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Siblings of patients with rheumatoid
arthritis have an increasedmortality rate:
a Swedish cohort study

Helga Westerlind , Bénédicte Delcoigne , Johan Askling

ABSTRACT
Objectives To estimate the mortality among siblings of
patients with rheumatoid arthritis (RA) and put any excess
mortality among these in relation to the mortality among
patients with RA.
Methods Using prospective nation-wide registers, we
identified patients diagnosed with new-onset RA
2001–2017 (n=8137), patients with prevalent RA
2006–2017 (n=25 464), matched general population
comparator subjects to all RA patients (n=22 457/68 674)
and full-siblings of all groups (n=28 878/91 546).
We followed all cohorts until death, 31 December 2018,

migration and (for non-RA subjects) RA diagnosis. We
compared patients with RA versus the general population, and
siblings of RA versus siblings of the general population using
Cox regression, including adjustment for socio-economy.
Results The HR of death versus the general population was
1.11 (95% CI 1.01 to 1.22) for incident and 1.46 (95% CI
1.39 to 1.52) for prevalent patients with RA. The siblings of
these patient groups were also at increased risk of death
(HR=1.10, 95% CI 1.01 to 1.20 and 1.09, 95% CI 1.04 to
1.13, respectively), with little impact of adjustment for
socio-economy.
Conclusion The mortality in RA is increased, but around
one-fifth of this excess is present also among their siblings.
Previous literature using general population rates for
comparison has thus likely overestimated the direct impact
on mortality attributable to RA. To bring down excess
mortality in RA, optimal disease control is important but may
not suffice.

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic,
autoimmune disease characterised by joint
inflammation and joint destruction.1 Com-
pared with the general population, patients
with RA have an increased mortality rate.2–4

This increase has been attributed to conse-
quences of the RA disease, such as inflam-
mation and comorbidities.3 During recent
time periods, presumably as a result of bet-
ter treatments and improved RA disease
control, the mortality in RA has decreased,
yet it has remained elevated compared with
the general population.2 4 5

In most previous studies on RA mortality,
patients have been compared with the general
population or to healthy controls,2–4 and the
difference in mortality has served as a measure
of the excess mortality risk attributable to RA.
For one of the major co-morbidities in RA,
cardiovascular disease, we recently demon-
strated that an increased risk of acute coronary
syndromewas not restricted to patients withRA
but was present, although at a lower level of
excess risk, also among their siblings (whohave
similar genetic and lifestyle set-up).6 These
findings suggest, besides a cause-and-effect
association between RA and cardiovascular dis-
ease, also the existence of shared risk factors
for RA and coronary disease.
In this present project, we set out to investigate

whether, and if so, how much of the increased
overall mortality among patients with RA that
might be explained by factors present already
before RA diagnosis, using sibling risks as
a means to assess the counterfactual ideal of
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Key messages

What is already known on this subject
► The mortality rate among patients with RA is higher

than in the general population; this increase is
detectable already 5–10 years after the RA diagnosis.

What this study adds
► The increased mortality rate among the patients with

RA extends, although at a lower magnitude, also to
their full siblings. This risk increase cannot be
readily explained by socio-economic status.

► Our findings suggest that previous mortality estimates
from cohorts of patients with RA versus the general
population are likely to have over-estimated the direct
contribution of RA to the mortality.

How might this impact on clinical practice or
future developments
► To bring down the excess mortality rate among

patients with RA, optimised RA disease control is
important, but may not be enough.
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comparing patients with RA to (individuals similar to) them-
selves in the absence of RA.

METHODS
Study setting and design
We used Swedish nation-wide and population-based reg-
isters based on prospectively collected data to perform
a cohort study of the relative mortality among patients
with RA and their siblings. The registers and linkages
have been described elsewhere7 (see also online supple
mentary file for details). Ethical permission was obtained
from the Stockholm ethics review board (2015/1844-
31/2).

Identification of patients with RA
Through the Swedish Rheumatology Quality Register
(SRQ), we identified a cohort of patients with incident RA,
born1932or later, anddiagnosedwithRA2001–2017within
1 year of RA symptom onset. RA sero-status was based on
rheumatoid factor (RF) status as defined by the reporting
clinician. Based on the National Patient Register (NPR), we
identified two additional (overlapping) RA cohorts, one of
incident RA diagnosed 2006–2017, and one with prevalent
RA during the same period, using previously devised
algorithms.8 For the NPR cohorts, seropositivity was for the
prevalent defined as having amain diagnosis of seropositive
RA (International Classification of Diseases (ICD), Tenth
Revision=M05) in at least half of the visits with a main diag-
nosis code of RA during the study period, and for the
incident NPR cohort, both visits were required to have
seropositive RA as the main diagnosis.

Matched general population comparator subjects and relatives
For each unique patient with RA, we randomly selected
up to five general population comparator subjects
matched on age, sex and residential area, from the Swed-
ish population register. Using the Swedish multi-
generation register (MGR), we then identified all full-
siblings, born within a 5-year interval, of all unique
patients with RA and their comparator subjects.

Follow-up and outcome
Comparator subjects and siblings were required to be alive
and residing in Sweden at the time of the diagnosis of the
index patient, which defined the start of follow-up. We fol-
lowed all individuals up until emigration, death, 31 Decem-
ber 2018 and (non-RA subjects only) any diagnosis of RA.

Statistical analysis
We calculated mortality rates for each cohort, and age- and
sex-standardised mortality rates against the age and sex dis-
tribution among the incident cases with RA identified
through SRQ using the R-package dsr. We then used Cox
proportional hazards models to estimate the HR of death,
comparing patients with RA to their general population
comparator subjects, and siblings of the patients with RA to
the siblings of their general population comparator subjects.

We adjusted for age, sex and calendar period of the index
patient’s RA diagnosis. A robust sandwich estimator was used
for calculating the 95% CIs to account for dependencies
within the data. The proportional hazards assumption was
tested with the R function cox.zph.

Exploratory analysis
To further investigate the findings, we explored the impact
of socio-economic status by adjusting our analysis for income
the year before the start of follow-up (adjusted for inflation
and divided into deciles), and educational level and marital
status by the time of diagnosis. We also calculated the sex-
specific mortality rates and HRs for each group and looked
at the distribution of the ICD chapters among the reported
causes of death in the sibling groups.

Role of the funding source
This work was supported by the Swedish Research Coun-
cil, Stockholm County Council (ALF), the Heart Lung
Foundation, Karolinska Institutet (Strategic Research
Area Epidemiology), The Nordic Research Council
(Nordforsk) and the Rheumatology Research Founda-
tion (FOREUM). Funders had no impact on the design
or interpretation of the study or its results.

RESULTS
In SRQ, we identified 17 363 patients of which 10 588 had
as least one sibling in MGR. After filtering out the sibling
pairs born more than 5 years apart (removing N=9924
pairs, median difference in age between the siblings fil-
tered out was 8 years), and matching to general popula-
tion comparator subjects on age, sex and residential area,
we ended up with 8137 patients with new-onset RA with
10 261 siblings, and 22 457 individually matched general
population comparator subjects on age, sex,
calendar year of entry and residential area, with 28 878
full-siblings after applying the same filtering criteria. The
median age at the start of follow-up was 55 years and the
median follow-up time was 7 years (table 1).
Via NPR, we identified 25 464 prevalent patients with

RA who had 32 597 siblings, and 68 674 general compara-
tor subjects with 91 546 siblings. The median age at the
start of follow-up was 56 years and the average follow-up
time 9 years (table 2).
Through NPR, we additionally identified 10 708

incident patients with RA with 13 455 full-siblings
and 29 264 matched comparator subjects with 38 070
siblings. The median age at the start of follow-up was
56 years and the average follow-up time 6 years
(online supplementary table S1).

Mortality among patients with RA
In the incident SRQ cohort, we found 608 deaths among
the cases and 1397 among the general population com-
parator subjects; the sex- and age-standardised mortality
rates were 9.9 and 8.9 per 1000 person-years, respectively.
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This resulted in an overall HR for mortality of 1.11 (95%
CI 1.02 to 1.22), which increased from 0.59 (95% CI 0.41
to 0.84) the year after RA diagnosis to 1.55 (95% CI 1.29
to 1.94) 10 or more years after diagnosis (online supple
mentary table S2). Kaplan-Meier curves can be found in
online supplementary figure S1. Formal testing of the
Cox proportional hazards assumption showed that the
proportional hazards assumption did not hold (p glo-
bal=9.0e-4), as indicated by the follow-up time-specific
HRs presented in online supplementary table S2.
Among the prevalent patients, the mortality rates were

12.6 for the population with RA and 8.7 for their general
population comparator subjects, HR=1.46 (95% CI 1.39
to 1.52) (table 2).
For the incident patients identified via NPR, the corre-

sponding overall HR was 1.19 (95% CI 1.09 to 1.29)
(online supplementary table S1).

Mortality among the siblings
For the siblings of the incident SRQ cohort, the HR of
death versus the siblings of the general population sub-
jects was 1.10 (95% CI 1.01 to 1.20) Kaplan-Meier curves
can be found in online supplementary figure S2. For the
two other RA sibling groups, we observed very similar
HRs: 1.09 (95% CI 1.04 to 1.13) for siblings of the pre-
valent RA cohort (table 2) versus the siblings of their
general population controls, and 1.08 (95% CI 1.00 to
1.16) for siblings of the incident RA cohort (online sup
plementary table S1). These HRs for siblings remained
stable over time since the start of follow-up (online sup
plementary table S2). Formal testing of the Cox propor-
tionality assumption was not rejected (p global=0.65).

Sensitivity analyses
When we stratified the RA-cohort defined via SRQ by RF
status, the HR for patients with seropositive RA was 1.25
(95% CI 1.12 to 1.40), and 0.86 (95% CI 0.73 to 1.02) for
seronegative RA. The HR of death for siblings of patients
with seropositive RA (1.07, 95% CI 0.96 to 1.19) was
similar to that for siblings of patients with seronegative
RA (1.16 (95% 1.01–1.34)); the interaction between RF
and sibling status was not significant.

Exploratory analysis
Income, marital status and educational level were all
strongly associated with mortality in the general popula-
tion (online supplementary table S3). Including these
variables in our full model had little impact on the HRs
for patients and for their siblings, respectively (online
supplementary table S4). Mortality rates for all four
groups in the incident SRQ cohort, stratified by sex- and
age-standardised mortality rates against the incident SRQ
cohort are presented in online supplementary table S5
together with HRs stratified by sex. The HRs showed
a slightly highermortality increase among female patients
with RA versus their matched female general population
comparator subjects than among male patients with RA
(1.13 (95%CI 0.99 to 1.29) among women and 1.09 (95%

CI 0.95 to 1.26) among males), and among sisters of
patients with RA versus sisters of the comparator popula-
tion than among brothers of patients with RA (HR among
sisters =1.21 (95% CI 1.06 to 1.38) versus HR for brothers
=1.02 (95% CI 0.91 to 1.15)). These patterns also held
true when adjusting for income, educational level and
marital status (online supplementary table S4).
The distribution of the causes of deaths did not differ

between the sibling groups (online supplementary
table S6).

DISCUSSION
This study is, to our knowledge, the first to seek to partition
the effects of RA from the effects of its context, on mortal-
ity. We performed a sibling analysis to investigate if, and
how much of, the increased risk of premature mortality
among patients with RA that might be attributed to factors
other than the RA disease itself. Among the siblings of
patients with RA, we found that the mortality was 10%
higher compared with siblings of the general population
comparator subjects, which in turn was largely similar to
the excess mortality among the patients themselves during
the first few years after their RA diagnosis.
In our unselected cohort of RA of all durations, we

observed, as expected, a higher excess mortality (50%)
compared with the general population, but similar to the
findings in the incident RA cohorts, a 10% increase in
mortality among their full-siblings. Comparing these abso-
lute rate differences to each other, asmuch as around one-
fifth of the excess mortality observed in prevalent patients
with RA may be attributable to other factors, enriched in
these individuals, then the RA disease PER SE.
For the age-adjusted mortality rates stratified on sex, we

did, as expected, observe a higher mortality rate among
men compared with women. The HRs demonstrated
a slightly higher level of risk increase among females
(female patients vs female general population, and sisters
of RA patients vs sisters of population controls) than
amongmales (male patients vs male comparator subjects,
and brothers of RA patients vs brothers of the population
controls). However, these results need to be interpreted
with caution: There are important (and to some extent
also age-dependent) differences in the RA subtype distri-
bution and phenotype among males and females. Thus,
before concluding that any sex-differences exist, a more
extensive analysis, involving also stratification on index
patient’s sex, and the use of same-sex pairs, would be
needed, something this study was not designed for.
Similar to other inception cohort studies of RA, we noted

a reducedmortality in patients with RA during the first year
of follow-up. We interpret this as a result of diagnostic
intensity bias (individuals with a projected survival less
than 1 year but who develop RA are less likely to have it
diagnosed, let alone entered into longitudinal monitoring
systems such as a clinical quality register). When testing the
proportionality assumption in the statistical model, and
because of the increasing mortality HR among patients
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counting from RA diagnosis through follow-up, the propor-
tional hazards assumption did not hold for the overall HR
for patients; follow-up time-specific HRs are presented in
online supplementary table S2. These are in keeping with
data from previous studies.2 Importantly, for the group of
interest, namely the siblings for whom the modelling of
mortality risk was fitted separately from that of the patients,
the proportional hazards assumption was not violated.
Our present report extends on a previous study on

mortality2 in which we demonstrated that the mortality
among patients withRA is decreasing in absolute numbers,
but, as this decrease is happening in the general popula-
tion as well, the risk difference remains. Taking the risk
increase among the siblings into account, our results indi-
cate that patients with RA might be a group of individuals
who also in the absence of RA might be at higher risk of
prematuremortality. This implies that better control of the
RA disease might not be sufficient to bring down the
mortality rate to that of the general population.
The aim of this project was to assess if the RA disease

itself is attributable to the increased mortality rate among
the patients with RA or if there could be other factors,
present already before disease onset, contributing. When
taking socio-economic factors into account, the 10% risk
increase among the siblings remained, and the causes of
deaths reported for the siblings showed almost identical
distributions of the reported ICD chapters for all sibling
groups. Further studies to better understand the reasons
behind the risk increase among the siblings are needed.
We and others have previously described a higher mor-
tality in seropositive than in seronegative RA.2 9 10 Inter-
estingly, we observed no such subset difference in
mortality among their siblings.
Limitations of our study include lack of individual-level

data and the possibility to adjust for lifestyle factors such
as smoking and diet. However, through our register set-
ting, we had the possibility to adjust for socio-economic
factors that were all strongly associated with mortality in
our general population cohorts. Other strengths include
nationwide, register-based setting with prospectively col-
lected, virtually complete, follow-up data, and large-scale
identification of siblings and their mortality, indepen-
dent of the index individual’s RA status. Because of the
large numbers and internal consistency of the results, we
consider the estimates robust.
In conclusion, siblings of patients with RA seem to be at

an increased risk of premature death. This finding implies
that previousmortality estimates in RA comparing patients
to the general population or healthy controls may have
overestimated the increased mortality risk attributable to
the RA disease itself by some 20%. Clinically, our results

point to the enrichment of additional risk factors for death
among patients with RA (and their siblings).
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