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Abstract
Objective

Methotrexate (MTX) is the anchor drug in the treatment of patients with rheumatoid arthritis (RA). MTX shows effects 
on disease activity and mortality. However, it is unclear whether the effect of MTX on mortality depends on its effect on 

disease activity.   

Methods
In a post-hoc analysis we analysed the data of our cohort established in Ratingen, Germany, and included all patients 

starting treatment with MTX (n=271) between 1980 and 1987. One year after baseline (BL), response to MTX treatment 
was assessed using a modified ACR 20 response. Follow-up data of 250 patients were available after 10 and 18 years.  

Results
After 1 year, there were 66% responders and 20% non-responders; only 14% had discontinued MTX treatment due to 

side effects or lack of efficacy. Most patients continued MTX treatment irrespective of efficacy. Ten years after BL, 61% 
of the patients were still treated with MTX. After 18 years, the responder-group showed a standardised mortality ratio of 

1.6 compared to 3.2 for the group of non-responders. However, when adjusting for age, gender, response to MTX treatment 
one year after BL, number of swollen joints and comorbidities after 10 years an independent association of continued 
MTX treatment with lower mortality was found for the period 10 to 18 years after BL (hazard ratio (HR): 0.63, 95% 

confidence interval: 0.43–0.92, p=0.015). 

Conclusion
In this cohort, the mortality lowering effect of continued MTX use was partly independent of its effect on disease activity. 

This finding may affect treatment decisions concerning RA patients with insufficient response to MTX.
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Introduction
In patients with rheumatoid arthritis 
(RA), mortality rates have been found 
increased in comparison to the general 
population. The first report on this is-
sue had appeared in 1953 (1).       
In many studies, predictors of premature 
death in RA patients are older age, male 
sex, lower  socio-economic status, high-
er number of swollen joints, poor func-
tional status and comorbidities (2, 3). 
Therapeutic interventions may improve 
survival rates in RA patients. Especially, 
treatment with methotrexate (MTX) has 
been associated with lower mortality 
rates of RA patients (4, 5). This effect 
seems likely to be linked with a positive 
effect of the drug on disease activity. As 
a possible consequence, MTX treatment 
may be stopped in case of insufficient 
clinical improvement, especially since 
toxicity of MTX is an issue of concern 
in some patients. However, the question 
of whether the observed impact of MTX 
on mortality rates of RA patients really 
depends on its clinical efficacy has not 
been addressed to date.   
Since our group has data available of 
one of the oldest MTX cohorts in Eu-
rope, we were in a position to perform 
further analyses to shed some more light 
on this unresolved issue. At the Depart-
ment of Rheumatology, Evangelisches 
Fachkrankenhaus Ratingen (Head Prof. 
R. Rau), between 1980 and 1987, all RA 
patients starting treatment with MTX 
(n=271) were enrolled in a prospective 
observational study. One year after base-
line, response to MTX treatment was as-
sessed, using a modification of the ACR 
20 response criteria. Importantly, nearly 
all patients continued MTX treatment 
independent of their response. In 1995 
(ten years after baseline) (5) and 2003 
(18 years after baseline), the follow-up 
of 250 patients was available.

Materials and methods
Study population 
All patients with definite or classic RA 
(6) who started MTX treatment in the 
Department of Rheumatology, Evan-
gelisches Fachkrankenhaus Ratingen, 
Germany, between January 1, 1980 
and December 31, 1987 were enrolled 
in a prospective observational study. 
Upon inclusion, all patients had active 

disease and all had failed to respond to 
at least one conventional disease-mod-
ifying anti-rheumatic drug (DMARD) 
other than MTX such as sulfasalazine. 
Leflunomide was not yet approved at 
this time point. Patients gave informed 
consent and all procedures were in ac-
cordance with the ethical standards of 
the Helsinki Declaration of 1975, as re-
vised in 1983.

Treatment
MTX was usually given intravenously 
or intramuscularly in dosages of 15–25 
mg/week. Most patients changed from 
parenteral to oral medication after a few 
months. This decision was made by the 
treating rheumatologist, there was no 
protocol to guide it. If needed, patients 
were allowed to continue treatment 
with non-steroidal anti-inflammatory 
drugs (NSAIDs) and/or corticosteroids. 
If the previous DMARD had been well 
tolerated and regarded as being at least 
somewhat effective, it was continued at 
full dosage together with MTX (5).

Clinical assessments
Standardised clinical evaluations were 
performed at baseline and every 1-3 
months thereafter for the first year of 
MTX treatment. Response to treatment 
was evaluated one year after baseline. 
The rates of improvement were graded 
as: ≥50% improvement, <50% and 
≥20% improvement, and <20% im-
provement. In this analysis the groups 
with ≥50% improvement and with 
<50% and ≥20% improvement were 
combined as ≥20% improvement based 
on power calculations. Patients who 
discontinued MTX treatment within the 
first year made up a third group.  
Improvement of ≥20% was defined 
as a ≥20% decrease in the swollen 
joint count (SJC) (32 joints were as-
sessed: proximal interphalangeal and 
metacarpophalangeal joints, wrists, 
elbows, shoulders, knees, ankles, fore-
feet [counted as one joint each]) and the 
erythrocyte sedimentation rate (ESR). 
In addition, patient global assessment 
for disease activity had to be rated as 
mild or moderate on a four-point (ab-
sent, mild, moderate, severe) Likert 
scale. The dose of prednisone had to be 
≤5mg/day. These response criteria are 
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comparable to those of the American 
College of Rheumatology (7) which had 
not yet been established at the initiation 
of this study.
In 1995/1996 (10 years after baseline) 
and again in 2003 (18 years after base-
line), follow-up visits were performed 
- either at the outpatient clinic of Evan-
gelisches Fachkrankenhaus Ratingen 
or at the patient’s home. In all visits a 
complete physical examination includ-
ing joint counts was performed, and the 
patients were asked to fill out the ques-
tionnaires. Comorbidities were classi-
fied using the Charlson score (8).

Statistical analysis
Standardised mortality ratios were cal-
culated as the ratio of the observed num-
ber of deaths in specific age/sex bands 
of the patients in the study to the expect-
ed number of deaths in an age and sex 
matched sample of the general popula-
tion of western Germany where nearly 
all patients came from (mortality charts 
of western Germany (9)), based on the 
number of person-years of follow-up.
Probability of survival was estimated 
as a function of time by the Kaplan-
Meier method. The difference between 
groups was determined by the log-rank 
test. p-values less than 0.05 were con-
sidered significant.
For the whole observation period, the 
hazard ratios for death of patients with 
<20% MTX response were compared 
to those with ≥20% MTX response af-

ter adjusting for the baseline values of 
age, gender, rheumatoid factor (RF), 
SJC, and ESR. To estimate the effect of 
continued MTX use, further analyses 
were performed for the period between 
10 - 18 years after baseline. In order to 
reduce bias caused by confounding by 
indication, we used a Cox model ad-
justing for age, gender, RF, response to 
MTX treatment one year after baseline, 
SJC 10 years after baseline, and wheth-
er or not MTX treatment was given 10 
years after baseline. Serious adverse 
events (SAE) in the first 10 years of 
observation might have led to a con-
tinuously elevated risk of death (e.g. 
in case of lung fibrosis, liver cirrhosis 
or lymphoma) despite discontinuation 
of MTX treatment. This may bias the 
results and suggest a lower mortality 
in the MTX group. To largely exclude 
and diminish this bias, we repeated the 
analysis including only those patients 
who had not experienced any SAE.
For the statistical analysis we used SAS, 
version 9.2 (SAS Institute, Cary, NC). 

Results
Patient characteristics
271 consecutive patients with definite 
RA were included into the study be-
tween January 1, 1980 and December 
31, 1987. At baseline, their mean disease 
duration was 8.5 years, almost all pa-
tients (95%) had joint erosions, and the 
majority of patients were in a stage of 
rather advanced disease (63% in Stein-

brocker stages III and IV). Patients had 
active disease, with a mean SJC of 18 
(out of 32) and a mean ESR of 55 mm/
hour. Almost all patients (96%) were 
treated with NSAIDs, 62% with pred-
nisone (mean dosage of 4.5 mg/day). 
Nearly all patients rated their global dis-
ease activity as severe (Table I).

Treatment and response after one year
The mean MTX dosage was 17 mg/
week (standard deviation: 4.4 mg/
week), and 60% of patients switched 
from IV to oral administration (mostly 
15 mg/week). In 79 cases (29.2%) MTX 
was given as monotherapy after discon-
tinuation of the previous DMARD (10), 
while the remainder (70.8%) continued 
treatment with the DMARDs already 
taken before (e.g. parenteral gold, D-
penicillamine or chloroquine) in addi-
tion to MTX (5). 
Of those 250 (out of 271) patients who 
could be followed up to 18 years after 
baseline (92.3%), 165 patients (66%) 
had had a ≥20% response, and 50 pa-
tients (20%) had had a <20% response 
one year after baseline. In addition, 35 
patients (14%) had discontinued MTX 
treatment due to lack of efficacy or due 
to side effects, mostly nausea, vomit-
ing or stomatitis; MTX was continued 
in all other patients. Table I shows the 
demographic and clinical data at base-
line of these 250 patients, as classified 
according to their response one year 
after baseline.

Table I. Demographic and clinical data at baseline.

Characteristic ≥20% <20% Discontinued Total
 improvement improvement  treatment 

No. of patients 165  50  35  250
Mean age, years (SD) 56.2 (10.7) 58.7 (10.2) 62.7 (9.9) 57.5 (10.7)
Women, % 81.2  64.0  85.7  78.4
RF positive, % 86.6  94.0  80.0  87.1
Mean disease duration, years (SD) 8.3 (2.1) 8.6 (2.6) 8.8 (1.7) 8.4 (2.2)
Mean no. of previous DMARDs (SD) 1.7 (0.9) 2.1 (1.2) 2.0 (1.0) 1.8 (1.0)
Medication    
NSAIDs, % 95  98  100  96
Mean prednisone-equivalent, mg/day (SD) 4.5 (4.6) 4.1 (5.0) 5.0 (5.8) 4.7 (4.9)
Mean initial MTX dosage, mg (SD) 16.8 (4.5) 17.5 (4.6) 16.1 (3.9) 16.8 (4.4)
Measures of disease activity    
Mean patient’s assessment of disease activity, 0-3 (SD) 2.85 (0.39) 2.76 (0.52) 2.77 (0.55) 2.82 (0.44)
Mean no. of swollen joints, 0-32 (SD) 18.6 (7.4) 15.1 (7.0) 17.4 (6.8) 17.7 (7.3)
Mean grip strength of both hands, kPa (SD) 45.0 (39.3) 44.1 (34.3) 36.7 (30.7) 43.6 (37.1)
Mean ESR, mm/h (SD) 55.3 (28.8) 59.1 (32.1) 65.5 (36.2) 57.7 (30.7)

RF: rheumatoid factor; DMARD: disease-modifying anti-rheumatic drug; NSAID: non-steroidal anti-inflammatory drug; MTX: methotrexate; ESR: eryth-
rocyte sedimentation rate; SD: standard deviation.
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Patient evaluation 10 and 18 years 
after baseline
The evaluation of the long term follow-
up data successfully obtained in 250 
out of 271 patients 10 years after base-
line revealed that 88 patients (35.2%) 
had died. Another 59 patients (23.6%) 
died in the following 8 years. Thus, a 
total of 147 patients (58.8%) had died 
18 years after baseline. Known causes 
of death were cardiovascular disease 
(n=53, 36.1% of all deceased patients), 
cancer (n=16, 10.9%), gastrointestinal 
diseases (n=10, 4%), pneumonia (n=7, 
2.8%), renal failure (n=4, 1.6%), ca-
chexia (n=9, 3.6%), suicide (n=1), sep-
ticaemia or infection (n=3, 1.2%) and 
atlanto-dental dislocation (n=1). The 
cause of death could not be determined 
in 43 patients (29.3%). 
Out of the patients still alive 10 years 
after baseline (n=162), 99 (61.1%) 
were on MTX treatment. Eight years 
later, 103 patients were still living, 83 
of which (80.6%) had been responders 
and 20 (19.4%) had been non-respond-
ers at year 1. 
18 years after baseline, a significant dif-
ference between the response groups 
were found related to the mortality 
rates. The SMR in the group of MTX 
responders was 1.6 (95% confidence 
interval [CI]: 1.25–1.95) compared to 
3.2 (95% CI: 2.16–4.14) in MTX non-
responders (Table II). 
Figure 1 shows the probability of sur-
vival for the patient groups with and 
without response after one year of 
MTX treatment. The difference is 
mainly generated during the first 10 
years whereas the curves run fairly in 
parallel thereafter (p<0.001 by log rank 
test). In the Cox regression analysis, the 
hazard ratio for death was significantly 
higher in the patients not responding to 
MTX after adjustment for age, gender, 
rheumatoid factor positivity, number of 
swollen joints and ESR (Table III).
A Cox model adjusting for age, gender, 
RF positivity, response to MTX treat-
ment after one year, number of swol-
len joints and comorbidities ten years 
after baseline as well as continuation of 
MTX treatment 10 years after baseline 
as covariates showed an independent 
effect of continued MTX treatment on 
mortality (hazard ratio [HR]: 0.63; 0.95 

CI: 0.43-0.92, p=0.015), see Table IV. 
This association of continued MTX 
treatment and lower mortality was not 
only seen in the whole cohort but also 
in the subgroup of non-responders. In 
this subgroup, the HR of death was 0.47 
(0.95 CI: 0.15–1.43) for those patients 
who had been on MTX treatment 10 
years after baseline. However, this was 
not significant due to small patient num-
bers in this group (n=23) (see Table V.)
Additional analyses were performed 
in patients who had not experienced 
SAEs in the first 10 years of MTX treat-
ment. Among the patients still alive 10 

years after baseline, 8 had experienced 
SAEs: multiple liver abscesses (n=1), 
lymphoma (n=2), liver cirrhosis (n=2), 
pneumonitis (n=1), lung fibrosis (n=1), 
and seizures (n=1). These 8 patients 
were excluded from further analyses. 
In the group of patients without SAEs, 
the HR for death was 0.61 (0.95 CI: 
0.41–0.90) for patients continuing 
MTX treatment 10 years after baseline. 
In the subgroup of non-responders, the 
HR was 0.47 (0.95 CI: 0.14–1.61).

Discussion
In this post-hoc analysis of a prospec-

Table II. Mortality data of the entire observation period.

 ≥20% <20%
 improvement improvement

No. of patients 165 50
No. of deceased patients (%) 82 (49.7) 39 (78.0) 
Standardised mortality ratio 1.6 3.2 
(95% confidence interval) (1.25–1.95) (2.16–4.14)

Fig. 1. Probability of survival of patients with and without 20% improvement after the first year of 
methotrexate treatment.

Table III. Predictors of all-cause mortality for the entire observation period.

Variable Hazard 95% confidence  Chi- p-value
 ratio interval  square 

No improvement ≥20% after the first year 1.89 1.35–2.67 13.5 0.0002 
   of MTX treatment 
Age 1.08 1.06–1.10 80 <0.0001
Female gender 0.66 0.46–0.93 5.66 0.017
RF positivity 0.97 0.63–1.50 0.02 0.88
No. of swollen joints at baseline (0–32) 1.01 0.99–1.03 0.45 0.50
ESR at baseline 1.00 0.99–1.01 0.0004 0.98

RF: rheumatoid factor; MTX: methotrexate; ESR: erythrocyte sedimentation rate.
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tive observational one centre trial that 
started in the early eighties, the long 
term mortality of RA patients after ini-
tiation of MTX treatment could be eval-
uated. The data show differences in the 
mortality rates of responders and non-
responders to MTX therapy but they 
also suggest that continuation of MTX 
therapy rather decreased mortality. 
About 33 year ago, MTX was not ap-
proved for the treatment of RA in Ger-
many due to lack of placebo-controlled 
studies at that time. The first placebo-
controlled trial was actually published 
not before 1984 (11). Therefore, only 
patients with severe disease were treat-
ed with MTX in our country. Indeed, 
all patients in this study had very ac-
tive disease at baseline as shown by 
the number of swollen joints and the 
high ESR values. Of interest, MTX 
was started in relatively high dosages 
which would nowadays be considered 
optimal (12) and which have been re-
cently recommended by EULAR (13).
After a follow-up of 18 years, 59% of 
the patients had died. This corresponds 
to an SMR of 2.0. This is compara-
ble to other long-term RA cohorts. In 

a recent review a mean SMR of 1.74 
was calculated using data of 19 clinic 
based non-inception cohorts (3). For 
the largest cohort with 3501 patients 
who had been followed up for a mean 
of 35 years in the ARAMIS registry, an 
SMR of 2.26 was reported (14). In a 
study performed in the U.K. with 489 
RA patients who had been followed up 
for 18 years, an SMR of 2.5 was calcu-
lated. In this study, age, sex and disease 
duration were identified as prognostic 
factors for mortality (15). Of interest, 
the SMR decreased from 3.0 (16) after 
a mean of 11 years to 2.5 after 18 years 
and raised again to 2.7 after 21.5 years 
(17). These data are largely comparable 
to our cohort with an SMR of 2.6 after 
10 (5) and 2.0 after 18 years. Thus, the 
SMR seems to vary in the long-term 
follow-ups of RA cohorts showing 
an excess mortality emerging only 10 
years after disease onset (18). Due to 
convincing therapeutic successes in the 
era of biologics, SMRs may have been 
decreasing in RA over the last decades 
(19). The reason for an increased mor-
tality in RA is primarily thought of as 
accelerated atherosclerosis, with car-

diovascular disease as the acute cause 
of premature death in more than 50% 
of patients (20). Compared to the gen-
eral population, the rate of infection as 
cause of death in RA, being >14%, is 
3fold elevated (3).
There are non-modifiable and modifi-
able predictors of mortality in RA (21). 
Age and sex are typical non-modifiable 
predictors. In our cohort, older age and 
male gender proved to be statistically 
significant predictors of mortality (Ta-
ble III). This is in accordance with data 
from other cohorts (3).
Joint counts, traditional clinical meas-
ures of disease activity in RA, have 
been identified as modifiable predictors 
of mortality in only 50% of RA cohorts 
(3). In our trial, there was no effect of 
the baseline SJC or of ESR on mortal-
ity rates nor was there any impact of 
the SJC 10 years after baseline on the 
mortality rates in the ensuing 8 years. 
This is different from the findings of a 
recent study (22), but is in accordance 
with several other studies (23-24).
In our cohort, we found an association 
of response to MTX treatment one year 
after baseline with survival rates dur-
ing the following 17 years. As shown 
in Fig. 1, this association is distinct 
during the first 10 years of observation. 
Nonetheless, it remained significant 
for the whole observation period with 
a hazard ratio (HR) of 1.89 (0.95 CI: 
1.35–2.67) (Table III). 
The HR of mortality in patients with 
continued MTX use 10 years after 
baseline was 0.63 (0.95 CI: 0.43 – 0.92) 
during the next 8 years (Table IV), 
compared to discontinuation of MTX. 
This is in accordance with the impor-
tant study of Choi et al. who reported 
a mortality HR for MTX use of 0.4, 
compared to no MTX use (4). In a time-
varying multivariate Cox regression 
model that included propensity score 
adjustments, Wasko et al. found an as-
sociation of MTX use with a reduction 
in mortality of even 70% (25).
This suggests that continued MTX 
use reduces the risk of cardiovascular 
events, since the majority of deaths 
were caused by cardiovascular diseas-
es. Because of a lack of an association 
between MTX use and traditional cardi-
ovascular risk factors such as lipid pro-

Table IV. Predictors of all-cause mortality for the period 10–18 years after baseline.

Variable Hazard 95% confidence   Chi- p-value
 ratio interval   square 

Age 1.07 1.05–1.10 40.4 <0.0001
Female gender 0.67 0.43–1.04 3.23 0.072
RF positivity 0.91 0.61–1.75 0.013 0.91
No improvement of ≥20% after the 
first year of MTX treatment 1.64 1.02–2.64 4.11 0.043
No. of swollen joints 10 years 
after baseline (0–32) 1.01 1.00–1.03 2.04 0.15
Comorbidity 10 years after baseline 1.02 0.72-1.45 0.014 0.91
Continuation of MTX treatment 
(10 years after baseline) 0.63 0.43 – 0.92 5.88 0.015

RF: rheumatoid factor; MTX: methotrexate.

Table V. Predictors of all-cause mortality of non-responders for the period 10–18 years 
after baseline.

Variable Hazard 95%confidence  Chi- p-value
 ratio interval   square 

Age 1.11 1.02–1.20 6.05 0.014
Female gender 1.03 0.30–3.48 0.002 0.97
RF positivity 0.68 0.05–8.47 0.013 0.76
No. of swollen joints 10 years 
after baseline (0–32) 0.99 0.93–1.05 0.19 0.66
Comorbidity 10 years after baseline 4.13 0.98-17.40 3.74 0.053
Continuation of MTX treatment 
(10 years after baseline) 0.47 0.15 – 1.43 1.77 0.18

RF: rheumatoid factor; MTX: methotrexate.
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files or insulin resistance (26), it seems 
likely that MTX reduces cardiovascular 
risk through its anti-inflammatory prop-
erties (27). Whether this reduced risk is 
the result of the reduction in systemic 
inflammation in general or due to direct 
effects on atherosclerotic lesions is un-
clear (26).  
In our study, the association of long-
term MTX use with a decreased risk 
of mortality was clearly seen, even af-
ter adjusting for the response to MTX 
treatment one year after baseline (Table 
IV). Thus, the effect of MTX on surviv-
al seems to be partly independent of the 
efficacy of the drug on systemic inflam-
mation. Even in the group of non-re-
sponders, the HR for death was reduced 
to 0.47 for the patients continuing MTX 
treatment over 10 years, compared to 
those who had stopped MTX treatment 
(Table V). However, this finding was no 
longer statistically significant due to the 
small number of patients in this group 
(0.95 CI: 0.15–1.43). 
In order to remove confounding effects 
of SAEs that might have biased the re-
sult in favour of a lower mortality in 
the MTX group, we undertook a sec-
ond analysis after exclusion of patients 
with SAEs. It could be shown that in 
the group of patients without SAE, the 
HR for death remained low for those 
who used MTX continuously. 
The strength of this study is the high 
percentage of patients who continued 
MTX use, even after a minor response 
to MTX after the first year of treat-
ment. This treatment strategy had re-
sulted from a lack of other efficacious 
DMARDs in the early eighties. 
However, due to the observational char-
acter of this study, the results may rath-
er be considered hypothesis generating 
than providing final proof of an im-
portant clinically relevant concept. In 
non-randomised studies and in all long-
term observational trials describing 
mortality outcomes, confounding by 
indication cannot be ruled out. Another 
weakness of this study is the relatively 
small number of patients which seems 
to be the main reason for the statisti-
cally insignificant results in the group 
of MTX non-responders. The fact that 
most patients in this study had rather 
advanced disease at baseline may limit 

the relevance of our results for patients 
treated according to the treat-to-target 
approach who may never get to the late 
disease stage that many of our patients 
were in when entering the study. 
However, taken together, the results of 
this study strongly suggest that the mor-
tality lowering effect of long-term MTX 
use may be present even in patients not 
showing clinical improvement of ≥20% 
after one year of treatment. This effect 
may be less pronounced in patients with 
a lower mortality risk – for example due 
to modern treatment strategies. 
In conclusion, the results of this study 
are consistent with the assumption that 
continued MTX use in patients with se-
vere RA is associated with a decline in 
mortality rates. This effect seems to be 
partly independent of the clinical MTX 
response. This finding may have an im-
pact on treatment decisions concerning 
RA patients with a minor response to 
MTX treatment, favouring add-on ther-
apy over switching to other DMARDs.    
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