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Is Sulfasalazine Effective in Ankylosing Spondylitis? 
A Systematic Review of Randomized Controlled Trials
JUNMIN CHEN and CHAO LIU

ABSTRACT. Objective. To evaluate the efficacy and toxicity of sulfasalazine (SSZ) for the treatment of ankylosing
spondylitis (AS).
Methods. We searched randomized and quasi-randomized trials in any language comparing SSZ with
placebo in treatment of AS. Two reviewers independently selected the studies and assessed the method-
ological quality. Data were extracted from the chosen studies and metaanalysis was conducted with
RevMan software. 
Results. We identified 11 trials, in which a total of 895 patients were treated for periods ranging from
12 weeks to 3 years. The pooled analysis showed that differences between SSZ and placebo were sta-
tistically significant only in erythrocyte sedimentation rate (ESR) and the severity of spinal stiffness,
favoring SSZ over placebo. Weighted mean differences were ESR –4.79 mm/h (95% CI –8.80 to –0.78)
and spine stiffness –13.89 mm (95% CI –22.54 to –5.24) on 100 mm visual analog scale (where 0 = no
stiffness, 100 = severe stiffness). Nissila 1988 is the only trial in which SSZ showed benefit in primary
outcome analyses, including back pain, chest expansion, occiput-to-wall test, and patient’s general well-
being. Compared with other trials, patients in this trial had the shortest disease duration and highest
level of baseline ESR, and it had the greatest proportion of patients with peripheral arthritis.
Significantly more withdrawals for side effects (relative risk 1.47, 95% CI 1.01 to 2.13) were found in
the SSZ than in the placebo group, although severe side effects were rare.
Conclusion. Across all patients with AS, SSZ showed some benefit in reducing ESR and easing spinal
stiffness, but no evidence of benefit in physical function, pain, spinal mobility, enthesitis, or patient and
physician global assessment. Patients at an early stage of disease, with higher level of ESR (or active
disease) and peripheral arthritis, might benefit from SSZ. (J Rheumatol 2006;33:722–31)
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Sulfasalazine (SSZ) has been used in inflammatory arthritis
for decades, and has been confirmed to be effective in
rheumatoid arthritis (RA)1. Although it has been extensively
studied, its efficacy in treating ankylosing spondylitis (AS)
remains unclear. In 1990, Ferraz, et al2 conducted a meta-
analysis of 5 randomized controlled trials comparing SSZ
with placebo, and concluded that SSZ significantly relieved
pain and morning stiffness. But this result could not be con-
firmed by subsequent larger randomized clinical trials3,4. On
the other hand, a wide range of adverse effects related to SSZ
has been reported5. Severe side effects are estimated to be
about 39 per one million prescriptions6. Therefore, it is neces-
sary to verify the efficacy of SSZ in the treatment of AS.

MATERIALS AND METHODS
Criteria for considering studies for this review. We evaluated randomized and
quasi-randomized trials in any language comparing SSZ with placebo in treat-

ment of AS. The participants were patients with AS. Studies of patients with
spondyloarthropathies (SpA)/spondyloarthritis were included if data were
available assessing the outcomes specific to patients with AS. According to
the core set for the evaluation of disease controlling antirheumatic treatment
(DC-ART) proposed by ASsessment of Ankylosing Spondylitis (ASAS)
Working Group7,8, the primary outcomes were: (1) physical function; (2)
pain; (3) spinal mobility; (4) peripheral joints/entheses (pain, swelling, and
tenderness); (5) changes in spine radiographs; and (6) patient and physician
global assessment. The secondary outcomes were: (1) changes in hip radio-
graph; (2) spinal stiffness; (3) fatigue; and (4) level of acute-phase reactants,
including erythrocyte sedimentation rate (ESR) and C-reactive protein (CRP).
For the assessment of adverse effects related to SSZ, we included: (1) any
side effects reported in the included studies; (2) toxicity related withdrawals;
(3) total number of withdrawals and dropouts.

Search strategy for identification of studies. We searched CENTRAL
(Cochrane Central Register of Controlled Trials, Issue 2, 2003), Medline
(1966 to June Week 4 2003), Embase (1980 to 2003 Week 26), CINAHL
(1982 to June Week 3 2003), and the reference sections of retrieved articles.
The search strategies were offered by the Cochrane Musculoskeletal Group.

Methods of review. Potential studies for inclusion were identified from the
search results. Unblinded trial reports were reviewed independently by 2
reviewers according to the selection criteria. Disagreements on inclusion of
studies were resolved, where necessary, by recourse to a third reviewer. The
methodological quality of included studies was independently assessed by the
same reviewers on randomization, concealment, blindness (patients, care
providers, and outcome investigators), description of withdrawals and
dropouts, and intention-to-treat analysis. For allocation concealment, we
scored as A (adequate), B (unclear), C (inadequate), and D (not used). For
other criteria, we scored as A (yes), B (unclear), and C (no).
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RevMan software was used for metaanalysis. Data extracted from the
included studies were entered independently by 2 reviewers. Only outcomes
specified above were included in the review. Continuous data (e.g., visual
analog scales for pain) were entered as means and standard deviations (SD),
and dichotomous outcomes (e.g., response, improvement) as number of
events. Results were combined using both random and fixed effects models
as weighted mean difference (WMD) for continuous data and relative risk
(RR) for dichotomous data (given the event is not rare). The origins of het-
erogeneity, if present, were analyzed according to differences in methodolog-
ical quality, characteristics of participants, and intervention. Sensitivity analy-
ses were performed on methodological quality.

RESULTS
Description of studies. Eleven studies3,9-18 (Table 1) met the
inclusion criteria. Twelve studies19-30 were excluded from the
review. Six of them19-24 were duplicate publications. In 5
studies25-29, participants were patients with SpA and the out-
comes specific for AS patients were not given separately. One
study30 did not assess the outcome relevant for the present
review.

These 11 trials treated a total of 895 patients, 469 receiving
SSZ and 426 placebos. In the trials where gender information
was given (Taylor, et al17 did not present information on the
sex distribution of participants), 86% of participants were
male. Depending on the trial, age and duration of disease were
reported as a mean or median value. The age ranged from 26.9
to 45.7 years and duration of disease ranged from 3.8 to 21.9
years. Zero to 68% of patients had disease complicated with
peripheral arthritis. All studies claimed that they included
patients with active disease, but the definitions of active dis-
ease varied. The dosage of SSZ (or placebo) was 2.0 g/day or
up to 3.0 g/day depending on the efficacy and tolerance. The
duration of treatment ranged from 12 weeks to 3 years. The
sample size ranged from 30 to 264.

More than 30 outcomes were assessed, including primary
outcomes, secondary outcomes, and outcomes for adverse
effects. The outcomes in continuous data were presented as
change from baseline or endpoint value or both. In our meta-
analysis, we first subtotaled changes from baseline and end-
point values and then pooled them. For those outcomes from
studies presenting both change from baseline and endpoint
values3,12, we analyzed the results twice, first using change
from baseline and then endpoint value. This was to test
whether these 2 values would give different results. We found
that the pooled estimates were similar. So we selected the first
analysis for presentation.

Several studies presented their results in a form that did not
allow analysis in RevMan. In Corkill, et al9, most outcomes
were given as means for intervention groups and 95% confi-
dence intervals (95% CI) of differences between them, while
standard deviations of each intervention group were not pre-
sented. In Dougados, et al11, all continuous data outcomes
were given as medians and 95% CI for each intervention
group. In conducting our metaanalysis, we assumed that these
medians were equal to means and calculated the standard
deviations (SD) from confidence intervals. In addition, we

performed sensitivity analyses to determine whether these
assumed or calculated values affected the final results. In 2
reports12,13, only graphs were presented for most outcomes.
Time to event data were also used to describe peripheral joint
symptoms in one study13. Attempts to date to obtain unpub-
lished data have been unsuccessful. For the sake of complete-
ness and concision, we describe the main results in Table 1.

Only one study18 presented outcome data for subgroups
(patients with and those without peripheral arthritis).

Methodological quality of studies
Randomization and allocation concealment. All these studies
claimed randomized allocation. The allocation concealment
was adequate in 5 trials3,9,11,13,17, but was unclear in others.

Blinding. Nine studies3,9-12,14-17 were reported as double-
blind and one18 as single-blind. One study13 did not report
blinding, but was found to have triple-blinding (patients, care
providers, and outcome observers) upon personal communi-
cation with the investigators. Blind outcome assessment was
confirmed in 6 reports3,9-11,13,17, but remained uncertain in
others.

Dropouts and intention-to-treat analysis. There were clear
descriptions of withdrawals and dropouts in all studies. Four
studies11-13,16 had more than 20% and 213,16 had more than
30% of patients dropping out. In our review, all the dichoto-
mous data were analyzed according to intention-to-treat
analysis. For the continuous data, 7 trials3,9-13,18 were report-
ed to include only patients who completed the trial, while oth-
ers were not. We also considered these trials to include only
patients who completed the trial because there was no expla-
nation of the outcomes of those dropping out.

Primary outcomes. Twenty-four outcomes (Table 2) were
available for analysis. They assessed physical function, pain,
spinal mobility, peripheral joints/entheses, and patient and
physician global assessment. Twelve of these outcomes were
assessed in only one study. Pooled data showed that the dif-
ference between treatment groups was statistically significant
only in chest expansion, favoring SSZ over placebo. The
WMD was 0.31 cm (95% CI 0.17 to 0.44 cm; Figure 1). No
significant heterogeneity was found among the trials (chi-
square = 3.57, I2 = 0%, p = 0.74). However, the results in one
study11 were highly variable. In one study11, a trial with 36%
dropouts, a weight of 89.2% was described in metaanalysis.
When this trial was deselected, the difference was nonsignifi-
cant (Figure 1). Statistically significant heterogeneity (p <
0.20) was found among the included studies in the outcomes
for Schober’s test, occiput-to-wall test, improvement in
patient, and physician global assessment. Again, when the
Schmidt16 trial was deselected, the heterogeneity became
nonsignificant.

Secondary outcomes. Spinal stiffness and acute phase reac-
tants were the only secondary outcomes available for analysis
(Table 2). For spinal stiffness, the pooled estimate for severi-
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ty measured on a visual analog scale (VAS; 0–100 mm, where
0 = no stiffness and 100 = severe) showed statistically signif-
icant difference between treatment groups favoring SSZ over
placebo. The WMD was –13.89 mm (95% CI –22.54 to –5.24
mm). No statistically significant heterogeneity was found

among the included trials (chi-square = 0, I2 = 0%, p = 0.96;
Figure 2). However, the pooled estimate of difference for the
duration of morning stiffness was not significant: the WMD
was –0.20 h (95% CI –0.39 to 0 h). Statistically significant
heterogeneity was found among the included trials (chi-square

Figure 1. Pooled estimates of chest expansion (cm). Upper panel: data from Schmidt, et al16 were included. Lower panel: data from the same study were excluded.

Figure 2. Pooled estimate of spinal stiffness (100 mm VAS: 0 = no stiffness, 100 = severe).
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= 11.25, I2 = 64.4%, p = 0.02). Leaving out Schmidt, et al16,
the heterogeneity for duration of morning stiffness was not
significant (chi-square = 0.56, I2 = 0%, p = 0.90) and the
WMD was –0.10 h (95% CI –0.25 to 0.05 h).

Pooled data for acute phase reactants showed the differ-
ence between treatment groups was statistically significant in
the outcome for ESR, but nonsignificant for CRP. The WMD
for ESR was –4.79 mm/h (95% CI –8.80 to –0.78; Figure 3).
Statistically significant heterogeneity was found among
included trials in both ESR and CRP outcomes (for ESR, chi-
square = 22.11, I2 = 68.3%, p = 0.002; for CRP, chi-square =
6.54, I2 = 69.4%, p = 0.04). This could be due to the large dif-
ference at baseline levels among the studies (Table 1).

Adverse effects. A statistically significant difference between
treatment groups was found in pooled data of withdrawals for
side effects (RR 1.47, 95% CI 1.01 to 2.13) and dropouts for
any reason (RR 1.33, 95% CI 1.03 to 1.73), favoring placebo
over the SSZ group. Pooled data of withdrawals for ineffec-
tiveness showed no significant difference between treatment
groups (RR 0.82, 95% CI 0.39 to 1.70; Table 2). Among 469
patients receiving SSZ, a severe adverse reaction was report-
ed in one patient who developed a generalized, erythematous,
raised, pruritic eruption that was associated with nausea,
anorexia, and insomnia3.

Sensitivity analysis. We first conducted sensitivity analyses
for concealment and blind assessment. Five of 11 trials exam-
ined12,14-16,18 were unclear on the allocation concealment and
blind outcome assessment. Another trial10 was unclear for
allocation concealment alone. After withdrawal of these 6 tri-
als, the WMD for chest expansion, spinal stiffness by VAS,
and ESR outcome was no longer statistically significant.
Pooled RR of withdrawal for side effects also became statisti-
cally nonsignificant.

As continuous data included only the patients who com-
pleted the trials, post hoc sensitivity analysis was conducted to
determine if these dropouts affected the results. Two stud-
ies13,16 had more than 30% of patients dropping out. After

withdrawing the Schmidt study16 (no continuous data were
available in the study of Kirwan, et al13), we found that the
WMD for chest expansion became nonsignificant, as noted
above. Other outcomes remained similar. Continuous data
from another study11 were assumed and calculated from the
original report, and are possibly inaccurate. In sensitivity
analyses, however, we found no obvious difference when this
trial was excluded from metaanalysis.

Subgroup data. Studies used in our review could not be
grouped according to the characteristics of interventions and
participants. Only one study18 presented data for subgroups
(patients with and without peripheral arthritis). In patients
with peripheral arthritis (N = 15), no significant difference
was found between intervention groups in back pain, score for
sleep disturbance, chest expansion, Schober’s test, finger-to-
floor test, articular index, degree of joint swelling, patient
assessment of disease severity, duration of morning stiffness,
and ESR. For patients without peripheral arthritis (N = 34), no
significant difference was found in these outcomes (but artic-
ular index and degree of joint swelling were not assessed),
except the back pain VAS (0 = no pain, 100 mm = severe),
which was found to significantly favor SSZ over placebo
(mean difference –9.20, 95% CI –17.81 to –0.59). Another
study3 has separately analyzed the results of patients with
peripheral arthritis, and, based on patient and physician glob-
al assessment, found more improvement in the SSZ treatment
group than the placebo group (55.9% vs 30.2%, respectively;
p = 0.023); but we did not analyze them because the informa-
tion for treatment allocation was not given.

DISCUSSION
The efficacy of SSZ in AS has been controversial for decades.
In 1990, Ferraz, et al2 conducted a metaanalysis of 5 studies9-

12,15 treating a total of 272 patients with AS, and found that the
pooled estimate of clinical benefit significantly favored SSZ
over placebo in duration and severity of morning stiffness,
severity of pain, general well-being, and ESR. In this review,

Figure 3. Pooled estimate of ESR (mm/h).
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we added 6 other studies and increased the number of partici-
pants to 895. More than 30 outcomes were assessed. None of
these studies used ASAS improvement criteria for AS31,32,
because they were conducted before the criteria were pub-
lished. The metaanalysis showed that the difference between
treatment groups was statistically significant in chest expan-
sion, the severity of spinal stiffness, and ESR, but not statisti-
cally significant in other outcomes. In sensitivity analysis,
however, the difference for chest expansion was no longer sig-
nificant after the study with 36% dropouts16 was excluded.
For the sensitivity analysis, according to the allocation con-
cealment and blind outcome assessment, the results were dif-
ficult to explain because few trials and participants left behind
after the studies with unclear allocation concealment and
blind outcome assessment were excluded. Therefore, SSZ had
a statistically significant effect only in the severity of spinal
stiffness and ESR (both are secondary outcomes). The WMD
between treatment groups were 13.89 mm (on 100 mm VAS)
and 4.79 mm/h, respectively, favoring SSZ over placebo.

A limitation of our review is that most outcomes include
only a few trials (less than 5) and have a small sample size
(less than 400). Because of this, the pooled data should not be
the sole basis for a conclusion, and scrutiny of individual stud-
ies is also important (Table 1).

First, we examined those studies with high methodological
quality, larger sample size, and longer period of treatment. For
methodological quality, all trials reviewed were rated A or B
in both concealment and blinding assessment, but the propor-
tion of dropouts differed among the trials. Clegg, et al3 con-
ducted the trial with the largest sample size, 264 (there were
fewer than 100 in all other trials), and treatment duration of 36
weeks. The proportion of dropouts was 19.3%. They assessed
some 30 outcomes and found that ESR declined in the SSZ
group compared with the placebo group (p < 0.0001). In our
analysis, the mean difference was –3.60 mm/h (95% CI –6.67
to –0.43 mm/h; Figure 3). No significant difference was found
in other indicators. In subgroup analysis, Clegg, et al3 found
that patients with peripheral arthritis experienced more
improvement (events) taking SSZ than those in the placebo
group (p = 0.023). The Kirwan study13 lasted 3 years (all other
trials lasted not more than one year) and included 89 partici-
pants; 30.3% dropped out. They found that the occurrence of
peripheral joint symptoms was lower in the SSZ group (0.298
episodes/yr) than in placebo group (0.392 episodes/yr) (p <
0.05). No difference was found in Schober’s test, chest expan-
sion, and cervical spine lateral flexion (no available data for
our analysis). These 2 studies confirmed that SSZ is effective
in reducing ESR, but ineffective in other outcomes. Both stud-
ies indicated that patients with peripheral arthritis might ben-
efit from SSZ.

Next, we went through the other 9 studies and scrutinized
those in which SSZ was effective in AS. Five trials10-12,14,15

reported that SSZ was effective. In 2 trials10,14, the conclusion
was based on comparisons between the initial and endpoint

results. In our analysis, the effectiveness of SSZ was con-
firmed only in studies by Nissila, et al15 and Dougados, et
al11. In Nissila, et al15, the severity of pain, chest expansion,
patient general well-being, morning stiffness, and ESR were
confirmed to be significantly improved. Dougados, et al11

reported more successes of treatment (judged by patients),
reduced use of daily nonsteroidal antiinflammatory drugs, and
improved function index. However, only more successes of
treatment were confirmed in our analysis. In those studies9,16-

18 where SSZ was reported to be ineffective, we found there
was a statistically significant difference between treatment
groups for the outcomes of chest expansion, Schober’s test,
duration of morning stiffness, ESR, and CRP in Schmidt
study16. However, attrition bias was strongly suspected here,
because more patients dropped out from the SSZ than from
the placebo group (RR 2.42, 95% CI 1.14 to 5.15; Table 1).
On the whole, Nissila, et al15 was the only study where effi-
cacy of SSZ was confirmed in our analysis (Table 1).

Finally, to determine why SSZ was effective in Nissila, et
al15 but not in other studies, we looked into this study more
closely. Nothing was special about the intervention; but par-
ticipants’ characteristics were different (Table 1), as follows.
(1) The mean (or median) duration of disease was the shortest,
3.8 years in the SSZ and 5.4 years in the placebo group (in
other studies, it ranged from 8.4 to 21.9 yrs). (2) The mean (or
median) level of baseline ESR was the highest, 42 mm/h in
the SSZ and 46 mm/h in the placebo group (in other studies,
this ranged from 41 in SSZ and 43 in placebo to 13.5 in SSZ
and 11.0 in placebo). (3) The proportion of patients with
peripheral arthritis was the highest, at 68% (range 66% to 0%
in other studies). Only the Krajnc study14 could match the
Nissila study15 in these aspects (the duration of disease was
not given, baseline ESR was 41 mm/h for SSZ and 43 for the
placebo group, patients with peripheral arthritis comprised
66%). The imbalance in treatment allocation (71 patients tak-
ing SSZ and 24 patients in the placebo group) could be the
reason for the observed negative results in this study.

These findings, combined with the results of pooled data
and the 2 most impressive trials3,13, could have important
clinical implications, as follows: (1) SSZ management might
be useful in early AS, possibly with disease duration less than
5 years; and (2) SSZ management might be effective in
patients with higher ESR (possibly > 30 mm/h). Higher ESR
indicates active disease, but the current definition of active
disease is equivocal. In our review, all studies selected
patients with active disease, but the definition was quite dif-
ferent among the studies. Additionally, many studies used
patient’s subjective assessments as markers, e.g., duration of
morning stiffness, pain severity which is subject to investiga-
tors’ bias. Differences of selection criteria could be one reason
why SSZ was effective in some studies but not in others; and
(3) SSZ might be effective in patients with peripheral arthri-
tis. This remains to be examined further by separately analyz-
ing patients with peripheral arthritis. In our review, only one

729Chen and Liu: Sulfasalazine in AS

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2006. All rights reserved.

 www.jrheum.orgDownloaded on May 24, 2023 from 

http://www.jrheum.org/


730 The Journal of Rheumatology 2006; 33:4

Personal non-commercial use only. The Journal of Rheumatology Copyright © 2006. All rights reserved.

study18 gave separate data for patients with peripheral arthri-
tis, but the sample size was small (N = 15). Most studies pre-
sented the data for AS patients as a whole, in which some out-
comes, e.g., score and number of painful joints, score and
number of swollen joints, were insensitive to change because
patients without peripheral arthritis would be recorded as
zero.

With regard to the side effects of SSZ, we found statisti-
cally significantly more withdrawals for side effects (RR 1.47,
95% CI 1.01 to 2.13) and dropouts for any reason (RR 1.33,
95% CI 1.03 to 1.73) in the SSZ than in the placebo group
(Table 2). Among the 469 patients taking SSZ, one was report-
ed to develop a severe skin reaction3. These results showed
that adverse effects of SSZ were obvious in some patients,
although severe side effects were rare.

Across all patients with AS, SSZ demonstrated some ben-
efit in reducing ESR and easing spinal stiffness, but there was
no evidence of benefit in physical function, pain, spinal
mobility, enthesitis, or patient and physician global assess-
ment. Patients with early-stage disease, higher ESR (or active
disease), and peripheral arthritis might benefit from SSZ.
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