1.21) 1.19 (1.05, 1.36)
<55 years 1.43 (1.26, 1.64) 1.01 (0.85, 1.19) 1.05 (0.88, 1.26)

55–74 years 1.51 (1.45, 1.58) 1.02 (0.94, 1.12) 1.38 (1.25, 1.52)
�75 years 1.40 (1.36, 1.45) 1.15 (1.02, 1.30) 1.64 (1.44, 1.87)

Ever bDMARDs, ever GCs 1.17 (1.08, 1.27) 1.09 (0.91, 1.30) 1.25 (1.03, 1.52)
Ever bDMARDs, never GCs 0.71 (0.55, 0.91) 0.64 (0.46, 0.90) 0.74 (0.54, 1.01)
Never bDMARDs, ever GCs 1.56 (1.52, 1.61) 1.22 (1.12, 1.32) 1.72 (1.55, 1.91)

Never bDMARDs, never GCs 1.26 (1.17, 1.35) 0.85 (0.74, 0.97) 1.23 (1.08, 1.39)
Diseases of the circulatory system

Men 1.33 (1.22, 1.45) 1.05 (0.88, 1.26) 1.47 (1.24, 1.75)
Women 1.46 (1.37, 1.55) 1.23 (1.02, 1.48) 1.24 (0.93, 1.64)
<55 years 1.97 (1.46, 2.65) 1.55 (1.11, 2.16) 1.16 (0.76, 1.78)

55–74 years 1.59 (1.46, 1.74) 1.08 (0.90, 1.30) 1.46 (1.19, 1.78)
�75 years 1.33 (1.25, 1.41) 1.07 (0.87, 1.33) 1.41 (1.10, 1.81)

Ever bDMARDs, ever GCs 1.10 (0.93, 1.30) 1.29 (0.90, 1.84) 1.78 (1.24, 2.56)
Ever bDMARDs, never GCs 0.95 (0.60, 1.50) 0.93 (0.50, 1.72) 0.75 (0.37, 1.50)
Never bDMARDs, ever GCs 1.48 (1.40, 1.57) 1.13 (0.94, 1.34) 1.31 (1.03, 1.66)

Never bDMARDs, never GCs 1.38 (1.22, 1.57) 1.11 (0.90, 1.42) 1.51 (1.20, 1.91)
Neoplasms

Men 1.29 (1.18, 1.40) 0.95 (0.81, 1.11) 1.23 (1.05, 1.44)

Women 1.16 (1.09, 1.25) 0.95 (0.81, 1.11) 0.97 (0.77, 1.22)
<55 years 1.20 (0.96, 1.49) 0.80 (0.60, 1.08) 0.91 (0.65, 1.26)

55–74 years 1.25 (1.17, 1.34) 0.92 (0.80, 1.06) 1.06 (0.89, 1.26)
�75 years 1.16 (1.06, 1.26) 1.21 (0.95, 1.55) 1.69 (1.30, 2.20)
Ever bDMARDs, ever GCs 0.89 (0.77, 1.03) 0.90 (0.67, 1.22) 0.90 (0.63, 1.30)

Ever bDMARDs, never GCs 0.36 (0.21, 0.64) 0.37 (0.19, 0.75) 0.15 (0.05, 0.45)
Never bDMARDs, ever GCs 1.43 (1.35, 1.52) 1.30 (1.13, 1.49) 1.85 (1.57, 2.19)

Never bDMARDs, never GCs 0.77 (0.65, 0.91) 0.53 (0.40, 0.70) 0.75 (0.56, 0.98)
Diseases of the respiratory system

Men 1.82 (1.61, 2.05) 0.83 (0.58, 1.18) 1.85 (1.41, 2.43)

Women 1.75 (1.60, 1.92) 1.01 (0.75, 1.37) 2.03 (1.46, 2.83)
<55 years 1.81 (1.02, 3.21) 0.19 (0.03, 1.34) 1.40 (0.58, 3.37)

55–74 years 1.82 (1.62, 2.05) 1.05 (0.79, 1.38) 1.81 (1.36, 2.40)
�75 years 1.74 (1.58, 1.91) 0.85 (0.56, 1.29) 2.23 (1.60, 3.13)
Ever bDMARDs, ever GCs 1.62 (1.31, 2.00) 1.00 (0.52, 1.92) 1.46 (0.73, 2.91)

Ever bDMARDs, never GCs 0.51 (0.19, 1.36) NE 0.34 (0.05, 2.45)
Never bDMARDs, ever GCs 1.99 (1.83, 2.16) 1.13 (0.86, 1.50) 3.19 (2.49, 4.07)
Never bDMARDs, never GCs 1.00 (0.78, 1.29) 0.63 (0.37, 1.06) 0.83 (0.49, 1.40)

Adjusted HRs with 95% CI from Cox proportional hazard regression models among patients with RA, PsA and axSpA

compared with the general population. Sex-specific HRs were adjusted for education level, health region and age group,
and age-group-specific HRs were adjusted for sex, education level and health region. Medication-group-specific HRs were

adjusted for sex, age group, education level and health region. axSpA: axial spondyloarthritis; bDMARDs: biologic
DMARDs; HR: hazard ratio.; GCs: glucocorticoids; NE: no events.
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important risk factor for seropositive RA, and perhaps

interstitial lung disease, which is an extra-articular mani-

festation of RA that is linked to a worse prognosis [41].

Unfortunately, we did not have data on smoking status

and could not estimate its confounding effect, which is

a limitation. Nevertheless, our findings of increased risk

from both CVD and respiratory diseases highlight the

importance of support for smoking cessation among IJD

patients.

Long-term use of glucocorticoids, especially at

medium or high dosages, is associated with a dose-

dependent increase in mortality, and increases the

risk of cardiovascular, infectious, gastrointestinal and

metabolic diseases [42]. In line with previous studies

[24, 42], glucocorticoid use in our IJD cohorts was

linked to reduced survival, whereas bDMARD users

without glucocorticoid use did not have excess mor-

tality compared with the general population. In fact,

these patients were characterized by a relative ‘mor-

tality deficit’ compared with the general population.

Our results, however, are likely to be influenced by

channelling bias: it may be less likely that bDMARDs

are prescribed to patients with severe comorbidities

that reduce survival such as malignancies and severe

heart disease, whereas glucocorticoids may be pre-

ferred when comorbidities prevent the use of

DMARDs. Furthermore, we were not able to distin-

guish between indications for glucocorticoids, and

their use may be related to some other significant

comorbidity than IJD. Glucocorticoid and bDMARD

use may also be associated with high disease activity,

which is associated with decreased survival [4, 8, 9].

Unfortunately, we lack data on disease activity and

could not adjust for this in our analyses.

It is important to note that our IJD cohorts were not

inception cohorts; we included all patients with �2

records of RA, PsA and axSpA in specialized care dur-

ing a 10-year period. Some patients are likely to have

had their IJD diagnosis decades earlier. We addressed

this by using age as the time scale in our survival analy-

ses. Our results may not be generalizable to patients

with a very mild IJD that does not require follow-up in

specialized care, nor to most recent IJD cohorts or

patients with a short IJD duration. We lack data on dis-

ease duration and the fulfilment of classification criteria

for IJDs, and our case identification method has not

been validated in Norway.

In conclusion, in the era of modern treatments for

IJDs in a country with good access to bDMARDs,

patients with RA and axSpA still have shortened life ex-

pectancy. Mortality rates among PsA patients were not

similarly increased, although women with PsA had a

slightly reduced survival. This may be related to an over-

all milder disease course and may not be generalizable

to severe PsA. Strategies to improve survival among IJD

patients are needed across all ages, including effective

suppression of disease activity, support for smoking

cessation and further attention to the prevention of the

most prevalent comorbidities, especially CVD.
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