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Mortality in Patients with Rheumatoid Arthritis
Treated with Low-Dose Oral Glucocorticoids. 
A Population-Based Cohort Study
SUSANNA SIHVONEN, MARKKU KORPELA, JUKKA MUSTONEN, HEINI HUHTALA, KRISTA KARSTILA, 
and AMOS PASTERNACK

ABSTRACT. Objective. To evaluate mortality and causes of death in patients with rheumatoid arthritis (RA) treated
with low-dose oral glucocorticoids.
Methods. Mortality was analyzed in population-based data of 604 patients with RA. In the original
study in 1988, state of general health, severity of RA, and treatment including the use of oral gluco-
corticoids were recorded. In 1999 vital status and causes of death were evaluated. Mortality in patients
with RA who had not received glucocorticoids (Group A, n = 209) was compared to that in patients
treated with glucocorticoids for less than 10 years (Group B, n = 276) or for more than 10 years (Group
C, n = 119).
Results. From onset of RA to 1999, 395 (65%) patients had been treated with oral glucocorticoids. In
1999 a total of 160 (26%) patients had died, 23% of patients in Group A, 21% in Group B, and 45% in
Group C. In multivariate Cox regression analysis, male sex (hazard ratio 2.50; 95% CI 1.74–3.59),
impaired functional capacity by Health Assessment Questionnaire (HR 2.11; 95% CI 1.65–2.96), heart
failure (HR 1.96; 95% CI 1.36–2.84), and diabetes (HR 1.87; 95% CI 1.17–3.01) predicted increased
mortality. In the same analysis glucocorticoid treatment for 1 year increased the mortality risk by 14%
(HR 1.14; 95% CI 0.98–1.27, p = 0.057) and treatment over 10 years by 69% (HR 1.69; 95% CI
1.12–2.56, p = 0.011) compared to RA patients without treatment. The major cause of death was car-
diovascular disease in all groups, but infections and intestinal perforations due to amyloidosis were
more frequent in patients with long-lasting glucocorticoid therapy. Lymphomas were more frequent in
all patients treated with glucocorticoids (Groups B and C) than in those not receiving glucocorticoids.
Conclusion. Patients with RA treated with low-dose oral glucocorticoids for more than 10 years had
increased mortality compared to those who did not receive glucocorticoids or whose duration of treat-
ment was less than 10 years. The increased mortality was related mainly to infections and complica-
tions caused by systemic amyloidosis. (First Release Aug 1 2006; J Rheumatol 2006;33:1740–6)
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Many studies have established increased mortality among
patients with rheumatoid arthritis (RA)1-7, but some recent
reports show that mortality is fairly similar to that in the gen-
eral population8-10. In many studies the major cause of death
has been cardiovascular diseases1-4,6,7. Some observational
studies suggest that the increased mortality may be associated
with glucocorticoid (GC) therapy, and several large retrospec-

tive studies indicate that longterm low-dose GC therapy is a
significant independent predictor of numerous, potentially
serious adverse events11. The potential toxicity of GC is well
documented12. The risk for GC-induced side effects increases
with dose and duration of use13. There is also individual vari-
ability for development of side effects depending on age and
sex of the patient, and on other, less well defined factors14.
One confounding factor is that GC may be prescribed in
severe cases of RA2, and such patients may be expected to
have a higher mortality rate regardless of cause of death2. We
investigated whether longterm GC treatment is associated
with mortality in a population-based study of patients with
RA.

MATERIALS AND METHODS
Study population. In 1987 in the city of Tampere (1987 population 170,511,
3.5% of the population of Finland) 1051 persons (834 women, 217 men) were
confirmed to have definite or classic RA according to the diagnostic criteria
of the American Rheumatism Association15. In 1988, they were invited to par-
ticipate in a study of renal and urinary tract diseases in RA; altogether, 604
persons (470 women, 134 men) were studied prospectively. The rest were
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studied retrospectively by evaluating medical records16. In the original study,
general state of health, other diseases, and severity and treatments of RA were
carefully recorded.

In 1988, the current and previous oral glucocorticoid therapy was care-
fully recorded, including the generic drug and doses and length of treatment
in months. Use of intraarticular GC injections was not recorded. Data on oral
GC treatment during the years 1988 to 1999 or at time of death were collect-
ed retrospectively from hospital records as accurately as possible (n = 556).
We were unable to gather any information about GC treatment of 48 RA
patients during the years 1988-99.
Evaluation of mortality and causes of death. Information on the vital status in
1999 and the underlying and immediate causes of death were evaluated as
described3. Mortality in RA patients who did not receive GC therapy (Group
A) was compared to that in patients treated with GC (Groups B and C). In the
non-GC group (Group A) patients were treated with oral GC for < 1 month,
while in the GC group the treatment had been continued for at least 1 month,
but < 10 years in Group B or > 10 years in Group C. Patients with no data on
GC treatment from the years 1988-99 (n = 48) were included in Group B.
Some of them had been treated with GC for longer than 1 month but < 10
years before 1988. The rest had never received GC before 1988, but data on
GC treatment were not available after that. The results did not change when
those 48 patients were excluded from the model. Cause of death was not
known for 2 patients in the GC Groups B and C and for one patient in Group
A, as death certificates were not available. Autopsy was performed in 20
(38%) of the RA patients in Group A, in 17 (37%) in Group B, and in 16
(29%) in Group C.

Ethical approval for the study was obtained from the Finnish Ministry of
Social Affairs and Health and from the Ethical Committee of Tampere
University Hospital.
Statistical analyses. Kaplan-Meier plots were generated for RA patients in
Groups A, B, and C comparing survival for each year of followup. Risk of
death was estimated by Cox proportional hazards survival analysis with fol-
lowup time (time from original study to death) as the response variable, and
is expressed as hazard ratio (HR) with 95% confidence intervals. The multi-
variate Cox proportional hazards model quantifies the predictive values of
each variable in the model when all variables are considered together. We
used the forward selection method performed in a stepwise manner. Standard
statistical methods were employed including Student’s paired t test, Kruskal-
Wallis test, and chi-square test. Differences were considered significant at p
value ≤ 0.05. Data were recorded and calculations performed using
SPSS/Win (v 11) software.

RESULTS
Descriptive data in 1988. Descriptive data of patients with RA
without GC therapy (Group A) and those treated with GC
(Groups B and C) in the original study in 1988 are presented in
Table 1. Altogether, 65% of RA patients (total 395: 311 women,
84 men) had been treated with oral GC until 1999, 276 of them
for < 10 years (Group B) and 119 for > 10 years (Group C). Age
and sex ratio of RA patients in the GC Groups B and C did not
differ from those in Group A. However, patients in Groups B
and C had more severe disease. Occurrence of other diseases
was similar in all groups (Table 1).
Mortality. In 1999 a total of 160 (26%) participating patients
with RA had died. Mortality was increased in RA patients
treated with GC for more than 10 years (Group C) and they
died at younger age than those in Groups A or B (p = 0.003).
Forty-eight (23%) patients in Group A, 57 (21%) in Group B,
and 53 (45%) in Group C had died (p = 0.001). The mean age
at death was 78 ± 8 years in Group A (80 ± 7 for women, 71

± 8 for men), 77 ± 10 years in Group B (77 ± 7 for women, 75
± 6 for men), and 73 ± 10 years (74 ± 9 for women, 71 ± 7 for
men) in Group C. Figure 1 shows the cumulative survival rate
in all groups.

The underlying causes of death noted in death certificates
are shown in Table 2. The major cause of death was cardio-
vascular disease in all groups; mortality from cardiovascular
diseases was not higher in the GC Groups B and C than in the
non-GC Group A. Underlying causes of death were more fre-
quently classified under the categories of musculoskeletal and
urogenital disease in patients with long-lasting GC treatment.
Increased mortality in these categories was found to be due to
infections or intestinal perforations in all cases according to
the immediate cause of death.

Causes of death in detail
Group A. One patient was reported to have died from sep-
ticemia and one from esophageal perforation. In 2 cases pneu-
monia was recorded as cause of death in the category of res-
piratory diseases. One patient died due to myeloma and 6 due
to dementia (Table 2). Infections were quite frequent immedi-
ate causes of death, including 11 deaths from pneumonia and
one from septicemia (Table 3). Neither RA nor amyloidosis
was recorded in any death certificate in patients who had not
had GC treatment.
Group B. There was no death due to septicemia, but in 2 cases
pneumonia was recorded as cause of death. Altogether, 15
patients had died from malignancies; 3 of these died from
lymphoma and one from polycythemia vera. Renal amyloido-
sis was given as underlying cause of death in 2 patients, and 4
patients died due to dementia (Table 2). Infections were fre-
quent immediate causes of death, including 9 deaths from
pneumonia, 2 septicemia, one erysipelas, and one bronchitis
(Table 3).
Group C. Two patients had died due to septicemia and in 3
patients pneumonia was recorded as cause of death in the cat-
egory of respiratory diseases. A total of 10 patients died from
malignancies, including 3 from lymphoma (Table 2). There
were 11 deaths from pneumonia, 3 septicemia, and one record
of pyelonephritis as cause of death (Table 3). Four patients
died after intestinal perforation, and 3 of these had histologi-
cally confirmed amyloidosis. When RA was recorded as an
underlying cause of death, immediate cause of death was renal
amyloidosis, pneumonia, and intestinal perforation in 2 cases,
respectively, and pyelonephritis in one. Altogether, RA was
recorded in 7 and renal amyloidosis in 4 death certificates.

In examining immediate causes of death, RA patients in
Group C died more frequently due to infections (p = 0.013;
Table 3) and intestinal perforations due to amyloidosis (p <
0.001; Table 3) than patients in Groups A and B. Moreover,
deaths due to lymphoma were noted only in patients with GC
treatment (Groups B and C; p = 0.039). Only one patient had
had cytotoxic treatment at the time of death; cause of death
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was septicemia. However, even if the results are statistically
significant, the numbers of the patients with different diag-
noses are small, and that must be taken into account when
interpreting the causes of death.
Factors predicting mortality. Results of univariate and multi-

variate Cox regression analysis are shown in Table 4. In the
model that included age, sex, duration of RA, functional
capacity [by Health Assessment Questionnaire (HAQ)], pres-
ence of subcutaneous nodules, other diseases (coronary artery
disease, diabetes, heart failure and hypertension), therapy with
disease modifying antirheumatic drugs (gold sodium thioma-
late, hydroxychloroquine, penicillamine, sulfasalazine) and
GC therapy, as forced into the model at the same time, male
sex, impaired functional capacity by HAQ, heart failure, dia-
betes, and oral GC treatment were associated with increased
mortality. GC treatment for 1 year increased the mortality risk
by 17% (p = 0.002) in the univariate model and by 14% (p =
0.057) in the multivariate model (Table 4). In the multivariate
model, patients who had had longterm GC treatment (> 10
years) increased the mortality risk by 69% (p = 0.011) com-
pared to patients without GC treatment.

DISCUSSION
Life expectancy in patients with RA is markedly shortened
compared with subjects without RA1-4,6,7. Most studies have
described an increased mortality from infections and cardio-
vascular, gastrointestinal, and renal diseases, and in some
studies from malignancies3-5. There is strong evidence that
increased mortality is linked to severity of RA17,18, but the
role of glucocorticoid treatment is not clear. We sought to
establish in a population-based investigation whether
longterm low-dose GC treatment contributes to the increased
mortality.

A limitation of our study is the rather low participation rate
in the original study. Only participant patients with RA were
included in the present study, because we did not have suffi-

Table 1.  Characteristics of RA patients with or without glucocorticoid treatment at the time of the original study
in 1988.

Glucocorticoid Groups
Group A, Group B, Group C,
n = 209 n = 276 n = 119 p

Age, yrs, median 58.9 57.7 60.7 0.186
Male, % 24 19 27 0.173
Disease duration, yrs, median 14.0 14.1 15.8 0.929
Severity of RA

ESR, mm/h, median 23 28 45 < 0.001
Hb, mg/l, median 133 130 121 < 0.001
HAQ (1–3), median 0.38 0.54 1.05 < 0.001
Positive RF, % 43 56 73 < 0.001
Subcutaneous nodules, % 33 36 57 < 0.001

Other diseases, %
Diabetes 5 7 7 0.661
Coronary artery disease 15 11 15 0.286
Heart failure 12 14 19 0.182
Hypertension 22 20 22 0.809

Group A: no glucocorticoid treatment, Group B: glucocorticoid treatment less than 10 years, Group C: gluco-
corticoid treatment for more than 10 years. Comparisons between different groups by Kruskal-Wallis test (for
continuous variables) and chi-square test (for categorical variables). ESR: erythrocyte sedimentation rate, Hb:
hemoglobin, HAQ: Health Assessment Questionnaire, RF: rheumatoid factor.

Figure 1. Kaplan-Meier curve illustrates the probability of death during fol-
lowup time in patients with glucocorticoid treatment (Groups B and C) with-
out treatment (Group A).
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ciently detailed data on GC treatment from disease onset to
1988 in the patients studied retrospectively (non-participants)
as we had in participants. Non-participant patients were older
(64 ± 15 vs 59 ± 13 yrs) and had longer disease duration than
participant patients (17 ± 11 vs 15 ± 10 yrs) in 1988. Death
rates and causes of death in all patients have been reported3.
Non-participant RA patients had increased mortality compared
with participants, but causes of death were fairly similar. The
main causes of death were cardiovascular diseases (over 40%)
and about 20% of patients died due to malignancies3.

Allebeck, et al19 and Mitchell, et al17 found no significant
differences in RA mortality rates associated with GC treat-
ment. Pincus, et al18 and Leigh, et al20 reported increased
mortality with prednisone use in patients with RA, but both
studies conceded that prednisone use may simply have been a
marker of increased disease activity. Scott, et al21 noted 35%
mortality by 20 years in the followup study of 112 RA patients
assigned to a standard regimen that included prednisone. The
investigators attributed at least some of these deaths to use of
GC21. Wolfe, et al5 showed that the use of prednisone was

Table 2. Underlying causes of death in death certificates of RA patients without glucocorticoid treatment (Group
A) and patients treated with glucocorticoid less than 10 years (Group B) or for more than 10 years (Group C).

Glucocorticoid Groups
International Classification Group A, Group B, Group C,
of Diseases Code n = 209 n = 276 n = 119

n % n % n % p

A00-A99 Infections 1 0.5 0 2 2 0.094
Septicemia 1 0 2

C00-C97 Malignancies 7 3 15 5 10 8 0.144
Lymphoma 0 3 3
Others 7 12 7

F00-F98 Mental 6 3 4 1 1 1 0.346
Dementia 6 4 1

I00-I99 Cardiovascular 26 12 28 10 20 17 0.188
Coronary artery disease 16 18 13

J00-J99 Respiratory 4 2 3 1 6 5 0.045
Pneumonia 2 2 4
Pulmonary fibrosis 0 0 2
Other 2 1 0

K00-K93 Gastrointestinal 2 1 1 0.4 2 2 0.405
Intestinal perforation 1 0 0
Other 1 1 2

M00-M99 Musculoskeletal 0 0 7 6 < 0.001
Rheumatoid arthritis 0 0 7

N00-N98 Urogenital 0 2 0.7 4 3 0.011
Renal amyloidosis 0 2 4

V01-Y98 Injuries 1 0.5 3 1 0 0.433
Unknown 1 0.5 1 0.4 1 1

All categories 48 23 57 21 53 45 < 0.001

n = number of patients in the group, % = number of deaths in the particular disease category/number of patients
in the group. Comparisons between groups by chi-square tests.

Table 3. Infections and gastrointestinal perforations as immediate causes of death in RA patients without glu-
cocorticoid treatment (Group A), with glucocorticoid treatment less than 10 years (Group B), or for more than
10 years (Group C).

Glucocorticoid Groups
Group A, Group B, Group C,
n = 209 n = 276 n = 119

n % n % n % p

Infections 12 6 13 5 15 13 0.013
Septicemia 1 0.4 2 0.7 3 3
Pneumonia 11 5 9 0.3 11 9
Other 0 0 2 0.7 1 0.8

Gastrointestinal perforations 0 0 0 0 4 3 < 0.001
due to amyloidosis

Comparisons between groups by chi-square tests.
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clearly a risk factor for higher mortality in RA regardless of
age, sex, or disease severity. They also showed that cardio-
vascular diseases were the leading cause of death5. However,
Wållberg-Johnsson, et al22 found no relationship connecting
mortality from cardiovascular diseases to the use of GC in
their cohort of 606 patients with RA.

We observed that patients with RA treated with GC
(Groups B and C) had a more severe disease than those in the
non-GC Group A at the screening in 1988. However, in the
multivariate model including medication and variables
describing disease severity, longterm oral GC therapy still
predicted an increased risk of death. In these patients’ death
certificates, RA and amyloidosis were recorded more often as
underlying cause of death, and the immediate causes of death
were infections or intestinal perforations due to amyloidosis
in all cases.

We also noted increased mortality from infections in other
disease categories, especially from pneumonia, in RA patients
with GC treatment of more than 10 years. The propensity of
GC to predispose to infections is controversial23. It has been
suggested that the risk of infection is dependent on the dose
and duration of GC therapy13. The use of low-dose GC does
not seem to impair host resistance to infection. Several stud-
ies demonstrate that prednisone dosages < 10 mg/day do not
suppress macrophage function sufficiently to allow oppor-
tunistic infection, and even large doses are required to inhibit
other defence mechanisms such as neutrophil function24,25.
The relative risk of infection across a number of clinical set-
tings was roughly 2-fold compared to that in controls in a
metaanalysis of 71 trials involving more than 2000 GC-treat-
ed patients25. The risk varied according to type of disease
treated. Doran, et al26 analyzed risk factors for infections in

609 patients with RA; they noted that the relative risk was
1.70 in RA patients compared to controls, with increasing age,
extraarticular manifestations, leukopenia, and GC use as inde-
pendent risk factors.

Some studies have suggested that GC treatment is associ-
ated with accelerated arteriosclerosis27,28. In a study of 647
patients with RA the investigators reported that GC exposure
was associated with increased carotid plaques, independent of
known cardiovascular risk factors29. Wållberg-Johnsson, et
al30 reported that GC increased mortality due to cardiovascu-
lar diseases if given early in RA, but not when given exten-
sively during the course of the disease. They suggested that
GC treatment early in disease may possibly indicate an active,
aggressive RA, in agreement with high erythrocyte sedimen-
tation rate, rather than indicating a risk of GC treatment per se.
In the large prospective study by Solomon, et al31, patients
with RA had 2-fold higher risk for myocardial infarction than
the general population even after adjusting for known and
potential cardiovascular risk factors. Unfortunately they did
not have detailed information about GC treatment or inflam-
matory markers. On the other hand, GC could also reduce the
risk of atherosclerosis by controlling inflammation32. In our
study RA patients treated with GC (Groups B and C) did not
have increased mortality from cardiovascular diseases com-
pared to those without GC therapy (Group A).

Peptic ulcers have long been considered a complication of
GC therapy. A prospective study of 1400 patients receiving GC
therapy showed an overall 2-fold higher risk of peptic ulcers33.
However, multivariate analysis showed that concomitant use
of nonsteroidal antiinflammatory drugs (NSAID) explained
the increased risk of ulcers33. Myllykangas-Luosujärvi, et al34
noted that nearly two-thirds of the putative treatment-related

Table 4. Indicators predicting mortality; results of univariate Cox regression analysis and multivariate model by
forward stepwise method.

Univariate Model Multivariate Model
Variables HR 95% CI p HR 95% CI p

Age (yrs) 1.09 1.07–1.11 < 0.001 1.08 1.06–1.10 < 0.001
Sex (male) 1.89 1.36–2.64 < 0.001 2.50 1.74–3.59 < 0.001
RA severity

Duration of RA (yrs) 1.01 0.99–1.03 0.062 0.95 0.93–0.97 < 0.001
Subcutaneous nodules 2.15 1.56–2.94 < 0.001 NS
HAQ (1–3) 2.15 1.75–2.63 < 0.001 2.11 1.65–2.96 < 0.001

Other diseases
Coronary artery disease 2.29 1.57–3.34 < 0.001 NS
Diabetes 3.81 2.46–5.88 < 0.001 1.87 1.17–3.01 0.009
Heart failure 4.61 3.31–6.41 < 0.001 1.96 1.36–2.84 0.001
Hypertension 2.33 1.68–3.23 < 0.001 NS

Medication
Gold sodium thiomalate (yes/no) 0.61 0.44–0.85 0.004 NS
Hydroxychloroquine (yes/no) 0.72 0.48–1.07 0.107 NS
Penicillamine (yes/no) 1.01 0.67–1.52 0.946 NS
Sulfasalazine (yes/no) 0.73 0.46–1.15 0.177 NS

Glucocorticoid (yrs) 1.17 1.06–1.31 0.002 1.14 0.98–1.27 0.057

HR: Hazard ratio, HAQ: Health Assessment Questionnaire score 1–3, NS: nonsignificant.
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deaths in their series were attributed to the use of NSAID, and
a considerable proportion of deaths were due to perforation or
bleeding of the lower small or large intestine. We found 4
deaths from intestinal perforation in RA patients treated with
GC over 10 years compared to one among patients who did
not receive GC. Three out of 4 patients who died from intes-
tinal perforation used both GC and NSAID medications, and
all of them also suffered from amyloidosis.

One interesting finding in our study was that 6 patients in
the GC groups had died from lymphoma. Many studies have
reported an association of RA with lymphoproliferative
malignancies35-37. Cytotoxic drugs such as azathioprine and
cyclophosphamide have been associated with increased inci-
dence of lymphomas38, but there is also evidence that the lym-
phoma risk is associated with the severity of RA36,37 or
immunologic alterations accompanying RA, such as chronic
immune stimulation36 or Epstein-Barr virus infection38,39. In
our study patients who died from lymphoma had not received
any cytotoxic drugs up to the screening in 1988 or after that,
but they had more severe RA at study entry.

We found that patients with RA treated with low-dose oral
glucocorticoids for more than 10 years had increased mortali-
ty compared to those who did not receive glucocorticoids or
whose duration of treatment was less than 10 years. Increased
mortality was related mainly to infections and complications
caused by systemic amyloidosis.
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