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Abstract The objective of this study was to assess the

effect of infliximab on depression, anxiety and quality of

life in patients with active ankylosing spondylitis (AS). In

this 6-week longitudinal study, 16 patients with AS were

assessed. Active disease as defined by BASDAI C4.0 was

sought for inclusion. Infliximab was administered 5 mg/kg

at 0, 2 weeks and 6 weeks. Collected data included age, sex

and date of onset of rheumatologic disease. Activity of

disease was measured using Bath Ankylosing Spondylitis

Disease Activity Index (BASDAI). Biological activity was

evaluated with erythrocyte sedimentation rate (ESR) and C-

reactive protein (CRP). ESR and CRP were assessed at

baseline and day 42. The Hospital Anxiety and Depression

scale (HADS), Beck Depression Inventory (BDI) and 36-

item Short Form Health Survey (SF-36) were used to

evaluate anxiety, depression and quality of life. BASDAI,

SF-36, HADS and BDE were assessed prior to the initial

infliximab dose and at 2nd, 14th and 42nd day. Seven

(43.8%) AS patients had depression scores above the cut off

value for both the HADS depression (HADS-D) and BDI

and 4 (25 %) had high HADS anxiety scores at baseline.

Significant time effect for BDI and HADS-D scores were

observed. Although significantly lower BDI scores were

found after first, second and third infusions of infliximab,

compared to initial score, the significant decrease in HADS-

D appeared after second and third infusions. A significant

time effect for HADS-anxiety scores were found as well.

All of the subscales of SF-36 improved significantly during

the course, with an exception of role emotional, for which

the difference approached to the significance. The change in

BASDAI scores and CRP and ESR, in the treatment pro-

cess, were not correlated with the change in depression and

anxiety scores. Infliximab which is an anti-TNF-a drug,

may be effective in the treatment of depression accompa-

nying AS. Possible implications for the treatment of major

depressive disorder were discussed, as well.
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Introduction

Ankylosing spondylitis (AS) is a chronic inflammatory

disease of joints and spine. The course is either continuously

progressive or alternates with exacerbations and remissions.

It may lead to significant functional impairment, physical

disability and reduced quality of life (QOL). The disease has

a substantial effect on the mood of the patients. Patients may

be depressed, apathetic and even reluctant to undertake

treatment and rehabilitation. Although reduced physical

functioning is well recognized, the impact of disease on

psychosocial health has been less evaluated in patients with

AS [1]. Barlow et al. found that about one third of patients

with AS reported symptoms of depression [2]. Some of the

studies report a significant association between disease

status and anxiety or depression in AS [3]. Clinically anx-

ious or depressed subgroups were found to have signifi-

cantly worse Bath Ankylosing Spondylitis Disease Activity

Index (BASDAI) scores, and it has been suggested that
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disease process affects different aspects of QOL via pain

and decreased physical functionality [4].

In general, it is known that medically ill patients are at a

markedly increased risk for the development of several

depressive symptoms such as sadness, anhedonia, insom-

nia, anorexia and fatigue [5]. Although depression in

medically ill patients often has been attributed to the psy-

chological stressors and physical impairment that accom-

pany the illness, recent data suggest that intrinsic

physiological processes of the sickness is involved in the

pathogenesis of depressive symptoms. One such process is

the activation of the immune system with the subsequent

production and release of cytokines, such as interferon

alpha (IFN-a), interleukin (IL)-1, IL-6 and tumor necrosis

factor alpha (TNF-a) [6]. Furthermore, it is known that

patients with depression that are otherwise healthy, seem to

have activated inflammatory pathways and several lines of

evidence indicate that proinflammatory cytokines partici-

pate in the pathophysiology of major depressive disorder

[6]. Most frequent findings are elevated serum and/or

plasma concentrations of interleukin (IL)-6 and/or C-

reactive protein (CRP) [7], although elevations in IL-1-beta

[8] and tumor necrosis factor-alpha (TNF-a) [9] have also

been described, both in the peripheral blood circulation and

in the central nervous system. In addition, antidepressants

have been shown to have anti-inflammatory activity and

may work—at least in part—by reducing inflammatory

activity, given evidence that clinical response is associated

with reductions in cytokine levels [10]. Indeed, some

depressed patients exhibit increased TNF-a levels, which

normalize upon treatment with antidepressants [11].

Lanquillon et al. reported that pretreatment levels of TNF-a
were increased in patients with depression, with a signifi-

cant decrease after amitriptyline treatment only in

responder subgroup [10]. Similarly, Tuglu et al. reported

that treatment with antidepressants is accompanied by

significant decreases in TNF-a as well as CRP level and

leukocyte count [9]. To sum up, increased concentrations

of TNF-a are associated with major depression, and it has

been suggested that reducing the effect of these cytokines

may reverse depressive symptoms [12].

As a matter of fact, Persoons et al. have shown the

beneficial effects of infliximab a TNF-a inhibitor on

depression and psychological well-being in active Crohn’s

disease (CD) [13]. Lichtenstein et al. have found that inf-

liximab significantly improved QOL in patients with active

CD, increasing their ability to work and participate in lei-

sure activities and decreasing fatigue, depression and anger

[14]. Likewise, Minderhoud et al. have shown that the

administration of infliximab in CD significantly reduced

depression scores and improved the QOL as well as fatigue

in a 4-week follow-up study although a clear role of

cytokines could not be substantiated [15]. Also,

administration of etanercept, another TNF-a antagonist,

has been found to be associated with the improvement in

symptoms of depression in psoriasis but was not strongly

correlated with the improvement in objective clinical

measures of psoriasis severity [16].

The objective of this study was to assess the effect of

infliximab on depression, anxiety and QOL in patients with

active AS and to test the hypothesis that the improvement

in psychological status was not associated with the

decrease in the disease activity, in a longitudinal study

design.

Materials and method

Study design

In this longitudinal study, 16 patients with AS were

assessed. The trial was conducted in accordance with the

ethical principles of the Declaration of Helsinki. All par-

ticipating patients provided written informed consent. The

study protocol and informed consent were approved by

local ethics committee.

Patient selection

Patients with AS who were regularly attending at the ter-

tiary referral center (Hacettepe University Faculty of

Medicine Hospital) were invited to participate. The patients

who received infliximab treatment between February and

November 2006 were enrolled in the study. Diagnosis of AS

was based on the criteria of the American College of

Rheumatology [17]. Patients aged 18 years or older were

recruited. Active disease as defined by BASDAI C 4.0 [18]

was sought for inclusion. Exclusion criteria were pregnancy

or breast feeding and previous treatment with any protein-

based TNF-a inhibitors. Patients were also excluded if they

had any uncontrolled, clinically significant systemic disease

(e.g., chronic obstructive pulmonary disease, congestive

heart failure or stroke), malignancy, active tuberculosis

within the previous 2 years or other chronic inflammatory

disease (e.g., psoriatic spondyloarthropathy or inflamma-

tory bowel disease).

Study medication

Infliximab, human/mouse neutralizing chimeric monoclo-

nal antibody, was administered 5 mg/kg at 0, 2 and 6 week.

Assessment tools for clinical and biological status

Collected data included age, sex and date of onset of

rheumatologic disease. Measurements of disease status
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were taken using Turkish version of BASDAI for patients

with AS [19]. The BASDAI is scored using a 10-cm visual

analog scale (VAS) for each of five major symptoms over

the past week. The scores range from 0 to 10, with lower

scores indicating less active disease. Biological activity

was evaluated with erythrocyte sedimentation rate (ESR)

and C-reactive protein (CRP). The ESR (normal B 20 mm/

h) was conventionally determined. The CRP value (nor-

mal B 0.5 mg/dl) was evaluated by nephelometry. ESR

and CRP were assessed at baseline and day 42.

Assessment tools for psychological status

Psychological status was measured using three question-

naires. The Hospital Anxiety and Depression scale (HADS)

is one of the most commonly used instruments for

screening clinically significant anxiety and depression in

patients attending a general medical clinic with physical

illness [20]. This self-administered scale consists of two

subscales, one assessing anxiety (HADS-A) and the other

evaluating depression (HADS-D). Each subscale consists

of seven items. The items scored from 0 (no distress) to 3

(maximum distress). Total score ranges between 0 and 21

for each subscale. The higher score reflected the higher

level of either anxiety or depression, respectively. The

validity and reliability of HADS in Turkish language were

reported by Aydemir et al. [21]. The cutoff scores are

estimated as 10 and 7 for anxiety and depression scale,

respectively. Accordingly, the patients presenting higher

scores than the cutoff values are defined as at risk.

Beck Depression Inventory (BDI) is a self-rating

instrument developed by Beck and his colleagues, and

psychometric properties were evaluated rigorously [22].

It is used to identify potential cases of depressive illness

and to measure the severity of depressive symptoms.

Twenty-one symptoms of depression (sadness, feeling of

discourage, failure, dissatisfaction, guilt, punishment, dis-

appointment, blaming themselves, suicidal thoughts, cry-

ing, irritability, loss of interest in people, difficulty in

making decisions, changes in appearance, changes in work

productivity, sleep problems, fatigue, loss of appetite,

weight gain/loss, feeling worried and interest in sex) are

evaluated on a 4-point scale ranging from 0 to 3. The total

maximum score is 63. The optimum cutoff point was found

to be 16/17, in the reliability and validity study of Turkish

version, in accordance with the original study [23].

Additionally, all patients completed the Turkish ver-

sion of the 36-item Short Form Health Survey (SF-36)

[24]. SF-36 is a self-administered questionnaire assessing

problems experienced during the previous 4 weeks in

eight domains of QOL. Thirty-six questions yield 8 multi-

item subscales (physical functioning, role functioning

physical, role functioning emotional, bodily pain, vitality,

social functioning, mental health and general health). Six

subscales are formed of Likert scales with 3–6 answer

categories and verbal anchors for each answer category.

Two subscales are designed as Guttman scales (with 4

yes/no items each). The scores for each subscale are

transformed to a 0–100 scale, with lower values repre-

senting a lower functioning.

BASDAI, SF-36, HADS and BDE were applied prior to

the initial infliximab dose and after the 1st, 2nd and 3rd

injections, at 2nd, 14th and 42nd day, respectively.

Statistical analysis

Statistical analysis was performed using SPSS (version

13.0) statistical software. Data are expressed as mean (SD)

or frequency (percentage). Data were tested for normal

distribution using the Kolmogorov–Smirnov test. Initially,

the variables that did not show normal distribution were

transformed as needed. Positively skewed variables (ESR

and CRP) were subjected to power (logarithmic) trans-

formations to normalize their distribution. Some of the

variables (physical functioning, role physical and role

emotional subscale scores of SF-36 and BDE scores) could

not be transformed in a reliable manner; so, for the eval-

uation of these variables nonparametric tests were under-

taken. After Mauchly’s test of sphericity, repeated

measures analysis of variance (ANOVA) was performed

on the normally distributed variables among four consec-

utive measurements of depression, anxiety and QOL to

explore the difference between baseline, 2nd, 14th and

42nd day. If sphericity could not be assumed, the Green-

house–Geisser adjustment was used for the numerator and

denominator degrees of freedom in the F test. The over-

mentioned 3 subscales of SF-36 and BDI scores (which

were determined at baseline and 2, 14 and 42 day) were

evaluated by nonparametric Freidman test. When a sig-

nificant time effect was demonstrated in the Friedman test,

the Wilcoxon signed-rank test for paired samples was used

as a follow-up procedure to make post hoc pairwise

comparisons. For the Wilcoxon tests, the overall experi-

mental alpha of 0.05 was preserved by a modified Bon-

ferroni procedure, that is, adjusted critical alpha = 0.05/

6 = 0.008.

Paired t test was used for the comparison of the mea-

sures that were determined at baseline and at the end of the

study (log ESR, log CRP and BASDAI). Moreover, we

explored whether the difference between baseline (day 0)

and final measures (day 42) of disease activity, biological

activity and psychopathological status was correlated by

using Spearman rank correlation test. Change scores from

day 0 to day 42 were calculated by taking the difference

between means at two time points.
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Results

Demographic data

Sixteen (male/female: 13/3) patients with mean ± SD age

36±10 and mean disease duration 12.8 ± 9.5 were asses-

sed in the study (Table 1).

Clinical disease activity and acute-phase reactants

The mean scores and values of BASDAI, CRP and ESR

were shown in Table 1. The difference between the initial

and final BASDAI scores was found to be significant

(6.03 ± 1.18 vs. 2.28 ± 1.18, P \ 0.001). Merely one

patient had a VAS score over 4 at the end of the study.

Similarly, CRP (3.7 ± 3.5 vs. 0.55 ± 0.47, P \ 0.001) and

ESR (36 ± 20 vs. 8 ± 7, P \ 0.001) significantly differed

from the baseline values.

HADS anxiety

Mean HADS anxiety scores were shown in Table 1. Four

of 16 (25%) patients with AS had high anxiety scores at

baseline. On follow-up period, 2 of 16 patients (12.5%) at

day 2, and neither of patients at day 14, and 42 had high

anxiety scores.

There was a significant time effect in repeated measures

of ANOVA (F = 4.3, P = 0.03, df = 1, 7; as sphericity

could not be assumed, the Greenhouse–Geisser adjustment

was used). Pairwise comparisons using the Bonferroni

adjustment did not revealed a significant difference between

either evaluation.

HADS depression

Mean HADS depression scores were shown in Table 1.

Seven of 16 (43.8%) patients with AS had high depression

scores at baseline. Eight of 16 patients (50%) at day 2, 5 of

16 (33.3%) at day 14 and 4 of 16 (25%) at day 42 had high

depression score.

There was a time effect in repeated measures of

ANOVA (Greenhouse–Geisser adjustment was used as the

sphericity could not be assumed) at a trend level

(F = 3.39, P = 0.058, df = 1.7). Similar to anxiety score,

no significant difference was found after Bonferroni

adjustment of pairwise comparisons in this first analysis. In

a second analysis, we evaluated changes over 42 days in

HADS depression scores with a repeated measures of

ANOVA statistic with time as the within-subject factor and

risk regarding anxiety (basal HADS anxiety score over or

under the cutoff point 10) as the between-subject factor.

Significant effects of time (F = 10, P \ 0.01, df = 2.1; as

sphericity could not be assumed, the Greenhouse–Geisser

Table 1 Demographic features, tools of psychological status and activity markers of patients with ankylosing spondylitis

At baseline 2 day 14 day 42 day

Age mean (SD) 36.4 (10.3) – – –

Sex (male/female) 13/3 – – –

Disease duration (years) mean (SD) 12.8 (9.5) – – –

SF-36 subscale scores

Mean (SD)

Physical functioning 47.2 (16.5) 63.7 (21.9) 72.0 (24.3) 74.4 (23.5)

Role physical 17.2 (35.0) 32.8 (42.5) 46.7 (44.2) 62.5 (50.0)

Body pain .28.2 (17.4) 40.5 (22.2) 53.7 (21.1) 63.1 (20.4)

General health 29.1 (19.5) 39.7 (25.1) 50.1 (18.9) 55.0 (27.3)

Vitality 49.7 (17.1) 54.1(22.0) 65.3 (22.2) 71.2 (22.1)

Social functioning 39.8 (13.8) 47.6 (23.4) 60.0 (25.5) 71.9 (25.6)

Role emotional 41.6 (43.0) 37.5 (46.9) 44.4 (43.0) 66.6 (43.8)

Mental health 36.2 (13.3) 49.7 (20.0) 58.9 (19.1) 62.5 (19.4)

HAD anxiety mean (SD) 8.7 (4.9) 7.1 (3.9) 5.1 (2.8) 5.5 (3.4)

HAD depression mean (SD) 7.6 (4.1) 6.6 (3.6) 5.0 (3.4) 4.6 (3.9)

BDI mean (SD) 15.4 (7.1) 10.1 (7.2) 6.7 (7.5) 7.1 (7.8)

BASDAI mean (SD) 6.03 (1.18) – 5.1 (1.2) 2.28 (1.18)

ESR mean (SD) 36 (20) – – 8 (7)

CRP mean (SD) 3.7 (3.5) – – 0.55 (0.47)

BASDAI Bath Ankylosing Spondylitis Disease Activity Index, BDI Beck Depression Inventory, CRP C-reactive protein, HAD The Hospital

Anxiety and Depression Scale, ESR erythrocyte sedimentation rate, SD standard deviation
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adjustment was used) and time 9 anxiety risk interaction

(F = 7.43 P = 0.002 df = 2.1), but no significant effect of

anxiety risk (F = 1.17 P = 0.29 df = 1) were found. In

this analysis, pairwise comparisons showed significantly

lower HADS depression scores on evaluation at day 14

(P = 0.009) and at day 42 (P = 0.01) compared to initial

score.

BDI

Mean BDI depression scores were shown in Table 1. At

baseline, 7 of 16 (43.8%) patients with AS was found to be

depressed (above the cut-off point) as measured by BDI. At

day 2, 4 of 16 (26.7%), at day 14, 1 of 16 (6.7%), and at

day 42, 2 of 16 (12.5%) patients with AS were above the

cut off point.

The Friedman test revealed significant time effects for

BDI scores (chi-square 20.8, df = 3, P \ 0.01). Pairwise

comparisons (Wilcoxon rank order tests) revealed signifi-

cantly lower BDI scores on evaluation at 2nd day

(P = 0.007, z = -2.7), at day 14 (P = 0.001, z = -3.24)

and at day 42 (P = 0.002, z = -3.13), compared to initial

score, whereas no significant differences could be demon-

strated in BDI scores between 2nd and 14th day, between

2nd and 42nd day, and between 14th and 42nd day

(P [ critical a = 0.05/6 = 0.008).

SF-36

Mean SF-36 subscale scores were shown in Table 1 and

Fig. 1. The Friedman test revealed significant time effects

for ‘‘physical functioning’’ scores (P = 0.004). Pairwise

comparisons (Wilcoxon rank order tests) showed signifi-

cantly higher physical functioning scores on evaluation at

second day (P = 0.011), 14th day (P = 0.001), and day 42

(P = 0.002) compared to initial (pretreatment) score. No

significant difference could be found between second and

14th day, 2nd and 42nd day, and 14th and 42nd day

(P [ critical alpha).

The Friedman test revealed significant time effects for

‘‘role functioning physical’’ scores (P = 0.0012) as well.

Pairwise comparisons (Wilcoxon rank order tests) revealed

significantly higher role functioning physical scores only at

day 42 (P = 0.002) compared to initial (pretreatment)

score but not at day 2 or 14 (P [ critical alpha). Second

and 14th day, 2nd and 42nd day, and 14th and 42nd day

comparisons did not reveal significant differences as well

after modified Bonferroni procedure was applied

(P [ critical alpha).

Repeated measures of ANOVA revealed a significant

improvement in SF pain scores (F = 14, P \ 0.01,

df = 3). Significantly higher day 14 (P = .003) and day 42

(P \ 0.01) scores were found compared to initial score.

The improvement from day 2 to day 42 was significant as

well (P = 0.037). The time effect was significant for

general health as well (F = 10.9, P = .0, df = 1.92; as

sphericity could not be assumed, the Greenhouse–Geisser

adjustment was used). The improvement from initial

evaluation to day 14 (P = 0.002) and to day 42

(P = 0.002) was found to be significant. The improvement

in vitality scores was significant as well (F = 8,

P = 0.004, df = 1.6; as sphericity could not be assumed,

the Greenhouse–Geisser adjustment was used). There was

a significant change from initial evaluation to day 42

(P = 0.02) and approached to significance at day 14

(P = 0.061). Repeated measures of ANOVA revealed a

significant improvement in SF social functioning scores

(F = 8.4, P \ 0.01, df = 3).The increase from initial

evaluation to day 42 was found to be significant

(P = 0.004). There was change from day 0 to day 14 at

trend level (P = 0.08). The scores increased from day 2 to

day 42 with a trend (P = 0.08) as well. The Friedman test

revealed that the scores for ‘‘role emotional’’ improved

with a trend toward significance (P = 0.056). Pairwise

comparisons (Wilcoxon rank order tests) showed signifi-

cantly higher role emotional scores on evaluation at day 42

(P = 0.007) compared to initial (pretreatment) score. No

significant change was found between evaluations at other

time points. Mental health scores improved significantly as

well (F = 12.74, P \ 0.01, df = 3). The changes from the

initial evaluation to day 2 (P = 0.025), day 14 (P = 0.003)

and day 42 (P = 0.001) were found to be significant.

Correlations between the change scores

of psychopathological measures, measures of biological

and disease activity

Moreover, we explored whether the difference between

baseline (day 0) and final measures (day 42) of disease
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Fig. 1 The change in SF-36 subscale after infliximab treatment
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activity, biological activity and psychopathological status

was correlated by using Spearman rank correlation test.

Change scores from day 0 to day 42 were calculated by

taking the difference between means at two time points.

The change in BASDAI scores was not correlated with

the change in BDI, HADS depression and HADS anxiety

scores from day 0 to day 42 (Table 2). Besides, the basal

BASDAI scores did not correlate with initial BDI

(P = 0.43), HADS-depression, (P = 0.27), HADS-anxiety

(P = 0.69) scores. Basal ESR and CRP levels were not

correlated with pretreatment depression and anxiety as

measured by BDI and HAD-A (data not shown), as well.

However, a significant correlation was found between

merely basal ESR and pretreatment HAD-D scores

(q = 0.57, P = 0.02).

Discussion

To our knowledge this is the first study which has exam-

ined the effect of infliximab—a TNF-a antagonist—on

depression, anxiety and QOL, in patients with active AS. It

was found that 43.7% of patients eavaluated by BDI or

HADS-D were depressed in this study. Depression is

highly comorbid to patients with chronic medical diseases.

The studies, which assessed depression as a separate cat-

egorical diagnosis, found prevalence rates of 6–14% [25,

26]. The frequency of depressed patients in our study was

higher. It could be partly explained by the inclusion of only

the active AS patients in this study. Additionally, the

patients with scores above the cut-off points for both scales

were assigned to depressive group; official diagnostic cri-

teria for major depressive disorder were not applied. Our

results show that depression scores as measured by BDI

significantly decreased after first (and also second and

third) infusion of infliximab acutely. A significant effect of

infliximab infusion on depression scores evaluated by

HADS (after controlling for anxiety scores) was found as

well, but only after the second (after 2 weeks) and third

(after 6 weeks) infusion. In the same way, anxiety scores

are significantly reduced after the second and third infusion

of the anti-TNF treatment.

As for the QOL scores, similar results were established.

Mental health subscale scores improved beginning from

the first administration of the drug. The other two scales

with the most mental factor content are social functioning

and role emotional. The scores for these two increased after

the third infusion (though only with a trend for role emo-

tional). In factor analytic studies these two scales and

mental health have been shown to be most responsive,

when compared before and after recovery from depression

[27] and change in the severity of depression [28]. The

three scales with the most mental factor content are even

found to be sensitive to interpersonal therapy, as well as

drug treatment for depression [29]. The physical func-

tioning significantly improved after the first, second and

third infusion. Vitality and general health are relevant to

both physical and mental scales. Vitality increased after the

third and general health from the second and third infusion.

Evaluation by BDI showed an acute decrease in depression

scores even after the first infusion of infliximab, whereas it

took 2 weeks time to notice the decrease in depression

scores as measured by HADS-D. The study by Minderhood

et al. [15] reported that a significant effect of infliximab

infusion on feelings of depression was found 4 weeks after

the infliximab infusion. In that study depression scores

were assessed by CES-D. The Hospital Anxiety and

Depression Scale specifically developed for use in patients

with somatic comorbidity. To distinguish psychiatric pre-

sentations from physical illness, items focus on subjective

disturbance of mood rather than physical signs. Depression

subscale of HADS is oriented toward the anhedonic

symptoms which are sensitive indicators of depression in

medically ill [30]. However, BDI has somatic component

as well as cognitive/affective components, so it may be the

decrease in disease activity (given the improvement in

Table 2 Correlations between the change scores (psychopathological measures, measures of biological and disease activity) (Spearman’s rho)

Change from day

0 to day 42

HADS anxiety HADS depression BDI BASDAI CRP ESR

ESR 0.151 0.429 0.453 0.742** 0.773** 1.000

CRP 0.000 0.213 0.443 0.393 1.000

BASDAI -0.093 0.152 0.321 1.000

BDI 0.531* 0.705** 1.00

HADS depression 0.814** 1.000

HADS anxiety 1.000

* P \ 0.05

** P \ 0.01
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physical functioning subscale of SF-36, was evident even

after the first infusion of infliximab) that BDI has detected

acutely, whereas HADS could not. In any case delayed

(after second or third infusion) improvement of depression

evaluated by all of the scanning tools (BDI and HADS-D

particularly) including mental health, social functioning

and role emotional subscales of SF-36, was evident. On the

other hand, the acute impact of infliximab on depression

cannot be posited unequivocally, in patients with AS in this

study.

In this study, it was found that the change in BASDAI

scores and the change in depression or anxiety scores were

not associated and that basal BASDAI scores did not cor-

relate with the pretreatment depression scores as well. On

the contrary, it has been suggested that depression/anxiety

and disease status scores are interrelated in previous studies

[3, 4]. However, similar to our results Persoons and col-

leagues found that disease activity (excluding well-being,

one of the subjective items of the CD activity index) was

not correlated with depression score at baseline and after

infliximab infusion [13].

In the same way our results show that the changes in

CRP and ESR (which are suggested to be a marker of

disease activitiy in AS) were not correlated with the

change in depression scores. Basal ESR and CRP levels

were not correlated with pretreatment depression and

anxiety as measured by BDI and HAD-A, as well.

However, basal ESR was found to be associated with

pretreatment HAD-D scores. On the contrary, in a cross-

sectional study, it was reported that disease activity, either

clinical or serological (measured by ESR and CRP levels)

was associated with the severity of depression and anxiety

in AS patients with heterogeneous treatments [31], though

the change due to a unique treatment was not examined in

that study. In view of these findings, it seems to be rea-

sonable, to suggest that the improvement in depression is

not associated with the improvement in physical func-

tionality or pain, in this study. Then what other mecha-

nisms may be involved in the improvement of depression?

Is infliximab involved in this process and by implication

TNF-a, in pathophysiology of depression? It has been

suggested that disturbances in neurotransmitter metabo-

lism, modulation of the hypothalamus–pituitaryadrenal

(HPA) axis and the production of relevant CNS growth

factors are some of the mechanisms by which cytokines

may be involved in pathogenesis of depression. Bearing in

mind the dysfunction in brain monoamine neurotransmitter

systems has long been the focus of etiology and drug

treatment for depression, the first of the above three

mechanisms deserves mentioning thoroughly. Pro-inflam-

matory cytokines may cause reduction in tryptophan

availability for serotonin synthesis by activating trypto-

phan degrading enzyme indoleamine-2,3-dioxygenase

(IDO). IL-1 or TNF-a are potent inducers of IDO [32].

Tryptophan is the precursor of the so-called ‘kynurenine’

pathway, as well as serotonin. Cytokine-induced stimula-

tion of IDO, an enzyme that switches the synthesis of

serotonin from tryptophan to kynurenine and quinolinic

acid, results in reduction of serotonin synthesis [33].

Moreover, in an in vitro study, it has been shown that the

IL-1 and TNF-a increase the activity of the serotonin

transporter; an effect mediated by activation of p38 mito-

gen-activated protein (MAP) kinase, in both a rat embry-

onic raphe cell line, and in mouse midbrain and striatal

synaptosomes [34]. These data suggest that IL-1 or TNF-a
in the brain, could contribute to decreased synaptic avail-

ability of serotonin which may lead to the development of

depression. The findings in active CD [13–15] suggest that

infliximab rapidly and significantly reduced depression

scores, prior to any improvement in the intestinal pathol-

ogy. Data regarding patients with CD are consistent with

our findings in AS patients for whom the change in the

activity of clinical disease was not associated with the

change in depression scores. Infliximab might have been

implicated in the pathogenetic mechanisms of major

depressive disorder. Proinflammatory cytokines which are

involved in the pathophysiology of depression, may rep-

resent promising targets for the pharmacological treatment

of major depressive disorder in medically healthy patients,

as well. Infliximab which is a TNF-a antagonist, might

improve mood as a consequence of decreased inflamma-

tory activity in depressive patients who have increased

levels of pretreatment proinflammatory cytokines or other

inflammatory markers. Accordingly, a randomized, double

blind, placebo-controlled (phase IV) study is being con-

ducted to evaluate the efficacy of the infliximab in acutely

reducing symptoms of patients with treatment resistant

depression who have elevated proinflammatory markers

[35].

In conclusion, our results show that infliximab, an

effective treatment for the clinical symptoms of AS, may

be effective in the treatment of depression accompanying

AS, as well. Additionally, we can tentatively suggest that

infliximab provides a rapid improvement of mood. Inflix-

imab may modulate the cytokines that are involved in the

pathogenetic mechanisms of depression in AS and these

findings might bear implications for the treatment of major

depressive disorder, in otherwise healthy patients. As a

matter of fact the lack of cytokine level determinations

before and after infliximab treatment is the main limitation

of our study which hinders us suggesting more clearly, the

role of inflamatuary process and cytokines in the patho-

genesis of depression in active AS. Small sample size is

another limitation which might have given rise to type two

error in the context of detecting clear acute effect of inf-

liximab on mood.
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