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ABSTRACT
INTRODUCTION: Rheumatoid arthritis (RA) is a chronic dis-
ease with autoimmune traits of unknown aetiology which
primarily affects synovial joints. Glucocorticoids (GCs) are
still widely used in RA treatment despite the expanding use
of targeted and very efficient agents. The objective of this 
study was to assess the impact of treatment with tumour
necrosis factor-α  inhibitors (TNFi) on GC utilization in real-
life practice among Danish RA patients.
MATERIAL AND METHODS: The DANBIO registry is a nation-
wide rheumatologic database which collects demographic
and clinical data. This retrospective study included RA out-
patients from a tertiary rheumatologic department re-
cruited from the DANBIO registry who initiated their first 
TNFi treatment between January 2000 and February 2010
(n = 171). GC dosing during the year before and the year 
 after TNFi initiation were compared. Patients acted as their 
own control.
RESULTS: The median daily prednisolone dose was
 significantly decreased after initiation of TNFi treatment 
(p < 0.01). At TNFi initiation, 78 patients (46%) received 
prednisolone compared with 53 (31%) by the end of follow-
up. After TNFi initiation, 30 patients (38%) discontinued
prednisolone and in 34 (44%) prednisolone dose was re-
duced. Similarly, the number of GC injections decreased
 significantly at 13, 26 and 52 weeks following TNFi initiation 
(p < 0.01).
CONCLUSION: GC utilization is significantly reduced after ini-
tiation of TNFi treatment. Among patients on prednisolone 
at TNFi onset, prednisolone was withdrawn in one third and 
the dose was reduced in nearly half. Furthermore, the need
for GC injections decreased.

Rheumatoid arthritis (RA) is a chronic disease with auto-
immune traits of unknown aetiology which primarily
 affects synovial joints [1]. There is no cure for RA. How-
ever, early treatment with disease-modifying anti-rheu-
matic drugs (DMARDs) and the emergence of targeted 
biological agents have greatly improved outcomes
among RA patients [2]. In Denmark, patients are offered
treatment with a biological agent when conventional 
DMARD treatment has failed or if side effects are unac-
ceptable [3]. Although biologics, e.g. tumor necrosis fac-
tor-α inhibitors (TNFi), have a well-established inhibitory 

effect on synovitis and erosive progression in RA, gluco-
corticoids (GC) remain a common co-medication in this 
disease [2, 4, 5]. GCs have been shown to possess anti-
inflammatory and disease-modifying properties [5]. 
However, their intermediate or long-term use can lead 
to the development of multiple, well-known side effects 
[6, 7]. GCs should therefore be used with caution and
preferably for short periods of time with the aim of 
withdrawal once low disease activity or remission has
been achieved [5]. Previous studies have suggested that
treatment with TNFi facilitates a decrease in concomi-
tant GC treatment in the majority of patients [8, 9].
The objective of this study was to determine the impact
of TNFI treatment on GC utilization among RA patients
in real-life practice at the Department of Rheumatology,
Odense University Hospital (OUH). The primary endpoint 
was discontinuation of prednisolone treatment. Second-
ary endpoints included a decreased prednisolone dose 
and fewer GC injections.

MATERIAL AND METHODS
Patients
This retrospective study is based on data from the DAN-
BIO registry, a Danish nationwide rheumatologic data-
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base which collects demographic and clinical data on
 patients treated with biologics and other DMARDs. 
 Nationwide, more than 90% of patients receiving biolog-
ical treatment are included in the registry [3]. DANBIO
was approved by the Danish Data Registry in 2000 (j. no. 
2007-58-0014 and j. no. 2007-58-0006) and since 2006 it

has served as a national quality registry for the National 
Board of Health (j. no. 7-201-03-12/1). Patients in this 
study had RA, diagnosed by a rheumatologist, and start-
ed their first TNFi treatment at the Department of Rheu-
matology, OUH, between January 2001 and February 
2010. They were subsequently followed for more than
13 weeks. Patients seen only once and patients who 
were participating in randomized controlled trials (RCTs)
were excluded. Furthermore, incorrect baseline registra-
tion led to exclusion.

Study design
Two time periods were defined: the follow-up period
and the control period (Figure 1). The follow-up period 
was the time from initiation of TNFi therapy until
 treatment was terminated or individual follow-up was 
concluded. The control period was defined as the corre-
sponding time period for the individual patient im medi-
ately preceding TNFi initiation. TNFi initiation was de-
fined as baseline. Data collection was concluded by the 
end of the first year of treatment. Variables were re-
corded continuously by the treating rheumatologists 
and collected at intervals of at least three months.

Data collected
The data collected included gender, age, disease dura-
tion, immunoglobulin (Ig)M-rheumatoid factor (IgM-RF)
status, type of TNFi and concomitant DMARD treatment.
At baseline and consecutive visits, the rheumatologist 
assessed RA disease activity using the Disease Activity
Score in 28 joints (DAS28) calculated with the use of 
C-reactive protein (CRP) and the physician’s global score 
using a visual analogue scale (VAS). The patients com-
pleted the Danish version of the Health Assessment
Questionnaire (HAQ) [10] and their global health and 
pain were assessed using VAS. Data concerning GC ad-
ministration during the control period were collected 
from the medical records. RA diagnosis, disease charac-
teristics and therapies entered into the DANBIO registry
were validated against medical records.

Calculation of glucocorticoid intake
Oral and intravenous GC intake were recorded at 
three-month intervals and converted into prednisolone
equivalents in mg/day [11]. For oral prednisolone, a
given dosage was assumed to have been unaltered
 until changed according to the medical record. When 
intensive GC treatment was necessary, e.g. due to RA 
disease exacerbation, an equivalent daily dose of pred-
nisolone was calculated for each time period. The
number of intra-articular and intramuscular injections
during each time period was summarized and regis-
tered at three-month intervals. GC injections were
 analyzed separately.

Study design. Tumour necrosis factor-α inhibitor initiation was defined as 
baseline. 

FIGURE 1

–52week –39 –26 –13 0 13 26 39 52

91n

n = number of pa�ents;  TNFi = tumour necrosis factor-α inhibitor 

82 121 93 171 93 122 85 97

TFNi ini�a�on

Control period Follow-up period

FIGURE 2

50

40

30

20

10

0

–52
52

–39
50

–26
71

–13
58

0
103

13
58

26
72

39
53

52
58

Week
n

**) p < 0.01    ***) p < 0.001

Prednisolone
(mg/d)

A

B

***
**
***
***

20

15

10

5

0

–52
54

–39
52

–26
80

–13
59

0
116

13
63

26
88

39
65

52
70

Week
n

ns = not significant (p = 0.32)    **) p < 0.01    ***) p < 0.001

Glucocor�coid injec�ons
(n)

**
ns
***
***

Box and whisker diagram. 
Glucocorticoid utilization
was compared between 
control and follow-up
period by three month
intervals (0 to 13, 26, 39 
and 52 weeks). A. Intake
of prednisolone decrea-
sed significantly during 
the follow-up period com-
pared with the control
period. B. Administration
of glucocorticoid injec-
tions (intra-articular and 
intramuscular) was signi-
ficantly reduced at week 
13, 26 and 52 of the fol-
low-up period compared 
to the control period.
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Statistical analysis
GC intake before and after baseline were compared. 
 Patients acted as their own controls. Normal distribution 
could not be assumed; data are therefore reported as
median (interquartile range) and differences between
groups were analyzed using non-parametric statistics
(Wilcoxon signed rank test). Statistical analyses were 
done using STATA v. 9.2 (StataCorp., College Station, 
Texas, USA). p ≥ 0.05 were considered statistically sig-
nificant. Missing data were assumed to be missing at
random and were not included in the calculations.

RESULTS
Study population and patient characteristics
The computerized search yielded 251 candidate cases of 
which 80 could not be included. A total of 38 were only
seen once before February 2010 and ten were followed
for less than 13 weeks, 11 participated in RCTs, three 
were not treated with TNFi and two were not TNFi 
naïve. Two patients did not participate in the follow-up
at OUH and one did not have RA. In 13 patients, baseline
registration was incorrect. Finally, a total of 171 patients 
were included. In the study population, the female-male 
ratio was 3:1, the median age was 57 years, disease du-
ration was nine years and 81% of the population was 
IgM-RF seropositive. TNFi with a concomitant DMARD

was prescribed in 146 patients (85%), 133 (78%) of 
whom were treated with methotrexate as single or
 combination therapy (Table 1).

Glucocorticoid treatment
after tumour necrosis factor-α inhibitor initiation
During the study period, 147 (86%) of the patients were 
treated with oral and/or parenteral GC at least once. 
Oral prednisolone was prescribed for 103 patients 
(60%). The median daily dose of prednisolone increased
during the control period and was higher than in the
 follow-up period (Figure 2A). At TNFi initiation, the 
 median daily dose of prednisolone was 7.5 mg (1-10). 
During follow-up, a reduction in prednisolone dose was
observed, and at 52 weeks, the median daily dose of 
prednisolone was 0 mg/d (0-5). Prednisolone intake was 
compared between the control and follow-up periods at
three-month intervals and a significant decrease was ob-
served after TNFi initiation (p < 0.01). The effect was ob-
served as early as week 13 after TNFi initiation and it
persisted during the remaining follow-up. At baseline, 
78 patients (46%) received oral prednisolone (7.5 mg/d
(5-10)). After TNFi initiation, 30 patients (38%) discon-
tinued prednisolone. In 27 of these, the DAS28 score 
 improved significantly (defined as an improvement in
DAS28 of > 0.6) during follow-up. Furthermore, pred-
nisolone could be tapered in 34 patients (44%) and in 28 
of these, the DAS28 score improved significantly. In 11 
patients (14%), the daily dose of prednisolone remained 
stable. The DAS28 score decreased significantly in eight 
and TNFi was discontinued in two of these patients. In
three patients (4%), the prednisolone dose had to be in-
creased due to continuously high disease activity despite
TNFi treatment. TNFi therapy was discontinued in all 
three patients. Among the 93 patients who where not 
treated with prednisolone at baseline, prednisolone

ABBREVIATIONS

CRP = C-reactive protein (mg/l)
DANBIO = Danish nationwide rheumatologic database which collects  demographic and clinical data on 
patients treated with biologics and other DMARDs
DAS28 = Disease Activity Score in 28 joints. International parameter for disease activity in rheumatoid 
 arthritis. DAS28 score was calculated from number of swollen and tender joint counts, CRP and VAS-global
DMARD = disease modifying anti-rheumatic drugs
GC = glucocorticoid
HAQ = Health Assessment Questionnaire. HAQ score (0-3) is calculated from a patient-administered 
questionnaire
OUH = Odense University Hospital
RA = rheumatoid arthritis
RCT = randomized clinical trial
IgM-RF = immunoglobulin M-rheumatoid factor
TNFi = tumour necrosis factor – α inhibitor
VAS = visual analogue scale (0-100 mm)
VAS-global = patient global assessment. Evaluated by VAS
VAS-physician = physician global assessment. Evaluated by VAS
VAS-pain = pain associated with rheumatoid arthritis. Evaluated by VAS

TABLE 1

Patient and treatment characteristics at baseline. Results are presented
as median (interquartile range) or n (%). 

Characteristic
Study population
(n = 171)

Female-male ratio 3:1

Age, years  57 (48-66)

Disease duration, years   9 (4-16)

IgM-RF seropositive, n 138 (81)

TNFi treatment

Etanercept, n 82 (48)

Infliximab, n 47 (27)

Adalimumab, n 42 (25)

Concomitant treatment

Prednisolone dosage, mg/da 7.5 (5-10)

Oral prednisolone, n  78 (46)

DMARD, n 146 (85)

Methotrexate, n 114 (67)

Salazopyrine, n   8 (5)

Azathioprine, n   2 (1)

Leflunomide, n   2 (1)

Methotrexate/salazopyrine, n   6 (3)

Methotrexate/hydroxychloroquine, n   6 (3)

Salazopyrine/hydroxychloroquine, n   1 (0,6)

Methotrexate/salazopyrine/hydroxychloroquine, n   7 (4)

DMARD = disease-modifying antirheumatic drug; IgM-RF = immuno-
globulin M-rheumatoid factor; TNFi = tumour necrosis factor-α inhibitor.
a) Median (interquartile range) among patients receiving the drug.
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treatment had to be initiated in six patients. The DAS28 
score remained high in three of them. A total of 53 pa-
tients (31%) were on concomitant prednisolone by the
end of follow-up. Thus, during the first year of TNFi ther-
apy, the number of RA patients receiving prednisolone 
was reduced by one third. Furthermore, in nearly half of 
the patients, the prednisolone dose had been reduced.
Ninety one patients (53%) received at least one GC injec-
tion during the control period as compared to 59 (35%) 
during follow-up. The number of GC injections was sig-
nificantly reduced following TNFi initiation, but not con-
sistently throughout the follow-up period (Figure 2B).
A similar pattern was observed when analyzing intra-
 articular and intramuscular injections separately. Dis-
ease activity declined from 5.5 (4.6-6.4) at baseline
(DAS28 score > 5.1 is defined as high disease activity)
to 3.1 (2.2-4.3) at 52 weeks of follow-up (DAS28 score
< 3.2 is defined as low disease activity). Median RA 
 disease activity improved significantly after TNFi initia-
tion (p < 0.001). Similarly, CRP, HAQ, VAS-global, VAS-
physician and VAS-pain declined significantly (p < 0.001)
(Table 2).

DISCUSSION
Based on longitudinal data on patients with RA derived
from the DANBIO registry, this study shows a significant 
reduction in GC treatment following TNFi treatment in
a real-life setting. Among RA patients on prednisolone
at onset of TNFi treatment, prednisolone was withdrawn 
in approximately one third during the first year of TNFi
therapy. Furthermore, the daily dose of prednisolone 
was reduced in nearly half of the patients. After TNFi 

treatment was started, the median DAS28 score de-
clined significantly and the response persisted even
when the GC dose was tapered. In addition, the need
for GC injections decreased significantly following TNFi
initiation. The possibility of discontinuing concomitant 
prednisolone without disease exacerbation is relevant
in daily clinical practice due to the inherent risk of GC
side effects. 

Previous studies have suggested that treatment
with TNFi allows a reduction of concomitant GC treat-
ment in the majority of patients [8, 9]. The present data
is in accordance with these reports, and the fraction of 
patients being able to discontinue prednisolone was
even higher than observed in earlier studies [8, 9]. Thus,
Naumann et al showed that 25% of patients could dis-
continue prednisolone treatment over a period of five
years and in the study by Seror et al, 15% discontinued
prednisolone during the first year of TNFi treatment. 
These quantitative discrepancies may possibly be ex-
plained by differences in study population characteris-
tics or simply be the result of a better response in DAS28 
score among the patients of the present cohort. More-
over, both physician and patient attitudes may also in-
fluence GC usage [7]. By comparing GC usage in the year
before and after TNFi initiation, the risk of overestimat-
ing a potential GC-sparing effect was minimized. Also,
using patients as their own controls reduces potential 
biases. The persistent response in clinical and biological 
parameters presented in Table 2 does not support a sim-
ple regression towards the mean. Not all patients parti-
cipated in follow-up for one year. This may reduce the 
impact of TNFi on GC utilization. Furthermore, a GC 
sparing effect of a second TNFi in primary non-respond-
ers was not investigated. This may lead to underestima-
tion of the GC-sparing effect [9]. However, the obser-
vational design of this study implies that the results are 
applicable to treatment in everyday practice. Using the
DANBIO registry in a retrospective study design mini-
mizes the risk of bias since the outcome of current inter-
est was not the original reason why data were collected.
Moreover, data were collected in a standardized man-
ner, permitting comparison over time. However, be-
cause data were not collected for the particular purpose 
of this study, information may not have been meticu-
lously collected and some data were incomplete. Thus,
it was not possible to obtain complete recordings for all
patients at every three-month interval. This is why group
sizes vary between observations.

The study population can be considered represen-
tative for Danish TNFi-naïve RA patients, but there may 
be a limitation regarding the external validity of the re-
sults as compared with other healthcare systems due to
e.g. TNFi therapy restrictions. The findings of this study 
should be confirmed in a larger prospective setting. TNFi 

Biologic and clinical parameters at baseline and during the follow-up period. Disease activity decreased 
significantly after starting tumour necrosis factor-α inhibitor treatment. Results are presented as median 
(interquartile range). The disease activity score in 28 joints (DAS28) was based on C-reactive protein.

Parameter Baseline Week 13 Week 26 Week 39 Week 52 p

No. of patients 162 84 115 74 88

DAS28 5.5 (4.6-6.4) 3.6 (2.7-4.8) 3.6 (2.9-5.1) 3.5 (2.8-4.6) 3.1 (2.2-4.3) < 0.001

No. of patients 169 90 120 79 93

CRP, mg/l 25 (9-51) 10 (5-23) 9.5 (5-18.5) 7 (5-20) 9 (5-12) < 0.001

No. of patients 163 91 119 82 94

HAQ 1.4 (0.9-1.5) 0.9 (0.3-1.5) 1.0 (0.5-1.6) 1.0 (0.4-1.6) 0.8 (0.3-1.4) < 0.001

No. of patients 165 89 120 81 93

VAS-global 66 (45-80) 35 (18-55) 36.5 (16.5-58) 31 (13-52) 32 (12-55) < 0.001

No. of patients 166 92 120 83 96

VAS-physician 46 (33-63) 16.5 (8-31) 16.5 (7-33) 15 (7-29) 11.5 (4.5-26) < 0.001

No. of patients 163 89 120 81 89

VAS-pain 60 (43-75) 31 (15-54) 33.5 (18-54.5) 29 (15-50) 32 (10-54) < 0.001

DAS28 = disease activity score in 28 joints; CRP = C-reactive protein; IgM-RF = Immunoglobulin M-
rheumatoid factor; HAQ = Health assessment questionnaire; VAS = visual analogue scale (0-100 mm);
VAS-global = patient global assessment; VAS-physician = physician global assessment;
VAS-pain = pain associated with rheumatoid arthritis.

TABLE 2
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are more expensive than traditional DMARDs. However, 
when considering the cost effectiveness of TNFi treat-
ment, potential savings due to a less severe course of 
disease should be regarded. In addition, there are only
few studies evaluating the costs of GC-induced adverse 
events. Although the costs may be significant [12], the
economic aspects of the results in this study are difficult
to assess. Future studies should therefore address this
issue.

In conclusion, it seems possible to stop or reduce
the intake of prednisolone in the majority of RA patients 
treated with TNFi. This study shows that approximately 
one third of RA patients who are on prednisolone treat-
ment could discontinue prednisolone during the first 
year after initiation of TNFi treatment. Furthermore, 
in nearly half of the patients, the prednisolone dose may
be reduced. Also, the need for GC injections decreased
after starting TNFi treatment. Reducing GC exposure
may considerably reduce the long-term risk of GC re-
lated co-morbidities among RA patients.
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