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Abstract

Background: There is consistent evidence showing an inter-
play between psychological processes and immune func-
tionin health and disease processes. Objectives: The present
systematic review and meta-analysis aims to provide a con-
cise overview of the effectiveness of stress-reducing psycho-
logical interventions on the activation of immune responses
in both healthy subjects and patients. Methods: Included are
3 types of challenges: in vivo, in vitro, and psychophysiolog-
ical. Such challenges are designed to mimic naturally occur-
ringimmune-related threats. Results: A systematic literature
search was conducted using PubMed, EMBASE, and Psychin-
fo, resulting in 75 eligible studies. The risk of bias was as-
sessed with the Cochrane risk-of-bias tool. Across all studies,
a small-to-medium effect size was found for the effects of
psychological interventions on optimization of the immune
function (g = 0.33; 95% Cl 0.22-0.43). While the largest ef-

fects were found for in vivo immune-related challenges (g =
0.61; 95% Cl 0.34-0.88; especially on studies that incorpo-
rated skin tests and wound healing), studies incorporating
psychophysiological challenges and in vitro immune-relat-
ed stimulations similarly suggest more optimal immune re-
sponses among those receiving stress-reducing interven-
tions (g = 0.28; 95% Cl 0.15-0.42). Conclusion: These find-
ings showed substantial heterogeneity depending on the
type of challenge, the study populations, and the interven-
tion types. These data demonstrate support for the effective-
ness of stress-reducing psychological interventions in im-
proving immunity in studies that tested immune function by
means of incorporating an in vivo, in vitro, or psychophysi-
ological challenge. Future research should more consistent-
ly incorporate challenges into the study design to gather
more insights in the mechanisms underlying the optimized
immune function following a psychological intervention.
This is also relevant for clinical practice, as psychological in-
terventions can possibly supplement, or at least partially
replace, current drug treatments in various somatic condi-

tions to reduce side effects. © 2019 The Author(s)
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Introduction

Psychosocial features can influence clinical outcomes
[1-3]. More specifically, stressful events can influence the
functioning of the immune system [4-6]. Several system-
atic reviews and meta-analyses have overall shown that
particularly chronic stress suppresses protective immune
responses and promotes pathological immune responses,
including inflammatory responses [7-12]. Moreover,
stress-related disorders, including anxiety and depression,
also turned out to be associated with affective-related def-
icits through immune alterations [13]. These immune al-
terations can be expressed as slower wound healing [8, 9],
impaired responses to vaccines [7], and progression of in-
fectious and immune-mediated diseases [7, 14, 15].

Various psychological interventions, including cogni-
tive behavioral therapy [16], mindfulness [17-21], and re-
laxation [17], have been found to effectively reduce stress.
Therefore, it has been argued that such stress-reducing
interventions may help to counteract the adverse effects of
stress on immune functioning. A previous meta-analysis,
however, found little support for an immune-optimizing
potential of psychological interventions [22]. Some sup-
porting evidence was provided by studies using condi-
tioning and hypnosis interventions, although the results
were heterogeneous. Due to substantial variation in im-
mune outcomes, the generalizability was uncertain [22].
More specifically, the immune outcomes in these studies
varied from counting white blood cell subsets to evaluat-
ing cell function by activating the immune system by ei-
ther in vitro (i.e., exposing isolated white blood cells to an
immune-activating stimulus) or in vivo (i.e., stimulating
an immune response in the intact person; e.g., vaccina-
tion) methods. Each of these methods provides a different
window and type of information on the functioning of the
immune system. Counting cells in a resting state provides
information on the number of immune cells in the circu-
lation. However, the circulation represents only a small
and selective proportion of the total cell population, it is
highly dynamic within individuals, and the normal range
of adequate cell numbers is rather broad. Therefore, in
somatically healthy participants cell counts are of uncer-
tain clinical significance. On the other hand, the response
of the immune system to activating stimuli is considered
a more representative estimate of a person’s ability to
mount an adequate immune response in the face of a nat-
ural challenge and may be considered a more biologically
valid marker of immunocompetence [23].

In vitro activations include natural killer cell activity
(NKCA), a stimulated lymphocyte proliferation response
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(LPR), and stimulated proinflammatory and anti-inflam-
matory cytokine production (i.e., chemical challenges),
whereas in vivo stimulations include hypersensitivity re-
sponses to skin tests, the time of healing of a biopsy wound,
or the extent to which a vaccine produces antibodies (i.e.,
physical challenges). In addition to the above-mentioned
invitro and in vivo activations of the immune system, psy-
chosocial stress can also challenge the immune system [4,
5, 24, 25]. Therefore, a number of studies have evoked
psychosocial stress in their participants by exposing them
to psychophysiological challenges, i.e., challenges that
have the potential to evoke a psychophysiological stress
response, including exposure to a psychosocial stress task,
to obtain additional information on how stress-reducing
psychological interventions may optimize the extent to
which the immune system responds to these challenges
[26]. A recent systematic review provided support for the
effectiveness of psychological interventions in optimiza-
tion of wound healing [27]. There is, however, no recent
examination of the effectiveness of stress-reducing inter-
ventions on a broader range of immune challenges, also
taking psychophysiological challenges into account.

In the last few decades, studies have evaluated how the
immune system responds to chemical, physical, and psy-
chophysiological challenges after undergoing a stress-re-
ducing psychological intervention. Previous systematic re-
views and meta-analyses, including the systematic review
and meta-analysis of Miller and Cohen [22] in the previous
century, have already summarized the effectiveness of psy-
chological interventions on immune function [20, 27].
This study incorporated various outcome measures that
were assessed during resting states or after a challenge.
However, the focus of this previous study was not on chal-
lenges per se and it did not assess the immune response
after psychophysiological challenges. It can be presumed
that exposing participants to different kind of challenges,
i.e., chemical, physical, or psychophysiological, provides
more insights in the actual responsiveness of the immune
system to a natural challenge compared to assessing resting
state outcomes. Therefore, the aim of the current system-
atic review and meta-analysis is to summarize the effective-
ness of stress-reducing psychological interventions direct-
ed at optimizing immune function, focusing on studies
incorporating various in vivo or in vitro immune-related
and/or psychophysiological stimulations/challenges into
the study design. We expected that after a stress-reducing
psychological intervention participants would show a
more optimized immune response to challenges as com-
pared to participants who did not receive a stress-reducing
psychological intervention. More specifically, after the
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stress-reducing psychological intervention we expected
a higher NKCA, higher anti-inflammatory cytokine re-
sponses, lower proinflammatory cytokine responses, high-
er LPR, higher antibody responses, and higher delayed-
type hypersensitivity responses, as well as faster wound
healing. We analyzed the pooled effects of the 3 types of
challenges together as well as separately.

Methods

This systematic review and meta-analysis was performed
according to PRISMA criteria [28] and it was registered in
PROSPERO (registration No. CRD42017055722).

Inclusion and Exclusion Criteria

Studies were included when they met the following inclusion
criteria according to PICO criteria [29]: (P) incorporation of hu-
man participants (patients or healthy participants); (I) a stress-
reducing psychological intervention (which was defined as having
cognitive behavior change techniques [30] as the main component,
i.e., duration of more than 50% of the intervention time, such as
psychotherapy, mindfulness, or relaxation) - interventions that
combined psychological intervention components with physical
intervention components were only included when the focus of the
intervention was on the psychological components, i.e., more than
50% of the intervention; (C) incorporation of at least 1 control
group without a stress-reducing psychological intervention; and
(O) inclusion of immune outcome measures assessed in blood or
saliva (e.g., quantification of cytokines and lymphocytes) as well as
incorporation of immune-related and/or psychophysiological
challenges into the study design which were assessed after the start
of the stress-reducing psychological intervention. Articles were ex-
cluded when they assessed immunological functioning not by ob-
jective measurements or parameters, but when they were, for ex-
ample, solely based on self-reports (e.g., self-reported infection),
when they were based on case studies, or when they had insufficient
methodological or statistical details about the immune or psycho-
physiological challenges or results (e.g., conference abstracts).

Literature Search Strategy

A systematic search was conducted using the databases PubMed,
EMBASE, and PsychInfo until January 26, 2017. The search terms
included Medical Subject Headings (MeSH) and words from title/
abstract (tiab) as qualifiers, classified in 3 categories: stress-reduc-
ing psychological interventions, immune function, and immune-
related as well as psychophysiological challenges (for the search
strategy per database, see online suppl. Table 1; for all online suppl.
material, see www.karger.com/doi/10.1159/000501645). All re-
trieved references were loaded into Endnote and 2 independent
reviewers (L.S. and P.C.) screened the titles, abstracts, and subse-
quently full texts when appropriate regarding study eligibility and
relevance. The reference lists of the included studies were addition-
ally searched for potential eligible studies.

Data Extraction
A data extraction form was used to extract relevant data from
the eligible studies. The extracted information for each study in-
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cluded: study population (e.g., healthy participants or patients);
participant demographics; details of the intervention and control
conditions; study methodology; incorporated chemical, physical,
and/or psychophysiological challenges; immune outcome param-
eters; relevant outcome data; statistical analyses; and relevant in-
formation concerning the methodological quality assessment. The
information was extracted by the 2 reviewers (L.S. and P.I.C.) in-
dependently. Discrepancies were identified and resolved through
discussion by involving one or more additional reviewer(s) (D.S.V.,
J.A.B.,and A'W.M.E.).

Methodological Quality Assessment in the Included Studies

Two reviewers (L.S. and P.I.C.) furthermore independently as-
sessed the risk of bias (RoB) of the included studies using the
Cochrane RoB tool [31]. The biases that were assessed included:
selection bias (process of randomization and concealment of al-
location), performance bias (blinding of participants and research
personnel), detection bias (blinding of outcome assessment), re-
porting bias (handling of missing data), and attrition bias (descrip-
tion of reasons for withdrawal in all conditions). Biases were clas-
sified as being low, high, or unclear. Disagreements between the
review authors regarding the RoB in particular studies were re-
solved by discussion, with involvement of a third review author
(D.S.V.) if necessary.

Data Analyses

Data were analyzed using Comprehensive Meta-Analysis soft-
ware version 3.3.070 (Biostat, Englewood, CO, USA). Hedges” g
was the effect size metric that was applied in the descriptive statis-
tics of this study. The effect size was calculated by subtracting the
pre- from the post-immune outcome parameters in the control
group and subsequently subtracting this difference score from the
difference score in the intervention group, divided by the pooled
SD and weighted across the number of subjects in each group. Ef-
fect sizes of 0.2 can be considered small, whereas 0.5 and 0.8 can
be considered medium and large, respectively [32]. For the includ-
ed studies performing within-subjects comparisons, the pre-post
correlation coefficient could not be derived and therefore a corre-
lation coefficient of r = 0.05 was imputed. In case a study contain-
ing multiple conditions with eligible psychological interventions,
these groups were combined into a single pairwise comparison,
according to the recommendations of the Cochrane handbook
[31]. The pooled effects were analyzed using a random-effects
model. Heterogeneity was assessed by evaluating the I statistic and
by visual inspection of the forest plot. Values of I> = 25, 50, and
75% can be interpreted as low, moderate, and high heterogeneity,
respectively. In cases in which the results of a study were based on
postintervention scores only (e.g., in the case of wound healing
studies), the effect size was based on the postintervention scores.
When the descriptive statistics were not available authors were re-
quested to provide those data, and when the data were not pro-
vided alternative methods were used to calculate the effect size
(e.g., using reported statistics, reported mean change scores, etc.).
When studies reported that the results were not significant, with-
out further specification of the outcomes, effect sizes were com-
puted assuming no differences between the groups (r = 0.00). Be-
cause this is a rather conservative strategy that had to be applied to
a substantial proportion of the data (i.e., imputation was used in
23.8% of the cases), meta-analyses were performed with and with-
out those studies in order to evaluate the potential bias of this
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method. Allimmune outcomes were scaled in the direction of pos-
itive Hedges’ g representing an optimized immune function. More
specifically, a higher NKCA, higher anti-inflammatory cytokine
responses, lower proinflammatory cytokine responses, higher
LPR, higher antibody responses, and higher delayed-type hyper-
sensitivity responses, as well as faster wound healing, were inter-
preted as optimized immune outcomes.

The pooled effects of all 3 different types of challenges (i.e., in
vitro immune-related stimulations, in vivo immune-related chal-
lenges, and psychophysiological challenges) were analyzed together
and separately. The in vitro immune-related stimulations were sub-
sequently subcategorized into NKCA, stimulated LPR, and stimu-
lated cytokine production. In vivo immune-related challenges were
subdivided into wound healing, vaccine responses, and immediate
as well as delayed-type hypersensitivity responses after skin tests. In
vivo psychophysiological challenges were further subdivided into
acute and more protracted stress challenges, separately for plasma
numbers of lymphocytes (i.e., enumeration of CD4, CD8, and CD56
numbers) and cytokines (i.e., quantification of IL-1p, IL-6, IL-8, and
TNF-a). When the outcomes of in vitro stimulations were assessed
on multiple concentrations of the stimulus (e.g., multiple effector-
to-target ratios to evaluate NKCA or various dilutions to evaluate
LPR), the effect size was derived from the concentration that most
optimally differentiated conditions (i.e., the stimulus concentrations
that showed the largest differences). Planned subset analyses evalu-
ated the effects of different types of challenges within a specific cat-
egory.

Data of at least 3 studies had to be available in order to conduct
a meta-analysis. Sensitivity analyses were performed concerning
the reliability of the results in that it was investigated whether the
results would remain comparable when taking RoB and publica-
tion bias into account. In order to assess the stability of the overall
effect size, it was investigated whether the effects were similar
when studies with a substantial RoB (i.e., studies containing at least
1 classification of high RoB) were excluded from the analyses. In
addition, publication bias was assessed by inspection of the funnel
plot and applying the trim-and-fill method of Duval and Tweedie
[33].

Results

Search Results

Online suppl. Figure 1 shows the flow chart of the sys-
tematic search and study selection. A total of 19,780 studies
(including duplicates) were found by searching PubMed,
EMBASE, and Psychlnfo. After removing duplicates and
screening the studies on title and abstract, 138 articles were
examined in full text by the 2 independent reviewers. Of
those, 65 articles fulfilled the inclusion criteria. Screening
of the reference lists of the included articles yielded 9 ad-
ditional eligible studies, which were not identified in the
primary search as most of these studies did not specify im-
mune outcome measures in the title and/or abstract. In
total, 75 studies reported in 74 articles were included.

Stress-Reducing Interventions and
Immune Function

Study Characteristics

A total of 4,141 participants took part in the 75 studies.
Detailed information concerning the study characteristics
and incorporated psychological interventions are de-
scribed in online suppl. Table 2. The total individual study
sample size varied between 12 [34] and 252 subjects [35]
(mean = 57, SD = 48). In 29 studies (38.7%), healthy vol-
unteers were included as the study population [34, 36-62].
Other samples included patients or vulnerable adults, e.g.,
patients with various types of cancer [63-82], patients with
HIV infection [35, 83-87], patients with rheumatoid ar-
thritis [26, 88-90], older adults [91-94], patients with asth-
ma/allergies [95-97], widows/women who had lost a close
relative to cancer [98, 99], patients with ulcerative colitis
[100, 101], women with depression after bypass surgery
[102], patients with late-life insomnia [103], women suf-
fering from infertility [104], veterans [105], and patients
who had undergone surgery [106]. The mean age of the
participants varied between 18.5 and 78.8 years. Details on
age were not provided in 7 studies (9.3%). Twenty-four
studies (32.0%) only included female participants, whereas
9 studies (12.0%) only included male participants. In 36
studies (48.0%), both males and females were included.
Details on gender were not reported in 6 studies (8.0%).

RoB Assessment

Online suppl. Figure 2 presents the RoB graph and on-
line suppl. Figure 3 the RoB summary. Of the 75 studies,
68 (90.7%) did not provide sufficient details on the meth-
odsused to randomize participants and 71 articles (94.7%)
did not sufficiently specify the methods of allocation con-
cealment (unclear RoB). RoB on performance was low for
2 articles (2.7%) due to adequate blinding procedures. In
9 articles (12.0%), participants and/or personnel were
aware of the group allocation, which could have led to
performance bias (high RoB). For 26 articles (34.7%), the
RoB concerning a lack of blinding of participants and
personnel was low. In 35 articles (46.7%), the drop-out
rates and reasons for drop-out were sufficiently described
and unrelated to the study outcomes, which resulted in a
low RoB evaluation regarding incomplete outcome data.
No study protocol was available for 73 articles (96.1%),
resulting in an unclear RoB regarding selective reporting.

Type of Stress-Reducing Psychological Interventions

In total, 82 stress-reducing psychological interven-
tions were evaluated in the 75 studies. Most interven-
tions (28 interventions; 34.1%) were based on relaxation
or stress management. Multicomponent cognitive-be-
havioral interventions, including psycho-education and

Psychother Psychosom 2019;88:274-286
DOI: 10.1159/000501645

277



various cognitive and behavioral techniques, were also
common and assessed in 18 cases (22.0%). Other inter-
ventions were based on manualized mindfulness and/or
meditation (13 interventions; 15.9%), hypnosis (12 in-
terventions; 14.6%), emotional disclosure (7 interven-
tions; 8.5%), and counseling (4 interventions; 4.9%). The
interventions varied in their total duration from a single
session to multiple sessions over a period of 12 months.

Regarding the guidance of the interventions, all inter-
ventions included face-to-face or telephone appoint-
ments, except for 2 interventions that relied on self-prac-
tice. Of the guided interventions, 48 (58.5%) also encour-
aged self-practice.

Overall Immune Effects

Detailed information concerning the immune-related
challenges and outcomes for each study is presented in
online suppl. Table 3.

When performing an overall random-effects meta-
analysis on the data, i.e., irrespectively of the incorporat-
ed challenge, an overall small effect size was found (k =
84, g=0.33;95% CI 0.22-0.43), with moderate heteroge-
neity across the studies (I* = 59.41%). When excluding
the studies that were set at r = 0.00, a slightly higher over-
all small effect size was found (k = 64, g = 0.43; 95% CI
0.30-0.55, I> = 67.69%).

Exploratory Analyses for Participants with and

without Somatic Conditions

For studies that incorporated patients with somatic
conditions, a small overall effect size was found (k = 40,
£=0.34;95% CI 0.17-0.52), with moderate heterogeneity
across the studies (I? = 71.94%).

For studies that incorporated participants without so-
matic conditions, also a small overall effect size was found
(k=44,g=0.31;95% CI 0.20-0.43), with low heterogene-
ity across the studies (I = 34.10%).

In vitro Immune-Related Stimulations

Of the 75 studies, 52 (68.4%) incorporated at least 1 in
vitro immune stimulation test, including NKCA (32 stud-
ies), LPR (28 studies), cytokine production (10 studies),
and monocyte chemotaxis (1 study).

Online suppl. Figure 4 presents the forest plot on the
random-effects meta-analysis for in vitro immune-related
stimulations. Overall, a small effect size was found (k = 52,
g=0.28;95% CI 0.15-0.42), with moderate heterogeneity
across the studies (I> = 61.43%). After excluding the stud-
ies that were set at r = 0.00, a small effect size was found
(k = 39, g = 0.39; 95% CI 0.22-0.56, I* = 70.75%). When

278 Psychother Psychosom 2019;88:274-286

DOI: 10.1159/000501645

looking at specific subgroups of in vitro immune stimula-
tion tests, we found a small effect size for NKCA (k = 31,
¢=0.21; 95% CI 0.06-0.35, I2 = 40.22%), LPR (k = 28, g =
0.35; 95% CI 0.13-0.57, I* = 73.07%), and cytokine pro-
duction (k =9, g=0.32;95% CI 0.14-0.51, I* < 0.01%).

Exploratory Analyses for Participants with and

without Somatic Conditions

For studies that incorporated patients with somatic
conditions, a small effect size was found (k = 33, g = 0.28;
95% CI 0.10-0.46), with moderate heterogeneity across
the studies (I = 69.54%).

For studies that incorporated participants without so-
matic conditions, also a small effect size was found (k =
19, g = 0.28; 95% CI 0.08-0.48), with low heterogeneity
across the studies (I = 33.76%).

In vivo Immune-Related Challenges

In vivo immune-related challenges, including skin
testing (8 studies), vaccination (5 studies), and wound
healing (4 studies), were incorporated into the study de-
signs of 17 studies (22.4%).

Online suppl. Figure 5 presents the results of the ran-
dom-effects meta-analysis on the pooled effects of in vivo
immune-related challenges. A medium effect size was
found (k =17, g=0.61;95% CI 0.34-0.88), with high het-
erogeneity across the studies (I* = 74.59%). After exclud-
ing the studies that were set at r = 0.00, a similar medium
effect size was found (k = 15, g = 0.64; 95% CI 0.35-0.92,
I? = 76.73%). When looking at specific subgroups within
the in vivo immune-related challenges, a large effect size
was found for studies using skin tests (k = 8, g =0.80; 95%
CI 0.30-1.30, I> = 80.72%). Furthermore, a small effect
size was found for vaccine studies (k = 5, g=0.37; 95% CI
-0.17 to 0.90, I? = 77.69), and a medium effect size was
found for wound healing studies (k = 4, g=0.75; 95% CI
0.45-1.05, I < 0.01%).

Exploratory Analyses for Participants with and

without Somatic Conditions

For studies that incorporated patients with somatic
conditions, a high effect size was found (k=4, g=1.5;95%
CI 0.4-2.7), with high heterogeneity across the studies
(I = 86.973%).

For studies that incorporated participants without so-
matic conditions, a medium effect size was found (k =17,
g=0.61;95% CI 0.34-0.88), with moderate heterogeneity
across the studies (I = 74.59%).

Most studies were based on skin testing. Of the 4 stud-
ies that included patients with somatic conditions, 3 stud-
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ies included allergic patients who were exposed to skin
tests, and yielded high effect sizes (k = 3, g=2.02; 95% CI
-0.03-4.06). Five studies were found that included par-
ticipants without somatic conditions. When these study
findings were compared to the patients with somatic con-
ditions, small effect sizes were found (k = 5, g=0.28; 95%
CI 0.05-0.51).

Psychophysiological Challenges

In 16 studies (19.7%), a psychophysiological challenge
was incorporated; acute challenges included a speech
task, exams, a cold pressor test, and a treadmill exercise
test (10 studies), and challenges of a more protracted
character, including academic stress and HIV serostatus
notification (6 studies).

In online suppl. Figure 6, the results of the random-
effects meta-analysis on the pooled effects of psychophys-
iological challenges is shown. One study was not included
in the meta-analysis as the outcomes of that study were
not based on plasma measurements, T-cell enumeration,
or cytokine quantification. Overall, no effect was found
(k =15,¢=0.18;95% CI 0.01-0.35, I* < 0.01), whereas a
small effect size was found when excluding the studies
that were setat r=0.00 (k =10, g=0.28;95% CI 0.07-0.49,
I?<0.01). When assessing studies that incorporated enu-
meration of lymphocyte subsets after a psychophysiolog-
ical challenge (i.e., CD4, CD8, and CD56), a small effect
size was found for studies incorporating a more protract-
ed stress challenge (k =4, g=0.33;95% CI=-0.06 t0 0.72,
I* = 1.68%). For acute stress challenges, there were not
enough studies available that had incorporated those
markers in order to evaluate the effects after an acute
stress challenge (k = 2). For studies that incorporated
plasma cytokine measurements (i.e., IL-1p, IL-6, IL-8,
and TNF-a) after a psychophysiological challenge, a small
effect size was described in studies incorporating an acute
challenge (k=4,¢=0.22;95% CI-0.04 t0 0.49, I* < 0.01%),
whereas no studies incorporated those markers to evalu-
ate the effects after a more protracted stress challenge.

Exploratory Analyses for Participants with and
without Somatic Conditions
For studies that incorporated patients with somatic
conditions, no effect was found (k = 3, g = 0.11; 95% CI
-0.21 to 0.42), with low heterogeneity across the studies
(I? <0.01%).

For studies that incorporated participants without so-
matic conditions, also no effect was found (k = 12, g =
0.22; 95% CI 0.01-0.42), with low heterogeneity across
the studies (I> < 0.01%).

Stress-Reducing Interventions and
Immune Function

Sensitivity Analyses

RoB within Studies

When studies with a presumed high RoB were exclud-
ed from the analyses, 23 of 84 outcomes were excluded.
However, the overall effect size was not substantially al-
tered (k = 61, g=0.34; 95% CI 0.20-0.48).

Publication Bias

The funnel plot is displayed in online suppl. Figure 7
and suggests the presence of publication bias. The trim-
and-fill method indicates that 12 studies were expected to
be missing with below-average effects, as indicated by the
black dots. When imputing those studies, the effect size
decreased to g = 0.21 (95% CI 0.09-0.32).

Discussion

Over the last few decades, studies have evaluated the
effectiveness of stress-reducing psychological interven-
tions on immune function by incorporating chemical,
physical, and psychophysiological challenges into the
study design. These challenges are thought to present a
biologically more valid reflection on the effectiveness of
stress-reducing psychological interventions in optimiza-
tion of the immune function as compared to unstimu-
lated quantitative immune outcomes [23, 107, 108]. The
present systematic review and meta-analysis summarized
immune-related outcomes after a chemical, physical, or
psychophysiological challenge following a stress-reduc-
ing psychological intervention in both healthy subjects
and patients.

Opverall, the findings demonstrated a small (heteroge-
neous) positive effect size for optimization of the immune
function. As a conservative method was applied to handle
studies that reported no significant results without fur-
ther specifying the actual group differences, the overall
effect size possibly represents a slightly underestimated
effect size. While the largest effects were found for in vivo
immune-related challenges (especially in studies that in-
corporated skin tests and wound healing), studies incor-
porating psychophysiological challenges and in vitro
immune-related stimulations similarly suggest more
optimal immune responses among those receiving
stress-reducing interventions.

When focusing on in vitro immune-related stimula-
tions, small effect sizes were found. Studies were highly
diverse regarding the source of material and technical de-
tails of the stimulation. For example, studies varied in the
target of stimulation (e.g., stimulation of T cells and NK
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cells), the types of outcomes (e.g., proliferation, cytokine
production, and killing monocytes) and the types of con-
centrations and the duration of stimuli. Likewise, a subset
of studies stimulated whole blood, thereby performing
tests in a biologically normal blood-plasma context,
whereas others stimulated peripheral blood mononuclear
cells, whereby tests are performed in artificial buffer solu-
tions. Therefore, whole blood stimulations comprise a
rather diverse range of cell populations (e.g., neutrophils,
eosinophils, etc.), whereas the cell populations in periph-
eral blood mononuclear cells are more well-defined, re-
sulting in different environments of stimulation. In addi-
tion, important details such as the concentrations used or
which type of immune cells were stimulated, were often
lacking from the Methods section, while such aspects may
substantially influence the results. Future studies are
therefore encouraged to report more carefully on the
methodological details. This could, for example, be ac-
quired by applying a standard format for reporting the
methodology, such as the Minimum Information About
a Microarray Experiment (MIAME) guidelines [109] or
the Minimal Information About T cell Assays (MIATA)
standard [110]. In addition, since in vitro stimulations are
applied outside the body, those challenges may comprise
a less biologically relevant valid representation of real-life
immune threats as compared to in vivo challenges, al-
though in vitro immune-related stimulations are easier to
implement into the study design.

When focusing on in vivo immune-related challenges,
studies on skin tests and wound healing found largest ef-
fect sizes and were mostly based on evaluating wound size
alteration instead of quantitative immune outcome mea-
sures. These outcome parameters contain a rather unidi-
rectional and straightforward representation of immune
function (i.e., faster wound healing represents a more op-
timal immune response). Thus, of all of the immune-re-
lated challenges examined, the most convincing evidence
was found for stress-reducing psychological interven-
tions optimizing the immune performance in cases of
wound healing (medium effect size) and skin-based tests
(high effect size). Even though these immune-related
challenges probably represent a general stimulation of the
immune performance, this could imply that stress-reduc-
ing interventions could be particularly clinically relevant
for patients with immune-related skin conditions, such as
patients recovering from inflammation-sensitive surgical
wounds. Contrary to these findings, only a small effect
size was found for vaccines. Due to the small number of
studies that incorporated a vaccine (5 studies), and varia-
tion in the type of incorporated vaccines and the included
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time points (influenza vaccines, but also 1 study with a
hepatitis B vaccine incorporating various measurement
points), the present meta-analysis could not provide a
conclusive view on this subcategory of in vivo immune-
related challenges. As few studies incorporated a vaccine,
future research would be helpful to further elucidate the
effects of psychological interventions on in vivo immune-
related challenges, particularly in the area of vaccination
and related immune outcomes.

For studies incorporating psychophysiological chal-
lenges, small effect sizes on immune measures were found
when incorporating acute challenges (e.g., exam stress),
and small effect sizes were found when incorporating
chronic stressors (e.g., academic stress). Although the
data did not seem to display a high statistical heterogene-
ity, the incorporated challenges and immune outcome
parameters were highly diverse across studies. More spe-
cifically, studies included acute challenges such as exams,
speech tasks (some accompanied with or without a men-
tal arithmetic task), a treadmill exercise test, and a cold
pressor task, as well as more protracted stress challenges
such as serostatus notification for individuals undergoing
HIV testing and academic stress experienced by students
during an examination period. Since the findings of the
present study were based on a small number of studies
with mostly limited ecological validity of the stressors,
i.e., only some included challenges represented chronic
stress as experienced by people in daily life, future work
should focus on incorporating stressors with a high exter-
nal validity (e.g., social-evaluative stressors for socially
anxious subjects or more daily-life chronic stress such as
rumination) in order to evaluate the effects of psycho-
logical interventions on immune function [5].

Most the studies that incorporated psychophysiologi-
cal challenges involved healthy participants (14 out of 17
studies). As healthy participants are supposed to have a
well-functioning immune system, they are expected to
show responses within the normal range to standard im-
mune system challenges also in absence of a stress-reduc-
ing psychological intervention [5]. The challenging situ-
ation to which these healthy participants are exposed,
therefore, must be powerful enough to detect any rele-
vant alterations in immune function in response to a psy-
chological intervention. It is possible that combination
of a psychophysiological challenge with an in vivo im-
mune-related challenge can boost the effects of the sepa-
rate challenges and possibly provide healthy participants
with a more robust immune system challenge. Only 1
study in the present systematic review and meta-analysis
combined an in vivo immune-related challenge, i.e., suc-
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tion blisters on the volar forearm, with a psychophysio-
logical challenge, i.e., a Trier social stress test, to evaluate
the effects of a stress-reducing psychological interven-
tion [55]. In that study, participants who received a
stress-reducing mindfulness intervention showed a low-
er post-stress (i.e., after the Trier social stress test) in-
flammatory response to the in vivo immune-related and
psychophysiological challenges compared to a control
group that received a control health enhancement pro-
gram. The incorporation of both an in vivo immune-re-
lated challenge and a psychophysiological challenge pro-
vides a more elaborate view of the underlying processes
of immune function after a psychological intervention,
i.e., evaluating immune function after activation of the
immune system through different challenges that can
boost each other’s effectiveness. Future studies may con-
sider incorporating multiple challenges into their design
when examining immune function in healthy partici-
pants in order to hypothetically provide them with a
rather robust challenge [111].

Regarding the effective components of stress-reducing
psychological interventions, no strong conclusions can
be drawn at this point due to the substantial heterogeneity
in the incorporated intervention elements across studies,
including the duration and number of sessions, the inter-
vention target, and ways of guidance (e.g., self-practice,
structured guided sessions, etc.). An exploratory evalua-
tion of the data, however, showed that multiple studies
explored the role of self-practice during the intervention
(e.g., completing homework assignments) for immune
outcomes [36, 38, 41, 46, 47, 52, 55, 59, 68, 75, 78, 106].
Most of those studies found a positive association be-
tween the frequency of self-practice and optimized im-
mune outcomes [36, 46, 47, 52, 55, 68, 78]. Although we
could not formally test this observation in our meta-anal-
ysis due to substantial heterogeneity in study designs
(e.g., selection of immune outcomes and differences in
level of details concerning the specification of self-prac-
tice frequency), these findings possibly point to the im-
portance of engaging participants with components of
the psychological intervention. However, it is important
to note that the studies included in the present system-
atic review and meta-analysis varied widely in the way
in which engagement and the actual effectiveness of
the stress-reducing psychological intervention was eval-
uated.

The clinical relevance of the present findings is that we
demonstrated that changes in immune parameters are
found following the incorporation of a challenge into the
design of the psychological intervention. Therefore, psy-

Stress-Reducing Interventions and
Immune Function

chological interventions have the potential to alter the
immune function which can be relevant to different dis-
orders where immune function is affected. The current
findings are in line with previous findings regarding the
clinical relevance of altered immune function findings af-
ter psychological interventions. More specifically, a study
of Antoni et al. [66] in women with breast cancer showed
altered cytokine responses after a psychological interven-
tion in response to an in vitro immune-related challenge,
suggesting that psychological interventions could opti-
mize the host resistance to cancer. In another study of
Antoni et al. [36], they found that a psychological inter-
vention could buffer stress responses after a psychophys-
iological challenge (i.e., serostatus notification) in pa-
tients with HIV. Although the effect sizes in the context
of in vitro immune-related challenges were small in the
present meta-analysis and no significant effects were
found for psychophysiological challenges, in vivo im-
mune-related outcomes showed medium effect sizes.
Therefore, the effects of psychological interventions
might be less prominent at a cellular level, but it seems to
be mainly expressed in response to chemical challenges.
Particularly for the in vivo challenges, we found explor-
atory that the effectiveness of a psychological interven-
tion in allergic participants by exposing them to skin tests
yielded highest effect sizes [91-93]. These findings are
presumably due to the fact that skin tests provide a rather
sensitive immune function parameter in allergic patients.
As the results of these studies provide insights not only in
that a psychological intervention can alter immune func-
tion but also specifically in how a psychological interven-
tion can result in less symptoms for an allergic condition,
they aid in the understanding of the extent to which a
psychological intervention can possibly support regular
treatments for a specific condition, in this case allergic
reactions. For this reason, it would be interesting to con-
sider psychological interventions as add-on treatments to
conventional medicine in allergic patients to buffer anti-
allergic responses. As this finding was based on explor-
atory analyses, future studies should investigate this fur-
ther and preferably focus on incorporating a challenge
that adequately matches the incorporated study sample.
We also found a medium effect size for the effectiveness
of psychological interventions in wound healing studies.
Therefore, psychological interventions may be an effec-
tive add-on to conventional medicine, for example for
surgery patients to facilitate recovery after a surgical in-
tervention. To reduce the side effects of conventional
medicine, it would also be interesting to investigate
whether those interventions can at least partially replace
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regularly used treatments in, for example, patients with
chronic ulcers.

The present meta-analytic review provides a rather
comprehensive view on the effectiveness of psychological
interventions on optimization of immune function by
only incorporating studies that included a challenge into
the study design, as more insights are gathered in the ac-
tual responsiveness of the immune system in response to
a challenge. This not only contributes to the scientific lit-
erature but is also interesting for clinical practice. Fur-
thermore, the present meta-analytic review extends the
existing knowledge on the effectiveness of mind-body
therapies in optimization of immune outcomes. More
specifically, a descriptive review on the effectiveness of
mind-body therapies in optimization of inflammatory
markers already showed promising results [109]. How-
ever, mind-body therapies are based on multiple physical
and psychological components. By including stress-re-
ducing psychological interventions with cognitive behav-
ior change techniques as the main component in the pres-
ent meta-analytic review, more insights are gathered in
the potential effectiveness of psychological intervention
components in optimization of immune function. As the
present meta-analytic review overall found a small posi-
tive effect of psychological interventions in optimization
of immune function, with the highest effect sizes for stud-
ies incorporating in vivo immune-related challenges, fu-
ture research should investigate whether psychological
interventions can supplement, or possibly partially re-
place, current drug treatments in various somatic condi-
tions to reduce side effects.

Besides the above-mentioned strengths, there are a
couple of limitations that should be mentioned. First of
all, due to the heterogeneity of the incorporated patient
samples, psychological interventions, immune outcome
parameters, and challenges of the included studies the
present meta-analytic review could not provide a conclu-
sive view on the effectiveness of psychological interven-
tions on optimizing immune function. Future studies
should systematically incorporate challenges to evaluate
the effectiveness of a psychological intervention on im-
mune function and adequately match the incorporated
challenge(s) and psychological intervention with the in-
cluded study population in order to gather a more homo-
geneous view on this topic. Second, we found additional
studies based on screening of the reference lists of the in-
cluded studies that were not identified in the primary
search. Most of these studies did not specify immune out-
come measures in the title and/or abstract. We cannot
rule out that more studies were omitted in the present
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meta-analytic review due to a lack of sufficient specificity
on the incorporation of immune outcome parameters in
the title and/or abstract. It is important for future studies
to specify immune outcome measures specifically in the
title and/or abstract to ensure that they can be detected in
searches. In addition, future systematic reviews and me-
ta-analysis should be aware that some studies can be over-
looked (i.e., in the case of studies that assess immune
function without immune outcome parameters, as can be
the case in wound healing studies) when including the
immune outcome parameters asa category in their search.
Therefore, a more general search term may be preferable
when providing a systematic search on this topic. Third,
a substantial number of studies did not report on wheth-
er the intervention was actually effective in reducing
stress, making it hard to take this factor into account in
our analyses. For the same reason, it was not possible to
control for confounding factors, including BMI, recent
illness, female menstruation cycle, and so on. As failures
to improve immunity can be due to the fact that the stress-
reducing psychological interventions were actually not
effective in reducing stress, future studies should also
carefully evaluate to what extent participants were en-
gaged with the stress-reducing psychological interven-
tion and whether these interventions were effective in re-
ducing stress. To optimize the methodological aspects of
the study design, future studies should take into account
the recommendations of a recent review [112]. Finally,
the present findings were based on the assumption that
higher levels of immune activation were associated with
a more optimized immune response. However, enhanced
immune responses are not necessarily beneficial, e.g., in
the case of inflammatory and autoimmune disorders,
making it important to take the type of immune response
into account [113]. In certain cases, optimization is not
based on larger immune responses but rather on normal-
ization of immune outcomes, making it hard to assess
optimized immune function as a linear function and to
compare various types of immune outcome parameters.
Future studies should therefore take the incorporated im-
mune parameters and the type of response, as well as the
studied population, into account when evaluating the ef-
fectiveness of a psychological intervention on immune
function. Note that, as the aim of a stress-reducing psy-
chological intervention is to optimize health outcomes by
stress reduction, it would be relevant to recruit individu-
als who experience chronic stress with a substantial im-
pact on immune function to evaluate the effectiveness of
stress-reducing psychological interventions [22]. In addi-
tion, future studies should focus on unraveling the effec-
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tive intervention components in optimization of immune
responses by evaluating the effectiveness of intervention
components separately but also in combination with each
other.

In conclusion, the present systematic review and meta-
analysis provided evidence for the effects of stress-reduc-
ing interventions in optimization of immune function
when immune outcomes were evaluated using tests that
apply challenges to the immune system. While consistent
evidence came from studies that evaluated immune func-
tion through an in vivo immune-related challenge, spe-
cifically studies incorporating skin tests and studies on
wound healing, similar but smaller effect sizes were found
for in vitro immune-related stimulations and immune re-
sponses to psychophysiological challenges. Due to the
large heterogeneity in study designs, there is a need for
future research that incorporates immune- and psycho-
physiological challenges, as these have a high external va-
lidity and are suitable for possible clinical applications in
immune-related diseases. Studies in healthy participants
have to make sure that the immune challenge is robust
enough, e.g., by combining separate challenges. Finally,
future studies should carefully report on the methodolog-
ical details according to standardized guidelines, includ-
ing the actual stress-reducing effectiveness of the psycho-
logical interventions, and appropriate interpretation of
the immune outcomes. This can result in further insights
into the immune outcomes that are responsive to change
as well as a thorough view on the effective intervention
components to optimize immune responses in the short
and longer term.

References

Acknowledgement

The authors would like to thank Jan Schoones at the Library of
Leiden University Medical Centre for his support with the search
strategy.

Statement of Ethics

The authors have no ethical conflicts to disclose.

Disclosure Statement

The authors have no conflicts of interests to declare.

Funding Sources

This work was supported by the European Research Council
under the European Research Council Consolidator Grant (ERC-
2013-CoG-617700_EXPECT HEAL-TH) and by the NWO under
the NWO Vici Grant (016.Vici.170.152), both granted to A.-W.M.E.
The funders had no role in study design, data collection and anal-
ysis, the decision to publish, or the preparation of this paper. The
authors declare that this research was conducted in the absence of
any commercial or financial relationships that could be construed
as a potential conflict of interests.

Author Contributions

Study conception and design: L.S., D.S.V., Hv.M., and
AW.M.E. Acquisition of data: L.S., D.S.V., P.I1.C,, and J.A.B. Anal-
ysis and interpretation of the data and writing of this paper: L.S.,
D.S.V,PIC,J.AB,S.C,S.AJ, LGV, THM.O., and AW.M.E.
All of the authors approved the submission of the final version of
this paper.

—

Horwitz RI, Hayes-Conroy A, Singer BH. Bi-
ology, Social Environment, and Personalized

ta-analytic study of 30 years of inquiry. Psy-
chol Bull. 2004 Jul;130(4):601-30.

cial Stress Test. Neurosci Biobehav Rev. 2014
Jan;38:94-124.

Medicine. Psychother Psychosom. 2017; 6 McCann SM. Neuroimmunomodulation: 11 Pedersen AF, Zachariae R, Bovbjerg DH. Psy-
86(1):5-10. Molecular aspects, integrative systems, and chological stress and antibody response to in-
2 Fava GA, Cosci F, Sonino N. Current Psycho- clinical advances. New York: New York Acad- fluenza vaccination: a meta-analysis. Brain
somatic Practice. Psychother Psychosom. emy of Sciences; 1997. Behav Immun. 2009 May;23(4):427-33.
2017;86(1):13-30. 7 Dhabhar FS. Effects of stress on immune 12 Pedersen A, Zachariae R, Bovbjerg DH. Influ-
3 Tekampe J, van Middendorp H, Meeuwis SH, function: the good, the bad, and the beautiful. ence of psychological stress on upper respira-
van Leusden JW, Pacheco-Lopez G, Hermus Immunol Res. 2014 May;58(2-3):193-210. tory infection—a meta-analysis of prospec-
AR, et al. Conditioning Immune and Endo- 8 Walburn J, Vedhara K, Hankins M, Rixon L, tive studies. Psychosom Med. 2010 Oct;72(8):
crine Parameters in Humans: A Systematic Weinman J. Psychological stress and wound 823-32.
Review. Psychother Psychosom. 2017;86(2): healing in humans: a systematic review and 13 Bekhbat M, Neigh GN. Sex differences in the
99-107. meta-analysis. ] Psychosom Res. 2009 Sep; neuro-immune consequences of stress: focus
4 Steptoe A, Hamer M, Chida Y. The effects of 67(3):253-71. on depression and anxiety. Brain Behav Im-
acute psychological stress on circulating in- 9 Webster Marketon JI, Glaser R. Stress hor- mun. 2018 Jan;67:1-12.
flammatory factors in humans: a review and mones and immune function. Cell Immunol. 14 Cohen S, Janicki-Deverts D, Doyle W], Miller
meta-analysis. Brain Behav Immun. 2007 Oct; 2008 Mar-Apr;252(1-2):16-26. GE, Frank E, Rabin BS, et al. Chronic stress,
21(7):901-12. 10 Allen AP, Kennedy PJ, Cryan JF, Dinan TG, glucocorticoid receptor resistance, inflamma-

Segerstrom SC, Miller GE. Psychological
stress and the human immune system: a me-

Stress-Reducing Interventions and
Immune Function

Clarke G. Biological and psychological mark-
ers of stress in humans: focus on the Trier So-

tion, and disease risk. Proc Natl Acad Sci
USA. 2012 Apr;109(16):5995-9.

Psychother Psychosom 2019;88:274-286
DOI: 10.1159/000501645

283



15

16

17

18

19

20

21

22

23

24

25

26

27

28

Lewis CE, O’Sullivan C, Barraclough J. The
psychoimmunology of cancer: mind and
body in the fight for survival? USA: Oxford
University Press; 1994.

Butler AC, Chapman JE, Forman EM, Beck
AT. The empirical status of cognitive-behav-
ioral therapy: a review of meta-analyses. Clin
Psychol Rev. 2006 Jan;26(1):17-31.

Jain S, Shapiro SL, Swanick S, Roesch SC,
Mills PJ, Bell I, et al. A randomized controlled
trial of mindfulness meditation versus relax-
ation training: effects on distress, positive
states of mind, rumination, and distraction.
Ann Behav Med. 2007 Feb;33(1):11-21.
Househam AM, Peterson CT, Mills PJ, Cho-
pra D. The effects of stress and meditation on
the immune system, human microbiota, and
epigenetics. Adv Mind Body Med. 2017;31(4):
10-25.

Hulett JM, Armer JM. A systematic review of
spiritually based interventions and psycho-
neuroimmunological outcomes in breast can-
cer survivorship. Integr Cancer Ther. 2016
Dec;15(4):405-23.

Black DS, Slavich GM. Mindfulness medita-
tion and the immune system: a systematic re-
view of randomized controlled trials. Ann N
Y Acad Sci. 2016 Jun;1373(1):13-24.

Sharma M, Rush SE. Mindfulness-based
stress reduction as a stress management inter-
vention for healthy individuals: a systematic
review. ] Evid Based Complementary Altern
Med. 2014 Oct;19(4):271-86.

Miller GE, Cohen S. Psychological interven-
tions and the immune system: a meta-analyt-
ic review and critique. Health Psychol. 2001
Jan;20(1):47-63.

Vedhara K, Fox JD, Wang EC. The measure-
ment of stress-related immune dysfunction in
psychoneuroimmunology. Neurosci Biobe-
hav Rev. 1999 May;23(5):699-715.

Tekampe J, van Middendorp H, Sweep FC,
Roerink SH, Hermus AR, Evers AW. Human
pharmacological conditioning of the immune
and endocrine system: challenges and oppor-
tunities. Int Rev Neurobiol. 2018;138:61-80.
de Brouwer §J, Kraaimaat FW, Sweep FC,
Creemers MC, Radstake TR, van Laarhoven
Al et al. Experimental stress in inflammatory
rheumatic diseases: a review of psychophysi-
ological stress responses. Arthritis Res Ther.
2010;12(3):R89.

de Brouwer SJ, van Middendorp H, Kraaimaat
FW, Radstake TR, Joosten I, Donders AR, et
al. Immune responses to stress after stress
management training in patients with rheu-
matoid arthritis. Arthritis Res Ther. 2013;
15(6):R200.

Robinson H, Norton S, Jarrett P, Broadbent E.
The effects of psychological interventions on
wound healing: A systematic review of ran-
domized trials. Br ] Health Psychol. 2017 Nov;
22(4):805-35.

Moher D, Liberati A, Tetzlaff J, Altman DG;
PRISMA Group. Preferred reporting items for
systematic reviews and meta-analyses: the PRIS-
MA statement. Int ] Surg. 2010;8(5):336-41.

29

30

31

32

33

34

35

36

37

38

39

40

41

Methley AM, Campbell S, Chew-Graham C,
McNally R, Cheraghi-Sohi S. PICO, PICOS
and SPIDER: a comparison study of specific-
ity and sensitivity in three search tools for
qualitative systematic reviews. BMC Health
Serv Res. 2014 Nov;14(1):579.

van Beugen S, Ferwerda M, Hoeve D, Rovers
MM, Spillekom-van Koulil S, van Midden-
dorp H, et al. Internet-based cognitive behav-
ioral therapy for patients with chronic somat-
ic conditions: a meta-analytic review. ] Med
Internet Res. 2014 Mar;16(3):e88.

Higgins JP, Green S: Cochrane handbook for
systematic reviews of interventions, version,
2005,

Cohen J. Statistical power analysis for the be-
havioral sciences. Hilsdale. NJ: Lawrence
Earlbaum Associates; 1988. p. 2.

Duval S, Tweedie R. Trim and fill: A simple
funnel-plot-based method of testing and ad-
justing for publication bias in meta-analysis.
Biometrics. 2000 Jun;56(2):455-63.

Solberg EE, Halvorsen R, Sundgot-Borgen J,
Ingjer F, Holen A. Meditation: a modulator of
the immune response to physical stress? A
brief report. Br ] Sports Med. 1995 Dec;29(4):
255-7.

McCain NL, Gray DP, Elswick RK, Robins JW,
Tuck I, Walter JM, et al. A randomized clinical
trial of alternative stress management inter-
ventions in persons with HIV infection. ] Con-
sult Clin Psychol. 2008 Jun;76(3):431-41.
Antoni MH, Baggett L, Ironson G, LaPerriere
A, August S, Klimas N, et al. Cognitive-behav-
ioral stress management intervention buffers
distress responses and immunologic changes
following notification of HIV-1 seropositivi-
ty. ] Consult Clin Psychol. 1991 Dec;59(6):
906-15.

Christensen AJ, Edwards DL, Wiebe ]S,
Benotsch EG, McKelvey L, Andrews M, et al.
Effect of verbal self-disclosure on natural kill-
er cell activity: moderating influence of cyni-
cal hostility. Psychosom Med. 1996 Mar-Apr;
58(2):150-5.

Davidson RJ, Kabat-Zinn ], Schumacher J,
Rosenkranz M, Muller D, Santorelli SF, et al.
Alterations in brain and immune function
produced by mindfulness meditation. Psy-
chosom Med. 2003 Jul-Aug;65(4):564-70.
Goodin BR, Quinn NB, Kronfli T, King CD,
Page GG, Haythornthwaite JA, et al. Experi-
mental pain ratings and reactivity of cortisol
and soluble tumor necrosis factor-a receptor
II following a trial of hypnosis: results of a
randomized controlled pilot study. Pain Med.
2012 Jan;13(1):29-44.

Green ML, Green RG, Santoro W. Daily re-
laxation modifies serum and salivary immu-
noglobulins and psychophysiologic symptom
severity. Biofeedback Self Regul. 1988 Sep;
13(3):187-99.

Gruzelier J, Smith F, Nagy A, Henderson D.
Cellular and humoral immunity, mood and
exam stress: the influences of self-hypnosis
and personality predictors. Int ] Psycho-
physiol. 2001 Aug;42(1):55-71.

284

Psychother Psychosom 2019;88:274-286
DOI: 10.1159/000501645

42

43

44

45

46

47

48

49

50

51

52

53

54

Gruzelier ], Levy J, Williams ], Henderson D.
Self-hypnosis and exam stress: comparing im-
mune and relaxation-related imagery for in-
fluences on immunity, health and mood.
Contemp Hypn. 2001;18(2):73-86.

Hayney MS, Coe CL, Muller D, Obasi CN,
Backonja U, Ewers T, et al. Age and psycho-
logical influences on immune responses to
trivalent inactivated influenza vaccine in the
meditation or exercise for preventing acute
respiratory infection (MEPARI) trial. Hum
Vaccin Immunother. 2014;10(1):83-91.
Johnson VC, Walker LG, Heys SD, Whiting
PH, Eremin O. Can relaxation training and
hypnotherapy modify the immune response
to stress, and is hypnotizability relevant? Con-
temp Hypn. 1996;13(2):100-8.

Kaliman P, Alvarez-Lopez MJ, Cosin-Toméds
M, Rosenkranz MA, Lutz A, Davidson RJ.
Rapid changes in histone deacetylases and in-
flammatory gene expression in expert medi-
tators. Psychoneuroendocrinology. 2014 Feb;
40:96-107.

Kiecolt-Glaser JK, Glaser R, Strain EC, Stout
JC, Tarr KL, Holliday JE, et al. Modulation of
cellular immunity in medical students. ] Be-
hav Med. 1986 Feb;9(1):5-21.

Kiecolt-Glaser JK, Marucha PT, Atkinson C,
Glaser R. Hypnosis as a modulator of cellular
immune dysregulation during acute stress. |
Consult Clin Psychol. 2001 Aug;69(4):674-82.
Koh KB, Lee Y, Beyn KM, Chu SH, Kim DM.
Counter-stress effects of relaxation on pro-
inflammatory and anti-inflammatory cyto-
kines. Brain Behav Immun. 2008 Nov;22(8):
1130-7.

Locke SE, Ransil BJ, Covino NA, Toczyd-
lowski J, Lohse CM, Dvorak HF, et al. Failure
of hypnotic suggestion to alter immune re-
sponse to delayed-type hypersensitivity anti-
gens. Ann NY Acad Sci. 1987;496:745-9.
McGrady A, Conran P, Dickey D, Garman D,
Farris E, Schumann-Brzezinski C. The effects
of biofeedback-assisted relaxation on cell-
mediated immunity, cortisol, and white blood
cell count in healthy adult subjects. ] Behav
Med. 1992 Aug;15(4):343-54.

Naito A, Laidlaw TM, Henderson DC, Fara-
hani L, Dwivedi P, Gruzelier JH. The impact
of self-hypnosis and Johrei on lymphocyte
subpopulations at exam time: a controlled
study. Brain Res Bull. 2003 Dec;62(3):241-53.
Pace TW, Negi LT, Adame DD, Cole SP,
Sivilli TT, Brown TD, et al. Effect of compas-
sion meditation on neuroendocrine, innate
immune and behavioral responses to psycho-
social stress. Psychoneuroendocrinology.
2009 Jan;34(1):87-98.

Pennebaker JW, Kiecolt-Glaser JK, Glaser R.
Disclosure of traumas and immune function:
health implications for psychotherapy. ] Con-
sult Clin Psychol. 1988 Apr;56(2):239-45.
Petrie KJ, Booth R]J, Pennebaker JW, Davison
KP, Thomas MG. Disclosure of trauma and
immune response to a hepatitis B vaccination
program. ] Consult Clin Psychol. 1995 Oct;
63(5):787-92.

Schakel et al.



55

56

57

58

59

60

61

62

63

64

65

66

Rosenkranz MA, Davidson R], Maccoon DG,
Sheridan JF, Kalin NH, Lutz A. A comparison
of mindfulness-based stress reduction and an
active control in modulation of neurogenic
inflammation. Brain Behav Immun. 2013 Jan;
27(1):174-84.

Smith GR, Conger C, O’Rourke DF, Steele
RW, Charlton RK, Smith SS. Psychological
modulation of the delayed type hypersensitiv-
ity skin test. Psychosomatics. 1992;33(4):444—
51.

Stetler C, Chen E, Miller GE. Written disclo-
sure of experiences with racial discrimination
and antibody response to an influenza vac-
cine. Int ] Behav Med. 2006;13(1):60-8.
Weinman J, Ebrecht M, Scott S, Walburn J,
Dyson M. Enhanced wound healing after
emotional disclosure intervention. Br ] Health
Psychol. 2008 Feb;13(Pt 1):95-102.
Whitehouse WG, Dinges DF, Orne EC, Keller
SE, Bates BL, Bauer NK, et al. Psychosocial
and immune effects of self-hypnosis training
for stress management throughout the first
semester of medical school. Psychosom Med.
1996 May-Jun;58(3):249-63.

Zachariae R, Hansen JB, Andersen M, Jin-
quan T, Petersen KS, Simonsen C, et al.
Changes in cellular immune function after
immune specific guided imagery and relax-
ation in high and low hypnotizable healthy
subjects. Psychother Psychosom. 1994;61(1-
2):74-92.

Zachariae R, Kristensen ]S, Hokland P, Elle-
gaard ], Metze E, Hokland M. Effect of psycho-
logical intervention in the form of relaxation
and guided imagery on cellular immune func-
tion in normal healthy subjects. An overview.
Psychother Psychosom. 1990;54(1):32-9.
Zachariae R, Bjerring P, Arendt-Nielsen L.
Modulation of type I immediate and type IV
delayed immunoreactivity using direct sug-
gestion and guided imagery during hypnosis.
Allergy. 1989 Nov;44(8):537-42.

Andersen BL, Farrar WB, Golden-Kreutz D,
Emery CF, Glaser R, Crespin T, et al. Distress
reduction from a psychological intervention
contributes to improved health for cancer pa-
tients. Brain Behav Immun. 2007 Oct;21(7):
953-61.

Andersen BL, Farrar WB, Golden-Kreutz
DM, Glaser R, Emery CF, Crespin TR, et al.
Psychological, behavioral, and immune
changes after a psychological intervention: a
clinical trial. ] Clin Oncol. 2004 Sep;22(17):
3570-80.

Andersen BL, Thornton LM, Shapiro CL, Far-
rar WB, Mundy BL, Yang HC, et al. Biobehav-
ioral, immune, and health benefits following
recurrence for psychological intervention
participants. Clin Cancer Res. 2010 Jun;
16(12):3270-8.

Antoni MH, Lechner S, Diaz A, Vargas S,
Holley H, Phillips K, et al. Cognitive behav-
ioral stress management effects on psychoso-
cial and physiological adaptation in women
undergoing treatment for breast cancer. Brain
Behav Immun. 2009 Jul;23(5):580-91.

Stress-Reducing Interventions and
Immune Function

67

68

69

70

71

72

73

74

75

76

77

78

Cohen L, Parker PA, Vence L, Savary C, Ken-
tor D, Pettaway C, et al. Presurgical stress
management improves postoperative im-
mune function in men with prostate cancer
undergoing radical prostatectomy. Psycho-
som Med. 2011 Apr;73(3):218-25.

Eremin O, Walker MB, Simpson E, Heys SD,
Ah-See AK, Hutcheon AW, et al. Immuno-
modulatory effects of relaxation training and
guided imagery in women with locally ad-
vanced breast cancer undergoing multimo-
dality therapy: a randomised controlled trial.
Breast. 2009 Feb;18(1):17-25.

Fawzy FI, Kemeny ME, Fawzy NW, Elashoff R,
Morton D, Cousins N, et al. A structured psy-
chiatric intervention for cancer patients. IL
Changes over time in immunological measures.
Arch Gen Psychiatry. 1990 Aug;47(8):729-35.
Gruber BL, Hersh SP, Hall NR, Waletzky LR,
Kunz JF, Carpenter JK, et al. Immunological
responses of breast cancer patients to behav-
ioral interventions. Biofeedback Self Regul.
1993 Mar;18(1):1-22.

Larson MR, Duberstein PR, Talbot NL, Caldwell
C, Moynihan JA. A presurgical psychosocial in-
tervention for breast cancer patients. psycho-
logical distress and the immune response. ] Psy-
chosom Res. 2000 Feb;48(2):187-94.

Lekander M, Fiirst CJ, Rotstein S, Hursti T7J,
Fredrikson M. Immune effects of relaxation
during chemotherapy for ovarian cancer. Psy-
chother Psychosom. 1997;66(4):185-91.
Lengacher CA, Bennett MP, Gonzalez L, Gil-
vary D, Cox CE, Cantor A, et al. Immune re-
sponses to guided imagery during breast can-
cer treatment. Biol Res Nurs. 2008 Jan;9(3):
205-14.

Lengacher CA, Kip KE, Post-White J, Fitzger-
ald S, Newton C, Barta M, et al. Lymphocyte
recovery after breast cancer treatment and
mindfulness-based stress reduction (MBSR)
therapy. Biol Res Nurs. 2013 Jan;15(1):37-47.
McGregor BA, Antoni MH, Boyers A, Alferi
SM, Blomberg BB, Carver CS. Cognitive-be-
havioral stress management increases benefit
finding and immune function among women
with early-stage breast cancer. ] Psychosom
Res. 2004 Jan;56(1):1-8.

Nelson EL, Wenzel LB, Osann K, Dogan-Ates
A, Chantana N, Reina-Patton A, et al. Stress,
immunity, and cervical cancer: biobehavioral
outcomes of a randomized clinical trial [cor-
rected]. Clin Cancer Res. 2008 Apr;14(7):
2111-8.

Nunes DF, Rodriguez AL, da Silva Hoffmann
F, Luz C, Braga Filho AP, Muller MC, et al.
Relaxation and guided imagery program in
patients with breast cancer undergoing radio-
therapy is not associated with neuroimmuno-
modulatory effects. ] Psychosom Res. 2007
Dec;63(6):647-55.

Richardson MA, Post-White J, Grimm EA,
Moye LA, Singletary SE, Justice B. Coping, life
attitudes, and immune responses to imagery
and group support after breast cancer treat-
ment. Altern Ther Health Med. 1997 Sep;3(5):
62-70.

79

80

81

82

83

84

85

86

87

88

89

90

Savard J, Simard S, Ivers H, Morin CM. Ran-
domized study on the efficacy of cognitive-
behavioral therapy for insomnia secondary to
breast cancer, part II: immunologic effects. ]
Clin Oncol. 2005 Sep;23(25):6097-106.

van der Pompe G, Antoni MH, Duivenvoor-
den HJ, de Graeff A, Simonis RF, van der Vegt
SG, et al. An exploratory study into the effect
of group psychotherapy on cardiovascular
and immunoreactivity to acute stress in breast
cancer patients. Psychother Psychosom. 2001
Nov-Dec;70(6):307-18.

van der Pompe G, Duivenvoorden HJ, Antoni
MH, Visser A, Heijnen CJ. Effectiveness of a
short-term group psychotherapy program on
endocrine and immune function in breast
cancer patients: an exploratory study. ] Psy-
chosom Res. 1997 May;42(5):453-66.
Witek-Janusek L, Albuquerque K, Chroniak
KR, Chroniak C, Durazo-Arvizu R, Mathews
HL. Effect of mindfulness based stress reduc-
tion on immune function, quality of life and
coping in women newly diagnosed with early
stage breast cancer. Brain Behav Immun. 2008
Aug;22(6):969-81.

Coates TJ, McKusick L, Kuno R, Stites DP.
Stress reduction training changed number of
sexual partners but not immune function in
men with HIV. Am ] Public Health. 1989 Jul;
79(7):885-7.

Esterling BA, Antoni MH, Schneiderman N,
Carver CS, LaPerriere A, Ironson G, et al. Psy-
chosocial modulation of antibody to Epstein-
Barr viral capsid antigen and human herpesvirus
type-6 in HIV-1-infected and at-risk gay men.
Psychosom Med. 1992 May-Jun;54(3):354-71.
McCain NL, Munjas BA, Munro CL, Elswick
RK Jr, Robins JL, Ferreira-Gonzalez A, et al.
Effects of stress management on PNI-based
outcomes in persons with HIV disease. Res
Nurs Health. 2003 Apr;26(2):102-17.
Mulder CL, Antoni MH, Emmelkamp PM,
Veugelers PJ, Sandfort TG, van de Vijver FA,
et al. Psychosocial group intervention and the
rate of decline of immunological parameters in
asymptomatic HIV-infected homosexual men.
Psychother Psychosom. 1995;63(3-4):185-92.
Robinson FP, Mathews HL, Witek-Janusek L.
Psycho-endocrine-immune response to mind-
fulness-based stress reduction in individuals
infected with the human immunodeficiency vi-
rus: a quasiexperimental study. ] Altern Com-
plement Med. 2003 Oct;9(5):683-94.
Germond S, Schomer HH, Meyers OL,
Weight L. Pain management in rheumatoid
arthritis: A cognitive-behavioural interven-
tion. S Afr J Psychol. 1993;23(1):1-9.
O’Leary A, Shoor S, Lorig K, Holman HR. A
cognitive-behavioral treatment for rheumatoid
arthritis. Health Psychol. 1988;7(6):527-44.
Zautra AJ, Davis MC, Reich JW, Nicassario P,
Tennen H, Finan P, et al. Comparison of cog-
nitive behavioral and mindfulness meditation
interventions on adaptation to rheumatoid
arthritis for patients with and without history
of recurrent depression. ] Consult Clin Psy-
chol. 2008 Jun;76(3):408-21.

Psychother Psychosom 2019;88:274-286
DOI: 10.1159/000501645

285



91

92

93

94

95

96

97

Kiecolt-Glaser JK, Glaser R, Williger D, Stout
J, Messick G, Sheppard S, et al. Psychosocial
enhancement of immunocompetence in a ge-
riatric population. Health Psychol. 1985;4(1):
25-41.

Koschwanez HE, Kerse N, Darragh M, Jarrett
P, Booth RJ, Broadbent E. Expressive writing
and wound healing in older adults: a random-
ized controlled trial. Psychosom Med. 2013
Jul-Aug;75(6):581-90.

Moynihan JA, Chapman BP, Klorman R,
Krasner MS, Duberstein PR, Brown KW, et
al. Mindfulness-based stress reduction for
older adults: effects on executive function,
frontal alpha asymmetry and immune func-
tion. Neuropsychobiology. 2013;68(1):34-
43.

Vedhara K, Bennett PD, Clark S, Lightman
SL, Shaw S, Perks P, et al. Enhancement of
antibody responses to influenza vaccination
in the elderly following a cognitive-behav-
ioural stress management intervention. Psy-
chother Psychosom. 2003 Sep-Oct;72(5):
245-52.

Kern-Buell CL, McGrady AV, Conran PB,
Nelson LA. Asthma severity, psychophysi-
ological indicators of arousal, and immune
function in asthma patients undergoing
biofeedback-assisted relaxation. Appl Psy-
chophysiol Biofeedback. 2000 Jun;25(2):
79-91.

Witt K. Psychological treatment can modu-
late the skin reaction to histamine in pollen
allergic humans. Dermatol Psychosom. 2003;
4(1):33-7.

Fry L, Mason AA, Pearson RS. Effect of hyp-
nosis on allergic skin responses in asthma and
hay-fever. BMJ. 1964 May;1(5391):1145-8.

100

101

102

103

104

Beem EE, Hooijkaas H, Cleiren MH, Schut
HA, Garssen B, Croon MA, etal. The immu-
nological and psychological effects of be-
reavement: does grief counseling really
make a difference? A pilot study. Psychiatry
Res. 1999 Jan;85(1):81-93.

Bower JE, Kemeny ME, Taylor SE, Fahey JL.
Finding positive meaning and its association
with natural killer cell cytotoxicity among
participants in a bereavement-related dis-
closure intervention. Ann Behav Med. 2003;
25(2):146-55.

Elsenbruch S, Langhorst J, Popkirowa K,
Miiller T, Luedtke R, Franken U, et al. Effects
of mind-body therapy on quality of life and
neuroendocrine and cellular immune func-
tions in patients with ulcerative colitis. Psy-
chother Psychosom. 2005;74(5):277-87.
Mawdsley JE, Jenkins DG, Macey MG, Lang-
mead L, Rampton DS. The effect of hypnosis
on systemic and rectal mucosal measures of
inflammation in ulcerative colitis. Am | Gas-
troenterol. 2008 Jun;103(6):1460-9.
Doering LV, Cross R, Vredevoe D, Marti-
nez-Maza O, Cowan M]J. Infection, depres-
sion, and immunity in women after coro-
nary artery bypass: a pilot study of cognitive
behavioral therapy. Altern Ther Health
Med. 2007 May-Jun;13(3):18-21.

Irwin MR, Olmstead R, Breen EC, Witarama
T, Carrillo C, Sadeghi N, et al. Cognitive be-
havioral therapy and tai chi reverse cellular
and genomic markers of inflammation in late-
life insomnia: a randomized controlled trial.
Biol Psychiatry. 2015 Nov;78(10):721-9.
Hosaka T, Matsubayashi H, Sugiyama Y,
Izumi S, Makino T. Effect of psychiatric
group intervention on natural-killer cell ac-
tivity and pregnancy rate. Gen Hosp Psychi-
atry. 2002 Sep-Oct;24(5):353-6.

286

Psychother Psychosom 2019;88:274-286
DOI: 10.1159/000501645

105

106

107

108

109

110

111

112

113

Arefnasab Z, Babamahmoodi A, Babamah-
moodi F, Noorbala AA, Alipour A, Panahi
Y, et al. Mindfulness-based stress reduction
(MBS{R) and its effects on psychoimmuno-
logical factors of chemically pulmonary in-
jured veterans. Iran J Allergy Asthma Im-
munol. 2016 Dec;15(6):476-86.

Broadbent E, Kahokehr A, Booth R], Thom-
as J, Windsor JA, Buchanan CM, et al. A
brief relaxation intervention reduces stress
and improves surgical wound healing re-
sponse: a randomised trial. Brain Behav Im-
mun. 2012 Feb;26(2):212-7.

Decety J, Cacioppo JT. The Oxford hand-
book of social neuroscience. Oxford: Oxford
University Press; 2011.

Burns VE. Using vaccinations to assess in vivo
immune function in psychoneuroimmunol-
ogy. New York: Springer; 2012. pp. 371-81.
Knudsen TB, Daston GP; Teratology Soci-
ety. MIAME guidelines. Reprod Toxicol.
2005 Jan-Feb;19(3):263.

Janetzki S, Britten CM, Kalos M, Levitsky
HI, Maecker HT, Melief CJ, et al. “MIATA”-
minimal information about T cell assays.
Immunity. 2009 Oct;31(4):527-8.

Schakel L, Veldhuijzen DS, van Middendorp
H, Prins C, Joosten SA, Ottenhoff TH, et al.
The effects of a psychological intervention
directed at optimizing immune function:
study protocol for a randomized controlled
trial. Trials. 2017 May;18(1):243.

Guidi J, Brakemeier EL, Bockting CL, Cosci
F, Cuijpers P, Jarrett RB, et al. Methodologi-
cal Recommendations for Trials of Psycho-
logical Interventions. Psychother Psycho-
som. 2018;87(5):276-84.

Leclere ], Weryha G. Stress and auto-im-
mune endocrine diseases. Horm Res. 1989;
31(1-2):90-3.

Schakel et al.



