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ABSTRACT
Objectives To investigate the impact of disease
activity, the course of the disease, its treatment over
time, comorbidities and traditional risk factors on
survival.
Methods Data of the German biologics register
RABBIT were used. Cox regression was applied to
investigate the impact of time-varying covariates (disease
activity as measured by the DAS28, functional capacity,
treatment with glucocorticoids, biologic or synthetic
disease modifying antirheumatic drugs (DMARDs)) on
mortality after adjustment for age, sex, comorbid
conditions and smoking.
Results During 31 378 patient-years of follow-up, 463
of 8908 patients died (standardised mortality ratio: 1.49
(95% CI 1.36 to 1.63)). Patients with persistent, highly
active disease (mean DAS28 > 5.1) had a signiﬁcantly
higher mortality risk (adjusted HR (HRadj )=2.43; (95%
CI 1.64 to 3.61)) than patients with persistently low
disease activity (mean DAS28 < 3.2). Poor function and
treatment with glucocorticoids > 5 mg/d was
signiﬁcantly associated with an increased mortality,
independent of disease activity. Signiﬁcantly lower
mortality was observed in patients treated with tumour
necrosis factor α (TNFα) inhibitors (HRadj=0.64 (95% CI
0.50 to 0.81), rituximab (HRadj=0.57 (95% CI 0.39 to
0.84), or other biologics (HRadj=0.64 (95% CI 0.42 to
0.99), compared to those receiving methotrexate. To
account for treatment termination in patients at risk, an
HRadj for patients ever exposed to TNFα inhibitors or
rituximab was calculated. This resulted in an HRadj of
0.77 (95% CI 0.60 to 0.97).
Conclusions Patients with long-standing high disease
activity are at substantially increased risk of mortality.
Effective control of disease activity decreases mortality.
TNFα inhibitors and rituximab seem to be superior to
conventional DMARDs in reducing this risk.

successful control of disease activity by treatment
with methotrexate reduces mortality in RA.11 12
During the last decades, treatment strategies in
RA have fundamentally changed, favouring early
intensive treatment to reach remission as a major
therapeutic goal.13 With the approval of tumour
necrosis factor α (TNFα) inhibitors (inﬂiximab, etanercept, adalimumab, certolizumab, and golimumab), rituximab and other biologic agents
(abatacept, tocilizumab, and anakinra), seminal
advances in treatment options were made, and
their efﬁcacy was convincingly shown in randomised clinical trials. So far, six observational studies
and one meta-analysis have investigated the impact
of TNFα inhibitors on mortality, with conﬂicting
results. Three of them suggested a reduced mortality,14–16 whereas the other four did not.17–20 All
but one study compared treatment decisions rather
than the direct effects of the drugs. If confounding
by indication was adjusted for, only those patient
characteristics known at the start of an index treatment were used for adjustment. As shown in one of
these studies,19 such an approach is prone to biased
estimates. For the analysis of long-term outcomes
such as mortality, the impact of changes in exposure and in the risk proﬁles of the patients over time
have to be considered. In our study, we therefore
took into account changes in the activity of RA, in
functional capacity, ﬂuctuating dosages of glucocorticoids, and changes in the treatment with synthetic
or biologic disease modifying anti-rheumatic drugs
(DMARDs) over time. We aimed to estimate the
impact of each factor on premature mortality. Our
main objectives were (A) to estimate the association
between persistent highly active disease and mortality and (B) to evaluate the mortality risk of patients
treated with TNFα inhibitors or rituximab compared with patients receiving methotrexate (alone
or in combination with other synthetic DMARDs).

INTRODUCTION
Rheumatoid arthritis (RA) is a chronic inﬂammatory autoimmune disease leading to increased mortality, as shown already in 1953 by Cobb et al1 and
subsequently by several longitudinal observational
studies.2–4 Early mortality was attributed to poor
functional capacity, co-morbid conditions, and
markers of RA severity or activity, such as rheumatoid factor or erythrocyte sedimentation rate.5–8
There is evidence from cardiovascular research
that persistent systemic inﬂammation leads to
increased mortality.9 10 Additionally, we know that

METHODS
Patients and study design
Data from RABBIT (acronym for: RA observation
of biologic therapy), an ongoing prospective cohort
study initiated in May 2001 in Germany, were used
for the analysis. Patients with RA, according to the
American College of Rheumatology 1987 criteria,21 were eligible for enrolment at start of treatment with a biologic or a synthetic DMARD after
at least one termination of a treatment with a synthetic DMARD. The enrolment of patients starting
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inﬂiximab, etanercept, adalimumab, anakinra, rituximab, abatacept, tocilizumab, golimumab, or certolizumab began after the
approval of the respective biological agent in Germany in 2001,
2003, 2007 or 2009. Participating rheumatologists were asked
to enrol consecutive patients with RA who fulﬁlled the inclusion
criteria: age at onset of RA >15 years, start of a new treatment
with biologic or synthetic DMARDs after a failure of at least
one DMARD treatment, patient scheduled for continuous care.
All patients enrolled in RABBIT between May 2001 and June
2011 were included. For the investigation reported here,
follow-up ended at 31 December 2011 or at month 108 of
follow-up, whichever came ﬁrst.
The study protocol was approved in 2001 by the ethics committee of the Charité University School of Medicine, Berlin.
Each patient participating in the study gave written informed
consent before study entry.

Procedures
At baseline and at predeﬁned time points of follow-up (at 3 and
6 months, and thereafter every 6 months), rheumatologists
assessed the clinical status, including the disease activity score
(DAS28),22 based on four parameters including the erythrocyte
sedimentation rate. The rheumatologists further reported treatment details (start and stop dates, dosages) and serious and nonserious adverse events. Patients assessed, among other items, their
functional capacity in percent of full function by means of the
Hannover Functional Status Questionnaire (Funktionsfragebogen
Hannover, FFbH,23 24 see Strangfeld et al25 26 for further details
of our study). Vital status was ascertained in patients who had
missed two subsequent study visits (n=2568) by contacting ﬁrst,
the rheumatologist; second, the patient or his/her relatives and
third, the local registration ofﬁce. In 58 (2.3%) patients, the vital
status could not be ascertained. The procedure systematically
covered a period of 24 months after the last visit. All deaths occurring during this period were taken into account. Most of the
deaths occurred during the ﬁrst six (262/463 (56.6%)) or ﬁrst
12 months (380/463 (82.1%)) after the last study visit.

Table 1

Main study hypotheses
The following prespeciﬁed hypotheses were investigated:
▸ Hypothesis 1: patients with RA with high disease activity
over time (mean DAS28 > 5.1) are at increased risk of premature death compared to patients with low disease activity
(mean DAS28 < 3.2).
▸ Hypothesis 2: patients treated with TNFα inhibitors during
the last 6 months, or rituximab during the last 12 months,
do not have an increased mortality compared to patients
treated with methotrexate.
▸ Hypothesis 3: patients ever exposed to TNFα inhibitors or
rituximab do not have a higher mortality than biologicsnaive patients treated with methotrexate.

Statistical analysis
To control for the family-wise α-error, hypotheses 1–3 were
tested in a sequential manner according to a closed test principle. The primary analyses were based on multiple Cox regression analysis including prespeciﬁed ﬁxed and time-dependent
risk factors. Fixed risk factors were recorded at baseline (T0)
and included: age, sex, smoking and six groups of comorbid
conditions—chronic lung disease, diabetes, coronary heart
disease, chronic renal disease, prior malignancy and osteoporosis (as an indicator of a severe course of the disease prior to
baseline). Time-dependent risk factors were updated at each
time point of follow-up (Tx) and included: mean DAS28 and
mean FFbH scores between T0 and Tx, treatment with glucocorticoids during the last 12 months, exposure to synthetic
DMARDs, TNFα inhibitors, rituximab, or other biologic
DMARDs.
Mean DAS28 scores were categorised into: low disease activity (DAS28 <3.2), moderate disease activity type A (DAS28:
3.2–4.1) and type B (DAS28 4.1–5.1), and high disease activity
(DAS28 > 5.1).
Two conservative deﬁnitions of exposure to biologics were
considered: ﬁrst, a risk-window approach, considering a patient
exposed to a biologic agent if the patient had received the agent

Baseline characteristics by treatment group at inclusion
MTX

sDMARDs no MTX

TNFα inhibitors

Rituximab

Other biologics

Total

n

2060

928

4649

703

568

8908

Follow-up (months)*
Female
Age
Disease duration
Rheumatoid factor positive
DAS28
Percent of full function (FFbH)
Glucocorticoids
Prednisone dose (mg/d)
Diabetes
Coronary heart disease
Among them: heart failure
Chronic lung disease
Chronic renal disease
Prior malignancy
Osteoporosis
Smoker

43.9 (32.7)
1565 (76.0)
56.4 (12.0)
7.2 (7.7)
1361 (66.1)
4.9 (1.3)
69.2 (21.6)
1260 (61.1)
4.2 (5.4)
175 (8.5)
114 (5.5)
20 (1.0)
111 (5.4)
23 (1.1)
69 (3.4)
291 (14.1)
501 (24.3)

39.4
744
58.5
8.8
591
4.8
67.7
516
3.6
101
70
11
77
26
32
157
178

46.5 (32.3)
3584 (77.1)
54.5 (12.4)
11.2 (9.3)
3614 (78.0)
5.6 (1.3)
59.2 (23.1)
3456 (73.3)
6.4 (7.0)
418 (9.0)
324 (7.0)
110 (2.4)
349 (7.5)
188 (4.0)
96 (2.1)
986 (21.2)
1077 (23.2)

28.0 (14.6)
552 (78.5)
58.5 (12.0)
13.6 (10.2)
578 (82.3)
5.5 (1.3)
53.8 (23.6)
523 (74.4)
6.3 (5.9)
76 (10.8)
84 (12.0)
41 (5.8)
65 (9.3)
45 (6.4)
82 (11.7)
194 (27.6)
161 (23.0)

25.4
438
56.4
12.9
416
5.6
58.1
400
6.0
58
51
24
36
30
28
138
136

(31.7)
(80.2)
(12.4)
(9.3)
(63.7)
(1.3)
(22.0)
(55.6)
(4.4)
(10.9)
(7.5)
(1.2)
(8.3)
(2.8)
(3.5)
(16.9)
(19.2)

(23.1)
(77.1)
(12.9)
(9.0)
(73.9)
(1.3)
(23.9)
(70.4)
(6.0)
(10.2)
(9.0)
(4.2)
(6.3)
(5.3)
(4.9)
(24.3)
(24.0)

42.4 (31.6)
6883 (77.3)
55.8 (12.4)
10.3 (9.2)
6560 (73.8)
5.3 (1.3)
61.9 (23.3)
6155 (69.1)
5.6 (6.3)
828 (9.3)
643 (7.2)
206 (2.3)
638 (7.2)
312 (3.5)
307 (3.4)
1766 (19.8)
2053 (23.1)

Values are means (SDs) or numbers (%) as appropriate. Methotrexate (MTX) group: patients treated with MTX alone or in combination with other synthetic disease modifying
anti-rheumatic drugs (sDMARD), sDMARD no MTX group: treatment with sDMARDs without MTX.
*Follow-up of patients per treatment group at inclusion.
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during the last six (rituximab: during the last 12) months.
Second, an ever-exposed approach was applied to take into
account terminations of biologic treatments in patients at
increased risk of premature mortality. In this analysis, a patient
is considered to be exposed to a biologic after having received
the ﬁrst dose. Since nearly all patients ever exposed to rituximab
were also ever exposed to TNFα inhibitors, a distinction
between both exposures was not made in this approach. A sustained biologic treatment discontinuation (>6 months, rituximab >12 months) despite active disease (DAS28 >4.1) was
considered as an additional risk factor in the primary everexposed analysis.
The aim of both approaches was to show non-inferiority of
TNFα inhibitors and rituximab compared to treatment with
methotrexate (alone or in combination with synthetic DMARDs)
regarding fatal outcomes. A non-inferiority margin of 20% was
used, and treatment with TNFα inhibitors or rituximab was considered not inferior to treatment with methotrexate (and synthetic DMARDs) whenever the upper bound of the 95% CI of
the corresponding adjusted HR was <1.2. After showing noninferiority, superiority was tested in a closed test procedure.
Hypotheses regarding the inﬂuence of single anti-TNF agents, or
the group of other biologics (abatacept, tocilizumab and anakinra)
were investigated in an exploratory manner.
Power considerations were made for hypothesis 1. We expected
to observe a more than 50% increase in mortality when comparing patients with DAS28 > 5.1 to those with DAS28 < 3.2 and,
therefore, at least 80% power to detect this difference. In this
power calculation, the decrease in the power by risk factors
which were correlated with DAS28 scores was taken into
account. Since there was only a weak correlation between the
mean DAS28 scores of the patients and their mean glucocorticoid
dosages, which ranged for the different time points between 0.2
and 0.3, it was considered to be possible to distinguish between
both effects. Nevertheless, to achieve sufﬁcient power, functional
capacity was not used for adjustment when hypothesis 1 was
tested, because of a correlation of about 0.5 between mean
DAS28 and mean FFbH scores. To test hypotheses 2 and 3, functional capacity was considered as a risk factor of premature mortality and an additional adjustment for this factor was made.
In a secondary analysis, a comparison with the German general
population was conducted: patients were classiﬁed into four
groups according to their DAS28 scores averaged over follow-up.
Age-standardised and sex-standardised mortality ratios (SMR)
were calculated with the German population rates from 2001 to
2010 as the reference. Life table methods were used to calculate
the life expectancy of groups of patients. For each sex and age
stratum (5-year bands) the likelihood of surviving was calculated.
This estimate was used to calculate the remaining life expectancy
taking into account that all patients were living at age 20 years.
Comparing these results with the German general population,
the life-years lost were calculated. We furthermore estimated
5 years survival rates by means of Cox regression for patients
with either a low (mean DAS28 < 3.2) or a high disease activity
(mean DAS28 > 5.1) during at least 80% of their available 5-year
follow-up time. In sensitivity analyses we excluded patients with
a prior malignancy (solid tumour or lymphoma) or heart failure
to investigate the inﬂuence of a possible channelling bias on the
adjusted HRs for biologics. Since we excluded patients with a
high mortality risk, the power of this analysis was lower than the
power of the primary analysis.
Owing to strict monitoring, treatment data were complete in
99%, and clinical data in 94% of the patients per visit.26 Except
in cases for whom we knew that the treatment was

Figure 1 Flow chart of patients enrolled. Censored: patients who
were in this study on 31 December 2011 but did not complete a
follow-up period of 9 years since they were enrolled after January
2003. The follow-up time of these patients was censored at the last
regular study visit. Dropouts: patients lost to follow-up.

discontinued, we assumed that patients who died had continued
the treatment until the last months prior to death. Missing
smoking information was, however, more frequent (14%). A
10-fold multiple imputation was used to ﬁll in all missing clinical and smoking data; p values <0.05 were considered to be
statistically signiﬁcant. SAS V.9.3 was used for the analysis.
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RESULTS
Between 1 May 2001 and 30 June 2011, a cohort of 8908
patients with RA, with a mean age of 55.8 (SD 12.4) years at
baseline was enrolled. The mean follow-up was 3.5 years (SD:
2.6; IQR: 1.2–5.4). Follow-up of ﬁve, seven, or 8 years was
available for 2992, 1228 and 629 patients, respectively. Patients
receiving anti-TNF agents, rituximab, or other biologic drugs,
had a signiﬁcantly more active disease, and they were more
limited in activities of daily living than patients treated with synthetic DMARDs only (table 1).
Within an observation period of 31 378 patient-years, a total
of 463 patients died (ﬁgure 1). Patients who dropped out of the
observation had, on average, a 0.3 units higher DAS28 score
(4.2) at their last study visit than patients who completed the
corresponding visit. This difference was even higher (0.6 units)
in patients who died (mean last DAS28: 4.4). Causes of death
are shown in the online supplementary table ST1.
Signiﬁcantly elevated standardised mortality ratios were
observed in men and women (table 2). The increase was associated with patients having highly active disease (DAS28 > 5.1),
on average, over time, whereas, no increase was found in
patients with low disease activity (DAS28 < 3.2). In terms of
remaining life expectancy at age 20 years, women RABBIT
patients generally expected 59.9 further life years (men 55.3),
which is about 2 years less than the agematched and sexmatched
population (table 2). In the case of highly active disease (DAS28
> 5.1), women patients lost 10.3 years (men 10.7) compared
with the population (table 2).
The results found in comparison to the German population
were conﬁrmed by multiple Cox regression analysis. Patients
who, on average, remained in a state of highly active disease
(DAS28 > 5.1) over time had a more than twofold mortality
risk (HR: 2.43; 95% CI 1.64 to 3.61, table 3) compared to
those with low disease activity (DAS28 < 3.2).
This association was signiﬁcant after control for treatment
with glucocorticoids, and remained signiﬁcant after additional
adjustment for functional capacity, a disease outcome which is
correlated with DAS28 (table 4 column 4–6). Patients treated
with higher dosages of glucocorticoids had a signiﬁcantly higher
mortality, whereas, those exposed to TNFα inhibitors (during
the last 6 months), rituximab (during the last 12 months) or
other biologics (last 6 months) had a signiﬁcantly lower risk of
dying early (table 4 column 4–6).
Even using a conservative ‘ever exposed’ approach, we found
a signiﬁcantly lower mortality in patients ever exposed to TNFα
inhibitors or rituximab, compared to methotrexate therapy
(HR=0.77; 95% CI 0.60 to 0.97), whereas, sustained treatment
discontinuation (>6 months see Methods) despite active disease
was associated with a signiﬁcantly higher risk of dying
(HR=2.08; 95% CI 1.59 to 2.72). When attributing the risk

Table 3 Adjusted HRs of death by categories of mean disease
activity of the patients at follow-up

DAS28<3.2
DAS28 3.2–4.1
DAS28>4.1–5.1
DAS28>5.1

PYRS

Adjusted HR (95%CI)

p Value

6730
8875
8773
6999

Referent
1.29 (0.85 to 1.93)
1.42 (0.96 to 2.10)
2.43 (1.64 to 3.61)

0.21
0.073
0.0001

The risk window approach was used to calculate the adjusted HRs. Adjustments were
made for age, sex, smoking, comorbid conditions (chronic lung disease, diabetes,
coronary heart disease, chronic renal disease, prior malignancy and osteoporosis) and
as time-dependent risk factors treatment with glucocorticoids, treatment with
methotrexate, other synthetic disease modifying antirheumatic drugs, TNFα inhibitors,
rituximab, or other biologics. Updated FFbH scores were not included in the risk set.
(PYRS: patient-years).

resulting from sustained treatment discontinuation to the biologic the patient had received before, we found in this secondary analysis no increase in the mortality risk in patients ever
exposed to TNFα inhibitors or rituximab (HR=0.85; 95% CI
0.67 to 1.08).
Similar results were found in the sensitivity analyses. When
we excluded patients with prior malignancies (solid tumours or
lymphoma) we could still conﬁrm hypotheses 2 and 3, that
treatment with TNFα inhibitors or rituximab was not inferior
to treatment with methotrexate (data not shown). A similar
result was found after additional exclusion of patients with
prior heart failure.
Comparing the individual treatments, the HRs for individual
biologic agents with methotrexate as reference group are shown
in the online supplementary table ST2. In the online supplementary table ST3 HRs for TNFα inhibitors are given with etanercept as reference. No signiﬁcant differences between the
anti-TNF agents were seen in the ‘6-months risk window’ or the
‘ever exposed’ approaches.
To put the relative risks into context, we furthermore estimated 5 years survival rates according to the overall disease
activity status of the patients. Figure 2 shows the results for
women and men at ages 50 and 65 years. The difference in survival between patients with low and high disease activity were
signiﬁcant and ranged from 3% to 23%, depending on age, sex,
smoking and comorbidity status.

DISCUSSION
We found evidence for a signiﬁcant association between highly
active RA and mortality. Patients with a persistent, highly active
disease had a signiﬁcantly higher mortality than those with a
mean DAS28 < 3.2. Patients with low functional capacity, with
diabetes, chronic lung or chronic renal diseases, cardiac disorders as well as those treated with higher dosages of

Table 2 Standardised mortality ratios (SMR) and life-years lost, in comparison with the German general population by groups of patients with
different mean disease activity (DAS28) scores at follow-up
Women

Men

DAS28

Deaths

SMR (95% CI)

Lost life years (95% CI)

Deaths

SMR (95% CI)

Lost life years (95% CI)

<3.2
3.2–4.1
>4.1–5.1
>5.1
Total

29
60
88
132
309

0.86 (0.58
0.94 (0.72
1.35 (1.09
3.33 (2.79
1.53 (1.37

−1.5 (−3.0 to 0.0)
0.0 (−1.4 to 1.4)
3.0 (1.1 to 4.9)
10.3 (8.9 to 11.6)
2.7 (2.0 to 3.4)

13
39
42
60
154

0.54
1.11
1.34
3.33
1.41

−2.4 (−6.1 to1.3)
0.1 (−2.1 to 2.3)
0.5 (−1.3 to 2.1)
10.7 (8.9 to 12.6)
1.9 (0.8 to 3.0)

418

to1.24)
to1.22)
to 1.67)
to 3.95)
to 1.71)

(0.29
(0.79
(0.96
(2.54
(1.20

to
to
to
to
to

0.92)
1.52)
1.81)
4.30)
1.65)
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Table 4 Adjusted HRs ; Adjustments were made for all parameters shown in the table

At baseline
Male
Age per 5 years
Diabetes
Chronic lung disease
Chronic renal disease
Prior malignancy
Osteoporosis
Coronary heart disease
Smoker
At follow-up
DAS28* <3.2
DAS28* 3.2–4.1
DAS28* >4.1 to 5.1
DAS28>5.1
Prednisone most recent 12 months: 0 mg/d
1–5 mg/d
>5–10 mg/d
>10–15 mg/d
>15 mg/d
FFbH* in % of full function per 10% improvement
Methotrexate
Other synth. DMARDs
TNFα inhibitors
Rituximab
TNFα inhibitors or rituximab
Other biologics
DAS28>4.1 for > 6 (12) months after
discon- tinuation of a biologic without
start of a new one

Unadjusted HR

Adjusted HR: 6 (rituximab
12) months risk window
approach

Adjusted HR: Ever exposed
approach

HR

95% CI

HR

95% CI

p Value

HR

95% CI

1.85
1.66
3.43
3.31
4.90
3.15
2.86
4.94
0.82

1.53
1.57
2.77
2.63
3.71
2.27
2.38
4.00
0.62

1.75
1.49
1.84
1.68
1.94
1.26
1.43
1.43
1.37

1.40 to
1.40 to
1.46 to
1.31 to
1.43 to
0.88 to
1.16 to
1.12 to
1.02 to

<0.0001
<0.0001
<0.0001
0.0003
0.0001
0.20
0.0015
0.006
0.038

1.72
1.50
1.85
1.71
1.92
1.27
1.41
1.46
1.36

1.38 to
1.41 to
1.46 to
1.32 to
1.41 to
0.89 to
1.15 to
1.14 to
1.01 to

Ref.
1.81
2.29
4.86
Ref.
1.33
2.22
3.95
6.68
0.76
Ref.
2.53
0.77
1.01
NA
1.02
NA

to
to
to
to
to
to
to
to
to

2.25
1.75
4.26
4.17
6.47
4.37
3.43
6.10
1.07

1.21 to 2.71
1.57 to 3.33
3.35 to 7.04
1.00
1.65
2.61
4.06
0.73

to
to
to
to
to

1.76
2.98
5.98
11.0
0.79

1.95 to 3.28
0.61 to 0.98
0.70 to 1.46
0.68 to 1.52

Ref.
1.15
1.17
1.75
Ref.
1.05
1.46
2.00
3.59
0.88
Ref.
1.14
0.64
0.57
NA
0.64
NA

2.18
1.59
2.33
2.17
2.63
1.80
1.76
1.83
1.85

0.76 to 1.74
0.78 to 1.75
1.14 to 2.68
0.80 to
1.09 to
1.29 to
2.11 to
0.84 to

0.49
0.43
0.013

1.38
1.95
3.11
6.13
0.93

0.71
0.013
0.0033
<0.0001
<0.0001

0.86 to 1.51
0.50 to 0.81
0.39 to 0.84

0.36
0.0007
0.0062

0.42 to 0.99

0.043

Ref.
1.11
1.08
1.54
Ref.
1.04
1.41
2.01
3.43
0.89
Ref.
0.98
NA
NA
0.77
0.91
2.08

p Value

Deaths

PYRS

2.14
1.60
2.33
2.20
2.61
1.81
1.73
1.86
1.83

<0.0001
<0.0001
<0.0001
0.0002
0.0002
0.18
0.0020
0.0036
0.042

154

6718
31 378
2633
2125
926
927
6718
2017
6936

0.74 to 1.68
0.72 to 1.61
1.00 to 2.38

0.59
0.70
0.0499

0.79 to
1.06 to
1.30 to
2.01 to
0.85 to

1.37
1.89
3.11
5.86
0.93

0.77
0.021
0.0030
<0.0001
<0.0001

0.60 to 1.59

0.92

0.60 to 0.97
0.66 to 1.25
1.59 to 2.72

0.0312
0.54
<0.0001

108
89
57
39
199
115
86
42
99
130
192
88
177
140
37
21
96†/78‡
126†/31‡
182†
36†
330‡
25†/51‡
86‡

6730
8875
8773
6999
9036
13 615
7086
1170
448
31 378
7012†/6469‡
3513†/1581‡
16 843†
2599†
22 370‡
1654†/2806‡
1812‡

*Average of single DAS28 or FFbH scores between baseline and last time point prior to the event, FFbH: Function questionnaire (see Methods) (range 0–100%).
†Risk window approach.
‡Ever exposed approach.
DMARD, disease modifying antirheumatic drugs; PYRS: patient years; Ref., referent.

glucocorticoids, were at a further increased risk. Treatment with
more than 5 mg/d glucocorticoids was signiﬁcantly associated
with an increased mortality risk in a dose-dependent manner.
Patients treated with TNFα inhibitors or rituximab had a signiﬁcantly reduced premature mortality compared to those treated
with methotrexate alone or in combination with other synthetic
DMARDs. No signiﬁcant differences between the individual
TNFα inhibitors were seen, which is in agreement with a recent
study from the Swedish biologics register.27
The strength and novelty of our study is that it took into
account changes in patient characteristics (disease activity, functional capacity) and treatment details (eg, ﬂuctuating glucocorticoid dosages) at all time points during long-term follow-up,
in order to achieve valid estimates of the risk of mortality conveyed by biologic agents in comparison with conventional
DMARD therapy. This approach is more robust than an
approach adjusting only for patient’s baseline characteristics, for
example, by propensity score methods.19
To our knowledge, our study is the ﬁrst to differentiate the
impact of inﬂammation on all-cause mortality from the impact
of glucocorticoids. Since the mean disease activity of individual
patients and the mean glucocorticoid dose they received for the

treatment of RA were only weakly correlated, we were able to
distinguish between both risk factors. The clinical relevance of
the ﬁndings is expressed by the number of lost life years and by
5-year survival rates, which substantially differ between patients
in low and high disease activity. The ﬁndings are in concordance
with reports on the impact of inﬂammation on premature death
from cardiovascular diseases,9 chronic lung diseases28 and
lymphoma.29
Signiﬁcant associations between mortality and glucocorticoid
use (as time-varying yes/no parameter) were described by
Mikuls et al5 and Jacobsson et al.15 A dose-related association is
supported by ﬁndings of an increased cardiovascular as well as
all-cause mortality associated with the use of glucocorticoids.30–32
When analysing the incidence of serious infections in our biologics register, we recently found a signiﬁcant association between
the glucocorticoid dose and the magnitude of the risk.26 One
might object that glucocorticoid use is an indicator for severe
disease, and that the association between increased mortality and
higher dosages of glucocorticoids found in our data and in those
of others only relates to a persistently high disease activity. This
view is, however, not supported by our data since we already
adjusted for disease activity, functional capacity and
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Figure 2 Five-year survival rates (in %) for patients with highly active disease (DAS28 scores >5.1 at ≥80% of the observation time (18% of
patients) and low disease activity (DAS28 scores <3.2 for ≥80% of the observation time (9% of patients) CHD: coronary heart disease.

comorbidities. Nevertheless, we cannot rule out unmeasured confounding, and we therefore invite other researchers to re-examine
our ﬁndings.
We observed a reduced mortality in patients treated with
TNFα inhibitors or rituximab. Since we compared patients by
taking their disease activity on treatment into account, a potential additional beneﬁt of biologics resulting from their higher
efﬁcacy was not considered. However, this strengthens rather
than weakens our ﬁndings.
Our study has some limitations. It was underpowered to show
signiﬁcant effects for inﬂiximab, etanercept, certolizumab, golimumab, abatacept, tocilizumab, or anakinra separately. We were
so far only able to show the effects for the group of TNFα inhibitors and for rituximab. Further, generalisability of the results
to the German population is limited since our register includes
patients on the upper end of the disease severity spectrum.
Patients with RA who do well on methotrexate monotherapy are
not included in the control group. We might, therefore, have
underestimated beneﬁcial effects of methotrexate. Finally, due
to the observational nature of the study, and due to a rather
long list of risk factors and confounders, residual confounding
with an impact on the results cannot be ruled out.

CONCLUSION
Taking the course of disease into account, we observed an
increased mortality in patients with persistent, highly active
disease, and in patients treated with higher dosages of glucocorticoids. We further found that TNFα inhibitors and rituximab,
and possibly other biologics, reduced the mortality compared to
treatment with methotrexate (alone or in combination with
other synthetic DMARDs).
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