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Abstract
Introduction: Psychological stress may alter immune function by activating physiological stress pathways. Building
on our previous study, in which we report that stress management training led to an altered self-reported and
cortisol response to psychological stress in patients with rheumatoid arthritis (RA), we explored the effects of this
stress management intervention on the immune response to a psychological stress task in patients with RA.
Methods: In this study, 74 patients with RA, who were randomly assigned to either a control group or a group that
received short stress management training, performed the Trier Social Stress Test (TSST) 1 week after the
intervention and at a 9-week follow-up. Stress-induced changes in levels of key cytokines involved in stress and
inflammatory processes (for example, interleukin (IL)-6 and IL-8) were assessed.
Results: Basal and stress-induced cytokine levels were not significantly different in patients in the intervention and
control groups one week after treatment, but stress-induced IL-8 levels were lower in patients in the intervention
group than in the control group at the follow-up assessment.
Conclusions: In line with our previous findings of lower stress-induced cortisol levels at the follow-up of stress
management intervention, this is the first study to show that relatively short stress management training might also
alter stress-induced IL-8 levels in patients with RA. These results might help to determine the role of immunological
mediators in stress and disease.
Trial registration: The Netherlands National Trial Register (NTR1193)

Introduction
Psychological stress may alter immune function by activating physiological pathways of stress, such as the autonomic nervous system and the hypothalamus–pituitary–
adrenal axis, which in turn interact with the immune
system [1-4]. Consequently, stress could have negative
effects on health, particularly in populations with immune dysfunction, such as patients with rheumatoid
arthritis (RA). The pathophysiological mechanisms involved in stress and disease exacerbation have not yet
been elucidated.
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Psychological responses to stress that might lead to
immune dysregulation can be altered by interventions
aimed at reducing psychological stress [1,5]. As yet there
is no consensus about whether and to what extent stress
management interventions are able to alter immune
function. In an extensive meta-analysis by Miller and
Cohen there was only modest evidence that different
types of stress management interventions change basal
immune function in healthy and clinical populations,
with most consistent changes being found in basal total
leukocyte counts and secretory immunoglobulin A levels
[6]. More recent studies reported that psychological interventions for patients with HIV or cancer changed
basal lymphocyte proliferation and basal levels of proinflammatory cytokines [7-10]. Even though the effects of
psychological interventions in patients with RA have
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been extensively studied and reviewed [11-16], there are
only incidental reports of immune changes after psychological interventions in patients with RA, such as changes
in interleukin (IL)-6 or interferon-gamma (IFNγ) [17,18],
or in immune measures indicative of disease status, such
as C-reactive protein and erythrocyte sedimentation rate
[19-24]. Potentially, previous effects in RA might be limited because changes in immune function in response to a
real-life stressor have not yet been investigated combining
both a stress management intervention and a stress induction paradigm. Particularly then, the benefits of stress
management training can become evident because patients
are challenged to cope with a stressful situation.
We previously showed that a short course of stress
management training decreased the subjective distress
response and stress-induced cortisol levels in patients
with RA at a follow-up assessment, and especially in
those patients psychologically at risk [5]. In the present
study, we explored the effects of the intervention on
stress-induced levels of key cytokines involved in disease
progression (for example, IL-6 and IL-8) in patients with
RA, with stress being elicited by the Trier Social Stress
Test. Building on our previous findings [5], we expected
that patients in the intervention group would show an
altered cytokine response to acute psychosocial stress
compared with controls at the 9-week follow-up assessment. We also explored immune effects specifically in
patients psychologically at risk.

For explorative subgroup analyses of patients psychologically at risk, participants were post hoc divided into two
subgroups using a median split of a composite score for
baseline anxiety and negative mood [5].

Materials and methods
This study was part of a larger trial for which the
methods and CONSORT statement have been described
extensively elsewhere [5]. The study protocol was approved by the regional medical ethics committee (CMO
Region Arnhem-Nijmegen) and was registered in The
Netherlands National Trial Register (NTR 1193). Written informed consent was obtained from all participants.

Stress management training

Participants and procedure
Participants

Ninety-six eligible patients with RA [25] were randomized to one of two parallel groups: the control or the
intervention condition. After randomization, 19 participants withdrew before the first stress test and three
participants were excluded based on our predefined exclusion criteria (that is, use of psychiatric medication). In
addition, seven out of 74 participants withdrew before the
second stress test. Reasons for withdrawal were physical
comorbidity, severe illness or death of a significant other,
a change in pharmacotherapy, or lack of motivation (for
more information on completers and dropouts, see the
flowchart in [5]). There were no differences in sociodemographic variables and psychological and physical functioning at baseline between the dropouts and the completers.

Study design

Participants performed a stress test 3 weeks after the
first assessment (post treatment) and 9 weeks thereafter
(follow-up). One-half of the participants had participated
in an individual stress management training program
between the first and second assessments. The control
group received care as usual. Stress test sessions were run
between 13:00 and 15:30 hours. Participants refrained
from using caffeine, alcohol, nicotine, or physical exercise
on the test day, and from eating 2 hours before the first
blood sample was drawn. Forty minutes before the stress
test, a venous catheter was inserted into the nondominant
arm and participants rested for 20 minutes. Blood samples were taken at baseline (that is, after 20 minutes
of rest), immediately after the stress test, and 20 and 60
minutes later (t = 0, t = 20, t = 40, and t = 80 minutes,
respectively).
Stress task

The Trier Social Stress Test is a standardized laboratory
stress task consisting of a mock job interview and mental arithmetic, and induces self-reported, neuroendocrine,
and autonomic nervous system responses [26,27].

Participants in the intervention group received individual
stress management training as described previously [5].
The program consisted of four individual 1-hour sessions of
stress management with a trained therapist over 2 consecutive weeks and included applied, progressive, cue-controlled,
and differential relaxation techniques, as well as psychoeducation, breathing and visualization exercises. After the
training, patients were encouraged to stick to a relapseprevention checklist during the 9-week follow-up period.
Measures

This study builds on a previous study [5], in which general
psychological (for example, anxiety), physical (28-joint
Disease Activity Score), autonomic (alpha-amylase) and
neuroendocrine (cortisol) outcomes are reported, by further exploring immune responses to stress through measurement of various circulating cytokines.
Cytokine assay

The blood samples that were collected during the two
stress tests (post treatment and follow-up) were stored
at –35°C until analysis. Based on the literature of psychophysiological stress reactivity in healthy populations
and chronic inflammatory diseases, such as RA [1,28-30],
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human IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IFNγ
and tumor necrosis factor alpha (TNFα) were measured
in serum using human cytokine multiple kits (Invitrogen
Corporation, Camarillo, CA, USA) according to the manufacturer’s instructions. Samples were analyzed with a
Luminex® 100 TM instrument (Luminex Corporation,
Austin, TX, USA). The sensitivity of the cytokine
assay was <5 pg/ml for all cytokines measured. To reduce
error variance caused by between-run variation, all samples from one participant were analyzed in the same run.
Statistical analysis

Data for the 74 participants who completed the study
protocol were analyzed. Skewed data were logarithmically transformed to generate unskewed data distributions
before statistical analysis. Normal distributions and residuals were not obtained after logarithmic transformation of
data for IL-5 and IFNγ levels. Between-group differences
in age, sex, education, and psychological measures at baseline were tested with independent Student’s t tests and
chi-square analyses. Baseline cytokine levels (t = 0 minutes) were compared between intervention and control
groups with analyses of covariance. Cytokine responses to
the Trier Social Stress Test (post treatment and follow-up)
were evaluated using a linear mixed model taking into account the specific design features of the study. Cytokine
levels (IL-1β, IL-2, IL-4, IL-5, IL-6, IL-7, IL-8, IL-10, IFNγ,
and TNFα) were used as dependent variables; and group,
baseline measurement of the dependent variable (t = 0
minutes), and time (t = 20 minutes, t = 40, minutes,
and t = 80 minutes) were used as independent variables.
As group by time interactions were not observed, the final
model contained only main effects. Explorative subgroup
analyses were performed to test whether effects were particularly detected in patients psychologically at risk as
compared with patients not at risk [5] by incorporating
risk group and risk group by treatment interactions into
the models. A significant interaction was interpreted as indicating that there were subgroup differences in the effect
of the treatment. Stratified analyses were performed to
gain a better understanding of the nature of the responses
in the patient subgroups. For each outcome measure, an
unstructured covariance matrix was used to model the
dependence between repeated measurements of the
dependent variable. Owing to (a tendency towards) an unequal sex distribution, use of hormonal contraceptives,
baseline anxiety scores, and the use of nonsteroidal antiinflammatory drugs across the two groups [5], all analyses
were performed with these four covariates.
Because participants dropped out mostly prior to the
first stress test (see previous section and [5]), and consequently no stress test data were available for these
participants 1 week after treatment and at follow-up,
intention-to-treat analyses were not performed [31].
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In total, the data for the 74 patients (post treatment)
and 67 patients (follow-up) included in the analyses
were 85% complete, mainly because a venous catheter
could not be inserted in a number of patients during
one or both stress tests. Cytokines were significantly intercorrelated with at least five to nine of the other cytokines,
and significant correlations ranged from 0.20 to 0.80. Undetectable levels (in percentage of available samples) of IL1β (33%), IL-2 (41%), IL-4 (37%), IL-5 (43%), IL-6 (27%),
IL-7 (41%), IL-8 (13%), IL-10 (25%), IFNγ (70%) and TNFα
(16%) were set to zero and included in all analyses. The
Bonferroni correction for multiple testing was not applied
due to the explorative nature of this study, the small sample
size, and the high intercorrelation of most cytokines, which
makes the method even more conservative than in other
applications [32]. Analyses were performed using SPSS 16.0
for Windows (SPSS Inc, Chicago, IL, USA). For all analyses,
the significance level was α = 0.05 (two-sided).

Results
Psychophysiological stress reactivity
Cytokine levels at baseline

Both after the intervention and at follow-up there were
no significant differences between the intervention and
control groups in baseline levels (t = 0 minutes) of all
cytokines (P >0.05) (Table 1 and Additional file 1).
Post-treatment stress-induced cytokine levels

Immediately after the intervention, stress-induced cytokine levels were similar in the intervention and control
groups (group effect, P >0.10 for all cytokines), indicating
that patients in the intervention group did not have an altered immune response to stress compared with patients
in the control group. Subgroup analyses also showed no
interaction between condition (intervention/control) and
psychological risk group (high/low) (P >0.20 for all cytokines) (Table 1 and Additional file 1).
Follow-up stress-induced cytokine levels

At the follow-up assessment, stress-induced IL-8 levels
were significantly lower in patients in the intervention
group than in patients in the control group (group effect,
F(1, 54.273) = 5.421, P = 0.02) (Figure 1). Exploration of
IL-8 responses in subgroups of patients psychologically at
risk and not at risk showed a tendency towards an interaction effect between condition (intervention/control) and
risk group (high/low) (interaction effect, F(1, 51.990) =
3.244, P = 0.08), indicating that high-risk patients tended
to respond differently to stress management training than
low-risk patients. Post hoc tests revealed that IL-8 levels
were more decreased in high-risk patients in the intervention group than in the low-risk intervention group. Omission of the data for patients with undetectable IL-8 levels
from analyses did not change the main result (group
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Table 1 Baseline and stress-induced cytokine levels (pg/ml) in the intervention and control conditions post treatment
and at follow-up
t = 0 minutes

t = 20 minutes

t = 40 minutes

t = 80 minutes

IC

92.39 (33.6)

106.7 (41.4)

111.3 (46.4)

111.6 (45.4)

CC

114.3 (38.6)

130.9 (43.5)

116.6 (37.0)

136.7 (59.0)

IC

66.48 (18.8)

77.43 (23.7)

69.49 (20.1)

70.89 (19.9)

CC

119.0 (43.0)

100.7 (32.5)

98.13 (34.1)

117.6 (41.2)

IL-1β
Post-treatment

Follow-up

IL-2
Post-treatment

Follow-up

IC

28.11 (11.1)

30.85 (11.9)

34.83 (15.6)

31.58 (13.4)

CC

32.60 (14.0)

42.86 (19.2)

38.77 (17.3)

47.51 (27.0)

IC

20.28 (7.20)

25.27 (10.3)

17.37 (7.23)

19.32 (7.15)

CC

35.89 (18.4)

27.82 (14.1)

28.12 (14.0)

32.24 (15.4)

IC

48.22 (24.9)

48.30 (21.0)

48.98 (20.3)

52.90 (25.7)

CC

60.18 (29.3)

72.79 (30.1)

65.76 (28.4)

65.39 (29.9)

IC

33.22 (13.9)

35.16 (14.9)

33.62 (12.6)

33.08 (13.6)

CC

56.48 (23.2)

51.79 (20.0)

50.91 (21.5)

56.99 (24.8)

IL-4
Post-treatment

Follow-up

IL-5
Post-treatment

Follow-up

IC

20.94 (15.2)

21.89 (15.3)

23.24 (16.5)

21.49 (15.6)

CC

5.129 (2.17)

7.887 (3.72)

7.006 (2.94)

8.948 (4.51)

IC

16.23 (12.8)

15.89 (12.1)

15.14 (12.1)

17.60 (14.5)

CC

7.368 (3.48)

6.048 (2.95)

5.929 (2.60)

6.969 (3.11)

IC

36.46 (11.2)

34.94 (9.69)

38.80 (11.1)

40.36 (11.2)

CC

30.18 (9.36)

41.18 (15.2)

33.54 (10.7)

39.57 (16.2)

IC

25.79 (7.51)

23.39 (7.90)

23.63 (6.41)

23.18 (6.68)

CC

31.20 (14.1)

30.18 (12.0)

29.22 (11.3)

30.43 (11.6)

IL-6
Post-treatment

Follow-up

IL-7
Post-treatment

Follow-up

IC

70.11 (26.0)

70.27 (24.8)

73.62 (24.7)

69.51 (27.2)

CC

52.69 (16.5)

63.65 (20.5)

55.94 (18.5)

60.73 (21.8)

IC

52.54 (23.4)

54.54 (23.5)

49.13 (19.6)

53.32 (22.2)

CC

52.80 (18.4)

53.69 (18.0)

48.64 (18.2)

52.89 (19.1)

IC

22.14 (3.67)

16.19 (3.70)

17.02 (3.53)

14.47 (3.41)

CC

29.55 (6.50)

34.04 (7.81)

29.45 (6.75)

28.18 (7.14)

IC

19.51 (4.28)

13.97 (4.67)

12.53 (4.00)

10.37 (3.38)a

CC

33.63 (6.68)

33.46 (8.33)

29.31 (7.83)

23.64 (5.72)

IL-8
Post-treatment

Follow-up

IL-10
Post-treatment

Follow-up

IC

172.0 (75.2)

183.7 (81.0)

175.5 (80.0)

164.7 (75.8)

CC

49.33 (25.9)

57.07 (31.8)

73.55 (48.1)

71.02 (45.9)

IC

72.67 (35.6)

115.6 (54.6)

85.90 (41.9)

78.49 (37.4)

CC

46.83 (26.8)

43.63 (24.2)

39.90 (20.9)

50.27 (28.0)
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Table 1 Baseline and stress-induced cytokine levels (pg/ml) in the intervention and control conditions post treatment
and at follow-up (Continued)
IFNγ
Post-treatment

IC

1.063 (0.39)

1.070 (0.43)

0.821 (0.33)

0.706 (0.31)

CC

1.545 (0.45)

8.328 (4.98)

6.623 (4.91)

7.591 (5.70)

IC

0.857 (0.39)

0.772 (0.32)

0.925 (0.36)

1.062 (0.38)

CC

4.389 (2.87)

8.535 (6.37)

6.597 (4.98)

7.377 (5,94)

Post-treatment

IC

31.40 (8.54)

34.98 (8.95)

34.82 (8.35)

35.60 (10.7)

CC

34.56 (12.4)

39.35 (12.7)

36.00 (11.1)

35.45 (11.2)

Follow-up

IC

23.90 (5.75)

26.44 (6.94)

24.74 (5.89)

25.19 (6.44)

CC

26.26 (8.74)

23.84 (7.17)

25.04 (9.44)

25.93 (8.92)

Follow-up

TNFα

Data presented as mean (± standard error of the mean). CC, control condition; IC, intervention condition; IFNγ, interferon gamma; IL, interleukin; TNFα, tumor
necrosis factor alpha. aSignificant between-group effect (P ≤0.05). Means at the four time points. Statistical analyses performed on ln-transformed data.

effect, F(1, 48.178) = 8.226, P = 0.01), and high-risk patients still showed a (significantly) different response to
the training than low-risk patients (interaction effect condition and risk status, F(1, 46.212) = 4.472, P = 0.04). For
all other cytokines, there were no significant differences in levels after stress induction between the intervention and control groups at follow-up (P >0.10) (Table 1
and Additional file 1).

Discussion
This is the first study to explore the response of circulating cytokines to a psychosocial stress test after stress
management training in patients with RA. Although no
differences in basal and stress-induced levels of key cytokines were observed immediately after the intervention,
patients in the intervention group had lower stressinduced IL-8 levels than patients in the control group at
the follow-up assessment. Results suggest that a short
individual training in stress management might alter

immune parameters after a psychosocial stress task in a
population with immune dysfunction; namely, patients
with RA. This finding is in line with our previous report
indicating that the stress management training improves
psychological functioning and influences subjective and
endocrine parameters of stress (that is, distress and cortisol levels) at the follow-up assessment [5].
Stress-induced immune effects after a stress management intervention have not so far been investigated in
rheumatic patients, including patients with RA. Stress
induction paradigms using only a single stress exposure
have yielded relatively robust effects on IL-6, IL-1β, and
IFNγ levels in various healthy and patient populations
[28,29]. Stress exposure also changes levels of these and
other cytokines in rheumatic patients, but results are
much less consistent [2]. For example, IL-6 levels increased in response to a cold pressor task in patients with
RA and juvenile idiopathic arthritis [33,34], but IL-6 and
IFNγ levels remained unchanged after psychological stress

Figure 1 Interleukin-8 response to stress. Mean ± standard error of the mean interleukin (IL)-8 levels (pg/ml) at t = 0 minutes (baseline/pre
Trier Social Stress Test (TSST)), t = 20 minutes, t = 40 minutes, and t = 80 minutes (post TSST) of patients in the intervention conditions (IC) and
control conditions (CC) immediately after the intervention (left: IC, n = 35; CC, n = 32) and at follow-up (right: IC, n = 33; CC, n = 28).
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was induced in patients with RA and systemic lupus erythematosus [35-37]. Differences in stress induction paradigms and detection methods used and differences in the
heterogeneity of patient samples might explain the inconsistent findings. Immune function after stress management training has only been measured incidentally in
patients with RA and, moreover, has not been investigated
in combination with stress exposure. One study reported
altered basal IFNγ levels after emotional disclosure therapy for patients with RA [17], while lower basal IL-6 levels
were observed after cognitive behavioral therapy compared with meditation and education groups [18]. Several
other studies also reported other types of biological
markers, mostly erythrocyte sedimentation rate and/or Creactive protein, often as part of assessing overall disease
activity, but did not find intervention-related changes
[21,22,24,38-46]. In our study, the stress management
intervention did not change basal or stress-induced cytokine levels, except for a decrease in stress-induced IL-8
levels at follow-up.
Chemotactic IL-8 is a key player in the acute exacerbation of inflammatory conditions, directing neutrophils
and other cell types (for example, monocytes and lymphocytes) to sites of inflammation when homeostasis is
disrupted [47]. Blocking the actions of IL-8 has been
shown to prevent acute inflammation in animal models
[48]. The lipopolysaccharide-stimulated production of
IL-8 has been found to be positively correlated with perceived stress in healthy adults, and this could be primarily attributed to negative affect [49,50]. However, IL-8
levels did not change after the induction of stress with
the cold pressor task in patients with juvenile idiopathic
arthritis and healthy controls [34]. Whether IL-8 acts
as a more general marker of stress or whether it is
specifically involved in the physiological stress response of patients with RA is not yet clear. Consequently, future studies should compare IL-8 responses
to stress and stress management training in both
healthy and clinical populations. Interestingly, the effect of the stress management training on stressinduced IL-8 levels tended to be particularly evident
in patients with heightened levels of anxiety and
negative mood. We found comparable effects for selfreported levels of tension and cortisol levels in our
previous report [5], but these measures were not related to IL-8 levels in this study. In addition, the effectiveness of psychological treatment for RA patients
at risk was reported previously [51], which warrants
further research into the benefits of stress management on different types of psychophysiological parameters in high-risk patients.
This study had several limitations. The relatively homogeneous and small sample of patients with mild RA prevents generalization of our findings. The normal range for
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many immune parameters is very broad and psychological
interventions, especially of short duration, might not induce physiological changes of sufficient magnitude or
duration to move cytokine levels beyond this range [6].
Nevertheless, intervention studies have demonstrated that
immune alterations occur when people display a change in
cognition [52] and emotion [7]. Moreover, interventionrelated immune changes could have been masked by
biological forces, such as disease flare-ups and biological
treatments that affect the patients’ immune system [6]. Although we tried to limit effects of disease flare-ups by
monitoring the patients’ disease status and ruled out that
treatment effects were caused by differences in biological
treatment protocols through covariate analyses, we cannot
preclude that this problem might have influenced our results. Prompted by earlier unequivocal findings of stressinduced changes to immune function in rheumatic patients [2], the high intercorrelation of most cytokines, and
the small sample size, Bonferroni correction for multiple
testing was not applied in this explorative study. Future research should try to replicate our findings and, if possible,
apply the Bonferroni correction to data with large sample
sizes. Moreover, the direction of other cytokine responses
observed in this study (for example, IFNγ) seems consistent with the stress literature and tentatively suggests a
broader effect of stress management training on immune
function, but larger studies are needed to validate this
effect. Furthermore, no statements can be made about the
clinical relevance of our results, especially since the intervention was of short duration (four 1-hour sessions over 2
weeks) and disease activity did not improve over the course
of our study [5]. A longer intervention that may produce
more pronounced effects might overcome these problems.
Another general problem concerning immune markers in
stress research, particularly circulating cytokines, is the
ambiguity regarding the interpretation of findings. Circulating levels of cytokines are thought to reflect levels of systemic inflammation and are correlated with disease activity
and radiographic progression [53]; however, changes in
cytokine concentrations from baseline might not indicate
de novo cytokine production or clearance, but a redistribution of existing cytokines from or into the periphery
[54]. To what extent these alterations represent adaptive or maladaptive immune processes is not well
understood and needs further investigation.

Conclusions
Patients with RA who received training in stress management not only show changes in the subjective and cortisol
response to stress [5], but might also be characterized by
an altered immune response to stress; that is, lower IL-8
levels. Although results of this and our previous study
need validation in larger studies, they provide preliminary
evidence that a short psychological intervention is not
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only able to improve psychological functioning, but also
acts on the neuroendocrine and immune systems and
therefore might have the potential to ameliorate the possible harmful effects of stress on health in patients with
RA. Stress management training might prove to be beneficial as an adjunct to standard therapy to control arthritis
symptoms.
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minutes (baseline/pre TSST), t = 20 minutes, t = 40 minutes, and
t = 80 minutes (post TSST) for patients in the intervention condition
(IC) and control condition (CC) immediately after the intervention
(post; red) and at follow-up (FU; blue).

8.

Abbreviations
IFNγ: Interferon gamma; IL: Interleukin; RA: Rheumatoid arthritis; TNFα: Tumor
necrosis factor alpha.

9.

Competing interests
The authors declare that they have no competing interests.

10.

Authors’ contributions
SJMdB, AWME, PLCMvR and FWK conceived and designed the experiments.
SJMdB, AWME, SS-vK and AE were involved in the acquisition of data. SJMdB,
AWME, ARTD, TRDJR, IJ and HvM contributed to the analyses and interpretation
of data. SJMdB and AWME drafted the manuscript. All authors critically reviewed
and approved the final manuscript.
Acknowledgements
The authors acknowledge the contribution and support of patients,
rheumatologists, and other health professionals from the participating study
sites, and would particularly like to thank R van den Berg, C Blom, A van
Burik, B Cranenbroek, E Fasse, S de Klerk, R van der Kolk, A van Laarhoven,
R Siliakus, S Slebus, S Rösener, L Verhoeven, I Vermeulen, M Vogelaar, R te
Winkel-Slotboom, and L Wirken for their assistance in collecting the data.
This study was supported by grants from the Dutch Arthritis Association
(Reumafonds).

11.

12.

13.

14.

15.
16.

Author details
1
Department of Medical Psychology, Radboud University Medical Center,
P.O. Box 9101, 6500 HB Nijmegen, the Netherlands. 2Department of
Rheumatology, Radboud University Medical Center, P.O. Box 9101, 6500 HB
Nijmegen, the Netherlands. 3Department of Rheumatology and Clinical
Immunology & Laboratory of Translational Immunology, University Medical
Center Utrecht, P.O. Box 85500, 3508 GA Utrecht, the Netherlands.
4
Department of Laboratory Medicine, Radboud University Medical Center,
P.O. Box 9101, 6500 HB Nijmegen, the Netherlands. 5Department for Health
Evidence, Radboud University Medical Center, P.O. Box 9101, 6500 HB
Nijmegen, the Netherlands. 6Department of Rheumatology, Sint
Maartenskliniek, P.O. Box 9011, 6500 GM Nijmegen, the Netherlands.
7
Department of Clinical, Health, and Neuropsychology, Leiden University,
P.O. Box 9555, 2300 RB Leiden, the Netherlands.

17.

18.

19.

20.
Received: 22 May 2013 Accepted: 6 November 2013
Published: 26 November 2013
References
1. Ader R, Cohen N, Felten D: Psychoneuroimmunology: interactions between
the nervous system and the immune system. Lancet 1995, 345:99–103.
2. de Brouwer SJ, Kraaimaat FW, Sweep FC, Creemers MC, Radstake TR, van
Laarhoven AI, van Riel PL, Evers AW: Experimental stress in inflammatory
rheumatic diseases: a review of psychophysiological stress responses.
Arthritis Res Ther 2010, 12:R89.

21.

22.

Miller GE, Chen E, Zhou ES: If it goes up, must it come down? Chronic
stress and the hypothalamic–pituitary–adrenocortical axis in humans.
Psychol Bull 2007, 133:25–45.
Straub RH, Dhabhar FS, Bijlsma JW, Cutolo M: How psychological stress via
hormones and nerve fibers may exacerbate rheumatoid arthritis.
Arthritis Rheum 2005, 52:16–26.
de Brouwer SJM, Kraaimaat FW, Sweep FCGJ, Donders RT, Eijsbouts A,
van Koulil S, van Riel PLCM, Evers AWM: Psychophysiological responses to
stress after stress management training in patients with rheumatoid
arthritis. PLoS One 2011, 6:e0027432.
Miller GE, Cohen S: Psychological interventions and the immune system:
a meta-analytic review and critique. Health Psychol 2001, 20:47–63.
Antoni MH, Cruess DG, Klimas N, Carrico AW, Maher K, Cruess S, Lechner SC,
Kumar M, Lutgendorf S, Ironson G, Fletcher MA, Schneiderman N: Increases
in a marker of immune system reconstitution are predated by decreases
in 24-h urinary cortisol output and depressed mood during a 10-week
stress management intervention in symptomatic HIV-infected men.
J Psychosom Res 2005, 58:3–13.
Carrico AW, Antoni MH, Pereira DB, Fletcher MA, Klimas N, Lechner SC,
Schneiderman N: Cognitive behavioral stress management effects on
mood, social support, and a marker of antiviral immunity are maintained
up to 1 year in HIV-infected gay men. Int J Behav Med 2005, 12:218–226.
McGregor BA, Antoni MH, Boyers A, Alferi SM, Blomberg BB, Carver CS:
Cognitive-behavioral stress management increases benefit finding and
immune function among women with early-stage breast cancer.
J Psychosom Res 2004, 56:1–8.
Carlson LE, Speca M, Patel KD, Faris P: One year pre-post intervention
follow-up of psychological, immune, endocrine and blood pressure
outcomes of mindfulness-based stress reduction (MBSR) in breast and
prostate cancer outpatients. Brain Behav Immun 2007, 21:1038–1049.
Dixon KE, Keefe FJ, Scipio CD, Perri LM, Abernethy AP: Psychological
interventions for arthritis pain management in adults: a meta-analysis.
Health Psychol 2007, 26:241–250.
Astin JA, Beckner W, Soeken K, Hochberg MC, Berman B: Psychological
interventions for rheumatoid arthritis: a meta-analysis of randomized
controlled trials. Arthritis Rheum 2002, 47:291–302.
Keefe FJ, Smith SJ, Buffington AL, Gibson J, Studts JL, Caldwell DS: Recent
advances and future directions in the biopsychosocial assessment and
treatment of arthritis. J Consult Clin Psychol 2002, 70:640–655.
Knittle K, Maes S, de Gucht V: Psychological interventions for rheumatoid
arthritis: examining the role of self-regulation with a systematic review
and meta-analysis of randomized controlled trials. Arthritis Care Res
(Hoboken ) 2010, 62:1460–1472.
Riemsma RP, Taal E, Kirwan JR, Rasker JJ: Systematic review of rheumatoid
arthritis patient education. Arthritis Rheum 2004, 51:1045–1059.
Dissanayake RK, Bertouch JV: Psychosocial interventions as adjunct
therapy for patients with rheumatoid arthritis: a systematic review. Int J
Rheum Dis 2010, 13:324–334.
van Middendorp H, Geenen R, Sorbi MJ, van Doornen LJP, Bijlsma JWJ:
Health and physiological effects of an emotional disclosure intervention
adapted for application at home: a randomized clinical trial in
rheumatoid arthritis. Psychother Psychosom 2009, 78:145–151.
Zautra AJ, Davis MC, Reich JW, Tennen H, Irwin MR, Nicassio P, Finan P,
Kratz A, Parrish B: Comparison of cognitive behavioral and mindfulness
meditation interventions on adaptation to rheumatoid arthritis for
patients with and without history of recurrent depression. J Consult Clin
Psychol 2008, 76:408–421.
Freeman K, Hammond A, Lincoln NB: Use of cognitive-behavioural arthritis
education programmes in newly diagnosed rheumatoid arthritis.
Clin Rehabil 2002, 16:828–836.
Pradhan EK, Baumgarten M, Langenberg P, Handwerger B, Gilpin AK,
Magyari T, Hochberg MC, Berman BM: Effect of mindfulness-based stress
reduction in rheumatoid arthritis patients. Arthritis Rheum 2007,
57:1134–1142.
Sharpe L, Sensky T, Timberlake N, Ryan B, Brewin CR, Allard S: A blind,
randomized, controlled trial of cognitive-behavioural intervention for
patients with recent onset rheumatoid arthritis: preventing psychological
and physical morbidity. Pain 2001, 89:275–283.
Wetherell MA, Byrne-Davis L, Dieppe P, Donovan J, Brookes S, Byron M,
Vedhara K, Horne R, Weinman J, Miles J: Effects of emotional disclosure on
psychological and physiological outcomes in patients with rheumatoid

de Brouwer et al. Arthritis Research & Therapy 2013, 15:R200
http://arthritis-research.com/content/15/6/R200

23.

24.

25.

26.

27.

28.

29.

30.
31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

41.

42.

43.

arthritis: an exploratory home-based study. J Health Psychol 2005,
10:277–285.
Bagheri-Nesami M, Mohseni-Bandpei MA, Shayesteh-Azar M: The effect of
Benson relaxation technique on rheumatoid arthritis patients: extended
report. Int J Nurs Pract 2006, 12:214–219.
Leibing E, Pfingsten M, Bartmann U, Rueger U, Schuessler G: Cognitivebehavioral treatment in unselected rheumatoid arthritis outpatients.
Clin J Pain 1999, 15:58–66.
Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Cooper NS, Healey
LA, Kaplan SR, Liang MH, Luthra HS: The American Rheumatism Association
1987 revised criteria for the classification of rheumatoid arthritis.
Arthritis Rheum 1988, 31:315–324.
Kudielka BM, Hellhammer DH, Kirschbaum C: Ten years of research with
the Trier Social Stress Test – revisited. In Social neuroscience: Integrating
biological and psychological explanations of social behavior. Edited by
Winkielman EH-JP. New York: Guilford Press; 2007:56–83.
Kirschbaum C, Pirke KM, Hellhammer DH: The ‘Trier Social Stress Test’– a
tool for investigating psychobiological stress responses in a laboratory
setting. Neuropsychobiology 1993, 28:76–81.
Segerstrom SC, Miller GE: Psychological stress and the human immune
system: a meta-analytic study of 30 years of inquiry. Psychol Bull 2004,
130:601–630.
Steptoe A, Hamer M, Chida Y: The effects of acute psychological stress on
circulating inflammatory factors in humans: a review and meta-analysis.
Brain Behav Immun 2007, 21:901–912.
Cutolo M, Straub RH: Stress as a risk factor in the pathogenesis of
rheumatoid arthritis. Neuroimmunomodulation 2006, 13:277–282.
Alshurafa M, Briel M, Akl EA, Haines T, Moayyedi P, Gentles SJ, Rios L, Tran C,
Bhatnagar N, Lamontagne F, Walter SD, Guyatt GH: Inconsistent definitions
for intention-to-treat in relation to missing outcome data: systematic
review of the methods literature. PLoS One 2012, 7:e49163.
Pocock SJ: Clinical trials with multiple outcomes: a statistical perspective
on their design, analysis, and interpretation. Control Clin Trials 1997,
18:530–545.
Edwards RR, Wasan AD, Bingham CO III, Bathon J, Haythornthwaite JA,
Smith MT, Page GG: Enhanced reactivity to pain in patients with
rheumatoid arthritis. Arthritis Res Ther 2009, 11:R61.
Roupe vV, Heijnen CJ, Wulffraat N, Kuis W, Kavelaars A: Stress induces
increases in IL-6 production by leucocytes of patients with the chronic
inflammatory disease juvenile rheumatoid arthritis: a putative role for
alpha(1)-adrenergic receptors. J Neuroimmunol 2000, 110:223–229.
Jacobs R, Pawlak CR, Mikeska E, Meyer-Olson D, Martin M, Heijnen CJ,
Schedlowski M, Schmidt RE: Systemic lupus erythematosus and rheumatoid
arthritis patients differ from healthy controls in their cytokine pattern after
stress exposure. Rheumatology (Oxford) 2001, 40:868–875.
Motivala SJ, Khanna D, FitzGerald J, Irwin MR: Stress activation of
cellular markers of inflammation in rheumatoid arthritis: protective
effects of tumor necrosis factor alpha antagonists. Arthritis Rheum
2008, 58:376–383.
Dekkers JC, Geenen R, Godaert GL, Glaudemans KA, Lafeber FP, van
Doornen LJ, Bijlsma JW: Experimentally challenged reactivity of the
hypothalamic pituitary adrenal axis in patients with recently diagnosed
rheumatoid arthritis. J Rheumatol 2001, 28:1496–1504.
Germond S, Schomer HH, Meyers OL, Weight L: Pain management in
rheumatoid arthritis- a cognitive-behavioral intervention. S Afr J Psychol
1993, 23:1–9.
O’Leary A, Shoor S, Lorig K, Holman HR: A cognitive-behavioral treatment
for rheumatoid arthritis. Health Psychol 1988, 7:527–544.
Parker JC, Smarr KL, Buckelew SP, Stucky-Ropp RC, Hewett JE, Johnson JC,
Wright GE, Irvin WS, Walker SE: Effects of stress management on clinical
outcomes in rheumatoid arthritis. Arthritis Rheum 1995, 38:1807–1818.
Strauss GD, Spiegel JS, Daniels M, Spiegel T, Landsverk J, Roybyrne P,
Edelstein C, Ehlhardt J, Falke R, Hindin L, et al: Group therapies for
rheumatoid arthritis – a controlled study of two approaches.
Arthritis Rheum 1986, 29:1203–1209.
Taal E, Riemsma RP, Brus HLM, Seydel ER, Rasker JJ, Wiegman O: Group
education for patients with rheumatoid arthritis. Patient Educ Couns 1993,
20:177–187.
Kraaimaat FW, Brons MR, Geenen R, Bijlsma JW: The effect of cognitive
behavior therapy in patients with rheumatoid arthritis. Behav Res Ther
1995, 33:487–495.

Page 8 of 8

44. Lundgren S, Stenstrom CH: Muscle relaxation training and quality of life
in rheumatoid arthritis. A randomized controlled clinical trial. Scand J
Rheumatol 1999, 28:47–53.
45. Shearn MA, Fireman BH: Stress management and mutual support groups
in rheumatoid arthritis. Am J Med 1985, 78:771–775.
46. Bradley LA, Young LD, Anderson KO, Turner RA, Agudelo CA, McDaniel LK,
Pisko EJ, Semble EL, Morgan TM: Effects of psychological therapy on pain
behavior of rheumatoid arthritis patients – treatment outcome and
6-month follow-up. Arthritis Rheum 1987, 30:1105–1114.
47. Harada A, Sekido N, Akahoshi T, Wada T, Mukaida N, Matsushima K:
Essential involvement of interleukin-8 (IL-8) in acute inflammation.
J Leukoc Biol 1994, 56:559–564.
48. Mulligan MS, Jones ML, Bolanowski MA, Baganoff MP, Deppeler CL, Meyers
DM, Ryan US, Ward PA: Inhibition of lung inflammatory reactions in rats
by an anti-human IL-8 antibody. J Immunol 1993, 150:5585–5595.
49. Fukuda H, Ichinose T, Kusama T, Sakurai R, Anndow K, Akiyoshi N: Stress
assessment in acute care department nurses by measuring interleukin-8.
Int Nurs Rev 2008, 55:407–411.
50. Marsland AL, Sathanoori R, Muldoon MF, Manuck SB: Stimulated
production of interleukin-8 covaries with psychosocial risk factors for
inflammatory disease among middle-aged community volunteers.
Brain Behav Immun 2007, 21:218–228.
51. Evers AWM, Kraaimaat FW, van Riel PLCM, de Jong AJL: Tailored cognitivebehavioral therapy in early rheumatoid arthritis for patients at risk:
a randomized controlled trial. Pain 2002, 100:141–153.
52. Cruess S, Antoni M, Cruess D, Fletcher MA, Ironson G, Kumar M, Lutgendorf
S, Hayes A, Klimas N, Schneiderman N: Reductions in herpes simplex virus
type 2 antibody titers after cognitive behavioral stress management and
relationships with neuroendocrine function, relaxation skills, and social
support in HIV-positive men. Psychosom Med 2000, 62:828–837.
53. Rooney T, Roux-Lombard P, Veale DJ, FitzGerald O, Dayer JM, Bresnihan B:
Synovial tissue and serum biomarkers of disease activity, therapeutic
response and radiographic progression: analysis of a proof-of-concept
randomised clinical trial of cytokine blockade. Ann Rheum Dis 2010,
69:706–714.
54. Denson TF, Spanovic M, Miller N: Cognitive appraisals and emotions
predict cortisol and immune responses: a meta-analysis of acute
laboratory social stressors and emotion inductions. Psychol Bull 2009,
135:823–853.
doi:10.1186/ar4390
Cite this article as: de Brouwer et al.: Immune responses to stress after
stress management training in patients with rheumatoid arthritis.
Arthritis Research & Therapy 2013 15:R200.

Submit your next manuscript to BioMed Central
and take full advantage of:
• Convenient online submission
• Thorough peer review
• No space constraints or color ﬁgure charges
• Immediate publication on acceptance
• Inclusion in PubMed, CAS, Scopus and Google Scholar
• Research which is freely available for redistribution
Submit your manuscript at
www.biomedcentral.com/submit

